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1. Background and Motivation

1.1 Burning Social Issue in Hong Kong

* Short-supply of land for affordable housing is a burning social issue in
Hong Kong.

1.2 Short-supply of Land and Marine Reclamations
* There is a severe problem of short-supply of land in Hong Kong for
further development to meet long-term community needs.
* Marine reclamations provide the most feasible solution for a stable
supply of land in Hong Kong for mid-term and long-term developments.
* Short-supply of land is also a problem in the Greater Bay Area, such as
Macau and Shen Zhen, and other costal cities.

“Lantau Tomorrow” reclamation in Hong Kong proposed in Macau Reclamation
“The Chief Executive’s 2018 Policy Address”: Plan (350 hectares):

MEBER
EESMEE W@ ST B

“Lantau Tomorrow”: 1700 hectares of land for 700,000 to
1,100,000 people

Shen Zhen Qianhai Reclamation Plan (2800 hectares):
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2. A New Approach for Marine Reclamations Using Dredged
Marine Soils Improved by a Combined Improvement Method

Highstrength

FRP pipe piles g 350 crton, 1RP

Filled with soils
or cement
|| mixed soils

“Lantau Tomorrow”

| To form the

reclamation 1 watertight pipe
project (1700 ™ e
hectares) . Tensile siain (5)
Fibre Reinforced Polymer
(FRP)

New approach for marine reclamations
(“Lantau Tomorrow”):

» Using local free marine deposits
and wastes

A-A section: Dredging and blow-filling stage M Speeding up consolidation of soils
No geomembrane possible ) using Prefabricated Horizontal
Vacuum pump Seawater (2m~4m) to increase N . .
Ty T Geomentbrane  verical surcharge load Drains (PHDs) and Vertical Drains

(VDs) with vacuum preloading

 Using Fibre Reinforced Polymer
(FRP) pipe piles to build seawalls

A-A section: Vertical drams with vacuum pre-loading and sea waterfor additional loading with cable ties.

Prefabricated Horizontal Drains (PHD) to be installed first Cables to tie seawalls to prevent sliding 5

‘ = " Figure 1: Tian Kun dredging and
' v blow-filling ship

Example: 1700 hectares (17 km?), average water depth of 15m, reclaimed to +6 mPD (2m
settlement compensation)

Sand volume =17x106 (m?)x (15+6+2)(m)=3.91x 10 (m?)

Super-fast: Local marine deposits will be dredged to blow-fill (i.e. pump and fill) a
reclamation area

Use 20 barges with load capacity of 4000 tons for imported sand:
Time required (24 hrs/day) is: 133.9 years

Use 20 dredge ships at a blow-filling speed of 4000 m3/hour (assume only 40% of
the mud is solid) using local HKMD:

Time required (24 hrs/day) is: 1.39 year

Large-area: Reclaiming tens of square kilometers of land is easy

Economical: Local marine deposits are free

Cost of imported sand: 3.91x10% (m*)x 155 ($/m?) =$6.06x10'°=HKS$60.6 billion
dollars
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“Tian-Kun” dredging and blow-filling ship (17000 tons of displacement): dredging
depth up to 35m; blow-filling speed at 6000 m*/hour at a distance of 15 km away.

CRERSE (REKE170000): it R 1405K » F27.85K » S AIBHEARE AIAE350K - AE LA/ NIF60003 7. 77
SREVIERE R/ YD LU KR S A B i 1 SN B

A Combined Method for Improving Dredged HKMD Slurry and Existing HKMD

Key new ideas/points:

* Seawalls (FRP/steel/concrete pipe pile, or steel sheet piles) to be built to surround a
reclamation area,

* FRP/steel cables to tie the opposite seawalls to prevent seawall sliding,

* Prefabricated horizontal drains (PHDs) to be used to consolidate dredged HKMD slurry
with/without vacuum without impermeable membrane (membraneless),

* Later, prefabricated vertical drains (PVDs) to be installed to consolidate dredged HKMD
and existing HKMD under fill surcharge.

Scawall (FRP/stcel pipe piles of steel sheet piles) ) Seawall (FRP/steel pipe piles or steel sheet piles)
Vaguuim pusiping FRPstcelcables to fie seavialls n RIS \
ater pipes Water pipes 3
N | ’ | «
I Blow-filling HKMD
Blow-filling HKMD ‘ % ‘
ki
f - 0 :
£ Hortaontal drains . [ Horizonist drains

Existing HKMD in seabed Existing HKMD in seabed

Existing Alluvium in seabed i ExpstmgAlluviun in seabed
Stage 1 Stage 2
VR Seawall (FRP/steel pipe piles or steel sheet piles)
" \

T — Seawall (FRP/steel pipe piles or steel sheet piles)
BICEIPSS  Crust layer Wt

ier pipes Vertical drains

e

Existing HKMD in seabed 2 ,I Y 2 lENN\uiEF’IKMD i seabed
Existing Alluvium in siabed Existing Alluvium in seabed
Stage 3 Stage 4
Figure 2: Mlustration of a combined ground improvement method for HKMD slurry in stages 8




3. Two Types of Ongoing Physical Model Tests

3.1 Cylindrical physical models and tests

Settling and self-weight & accelerated consolidation model

Smaller 2D cylinder model:
0.8mx0.17m
(height x internal diameter)

* Sedimentation
* Self-weight consolidation

Lager 2D cylinder model:
2mx0.4m
(height x internal diameter)

Accelerated consolidation by horizonal + vertical drains with (can be up to 3m)
vacuum + surcharge

3.2 Cylindrical physical models and tests

2D cylindrical test on HKMD slurry with prefabricated horizontal drain (PHD) at
bottom (Test 2) (using smaller model)

e

With porous stone and

geotextile as

Connected to vacuum pump prefabricated horizontal
drain (PHD) at the
bottom

Initial soil height: 0.80m.

Initial water content: 215%.

10
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2D cylindrical test on HKMD slurry with PHD at bottom (Test 2) (using smaller model)
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* Staged vacuum: to avoid clogging.
¢ Soil height: from 0.80m to 0.34m.

From Sep. 30t 2021 to Oct. 25t 2021

Undrained shear strength (kPa)

Finding: Settlement and shear strength of HKMD slurry were increased with time quickly due to

PHD and vacuum loading. 1

3.2 2D plane strain physical model test on HKMD slurry with PHD grid under vacuum
preloading (on-going)

Fibre Reinforced Polymer (FRP) pipe piles:
2~4 times of steel strength AN

2.8m(long)x2.3m(high)x1.5m (wide) Bottom prefabricated
(internal dimension) horizontal drain (PHD) grid

12
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3.2 2D plane strain physical model test on HKMD slurry with PHD grid under vacuum
preloading (on-going)

Required transducers are placed at selected locations first before each step of HKMD slurry
pumping

FRP pile FRP pile Slurry level FRP pile
Pipe N Slurry level Pipe Pipe
8
Slurry level g
1
PHDs
o N PHDs W . 9 B o
: e ) W
2 Y o b v PHDs ] L
< 2
L s L \7'»% Lt PHDs Lo
250 Reservior I 250 L Reservior 250 Reservior

Front view (Unit: cm) Front view (Unit: cm) Front view (Unit: cm)

Step 1: Place PHD grid first at bottom, then pump in HKMD slurry, and apply vacuum
pressure on PHD grid.

Step 2: After consolidation, place another PHD grid layer at the soil surface in Step 1, then
pump in the second layer of slurry, then apply vacuum pressure on PHD grid.

Step 3: After consolidation, place the third layer of PHD grid layer at the soil surface in Step 2,
then pump in the third layer of slurry, then apply vacuum pressure on PHD grid.

13

3.2 2D plane strain physical model test on HKMD slurry with PHD grid under vacuum
preloading (on-going)

Step 1: Place PHD grid first at bottom, then pump in HKMD slurry, and apply vacuum
pressure on PHD grid.

Elapsed time (day)
0 10 20 30 40

Staged vacuulﬁ preloading ﬁpplied
10

20

Settlement (cm)

30

40 r

50

The increase of settlement with time under staged
vacuum preloading

The period for Step 1: From Nov. 4 2021 to Dec. 13 2021

e The height of the bottom layer of HKMD soil was decreased from 1m to 0.634m.
* Average water content was decreased from 181% to 101%.
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3.2 2D plane strain physical model test on HKMD slurry with PHD grid under vacuum
preloading (on-going)

Step 2: After consolidation, place another PHD grid layer at the soil surface in Step 1, then
pump in the second layer of slurry, then apply vacuum pressure on PHD grid.

Elapsed time (day)
0 20 40 60 80 100 120

0 T T T T
- \
g 10 econd layer of HKMD
< 20 slurry pump-filled
-
=
230 |
=2
£40
@ Staged vacuum
8 50 | pressure applied
=l
=60
—Settlement at surface of bottom layer
70
—Settlement at surface of second layer
80

200 163.4 B The day Step 2 started
150 B At the end of Step 2

The period for Step 2: from Dec. 14 2021 to Feb. 20t 2022

50

Thickness of soil (cm)
S
S

[S]

Two layers of soil Second layer of soil Bottom layer of soil

Test result summary:
* Average water content of two layers of soil was decreased from 155% to 76%.
* Average water content of the second layer of soil was decreased from 220% to 89%.

4. Use of Wastes as Mixing/Filling Materials for Marine
Reclamations

Solidification binder Set retarder  Flocculant

Agitator Agitator Agitator

High-water . 6 5: r.uv. [ ¥ : Hl"\/at(-)r pipes  Vacuum pump
content HKMD S & G */ ;
|
— » High-water content HKMD
» Solidification binder (Industrial wastes):
Crust layer . Alka\li:act\iye}ted Incinerated Sewage Sludge Ash (ISSA)
formation — ﬁj@’ffb‘/ﬁ‘ﬂ(‘/ﬁﬁjj_{

» Alkali-activated Ground Granulated Blast-furnace Slag (GGBS)
HLAL = R AR R (a by-product of iron and steel-making)

— » PHDs + Vacuum preloading

ISSA GGBS _Lime
Industrial wastes Alkali activator 16




Inert wastes can be utilized as fills directly:

Environmentally-
Friendly

Large volume of
construction waste

/3 SENqLandfil

)
Fﬁf' FRRESEAE
=

Types of solid waste disposed of at landfills in 2016
Special Waste 565 ton/day

\X Construction
e waste
4422 ton/day

Commercial and
industrial waste
T 6w

3954 ton/day
The landfills in Hong Kong will be
saturated within 2 years
a5
Domestic waste
Total: 15332 ton/day 6391 ton/day

The total volume of construction waste in 2016 was S i

equal to 502 standard swimming pools. Utilization of mining waste

5. A General Simple Method for Settlement Prediction

Existing problems and challenges:

* Measured settlement

. = is much larger than
| M —~— that calculated.
2018 Dec:

Calculated settlement is 6m * The calculation
Measured settlement is method is a problem?

- ‘
S 10 6)/9.1=

Elapsed time after full su (1990.3) (d)

i and Tanaka, 1999)
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Hypothesis A and Hypothesis B methods for calculating consolidation-creep

settlements of one clayey soil layer:

Hypothesis A Method (an old de-coupled method):

No creep in “primary” consolidation?

C - Cfmp—€ _ —Ae
®© logt—logty, log(t/tgp)

Swmm =S, primary” S"sccw fary" 0
u =~
us, + 0/ Jor 0< 1<t 4o 1 u,>0 B <
) c = Tgs A Stope: C,,
Us ’ +1 “—log( VH "ff’r\Q,,l,g{gr, field :
+e, L tor, i — €y [
T e - = i - « -
Leop ja = Aays to many years, depending on layer thickness, permeability [ *Primary period SR petiod
Tgop Le T log(t)

How to definet,,, ,,, at End Of Primary (EOP)? If u, =0, time = o
We may calculate t,, .., at U, =98% (subjective!)

Since creep/viscous settlement in “primary” consolidation is not included, this Hypothesis A method

underestimates/{itf/i settlement.

Simplified Hypothesis B Method (a new de-coupled method):

S=8 +§5 =
primary creep
_ {Uspf +aUﬁSuu//7.f Jor 1, <1<t .,
B B .
Uspr +laU Suu:'p.f +(-aU )Supr] Jor t lem’.rw

Since creep/viscous settlement in “primary” consolidation is
included, this Hypothesis B method estimates settlement
more accurate.

'n2 logao,
02—,
1(a,.¢,) Y
Over —consolidation 3(0,.¢,)
line €, 1(1+e,) Normal consolidation line

(0,2,6,0)
C./(1+e,) (att=1day =1,)

(016:6.6)

4 (0..6,5)
Unloading | reloading line C, /(1+¢,) (5" - )

Relationship of strain and log(effective stress) with different consolidation states (after Yin et al. 2022)
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Example 2: OCR=1.5

Verification: Compared to “rigorous” Plaxis and Consol Simulations:

Time (day)
0.1 1 10 100 1000 10000 100000
0.0 ¢
02 Py
Layer thickness=4m
04 OCR=1.5
G Baethodl g =0.8; =0
2 o6 —s—Bmethod2 ¢ =0.8; f=03
E BMemod3 5 =038 f=1
g ol e H
E 0.8 ypothesis A method
& Consol simulation.
1.0 ®  Plaxis simulation
uSs,+as,,.,, Jor lday <t <ty 1
12 St = s s N
US, +[aU/S,.,  +(1-aU))s,,., ] Jor t> eop, fela
14
C C o C, | t=lday | ¢ a=08 | f=03 k (m/day)

r ¢ p a

(kPa)

* The results from the new simplified Hypothesis B method are closer to curves from
“rigorous” Plaxis and Consol simulations (Hypothesis B method = fully coupled method).
» Hypothesis A method underestimates the settlement a lot.

20
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A General Simple Method (Simplified Hypothesis B Method) and Verification

a) Equation: 5 S aU”
( ) d Jjen Jjen ZU/S 3+ 22U} Sergp Jorday <t < tyop
= =
Smmm =S primary Sue:’/l = ZIU/S 5t ZISUE’PM = j=n
J= J= s 3
ZU/SL/' +Z[aU/ Serep FA=AUDS, 0 51 JOr t2 1500 1y
= =

j=n j=n

= ZU,S/; + Z[au/ﬁscreep.[i +(1- an )Sme,ui,] Jor  t>1day (but t> Leop, fieid Jor S(’Ie:’p,d/)
=

=)

Topboundary g | This method is a new “de-coupled”
QIS TN T LTI I I PP L I (BiMAEsE) method for
E ol ' * layered soils exhibiting creep
H A E EQEN k- i
5 o =2 ik forverial d"mi * zero or small initial effective stress
: | =27, with k, for smear zone ! considered
i & =2r, with k, for equivalent cylénder %%%ﬂ ﬁﬁﬁ&&ﬁ‘% jj #i‘jéggzd\s
; ..« without or with vertical drains
i LR HKR,
i = - i« under any staged loading including un/re-
T - y ; loading
' H L RN, SN,
Z Bottom boundary : o

spread-sheet calculation with good
accuracy

BT RKG Excel) 5, ERE,

A soil profile of n-layers with vertical drain
subjected to uniform surcharge g(#) with time
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Verification: Compared to field data and fully coupled modelling results

300
Sondex anchors
250 st | SRR x g
B - 2
Depth 2 © epd ™ 3 Uppermarinechay 022
F200 ” x4
&2 10 + =
PP42
150 >ty + PP41 Upperalluvium ~ 3.8m

Lower marine clay  532m

Vertical stress (kPa)
2
Elevation (mPD),

5o i L | S »
” pp3g 8
¥ » 1 PP37
400 500 600 700 00 900 1000 1100 1200 1300 2
© eeas Loweralluvium ¢ {

Time (day)

Staged ramp-loading Depth =
. Soil profile and settlement monitoring points:
ime (day .
0100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 only top two layers are considered

0.0
05 Chek Lap Kok Test Embankment 1982 at HKIA Site]
Y
10 POSSIBLE 4 LEGEND
et
(2) 9AND ORAINS AT 1.6m TRIANGULAR </,
- 15
< (@ N0 ORAIS AT 5.0m TRIANGULAR o/
i (B SAND ORAINS AT 5.0m TRIANGULAR c/c
3 s @ coNTROL AREA - NO DRAINS
3 2,
2 el ORIGINAL FORMED LEVEL IN m PD
30
®  Om (measured) —— Om (Simplified B method)
5] @ dmmeasured) 3m (Simplified B method) ] qusmry
A 6m (measured) ~——— 6m (Simplified B method)
X 14.5m (measured) —— 14.5m (Simplified B method)
40

Comparison of settlements at depths of z=0m, 3m, 6m,
and 14.5m from the general simple method, finite
element modelling (Plaxis), and measurement

22
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More details on the simple method on one/double Consolidation
layers, and this general simple method, see: Analyses of Soils

Jian-Hua Yin

(i) A new book by Yin and Zhu (2020) it i
https://www.routledge.com/9780367555320 =

(ii) Papers:

Yin, J.-H., Feng, W.-Q. (2017). A new simplified method and
its verification for calculation of consolidation settlement

of a clayey soil with creep. Canadian Geotechnical B
Journal, 2017, 54(3), pp. 333-347 e PR e

Feng, W.-Q., Yin, J.-H. (2017). A new simplified Hypothesis
B method for calculating consolidation settlements of
double soil layers exhibiting creep. International Journal
for Numerical and Analytical Methods in Geomechanics,
2017,41(6), pp. 899-917

Yin, JH, Chen, ZJ, and Feng, WQ (2022). A general simple
method for calculating consolidation settlements of layered
clayey soils with vertical drains under staged loadings.
Acta Geotechnica, 2022, 17(8), pp. 3647-3674.

6. A Prototype Field Trial of Using HKMD for Reclamation

* A prototype field trial was successfully conducted at the Tung Chung New Town Extension

project site with the concerted efforts of CEDD, PolyU and the site team.

¢ This to further demonstrate the practicality and benefits of PolyU’s method and technology
in utilizing HKMD for marine reclamations.

» Within the trial pit of 12 m (length) by 8 m (width) by 3.5 m (depth), the marine deposits
gained significant strengths during the 7-month test period, and would be capable of
supporting subsequent typical constructions.

MDmxmpﬂ—-)- - F‘J;’,Liq

wonpnss.smepuw—j’ kbt - i
OUTFALL-

HRK

fr

@ Setilement plate

< ) A PWPsand ESCs
HOREONTAL 8AN0 ORAN—— | | |sR8 (atthe bottem of the pif

Tube

HE» % Sampling location/vane

shear test
L= A OFDR coin sensors

A layes band i

PVC pipe for water pumping {
/ 4 N2 \ +6.5mPD
%%‘ Prage et am F@'
[ | +5.0mPD
v

: “iomeo
S S - >

concrete block E

L
Aczars s,

FIGURE 1 : SITE LAYOUT PLAN

Settlement plate

A-A ross-section
(schematic drawing)
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Hong Kong marine deposits (HKMD) slurry
was fast consolidated by horizontal drains and
vacuum loading.

After treatment *
(26/07/2022)

7
65 Initial HKMD shury surface level 65 Initial HKMD shurry surface level
6 6
HEMD crust surface level after treatment %5 HKMD crust surface level after treatment
P 55 7K LAY K F x| =" X £ 7R X x
E IHKMD crust thickness E I HKMD crust thickness
R > § L I A
e £l
H :
= 45 = 45
4 4
35 35
Strength increase from i Water content reduction
almost zero at the beginning from initial value of 150%
3 3 -
0 20 40 60 0 50 100 150 200
Undrained shear strength (kPa) Water content (%)

ross-section profiles along depth after treatmen

7. Use of Dredged Local Marine Deposits for Reclamations in Other
Coastal Cities
RERE A IHEERER = AHE, R, AR ARED:

Tt A [ AU AR LA A AR, R G PR TR AR ARK, R
IV T 8 PO K P 2 - 3B S A T A, T8 SR A A S P AR+ A U o
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(a) Tian Jin CRE)

o REREETE: MEBE2710F 5 AR
« BE20104F, REEEHELEREBRIOSFFAR. 2010-2022: HEHEHRE?

KR R B S AR (2006-20204) =

SR AR I A R R PSR B
R == A

* Use local dredged marine soils for
reclamation:

25 M L ORI
* Vertical drains and vacuum/surcharge

preloading are used to fast consolidate the
marine soils

- BB RIS RS .

BIEHTE B AR R ) B A # (2010-20204F) -
R CRED) , ERAEACTR S T 5200777 4 B, R FE230°7 77 24 BL.

KH IR AL BF X 304F LR

O ARLRER BERE: Google Earth
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(b) Da Lian (Ki#iE)

REFAE

Dalian soft marine soils:

* VDs + vacuum preloading of dredged
soft marine soils

* Reference: R K 22 18 = IR 3 i
Y A KR # R AT B A FRA F,
20114F2H20H .

(c) Macau (#[7)

(d) Shen Zhen (F3I)

‘ 19904E 3

o

201645/l # 20164 /578
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(e) Incheon New Port
Hinterland Development
Plan (Phase 1) in Korea

dredged material

. <
Dredging(3)

Dredging(1)

[CLCIVIP RS N S R
Jﬁ“'l‘%ﬂ | channel

aidglngm;@ Q&m\

inbound 773

island

channel T

16.073

Local dredged marine
deposits were used as fill for
reclamation

North Seawall (L=2,

* Local dredged marine deposits have been used as fill for many
reclamation projects in other costal cities.

* Why Hong Kong Marine Deposits cannot be dredged and used
for reclamations in order to provide lands for residential
buildings and related infrastructures with both time and cost
savings?

e Effects on marine environment are the main concern?

* Then, why 19 years ago, marine sands in Hong Kong waters
could be dredged and used for reclamations?

See: https://www.cedd.gov.hk/eng/public-services-forms/fill-management/marine/marine-
fill/index.html

* From 1990 to the end of 2003, about 270 millions m? of marine sand had been extracted
from the seabed in Hong Kong waters and used as marine fill for Hong Kong reclamation
projects (HK International Airport, HK Convention & Exhibition Centre at Wan Chai, and
the Theme Park at Penny's Bay).

* Before 1990, even more marine sands in HK waters were dredged and used for Hong Kong
reclamation projects (Tseung Kwan O, Ma On Shan, Terminals in Tsing Yi, ...).

19/10/2022
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8. Conclusions and Remarks
(a) Using local dredged marine soils and wastes for marine reclamations in Hong
Kong will save time and money a lot.

(b) The new method combining horizontal and vertical drains with vacuum and/or
surcharge preloading is very effective for consolidating HKMD slurry quickly.

(c) Data from physical model tests have proved that the new improvement method
can increase HKMD slurry strength effectively and quickly.

(d) Alkali-activated industrial wastes, like ISSA and/or GGBS, have a great
potential for forming the crust layer quickly on the top of the HKMD slurry.

(¢) The simplified Hypothesis B method introduced here is simple and accurate for
predicting settlements of soft soils.

(f) A prototype field trial has demonstrated that dredged HKMD slurry can be used
for reclamation and our new method is suitable for improving HKMD slurry.

(g) Project cases have shown that dredged local marine deposits have been used
successful for reclamations in many other coastal cities.

Why local marine deposits cannot be dredged and used for
reclamations in Hong Kong?

33
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