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Introduction

This report gives a summary of physical and mechanical tests that are executed ac-
cording ASTM standards. The chosen tests are based on the tender documents for
Penny’'s Bay Reclamation, Hong Kong, where the following properties are deter-
mined:

Core:

¢ Appearance
O Raw material
¢ Dimensions
¢ Weight

Filter:
¢ Appearance
¢ Raw material
¢ Weight

¢ Thickness

¢ Grab strength
¢ Permittivity

¢ Pore Size

otal drain:
Size of the drain
Weight and dimensions of the drain
Visual inspection of the samples
Configuration of the drain
Tensile strength
Elongation
Discharge capacity
Discharge capacity buckled

SO O o

2. Drain Samples

The samples delivered by Geotechnics Holland were marked as follows:

Mebradrain MD7007
Mebradrain MD88

According information provided by Geotechnics Holland the drains were manufactured at
the following location:

Geotechnics Holland bv
Zuider 1Jdijk 58
Amsterdam

The Netherlands



All samples had a length of 10 meter. The filter material used was Typar 5417. The
seams were made by ultrasonic equipment. From each sample 18 pieces with a
length of 500mm were cut to perform the following tests:

Discharge tests straight 3 tests
Discharge tests folded 3 tests
Tensile strength drain 5 tests
Apparent Opening Size 3 tests
Grab strength 5 tests
Permittivity 3 tests
Tear Strength 5 tests

The Grab Strength, Permittivity. Tear strength and Pore Size test were executed only
in one serie for the 5417 filter fabric because all filter material was coming from one
production batch Typar. Five samples drain were taken from different types of drain
(MD88 and MD7007). Tensile strength tests were executed on 5 samples and dis-
charge tests were executed on 3 samples of both drain types. In total 38 tests were
executed on above mentioned properties.

Drain Configuration

VS T Yy Yy Ny /|

Mebradrain MD7007 (100 x 3 mm) 2 x 19 grooves
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Mebradrain MD88 (100 x 4 mm) 2 X 28 grooves

Description of tests:

The ASTM standards D 638 and ASTM D 4632-91 as specified in the tender
documents are not suitable to test the tensile strength and elongation of a drain.
D 638 is developed to test homogeneous plastics, not to test geosynthetics. D
4632-91 is a grab test suitable for geotextiles, but not suitable to test compos-
ites. Instead ASTM standard D 4595-86 was used to determine the tensile
strength and elongation properties of the drains.

The testing procedures can be summarised as follows:

Weight drain ASTM D3774

Thickness drain ASTM D5199-91
Mass filter ASTM D5261-92
Thickness filter ASTM D5199-91
Grab strength filter ASTM D4632-91
Permittivity ASTM D4491-92
Pore Size ASTM D4751-95
Tensile strength ASTM D4595-86
Discharge capacity ASTM D4716-87
Trapezoid Tearing strength ASTM D4533-91
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Discharge test

4.2

The discharge tests were executed under following conditions:

1. Closed-sell foam rubber was used on both sides of the specimen to model
the soll

Sample size was 300 mm long and 100 mm width.

A hydraulic gradient of i = 0.5 to model gravity flow conditions.

Test were executed at a temperature of 20°C

Instead of the minimum seating time of 15 minutes, a testing time of 5 days
was used in order to determine the long term hydraulic conductivity.

At this test procedure the measured values are much lower than at the stan-
dard test procedure.

6. A load was applied in 5 steps to a maximum of 450 kPa.

SAE A

Permittivity, Grab, Tear and Pore Size tests on the filter fabric

4.3

Since all the fabric of a certain style was produced during the same production
run, there were only three pore size tests and permittivity tests executed per fabric
style from different drains. The average results of three tests were used to deter-
mine the values for all drains with the same type of fabric. Therefor the values
found in the table are equal.

4.2.1. Permittivity

Permittivity tests were executed according the constant head method by applying
head at intervals of 5 mm and using deaired water with a temperature of 20°C.
The permittivity was determined by using the formula:

Q

 AhA
4.2.2 Pore size

The pore size was determined using U.S. Sieve # and Glass Beads according fol-
lowing table:

U.S. sieve # Bead Size
140 0.106
170 0.090
200 0.075

4.2.3 Grab Strength Test

Samples are immersed in water for one hour and tested with a constant rate of 300
mm/min. Tests were executed in machine direction.

4.2.4 Tear Strength test

All test were done in machine direction. Testing speed was 300 mm/min.

Tensile Test on the total drain

In deviation from par. 11.1 from ASTM D4595 the tensile strength is given as an
absolute value and not strength per width, because of the limited width of the ma-
terial. The samples were tested at a speed of 300 mm/min.
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5. Summary of the test results

Drain Unit MD7007-5417 MD88-5417
CORE
Visual Inspection No anomalies no anomalies
Configuration extrusion profile PP extrusion profile PP
2 x 19 grooves 2 x 28 grooves
Weight g/m 40 68
Thickness mm 2.4 3.4
Width mm 96 98
FILTER
Configuration PP nonwoven PP nonwoven
Weight g/m? 141 141
Thickness mm 0.43 0.43
Grab strength N 697 697
Tear Strength N 128 128
Permeability 10* m/s 1.16 1.16
Permittivity (at 50 mm head) s’ 0.27 0.27
Pore Size Ogs um 73 73
DRAIN
Thickness mm 3.1 4.2
Width mm 100 101
Weight g 72 99
Tensile Strength KN 551 3.35
Elongation at break % 42 41
Elongation at 1 kN % 57 55
Discharge capaciy 10°Us
Discharge capacity 50%
buckled (250kPa) 10°1/s 71 52
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APPENDIX |

Proposal Kiwa Certification Requirements:

Property Requirement Unit Standard
Core
Appearance without tears, holes Damages
Raw Material PE, PP, PET or PVC
Shape Profile or Mat
Mass weight per length unit g/m’ ISO 9864
according specifications supplier
Width width mm D3774
according specifications supplier
Thickness thickness mm D5199
according specifications supplier
Filter
Raw Material PP, PE or PET
Mass weight per area g/m2 D5261
according specifications supplier ISO 9073/1
Thickness no requirement mm D5199
for calculation permittivity ISO 9073/2
Tear Strength > 150 N D4533
ISO 9073
Permittivity > 0.005 s’ D4491
ISO 811
Pore Size at Peat or <150 pm D4751
Silt Soils
Pore Size at Clay Soil | <75 um D4751
Tensile Strength no break during discharge tests
Drain
Appearance without tears, holes, folds or damages
Seam no holes, frost resistant, 25% tensile
strength filter
Mass weight per unit g/m’ D5261
according specifications supplier ISO 9864
Width according specifications supplier mm D3774
Thickness according specifications supplier mm D5199
ISO 9863
Tensile Strength > 1 kN D4595
ISO 527-1/2
Elongation >2 % D4595
ISO 527-1/2
Elongation at 0.5 kN <10 % D4595
ISO 527-1/2
Discharge capacity proposal
at1=0,1and 350 kPa | >50 ml/s discharge
after 4 days standard
Discharge capacity proposal
buckled at1=0,1and | >30 ml/s discharge
350 kPa after 3 days standard

APPENDIX Il




Discharge Capacity (ml/s)

Discharge Capacity (ml/s)

w

DISCHARGE TESTS (Straight)

MEBRADRAIN MD7007-5417

(At i=0.5)
250
500
200
400
150 +
300
100 +
200
50 + 100
0 0
1 2 3 4 5
Time (days)
MEBRADRAIN MD88-5417
(At i=0.5)
300
500
250
400
200
300
150 +
100 | 200
50 + 100
0 0
1 2 3 4 5
Time (days)

Cell Pressure (kN/m2)

Cell Pressure (kN/m2)

[ Pressure

— Average
A Series 1
x Series 2

& Series 3

[ Pressure

— Average
A Series 1
X Series 2

¢ Series 3
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APPENDIX 1l

DISCHARGE TEST RESULTS (Buckled)

MEBRADRAIN MD7007-5417
(Buckled at i = 0.5)

160 350
150
300
140
130 250
@ 120 200
£ 11
P 0
3] 150
& 100
S
> 9 100
o
8 80
2 50
a 70
60 0
0% 10% 20% 30% 40% 50%
Vertical Compression
MEBRADRAIN MD88-5417
(Buckled at i=0.5)
350
140
X
300
120
250
100
»
Y 200
E 80
)
S 150
g 60
S
100
aé) 40
(W]
<
3 20 50
a
0 0

0% 10% 20% 30% 40% 50%
Vertical Compression

Cell Pressure (kN/m2)

Cell Pressure (KN/m2)

[ Pressure
—— Average
A Series 1
X Series 2

¢ Series 3

[ Pressure
—— Average
A Series 1
X Series 2

¢ Series 3
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APPENDIX IV

PORE SIZE TEST RESULTS

Pore Size Typar 5417

100
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APPENDIX V

PERMITTIVITY TEST RESULTS

Permittivitty Typar 5417

0.30 -

0.28 |

0.26 |

0.24 1

0.22 1

0.20

10 15 20 25 30 35 40 45

head (mm)
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50 55 60 65 70 75 80

—0— Reeks 1
—1— Reeks2
—A— Reeks3
—>— Reeks4
—¥— Reeks5

Trendline




APPENDIX VI

GRAB TEST RESULTS

E: trekpr. drain-typar.ZPV - testXpent Standard [Configuration level]

File Machine Specimen management Configuration Option:  Help

G| abo[2z| B (@] 1

Start Stop Entries TRS Protocal Print

Machine Force 0
SHIFT+F2 Fe F3  SHIFT+FI0  F10 F8  SHIFT+F4 SHIFT+F8 CTRL+D
o Series Weries Daturn | F.max |F. bij breuk [Rek bij Frnax |Rek bij b
: 1 ! ! ! ! Legends | Mr N i %o %
BN | 1 |0506m1]63440] G278 B850 715
T g g g g BN | ¢ |0m601|V4FEF| 73304 6435 54,42
800 o oo . ] .. bt I - 0606101 [662 71| B6271 60,69 B0 G5
i i i [ 1] 06/D6/01 (k26,80 B2519 6276 B2 80
T | | | I - 080601817 22| B17 22 34,03 54 0z
BO0 4----------- R ———————————f ————— q »
| : E Series | F.max |Rek bij Frax [F. bij breuk | Rek bij breuk | sMom. strain &
= 1 ! ! n=5 I % I % %
£ ] ! ! % |B97 75 6307 633,05 63,71 63,07
g ' ' s | 8222 937 52,00 9,45 9,37
400 oo R S e S e EOREE v | 1178 1377 1183 13,79 13,77
200 4= - m e R e R P P to----
] ) ) ) : KIS 2l
1 E E E E MNext specimen: Mandatory inputs
| | | | T Specimen thickness al
0 N e T Specimen width k0
il 20 40 60 a0
Rek in %
- Force CT abs LE
Zwick £ |m 0,1 jom 920,979 |y 75,000
testControl: Drive system - Confrolled stop User: Mico2
Test : Grab Strength according ASTM D 4632-91
Material : Typar 5417
Test Speed : 300 mm/min
Test Machine : Zwick Z010 (10kN)
Clamps : Pneumatic
Date : 060601
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APPENDIX VI

TRAPEZOID TEAR STRENGTH

E trekpr. drain-tpypar. ZPV - test<pert Standard [Configuration level]

File Machine Specimen management Configuration Options  Help

B ab(on| B | D 1

(=]

Machine Force Start Stop Entries TRS Frotocal Frint
SHIFT+F2 F2 F3  SHIFT+FI0  F10 F§  SHIFT+F4 SHIFT+F§ CTRL+D
tll Sefies Wseries Datum | F.max |F. bij breuk |Rek bij Fmax |Rek bij b
¥l 1 . . . . Legends | Nr N N % %
;g - B | ' 050601 6103] 6103 552 5h
1‘ P T ot CTTTTTTTT [ cooTT | - |0505M01(18587 | 13586 359 37 3891
:1‘ 5 T ! ! ! ! B - 060801 9331 4393 410,31 456 5
T + i i i i | ¢ |050501 (167 84| 14327 337 5B 3930
. 4 1 . . . | I - |0505071]13405] 13273 164 87 168 B
i i i i I - 05050112383 61,80 347 87 4028
150 4= m == e == - . 7. v= Sympmys ISP S S,
: : e 2
1 i i Series | F.max |Rek bij Fmax |F. bij breuk |Rek bij breuk | sMorn. strain
' ' =5 N % h % %
T i i % 12849 27427 97 27 30557 2742
E T i i 5 4551 151,88 4421 17352 151 8
R T I , PO S A S SR W N [ 35,42 55,38 45 .45 56,71 55,3
g i
R ey L Al A 1 R . Mext specimen: Mandatary inputs
T d d d I, Specimen thickness al
1 ! ! : T Specimen width b0
1 i i i o
0 =
1] 100 200 300 400
Rekin %
- Force CT abhs LE
Zwick # m -0, [mm] 467,97 fmm] 22,000
testContral: Drive system - Controlled stop User: Nico2
Test :Trap Tear Strength according ASTM D 4533-91
Material :Typar 5417
Test Speed : 300 mm/min
Test Machine : Zwick Z010 (10kN)
Clamps : Pneumatic
Date : 060601
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APPENDIX VIII

TENSILE TEST RESULTS

Test : Strip Tensile Strength Test ASTM D 4595-86
Material : Mebradrain MD88

Test Speed : 300 mm/min

Test Machine : Zwick Z010 (10kN)

Clamps : Pneumatic

B‘. trekpr. drainMD88 ASTHM 4595 thy MGC dd2-6-01.Z5E - test<pert Standard [Configuration level]

Fle Machine Specimen management Configuration  Options  Help

B silze| B D 1

Machine Force 0 Start Stop Entries TRES Protocol Frir Frie|
SHIFT+F2 F2 F3 SHIFT+F10  F10 Fg SHIFT+F4 SHIFT+F8 CTRL+D
I Series | Wseries Datum | F.max |F. bij breuk| Rek bij Frax | Rek hij
A Legends | Nr N N % %
g g I 1 |050801]330540| 316857 30,50 42,
1‘ 4 . 06/06/A01 [ 328418 324826 3728 47 £
:f5 B - |06/06/01|344580| 344580 5343 53¢
T8 | 4 |06/08/01|330650| 329041 35,15 35,
| - |06/0501|340572| 340031 48 52 52[
KN i
Series | F.max |Rek bij Fmax |F. bij breuk | Rek bij breuk | sMom. strain
n=5 N % N % %
% |3380,12 41,00 331137 46,16 410
= ] 7260 953 11359 742 95
o u 217 2349 343 16,08 234
8
1000 ~ i 1 i ‘I I _’I
1 i i i Next specimen: Mandatony inputs
J , , ! T Specimen thickness al
] i i i T Specimen width b0
- | | | -
0 20 40 60
Rekin %
. Force CT abs LE
zwick I 0.2y 516,618 ., 75,000

testControl: Orive system - Controlled stop User: Mico?



E: trekpr. drain-typar. ZPV - testXpert Standard [Configuration level)

File Machine Specimen management Configuration Options  Help
By | a2t 8 ©| 1 &
Machine Farce 0 LE Start Stop Entries TRS Protocol Print
SHIFT+F2 F2 F3 SHIFT+F10  F10 Fg SHIFT+F4 SHIFT+FE  CTRL+D
o Series | Wseries Datur | F.max |F. hij breuk | Rek bij Frax| Rek hij
A . Legends| N N % %
% E | 1 |05/0501)2520,34| 252008 37 B2 I8
1 I I © |OROD1 272941 772 51,10 511
5 T BN - 050601 |zee058] Zel147 | 456 352
B B i o SRRt i By e | ¢ |06/06A1[262600( 262325 3990 40,7
T i i i | 5 |06/06M01)252083| 2607 85 I/7E 42 F
2000 === - - - P S SIS B S 5 e S S S B S o ECS 55 o adrd |
E E E E Series | F.max |Rek bij Frnax |F. bij breuk |Rek bij breuk | sMom. strain
! ! ! ! n==5 i % M % %
i i i . ¥ |2B1143 42,75 28597 47 43,76 427
Z 500 - R e e s 90,20 541 68,14 478 54
n | | | | v 3,48 125 339 1092 126
2 i i i i
YR I Y S S
! ! ! ! l _>|
i i i i Mext specimen: Mandatory inputs
500 Af-------- R Rttt Ao P L. T Specimen thickness al 3
E E E E E T Specimen width b0
D - -
B o A p o e S
i 10 20 30 40 50
Rekin %
. Force CT abs LE
zwick 0,8 i 516,618 .., 75,000

testControl: Drive system - Controlled stop

Test

Material

Test Speed
Test Machine
Clamps

: Strip Tensile Strength Test ASTM D 4595-86

: Mebradrain MD7007
: 300 mm/min

: Zwick Z010 (10kN)
: Pneumatic

15
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APPENDIX IX

SPECIFICATIONS SUPPLIER

Physical properties unit MD7007 MD7007 MD88-75 MD88-75
Drain body configuration ) ) ] ]
material PP PP PP PP
colour white white white white
Filter Typar 5417 5357 5417 5357
material PP PP PP PP
colour grey grey grey grey
Weight g/m 70 67 88 85
Width mm 100 100 100 100
Thickness mm 3 3 4 4
Mechanical properties symbol test unit
Tensile strength drain F kN 24 2.1 29 2.7
Elongation € % 40 40 40 40
Elongation at 0,5 kN €05 % 6 6 5 5
Discharge capacity at 350 kPa q, Delft (i=0.1) md¥/s 80*10°% 80*10° 85*10°¢ 85*10°¢
Disch.cap. buckled at 250 kPa q, Delft (i=0.1) md¥/s 65*10¢ 65*10¢ 70*10°® 70*10®
Permittivity filter v ASTM D4491 s 0.25 0.5 0.25 0.5
Permeability k ASTM D4491 mm/s 0.1 0.2 0.1 0.2
Pore Size Ogs ASTM D4751 um 75 75 75 75
Puncture resistance filter ASTM D4833 kN 150 115 150 115
Grab strength filter ASTM D4632 N 400 350 400 350
Bursting strength ASTM D3785 kPa 900 800 900 800
Tear strength filter ASTM D4533 N 200 150 200 150
Transport details unit
Roll length m 300 300 250 250
Outside diameter roll m 1.10 1.10 1.10 1.10
Inside diameter roll m 0.15 0.15 0.15 0.15
Weight roll kg 21 20 22 21
40ft container m 160,000 160,000 130,000 130,000
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