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Good practice in constructing reinforced soil 
structures using granular, site-won and other non-
‘standard’ reinforced fills
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Father of Geogrids?

Father of Soil Mechanics



Extruded, non-orientated
mesh/net  was utilised
succesfully in Japan in 1970s 
for ground stabilisation 
(Narita Tokyo International 
Airport 1978)

Frank Brian Mercer OBE (1927 – 1998)
‘Father’ of Geogrids

Geogrid origin



Geogrid origin



 In 1978 he invented the ‘Tensar’ process (extruded, punched and 
stretched) and in 1980 first engineered ‘plastic meshes’ were 
made available to Civil Engineers
 Prof Peter Wroth (Cambridge, 1982): ‘geogrid’

Historic Background of Geogrids



Great invention! 
By Royal 
appointment… 

 But how did an 
unknown 
entrepreneur 
form Blackburn, 
UK, convince our 
conservative 
Industry Globally 
to trust plastic in 
construction? 

With the support 
of visionaries 
like…

Historic Background of Geogrids
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First Polymeric Reinforced Soil Wall

 February 1980 - Newmarket Silkstone Colliery, Yorkshire  – reinforced fill was unburnt 
shale
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Jorge Zornberg

C
s



First Polymeric Reinforced Soil Wall

 February 1980 - Newmarket Silkstone Colliery, Yorkshire  – reinforced fill was unburnt 
shale

Tomorrows World
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20m

60m









Recognition



Recognition



“The innovation that 
revolutionised Civil 

Engineering”



Haul roads and working platforms



Onder 45° RE540 aanbrengen



Permanent Works





Temporary Works



Important considerations:

Geogrid type and strength



Reinforced Soil Walls & Slopes:
Geogrid + Soil



Ground Separation Structures (walls & Slopes): 
Reinforcement Function

July 2019



Geogrid



• Tests carried out 
at varying loads 

• Creep testing 
laboratories at 
various 
temperatures
10C
20C
30C
40C
50C

Long term sustained load test (creep test) 

nsar Design parameters for reinforcement

Geogrid Properties and Test 
Methods



Creep - HDPE vs PP

( ~2 yrs)
(~ 4 days!!)



Creep - HDPE vs PP

HDPE PP

of same QC 
strength



Reinforced Fill Site Control

Important considerations:



Reinforced Soil Walls & Slopes:
Geogrid + Soil



‘Standard’ Reinforced soil fill

• Majority of reinforce soil structures have been constructed with 
‘standard’ fill, which is selected, good quality, well graded, 
preferably angular  (crushed), granular fill free from organic 
substances 

• So what is important?

• Fill quality provided meets the spec
• Fill placement (compaction & workmanship)

• Both Common sense to an engineer?? However…



Reinforced fill Site Control

• Most of us provide design & supply and site ‘assistance’ rather 
than full time ‘supervision’

• Reinforced fill specified, must always be verified on site –
especially in high risk applications with tight serviceability limits!!!

• You’d think this is obvious….



‘Standard’ high quality 
Reinforced Fill – not!

Well graded, angular, granular 
material with maximum particle 
size no greater than 75mm with 
a minimum angle of friction of 
’pk(min) = 42

6m 

Well graded, angular, granular 
material with maximum particle 
size no greater than 75mm with 
a minimum angle of friction of 
’pk(min) = 42



6m 

‘Standard’ high quality Reinforced Fill –
not!

Well graded, angular, granular 
material with maximum particle 
size no greater than 75mm with 
a minimum angle of friction of 
’pk(min) = 42



6m 

‘Standard’ high quality Reinforced Fill –
not!

Well graded, angular, granular 
material with maximum particle 
size no greater than 75mm with 
a minimum angle of friction of 
’pk(min) = 42

( >11.5 yrs)



Lesson learnt???!

Reinforced Fill Site Control



Reinforced fill compaction/workmanship

Important considerations:



Compaction!



Compaction importance??

• Appropriate fill compaction
• All geogrids installed!!collision damage!



Oman Southern Expressway
Up to 65m high
(250mm down granite, 
bespoke testing)

• Appropriate fill compaction
• All geogrids installed!!



Oman Southern Expressway
Up to 65m high
(250mm down granite, 
bespoke testing)



Important considerations:

Drainage!
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Drainage measures when using clay fill

Some important principles

 A well compacted clay fill is likely to be in a state of 
suction

 You want to prevent prolonged contact with free 
water at ALL edges of the clay fill, including the base

 REMEMBER: drainage intended to let water out of a 
system can let it in if badly detailed



Drainage



Drainage measures when using clay fillModular block Walls:
Some common errors when detailing drainage

(1) Small surface drain 
which overflows (1)

(2) Facing drain 
daylights

(2)

(3) Low strength 
frictional connection (3)

(4) Base drain 
below external 
ground level

(4)

cl



• Clay fill structure 
with modular 
block facing

• Inadequate 
surface drain for 
tropical rainfall

Drainage – extent



• Facing drainage 
continued to 
ground surface so 
that surface water 
can enter fill

Drainage – extent



• Free water entry 
from crest, clay fill 
softens and swells 
putting extra force 
on back of facing

• No sign of 
mechanical face  
connection

• Facing blocks have 
been pushed off face

Drainage – extent



Drainage – extent



Drainage measures when using clay fillModular block Walls:
Good Practice

(1) Adequate surface 
drains for expected flow (1)

(2) Facing drain sealed 
from surface

(2)

(3) High strength 
mechanical connection (3)

(4) Base drain above 
external GL with cross fall 
and consider half 
perforated pipe

(4)

cl



Drainage – extent

500mm



Drainage measures when using clay fill

(1) Adequate surface 
drains for expected flow

(1)

(1)

(1)

(2) Adequate internal drains to 
intercept ground water flow

(2)

(3) Internal drains should not daylight and 
allow inflow of surface run-off

(3)

(4) Internal drains should be 
arranged to remain empty

(4)

Slope built against hillside - drainage should be 
detailed to prevent extended contact with free water

(5) Drainage blanket insufficiently 
permeable acts as a water
‘reservoir’ that softens 

surrounding clays – must be very 
permeable!!

(5)



Important considerations:

Fill variability!
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Drainage –variation in backfill
permeability



Dubai Fujairah Freeway
up to 60m high



Tensar Structural Solutions



Method of calculation – External/Compound 
stability 

24 April 2013



Tensar Structural Solutions

Drainage – cement treated 



Drainage – cement treated 

Tensar Structural Solutions



Tensar Structural Solutions

Drainage



Free draining granular fill 

Drainage – flood zones



Drainage – holistic
site assessment
• While under construction, 

if incline weather is 
expected, the finished 
levels at the end of each 
day must be left covered 
and at an angle so that 
any rain water can run off 
away from the reinforced 
soil block

• Surrounding topography 
must been adequately 
assessed and surface 
drainage need to be 
designed for adequate 
capacity



Important considerations:

Water mains!



Drainage

• Keep water mains as far as possible from reinforced soil retaining 
walls; if not possible then make sure they are water tight!



Flooding due to water main burst



Flooding due to water main burst



Flooding due to water main burst



Important considerations:

Scour protection!



• Modular block 
walls up to 18m 
high built on side 
of stream bed

• Toe protection 
provided? 

Importance of protecting wall foundation

Scour Protection







• Despite loss of 
facing blocks, the 
reinforced soil mass 
remained perfectly 
stable

• Crash barrier is 
straight and 
highway remained 
in service

Scour Protection

• Crash barrier straight
• Road remained open



• Wall reinstated

• Scour added!



Why?

Cost and CO2 reduction with non-standard fills like

• Site won cohesive material 
• Even Landfill waste material 
• and something else…

Non-Standard Reinforced soil fills



Design considerations for 
‘non-standard’ fills
• Upfront, CLEAR conversation with Client of additional 

controls: 
• Fill specific installation damage/pull-out/shear testing 
• Shear box – correct (slow) rate of shearing for ‘non-standard’, i.e. 

slow draining clay fills - drained conditions
• chemical analysis – i.e. HDPE  is largely inert to chemical attack and 

to environments with pH2 - pH12.5 but not all soil reinforcement is 
so added FoS should be incorporated

• Adjusted rate of construction for PWP dissipation
• Compactability/trafficability of non-standard fill, especially cohesive
• DRAINAGE : even more important for fills like chalk or PFA
• Reinforced Fill site CONTROLS, especially in challenging climatic 

conditions or when critical end use 



Use of controlled site-won fills



Soufriere Hills 
Volcano

Exclusion 
zone

The original airport 
was completely 
destroyed during 
the eruption of 
Soufrière Hills 
Volcano in 1995.

Between 1995 and 
2005, Montserrat 
had been 
accessible only by 
helicopters or boats  

New

Use of site-won fills





GOOD practise: screening of locally available 
material
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1. Site won cohesive fill material –
case study

Montserrat 2005, Airport Embankment 31.5m high



Site won cohesive fill material – case 
study

Malaysia 2006, 60m high landslide
(GOOD practise: construction rate adjusted to 
accommodate  pore pressure dissipation)
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The Reinforced Fill
GOOD practice: Use composite fill solutioned



Pulverised Fuel Ash (PFA)

Pulverised fuel ash (PFA), is a very fine (0.1mm up to 10mm) waste product 
of coal fired power stations; cements in time and light(er) weight, ~ 15kN/m3 
Highly alkaline, typically pH>9 : ok for HDPE geogrids but sensitive materials such 
as polyester or steel need to be factored in the design



New 800m Bus Rapid Transit Link known as 
‘Tinsley Link’, 2015, up to 11m high walls

460m long MSE wall 
2.2m to 11.2m high

~40m long MSE wall
4.8m to 7.0m high 

Fitzwilliam Bridge

River Don

Railway line
SHEFFIELD

ROTHERHAM

TINSLEY

300m at grade road link 

Use of Pulverised Fuel Ash (PFA)
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PFA constraints – DRAINAGE!!

additional 
drainage 
measures must be 
made as outlined 
in BS8006:2010 
Cl. 6.10.5.2, Cl. 
6.10.5.3, and Cl. 
6.10.2.6.3

GOOD practise: standard free draining granular fill up to flood levels 



PFA Thrust Relief wall behind bridge abutment 
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‘Tinsley Link’, 2015, up to 11m high walls
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‘Tinsley Link’, 2015, up to 11m high walls



‘Tinsley Link’, 2015, up to 11m high walls



Use of a landfill waste material
Dan-Y-Lan Landfill (1955-1971) up to 30m high landslip 
remediation, 2004-6 

Contaminants of concern 
(COC) – ammonia, lead, 
Polyaromatic Hydrocarbons 
(PAHs), Polychlorinated 
biphenyls (PCBs), and Total 
Petroleum Hydrocarbons 
(TPH) - all of concern.



Use of a landfill waste 
material

GOOD practise: Plant with vibrating rollers was replaced with 
multiple passages of tracked plant to avoid moisture 
concentration on surface 
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Use of a landfill waste material
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Light Weight Aggregate
 Leca® Light Weight Aggregate (LLWA – previously also known as ‘Maxit’), is an 

inorganic lightweight clay aggregate; it is manufactured by heating and firing of natural 
marine clay in a rotary kiln to 1150°C that transforms the clay into various sized 
lightweight ceramic granules varying in size 0-32mm

http://www.leca.co.uk/

MUCH Lighter than conventional fill
Bulk density varies between 3.5kN/m3 – 5kN/m3

 less bearing pressure, less piles! 
High shear strength properties: ’=36o – 39o

Design life in excess of 100 years.



Light Weight Aggregate
 Leca® Light Weight Aggregate (LLWA – previously also known as ‘Maxit’), is an 

inorganic lightweight clay aggregate; it is manufactured by heating and firing of natural 
marine clay in a rotary kiln to 1150°C that transforms the clay into various sized 
lightweight ceramic granules varying in size 0-32mm

http://www.leca.co.uk/

MUCH Lighter than conventional fill
Bulk density varies between 3.5kN/m3 – 5kN/m3

 less bearing pressure, less piles! 
High shear strength properties: ’=36o – 39o

Design life in excess of 100 years.



On weak foundations 
reduce the amount 
of foundation 
upgrade (piling) and 
therefore the project 
cost

Light Weight Aggregate 
(LWA) reinforced fill

No specific 
compaction required 
as pneumatically 
placed and just 
compacted by traffic 
lorries

GOOD practise: Geogrid/LWA specific testing must be carried 
out to obtain the interaction characteristics required for design
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Bridge approach ramps, up to 12.5m high, 2016

Light Weight Aggregate 
(LWA) reinforced fill





Conclusions
• Geosynthetics reinforced soil structures have only been 

around for just under half of a century

• Geosynthtics managed to gain the Industry’s respect and to 
form our own ‘family’ of recognised, construction materials -
sometimes the only solution (excessive heights) – as long as
specs and good construction is followed!

• Looking into the future, the choice towards Geosynthetics 
versus other earth retaining structures is expected to increase 
as it is closely linked with their outstanding performance, speed 
and easy of installation but above all their contribution towards 
more sustainable and environmentally friendly ‘Geosystems’



Goals

• Attract more young engineers into geosynthetics
• Convince that provide a robust solution, if constructed 

properly
• Differentiate & educate our industry/younger generation 

that not all plastic is ‘bad’
• join forces and lobby the ‘law makers’/educators 

together to include in syllabus
• share and adopt good practises that are product neutral
• share and learn from lessons learnt 
• Encourage good practice on site

• Collectively protect our industry from cheap, sub-
standard ‘plastic’!





•Leca® Light Weight Aggregate
•Prof Colin Jones
•Tensar
s: 
A historic review from the mid-60’s original concept to 
today’s design and GOOD construction practice using 
site-won and other non-‘standard’ reinforced fills

Special Thanks

YOU!




