
Freyssinet 
Prestressing



High durability prestressing

A pioneer in prestressing, Freyssinet has continually innovated over the 

years, and now offers the ultimate prestressing system combining high 

performance with durability.

Freyssinet’s technical services design anchors, jacks and installation 

equipment, and also operate a test centre (including a 2,000 tonne 

tensile testing rig) and a laboratory for the formulation of prestressing 

grouts. 

In order to guarantee high quality service to all of its clients around

the world, Freyssinet manufactures its anchors at its industrial subsidiary 

FPC (Freyssinet Product Company) and operates a central bank of site 

equipment.

Freyssinet also trains its teams in installing prestressing 

at all of its subsidiaries. The PT Academy is Freyssinet’s 

prestressing training school. Each year graduates of 

the school obtain qualifications certifying their skills as 

Works Directors, Prestressing Installation Specialists and 

Operators.

Freyssinet prestressing anchors, ranges C and F, have been proven 

in structures the world over to comply with the most stringent 

requirements: bridge decks and piers, nuclear reactor containment 

vessels, liquefied natural gas storage tanks, offshore platforms, wind 

towers, etc. Freyssinet has developed an optimised solution for every 

application.
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Type B Active/Passive Anchors

The Freyssinet type B prestressing tendons with 3 to 5 T13 or T15 strands.

Type B anchors consist of active or passive anchors, they are made up the 
following 
elements:
- A cast trumplate embedded in concrete that distributes the prestressing load 
into 
   the structure;
- A block and its jaws, bearing on the trumplate, which anchors the strands.

The construction provisions stipulated in the project must comply with current 
local 
regulations, as well the technical specifications, Freyssinet procedures and 
technical 
approval, as appropriate, relating to the use and installation of a type B 
prestressing 
system. 

Bonded prestressing 

In this configuration, type B anchors are used with uncoated strands in a 
metal or 
plastic corrugated flat sheath, for ease of insertion into thin elements. The 
strands are 
threaded into their ducts prior to concreting in order to overcome duct 
crushing 
problems, which might subsequently impede strand threading. Once the 
strands have 
been tensioned and excess lengths cut off, the duct is injected with cement 
grout.

Unbonded prestressing 

For specific projects, system B anchors can be used with strands protected 
with grease, 
coated with an individual HDPE sheath, in order to effect unbonded 
prestressing. 
The strands are then incorporated directly into the reinforcement, before 
concreting. 
Once the strands have been tensioned and excess lengths cut off, the anchor 
is injected 
with cement grout.

MULTI-STRAND 
prestressing
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Anchor layouts  

Anchors must be positioned at an adequate distance from the edge and with a 
minimum centre-to-centre spacing from each other. These distances are obtained 
using the dimensions from the test assemblies created under the European 
Technical Approval procedure (ETA).

Anti bursting reinforcement   

The concentrated forces applied by the prestressed units require the installation 
of anti bursting reinforcement in the vicinity of the anchors in the case of concrete 
structures. 
This local reinforcement comprises anti-burst reinforcement and additional 
reinforcements as set out in the European Technical Approval document.  
The diagram opposite illustrates an example of a local reinforcement arrangement. 
The reinforcement given in the tables must be supplemented in most cases by 
general reinforcements (not shown on the drawings), which are the minimum 
requirement against cracking and general balance reinforcements. The project 
designer must check the general balance of the anchor zones.
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Bonded internal prestressing configurations

The most common use of C range anchors in bonded internal prestressing is 
based on the use of lubricated, uncoated strands in a corrugated metal sheath, 
galvanised or ungalvanised, bendable by hand and injected with cement grout 
after tensioning of the strands. In curved sections and to reduce the coefficient of 
friction between the strands and the sheath. 

To increase the durability of the prestressing or for applications in very aggressive 
environments in terms of corrosion of prestressing steel, it can be advantageous 
to replace the corrugated metal sheath with a leaktight plastic sheath (as well 
as its interconnections). 

*if there is continuous leaktight sheathing  **given special provisions
***if strand overlengths are retained

Bonded

With duct Without duct With duct

Bare strands Sheathed greased 
strands

Sheathed greased 
strands

Bare strands

Cement grout Cement grout Wax, grease

p 8 - reference AnC15 p 8 - reference AnC15Gi

Cryogenic
Leaktight*

Electrically insulated**

Retensionable***
Replaceable

Leaktight

Retensionable***
Replaceable
Leaktight*

Retensionable***
Replaceable
Leaktight*

Unbonded

Internal prestressing

Application categories

The C range prestressing system is designed and certified for a wide variety 
of applications:
•   use of 13mm and 15mm strands of all grades (1,770 or 1,860 MPa)
including galvanised strands or greased sheathed strands
•   prestressing units holding up to 55 strands
The system can be used in internal or external prestressing for concrete, 
steel, timber or brick structures:

- bonded or unbonded,
- with or without ducts,
- retensioning possible,
- replaceable,
- replaceable, adjustable,
- detensioning possible,
- with electrical insulation,
- for cryogenic applications.

C range 
High strength

prestressing
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For each configuration there is an appropriate anchor head protection method: 
this can be done by sealing (concreting the anchor head into a recess), via a 
permanent cover made of cast iron (galvanised or painted), or plastic, injected 
with the same protection product as used in the main run of the tendon.

To protect tendons from stray currents or for electrical checks on watertightness 
of plastic sheaths, Freyssinet offers an electrically insulated prestressing system 
based on the use of an insulating plate under the anchor head with a plastic 
sheath and cover to create a permanent, watertight casing completely enclosing 
the strands.

Unbonded internal prestressing configurations

Unbonded prestressing tendons are mainly used in applications where the tension 
of the tendon needs to be measured, or where it may need to be retensioned, 
detensioned or replaced.

To achieve unbonded prestressing it is possible simply to use a flexible, corrosion-
resistant protective product instead of the cement grout, normally grease or 
wax specially designed for this purpose. Special attention is then paid to the 
leaktightness of the ducts.

To increase the durability of the prestressing by using a number of corrosion 
protection barriers or to allow, for example, for individual strands to be replaced, 
Freyssinet recommends the use of grease-protected strands, covered with an 
individual HDPE sheath. These bars can be placed inside a duct injected with 
cement grout before tensioning the tendon or incorporated directly into the 
reinforcement before concreting.

Becakayu Toll Road
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*if there is a continuous leaktight duct
**given special provisions
***if strand overlengths are retained

Plastic duct

Sheathed greased 
strands

Bare strands

Cement grout Cement grout Wax, grease, etc.

p 8 - reference ADnC15GI p 9 - reference ADnC15

Retensionable***
Replaceable

Leaktight

Replaceable
Leaktight*

Electrically insulated**

Retensionable***
Replaceable
Leaktight*

Electrically insulated**

Unbonded (replaceable)

External prestressing

p 9 - reference ADnC15W

External prestressing configurations

External prestressing is well suited to structures made from thin concrete and 
also allows for easy inspection of the main run of the tendons.

The most common use of C range anchors in external prestressing is based on 
the use of strands placed inside sections of thick HDPE tube, assembled 
by mirror welding, which are injected with cement grout after tendon 
tensioning.

So that a tendon can be removed without damaging the structure, the ducts 
are of the double casing type at deviators and anchor diaphragms. The HDPE 
tube runs inside a rigid metal lining tube that separates the tendon from the 
structure and distributes the transverse loads caused by local deviation.

To produce tendons in which the strands are independent of each other, Freyssinet 
recommends using grease-protected strands with individual HDPE sheaths 
placed in a duct injected with cement grout before tendon tensioning. This 
configuration has the advantage of increasing the durability of the prestressing 
by incorporating a number of corrosion protection barriers and, for example, 
allowing for individual strands to be replaced..

Another solution consists in injecting the tendon with a flexible corrosion-
resistant protective product, a grease or wax specially designed for this purpose.  
Special care must be taken when hot-injecting these products.
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3C15*

4C15*

7C15

9C15

12C15*

13C15

19C15

22C15*

25C15

25CC15*

27C15*

31C15

37C15

55C15

Anchor units

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

25CC15

27C15

31C15

37C15

55C15

A
(mm)

150

150

180

225

240

250

300

330

360

350

350

385

420

510

B
(mm)

110

120

150

185

200

210

250

275

300

290

290

320

350

420

C
(mm)

120

125

186

260

165

246

256

430

400

360

360

346

466

516

D
(mm)

85

95

110

150

150

160

185

220

230

220

220

230

255

300

H
(mm)

50

50

55

55

65

70

80

90

95

95

100

105

110

145

Kxn
(mm)

M10x2

M10x2

M12x2

M12x4

M12x4

M12x4

M12x4

M12x4

M16x4

M16x4

M16x4

M16x4

M16x4

M20x4

Jaws

Injection vent

Duct
Trumplate

Injection cover (option)

Anchor block

A

B CH

D

Kxn

Anchor AnC15

Strands

* Configuration of strands in
anchor without central strand

C range
anchor

Composition

The anchors comprise:
• jaws guaranteeing high performance anchoring under
  static or dynamic stresses;
• circular steel anchor blocks drilled with tapered holes;
• multi-ribbed cast iron trumplates for improved 
  distribution of the prestressing force in the concrete;
• optional permanent cover.

Compact anchors

The small size of range C anchors allows for:
• reduced thickness of beams and webs of box girders;
• improved concentration of anchors at ends;
• minimal strand deviation.
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Application categories

For bonded internal
prestressing with bare strands 
with cement grouting

AnC15
Corrugated metal sheath

ø1 ø2

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

25CC15

27C15

31C15

37C15

55C15

 Ø1*
(mm)

40

45

60

65

80

80

95

105

110

110

115

120

130

160

 Ø2**
(mm)

45

50

65

70

85

85

100

110

115

115

120

125

135

165

For unbonded internal
prestressing with greased 
sheathed strands with cement 
grouting

AnC15GI
Corrugated metal sheath

ø1 ø2

Steel connector

ø3
 x 

E

For unbonded external
prestressing with greased 
sheathed strands with cement 
grouting

ADnC15GI
HDPE tube

ø1
xE

Steel connector

ø2
xN

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

25CC15

27C15

31C15

37C15

55C15

 Ø1*
(mm)

70

82.5

82.5

101.6

114.3

114.3

133

139.7

152.4

152.4

152.4

177.8

177.8

219.1

E
(mm)

2.9

3.2

3.2

5

3.6

3.6

4

4

4.5

4.5

4.5

5

5

6.3

 Ø2**
(mm)

63

75

90

90

110

110

125

125

140

140

140

160

160

200

N
(mm)

4.7

5.5

6.6

6.6

5.3

5.3

6

6

6.7

6.7

6.7

7.7

7.7

9.6

C range
anchor

(continued)

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

25CC15

27C15

31C15

37C15

 Ø1*
(mm)

40

65

65

80

95

95

115

120

130

130

130

145

145

 Ø2**
(mm)

45

70

70

85

100

100

120

125

135

135

135

150

150

 Ø3
(mm)

70

82.5

82.5

101.6

114.3

114.3

133

139.7

152.4

152.4

152.4

177.8

177.8

E
(mm)

2.9

3.2

3.2

5

3.6

3.6

4

4

4.5

4.5

4.5

5

5

* Check sheath thickness complies with applicable regulations.
** ø: inner dimeter for corrugated sheath / outer diameter for PE or steel pipe. * and ** 

minimum recommended dimensions.
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For unbonded external
prestressing with bare strands
with cement grouting

For prestressing with electrical
insulation

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

25CC15

27C15

31C15

37C15

 Ø1*
(mm)

50

63

63

75

90

90

110

110

125

125

125

140

140

 E
(mm)

3.7

4.7

4.7

5.5

6.6

6.6

5.3

5.3

6

6

6

6.7

6.7

 Ø2**
(mm)

70

82.5

82.5

101.6

114.3

114.3

133

139.7

152.4

152.4

152.4

177.8

177.8

N
(mm)

2.9

3.2

3.2

5

3.6

3.6

4

4

4.5

4.5

4.5

5

5

ADnC15 HDPE tube

ø1
xE

ø2
xN

Lining tube

For unbonded external
prestressing with bare strands
with injection of flexible product

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

25CC15

27C15

31C15

37C15

 Ø1*
(mm)

50

63

63

75

90

90

110

110

125

125

125

140

140

 E
(mm)

3.7

4.7

4.7

5.5

6.6

6.6

8.1

8.1

9.2

9.2

9.2

10.3

10.3

 Ø2**
(mm)

70

82.5

82.5

101.6

114.3

114.3

133

139.7

152.4

152.4

152.4

177.8

177.8

N
(mm)

2.9

3.2

3.2

5

3.6

3.6

4

4

4.5

4.5

4.5

5

5

ADnC15W HDPE tube

ø1
xE

ø2
xN

Lining tube

Tendons with C range anchors can be enclosed in continuous non-conductive sheathing 
to obtain an electrically insulated prestressing system. Typical applications are railway 
structures where stray currents can compromise tendon durability.

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

25CC15

27C15

31C15

37C15

55C15

 Ø1*
(mm)

40

45

60

65

80

80

95

105

110

110

115

120

130

160

 Ø2**
(mm)

45

50

65

70

85

85

100

110

115

115

120

125

135

165

Insulating plate

Cement grout or wax/grease

ø1ø2

HDPE sheath Plyduct® sheath

* Check sheath thickness complies with applicable regulations.
** ø: inner dimeter for corrugated sheath / outer diameter for PE or steel pipe.. * and ** 

minimum recommended dimensions.
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Layouts
of C range

anchors

Values a and b are given in the table opposite, for three different classes of 
concrete strength fcm,o .

If, for fcm,o, the design provides for a value other than the values given in the 
table, straight-line interpolation can be used to détermine the x and y values. 
However, tensioning cannot be carried out at full force if fcm,o is lower than the 
lowest of the values given in the table opposite.

If the design provides for partial tensioning or a tensioning rate of less than min 
[0.8 Fpk ; 0.9 Fp0.1%], interpolation can be used to determine the required value 
of fcm,o, given that at 50% of full force, the required strength for the concrete 
can be brought to 2/3 of the values given in the table opposite and that at 
30% of this force, the required strength for the concrete can be brought down 
to half of the values shown.

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

27C15

31C15

37C15

55C15

24

220

250

330

380

430

450

530

590

630

650

690

750

1070

44

200

220

260

300

320

340

400

430

460

480

520

580

750

60

180

200

240

280

300

310

380

410

440

470

500

540

690

fcm,o (MPa)

a = b (mm)

Distances a and b

y

x

x‘ 

x

A

y‘ y‘ y‘ 

B

x‘ 

The anchors must be positioned at an adequate distance from the wall and 
spaced at a minimum centre-to-centre distance. These distances are obtained 
using dimensions a and b of the test assemblies created under the European 
Technical Approval procedure.
In the following, it is taken that the anchors are positioned along two normal 
direction axes: x and y, with the short side of the trumplate aligned on the y axis.

Notation

• A, B: plane dimensions of the trumplate ( A ≥ B ).
• a , b: side lengths of test specimen ( a ≥ b ).
• x, y: minimum centre distance between two anchorages in the structure in 	
	 x- and y directions.
• x’, y’: minimum edge distance between anchorages and the closest external 	
	 surface in x- and y-directions.
• fcm,o: mean compressive strength measured on cylinder required before 	
	 tensioning.

Dimensions x and y must
meet the following conditions:

x ≥ A + 30 (mm)
y ≥ B + 30 (mm)
x . y ≥ a •  b
x ≥ 0.85 a
y ≥ 0.85 b
x’   ≥ 0.5 x + concrete cover —   10 (mm)
y’  ≥ 0.5 y + concrete cover —   10 (mm)

Anti bursting 
reinforcement

for C range anchors
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A

C C C0

Additional reinforcement

A

B

L

W

L

W

E

ECrossed hoops

= +

L

W

L

W

E

Equivalent stirrups

= +

Anti bursting 
reinforcement

for C range anchors

The concentrated forces applied by the prestressed units require the 
installation of anti bursting reinforcement in the vicinity of the anchors in 
the case of concrete structures. This local reinforcement includes anti-burst 
reinforcement and additional reinforcement. 

The hoops shown in the tables below are deduced from the reinforcement 
used in test prisms and for a concrete cylinder strength equivalent to 24 or 
44 MPa. For concrete strength equal to 60 MPa, refer to the Freyssinet System 
European Technical Approval. For other strengths the values from the tables 
can be interpolated.

1/ Crossed hoops (or stirrups)

The following diagrams show the general layout of the anti-burst reinforcement 
if using crossed hoops. Two crossed hoops are positioned on each layer.  
For practical reasons each hoop may be replaced by two stirrups with equivalent 
load resisting section as shown in the diagram below.
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Anti bursting 
reinforcement

for C range
anchors

(continued)

For anchors in several rows, in general the W and L dimensions are equal 
to a single value Lo shown in the tables below. For anchors in one row, W is 
smaller and L increases but still respecting the minimum value E given in the 
tables below.
The specifications for anti-burst reinforcement vary depending on the average 
compressive strength of the concrete on tensioning: fcm,0 (measured on 
cylinder). They are described in the tables below for two strength values.

fcm,O = 24 MPa

fcm,O = 44 MPa

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

27C15

31C15

37C15

55C15

Number
of

layers

3

3

3

3

3

3

3

3

3

3

3

4

5

Co
(mm)

100

100

120

120

120

140

160

170

200

175

210

250

290

C
(mm)

75

75

90

110

120

125

125

140

160

170

150

225

200

Diameter
d

(mm)

8

8

12

12

14

14

16

20

20

20

20

20

25

Mandrel
diameter

D
(mm)

31

46

74

74

83

88

117

118

135

130

130

130

160

min
Centre

distance
E (mm)

90

90

130

140

160

170

200

215

220

250

255

270

340

Overall
dimension LO

(mm)

200

230

310

360

410

430

520

570

610

630

670

740

1050

Pitch
(mm)

110

115

120

125

140

130

180

130

175

130

140

130

200

8

12

12

14

16

16

20

16

20

20

20

25

20

Diameter
d

(mm)
Number

3

3

4

4

4

4

4

6

5

6

6

5

6

Crossed hoops or equivalent stirrups (Fy 235) (Fy500) Additional reinforcements (stirrups)

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

27C15

31C15

37C15

55C15

Number
of

layers

3

3

3

3

3

3

3

3

3

3

3

4

4

Co
(mm)

100

100

120

120

120

140

160

170

200

175

210

250

290

C
(mm)

75

75

90

110

120

125

125

140

160

170

190

225

255

Diameter
d

(mm)

8

8

12

12

14

14

16

20

20

20

20

20

25

Mandrel
diameter

D
(mm)

26

31

39

39

84

84

96

120

120

120

120

120

150

min
Centre

distance
E (mm)

90

90

130

140

160

170

200

215

220

250

255

270

340

Total
length LO

(mm)

190

200

240

290

300

330

380

410

440

460

500

600

730

Pitch
(mm)

150

250

140

150

240

120

200

160

165

165

210

210

200

8

8

10

14

14

14

16

14

16

16

20

20

20

Diameter
d

(mm)
Number

2

3

4

3

3

4

3

4

3

3

3

4

4

Crossed hoops or equivalent stirrups (Fy 235) (Fy500) Additional reinforcements (stirrups)

Range

FC

FC

FC

FC

C

C

C

C

C

C

C

C

C

FC: crossed hoops or equivalent stirrups
C: stirrups only
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2/ Helical reinforcements

The diagram opposite defines the general layout of anti-burst reinforcement if using a spi-
ral. This layout is especially suitable for isolated anchors.

fcm,O = 24 MPa

fcm,O = 44 MPa

LRT, Jabodebek

Outside D

C 0
PI

TC
H

d

Hooping and additional 
reinforcements

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

27C15

31C15

37C15

55C15

Diameter
d

(mm)

8

10

14

14

14

14

16

16

20

20

20

20

25

Outside
diameter D

(mm)

160

190

270

320

370

390

470

510

550

570

600

660

930

Pitch
(mm)

110

115

120

125

140

130

180

130

150

160

140

130

200

8

10

10

12

16

16

20

20

20

20

20

25

20

Diameter d
(mm) Number

3

3

4

4

4

4

4

5

5

5

6

5

6

Spiral reinforcement (Fy 235) (Fy500) Additional reinforcements (stirrups)

Pitch
(mm)

50

60

60

70

70

70

60

70

80

80

80

90

100

Number

5

5

6

6

7

7

8

8

7

7

7

7

9

Co
(mm)

40

40

40

40

40

40

40

40

40

40

40

40

40

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

27C15

31C15

37C15

55C15

Diameter
d

(mm)

8

10

12

14

14

14

16

16

20

20

20

20

25

Outside
diameter D

(mm)

150

160

200

250

260

290

320

350

380

400

420

520

650

Pitch
(mm)

150

250

140

150

240

120

200

160

165

165

210

210

250

8

8

10

12

14

14

16

14

16

16

16

20

20

Diameter d
(mm) Number

2

3

4

3

3

4

3

4

3

3

3

4

3

Spiral reinforcement (Fy 235) (Fy500) Additional reinforcements (stirrups)

Pitch
(mm)

50

60

60

70

50

70

60

70

80

80

80

90

100

Number

5

5

6

6

7

7

8

8

7

7

8

9

10

Co
(mm)

40

40

40

40

40

40

40

40

40

40

40

40

40

3/Additional reinforcement

The anti-burst reinforcement in the anchor zone must be supplemented by the additional 
reinforcement used in the transfer test prisms, in the form of frames in accordance with the 
above tables or using correctly anchored bars of the same section.

The reinforcement given in the tables above must in most cases be supplemented by gene-
ral reinforcements not shown on the drawings, corresponding to the minimum required to 
guard against cracking and general equilibrium reinforcements. The project designer must 
check the general balance of the anchor zones.



16

CI single- 
strand fixed

couplers

Couplers are needed when a continuous structure is built in successive phases 
with extension of the tendons already in place, tensioned and grouted in the 
previous segment. They are generally used in internal prestressing.

CI single-strand fixed couplers

CI fixed couplers allow for a secondary tendon to be connected to a primary  
tendon using machined or cast single-strand extenders with automatic locking 
by a spring inserted between the two opposing jaws.  The primary anchor is a 
C range anchor. The single-strand extenders positioned on three levels offer 
a very compact configuration.

Sheath
Ø Inside D

Ø P

Single-strand connectors Seal

N

M

Active anchor

X3

X2

X1

Units

CI 3C15

CI 4C15

CI 7C15

CI 9C15

CI 12C15

CI 13C15

CI 19C15

CI 22C15

CI 25C15

CI 25CC15

CI 27C15

CI 31C15

CI 37C15

D
(mm)

40

45

60

65

80

80

95

105

110

110

115

120

130

M
(mm)

1,050

1,050

1,050

1,100

1,150

1,200

1,200

1,250

1,250

1,300

1,300

1,350

1,530

N
(mm)

1,000

1,000

1,000

1,050

1,100

1,150

1,150

1,200

1,200

1,250

1,250

1,300

1,480

P
(mm)

102

127

127

178

194

219

219

273

273

273

273

273

324

X1
(mm)

250

250

250

300

300

300

300

350

350

350

350

400

400

X2
(mm)

500

500

500

500

550

550

550

600

600

600

600

650

650

X3
(mm)

750

750

750

800

800

800

800

800

850

850

850

900

900

3C15 4C15 7C15 9C15 12C15 13C15

19C15 22C15 25C15 25CC15 27C15 31C15 37C15
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CU and CC
fixed multi-strand

couplers

2 types of multi-strand coupler
are possible:

Type CU couplers

For these couplers the anchor block of the primary tendon is altered to take the 
anchoring jaws of the secondary tendon.
This assembly is protected by a cover with a trumpet at one end to provide 
the connection with the duct of the secondary tendon.

Units

CU 3C15

CU 4C15

CU 7C15

CU 9C15

CU 12C15

CU 13C15

CU 19C15

CU 22C15

CU 25C15

CU 25CC15

CU 27C15

CU 31C15

CU 37C15

A
(mm)

150

150

180

225

240

250

300

330

360

350

350

385

420

B
(mm)

110

120

150

185

200

210

250

275

300

290

290

320

350

C
(mm)

120

125

186

260

165

246

256

430

400

360

360

346

466

G
(mm)

40

45

60

65

80

80

95

105

110

110

115

120

130

ØD
(mm)

140

150

200

255

265

276

306

335

346

354

354

356

386

E
(mm)

120

127

120

122

130

130

140

145

145

150

150

150

156

L
(mm)

150

150

180

225

240

250

300

330

360

350

350

385

420

H
(mm)

150

150

180

225

240

250

300

330

360

350

350

385

420

ØP
(mm)

150

150

180

225

240

250

300

330

360

350

350

385

420

Units

CC 3C15**

CC 4C15**

CC 7C15**

CC 9C15**

CC 12C15**

CC 13C15

CC 19C15

CC 22C15**

CC 25C15

CC 27C15**

CC 31C15

E
(mm)

10

10

10

10

10

10

12

10

5

10

5

L
(mm)

570

600

670

750

725

770

825

885

900

955

1,110

M x N*
(mm)

220 x 220

240 x 240

260 x 260

290 x 290

300 x 300

290 x 290

320 x 320

390 x 390

360 x 360

390 x 390

420 x 420

ØP
(mm)

210

220

230

270

280

275

305

365

340

365

400

ØG
(mm)

40

45

60

65

80

80

95

110

110

110

120

*Dimensions of the retaining plate.
** Available on request.

Anchor nC15

L

E

ØPØG

M
xN

Anchor nC15

Type CC couplers

For these couplers, a notched collar is inserted between the trumplate and 
the anchor block of the primary tendon. The secondary tendon is anchored by 
means of swages resting onto the collar.

Anchor nC15

L
ØPG

H

A 
x B

C
E

ØD
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CM mobile
multi-strand

couplers

Coupling for untensioned tendons

These connection devices enable end-to-end coupling of two untensioned 
tendons.
The configuration is similar to that of fixed couplings using the same individual 
extenders, but without a primary anchor. The cover is longer to allow the 
extenders to move when the whole tendon is being tensioned.

3C15 4C15 7C15 9C15 12C15 13C15

19C15 22C15 25C15 27C15 31C15 37C15

Units

CM 3C15

CM 4C15

CM 7C15

CM 9C15

CM 12C15

CM 13C15

CM 19C15

CM 22C15

CM 25C15

CMI 27C15

CM 31C15

CM 37C15

D
(mm)

40

45

60

65

80

80

95

105

110

115

120

130

M
(mm)

1,050

1,050

1,050

1,100

1,150

1,200

1,200

1,250

1,250

1,300

1,350

1,530

N
(mm)

1,000

1,000

1,000

1,050

1,100

1,150

1,150

1,200

1,200

1,250

1,300

1,480

P
(mm)

102

108

114

159

159

168

194

219

219

219

244

273

X1
(mm)

250

250

250

300

300

300

300

350

350

350

400

400

X2
(mm)

500

500

500

550

550

550

550

600

600

600

650

650

X3
(mm)

750

750

750

800

800

800

800

800

850

850

900

900

V
(mm)

130

140

150

200

200

200

230

230

250

250

280

310

Sheath
Ø Ins D

Ø P

Extenders Seal

N + U

M + U

X3

X2

X1

U = movement of single-strand extenders

Tension side

V x V
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Embedded
anchors

H C

Sheath (steel or plastic)

GøD

AnC15 trumplate
NB nC15 block

T15 DC sleeve

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

25CC15

27C15

31C15

37C15

55C15

A
(mm)

150

150

180

225

240

250

300

330

360

350

350

385

420

510

B
(mm)

110

120

150

185

200

210

250

275

300

290

290

320

350

420

C
(mm)

 120*

 125*

186

260

165

246

256

430

400

360

360

346

466

516

D
(mm)

85

95

110

150

150

160

185

220

230

220

220

230

255

300

H
(mm)

50

50

55

55

65

70

80

90

95

95

100

105

110

145

G
(mm)

 40**

 45***

60

65

80

80

95

105

110

110

115

120

130

160

J
(mm)

91

101

128

153

168

168

208

248

268

258

258

268

300

370

Kxn

M10x2

M10x2

M12x2

M12x4

M12x4

M12x4

M12x4

M12x4

M16x4

M16x4

M16x4

M16x4

M16x4

M20x4

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

27C15

31C15

37C15

55C15

W1
(mm)

300

350

500

600

900

1,200

1,500

1,800

2,000

2,000

2,200

2,500

2,800

W2
(mm)

300

350

400

400

500

500

650

750

850

1,000

1,100

1,280

1,400

ØT
(mm)

G 1/2”

G 1/2”

G 1/2”

G 1/2”

G 1/2”

G 1/2”

G 1”

G 1”

G 1”

G 1”

G 1”

G 11/2”

G 11/2”

Type N embedded anchor

In the type N anchor, each strand has an extruded sleeve, each supported indivi-
dually by a steel plate.

Strand
spacer

grid Hoop reinforcement
Vent

ØT
Deviator

Sheath

W1 or W2

Type 1 or 2

FillerPlates 90 x 90 x 15 mm

* 2-stage trumplate  ** Oval duct version 58x21 
*** Oval duct version 75x21

There are three types of passive anchor embedded in concrete and used 
in combination with C range active anchors: NB, N and G. The tendons are 
positioned before concreting.

Type NB embedded anchor

NB anchors comprise an anchor block drilled with cylindrical holes and on which 
extruded sleeves are held by a rear retaining plate.

A

B

Kxn

A

B

Kxn

J

A

B

Kxn

A

B

Kxn

A

B

Kxn

A

B

Kxn



20

Type G embedded anchor

The type G anchor is a dead end anchor. The end of each strand is prefor-
med to create a bulb shape.

Units

3C15

4C15

7C15

9C15

12C15

13C15

19C15

22C15

25C15

27C15

31C15

37C15

55C15

W1
(mm)

950

950

950

950

1,300

1,300

1,300

1,500

1,500

1,700

1,700

2,000

2,500

W2
(mm)

450

500

550

550

650

650

800

1,000

1,000

1,250

1,250

1,250

1,250

ØT
(mm)

G 1/2”

G 1/2”

G 1/2”

G 1/2”

G 1/2”

G 1/2”

G 1”

G 1”

G 1”

G 1”

G 1”

G 11/2”

G 11/2”

Strand
spacer

grid

Hoop reinforcement
Vent

ØT
Deviator

Sheath

W1 or W2

Type 1 or 2

Filler

110

11
0

110

11
0

Type 1

Type 2

Spacer grids

Karaha Geothermal Energy
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Post-tensioning Silo, Aceh

F range
anchors for thin ele-

ments

Composition of F range anchor

F range anchors comprise:
• an anchor body embedded in the concrete and acting as both anchor
  head and distribution element;
• jaws, to anchor the strands;
• elements for permanent protection of the jaws, comprising HDPE (or metal)  
  covers, filled with grease.

Application categories

F range anchors are intended for the prestressing of thin elements  
(slabs, concrete floors, etc.).
They are used for: 
• unbonded prestressed concrete;
• bonded prestressed concrete.

Bonded internal prestressing configurations

The most common use of F range anchors in bonded internal prestressing 
is based on the use of uncoated strands in a corrugated metal sheath, 
galvanised or ungalvanised, generally flat for easier insertion into thin 
elements, and injected with cement grout after tensioning of the strands.

The anchors, sheath and prestressing reinforcements are installed before 
concreting the structure. In particular, this prevents the risk of flat ducts 
being crushed during concreting which would prevent the subsequent 
threading of the strands. 

Unbonded internal prestressing configurations

F range anchors for unbonded internal prestressing are used with grease-
protected strands, each with individual HDPE sheathing. These elements 
are directly incorporated into the reinforcement before concreting, with 
precautions being taken not to damage each individual sheath.

The individual AF13/15 anchor for 13mm and 15mm strands respectively allows 
for the beneficial effects of the prestressing to be distributed very evenly in 
thin elements.
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Bonded
internal

prestressing Multi-strand units 3 to 5 F13/F15

Injection pipe
Sealant

AnF15 - A nF13 flat anchorJaws C13
Jaws C15

Formwork
Flat sleeve Flat sheath

C

50 min.

A
B

G1
( I

NT
 )

G2
( I

NT
 )

Units

A3 F13/15

A4 F13/15

A5 F13/15

A
(mm)

85

90

90

B
(mm)

190

230

270

G1 x G2
(mm2)

G
(mm)

H
(mm)

C
(mm)

163

163

163

58 x 21

75 x 21

90 x 21

95

100

100

200

240

280

Tie wire, Dermaga VI Merak

Notes:  F range anchors are designed for

minimum concrete strength

fcmin= 22 MPa (on cylinder).

The usual installation method

is threading the strands into the ducts

(flat sheaths) before concreting.

However, if necessary, it is also

possible to thread the strands after 

concreting the structure, on condition that

special provisions are made.
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Unbonded
internal

prestressing
with greased

sheathed strands 1/ Single-strand unit (1F13/1F15)

Non-shrink mortar

Threaded plug

Grease

O-ring 

Connection tube

Adhesive tape

Recess shape

.

.

2/ Multi-strand units (3 to 5 F13/15)

Greased sheathed strands

50 min.

HDPE cap

F anchor

Steel retaining plate

Formwork
Grease filling

Filler

Grease

Greased sheathed strands

50 min.

HDPE cap

F anchor

Steel retaining plate

Formwork
Grease filling

Filler

Grease
Units

A 3F 13/15

A 4F 13/15

A 5F 13/15

A
(mm)

190

230

270

B
(mm)

85

90

90

G
(mm)

H
(mm)

C
(mm)

163

163

163

95

100

100

200

240

280

A

B
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CI 
 single-strand

 fixed couplers Bonded prestressing

Units

CI 1F13/15

CI 3F13/15

CI 4F13/115

CI 5F13/15

A
(mm)

-

100

100

100

B
(mm)

-

100

110

140

F
(mm)

M
(mm)

N
(mm)

E
(mm)

-

58

75

90

-

20

20

20

550

800

1,050

1,050

550

750

1,000

1,000

X1
(mm)

250

250

250

250

X2
(mm)

-

500

500

500

X3
(mm)

-

750

750

750

Unbonded prestressing

1F15

A

B

3F15

A

B

4F15

B

5F15
A

E

E x F

Flat sheath

B

Single-strand coupler

M

N

Protective cover Vent G1/2”

Anchor AnF15
Seal

X3

X2

X1
30

1F15

A

B

3F15

A

B

4F15

B

5F15
A

Cement grout

B

Single-strand coupler

M

N

Protective cover Vent G1/2”

Seal

X3

X2

X1
30

Anchor AnF15

Injection
opening

Bare strands

Filler

Units

CI 1F13/15

CI 3F13/15

CI 4F13/15

CI 5F13/15

A
(mm)

-

100

100

100

B
(mm)

-

100

110

140

N
(mm)

X1
(mm)

X2
(mm)

M
(mm)

550

800

1,050

1,050

500

750

1,000

1,000

250

250

250

250

-

500

500

500

X3
(mm)

-

750

750

750
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Values a and b are given in the table opposite, for three different concrete 
strength fcm,o in the case of F range.

If the design provides for partial tensioning or a tensioning rate of less than 
min [0.8 Fpk ; 0.9 Fp0.1% ], interpolation can be used to determine the required 
value of fcm,o , bearing in mind that at 50% of full force, the required strength 
for the concrete can be brought to 2/3 of the values given in the table oppo-
site and that at 30% of this force, the required strength for the concrete can 
be brought down to half of the values given.

Units

1F 13/15

3/4 F 13

3/4 F 15

5 F 13

5 F 15

 fcm,o (MPa)

22

22

22

22

22

a (mm)

190

500

390

570

510

b (mm)

140

160

190

260

240

Distances a and b

B

y’ y’ 

x’ 

x

A

y

x

y‘ 

x‘ Dimensions x and y must
meet the following conditions:

x ≥ A + 30 (mm)
y > B + 30 (mm)
x . y ≥ a •  b
x ≥ 0.85 a
y ≥ 0.85 b
x’   ≥ 0.5 x + concrete cover —   10 (mm)
y’  ≥ 0.5 y + concrete cover —   10 (mm)

The anchors must be positioned at an adequate distance from the wall 
and spaced at a minimum centre-to-centre distance. These distances are 
obtained using dimensions a and b of the test assemblies created under 
the European Technical Approval procedure.
In the following, it is taken that the anchors are positioned along two   
normal direction axes: x and y, with the short side of the trumplate aligned on the 
y axis.

Notation

• A, B: plane dimensions of the trumplate ( A ≥ B ).
• a , b: side lengths of test specimen ( a ≥ b ).
• x, y: minimum centre distance between two anchorages in the structure in 	
	 x and y directions.
• x’, y’: minimum edge distance between anchorages and the closest external 
surface in x and y directions.
• fcm,o: mean compressive strength measured on cylinder required before 	

Layouts
for F range

anchors

Amarta Unilever
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Anti bursting 
reinforcement

for F range
anchors

1/ Single-strand unit

1 1

Elevation 75 35 70

2 x 1

160 EXT

11
0 E

XT

FoE235

 Ø 8

Dimensions in mm

2/ Multi-strand units (3 to 5 F13/15)

A 1F13
A 1F15

1 1 3 1 2 3 1 2 3 1

1 2 3 1 2 3 1 2 3 1

70 7015

Type

1

2

3

No.

12

3

3

L1
(mm)

L2
(mm)

L3
(mm)

Ø
(mm)

8

8

8

320

320

320

20

20

160

160

h
(mm)

140

140

Type

2

3

4

No.

2

2

4

L1
(mm)

L2
(mm)

L3
(mm)

Ø
(mm)

8

8

12

350

350

350

60

60

160

160

160

h
(mm)

160

160

160

4

75 7525

2 3 4 2 3 4 4

2 3 2 3 4 44 4

75

Type

1

2

3

No.

12

3

3

L1
(mm)

L2
(mm)

L3
(mm)

Ø
(mm)

10

10

10

380

380

380

-

55

55

-

190

190

h
(mm)

-

145

145

1

75 7540

321 1321 1321

See types of bars below.

See types of bars below.

See types of bars below.

50

L1

Type No. 1

L1

L3

h
80

L2 L2

Type No. 2 Type No. 3

L1

L3

h
80

L2 L2

Type No. 4

h

L1

A 3F15
A 4F15

A 5F15
A 5F13

A 3F13
A 4F13



27

1/ Single-strand unit

Non-shrink mortar

Threaded plug

Grease

O-ring 

Connection tube

Adhesive tape

Recess shape

.

.

• Prelocked anchor NB 1F15

Prelocked jaws Grease

Spring

Non-shrink mortar

Threaded plug

Grease

O-ring 

Connection tube

Adhesive tape

Recess shape

.

.

• Anchor with extruded sleeve

Bearing plate

Sleeve T15D

2/ Multi-strand units (3 to 5 F13/15)

Strand
spacer

grid
Hoop reinforcement

Vent

Ø T Deviator

Sheath

FillerPlates 90 x 90 x 15 mm

W1 or W2
type 1 or 2

110 mm 110 mm

11
0 m

m

Type 1 Type 2

Unlubricated bare strands
W

Bar ø10

4 bars ø 10080

5555

260

FeE235

L

h

5555

Units

3F13

4F13

5F13

3F15

4F15

5F15

Ø
(mm)

H
(mm)

L
(mm)

W
(mm)

950

950

950

950

950

950

10

10

12

10

12

14

120

120

120

120

145

145

300

320

340

300

340

380

Type G embedded anchor

The type G anchor is a dead end anchor. The 
end of each strand is preformed into a bulb 
shape.

Type N embedded anchor

In the type N anchor, each strand has 
an extruded sleeve, each supported 
individually by a steel plate.

Units

N3 F13/15

N4 F13/15

N5 F13/15

W2
(mm)

ØT
(mm)W1

(mm)

300

350

500

300

350

400

G 1/2”

G 1/2”

G 1/2”

N

Embedded anchors
for F range

There are three types of passive anchors embedded in concrete used in 
combination with F range active anchors: prelocked anchor NB1F15, type 
N using an individual plate supporting an extruded sleeve and the type G 
dead end anchor. The tendons are positioned before concreting.
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1/ Prestressing strands

The table below gives the main characteristics of the most common 
strands, useable with the Freyssinet prestressing system:

Characteristics of strands

Corrugated steel sheath

Components
common to 

ranges C and F 

2/ Internal prestressing ducts

The following duct types are used for range C and F tendons:

Corrugated steel sheath 
The recommended dimensions for ducts are given in the tables associated with 
each anchor. However, it must be checked that the suggested dimensions 
are compatible with applicable regulations. When a lower coefficient of friction 
is required, a phosphate treated/soaped corrugated metal sheath (L.F.C.) can 
be used (see page 28).

Steel tubes
For totally leaktight or highly deviated ducts. 
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Radius of curvature
The radius of curvature of the duct must be at least equal to:
- 100 Ø for circular or flat rigid ducts bendable by hand (With Ø = inside diameter of duct),
- 3 m for steel tubes.

As an exception, the radius of curvature may be reduced to 20 Ø for steel tubes on the condition that:
- this radius is not less than 1.1 m for T13 strands and 1.3 m for T15 strands,
- the tension does not exceed 70% of the guaranteed breaking load of the reinforcement in the area where the radius is less than three 
metres,
- the sum of the angular deviations along the length of the reinforcement does not exceed 3¶ /2 radians,
- the highly curved area is considered as a dead anchor when the angular deviation is greater than ¶/2 radians.

Friction in the main run
For calculation of the prestressing force, the values of the coefficients of friction (µ) and wooble (k), vary depending on the uses and type 
of ducts, their surface treatment and the relationship P(x)=Pmaxe

-µ(Ø+kx). 

HDPE ducts for external prestressing

Radius of curvature

* : as per standard ENV 1992-1-5:1994

Units

7C15

12C15

19C15

27C15

37C15

Minimum radius of 
curvature in

deviators (m)

Minimum radius of 
curvature in
anchors (m)

3.0

 3.5*

 4.0*

4.5

 5.0*

2.0

 2.5*

 3.0*

3.5

4.0

3/ External prestressing ducts

Tendons injected with cement grout  
- high density polethylene (HDPE) tube in zones external to the concrete. The 
tubes are type PE80 or PE100. Use of tubes with nominal pressure PN 6.3 is 
recommended.
- steel tube in anchor zones, diaphragms and deviators bushings.

Grease or wax injected tendons
Use of tubes with nominal pressure PN 10 is recommended, unless 
preliminary study suggests otherwise.

Radius of curvature
In the absence of more stringent national requirements, the radius of curvature 
of the tendon in deviators, generally comprising bent steel tubing, complies 
with the minimum values opposite.

For greased, sheathed strands laid in ducts pre-injected with cement grout, 
the following should be respected: 
- Isolated strands: R min ≥ 1m
- Strands grouped in bundles: R min ≥ 2.5m

4/ Injection products

Prestressing strands, if not individually sheathed and greased, are protected by 
injecting the duct containing them. The fill product is either cement grout, which 
produces a passivating layer on the surface of the steel to protect it against 
corrosion, or a flexible product that encloses strands in a watertight 
casing.
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The ‘K’ Range
system of

post-tensioning

General

All tendons in the “K” System can either be pre-made and pulled into the sheath 
or the strands pushed one by one into the sheath, before or after concreting, 
to suit the construction sequence. It is not necessary to produce a tendon of 
precise length, as the anchorages are easily assembled once the tendonis in 
position.

Strands can be omitted from the tendon sizes listed in order to achieve the greatest economy in design. The flexibility of the ‘K’ System 
permits the use of different sizes of strands. All strands are stressed simultaneously and anchored in a compact and efficient anchorage.

Anchorages

All anchorages are designed to the same principles, varying only in size and numbers of strands.
Each consists of a grey cast iron (or fabricated) Guide incorporated in the structure which distribute the tendon force into the concrete 
end-block. On the Guide sits the Anchorage Block, into which the strands are anchored by means of three-piece Jaws, each locked into 
a tapered hole.
To achieve the maximum static and dynamic security in the tendon, each hole is drilled at its correct angle in relation to the tendon 
pattern and all kinks and unwanted deviations in tendon are avoided.

The Anchorage Guide is provided with an accurate
and robust method of fixing and aligning the
tendon, as it is provided with 
substantial shutter fixing holes and, 
at its opposite end, a firm screw-
type fixing for the sheath. In 
addition it incorporates a large 
front-access grout injection 
point which, by its careful 
transition design, is 
blockage-free.

Anchorages (castings)

Anchorages (castings)

Dimensions for deeper pockets and for recesses for inclined anchorages available on request.
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Blind Ends

The standard blind end anchorage is similar to the normal anchorage but the jaws are re-placed by swaged
grips, a permanently attached anchorage pre-applied to the strand with a swaging jack.

Looped anchorages are practical only for the smaller tendons and details are given for the 6K13 and 12K15 
systems.

Tensioning Equipment

The ‘K’ Range Jacks

All tendons in the “K” System can either be pre-
made and pulled into the sheath or the strands 
pushed one by one into the sheath, before or after 
concreting, to suit the construction sequence. It 
is not necessary to produce a tendon of precise 
length, as the anchorages are easily assembled 
once the tendonis in position.
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Flyover Simpang Susun Surabaya, Aceh

Comoro bridge, Timor Leste Kompas tower, Jakarta
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