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Abstract 
The  intent  of  this  paper  is  to  briefly  review the  processes  currently  adopted  to 
manufacture greased and sheathed strand. The paper also assesses the success of the 
greasing operations applied to the free length of strand tendons and reports on tests, 
carried out to investigate the efficiency of greasing, on samples produced by three 
different manufacturers.

The test work has revealed an unacceptable variation in product quality. Codes of 
practice  recommend  that  the  annulus  between  the  individual  strand  and  the 
surrounding  sheath  should  be  “completely  filled  with  a  corrosion  inhibiting 
compound.”  Where  specialized  equipment  and factory  controlled  conditions  were 
employed, the efficiency of grease infilling ranged from 76% to 100%. Investigation of 
strand greasing from one particular site indicated a range of 0% to 100. A practical 
acceptance criterion  ≥  80% is recommended and that all sheathed strand suppliers 
should provide factual data confirming compliance with this criterion that can also be 
checked routinely in the field.

Introduction
The nature of ground anchorage technology requires the placement of steel elements in 
ground which are subsequently subjected to tensile forces in order to stabilize a slope or 
structure. Given these circumstances it is imperative that the steel is protected from the 
environment to ensure that the anchorage is fit for its intended purpose for the design life 
of the anchored structure.

In the late 1960’s when the relatively novel anchorage technology was introduced into the 
geotechnical industry, ground anchorage specialists began to realize the potential problem 
of  long  term  tendon  deterioration.  By  1970  a  prestressing  strand  protection  system 
comprising  both  the  strand  and  grease  within  an  extruded  plastic  sheath  had  been 
developed.  Since this  time concerns  have been raised regarding the efficiency of  the 
greasing in products supplied to the industry particularly when grease is pre-applied to the 
strand which is then advanced into a preformed sheath.

BS 8081 Clause 8.2.3.1 states “to fulfil the recommendations.... protective fluids usually 
aim to exclude a moist gaseous atmosphere around the metal by totally enclosing it within 
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an impervious covering or sheath”. Furthermore, clause 8.2.4.2.3.5 states “The method of 
filling should be such as to displace all fluids during injection and allow application of 
pressure to the filler to enable it to occupy all empty volume”.
The comparable statement from EN1537:2000 detailed in Table 3 for corrosion protection 
of the free length of permanent anchors, requires “a plastic sheath to individual tendons 
filled  completely  with  flexible  corrosion  protection  compound....”.  It  is  the  industry’s 
adherence or non-adherence of these clauses that forms the basis of the work reported in 
this paper.

Observation
There is a general assumption throughout the industry that the annulus between the strand 
and  the  sheath  is  filled  with  grease.  However,  observation  of   dissected  strands,  or 
longitudinally cut sheaths have over a 30 year inspection  period by the authors established 
that greased and sheathed strands supplied for use in permanent ground anchorages are not 
always manufactured to the required quality.  Visual observations of in-situ anchor heads 
have revealed that  due to inefficient  greasing the strand sheathing may in  fact  form a 
drainage path for the passage of water (see Figure 1).  Alternatively strand sheaths have 
been observed to contain grout  at  the head of  the anchor  which is  indicative that  the 
annulus was not originally grease filled (see Figure 2). Such observations raise immediate 
concern as to whether the corrosion protection prefabricated on strand tendons, are always 
of appropriate quality to ensure fulfilment of their intended purpose. 

Figure 1 Water flowing through annulus 
between strand and sheathing

Figure 2 Grouted sheathing at the 
anchor head

Greased and Sheathed Strand – the process

External and Internal Strand Wire Greasing
Seven wire prestressing strand with a bare steel surface is generally delivered to the factory 
on a strand reel. The reels are mounted on a frame which allows the rotation and dispensing 
of the strand through powered rubber faced rollers (“The strand pusher”). Such a system 
fully aligns the strand onto a horizontal axis that is maintained throughout the application 
process. The moving strand then enters a rotating wire splitting device which parts the 6 
peripheral wires from the king wire and provides typically a gap of 5mm between the 
wires. The corrosion resistant grease is then poured or injected to within the body of the 
seven wires such that on wire closure back to its original lay, the interstices between all the 
wires are grease filled (see Figure 3). 
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Figure 3 Separation of strand into individual wires for internal 
greasing (courtesy Geotechnical Engineering)

Pre-formed Sheath
Preformed sheaths typically consist of a semi rigid high density polyethylene with a wall 
thickness between 0.5 and 1.5mm. Internal sheath diameters are frequently between 0.8 and 
1.0mm greater than the external diameter of the strand, resulting in the average annulus 
thickness of 0.4 to 0.5mm.

Sheath lubrication and Strand Penetration
The entry of a grease coated strand into a sheath of nominally larger diameter does not 
guarantee that the grease enters the sheath or provides any uniformity in distribution in the 
annulus, either circumferential or axially. In this respect it is vital that in the grease coating 
possesses the correct viscosity at the point of entry to the sheath and maintains appropriate 
viscosity  whilst  travelling  within  the  sheath.  In  some instances  the  advanced internal 
lubrication of the sheath by the passage of a slug of grease or oil ahead of the strand has 
been found to be beneficial.

Extruded Sheath Application
This method has been used successfully for application of a continuous grease filled 
sheathing to long lengths of polystrand since 1970. Immediately after the grease 
application to the wire core and the external face of the strand the strand is advanced 
through a heated extrusion process which applies a high density polyethylene sheath of 
controlled diameter and wall thickness. A water cooling system thus ensures immediate 
setting on the extruded plastic. Owing to the absence of materials other than strand, grease 
and extruded polyethylene during the application process no air voids can remain within 
the annulus. This process is typically applied to the continuous lengths of strand ranging 
from 300 to 1000m.
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Investigatory Work

Sources of Samples
From a delivered reel of sheathed strand or from selected tendons, random samples of one 
metre lengths of sheathed strand were cut with a disc cutter. On completion of dissection 
each exposed end of the sample was tightly taped to prevent any discharge of grease from 
within the sheath during transportation.

Sheathed Strand Type A was sourced from 3 separate coils of full length sheathed strand 
from one supplier. Three one metre lengths were selected at random during anchor tendon 
fabrication in a purpose made factory area.

Sheathed  Strand  Type  B  was  removed  from  3  separate  anchor  strands  which  were 
considered as surplus to requirements on a permanent works contract. The strands had been 
sheathed and greased in typically 25m lengths of free length tendon.

Sheathed Strand Type C were taken from sample strands fabricated by a supplier at a new 
location specifically for investigation of sheath and greasing performance using a recently 
assembled fabrication plant.

Sheathed Strand Type D samples were taken from a number of rejected anchor tendons 
fabricated for permanent works anchors of sheathed strand system C.

Measurements and Presentation
The operations and apparatus used to measure precise displaced and filled volumes at 
various stages of the grease coating and grease removal are detailed Figure 4. Figures 5 and 
6 show the lowering of greased strand into the water filed container and the position of the 
measuring cylinder, respectively. 

Table  1  is  prepared  from  the  volumetric  measurement  data  taken  throughout  the 
investigation tests.

It records the displacement volume of a one metre length of greased strand withdrawn from 
the sheath and the measured internal volume of the greased sheath from which the strand 
was withdrawn. It  also reports on the displacement volume of the one metre length of 
strand after removal of external grease (but not the removal of grease from within the 
strand wires) and the internal volume of the one metre sheath after removal of all grease 
from the internal surface. All measured volumes are considered to be to an accuracy of ± 
0.5ml based on accuracy of reading of the calibrated measuring cylinder.

Table 2 analyses the volumetric results of Table 1 to establish the difference between those 
of the removed greased strand and the measured internal volume of the sheath after strand 
removal. The difference represents the volume of a void within the sheath not filled with 
grease. The difference between the internal volume of the cleaned sheath and the external 
volume of the degreased strand represents the measured volume of the annulus (which the 
Codes require to be grease filled).

The volume of the annulus minus the volume of the void (unfilled with grease) divided by 
the volume of the annulus provided the percentage “fullness” of the annulus, which can be 
seen  to  vary  from 0  to  100%.  It  should  be  noted  that  the  accuracy  of  these  results 
diminishes  at  the  extreme  ends  of  the  range  since  the  potential  error  in  volume 
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measurement  (± 0.5ml)  has,  where  volumetric  measurement  is  small,  the  greatest 
influence. Conversely in the middle range of say 30 to 70% the potential cumulative error 
has a much smaller influence on the presented result (± 2% or less).

Table 3 provides independent data used to estimate volumes based on Vernier readings for 
diameter  of  strand  and  internal  diameter  of  the  sheaths.  Due  to  the  irregularity  and 
curvature of the empty sheathing, these results present a small degree of error. However 
they do allow comparison of calculated volumes based on dimension data with volumes 
established using water displacement methods (Table 1).

Strand  Ref. Volume of 
withdrawn 
Strand + 
Grease
(Vgs)

Volume of 
Strand after 
degreasing

(Vs)

Internal 
Volume of 
greased 
Sheath
(Vpgs)

Internal 
Volume 

Sheath after 
internal 

degreasing 
(Vps)   

  

Sample 
Length

A1 188.5 178.0 188.0 193.0 1000
A2 188.5 177.5 188.5 196.0 1000
A3 188.0 177.0 189.5 196.0 1000
B1 194.5 176.0 201.0 218.5 1000
B2 192.5 176.5 200.0 217.5 1000
B3 198.0 179.5 203.0 222.0 1000
C1 200.0 180.0 203.0 220.0 1000
C2 198.0 181.0 198.0 219.5 1000
C3 198.5 180.0 201.0 218.5 1000
D4 173.0 172.0 211.0 218.0 990
D5 184.0 173.0 208.0 220.0 998
D6 191.0 173.0 202.0 221.0 989
D7 174.0 172.0 211.0 219.0 991
D8 188.0 173.0 203.0 220.0 990
D9 187.0 173.0 205.0 218.0 991
D10 184.0 173.0 199.0 219.0 992
D11 183.0 172.0 209.0 221.0 1002
D12 175.0 173.0 216.0 222.0 1002
D13 182.0 174.0 207.0 220.0 1000
D14 180.0 174.0 211.0 221.0 999
D15 189.0 173.0 204.0 220.0 1001
D16 183.0 172.0 210.0 223.0 999
D17 173.0 173.0 208.0 224.0 1001
D18 168.0 173.0 214.0 218.0 1001
D19 191.0 174.0 199.0 221.0 1000
D20 183.0 176.0 209.0 222.0 1000
D21 198.0 173.0 198.0 222.0 1000
D22 181.0 173.0 216.0 221.0 1001
D23 193.0 172.0 199.0 223.0 1000
D24 197.0 173.9 198.0 222.0 1000

Table 1 Measured volumes (ml) and sample lengths (mm) 
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Strand 

Ref.
Internal 

Greased Sheath 
Volume minus 

Greased Strand 
Volume (i.e. 

void)

Internal Sheath 
Volume minus Strand 

after degreasing 
(Annulus Volume)

(Va)

Annulus Vol - Void 
Volume

Annulus Volume
%

Percentage 
“Fullness” of 

Annulus

(%Gis)

A1 -0.5 (0) 15.0 1.0+ 100
A2 0.0 18.5 1.0 100
A3 1.5 19.0 0.92 92
B1 6.5 42.5 0.85 85
B2 7.5 41.0 0.82 82
B3 5.0 42.5 0.88 88
C1 3.0 42.0 0.93 93
C2 0.0 38.5 1.00 100
C3 2.5 38.5 0.93 94
D1 38.0 46.0 0.17 17
D2 24.0 47.0 0.49 49
D3 11.0 48.0 0.77 77
D4 37.0 47.0 0.21 21
D5 15.0 47.0 0.68 68
D6 18.0 45.0 0.60 60
D7 15.0 46.0 0.67 67
D8 26.0 49.0 0.47 47
D9 41.0 49.0 0.16 16
D10 25.0 46.0 0.46 46
D11 31.0 47.0 0.34 34
D12 15.0 47.0 0.68 68
D13 27.0 51.0 0.47 47
D14 35.0 51.0 0.31 31
D15 46.0 45.0 0.00 0
D16 8.0 47.0 0.83 83
D17 26.0 46.0 0.43 43
D18 0.0 49.0 1.00 100
D19 35.0 48.0 0.27 27
D20 6.0 51.0 0.88 88
D21 1.0 49.0 0.98 98

Table 2 Evaluation of the volumetric measurement data
to estimate the “Fullness” of the annulus between the strand and the inside 
of the sheath
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Strand 
Ref

Dimensions;

Sheath OD
Sheath ID
Strand OD

Calculated 
Sheath 
Volume 

per metre

Average of 
Displacement 

Volume of 
Sheath/m

Calculated 
Strand 
Volume 

per metre

Average 
Displacement 

Volume of 
Strand/m

Type A 18.76
16.21
15.28

206.4 195.0 183.3 177.5

Type B 19.2
16.7
15.4

219.1 219.3 186.3 177.3

Type C 18.9
16.6

15.32

216.4 219.3 184.3 180.3

Table 3 Strand and sheath dimensions (mm) and evaluated volumes (ml)

Designated nomenclature and result evaluation method
 
Volume of greased strand withdrawn from the sheath Vgs
Re-immersion  of  strand  after  degreasing  with  solvent  to  determine 
volume

Vs

Measurement of  volume of plastic sheath, complete with any retained 
grease by sealing the basal end and measuring volume of water to fill the 
void

Vpsg

Volume of water to fill sheath, having cleaned sheath with solvent Vps

Volume of annulus, Va Vps - Vs
Grease volume around strand, Gs Vgs - Vs
Grease volume remaining within the plastic sheath,  Gps Vps-Vpsg 
Percentage grease infilling of the annulus, %Gia (Gps+ Gs)100/Va

Discussion
Sheathed Strand Type A utilises a dual extruding process for the application of grease and 
sheathing. Test results are excellent in establishing almost complete filling of the 0.5mm 
wide annulus between strand and sheath. Two samples indicated 100% “fullness” and one 
92% “fullness”

Sheathed Strand Type B applies thermostatically controlled temperature controlling grease 
to the strand then advances the grease coated strand into predetermined lengths of open 
sheathing with an annulus width of 0.6mm. Results indicate “fullness” of 82, 85 and 88%.

Sheathed Strand Type C applies the same principles as System B and achieved “fullness” 
values of 93, 100 and 94%.

Sheathed Strand Type D applied the same methods as systems B and C but investigation of 
such bad results confirmed that the control of the grease temperature and hence grease 
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viscosity and general production was subject to poor operation management. As a result the 
volumetric  measurements  were  indicative  of  some  quite  appalling  products  with  no 
measurable volume of grease being present in the annulus of one sample. Inspection of that 
extruded strand showed the existence of only a very thin layer of grease down one side of 
the strand and the other side totally bare of any grease protection.

Of the remaining tests:

 More than 50% were indicative that the annulus was less than 50% full (17 to 49% 
range)

 25% between 50% and 80% full
 Only 20% between 80% and 100% full
 Only two tested strands from Type D, supplied for permanent production anchors, 

attained a value comparable with the prior investigation tests used to demonstrate 
the adequacy of the system performance (Type C).

In utilising the developed displacement system it must be acknowledged that the potential 
cumulative inaccuracy of volumetric measurement (± 0.5ml) is greatest when the annulus 
is recorded to contain the maximum volume of grease. For example
such cumulative corrections would result in a ± 3.0% deviation on an established fullness 
value of 80%. This potential deviation must be appreciated when results are considered and 
recommended acceptance criteria evolved. However such nominal error cannot severely 
influence conclusions drawn. 

Although the data produced using the displacement method cannot positively identify;
 

 at what percentage fullness the annulus would allow passage of water within the 
sheath

 whether one side of the annulus is full and the other empty, 
 whether the strand is lying eccentrically located within the sheath. 

The test can identify when bad practice is applied and when the manufactured products are 
unacceptable for installation and fail to provide reasonable compliance with international 
standards.

It may be appropriate to consider that Coated Strand Systems utilised in systems A and C 
are indicative that good practice does exist and the efficiency of annulus greasing can result 
in 90 to 100% fullness. In systems A the three test samples exceeded 80%.

The European Standard for Ground Anchors EN 1537:2000 requires that compliance tests 
are implemented by all Suppliers but the Code does not establish criteria for acceptance.

It is recommended tests of the above type or a type that provide similar data, be carried out 
to ensure good practice is established by the suppliers. Suppliers should then issue, for all 
batches, appropriate documentation similar to those recording strand tensile capacity for 
compliance with the required characteristic strength requirements.
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Figure 4 Measurement of volume of grease coated strand after       
withdrawal from strand sheath and measurement of internal volume  
of sheath after withdrawal of grease coated strand

Suspension 
wire

Grease coated 
prestressing strand

Lower strand in to displace water from 
container

Steel container 
full of water Measuring cylinder

Steel base

Strand fully lowered into water 
container

Fill grease lined sheath with water

Sheath circa 20mm diameter

Pour water from sheath into measuring cylinder

Measuring cylinder
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Figure 5 greased strand lowered 
into water filled steel container

Figure 6 Steel container 
adjacent to measuring cylinder

Summary and closing remarks
Field observations over a number of years supported by investigation into the quality of the 
factory  applied  corrosion  protection,  encompassing  prestressing  strand  supplied  to  the 
ground anchorage industry, has revealed an unacceptable variation in quality. Both in the 
UK and abroad, codes of  practice recommend that the annulus between the individual 
strand and the surrounding sheath should be “completely filled with a corrosion inhibiting 
compound.” Tests  on  samples  taken  from strands  supplied for  the use in the industry 
indicate that results that the “fullness” of the annulus can vary from 0 to 100% depending 
on the material source. 

A practical acceptance criterion  80% fullness is suggested and it is also recommended 
that all sheathed strand suppliers should provide factual data confirming compliance with 
this criterion that can also be checked routinely in the field. Results of such tests should be 
published by the suppliers of the coated strand systems in conjunction with the results of 
strand load tests currently made available as a quality standard.
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