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2. Sampling and tests Oct 2013

o 15 sampling sites around the pitch
 especially high wear areas

e To view roots and profile
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2. Sampling and tests

e Alist of tests were commenced to draw the
conclusion

» Testing Root Zone Material
» Particle size & shape analysis
« Saturated hydraulic conductivity
» Moisture release curve & retention
 Air filled porosity
» QOrganic matter Profile

o Testing Gravel
» Particle size analysis
» Hydraulic conductivity
» Gravel suction influence on the sands moisture retention
» Migration compatibility










3. Profile Study

AS BUILT

* Grey Sand Layer Omm to
150mm in thickness
* Orange/ Mesh Layer from 50 to
250mm from the grass surface.
This over laid a lower
Orange/Lower Sand only layer.
The overall thickness of these
two layers ranged between
ke . 200mm to 300mm
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EXISTING PROFILE

\

* 65mm Subsoil Drainage Lateral 2
Pipe System at 0.38% slope and

* Existing Subgrade - found some

Major issue: non
uniform drainage

The overall
thickness of the
root zone above
the gravel ranged
from 350mm to




2. Profile Study - Top Dark Layer
(Result of poor maintenance)

e X Silty sand containing 3.0 % - 9.4 % organic matter

e X \ery poor drainage (Lmm - 40mm/hr.) & water can’t
infiltrate this layer

e X Variable depths (50mm - 130mm in thickness, ave
99mm)

e X Foul (anaerobic) smell for some samples

e X Extended time to dry the profile after rain
e X% Cut up easily during play in wet

o X Difficult to develop sustainable deep roots

Initial thought - this top silty sand layer material
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3. Profile Study - Gravel Drainage Layer

« v/ Hydraulic conductivity of the gravel:
252,768mm/hour (low for a gravel of this size
range)

e X Variable thickness: 48mm -125mm, ave
88.7mm
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3. Profile Study - Drainage evaluation

« v each side of the field drain over 100mm/hour (white dots)
o x center of the field drains at 18mm/hour (yellow dots)
» Design range should be at least 150mm/hr.

 Note- Lateral drainage system is inadequate for the Hong Kong
climate
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4, Summary and Suggestions

Prior study recommendation

Remove the top dark layer only

Back to the surface stability and dryness
problems experienced in the as built
profile

Quick fix without addressing other
deflects underneath

Do not address poor drainage
 Unstable surface in long dry season

Current recommendation

Full reconstruction
But — requires a package solution

Rectify problems with proper solutions in line
with international stadium standards

Continuous and professional turf monitoring
system

Contract ready to use turf

Grow light (to improve growth under shade)
Fans installation (to improve ventilation)
Skilled and qualified people
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Geotechnical Investigation Nov 2014
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Base Examination Dec 2014




Hong Kong Stadium Irrigation Audit
Date:6/1/2015-7/1/2015
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Late Dr. V. |. Stewart

How far do we understand how It
Works ?

Could we not do better?

June 1970
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Design Criteria

o capacity to handle 150mm/hr rain fall event.

« growing medium profile that supports deep healthy roots and
healthy shoot growth

 provides the moisture retention for optimum stability and
playability.
 provides for rapid recovery after usage.

* To have a grass selection that best suites the climate for the
usage requirements.
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growing medium

Lower unamended
__ growing medium

Drainage

~__ Perched water
table

.54 <— Gravel drainage layer

| subgrade



Surface Slope

Needed to fit to rubber
surrounds an goal post
sleeves levels while still
producing sufficient grade
for the drainage and some
surface drainage.

.= = . Grades placed into 3D total station
= s = layout in order to laser grade all
S Al N o me ey

-~ = pavement layers to the pitch
N surface grades and to the
tolerances required.




Drainage Layout
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Drainage System Design Concepts

e Main drain with double lining pipe of various sizes to
provide the rigidity with little resistance for water flow

 Lateral system connected to main drain pipes surrounding
the edge of the pitch

e Main drain discharge at the south and north curvet
o Save cutting rubber pavers
* Design to cope with 150mm of rainfall per hour




Drainage Pipe Layout

450mm @ 2%

250mm @ 0.5%
300mm @ 0.5%

Lateral ¥ 375mm @ 0.5%
connections e

at 4m centres




Sub soil drain pipe

I:.: I-I I I. I |Hk ll.ul
New Sub soil drain pipe Old sub soil drain pipe
Spacing: 4m apart Spacing: 3m apart
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Gravels and Sand Selected

e Gravel F - to be used for the gravel drainage layer
and the lateral pipe backfill.

» Gravel 10mm - to be used as a bridging gravel over
15mm gravel.

o Gravel 15mm - to be used around all main line pipes.

e Sand F - to be used for all growing medium layers.
A s
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4

Determinations

(R
w Pouticle Size Anclysis

Ground Sdane
ACNIS 704078

Gravel F Particle Size Analysis and D90 and D15

18 Brock Strmet Thamaziown VIC 3074, F (D3) 9464 4517 F (0] 9464 4618

cient : HONG KONG JOCKEY CLUB job No: 62793
project : STADIUM PITCH RENOVATION report No. M
Iocation : HONG KONG test date: 1103015
sample ld: GRAVELF SampleNo.  #2

material description - gravelly SAND, fine o coarse, white, grey

Particle Size Analysis
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Further Gravel Testing

Migration testing of F gravel on
10mm gravel.
No migration occurred.

150mm lateral pipe tested for migration
of gravel F if placed around pipes. Pipe
covered in gravel and then vibrated
and shaken with and without water
applications. No migration of gravel
entered into the pipe through the
perforations.
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Particle Size Analysis and D15 and D85
R - “the sand

iz a0, ATF 03546
HONG KONG JOGKEY CLUB lob 75
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Moisture Release Curve Testing

At the proposed depth of the

growing medium of 250mm plus ZT @
the gravel suction (68mm), the T T mE—
moisture release curve indicates - | e
a moisture retention of 15 % by -

volume. -
This is too low and needs an - i
organic amendment to assist in R

lifting this to a higher level.




Gravel Grading and Migration compatibility

(A
v Particle Size Analysis

Ground Sdane
ACNI05704 078

13 Brock Street Thomastown VIC 3074, P (03) 8464 4617 F (03) 9464 4618

chient : HONG KONG JOCKEY CLUB job No: G233
project STADIUM PITCH RENOVATION report No_ AM
location : HONG KONG test date: 111032015
sample Id: GRAVEL F SampleNo.  #2

material description - gravelly SAND. fine fo coarse, white. prey

Particle Size Analysis

100.0
90.0
80.0

70.0
60.0

50.0
40.0
30.0
20.0
10.0
0.0

% retained

1.18mm m
4,75mm H

H E E E E E E E
& 3 s 3 2 3 E E
L § o § @ &~
- < o~ ©
sieve sizes (mm)
\
[ 1.355
D30 5.791
Sieve size mm % retained
3.5mm [
6. Tmm 00 testprocedure:  AS128036.1,2.1.1
pii]
2.36mm 6.1 A NATA Accredited Laboratory No. 15055
B 1 NATA Accredited for compliance with ISO/IEC 17025
E00um The results of the tests. cafibrations and/or measurementsin
ET50m v this ian/National Standards
300um
[ T%0um oot =1 s
Toum e
[ Pan

imon BE?S
Approved Signatory
Natrual Moisture Content % Date 13-Mar-15 —

SAMPLE No. #2GRAVELF ROOTZONE SAND  #53ANDF
% Passing Sieve size(mm)

100 05

il ]
764 475
203 238

08 1.18

04 0,600

04 0425

04 03

03 0.15

[E 0075

0 57191

15 1,955

Bridging Migration Factor with sand = 4.01

Uniformity Factor with sand = 2.96




Migration Compatibility

 The 15% passing diameter of the gravel must not be more than 7 times
the diameter of the 85% passing diameter of the overlying growing
medium.

D15 (gravel) <7 X D85 (growing medium — bridging factor)

The gravel must also have a uniform particle size:

o The 90% Passing diameter of the gravel must not be more than 3 times
the 15% passing diameter of the gravel.

D9O (gravel) <3X D15 (gravel - uniformity factor)




How the Perched Water Table i1s Formed

A meniscus is formed
by the water held on
the sand particles
over the gravel air
space that is broken
by forming a head
pressure of water
above the gravel in
the sand.

A water reserve is created by the
gravel in the layer above.

This will maintain an even moisture
in the above sand layer over the
whole pitch.

/ Sand Particles

«—— Gravel Particles

—~y— -




How the Perched Water Table can be made
Ineffective

/ Sand Particles
The meniscus is not

formed by the sand ~ > 4 | ’
migration into the ‘ ‘ <— Gravel Particles
gravel.




Installation

It is important to
maintain a sharp
interface between the
gravel and the sand
above and to maintain
some moisture in the
sand and gravel to
ensure the perched
water table is
achieved during the

installation.




Reinforcements supplied as additives In
construction that are generally added by specific
equipment are:

Reflex (Netlon) mesh elements

Desso Grassmaster
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Product developed in 1982.

Research undertaken by Strathclyde University and
Texas A&M University.

Used in Happy Valley Racecourse in 1988 & utilized in

stadia and racecourses globally

Assist drainage, resist compaction, provide consistent

firmness, stabilize sand profile




Peat Moss Amendment

Mainly used to provide
better moisture retention,
root hair production and
some additional stability
to the sand.




the Mixture

RESULTS SUMMARY ‘JD

ACN 108704 078 GroundSdaice
13 Brok Sireet Tromestown VI 3074, P (05) 9464 4617 F (03) 8464 4678 STORTE FIELEE

Client: HONG KONG JOCKEY GLUB Job No. [e7ii

Project: STADIUM PITCH RENOVATION report ref A

Location: HONG KONG issued by: EG
date 1910372015

sample No. #9 #9

sample id: SANDF | SANDF

12% PEAT | 12% PEAT

Bulk dry density of test specimen tin?
inifal Moisture content % 22 22
[ Temperature of water [+ 235
|Watertype POTABLE
Saturated Hydraufic conductivity mmihr 840
16 drops of 150mm

at bulk density tim* 1342
Saturated Hydraulic conductivity mmihr &50
32 drops of 150mm

at bulk density tim* 1378
pH 5:1 water . -
Suction hieght mm 335 35
Specific Gravity 265 265

volumetric water content 1959 215

et density tm* 1.558 1655
ravimetric Watsr contant % 144 153
Dry Bulk Density tm* | 1362 14%
OTAL POROSITY % 86 458
Capillary Porosity % 1959 L]
i fill porosi % 290 13

Moisture Retention and Hydraulic Conuctivity of

Hydraulic conductivity = 650mm/hr
at a bulk density of 1.378t/m3

At a suction of 315mm, a specific
gravity of 2.65 and at a wet bulk
density of 1.655 t/m?3 the mixture
provides:

oA total porosity of 44.93%.

*A moisture retention of 21.93%by
volume.

*An air filled porosity of 23.0%

72N,
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Irrigation pipe

| ——

UPVC 100 (old) PE100 [PN16] (new)
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Valve Under Head Arrangement

VALVE BN AT HEH LEVE. WITH NYLON CABLE TES
MLABEL EACH DOMMECTIONIL

CARSON STYLE 419-8 VALVE 30X WiTH —
“Purple™ LD INSTALLED WiTH TDF OF UD LEVEL
WITH TaF OF 10mm DRAMAGE GRAVEL LAYER

——

SIMELE ADORESS DECOOER: ATTALH WIRE JOINERS TO —

DECOCER CASLE
HSTALLED 1N 32we HO

ELFCTRICAL OMIUT M

mm“-{ﬂlﬂllj
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|
BORE TAPPING SADDLE oiw |
STAMLESS STEEL MUTS & DOLTS |

_Fl I TR

TURF LAYER

DECODER CUTPUT WRE
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OVIALAPPMNG TOP OF WALYL DAY TD
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FITTINGS [0R APFROVID COUNALCNT)
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= A PRODUCTS TSR-I5nm M0 APPRCYED

EOQURVALENT} TELESDOPIC COUPLER

EXTENSION LENGTH TD BE DETERMINED OM
SITE N BELATIOP. DS Ao smis o mmne

254 VALYE 500

WALVE B TD |
DS MOT REST BF

T ORANAGE
i TESTED ™
THREADED PoLY

CROSS SECTION 1.0 - VALVE UNDER HEAD SPRINKLER ARRANGEMENT




Irrigation Pump Assembly




Computer Irrigation Controller




Profile Performance Influences

* To provide a consistent surface in all weather
conditions.

* The factors that most influence surface performance
are weather, usage, grass density and quality,
maintenance, profile composition and its moisture
retention and drainage.

e Maintaining healthy roots and low thatch will be
critical to maintain the performance
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Late Dr. V. |. Stewart

What could go wrong :
unscientific design
Inefficient workmanship
Inadequate supervision
Inappropriate maintenance

1994



Quality Control Witness and Hold

HONG KONG NATIONAL STADIUM PITCH RECONSTRUCTION
b InGpeotons & Hold Polnts




Quality Control : Material

e On Turf Farm

e On Quarry Plant

e On Stadium Site

o At Happy Valley Lab
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ITGAP Farm (Fuzhou)

25/5/2015




ITGAP Farm (Fuzhou) information summary

Genetically pure foundation stock imported in
2013

Plant quarantine infra-structures

Site Isolation fence

Pre plant media fumigation

Cleaning facility before nursery entry

5 m vegetation free zone

Quality water supply and highly sandy rootzone
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Lerr

Before wash: around 20-30mm root zone layer  After wash: Very good stolon, rhize




Reviewing turf packing & post harvest handling
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Duomen Factory inspection

Gravel & Sand production




Production line inside factory




Finished product — on site PSD tests

i
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PSD tests in Happy Valley laboratory




N

Raw materials of 15-20 mm gravels Final product of 15-20mm gravel




Construction Technologies & Site Progress
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Laser Leveler mmsigs | m Field Top Maker

ing Operations e




Sand mesh mix production commences

1. ¥ i
= i LT
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Drainage performance under the black rain storm

06/06/2015




Latest Site Progress

),
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Program Summary

HK STADIUM- PITCH RECONSTRUCTION WORKS 2015 1
WORK MONITORING PROGRAMME (Updated on 3/6/2015) | |

Oeb-ld | hewid | Dwc-id | Jancis | Feb-1d | Maris | '&El:liu May-16 | Jun-iBs | Ju-id A‘Tls+ Sap-16 | o8
i 2] ) F1F] 1z ;i- 1
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Task in the next 3 weeks

@ [Farsder Stage (Specaltit. Local, iripaSon & materiata)

E |swa2rd carersomy [Comracioen & Sopeliery) EEEE | I--.--- ----- SRR T ST

*Sand delivery, 1800 Ton

F |Loat Evant ot HEK Stacium [Fugby Seven)

G [Maceriale delivery (Qearts sand , & crganic

* Pressure testing, Installation of the
irrigation pipe and sprinkler system (10%)

H |Mobikzaiion

| Mixing wearion 3¢ B Stadiu Car park

J  [Semaaal ol sdstiag peslie arad Fomm hard bors
1) Excawation of satuting pitch profile

e Organic amended sand mesh mix
production

| Carrr) pch Rand buss
k=] IratallySon sub soil drain pips

b by mprho i e s kg Al aral mal +—+—1—  Warh rexi requinesd dus bo ceaigrs changsd

* Turf harvesting & delivery

) Prch formation kel trimming

i Cabling marics by EMSC [Ta be arcangs< by LOSO)

*Turf planting

W [Lpgrads s ing Imigaion vpem | |

(] Ripitacss reew Ireigation Pumip setx

| B
L e b e— o —n —
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Risk

“Sorry, but cannot
do. Please find
another supplier. ”
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