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1.0 Summary 

 
1.1 Site summary: 

The subject site is located on land at Worcester Close, lstead Rise, Gravesend. The 

proposal is to develop the land for residential housing with associated vehicle access 

and parking. 

 

 
1.2 Existing trees (Section 8 refers): 

I surveyed thirteen individual trees and two groups of trees both on and off site in 

August 2022. 

 
 

1.3 Condition of existing trees (Section 9 refers): 

One tree - T14 - was found to be a dead fallen specimen and its removal is 

recommended irrespective of the outcome of this proposal. 

 

 
1.4 Consequences of development on trees (Section 9 refers): 

Ten individual trees, one group of trees, and an additional part of a second group of 

trees would be lost as a direct consequence of implementing the proposal. 

 

 
1.5 Tree Works (Section 10 refers): 

Apart from the tree removals, no other specific tree works are recommended in order to 

implement the proposal. However, some minor crown lifting or cutting back may be 

required in order to facilitate access. 

 

 
1.6 Tree Protection (Section 11 refers): 

In order to protect the root systems of retained trees during the construction period, the 

following are recommended: 

 
• The installation of three tree protection barriers 

 
• The installation of one area on permanent ground protection 

• The retention of the existing bridleway surface to the west of G1, and the 

east of T7 and T8. 

 

 
1.7 Conclusion: 

If the recommended tree protection measures are installed and adequately supervised, 

I consider that the proposal can be successfully implemented while protecting the 

retained trees to a level which complies with current arboricultural standards. 
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2.0 Survey details 
 

The Site: 

TMC Ref: 

Land at Worcester Close, lstead Rise, Gravesend 

AR/117422 

Local authority:  Gravesham District Council 
 

Survey date: 

Report date: 

Surveyed by: 

11th August 2022 

 
22"" December 2022 

 
Clive Mayhew BA (Hons), MICFor, FArbor.A., CEnv 

 

3.0 Instructions 

 
3.1 I have been instructed to: 

 
1. Survey the trees potentially affected by the proposal. 

 
2. Produce an arboricultural report fully compliant with the recommendations 

contained within 'BS 5837:2012 Trees in relation to design, demolition and 

construction - Recommendations.' 

 
3.2 My name is Clive Mayhew, and I am the author of this report. I have over 35 years of 

experience in tree, landscape and ecology management in both the public and private 

sectors. I am a Chartered Arboriculturist within the Institute of Chartered Foresters, a 

Chartered Environmentalist, and a Fellow of the Arboricultural Association. 
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4.0 Site details 

 
4.1 Site description: The subject site is located on land at Worcester Close, lstead Rise, 

Gravesend. 

 
4.2 Proposal details: The proposal is to develop the land for residential housing with 

associated vehicle access and parking. 

 
4.3 Existing structures: There are no existing above ground structures on site. 

 
4.4 Existing topography: The body of the site is essentially level throughout with no 

topographical variations of any arboricultural significance. The ground rises to a gentle 

bank along the northern site boundary; my visual impression was that this bank is made 

up with soil possibly historically originating from adjacent construction works. 

 

4.5 Existing vegetation: Apart from the trees listed within this report the primary vegetation 

within the body of the site is improved amenity grassland which was being regularly 

maintained at the time of inspection. 

 
4.6 Soils: The soil type is of relevance because soils with a high clay content can be 

compacted, which in turn can be extremely damaging to tree roots. The British 

Geological website indicates the bedrock geology to be chalk from the Lewes nodular 

chalk formation, Seaford chalk formation and Newhaven chalk formation. The clay 

content within such soils is likely to be low, but the tree protection measures advocated 

in this report are still set at the highest level of current technical specifications. 

 

 
5.0 Planning history 

 
5.1 I have been given no specific details of the site's planning history. 

 

 
6.0 Protected trees 

 
6.1 I have been given no information to indicate if any trees within the site, or adjacent to it, 

are protected in law. 

 

6.2 The legal status of trees can change at any time through the serving of a new Tree 

Preservation Order or the creation of a Conservation Area, and this should be checked 

prior to the commencement of any works. 

 

 
7.0 Documents supplied 

 
7.1 I have been supplied with scheme and proposal plans by Frankham Projects. 
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8.0 Existing trees 

 
8.1 I surveyed thirteen individual trees and two groups of trees both on and off site in August 

2022. These trees have been plotted on the existing tree plan at Appendix A, and 

described within the schedule at Appendix C. 

 
8.1.1 I classed the trees according to the classifications outlined within BS 5837:2012 'Trees 

in relation to design, demolition and construction - Recommendations' (See Appendix 

E). 

 

 
9.0 Arboricultural Impact Assessment (AIS) 

 
9.1 The recommendations made here relating to tree retention, removal and planting are 

informed by current arboricultural, planning and urban design best practice, primarily 

British Standard 5837:2012 'Trees in relation to design, demolition and construction - 

Recommendations,' which advocates a pragmatic approach to tree removal and 

retention, based on sustainability. 

 
9.2 Trees requiring removal irrespective of the proposal 

 
9.2.1 One tree - T14 - was found to be a dead fallen specimen and its removal is 

recommended irrespective of the outcome of this proposal. 

 
9.3 Trees requiring removal as a consequence of the proposal 

 
9.3.1 The following trees would be lost as a consequence of implementing the proposal. 

 
9.3.2 G1 - Apple (Part) 

T2-Apple 

T3-Ash 

T4-0ak 

TS - Silver birch 

T6-Ash 

G9 - Silver birch 

T10-Ash 

T11 - Norway maple 

T12- Norway maple 

T13- Norway maple 

T15 - Norway maple 

 
9.3.2.1 These trees will be lost either because they stand beneath the footprint of the proposed 

development, or they will be located unsustainably close to it following completion of the 

works. 
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10.0 Tree Works 

 
10.1 Apart from the tree removals, no other specific tree works are recommended in order to 

implement the proposal. However, some minor crown lifting or cutting back may be 

required in order to facilitate access. 

 
10.2 Any works undertaken should comply with the recommendations contained within British 

Standard 3998:2010 'Tree Work' and undertaken with the consent of the local planning 

authority - if such consent is required. 

 

 
11.0 Arboricultural Method Statement (AMS) 

 
11.1 Root Protection Areas (RPAs) 

The identification of Root Protection Areas is the primary means by which retained trees 

are protected on construction sites. No unspecified activity should occur within any 

prescribed RPA, access should only be permitted with prior approval of the Local 

Planning Authority, and encroachment should normally only take place if the ground 

beneath is suitably protected. 

 
11.1.1 BS 5837:2012 provides arboriculturists with a method to determine the extent to which 

excavations associated with construction works might have a damaging effect on the 

roots of adjacent trees. The Standard enables an RPA to be calculated from the 

diameter of each retained tree, and this is usually described as a circle with a radius at 

the prescribed distance from that tree. 

 
11.2 RPAs and the subject site: 

 
11.2.1 Some aspects of the proposed development will potentially encroach into the nominal 

RPAs of retained trees on site, while other activity will occur close to them. 

 
11.2.2 With due reference to the above, I make the following recommendations regarding 

specific tree protection measures. 

 
11.3 Protective barriers 

 
11.3.1 BS 5837:2012 recommends that the RPAs of the subject trees should be protected by 

the erection of barriers, the preferred form of which consists of welded mesh 'Heras' type 

panels 1.8 metres high, mounted on a braced scaffolding frame as detailed in Figure 2 & 

3 of BS 5837:2012. (See Appendix F). The barriers should carry laminated signs staling: 

"Construction exclusion zone - No Access," or similar. (See Appendix G). It is 

recommended that gaps should be left beneath the bottom of any perimeter site fencing 

and the ground to allow for the passage of foraging mammals. G
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11.3.2 The subject site: The requirement for two Tree Protection Barriers has been identified 

and these have been illustrated at Appendix B. 

 
• TPB 1 - This barrier is located around the two remaining trees within G1 

located to the south of the site. It is designed to protect the RPAs and stems 

of those trees from potential damage during the construction period. 

 
• TPB 2 - This barrier is located to the east of T7 on the site's western 

boundary. It is designed to protect the eastern portion of the RPA of T7 to the 

east of the existing footpath from potential damage during the construction 

period. 

 
• TPB 3 - This barrier is located to the east of T7 on the site's western 

boundary. It is designed to protect the north-eastern portion of the RPA of T7, 

to the east of the existing footpath, from potential damage during the 

construction period. 

 
11.4 Permanent ground protection 

 
11.4.1 BS 5837 also recognises that permanent ground protection solutions may be required to 

provide protection to tree roots after the construction phase has been completed, and 

the standard provides sample specifications for that protection. 

 
11.4.2 The subject site: A requirement for two areas of permanent ground protection has 

been identified and these have been illustrated in yellow at Appendix B. 

 
• PGP 1 - This area encompasses the footprint of the cycle store, and 

associated path access to the east of T7. It is designed to provide permanent 
protection to the eastern RPA of T7 to the west. 

 
11.4.3 While the specific design of any 'no-dig' surfacing will need to be drawn up by an 

appropriately qualified engineer, suitable guidance in this respect is attached to this 

report at Appendix H. 

 
11.4 .4  Any detailed specification and method statement for the installation of 'no-dig' surfaces 

must strictly comply with the following elements in order to protect the root systems of 

the retained trees upon which ii is laid: 

 
1) The installation of the surface should require no excavation into the existing 

soil profile other than the removal of any turf layer or existing vegetation by 

hand tools. Any raising of levels should be achieved using granular 

materials which will remain gas and water permeable throughout its design 

life. 

 
2) Any specification should include a final wearing course constructed using a 

compacted semi-permeable material. The specification of the actual material 

and its application will need to be prepared by a suitably qualified engineer, 

but it should allow for moisture infiltration and gaseous diffusion; washed 
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gravel with a low fines content is often cited as being a suitable, but given the 

gradient of this particular site, block pavers may be more appropriate choice. 

 
3) If the semi-permeable surface is to be used by construction traffic, this 

should be protected by a temporary sacrificial surface laid over a geotextile 

separator, both of which should be removed on completion of the works. 

 
4) A geotextile material should be used at the base of the construction to allow 

for gaseous exchange and prevent potential pollution contamination of the 

rooting area below. 

 
5) Excavated kerbs or edgings should not be used; their installation can be 

highly damaging to tree roots and an alternative method needs to be 

specified. Alternatives include: Peg and board edging, pinned sleepers, and 

gabions or other proprietary non-invasive ground-contact structures. 

 
11.4.5 If any roots are encountered in these areas during the execution of the works, the 

following treatment should be adopted: 

 
1) Any roots encountered should be severed using a sharp tool. 

 
2) Backfilling should be carefully carried out to avoid direct damage to the 

retained roots and excessive compaction of the soil around them. Backfilling 

should be carried out using the excavated soil. This should not be 

compacted but lightly "tamped" and usually left slightly proud of the 

surrounding surface to allow natural settlement. Other materials should not 

be incorporated into the backfill. 

 
3) It should be recognised that fine roots are vulnerable to desiccation once 

they are exposed to the air. Larger roots have a bark layer which provides 

some protection against desiccation and temperature change. The greatest 

risk to these roots occurs when there are rapid fluctuations in air temperature 

around them - e.g., winter diurnal temperatures. It is important, therefore, to 

protect exposed roots where the excavation is to be left open overnight when 

there is a risk of frost. In winter, before leaving the site at the end of the day, 

the exposed roots should be wrapped with dry sacking. This sacking must be 

removed before the trench is backfilled. 

 
4) If roots over 25mm in diameter are found, the advice of a suitably qualified 

arboriculturist should be sought before any severance takes place. 

 
11.4.6 With 'no-dig' surfaces there can occasionally be issues with achieving the correct levels 

when tying in with a conventionally constructed adjacent surface. In this location, 

however, there is ample room for this to be achieved outside of the confines of the RPAs 

of individual trees. 
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11.5 Retention of existing bridleway the west of G1, and the east of T7 and TS. 

 
11.5.1 There is an existing hard surfaced bridleway located to the west of G1 and east of T7 

and T8. The surface of this path acts as acceptable ground protection to any tree roots 

that may be present beneath the path's foundation. Therefore, any works specification 

should ensure that the existing surface within the RPA of adjacent trees, as indicated at 

Appendix B, should be retained for the duration of the construction period. 

 
11.6 Demolition 

The demolition of no above ground structures form part of this proposal. However, no 

works of any kind should commence until the tree protection measures specified above 

have been installed. 

 
11.7 Utilities 

 
11.7.1 Where supply of any underground utilities passes through the RPAs of retained trees BS 

5837:2015 recommends that detailed plans should be drawn up in conjunction with an 

appropriately qualified arboriculturist - See Section 7.7. 

 
11.8 Other general activities 

 
11.8.1 Many of the activities which occur on construction sites are potentially damaging to 

trees. These include the location of site huts, parking arrangements, the storage of 

materials, the storage of rubbish, and the movement and operation of plant. It is 

important to understand the range of potentially damaging activities that might occur on 

a site and ensure at an early stage that these possible conflicts are recognised and 

avoided. Therefore, areas designated for site huts, parking and storage of materials 

should be identified prior to the commencement of works. 

 
11.8.2 The subject site: There appears to be adequate space within the body of the site to 

ensure that areas for storage and other aspects of site accommodation are not in 

conflict with the tree protection measures recommended in this report. However, this 

aspect of site management should be established and agreed prior to the 

commencement of works. 

 

 
12.00  Post development pressure 

 
12.1 When new structures are located near to trees there may be pressure to prune or 

remove them because of concerns that the trees might fail in some way, or because of 

perceived shading. 

 
12.2 The subject site: None of the new dwellings will be significantly shaded by retained 

trees either on site, or adjacent to it. 
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13.0 Sequence of works 

 
13.1 The sequence of works should be as follows: 

 
1. Tree works 

2. Erection of tree protection barriers 

3. Construction works 

4. Removal of tree protection barriers 

 

 
14.0 Recommendations 

 
14.1 The tree protection measures in this report should be always followed. Any deviation 

should only occur with the specific approval of the local authority's arboricultural officer. 

 
14.2 It is recommended that a suitably qualified arboriculturist supervises the installation of 

the tree protection measures, and if necessary, briefs the individual responsible for the 

maintenance of tree protection measures for the duration of the works. 

 
14.3 An individual should be identified as a point of contact for arboricultural matters for the 

duration of the works. They will need to be familiar with the site's arboricultural 

constraints and keep the tree protection measures monitored and maintained. 

 

 
15.0 Conclusion 

 
15.1 I consider that this scheme is acceptable in arboricultural terms and that the subject 

trees can be protected according to current standards, providing the recommended 

mitigation measures are adopted. 
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Tree Survey- 11th August 2022 
 
 

Tree 
No 

Species Ht. Stem 
dia. 

RPA 
Rad 

RPA 
Area 

Crown spread 
N-S-E-W 

CB Age 
class 

Phy 
con 

Str 
con 

ECR Class Observations & 
recommendations 

 
G1 

 
Apple 

 
<5 

 
<60 

 
7.2 

 
163 

  
As per 

 
plan 

  
GL 

 
M 

 
G 

 
F 

 
M 

 
C 

 
Mature, multi-stemmed, 

roadside trees. 

T2 Apple 4 30 3.6 41 2 3 3 4 GL M F F M C Established apple treeadjacent 

to path. 

T3 Ash 15 45 5.4 92 7 7 7 7 3 SM G G M B Established tree to rear (west) of 

green. 

T4 Oak 15 50 6.0 113 8 9 8 8 2 SM G G L B Good established tree. 

Prominent to road. 

TS Silver birch 14 30 3.6 41 5 4 4 4 2 SM G G M C Established, but generally 

unexceptional silver birch tree. 

T6 Ash 13 40 4.8 72 5 6 6 6 3 SM G G M C Established, full crowned tree. 

T7 Sycamore 7 25/25/ 8.4 
 

222 
 

6 
 

5 
 

5 
 

5 
 

2 SM F F M C Self-set, multi-stemmed tree at 

   20             base - on western boundary. 

TS Norway maple 6 20 2.4 18 2 2 2 2 2 y F F M C Small, unexceptional tree. 

G9 Silver birch x3 <12 <25 3.0 28 
 

As per plan 
 

3 SM G G M B Cohesive group within the 

central body of the green. 

T10 Ash 11 40 4.8 72 4 7 7 5 2 SM F F M C Established tree, but somewhat 

thin crowned. 

T11 Norway maple 12 60 7.2 163 11 8 4 19 2 M G G L B Good established tree. 

 
T12 

 
Norway maple 

 
13 

 
60 

 
7.2 

 
163 

 
10 

 
8 

 
6 5 

 
2 

 
M 

 
G 

 
G 

 
L 

 
B 

 
Good established tree on bank. 
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Tree 

No 
Species Ht. Stem 

dia. 

RPA 
Rad 

RPA 
Area 

Crown spread 

N-S-E-W 
CB Age 

class 

Phy 
con 

Str 

con 
ECR Class Observations & 

recommendations 

 
T13 

 
Norway maple 

 
7 

 
40 

 
4.8 

 
72 

 

9 
 

7 
 

7 
 
5 

 
2 

 
SM 

 
G 

 
G 

 
L 

 
B 

 

Good established semi-mature 

tree on bank. 
 

T14  Dead fallen As per plan u Dead fallen tree. 
tree 

 
T15 Norway maple 11 50 6.0 113 9 8 6 5 2 SM G G L B Good established tree - 

prominent to road 
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Survey sheet key 
 

Tree No Tree reference number as used in the report and survey plan 
T = Tree 
G= Group 
H = Hedge 
W= Woodland 

Ht Tree height in metres 

Stem dia. Stem diameter in millimetres 
Measured at 1.5 metres above ground level, or immediately above the root flare of multi-stemmed trees 
M = Multi-stemmed tree 

Crown sp Crown spread measured in metres from the stem to the four compass points 

Crown break Height of crown clearance above adjacent ground level, given in metres 

Age class  Age class 
Y = Young: Staked or newly established tree 

SM = Semi-mature: An established tree at a stage of rapid growth 
EM = A tree nearing its ultimate canopy size for its situation 
M = Mature: A tree at its ultimate canopy size for its situation 
OM = Over mature: A mature tree smaller than its ultimate canopy size, often such trees are of great historical or ecological importance. 

P. Con Physiological condition of the tree expressed through an assessment of its general well-being 
G = Good, F = Fair, P = Poor, D = Dead 

S. Con Structural condition of the tree 
G = Good, F = Fair, P = Poor, D = Dangerous 

R.C. Estimated remaining contribution expressed in years 
D = <10, S = 10-20, M = 20-40, L = >40 

BS Cat Tree category graded as per the guidance given within Table 1 of BS 5837:2012 - See Appendix E 
A - Green = Trees of high quality with an estimated remaining life expectancy of at least 40+ years 
B - Blue = Trees of moderate quality with an estimated remaining life expectancy of at least 20 years 
C - Grey= Trees of low quality with an estimated remaining life expectancy of at least 10 years, or young trees with a stem diameter below 150mm 
U - Red = Trees in such a condition that they cannot be realistically retained for longer than 10 years. 

RPA ~ R Root Protection Area radius, as measured in metres from the centre of the tree 

RPA - A Root Protection Area expressed in square metres Grave
sh

am Borough Council
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BS 5837:2012 Table 1 - Cascade chart for tree quality assessment 
 

Category and Definition Criteria (including subcategories where appropriate) 
Identification on 

plan 
 

Trees unsuitable for retention 
 

Category U 

Trees in sucha oondltlon that they 
cannot realistically be retained as 

living trees in the context of the current 

land use for longer than 10 years. 

Trees that have a serious, irremediable, structural defecl, such lllal their ea y loss is expected due10 COiiapse, including those 
that willbecome unviable after removal of other category U trees (e.g. where, f0< whateve,teason, the loss of companion 

sllelter cannot be mitigated by pruning) 

Trees that are dead or are showing signsof significant, Immediate, andifrevers!ble overall decline 
Trees infected withpathogens of significance to the health and/or safety of other trees nearby, or very low quality trees 

suppressing adjacent trees of better quality 

 
NOTE Category u trees can have existing or potential consel'Vatlon value whichIt might be desirable to preserve. 

 
 

DARK RED 

 
 

1. Mainly arboriculturalvalues 2. Mainly landscape values  3. Mainly cultural values, 

includin conservation 

Trees to be considered for retention 
 

Category A 

Trees of highquality with an 

estimated remaining life e.xpectancy or 

at least 40 years 

Trees that are particularly good 

examples of their species. especially if 

rare or unusual; or those thatare 

essential components of groups, or of 

formal or semi-formal arboricultural 

features (e.g. the dominant and/or 

principal trees within an avenue) 

Trees, groups or woodlands of particular visual 

importance as arboricultural and/or landscape 

features 

Trees, groups or woodlands of 

significant conservation, historical, 

commemorative Of' other value(e.g. 

veteran ttees or wood-pasture) LIGHT GREEN 

 

Category B 
Trees of moderate quality with an 
estimated remaining life e.xpectancy of 

at least 20 years 

 
Trees that might be included in category 

A, but are downgraded because of 

impaired condition (e.g. presence or 

significant though remectiabfe defects, 

including unsympathetic past 

management and storm damage). such 

that they are unlikely to be suitable for 

retention for beyond 40 years: or trees 

lacking lhe special quality necessary 10 
merit the category A designation 

 
Trees present in numbers, usually growing as 

groops or woodlands, such that they attract a higher 

cotlective rating than they might as individuals; or 

trees occurTing as coUectives but situated so as to 

make little visual contribution to the wider locality 

 
Trees with material conseivation or 

other cultural value 
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Category C 
Trees of low quality with an 

estimated remaining lrfe expectancy of 

al least 10 years, or young trees with 

a stemdiameter below 150mm 

 
Unremarkable trees of very limlted merit 

or suchimpaired condition that they do 

not qualifyin htgher categories 

 
Trees present In groups or woodlands, but without 

this conferring on them significantly greater 

landscape value; and/or trees offering low or only 

temporary/transient landscape benefits 

 
Trees with no mate<ial conservation 
or other cultural value 
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1 Stancsa,d scaffOICI poles 

2 Uprights to be driven intothe ground 

3 Panels secured to uprights with wire tiesand, 
Ydlo,e neoessary. stonda,d sc.1tfo!d <::lamps 

4 W81dm8Sh wi(Qd to the uprightsandhOfitonlals 

5 Stat'ld'.-WdCl.amp$ 

6 Wiretwisted andseeul'8d on insidefaceof fencing 

to avoid easy dismMtling 

7 Ground 18\!el 

8 Approx.0.6m driven into the ground 

Figure 2. - Protective fencing for RPA 

AR/117422 - Worcester Close, Gravesend. APPENDIX F 

BS 5837:2012 - Tree protection fencing 
 

 

 

 

 

On site examples of appropriate tree protection fencing installed as recommended within 6S5837 
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TREE PROTECTION AREA 
 

KEEP OUT 

(TOWN & COUNTRY PLANNING ACT 1990) 

 
TREES ENCLOSED BY THIS FENCE ARE PROTECTED BY 

PLANNING CONDITIONS AND/OR ARE THE SUBJECTS OF A TREE 
PRESERVATION ORDER 

 
CONTRAVENTION OF A TREE PRESERVATION ORDER MAY LEAD 

TO CRIMINAL PROSECUTION 

 
ANY INCURSION INTO THE PROTECTED AREA MUST BE WITH 

THE WRITTEN PERSMISSION OF THE LOCAL PLANNING 
AUTHORITY 

AR/117422 - Worcester Close, Gravesend. APPENDIXG 

 
Tree protection area warning sign 
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Background to the Arboricultural Association 

Founded in 1964, the Arboricultural Association is the largest and longest-established UK body and 

authority for the amenity tree care profession. It has a base of circa 3,000 members in central and local 

government, commercial and educational employment, at craft, technical, supervisory, managerial, tutor and 

consultancy level. 

The Arboricultural Association is regarded by central government departments, the Royal Horticultural 

Society and local government as the focal point for good praaice in arboriculture, for certification and 

regulation of the industry, for information, education and research. It Is unique in the profession in that its 

body or knowledge extends across the full spectrum or arboriculturalissues and it can represent and advise 

a wide range of members from small operators to large corporate bodies, localand centralgovernment. 

The Association publishes a range of technical leaflets, guidance notes and other publications concerning 

arboriculture, the quarterly ARB Magazine and the quarterly ArboriculturolJournal. In its function as voluntary 

regulator for the arboricultural industry, the Association produces an online directory of Registered 

Consultants and Approved Contraaors, all of whom have reached standards of excellence in arboriculture. 

The Association offers training through a varied programme of topical workshops, seminars, an annual 

trade show (The ARB Show) and an annual Amenity Conference. Various grades of membership exist for 

professional arboriculturists, those In related disciplines and enthusiasts. 
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Foreword and acknowledgements 

 

Foreword 

This Guidance Note provides much needed technical direction for the 

arboricultural sector working alongside other professionals in development 

and construction. 

Theuse of cellular confinement systems hasincreased over the last 20years and the understanding of 

rts effects andefficacy has also grown.To date, much practice regarding the installalionof hardsurfaces 

incorporating ground protection near to existing trees has beenbased uponan ArboriculturalPractice 

Note(APN) 12: Through the Trees to Development, by Derek Patch and Ben Holding, which was published 

in 2007 by the Tree Advice Trust. APN12 set out theprinciples of'no dig'construction ror hard surfaces, 

highlighting the impaas of excavation and compaction on treeroots and their soil environment. 

Since then, research, technological advances and numerous studies of different materials and techniques 

have been explored, a revised edition of the BritishStandard BSS837 has beenpublished and many 

architects and development and construction companies are recognising the benefits of usingcellular 

confinement systems in this context. Indeed, asplanningpohcy evolves it is becom,ng more and more 

relevant to consider these systemsin order to meet the expected multiple demands of housingand 

commercial development density, while maintaining the maximum green infrastruaure for societal benefit. 

Th,s Guidance Note sets out thebackground, concepts and relevance or cellular confinement systems, 

describes how to planand prepare appropriate systems for a wide range of different applications and 

provides detailed technical advice and specification for implementing systems using a range of available 

surface treatments. It also includes detail on the arboricultural impact from theuse of geocells and the 

limitations on their use.' 
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Section 
Using cellular confinement systems 

for ground protection 
 

 

 
1.1 Introduction 

1. Cellular confinement systems can be used forground prorection in areas where tree root 

damage would be caused by digging into the ground to laya conventional sub-base for new 

hard surfacing and where the long-term viability of trees could be harmed if soil that they may 

depend upon isat risk of becoming compacted. Compaction can occur for many reasons but 

vehicles passing over unreinforced ground are particularly damaging, although repeated foot 

traffic canalso be detrimental to soil structure. 

2. Roots penetrate soil partly by growing through existing voids and partly bymoving soil 

particles aside, and these processes areimpeded In compacted ground where soils are 

dense andvoids are small. The combination of high soil density andelevated soil strength can 

directlylimit root growth. Roots and soil organisms use oxygen to convert organic compounds 

into energy through the process of respiration, and so they require a continual supply of 

oxygen from the above-ground atmosphere to be distributed through the soil profile via 

diffusion. Thelargepores in a well-struaured soil areimportant avenues for gas exchange and 

they are lost whensoils arecompacted to high bulk densities.Soilcompaction also reduces 

the rate of water infiltration, the availability of water to roots, and the root system's ability to 

support a healthy crown. The compaction of soil within tree root zones' canultimately lead 

to crown d1eback and a decline In tree health (Ruark er of. 1982). Once a soil hasbecome 

compacted it isdifficult to reverse the effects and restore a soil structure suitable for tree root 

growth; even with positive intervention, soil rehabilitation may take years to achieve. 

3. Roads and pavements cannot be placed on an excessively yieldingsubgrade because if the 

ground moves the surface willdeform or crack after a few load repetitions. To create alasting 

load-supporting surface the standard engineering practice is to remove the upper layer of soil 

and lay a compaaed sub-base that iscapped by a durable wearing course. The final surface 

is usually engineered so that the top dressing is level with the surroundingground. However, 

surfaces constructed in this way can cause severance of tree roots at shallow depth and future 

root growth can be inhibited by the soil compaction caused during the installation of the 

surface. One way to prevent damage coroots is to keep roads and paths away from trees, but 

with modern-day pressures to develop land it is sometimes deemed necessary to install new 

hard surfaongnear !O established trees. In suchcases, where the adjacent treesare to be 

retained, the soil needs to be protected in some way. 

4. The use of above-ground cellular confinement systems, or 'geocells'. to install surfacing near 

treeshasbeen employed in the UK for over 20years. The accepted approach involves laying 

a geocell mat on a non-woven geotextile laid on the surface of the ground. fillingit withclean 

stone aggregate, andtopping this sub-base witha wearing course(see Figure 1 ). In recent 

years this approach has been regularly used in construction projects because it is considered 

to be an acceptable wayof creating a new hard surface above treeroot zones. But the 

use of geocells is not always a simplematter and the limitationsof the approach areoften 

misunderstood. Also, very few research studies have been conducted regarding the long-term 

effects of installing suchsurfaces on soilstructure and on the health of adjacent trees. 

 
 
 
 

 

' For the purposes of this document, tree root zones, or root protection areas, are considered tobe the minimum area around a 

cree deemed tocontain sufficient rootsand rootingvolume to maintain the tree's viability. The recommended methodologyfor 

calculating root protection areasIsdescribedIn 855837.2012 Treesin relo1ion10design,demofl11on ond cons1ruc//on - Recommendo//ons 

andisgenerallya radial distance equivalent to 12limes lhe trunkd,ameler measured al a heig.hlof 1.Sm.Greater separation dist.ances 

are required for veteran trees. It is advised thata buffer zone around a veteran tree should be atleast 15 times larger than chediameter 

of the cree or Sm tromthe edge of the cree'scanopy if chat areaislarger than 15 timesthe cree·s diameter. For ancient woodlands, 
chebuffer zone should be atleast 1 Sm wide. 
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5. Guidance on installing new surfacing near trees was previously provided by Arboricultural 

Practice Note 12: Through the Trees to Development (Patch & Holding 2007). The aim of 

this guide is to draw on the subsequent industry experience in order to provide updated 

guidance that will be helpful to arboriculturosts, landscape architects, engineers and building 

contractors. 

 
 

Figure 1 The basic approach to using cellular confinement systems for ground protection near trees (,moge courtesyof Core lP] 

 

 

 

 

1.2 The concept of cellular confinement systems 

6. A cellular confinement systemis a series of geocells arranged in a honeycomb-like formation 

that is combined w,th an underlyinggeotexlile and angular stone to spread loads in such a 

way as to minimise compaction of underlying soil. Due to its 3-dimensional structure, a geocell 

mat offers all-round confinement to the encapsulated material. which provides along-term 

,mprovement in theperformance of the sub-base. When a surfac,es reinforced in this way the 

load isdistributed over a larger area of the subgrade-base interface, leading to lower vertical 

stress and reduced deformation of the subgrade (Bathurst & Jarrett 1988;Sarideetal. 2011). 

Cellular confinement systems are considered to be cost effective, durable and easy to use. 

They also function effectively in allweather conditions (Hegde 2017). There are a variety of 

uses for cellular confinement systems in the construction industry, but this guidance focuses 

on their use when new hard surfacing is installed near trees. 

7. It is relatively common for engineers to specify planar reinforcement' to improve the service 

life of a surface and/or to obtainequivalent performance with less depth of material. Thisis 
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typically a 2-d,mensional geogrid' installed beneath a minimum depth or 150mm compacted 

srone aggregate (GMA 2000). The geogrid and the aggregate interlock andtogether they form 

a compositematerial that hasbetter load-bearing properties than the aggregate alone. But 

this approach is not suited ror use near trees because when the ston,es compacted there 

is a high risk of compacting the soilbeneath. Also, geogrids transfer loadsvia the'tensioned 

membrane effect', and the stretching of a geogrid under tensile loading allows a degree of 

derormation which results in wheel rutting and the compaction or the subgrade beneath. 

Therefore, theuse of geogrids alone is not recommended for installing new footpaths or roads 

near trees. They can, however, be installed beneath a geocell mat as a separation layer andto 

add extra strength. 

8. In order ro createa stable base for hard surfacingnear trees it is recommended that 

a cellular confinement system made of high­ 

density polyethylene (HOPE) should be used. 

The plastic strips areultrasonicallybonded 

together to form a 3-d,mensional matrix that 

can be filled withsoil,sand,aggregate, or 

concrete (as shownin Figure 2), but when 

new hardsurfacing is constructed over tree 

rootsit is necessary to infill the geocells 

with angular stone because this type of 

fill increases friction between stones and 

enhances load spreading. In this context 

stone infill has the added benefit of being 

permeable, which allows water ingress and 

gaseous diffusion intoandout of the soil. 

9. The seam strength of the cellsis critical to 

the durability or the system because these 

are often the weakest part of the system. 

and so products used should conform to 

ISO 13426-1:2003 Geotext,les and 

geotextile-related products - strength 

of internal structural junctions - Part 1: 
Geocens. 

(image cou,resyof Bosky Trees) 

10. The walls of each cell should be textured 

to provide add1t1onal friction with theinfill 

material. When geocells areinfilled with 

stone aggregate a new composite entity is 

created that possesses enhanced mechanical 

andgeotechnical properties. 

 
 
 
 
 

 

2  Reinforcement is a WrfY toimprove theperformance or toreduce the thickness of a flexible hard surface.Hard surfaces canbe 

reinforced using2-dimensional or planar reinforcement,or 3-dimensional(geocell) reinforcement,or acombination ofboth, toimprove 

the performance or toreduce thebase layer thickness withoutcomprom,singtherequired level orseNice.For thisreason,these 
methods are commonly used toreinforce sub bas.-esbelow roads orother structures. 

' Ageogrid is 2 dimensional geosynthetic material made ofpolypropylene or high-tenacitypolyester used toreinforce soils and similar 

materials.Soils pullapart under tension and,compared to soil.geogrids are strongin tension. Thisproperty allows them to transfer 
loads toalarger areaof soil than would otheiwise be thecase. 
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passive resistance in 
adjacent cells 

..
.
.. 

load distribution of filledgeocell 

 
friction between cell walls and 
infill material 

hoop stresses within loaded geocell 
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11. As withother geosynthetics used as surface or planar reinforcemen the development of 

resistance in a cellular confinement systemis the result of different mechanisms working 

together to develop improved bearing capacity over soil. However, unlike 2-dimensional planar 

reinforcements which trigger the confinement and membrane effects, cellular confinement 

systems employ a third mechanism - the stress dispersion effect, which distributes the 

applied loadover a wider area (Avesani Neto etof. 2013). The walls of the cellsconfine the infill 

material and hoop stresses prevent it from expanding laterally under load. Additional support 

is providedby the passive resistance of adjacent cells(asillustrated in Figure 3). A further 

benefit is that the downward pressure of the geocell mattress prevents the soil beneath 

from moving upward outside of the area directly beneath the load. Allthese properties work 

together to prevent ground deformation under load (i.e. wheel rutting). Experience has shown 

that harmful compaction of the soil around a tree can be avoided if an appropriate thickness 

or geocell is used for the loadingand frequency of traverse experienced duringits lifetime. 

 

vertical load 
 

 

(image courtesy of Pres,o GeosynemslGreenjix) 

 
 

12. For a cellular confinement system to function effectively it is crucial that all of the cells 

are fully expanded and filled to capacity. Geocells made out of flexible geotextiles are 

generally unsuitable for use near treesbecause they have a tendency to deform as they are 

filled withstone which impairs their dimensional stability andconsequently their ability to 

spread theload. 

13. Studies have shown that geocell foundations can provide adequate supportat approximately 

50% of the thickness required bynon-reinforced base courses (Bathurst & Jarrett 1988). 

Therefore, theuse of cellular confinement systemscansignificantly reduce the amount of 

material required to stabilisea soil.Sometimes thiswillmean that theuse of a geocell sub-base 

is cheaper thanusing conventional surfacing techniques because less extensivegroundworks 

arerequired and a smaller volume of new material needs to be transported to the site. 
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1.3 The relevance of different types of ground conditions 

14. The basic approach of usinga cellular confinement system over tree root zonescan be 

prescribed by an arboriculturist,but in order to guarantee that the surface will be suitably 

durable the final specification should be produced or approved by a civil engineer. Thismay be 

the project engineer or an engineer froma geocell provider (such advice is a standard service 

provided bymost UK geocell suppliers andaddslittle or nothing to the cost of the installation). 

1S.  The soilconditions need to be considered when designing a cellular confinement system 

because the strength of the particular soil plays an important role in the effectiveness of the 

geocell-re1nforced base. Standard recommendations for suitablegeocell depths are based 

on aminimum subgrade California Searing Ratio (CSR} of 3.' If the ground is soft(CSR <3) an 

engineer should be consulted to determine if an additional sub-baseis needed beneath the 

cellular confinement system. It is important that the project engineer has soil information 

prior to the surface beingspecified; if a site-specific soil survey is to be carried out the key 

information that the engineer requires is the saturated CBR value of the soil. 

16. In most situations the majority of a tree's fine root systemIs located within theupper 30cm 

of soil(Perry 1989; Gilman 1990),andso topsoil stripping within a tree's root zoneis likely to 

causeharmful root damage. However, the depth and nature of the soil influence where tree 

roots are able to grow. In deep and wellaerated soils the greatest density of roots,and almost 

allwoody roots,will be contained in the upper 60cm of soil, although some may extend to 

depths of 2-3m(Dobson 1995). But in shallow or waterlogged soils roots will be located just 

beneath ground level,and1f these roots are damaged therewould be greater consequences 

for the tree. 

17. Geocell matsneed to be laid on levelsurfaces, so sloping or uneven ground can be 

challenging. The recommended approach in such situations is to first install an edge restraint 

(as detailed in Section 2.7), followed by the base geotextile, andthenadd infill to the lower 

areas to raise the level up to the highest point (see Figure 4).Sharp sandcan be used to ramp 

over protruding roots but deep layers of sand beneath geocells should be avoided because 

there isa risk that they could be eroded by water movement which may lead to surface 

failures. For this reason, theuse of angular stone aggregate is advised (ideally this would be 

the same as the infill material}. 

 
 

TRE.EROOTPROTtCTION SYSTEMON$1.0PEO GROUND 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

{imagecourtesyof CorelP] 

 

 
 

• It should benoted that CBR ,s ortenreferred to as anumber rather thanapercentage, e.g.3 rather than3%. 
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Figure 4:Anexample of howcellular confinement systems should bc lnst,1llcd when the groundIs slopingor uneven 
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Section 

Practical application 

 

2.1 Project planning 

18. If they are to be effective, cellular confinement systems must be installed properly with due 

regard to the particular circumstances of the site. Practitioners must approach projects of this 

nature with the same degree or knowledge, care and ingenuity that they would bring to any 

other aspect of a construction project. 

19. There are alternative construction techniques which may sometimes provide a better solution 

than cellular confinement systems for surfacingabove tree root systems.Suitable alternatives 

may include piled raft solutions usingconventional or screw piles,or the use of stone- 

filled wire gabions. Alloptions for bridging over treeroot zones should only be considered 

acceptable where there are discernible reasons why encroachment into the root protection 

areas of retained trees cannot be avoided. 

20. 8S5837 states that'Where permanent hard surfacing within the RPA is considered unavoidable, 

site-specific and specialist orboriculwrol andconstruction design advice should be sought to 

determine whether it is achievable without significant adverse impact on trees to be retoined'. 

Onthat basis,sufficient justification should be provided where cellular confinement systems 

are proposed over theroot zone of trees that have beenassessed to be particularly 

vulnerable, or those that are considered at risk of beingless resilient to even a minor degree 

of negative impact. Also, it may be inappropriate for a cellular confinement system to be used 

in a root protection area when it would be one of several impacts on a tree to be retained, 

such that the cumulative effect might be considered to be detrimental. 

21. Veteran trees are valuable and may be lessresilient than trees at earlier life stages, which is 

why in 2012 the concept of buffer zones was introduced for the protection of veteran trees 

and ancient woodland in England (Forestry Commission & Natural England 2018). Tominimise 

the potential for harm to veteran trees or ancient woodland it is recommended that the 

installation of cellular confinement systems should not be permitted within the buffer zone of 

an ancient woodland or aveteran tree unless it can be determined that anydirect impacts to 

soil and roots are likely to be tolerated by the affected tree(s). A cellular confinement system 

could be appropriate forground protection when temporary access is required past aveteran 

tree,f there areno other viableoptions available, or as a mitigation measure if a local planning 

authority has decided that there are wholly exceptional reasons' for surfacing to be required 

in a buffer zone. It should be recognised during the design process that incorporating features 

Which encourage activity close to aveteran tree or an ancient woodland is likely to create 

additional pressures on the long-term management of those trees.Though not directly related 

to the impact of the cellular confinement system on roots and soil,a precautionary approach 

is recommended to ensure that the tree(s) and the species that they support would not be put 

at risk by any indirect impacts that may be caused byintroducing the new feature. 

22. When geocells areused to protect tree root zones the centralconcept is that they are 

installed above ground and this normally results in a surface that isaround 150mm above the 

existing groundlevel for footpaths, and in excess of 300mm above for roads and driveways. 

In many cases the necessary leveldifferences required for the installation of cellular 

confinement systems over treeroot systems make the approach infeasible. Designers and 

their clients need to be aware of this and make sure that the necessary level differences can 

be accommodated within a project layout. 

23. Clean angular stone,s an essential component required for filling the cells, and thehaulage 

costs of this stonecan be a large proportion of the overall cost(often the proximity of quarries 

to the site willdictate the types of infill materials that are available). For large installations this 

stone is typ,cally transported in 30-tonne heavy goodsvehicles (HGVs) andso a s,te must 

 
 
 

'  For example,infrastructurepro1ects where thepublic benent wouldclearly outweigh theloss or deterioration ofhabitat(MHCLG 2019). 
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be accessible co an HGVand must include asuitable location where the load can be tipped 

and stored. This is particularly important when long roads or footpaths are beinginstalled 

because the delivery lorries will need to deposit the stone in a suitable location away from root 

protection areas. The storage area needs to have enough space for the stone and ror loading­ 

vehicles to fill the dumpers that will1ransport the stone to the installarion site. 

24. In order to protect soils near trees the geocell surface often needs to be installed at the 

start or theproject to protect ground in advance or demolition andconstruction activities. 

Alternatively, the area where the geocells are to be installed will need 10 be fenced off and 

treated asa construction exclusion zoneuntil the time of installation. 

25. If the geocell surface needs to t>e usedasan access road duringconstruction, its installation 

should l:>e one of the first tasks the contractor carries out. In order to do this thecontractor 

should t>einformed of the rootprotection areas required by the trees that are to be retained 

(determined in accordance with the guidance provided in Section 4 of 8S5837:2012). Another 

factor rhat needs to be considered is the type of rraffic that the surface will be sul:>jected to 

duringconstruction t>ecause very often this is heavier than the traffic thatIt will experience 

duringits intended use; vehicles of particular concern include loaded dumpers and HGVs. 

Geocells are suital:>le for temporary access routes or roadways because it is arelatively simple 

operation to use an excavator to carefully remove a cellular confinement system when it is no 

longer required. 

26. In somecircumstances it may be necessary to install additional protection above thegeocell 

during the demolition/constructionphase.This may be required to prevent soilcompaction by 

heavy vehiclesduring the development process, or as a temporary alternative to the final wearing 

course which might otherwise be damaged during the work. If a temporary wearing course is 

not used there isalso a risk that mudcould sink into the stoneaggregate which would reduce its 

long-term permeability and effectiveness in maintaining gaseous exchange withrhesoil. 

 

 
TEMPORARY SITE ACCESS WEARING COURSE 

 
H:OPE geo<:elllilltd with 

4/20°'20/40a991ega1e 

 
 

S0-7Smmdepthoftemporary 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5:AgeoceU surfaceused duringconstruction needscobe protected by a temporary wearing course and an 

upper geotext11e 1s required to preventmud fromm1grat1ng downinto the infill f1moge courtes ofCore lP] 
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In most situations overfilling the geocells with so-75mm of material could be a suitable 

solution for temporary protection (as illustrated in Figure 5)but for long-term construction 

projects additional temporary protection would be required. Options for temporary surfacing 

include ply boards (for light use), heavy-duty plastic sheets,metal road plates,or a temporary 

sacrificial geocell layer over the surface. Thelaner approach is preferred as it is more likely 
to maintain porosity and permeability - a centralconcept to maintaining a healthy soil 

environment beneath. 

27. A suitably qualified engineer shouldspecify the appropriate depth of geocell to use for a 

speofic location and this willdepend on the bearing capacity and the strength of the soil. 

However, the general consensus from geocell manufacturers is that for soilswitha CBR of 3 

or above a loaded &-tonne dumper can be supported by a 100mm geocell that hasbeen 

overfilled by aminimum of 50mm of the same infill stone without damaging the soil structure 

beneath. A 150mm geocell depth isappropriate if the access road is to be usedextensively by 

light construction traffic. However, loaded HGVs delivering construction materials, cranes, or 

pihngrigs will requirea geocell sub-base of at least 200mm. 

28. The surface may alsoneed to be protected from excessively heavy loading after 

construction and sovehicle usemay need to be restricted; for example, bollards or barriers 

could be installed to prevent cars from accessing a surface that hasbeen designed to be a 

cycle path only. 

29. A crucial and often overlooked aspect of installing geocells is the interface between the 

surface laid on geocell sub-base andadjacent surfaces that have been laid on a conventional 

sub-base. Often the tree root zoneis circular, and the intended hard surface is to cover a 

larger area than the sensitive root zone, and so it is tempting to onlyspecify ageocell sub-base 

for the sensitive area. However, it is much easier to install surfacing in larger discrete blocks, 

and the final surface is likely to be muchmore durable if any interfaces between different 

surfaces areconsidered in the design. Therefore, it is advised that geocell is used beneath the 

full width or the surface rather than just part of it. Theinterface between different sub-bases 

can be incorporated within the design sothat differential movement will not cause a crack to 

appear between the two different surface types. In order to achieve thisan interface can be 

hidden at a point where the surfacing naturally changes(e.g. between a car-parking space and 

an access drive). 

 

2.2 Suitable machinery to use for installation 

30. Is not essential to usepowered machinery to install geocell surfaces, and for small areas it may 

be easier to install them using only ashOvel anda wheelbarrow. 

31. Standard installations require a tracked excavator anda dumper truck. The dumper can tip 

stone directly into the cells and the bucket of the excavator can be used to spread the stone. 

The excavator shouldbe fitted with an un-toothed spreading bucke andon sloping ground 

an excavator with a tiltingbucket may be morepractical. 

32. The ground pressure exerted by tracked excavators and loaded tracked dumpers (s6-tonne) 

of all sizes isgenerally tow enough to avoid soil compaction (provided the soil is not saturated), 

and sothey are often the most suitable machines to use when installing cellular confinement 

systems in root protection areas. However, tracked vehicles are not always appropriate 

because although they exert lower ground pressures. their skid steering cancause surface 

smearing whichreducesgas permeability andwater infiltration rates and thus causes harm 

to the living soil. Therefore, if a tracked vehicle needs to turn 11 isadvised that thick plywood 

boards or plastic ground guards/metal sheeting are put down so that the vehicle can turn on 

top of them.Ground protection is more difficult to achieve whenlarger vehicles areemployed 

and so they should track outside the tree's root protection area before turning. 
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33. Claysoils and silly clay loams are particularly prone to compacc,on and smearing andso 

vehicle use on these types of soils needs 10 be managed withclose anention. Wet soils are 

alsoparticularly susceptible to compaction and smearing because theyaremore pliable than 

drier soils. Accordingly, arboriculturistsmust specify that no vehicle use is permitted in root 

protection areaswhen the ground is saturated. Contractors and clients must accept that 

this may involve time delays but that it is necessary to minimise the impacts of installing new 

surfacing near established trees. 

 

2.3 Ground preparation 

34. Cellular confinement systems can be laid directly on top of lawns or other fiat soil surfaces but 

in most cases adegree of ground preparation is required. Thisis often thepart of the process 

where trees areat the greatest risk of be,ng damaged, andso in order to minimise therisk of 

harming them it is advised that anyground preparation works required arecarried out under 

the supervision of a professional arboriculturist. 

35. For most proJects, the removal or up to 50mm of lear htter and surface vegetatio,ns 

appropriate but if there areobvious surface roots, or if the soil layer is shallow. it may not be 

appropriate to remove any surfacematerial at all.Any protruding rocks should be removed, 

and,its recommended that tree stumps are ground out because this causesless disturbance 

than digging them out. Ramps made of sharp sandshould be used as a protective layer to 

cover up any surface roots so that they are not damaged when theinfill is introduced. 

36. The concept of no-digconstruction was first described in Arboricultural Practice Note 1: 

Driveways Close co Trees (Patch & Dobson 1996), and the three principles set out in that 

guidance remain valid today: 

■ Roots must not be severed. 
■ Soil must not be compacted. 
■ Oxygen must be able to diffuse into the soil (andcarbon dioxide out or the soil)beneath 

the engineered surface. 

37. The design should not require excavation into the soil but 1f there areno obvious surface 

roots the turflayer or any other surfacevegetation may be removed. A tracked excavator 

with agrading bucket is normally the best machine to use to remove the turf layer because 

this creates an even surface. For this application excavators should be of an appropriate size 

for delicate works (i.e. sStonne). Ground preparation works using excavators in root 

protection areas must be supervised by an arboriculturist to make sure that significant 

roots (single roots >25mm diameter or clusters of roots 10-25mm in diameter) are preserved 

and to ensure that vehicles are being used appropriately. Where there are deep soilsit may 

be possible to remove more than 50mm from the surface, but care is essential because a 

large proportion of the root system is likely to be near the soilsurface. Surface skJmming must 

be stopped immediately by the supervising arboriculturist if the upper side of any significant 

tree rootsis exposed. Even though the ground is broken by such works this approach may 

still be described as'no-dig·in the context of installing hardsurfacing near trees - the crucial 

distinction is that the standard practice of installing sub-surface foundations by replacing soil 

with compacted stone aggregate isavoided when a cellular confinement systemisused. 

38. With careful application a glyphosate-based systemic herbicide could be used to killoff turf 

in advance of laying a cellular confinement system. But in general, the application of herbicides 

near treesis undesirable because thereis a risk that they could affect adjacent trees. 

However, no herbicide applicatio,ns necessary prior to laying downgeocells because the 

base geotextile and surface layers arelikely to be enough to prevent vegetation growth 

beneath the surface. 
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2.4 The use of geotextile membranes in cellular confinement systems 

39. Geotextiles aremanufactured from synthetic polymers in a process that produces either a 

non-woven or a woven fabric. When cellular confinement systems areinstalled the fabric is 

unrolled directly on to the subgrade before the placement or the geocell mat.Its primary 

function is to separate the softground fromche stone aggregace infill because whenswne 

aggregate is placedon fine-grained soils the soilcan enter the voids of the stone aggregate 

and impair its drainage capacity. Also. the stone aggregate can intrude into the fine soil. 

resultingin a reduction in the strength of the aggregate layer. For inscallations above tree root 

zones it is important that the geotextile is permeable to air and water. 

40. woven geotextiles tend to have a few openings of a relatively large size. whereas non-woven 

geotextiles tend to have numerous small openings and are therefore more suitable for 

filtration applications (CIRIA 201S).The holes in the fabric function asparticle filters and in 

somecircumstances this can prevent pollutants from reaching the soil beneath. A needle· 

punched non-woven geotextile is best for installing geocells near treesbecause it provides 

adequate tensile resistance and allows water to reach the subgrade (Fannin 2000). 

41. Very often a second geotextile is required above the geocells to stop the beddinglayer (often 

sand) above from mixingwiththe infill. The only type of surfacing that does not require a 

second geotextile is asphalt. 

42. It is recommended that thebase geotextile is made of polypropylene or polyester 

(min. 300gim2) with a CBR puncture resistance of 4000N. These properties arerequired 

because the angular stone infill canpuncture thinner geotextiles. The upper geotextlle is 

required for protecting the infill matrix: this can be of the same thickness or slightly thinner 

(100-300g/m2). Geotextiles made from recycled products are becoming increasingly available 

and they can be used in cellular confinement systems 1f they have sufficient tensile strength 

and puncture resistance. 

43. Sometimes a 'cake' can form on the upper side of a filtration geotext1le and because of this 

there willalways be a concern that the geotextile will clogand become less permeable. It 

must be accepted that anygeotextile willpartially clog because some soil particles willembed 

chemselves on or In the geotextile fabric. However, thereis a lot of data suggesting that 

permeable surfaces are very robust and in most cases do not completely seal(DCLG 2009). 

The aim should be to avoid situations where the geotextile will clog to the degree where the 

system will be insufficiently permeable to gas and water. This Is the primary reason that the 

infill used should not contain fine-grained material. It is worthconsidering the risk of sediment 

migration when designing the cellular confinement system, to ensure that stormwater does 

not carry too much material downhill onto thepermeable surface. It follows that a cellular 

confinement system with a permeable surface course should not be installed at the low point 

of a site's surface drainage. 

 

2.5 Suitable stone infill 

44. Angular stone binds through interlocking. and in cellular confinement systems this cohesion 

is aided by the texture or the geocell walls. If the stone is not angular it does not lock within 

the geocells and the surfacewill deformin use. Marine-dredged shingle and river gravel are 

therefore unsuitable infill materials because they have rounded edges. 

4S.  For cellular confinement systems above treeroot zones. given the size of the geocells and the 

interlock required, che infillshould ideally be crushed 20/40 stone(this means stoneschat are 

between 20mm and40mm in diameter). However, where thisis not available 4/20 stonecan 

be used. In all situations theinfill material shouldbe washed or graded so that it contains no 

fineparticles (fines). 
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46. The aggregate must have enough internal strength to perform both duringinstallation and 

in the long-term. Preferably the infill will be acrushed hard rock. However, due to haulage 

costs, the availability of infill will be dictated by the site location and the material produced at 

local quarries. Some parts of the UK do not naturally contain suitable stone for infilling cellular 

confinement systems and soit would need to be impor1ed from elsewhere. Crushed granile, 

basalt or limestone are ideal. Flint is less suitable because somerounded edges remain after 

It has beencrushed and the shiny faces or the fractured stone are slippery. When geocells 

are used for1ree protection, MOT Type 1, Type 2 and Type 3 are not suitable for use as infill 

because they contain fines. 

47. Generally, the amount of infill required can be calculated using the following equations: 

 
Quantity of 4/20 stone infill required= m' of coverage x depth of geocells (m) x 2 tonnes 

Quantity of 20/40 stone infill required= m' of coverage x depth of geocells (m) x 1.8 tonnes 

48. Anaggregate cover on 1op of the geocells does not contribute towards the increase of the 

bearing capacity of thesurface but ,t protects the geocells, and soIt isadvised thatgeocells 

are overfilled by aminimum of 25mm additional aggregate before the surface layers are 

installed above. 

 

2.6 Installing geocell ground protection 

49. Abase geotexttle is always required beneath a cellular confinement system to separate the fill 

material and the subgrade; this geotextile must cover the entire area to be surfaced. If several 

shee1s arerequired they should overlap by al leas! 30cm. Ontop of that the geocell mat is 

stretched out and staked in place.J-hooks(steel reinforcingbars bent into a'candy cane' 

shape) are the easiest type of stake to use, but construction pins or wooden stakes can also 

be used. Ideally the length of the stake should be at least three times1he cell height. 

50. If conditions require that adJacent sections of the geocell be joined together rather than 

buned against eachother, zip1ies or staples can be used. Staples through each set of 

adjoining cells are anached using a heavy-duty stapler (usually available from the geocell 

supplier) and surplus cells can be cut off using a Stanley knife witha hooked blade.The infill 

material is then poured inro the open pockets of the geocell. 

51. Where possible, vehicle use should be restricted to areas outside the tree root zones. When 

introducing the stone the excavator should be positioned outside or theroot protection area 

or on top of a stone-filled geocell mat.In some situations it may be possible to fill the geocells 

from the side of the track furthest away from the treeswithout anyvehicles entenng the root 

protection areas. When tracked vehicles areused in root protection areas, installers should 

start at one end of the area10be surfaced and work progressively past the tree(s) so that1he 

need for manoeuvring is reduced, but 1f this is not possible additional ground protection may 

be required (as described in Section 2.2). 

52. Engineers and contractors who are unfamiliar wi1h cellular confinement systems will 

instinctively want to compact the infill but this is inappropriate when installing cellular 

confinement systems near treesbecause it would result in the compaction of the soil beneath 

the geocells and defeat the purpose of using the system. It is recommended that settlement 

of the infill material is achieved by aminimum of four passes of asmooth roller(max. weight of 

10OOkg/m width without vibration), or alternatively by several passes with a tracked excavacor. 

After several passes1he infill reorients and becomes stable, causing local fill stiffening.The aim 

Is coreach the point where the infill isconsolidated.CheckS should be made to ensure that the 

infill is fully consolidated before laying the wearing course. 
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2.7 Edge supports 

53. Edging is not required for the stability of the cellular confinement system but it is necessary 

to retain the wearing course and the filling of incomplete cells at the edge of a surface. 

Block paving that does not have a fixed edge can shift and the joints canspread.leading to 

movement and potential migration of the bedding material beneath. Asphalt can also crack at 

the edge if it is not properly retained. In all cases the appearance of the surface isadversely 

affected, and the longevity of the surfacing is greatly reduced. For these reasons all projects 

chatinclude che use of cellular confinement systems should include a decailed specificacion for 

surface edging. 

54. Kerb stones sec in concrete haunchings duginto the ground are typical edging for standard 

surfaces but often thismethodof installation is not suitable where the kerbline passes 

through a tree root zone because the necessary excavations are likely to resulc in damaged 

roots. There area variety of suitable alternative solutions including fixed sleepers, peg-and­ 

board edging. concretekerbssec above ground and pinned mecal or plastic edging. Suitable 

systems are described in Table 1. 

 

 
Table 1: The types of edging available for retaining wearing courses. 

 

Peg-and-board edging 
 

The use of treated timber peg-and-board edgingis often the 

simplest option. However, loading can be high when the surface 

course is laidandso pegs arerequired at 1m spacing to prevent 

the sideboards frombowing. A drawback of this approach 

,s that the wood can splinter if tracked vehicles drive over it. 

Also, the wood deteriorates over time and soit isnot a suitable 

solution for projects that are intended to have longlifespans. 

Thicker canalised boards can be used for longer-term 

installations. The wide boards typically providea more attractive 

finish and they last a lot longer than thinner boards. 

 
 

 
King-posts 

 

Where deeper above-ground support is needed steel I-bars can 

be used to support large wooden sleepers. A drawback of this 

approachis that the I-bar.; need to be setin concrete, and that 

part of the process could damage roots ,fit isnot carried out 

with due care 

[image courtesy of Advanced Arboricu/cure Lrcl]. 
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Standard kerbs set on top of concrete-filled geocells 
 

If thelevels suit,standard kerbstones can be set on top 

of the geocells.The edge cellscanbe filled withconcrete 

and the haunchingsareabove the cellular confinement system. 

The finish canlook very good when this has been carried 

out properly. 

 
 
 
 
 
 

Small concrete kerbs pegged and set in concrete 
 

Where only small load resistance is required narrow concrete 

kerbstones can be set in concrete at the edge of the geocells, 

and these can be further stabilised bywooden pegs. This 

creates an attractive finish that is comparable to standard 

surface installations. 

 
 
 
 
 

 
Railway sleepers fixed in place 

An advantage of usingrailway sleepers is that they areeasy 

to source and quick to install. They areparticularly good for 

temporary access roads because they canbe easily removed at 

the end of the project andre-used. 

 
 
 
 
 
 
 

Metal or plastic edging strips 
 

There is a range of edging products that are designed to retain 

block paving or to provide a clean edge to landscape areas. 

These are typically L-shaped edging strips that are secured by 

beingpinned ,nto the ground below 

[imagecourtesy of Hauraron Led]. G
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3.1 The need for permeable surfacing 

55. Permeable pavingneeds to be suitable for pedestrian or vehicular traffic and contain pathways 

that allow air and water to pass through. Although some permeable pavingmaterials are nearly 

indistinguishable from non-permeable materials1n construction and appearance, cheir 

environmental effeccs arequalicatively different because !hey allow gases, water and heat 10 be 

exchanged between the soilandthe atmosphere. 

56. In the UK, sustainable drainage systems(SuDS) areactively encouraged in newdevelopment 

schemes. Cellular confinement systems topped witha permeable surface can be part of a 

SuDS design because they allow water to infiltrate directly into the soilandcontribute to 

managing stormwater by detaining runoff, increasing infiltration, and treating water quality 

(Ferguson 2005). 

57. If a permeable surface isacting asa roadsurface it may need to be adopted by the local 

highway/roads authority or drainage approval body. Thisis a complex subject, andguidance 

on relevant approval or adoption protocols may need to be sought fromlocal stakeholders 

before a detailed design is drawnup. 

58. In mosc cases standard tarmac surfacing isinappropriate above tree root zones because it 

seals the surface of the soil, preventing the ingress of water andgaseous exchange between 

the soil and the atmosphere. If this isa concern. alternative pathways for air and water to 

reach the soil beneath can be designed. Still, there may be exceptional circumstances where 

an above-ground geocell sub-base witha sealed surface is the only way of avoiding a standard 

foundation that would cause direct damage to tree roots. In order to decide if an impermeable 

surface isa suitable solution the arboriculturist will need to assess the overall impact of such 

works by considering thehealth of the affected trees, the proportion of the root zone affected, 

and whether the soil wucture and water supply will be sufficient to fulfil the physiological 

needs of the tree in the long-term. 
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3.2 Surfacing options 

3.2.1 Porous asphalt 

59. Porous asphalt isan open-graded aggregate bound withasphalt cement to produce a 

permeable surface that allows water andair to pass through. It is probably the best surface 

to use over cellular confinement systems because it tends not to have cracking or pothole 

formation problems. Also, it provides a neat finish that looksvery similar to standard tarmac. 

The asphalt binder never really hardens and soit interacts with the geocell base to form a 

single nexible structure. The installation of porous asphalt is marginally more expensive than 

standard tarmac but it hasbenefits for adjacent trees,pollution control, site drainage and 

stormwacer management 

60. Anadvantage of porous asphalt is that it doesnot require proprietary ingredients to be 

manufactured. Most asphalt providers can easily prepare the mix, andsince installing1t does 

not require unusual equipment or specialised paving skills, general paving contractors can 

install it as they would standard surfaces.The asphalt must be thoroughly mixed immediately 

before beinglaid or there can be an uneven distribution of binder as the surface is laid, 

and this leads to some parts of the surfacebeing impervious because they have too much 

binder in the pores and other areas breaking up because thereis too little binder around the 

aggregate. Standard porous asphalt may be used for cyclepaths and footpaths but stronger 

binding agents are required for carparking areas and driveways because the power steering 

of modern vehicles cancause the surface aggregate to break up. 

 

 
POROUS ASPHALT WEARING COURSE 

 
 

HOPEgeoceU filled with 

4/20or 20/40aggregate 

 

Figure 6: The typical composmon of a porous asphalt surface wrth a geocell sub--base [image courtesy of Core LP) 
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3.2.2 Loose gravel 

61. Residential driveways typically bear light and slow-movingvehicular traffic and unbound gravel 

is suitable for this type of use. It can also be used as a temporary surface. but the gravel is 

orten disturbed byvehicles turning. and thereis arisk of the upper separation geotextile 

tearing andthe gravel contaminating the infill. Also. as withallgravel installations, the surface 

camber must be suitable or the gravel will migrate downhill. 

62. Small plastic stabilisation grids are the best solution for car parking areas. They are not a 

solution in themselves beneath trees because they do not spread loads sufficiently to prevent 

soil compaction and theyalso need to be laid on a sub-base. However, they canbe used to 

retain gravel or soil above a geocell sub-base(see Figure 7).One particular benefit of 1hese 

small panels is that they are lightweight and easy to put intoposition. Another advantage is 

that they caneasily be removed and replaced if necessary. 

63. Stabilisa1ion gridswithgrass arepossible over tree rom systemsbut their appearance suffers 

under heavy traffic. For this reason, permeable grass-covered surfacing is best for overflow 

parking areas or other areas that have onlyoccasional use. 

 

 
STABILISATION GRIDWEARING COURSE FIU.ED WITH SOIL OR GRAVEL 

 
HO geocell filted with 

4120  20/40 aggregate 

 

StabitS.ltion grid filled with 
 

 
 

Figure 7:Thesub-base configuration required forgravel orgrasssurfadngf,moge counesyof CoreLPJ 

 
 
 

3.2.3 Resin-bound gravel 

64. Resin-bound gravel provides apermeable anddurable wearingcourse. It is better than 

loosegravel whena surface has heavy traffic because it remainsstable. The resin is typically 

UV-stable polyurethane, mixed withaggregate with a typical grading of 6-10mm. A varie1y of 

resin-bound products are available, and they comein a range or colours. Specifiers should be 

aware that resin-bonded surfaces are typically thin layers (18-25mm) and they have to be laid 

on a porous asphalt base (80-150mm deep). 

Edge restraint loammiKorgr.Jllel 

I 
Top separation geotextile 

(I00,300g/m 
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3.2.4 Permeable block paving 

65. Block paving (concreteblock permeable paving, porous block paving, and clayblock permeable 

paving) can be used as a wearing course. It is commonly used because the final surface is 

attractive. It is highly permeable and can bear heavy traffic.Another benefit is that this is a 

surface that most contractors know how to install. 

66. Joint fill material is spread into the joints and the surface1s vibrated to settle the blocks, 

bedding and joint-fill into a firm position. Block paving is a sensible solution on corners or on 

slopingground because the surfaceis given stability by the interlocking blocks. The adjacent 

blocks wedge together and socreep is resisted when they are put under horizontal loads such 

asvehicle braking or turning. 

67. Paving blocks need to be laid on a bedof sandor fine stonechippings and soa second 

geotextile 1s required above the infill to prevent the sand frommigrating down the profile. 

There are numerous different types of block paving available and paving experts should be 

consulted to find the best type for specific applications. 

 

 
PERMEABLE BLOCK PAVING WEARING COURSE 

 

HOPEg,eocd Hiedwith 
4/20 or 20140 aiggregate 

 

Figure 8: Therecommended spe-c1f1cattonwheninstalling permeable block povmgabovea cellular confinement system 

f1moge courtesyof Core LP] 
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3.3 Surface maintenance 

68. Over time all permeable surfaces arelikely to require a degree of maintenance to prevent 

them from becoming clogged because this would impair their function andcould therefore 

adverse,lympact adjacent trees.Smaller particles trap larger particles. Thererore, the rate of 

clogging increasesasmore fines arecrapped. It isa good idea to insrall permanent signs to 

alert maintenance personnel to keepsilt and debris away from a porous surface; andalso to 

warn them not to seal the pavement or use de-ic,ng salts ir there are adjacent trees. 

69. Surface clogging can be managed by regular maintenance. Brush andsuction road sweepers 

should be used for regular cleaning of roads and car parks. Leaf and lotter vacuums are a quick 

and effective way to cleanporoussurfaces; these are small machines that are pushed by the 

operator. Hand-held pressure washers can alsobe used to unblock surface pores that have 

become blocked with moss, tree leaves and needles. All types of cleaning are most effective 

when theyaredone before clogging is complete. 

70. As ageneral rule, permeable surfaces should be cleaned once every year to remove silt 

and dirt particles. Surfaces beneath trees that drop lotsof blossom or fruit may need to be 

cleaned more regularly (refer to Section 20.14 of theCIRIA SuDS Manual for more detailed 

maintenance guidance). 

71. The HOPE that makes up the cellscandegrade if exposed to sunlight and the cellscan also 

be damaged by traffic if they protrude. Consequently, the functionality of the system 

is impaired and the surface develops a tatty appearance. Therefore, uncapped cellular 

confinement systems need to be checked annually and toppedup with suitable stone if 

any cells are visibly exposed. 
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Arboricultural implications 
 

 

 
4.1 Potential impacts on tree health 

72. A major concern about surfacing above a tree root zoneis the impact that this will have on the 

availability of water and oxygen to the soil immediately beneath the surface. Soilaeration 

deficiencies result in reduced levels of tree rootgrowth(Weltecke & Gaertig 2012) and so it is 

important that new surfacing above a treeroot system maintains gaspermeability at the soil­ 

atmosphere interface. 

73. Laying a new load-bearing surface over an area of ground is likely to increase thebulk density 

of the soil beneath to some degree. As a result. the soil will contain less macropore space and 

the pores willhave fewer connections between them. With these effects on the soil profile, 

wide or extensive surfacing above a root zone will have the effect of decreasing the saturated 

hydraulic conductivity and increasing the tortuosity' of flow paths through the soil. With 

reduced levelsof oxygen and water there will also be reduced biological activity in the soil, 

which will consequently decrease the opportunities ror soil-pore creation and the turnover of 

soil organic matter. Aninadequate supply of oxygen impairs root growth and function because 

respiration becomes anaerobic, which is inefficient and does not release enough energy to 

maintain essential physiological processes in root tissue (Roberts e1of. 2006).Consequently, 

the uptake of water and nutrients by the root system decreases, causing reduced 

photosynthesis above ground. It hasbeen found that low soiloxygen concentrationsincrease 

the susceptibility or plants to diseases. the virulence of pathogens, or both (Craul 1992). These 

adverse effects would be more extreme beneath an impermeable surface because air and 

rainwater would be prevented from infiltrating directly from the above-ground atmosphere. 

74. There is arisk that the preparatory works required co level the ground could cause direct root 

damage which would leave affected trees vulnerable to soil-borne pathogens and, ultimately, 

this could lead to the accelerated decline of the tree. 

75. Taking intoconsideration the effects that surfacing has on soil structure and permeability, it 

cannot be said that any form of hardsurfacing will have no impact on the environment of tree 

roots growing beneath. When the full implications of installing cellular confinement systems 

are considered, one has to conclude that the impact of installing such a surface will inevitably 

have a small adverse impact on the health of affected trees. But experience has shown that 

healthy trees usually remain in good health when apermeable hardsurface is laid on top of 

a geocell sub-base within their root zones. Overall, it seems that in agreat majority of cases 

the impact of installing cellular confinement systemsin tree root zones is small enough for it 

not to result in an obvious deterioration in the condition or affected trees, and the benefits or 

using this approach far outweigh the problems of laying a conventional surface. 

76. B55837:2012 recommends that new permanent hardsurfacing should not exceed 20% of 

any existing unsurfaced ground within the root protection area of a tree (BSI 2012). This 

is a cautious recommendation and it should not necessarily be considered an absolute 

limit because in somecircumstances covering a higher proportion of the root zone with a 

permeable surface may be acceptable, provided that it hasbeen sufficiently justified. 

 
 
 
 
 
 
 
 
 

' Tonuosityisoneof the properties of a porousmaterial, usualtydefined as the ralioof actual Row pathlength to thestraight distance 

between cheends of the flowpath. In terms of void connectivity, a highly tortuous soil is theopposite of anuncompacted and 

biologically active loam soil.If the soil'sporepassages are tortuous(asina coml)ilcted soil), gaseous diffusion andsoil water movement 

areinhibited. 
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4.2 Limitations of geocells 

77. Underground services should not be routed beneath cellular confinement systems because 

they may need to be accessed in the future, either for repair or for making new connections, 

which could severely compromise the installation.On manydevelopment sites this can 

be a significant limitation. Therefore, whencellular confinement systems are specified the 

requirement for new underground services, and where they need to be installed, must be 

detailed at theplanning stage. 

78. Ramping up from an existing road to anew geocell surface can be difficult to achieve if there 

are tree roots at the edge of theroad.It may be necessary to createa build-out in theroad 

so that the ramp can be installed before the geocell begins. The preference wouldalways 

be to have ramping formed outside treeroot zones but thelevel changecause bybuilding 

a newsurface above ground oftenmeans that it is not practically feasible to ramp up from 

existing roads. In such situations some dig (and possibly ground consolidation) within theroot 

protection zone of adjacent trees would be required in order to smoothly connect the two 

different types of surface construction. Alternatively,a metalramp can be installed on m1ni­ 

piles. Adjacent trees could be compromised if there are significant rootswhere the excavation 

for a ramp is required. andall parties involved should be aware that in this context theuse 

of a cellular confinement system may not be an appropriate solution. The level differences 

caused byinstalling above-ground surfacing can have avariel)' of consequences; for example 

in somecases they willdictate the floor level of buildings in the vicinil)'. 

79. HDPE geocells are made of virginplastic and, provided they are not exposed co sunlight. they 

have a design lifeof 120 years. They canalso be reused. The design lifeof permeable paving is 

approximately 20years (DCLG 2009; CIRIA 2015). Therefore, in most cases the wearing course 

or edging would need to be replaced before the cellular confinement system. 

80. The static loadof the infill is low(approx. 15-20kPa per metre height depending what infill is 

used), andgeocell mats disperse active loads. Therefore, unless the ground is particularly soft 

(CBR < 3), the stone-filled geocell sub-base can be up to 2m deep and used by refuse trucks or 

fire engines without causingcompaction of the soil beneath. 

81. There are few long-term studies that demonstrate the effectiveness of cellular confinement 

systems near trees. At present it isdifficult to say withconfidence what the long-term 

impacts of suchsurfacing may be on the soil beneath. Independent studies that measure 

the bulk density, moisture and oxygen levels of soilsbeneath geocells would help develop 

understanding of how effectively they function. Also, key features of cellular confinement 

systems, such as the effects of infill materials, stress distribution patterns,joint strength and 

wall deformation characteristics,have still not been fully explored. Refined guidance should 

be developed as theuse of cellular confinement systemsincreases and if data from long-term 

treehealth monitoring studies become publicly available. 

G
ra

ve
sh

am
 B

or
ou

gh
 C

ou
nc

il



The Use of Cellular Confinement Systems Near Trees:A Guide to Good Pfa,u,e 25 «>2020Atbo1iCultur.alAssociation 

 

 

Section 
 

Key recommendations 
 

 

 
5 Key recommendations 

I) Theuse of cellular confinement systems canbe effective in protecting soils and tree root 

systems when new hard surfacing is required near trees. However, in this context the 

installation of geocell sub-bases inevitably involves working on top of tree root systems and 

as such there will be an elevated risk of damaging tree roots and the structure of the soil. 

Therefore, careful working procedures are required to ensure that trees are suitably protected 

when the installation works are earned out. 

2) The installation of cellular confinement systems should be directed by a project-specific 

arboricultural method statement. The arboriculturalmethod statement should list any aspect 

or the proposed construction project that has the potential to adversely impact adjacent trees 

and detail appropriate methodologies For how the workswill beundertaken in ways that would 

minimise thoseimpacts. 

3) Tree roots can be directly damaged as the ground is levelled in advance of layingdown 

a cellular confinement system and so it is recommended that this part of the process is 

carried out under arbor1culturalsupervision. The use of a tracked excavator withina tree's 

root protection area shouldonly be permined if it issupervised by a suitably qualified 

arboriculturist. Local authorities should condition such supervision and stipulate that 

records of the supervision visits be provided to demonstrate that the works have been 

carried out appropriately. 

4) The cellular confinement system must be filled withclean angular stone that contains no 

fine material. To protect the geocell membrane it is advised thatgeocells are overfilled 

by a minimum of 25mm. In order to function effectively it is crucial that all of the cells are 

fully expanded and filled to caparny. Therefore, if there is insufficient space for a cell to be 

expanded it should be cut away and discarded. 

5) Whencellular confinement systems are installed within tree root zonesit is important that the 

wearing course is permeable so that air and water canreach the soil beneath. Systems should 

be put in place to ensure that the surface is regularly cleanedso that it maintains its porosity. 

6) The means to successfully prevent ground compaction during construction need to be 

planned from the conceptual stages of a buildingproiect. It may be that the no-dig surface 

needs to be installed and used during construction, and in other situations the ground may 

need to be protected until it is time to install the cellular confinement system. Therefore, the 

project arboriculturist needs to work with the architect, the project engineer, and the building 

contractor during the planning stages as well as during the construction of the surface. 
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AR/117422 - Worcester Close, Gravesend. APPENDIX I 

The Mayhew Consultancy Ltd December 2022 

 

 

 
 

1.0 Scope of this report 

 
1.1 I have been commissioned to produce base line survey data for trees, with a view to 

identifying constraints and opportunities for sustainable tree cover in the context of the 
development proposal for the site. The survey has been undertaken in accordance with 
British Standard 5837:2012 'Trees in relation to design, demolition and construction - 
Recommendations' and was made in the context of the site's current usage. 

 
1.2 This report comprises the prerequisite information for the planning process recommended in 

BS 5837:2012 

 
- The production of a Tree Survey 

- The production of an Arboricultural Impact Assessment 

- The production of a Tree Protection Plan if required. 

- The production of an Arboricultural Method Statement, if required. 

 
1.3 The tree locations and canopy spreads are plotted on the indicative plans at Appendix A. 

 
1.4 A detailed condition survey or hazard assessment of each tree has not been undertaken 

within the scope of this report. If a tree was noted as being in such a condition as to require 
more detailed assessment, then that observation is included in the tree survey notes at 
Appendix B. 

 
1.5 The findings within this report have been made on the basis of evidence seen on the day of 

inspection. It should be understood that some indications of tree hazard, such as leaf 
appearance and density, fungal fruiting bodies, and specific pests and diseases, are only 
visible at specific times of the year. Should significant additional information become 
apparent following the submission of this report I would reserve the right to modify the 
conclusion made accordingly. 

 
1.6 This report is valid until: 

- The re-inspection dates given for any tree in the survey schedule 

- An episode of adverse weather conditions - for example winds over land measured 
at Beaufort scale force 8 or above. 

- For two years from the date of inspection. 
 

Whenever any of the above occurs first, the trees must be re-inspected, and any 

recommendations carried out. The presence of a hazard, the probability of harm and the 

value of the target area all help to determine the frequency of re-inspection. 
 

1.7 Some trees are protected in law. Prior to any works to trees being undertaken a check 
should be made with the relevant Local Authority to ensure that prior permission is not 
required with regard to Tree Preservation Orders (TPOs), Conservation Areas (CAs) or 
planning conditions that may affect the site or its trees. 

 
1.8 Works to trees can also be regulated because of the risk of harming wildlife which may live 

on, or around them. Wild birds and bats are protected under the Wildlife and Countryside 
Act (1981) for example, and it is an offence to knowingly disturb their nests or roosts, while 
works to trees in proximity to badger setts may require a license. 

 
1.9 Any tree works should be undertaken in accordance with British Standard 3998:2010 'Tree 

work - Recommendations'. 
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1.10 If hard surfacing needs to be installed close to trees the principles prescribed in BS 

5837:2012 and modified specifications contained within Arboricultural Practice Note 12, 
'Through the Trees to Development,' should be adopted. 

 
1.11 My expertise is within the field of arboriculture and this report is limited to the arboricultural 

aspects of the site only. Any comments made with regard to other matters are from a lay 

person's point of view. 

 
 

2.0 Survey method 

 
2.1 Each tree was inspected from ground level, noting only external features and defects. The 

Visual Tree Assessment (VTA) method was used to carry out the tree survey; this is an 

industry standard, best practice method for assessing the health, stability and, to some 

degree, the amenity of urban trees. A tree may be physiologically healthy, with vigorous 

growth, but also exhibit mechanical defects and therefore be structurally weak, 

consequently presenting a risk. VTA involves an assessment of each tree's physiological 

and structural condition. It is carried out from ground level, with the aid of binoculars as 

necessary. 
 

2.2 No climbing inspection was made of the crown, no excavation was made of the root system, 
and no specific decay detection equipment was used. 

 

2.3 The following instruments were available to carry out the inspection: 

 
- Diameter tape - To measure stemdiameters 

- Nylon headed mallet - To sound trees for audible indications of decay 

- Steel probe - To indicate the presence and extent of cavities 

- Binoculars - To visually inspect above ground parts of the tree 

 
2.4 No soil samples were taken, and no tissue samples were collected. 

 

2.5 The following publications have been used to inform this survey, and the recommendations 
which follow from it: 

 
1. British Standard 5837:2012 

'Trees in relation to design, demolition and construction - Recommendations.' 

 

2. British Standard 3998:2010 'Tree work - Recommendations.· 
 

3. 'Diagnosis of ill-health in trees' by R.G. Strouts and T.G. Winter. 

DoE booklet Research for Amenity Trees No. 2, 1994. 
 

4. 'The body language of trees - A handbook for failure analysis' 

by C. Mattheck and H. Breloer. 
DoE booklet Research for Amenity Trees No. 4, 1994. G
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