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1. Technical description of the products

1.1.

Definition of product

This European Technical Assessment (ETA) applies to the following kits, the PT

TENSACCIAI - Bonded and unbonded strand post-tensioning system

consisting of 4 to 37 strands with nominal tensile strength 1860 MPa or 1770 MPa,
nominal diameter 15.7 mm (0.62” — 150 mm?) and 15.2 mm (0,6” — 140 mm?) which is
used in normal-weight concrete with the following anchorages (stressing, fixed and
coupling anchorages, see Annex 1-2-3-4-5-6-7-8-9-10)

1.

2.

1.2.

Stressing (active) anchorage type MTAI and fixed (passive) anchorage type
MTAIM (or MTAIK) with bonded strands for internal post-tensioning

Stressing (active) anchorage type MTAIU and fixed (passive) type MTAIUM with
unbonded strands for internal post-tensioning

Stressing (active) anchorage type MTAIE and fixed (passive) anchorage type
MTAIEM (or MTAIEK) for external post-tensioning with a tendon path situated
outside the cross section of the structure or member but inside its envelope.
Stressing (active) anchorage type MTAID with bonded strands for internal
electrically isolated post-tensioning

Coupling anchorage type MTG with bonded strands for internal post-tensioning

Designation and range of the anchorages

1.2.1. Designation

Each type of anchorage is defined as per the following example, where the three
parameters shown below give full information about the product:

Anchorage type: TENSACCIAI 19 MTAI 15S

Number of strands Type of anchorage Type of strand

The name of the anchorage type gives also identification of the tendon type.

1.2.2. Range
Each single parameter can change according to the following options:

Number of strands: 4-7-9-12-15-19-22-27-31-37
(classes) Tendon whose strand number is intermediate between values

above given can be obtained by omitting strands in the higher
class anchorages.
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MTAI:

MTAIM:
MTAIK:
MTAIE:

Type of anchorage:

MTAIEM:

MTAIEK:
MTAIEX:

MTAIER:

MTAIU:

MTAIUM:

MTAIUK:

MTAID:

MTG:

Type of strand:

active anchorage - internal post-tensioning
passive anchorage — internal post-tensioning
passive anchorage - internal post-tensioning
active anchorage - external post-tensioning -
replaceable

passive anchorage — external post-tensioning
passive anchorage — external post-tensioning
active anchorage - external post-tensioning -
not replaceable
active anchorage
restressable
active anchorage

— external post-tensioning -

— internal unbonded post-

tensioning
passive anchorage — internal unbonded post-
tensioning
passive anchorage — internal unbonded post-
tensioning

active anchorage
post-tensioning
coupling anchorage — internal post-tensioning

15S: seven-wire steel strand, external diameter 15.7 mm

15: seven-wire steel strand, external diameter 15.2 mm

These types of strands may be used with plastic coating for

internal unbonded and external tendons.

System is foreseen to be used with strands whose maximum characteristic tensile strength

is 1860 MPa.

In the tables below, describing main technical features, it also mentioned the use of 1770

MPa class of steel.
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Table 1 - Main features of tendons using 15.7 mm strand

Strand diameter 15.7 mm — nominal cross section area 150 mm? — nominal mass 1172 g/m

Number of strands 4 7 9 12 15 19 22 27 31 37
Nominal cross
section area of 600 1050 1350 1800 2250 2850 3300 4050 4650 5550

steel Ap [mmZ]

Nominal mass of 469 | 820 | 1055 | 14.06 | 1758 | 22.27 | 2578 | 31.64 | 36.33 | 43.36
steel [kg/m]

Characteristic tensile strength foxk = 1860 MPa

Characteristic
ultimate resisting
force of tendon
Fpok [KN]

1116 | 1953 | 2511 3348 | 4185 | 5301 6138 | 7533 | 8649 | 10323

Characteristic tensile strength foxk = 1770 MPa

Characteristic

ultimate resisting 1064 | 1862 | 2394 | 3192 | 3990 | 5054 | 5852 | 7182 | 8246 | 9842
force of tendon

Fpk [KN]

Table 2 - Main features of tendons made with 15.2 mm strand

Strand diameter 15.2 mm — nominal cross section area 139 mm? — nominal mass 1086 g/m

Number of strands 4 7 9 12 15 19 22 27 31 37

Nominal cross
section area of 556 973 1251 1668 2085 2641 3058 3753 4309 5143
steel Ap[mm?]

Nominal mass of

4.34 7.60 9.77 13.03 | 16.29 | 20.63 | 23.89 | 29.32 | 33.66 | 40.18
steel [kg/m]

Characteristic tensile strength foxk = 1860 MPa

Characteristic
ultimate resisting
force of tendon
Fok [kN]

1036 | 1813 | 2331 3108 | 3885 | 4921 5698 | 6993 | 8029 | 9583

Characteristic tensile strength fpxk = 1770 MPa

Characteristic
ultimate resisting
force of tendon
Fpk [KN]

984 1722 | 2214 | 2952 | 3690 | 4674 | 5412 | 6642 | 7626 | 9102
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1.3. Components

The components correspond to the drawings and provisions given in this European
Technical Assessment including the Annexes.

The characteristic material values, dimensions and tolerances of the components not
indicated in the Annexes or in the following paragraphs correspond to the respective
values laid down in the technical documentation of this European Technical Assessment.

1.3.1. Strands

Only 7-wire strands shall be used in accordance with national provisions as long as EN
10138 does not exist.
Main characteristics are given in Table 3, for further information see Annex 45.

Table 3 - Main characteristics of 7-wire steel strand

Characteristic tensile strength fox [MPa] 1770 or 1860
Nominal diameter d [mm] 15.2 15.7
Nominal cross section Ap [mm?] 139 150
Nominal mass of prestressing steel m [kg/m] 1.086 1.172

In a single tendon only strands spun in the same direction shall be used.

1.3.2. Anchor head

Anchor heads are made of steel defined by standard EN 10083-2 as C45N steel grade
and have conical holes drilled in circular arrangement to accommodate strands and
wedges.

At the rear side each anchor head is provided with a small step, designed to ease centring
of the anchorplate inside cast-iron block.

Anchor heads of dead anchorages type MTAIM are also provided with threaded holes for
fixing wedge retaining plate and cylindrical seating on each strand’s hole for placing
retaining spring.

Main characteristics are given in Annex 15.

1.3.3. Coupler

Couplers are made of steel defined by standard EN 10083-2 as C45N steel grade and
have conical holes drilled in circular arrangement to accommodate strands and wedges
both in the inner part (front face, primary tendon) and the outside ring (rear face,
secondary tendon).

At the rear side each coupler is provided with a small step, designed to ease centring of
the coupler inside cast-iron block.

Outside ring (secondary cable) is also provided with threaded holes for fixing wedge
retaining ring and cylindrical seating on each strand’s hole for placing retaining spring.
Main characteristics are given in Annex 16.

1.3.4. Wedge

Wedges, with a total length of 43 mm, are made of 3 sectors held together with a spring
ring, as shown in Annex 15.

In case of dead anchorages (type MTAIM), wedges are kept in place with the use of
springs and a retaining plate.
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Wedges are made of case hardening steel, defined by reference to standard EN 10084 as
steel grade 16NiCr4 or steel grade C15 as defined by reference to standard EN 10277-2.

1.3.5. Cast-iron block

Cast-iron blocks are made of spheroidal graphite cast-iron defined by reference to EN
1563 as EN-GJS-500-7 and designed with a shape able to transmit prestressing forces
from anchor head to concrete.

The front shape is squared for better transmission of forces to concrete while the rear side
is provided with an inner thread where to join the HDPE trumpet.

An air vent is provided on one corner of the squared front side of the cast-iron block: a
suitable ventilation tube must be fitted to these air-vents.

Main characteristics are given in Annex 17 together with a correct placing scheme.

1.3.6. Trumpet

All trumpets, from the smallest up to the highest tendon’s size, are made of high density
polyethylene material, whose thickness is increasing with tendon’s size.

The external shape is made of single smooth sectors and the device is provided with a
connection for joining to the cast-iron block.

It is designed in order to provide deviation of strands with a contact between steel strand
and hdpe material. No contact between strands and cast-iron steel is allowed by the
geometry of this piece.

Main characteristics of are given in Annex 18.

Electrically isolated tendons foresee the use of longer plastic trumpets whose
characteristics are given in Annex 18.

MTG couplers are provided with a trumpet for secondary tendon, it can be made of steel
sheaths or plastic. Details are given in Annex 19.

1.3.7. Inner steel cone

This component is used with MTAIE system.

All cones, from the smallest up to the highest tendon’s size, are made of S235JR steel; the
length and the thickness is increasing with tendon’s size.

The inner steel cone is designed to separate strands and inner protective injection from
the surroundings elements in the anchorage zone, allowing the system to be replaceable.
Main characteristics are provided in Annex 20.

1.3.8. Spiral and reinforcement

The spiral and reinforcement are made of ribbed reinforcing steel as defined by standard
EN 10080.

They must be properly fixed in the right position in order to avoid any displacement during
concrete pouring.

The relevant dimensions are given in Annex from 23 to 25.

Used steel shall have a yield stress of at least 500 MPa according to EN 1992-1-1.

Spiral, as a part of the post-tensioning anchorage, is designed to confine concrete and
allow resistance to high compression stresses beneath the anchorage (local zone).

For this reason, spiral works as confinement reinforcement.

The resistance to the forces occurring in the structural concrete in the anchorage zone
outside the spiral (general zone) shall be designed and verified by the structure’s
Designer. An adequate transverse reinforcement shall be provided in particular for the
occurring transverse tension forces.
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Additional reinforcement given in Annex from 23 to 25 has to be considered only a
suggestion to the general zone reinforcement described above and has been determined
from the results of load transfer tests carried out over anchorages as per ETAG013.

If required for a specific project design, the reinforcement given in Annex from 23 to 25 can
be modified in accordance with the respective regulations in force at the place of use as
well as with relevant approval of the local authority and of the manufacturer to provide
equivalent performance.

1.3.9. Ducts

For internal post—tensioning, corrugated steel sheaths ducts in accordance with EN 523
are used.

These can be both of Category 1 and Category 2 as per EN 523 depending on project’s
needs and site installation requirements.

The relevant diameters to be used with each type of tendon are given in Annex 11 and
from 27 to 32.

In case of use of corrugated plastic ducts for internal bonded tendons, these must comply
with ETAGO013, Annex C.3.

This kind of duct is compulsory for electrically isolated tendons.

The relevant ducts’ diameters to be used with each type of tendon are given in Annex 11
and from 27 to 32.

The degree of filling f, ratio between cross sectional area of steel strand and duct’s internal
cross sectional area, shall generally be between 0.35 and 0.5.

A duct’s larger inner diameter may be selected in the case of long tendons (> 80 m) or if
the tensile elements are installed after concreting.

For special applications, such as loop tendons and unbonded tendons, smooth steel tubes
can be used.

For external post-tensioning, steel ducts or HDPE (high density polyethylene) ducts in
accordance to EN 12201 are used.

The relevant ducts’ diameters to be used with each type of tendon are given in Annex 12
and from 27 to 32.

Standard and regulations for plastic ducts and welding of these ducts valid in place of use
shall be considered.

1.3.10. Protection caps

Temporary re-usable caps are available for grouting purposes. Such elements are used
permanently inside MTAIK anchorages.

In case of request for higher corrosion protection, permanent protection caps can be used.
These are made of plastic material or alternatively steel.

Details are given in Annex 21.

For restressable tendons the protection caps are enough to keep protruding over-lengths
of steel strands out of the anchor head.

In electrically isolated tendons the protection cap is made of plastic material and can be
provided transparent in order to allow inspection of grout injection.

Details are given in Annex 22.

1.3.11. Filling material

Grout shall be used in accordance with EN 447.
In case of use of a special grout, this must comply with ETAG013, Annex C.4.3.
In case of use of grease this must comply with ETAG 013, Annex C.4.1.
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Standards and regulations for grouts and grouting valid in place of use shall be
considered.

In restressable tendons grout may not be considered in case of use of plastic coated
strands but grease must be used in all parts where plastic coating is not provided on
strands (anchorage area). In case of restressable tendons without plastic coated strands,
grease must be used over the entire tendon's length.

1.3.12. Dielectric disk

In electrically isolated tendons a dielectric disk, made of stratified laminate with fiberglass
cloth and epoxy resin, is placed beneath the anchorplate, resting over the cast-iron block.
Such devices allow the insulation between anchorplate and cast-iron block.

Details are given in Annex 22.
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1.4. Design

1.4.1. Maximum prestressing force

The maximum prestressing and over-tensioning force to be applied on the tendon are
specified in the national standards and regulations in force in the place of use.

Following values are indicative values defined according to EN 1992-1-1, paragraphs
5.10.2 (with recommended values for k1 and kz), and according to pr EN 10138:

- maximum prestressing force Po, max = min(0,8 Fpk; 0,9 Fpo,1k)

where Fpk is the characteristic tensile strength of prestressing steel and Fpo1k the
characteristic tensile yield force of prestressing steel (0,1% proof load).

Table 4 and Table 5 give indications on the entire range of tendons.

Table 4 — Maximum prestressing force of strand diameter 15.7 mm

Strand diameter 15.7 mm — nominal cross section area 150 mm? — nominal mass 1.172 g/m

Number of strands 4 7 9 12 15 19 22 27 31 37

Characteristic tensile strength foxk = 1860 MPa

Maximum
prestressing force 886 1550 1993 | 2657 | 3321 4207 | 4871 5978 | 6863 | 8192
PO,max [kN]

Characteristic tensile strength foxk = 1770 MPa

Maximum
prestressing force 842 1474 1895 2527 3159 4001 4633 5686 6529 7792
PO,max [kN]

Table 5 — Maximum prestressing force of strand diameter 15.2 mm

Strand diameter 15.2 mm — nominal cross section area 139 mm?2 — nominal mass 1.093 g/m

Number of strands 4 7 9 12 15 19 22 27 31 37

Characteristic tensile strength fpxk = 1860 MPa

Maximum
prestressing force 821 1436 1847 2462 3078 3899 4514 5540 6361 7592
PO, max [kN]

Characteristic tensile strength fok = 1770 MPa

Maximum
prestressing force 778 1361 1750 2333 2916 3694 4277 5249 6026 7193
PO,max [kN]

Nota bene: Pomax is given as indicative value, for the accurate value reference has to be
made to the National Annex of EN1992, or pr EN10138, or corresponding National
Standards.
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In case the number of strands in a tendon is reduced by leaving out some strands, this
should be done in radial symmetrically way, in order to guarantee equal distribution of
forces over the anchorplate surface and section.

In order to minimize bending stiffness variation shall be pressed into the not filled cones
short pieces of strands with wedges.

1.4.2. Fatigue resistance

Fatigue resistance of the tendons has been positively tested with a maximum force of 0,65
Fok and a stress variation of 80 MPa up to 2x108 load cycles.

1.4.3. Minimum centers spacing and edge distances

The minimum center and edge distances of the tendon anchorages shall be those given in
Annex 26 depending on the actual mean concrete strength.

In general, a reduction up to 15% of the center spacing of the tendons’ anchorages is
permitted in one direction but should not be less than the outside diameter of the spiral. In
this case the spacing in the perpendicular direction shall be increased by the same
percentage.

The concrete cover given in national standards and provisions shall be taken into account
additionally.

1.4.4. Anchorage recess

The anchorage recesses shall be designed as to ensure a minimum concrete cover of at
least 30 mm over strands’ ends or eventual protection caps embedded into concrete.
Clearance is required for the handling and placing of stressing jacks: an appropriate
indication can be obtained starting from stressing jacks dimensions and it is described in
Annex 38 — 39 — 40.

1.4.5. Friction losses

The calculation of loss of prestressing force due to friction and wobble effects inside
tendons is usually made starting from the following equation, taken from EN 1992-1-1:

_ —p(6+k)
AP, (x)=P,,(1-¢e wOHx)

where:

APy (x) = loss of prestressing force from 0 up to x distance [kN]

x = distance from the stressing point [m]

Pmax = force at the stressing end [kN]

M = friction coefficient between strands and ducts [1/rad]

8 = sum of the angular deviation from 0 up to x distance, irrespective of direction or sign
[rad]

k = not intentional angular deviation inside tendons, wobble coefficient [rad/m]
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Table 6 — Friction losses values

Internal post-
tensioning

Internal post- tensioning

Internal post-tensioning

External post- tensioning

Duct material: steel

Duct material: plastic

Individually greased
sheathed single strands

Duct material: HDPE

M [rad']: 0.16 to 0.24

M [rad']: 0.12t0 0.14

M [rad"]: 0.05

M [rad']:0.10-0.12

k [rad/m] :
0.005 to 0.010

k [rad/m] :
0.005 to 0.010

k [rad/m] :
0.020 to 0.060

wobble effects to be
neglected for external

tendons

1.4.6. Radius of curvature of tendons in the structure
Minimum radius of curvature of tendons (Rmin) for internal bonded post-tensioning can be
summarized as follows:
e for corrugated steel sheaths and corrugated plastic ducts:
Ruin = 2.8,/F,, =2.5m
where Rmin is expressed in [m] and Fpk in [MN].
Values are given in Table 7.

Table 7 — Minimum radius of curvature for each type of internal tendon

Rmin [M Rmin [M
’s\ltlrjgzzr[af] (strand diam[. 1]5.2 mm | (strand diam[. 1]5.7 mm
— 1860 MPa) — 1860 MPa)

4 2.8 3

7 3.8 3.9
9 4.3 4.4
12 4.9 5.1
15 5.5 5.7
19 6.2 6.4
22 6.7 6.9
27 7.4 7.7
31 7.9 8.2
37 8.7 9.0

e for smooth steel tubes:
Rmin 2 20 @i
where @i is tube’s internal diameter
Under the following conditions:
- tendon’s force is not higher than 70% Fpk where Rmin is less than 3.0 m
- the sum of angular deviations along the cable is less than 3 11/ 2 radians.

e In case of loop tendons (“U shape”, forming an inaccessible end of the tendon) with
smooth metal ducts,

Ry =0.6,/F,, >0.6m

Under the following conditions

- tendon subjected to primarily static load

- tendon stressed simultaneously from both ends

- in loop area, duct's diameter one size larger than the one in the free length for
easier installation and connection
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In case of internal unbonded systems (MTAIU-MTAIUM-MTAIUK) the deviation of the
cable is carried out using plastic covered devices (fixing chairs) used to fix monostrands to
reinforcement and prevent damages.

In case of external post-tensioning made with smooth plastic ducts, minimum radius of
curvature of tendons (Rmin) is given in Table 8.

Table 8 — Minimum radius of curvature for each type of external tendon

Number of External diameter Remin [M]

strands [N] of ducts [mm] mn
4 63 2.0
7 75 2.0
9 90 25
12 110 2.7
15 110 3.0
19 125 3.0
22 125 3.2
27 140 3.5
31 160 3.7
37 160 4.0

Standards and regulations on minimum curvature radius in force at the place of use shall
be observed.

1.4.7. Support of ducts

For internal post-tensioning, spacing of supports for ducts is 1.0 m. In the region of tendon
curvatures a smaller spacing is required, around 0.5 m.

In any case ducts shall be systematically fixed in their position so that they are not
displaced by pouring and compacting of concrete during usual operations.

1.4.8. Slip at anchorages
For details see paragraph 1.5.3.
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1.5. Installation

1.5.1. General

Tendons may be manufactured on site or in the manufacturing plant.

Assembly and installation of the tendons shall only be performed by qualified post-
tensioning specialist companies which have the required technical skills, resources and
experiences with this Tensacciai multi-strand post-tensioning system.

Reference is made to ETAG013, Annex D.1 and to CWA 14646:2003.

The company’s site manager shall have a certificate of the manufacturer certifying that
he’s instructed by the manufacturer and has the required knowledge and experience with
this post-tensioning system. National regulations and standards valid at the place of use
shall also be considered.

The manufacturer is responsible to inform anyone concerned about the use of Tensacciai
post-tensioning systems.

Additional information, as listed in paragraph 9.2 of ETAGO013, shall be available at the
manufacturer and shall be distributed as needed.

1.5.2. Installation of tendons

Cast-iron body and anchorplate shall be placed perpendicular to the tendon’s axis.

Air vent of the cast-iron body must be placed on the top while fixing it to formwork as
shown in Annex 17.

The position of the bursting reinforcement shall be ensured to the cast-iron body or to
other appropriate mountings by tack-welding or proper fixing.

At the anchorages the tendon layout shall provide a straight section over a length of at
least 200 mm beyond the end of the trumpet.

Before placing the concrete a final check of the installed tendons or sheaths has to be
carried out.

The connection between trumpet and duct shall be sealed carefully by tape in order to
prevent the penetrating of concrete.

1.5.3. Wedging force, slip at anchorages, wedge securing

The draw-in of the wedges into the anchorage must be taken into account for the
determination of the elongations and are described in Table 9.
The wedges of all anchorages (fixed) which are no more accessible during tensioning are
secured by means of wedge keeping springs, plates and bolts.

Table 9 — Wedges draw-in

minimum value maximum value mean value
[mm] [mm] [mm]
stressing side 4 6 5
fixed side 3 5 4

For design, the mean value shall be taken.
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1.5.4. Stressing and stressing records

At the time of stressing the mean concrete compressive strength femo shall be at least
according to values shown in Annex from 23 to 26.

Table 10 gives indication and relationship between cylindrical and cubic strength. In any
case concrete complying with EN 206-1 shall be used.

Table 10 — Compressive strength of concrete

Mean concrete strength fem,0
Cylindrical strength, femo-cy  [MPa] 25 33 45
Cubic strength, fcm,o0 - cub [MPa] 30 40 55

The mean concrete strength fem,0 (cubic or cylindrical) shall be verified by means of at least
three specimens (cube with the edge length of 150 mm or cylinder with diameter of 150
mm and height of 300 mm) which shall be stored under the same conditions as the
concrete member.

Elongation and prestressing forces shall be checked continuously during stressing
operations. The results of the prestressing operations shall be recorded and measured,
elongations shall be compared with the prior calculated theoretical values.

Results of stressing operations have to be recorded in the stressing records.

The manufacturer shall keep available information on prestressing jacks and equipment.
Appropriate clearance must be kept behind the jack, complying with safety at work and
health protection regulations.

1.5.5. Filling of the ducts

Grouting shall be performed in accordance with EN 446, while injection grout has to
comply with EN 447. Special grout has to comply with ETAG013 Annex C.4.3.

Grout shall be injected through the inlet hole until it escapes from the outlet tube or outlet
hole. Special measures have to be applied for long tendons, for tendon paths with distinct
high points or inclined tendons to avoid voids in the hardened grout. All vents and grouting
inlets have to be sealed soon after grouting.

Results of grouting operations have to be recorded in the grouting records.

No grouting is foreseen in restressable tendons.
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2. Specifications of the intended use in accordance with the
applicable European Assessment Document

2.1. Intended use

The Tensacciai post-tensioning systems are assumed to be used for:

1. the prestressing of structures of normal-weight concrete in concrete and composite
structures with internal bonded strands;

2. the prestressing of structures of normal-weight concrete in concrete and composite
structures with internal unbonded strands;

3. the prestressing of structures with external strands;

The following optional use categories for the tendons are possible;
- restressable
- exchangeable
- internal bonded tendon with plastic duct
- electrically isolated tendon
- use in structural steel or composite construction as external tendon.
- tendon for cryogenic applications

The provisions made in this European Technical Assessment are based on an assumed
intended working life of the PT system of 100 years. The indications given on the working
life of the PT system cannot be interpreted as a guarantee given by the manufacturer or
the Technical Assessment Body, but are to be regarded only as means for selecting the
appropriate product in relation to the expected, economically reasonable working life of the
construction works.

2.2. Recommendations for the manufacturer

2.2.1. Recommendations on packaging, transport and storage

The components and the tendons shall be protected against moisture and staining, taking
all necessary measures to avoid conditions for rust and chemical, mechanical and
electrochemical damages to components.

Tensile elements shall be kept separate from areas where welding operations are carried
out.

2.2.2. Recommendations on use, maintenance, repair

Manufacturer’s installation instructions have to complied with, according to ETAG013,
Annex D.3. In any case respective standards and regulations in force at the place of use
should be observed.

It is highly recommended to apply CWA 14646:2003.

ETA 08/0012 — version 3 - of 23/01/2017 — Page 17 of 70



3. Performance of the products and methods used for its
assessment

This European Technical Assessment for the post-tensioning system part of this document
is issued on the basis of agreed data, deposited at CeremalTM, which identifies the post-
tensioning system that has been assessed and judged.

Assessment of the performance of the post-tensioning system part of this document for the
intended use in the sense of basic requirement for construction work 1 (mechanical
resistance and stability) and for basic requirement for construction work 3 (hygiene, health
and environment) has been made in accordance with the ETAG 013, European Technical
Approvals Guideline of post-tensioning kits for prestressing of structures based on the
provisions for all systems.

Table 11 — Performance of the system BWR1

Product type: Post-tensioning Kit | Intended use: for prestressing of structures

Basic requirement for

- Essential characteristics Performance
construction work
Resistance to static load Satisfaction of acceptance criteria given in
paragraph 6.1.1-1 of ETAG013
Resistance to fatigue Satisfaction of acceptance criteria given in

paragraph 6.1.2-1 of ETAG013

Load transfer to the structure Satisfaction of acceptance criteria given in
paragraph 6.1.3-1 of ETAG013

1

Mechanical resistance and Exchangeable tendon Satisfaction of acceptance criteria given in
o Practicability / reliability of paragraph 6.1.6-ll(b) of ETAG013
stability . .
installation
Cryogenic application Satisfaction of acceptance criteria given in
Resistance to static load paragraph 6.1.6-ll(c) of ETAG013
Electrically isolated tendon Satisfaction of acceptance criteria given in
Practicability / reliability of paragraph 6.1.6-I(f) of ETAG013
installation
Table 12 — Performance of the system BWR3
Product type: Post-tensioning Kit | Intended use: for prestressing of structures
Basic reqylrement for Essential characteristics Performance
construction work
Release of dangerous PT system does not cause harmful emission
3 substances of toxic gases, dangerous particles or
Hygiene, health and radiation to the indoor environment nor
environment contamination of the outdoor environment
(air, soil, water)

BWRs 2, 4, 5, 6 and 7 are not relevant according to ETAG 013.
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4. Assessment and verification of constancy of performance
system applied, with reference to its legal base

According to the decision 98/456/EC of the European Commission' the system 1+ of
assessment and verification of constancy of performance (see Annex V to Regulation
(EU).No 305/2011) given in the following table applies.

Table 13 — System of assessment and verification of constancy of performances

Product(s) Intended use(s) Level(s) or class(es) System(s)
Post-tensioning Kits For prestressing of - 1+
structures

This AVCP system is defined as follows:

System 1+: Declaration of the performance of the essential characteristics of the
construction product by the manufacturer on the basis of the following items:

(a) Tasks of the manufacturer
(1) Factory production control;
(2) Further testing of samples taken at the factory by the manufacturer in accordance
with a prescribed test plan;
(b) Tasks for the Notified Body

(3) Determination of the product-type on the basis of type testing (including sampling),
type calculation, tabulated values or descriptive documentation of the product;

(4) Initial inspection of factory and of factory production control;
(5) Continuous surveillance, assessment and approval of factory production control;
(6) Audit testing of samples taken at the factory.

! Official Journal of the European communities L201/112 of 3 July 1998
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5. Technical details necessary for the implementation of the
AVCP system, as provided for the applicable EAD

5.1. Tasks of the manufacturer

5.1.1. Factory production control

The manufacturer shall exercise permanent internal control of production. All the elements,
requirements and provisions adopted by the manufacturer shall be documented in a
systematic manner in the form of written policies and procedures, including records of
results performed. This production control system shall insure that the product is in
conformity with this European Technical Assessment.

The manufacturer may only use initial material stated in the technical documentation of
this European Technical Assessment.

The factory production control shall be in accordance with the "Tensacciai Control Plan"
relating to this European technical assessment which is part of the technical
documentation of this European technical Assessment. The "Control Plan" is laid down in
the context of the factory production control system operated by the manufacturer and
deposited at CeremalTM.?

The prescribed test plan defined in Annex from 42 to 43 gives the type and frequency of
checks and tests conducted during production and on the final product as part of the
continuous internal production control.

The results of factory production control shall be recorded and evaluated in accordance
with the provisions of the "Control Plan".

The records contain at least the following information:
- designation of the product or basic materials and the components;
- type of control or testing;

- date of manufacture and of testing of product or components and of basic materials or
components;

- results of controls and tests and, where relevant, comparison with the requirements;
- signature of person responsible for the factory production control.

If the test results are unsatisfactory, the manufacturer shall immediately implement
measures to eliminate defects. Construction products or components which are not in
compliance with the requirements shall be handled such that they cannot be mistaken for
products complying with the requirements. After elimination of the defects the relevant
tests shall be immediately repeated as far as is technically possible and necessary for
verifying the deficiency elimination.

2 The "control plan" is a confidential part of the European Technical Assessment and only handed over to the
assessment body or bodies involved in the procedure of attestation and verification of constancy of
performance.
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5.1.2. Other tasks

The manufacturer shall, on the basis of a contract, involve a body which is approved for
the tasks referred to in section 5.2 in the field of Tensacciai post-tensioning system in
order to undertake the actions laid down in section 5.2. For this purpose, the "control plan”
referred to in sections 5.1.1 shall be handed over by the manufacturer to the Notified Body
or bodies involved.

The manufacturer shall make a declaration of performance, stating that the construction
product is in conformity with the provisions of this European Technical Assessment.

At least once a year, each components manufacturer shall be audited by the
manufacturer.

5.2. Tasks of the Notified Body

5.2.1. General

The Notified Body (bodies) shall perform the
Determination of the product-type on the basis of type testing (including
sampling),
- initial inspection of factory and of factory production control,
- continuous surveillance, assessment and approval of factory production control,
- audit-testing of samples taken at the factory

in accordance with the provisions laid down in the "Control Plan" relating to this European
Technical Assessment.

The approved body (bodies) shall retain the essential points of its actions referred to
above and state the results obtained and conclusions drawn in a written report.

The main production centre is checked at least once a year by the Notified Body. Each
component producer is checked at least once every five years by the Notified Body.

The Notified Body involved by the manufacturer shall issue a certificate of constancy of
performance of the product stating the conformity with the provisions of this European
Technical Assessment.

In cases where the provisions of the European Technical Assessment and its “Control

Plan” are no longer fulfilled the Notified Body shall withdraw the certificate of constancy of
performance and inform CeremalTM without delay.
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5.2.2. Determination of the product-type on the basis of type testing (including
sampling), type calculation, tabulated values or descriptive documentation of
the product

For initial type testing the results of the tests performed as part of the assessment of the
European Technical Approval may be used unless there are changes in production
procedure or factory plant. In such cases, the necessary initial type testing shall be agreed
between CeremalTM and the Notified Body involved.

5.2.3. Initial inspection of factory and of factory production control

The Notified Body shall ascertain that, in accordance with the prescribed test plan, the
manufacturing plant, in particular personnel and equipment, and the factory production
control are suitable to ensure a continuous orderly manufacturing of the PT system
according to the specifications given in the Annexes of this European Technical
Assessment.

5.2.4. Surveillance, assessment and approval of factory production control

The manufacturer shall be inspected at least once a year. Each component manufacturer
shall be inspected at least once in five years. It shall be verified that the system of factory
production control and the specified manufacturing process are maintained taking into
account the prescribed test plan.

5.2.5. Audit testing of samples taken at the manufacturer

During surveillance inspection, the Notified Body shall take samples at the factory of
components of the PT system or of individual components for which this European
Technical Assessment has been granted, for independent testing.

For the most important components Annex 44, complying with ETAG 013, Annex E.2,
summarises the minimum procedures.
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Issued in Sourdun on 23.01.2017

By
Centre d’étude et d’expertise sur les risques, I'environnement, la mobilité et
'aménagement Direction technique Infrastructures de transport et matériaux

Barthélémy PETIT, ETA manager
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System overview
(from 4 up to 37 strands)
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MTAI system — Internal post-tensioning
Active stressing anchorage — accessible fixed anchorage
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MTAIM system — Internal post-tensioning
Dead fixed anchorage

Post-tensioning system Annex 1
Anchorades overview - 1 of European Technical
g Assessment ETA-08/0012
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System overview
(from 4 up to 37 strands)
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MTAIE system — External post-tensioning
Active - exchangeable stressing anchorage

Al

MTAIER system — External post-tensioning
Active restressing - exchangeable anchorage

Post-tensioning system Annex 2
Anchorades overview - 2 of European Technical
9 Assessment ETA-08/0012
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System overview
(from 4 up to 37 strands)

MTAIE system — External post-tensioning
Active - exchangeable stressing anchorage (with plastic coated strands)

MTAIER system — External post-tensioning
Active restressing - exchangeable anchorage (with plastic coated strands)

Post-tensioning system Annex 3
of European Technical

Anchorages overview - 3 Assessment ETA-08/0012
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System overview
(from 4 up to 37 strands)

MTAIEX system — External post-tensioning
Active non - exchangeable anchorage

MTAIEM system — External post-tensioning
Dead non - exchangeable anchorage

Post-tensioning system

Anchorages overview -4

Annex 4
of European Technical
Assessment ETA-08/0012
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System overview
(from 4 up to 37 strands)

<

MTAIEX system — External post-tensioning
Active non - exchangeable anchorage (with plastic coated strands)

MTAIEM system — External post-tensioning
Dead non - exchangeable anchorage (with plastic coated strands)

Post-tensioning system Annex 5
of European Technical

Anchorages overview - 5 Assessment ETA-08/0012

ETA 08/0012 — version 3 - of 23/01/2017 — Page 28 of 70




System overview
(from 4 up to 37 strands)

44

2 }HI\} \T\V\\ :

MTAIU system — Internal post-tensioning
Active non - exchangeable anchorage unbonded

2
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MTAIUM system — Internal post-tensioning
Dead non- exchangeable anchorage unbonded

Post-tensioning system Annex 6
of European Technical

Anchorages overview - 6 Assessment ETA-08/0012
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System overview
(from 4 up to 37 strands)
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MTAIK system - Internal post-tensioning
Dead fixed anchorage
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MTAIEK system — External post-tensioning
Dead non - exchangeable anchorage

Annex 7
of European Technical
Assessment ETA-08/0012

Post-tensioning system
Anchorages overview -7
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System overview
(from 4 up to 37 strands)

MTAIEK system — External post-tensioning
Dead non - exchangeable anchorage (with plastic coated strands)

MTAIUK system — Internal post-tensioning
Dead non- exchangeable anchorage unbonded

Post-tensioning system

Anchorages overview - 8

Annex 8
of European Technical
Assessment ETA-08/0012
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System overview
(from 4 up to 37 strands)

MTAID system — Internal electrically isolated post-tensioning
Active stressing anchorage - accessible fixed anchorage

Post-tensioning system Annex 9
of European Technical

Anchorages overview -9 Assessment ETA-08/0012
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System overview
(from 4 up to 37 strands)
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MTG system - Internal post-tensioning
Active coupling anchorage
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Post-tensioning system Annex 10
of European Technical

Anchorages overview - 10 Assessment ETA-08/0012
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MTAI system

-

0
MTAIK System "
_hk_

MTAI 4 7 9 | 12 | 15| 19 | 22 | 27 | 31 | 37

system size

Lror [mm] 475 | 531 | 688 | 708 | 736 | 783 | 823 | 848 | 1009 | 1107

S [mm] 150 | 180 | 200 | 220 | 250 | 280 | 300 | 325 | 350 | 400

h [mm] 45 | 49 | 52 | 62 | 69 | 74 | 80 | 87 | 91 | 96

- 77 | 84 | 84 | 92 | 98 | 106 | 110 | 115 | 122 | 131

he[mm] 85 | 89 | 92 | 102 | 109 | 114 | 120 | 127 | 131 | 136

o (ntlext) mmy (| 45/ | 62/ | 72| 80/ | 85/ | s/ |00/ | 110/ | 115 | 130/
50 | 67 | 77 | 85 | 90 | 100 | 105 | 115 | 120 | 135

o (intlext) (mm) (=) | 48/ | 58/ | 76/ | 76/ | 85/ | 100/ | 100/ | 100/ | 115/ | 130/
59 | 73 | 91 | 91 | 100 | 116 | 116 | 126 | 135 | 151

(*) corrugated metal sheath ducts

(**) corrugated plastic ducts

Post-tensioning system Annex 11

of European Technical

Overall dimensions -1 Assessment ETA-08/0012
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MTAIE system

[

| /7/7 /744/7 A Aq A
= = ‘
» | = o -
\ |
44 "2 7 M ) :A 5
’ Aq < ° “ 4 a
[L_ B VARIABLE
MTAIEM system
4
=
4
hm | tot
MTAIE
system 4 | 7 9 12 | 15 | 19 | 22 | 27 | 31 | 37
size
B[mm] | 100 | 120 | 180 | 190 | 208 | 225 | 240 | 250 | 300 | 360
S[mm] [ 150 | 180 | 200 | 220 | 250 | 280 | 300 | 325 | 350 | 400
h [mm] 45 | 49 | 52 | 62 | 69 | 74 | 80 | 87 | 91 | 9%
hm[mm] | 77 | 84 | 84 | 92 | 98 | 106 | 110 | 115 | 122 | 131
hJmm] | 85 | 89 | 92 | 102 | 109 | 114 | 120 | 127 | 131 | 136
Emin[mm] | 430 | 585 | 680 | 700 | 730 | 868 | 868 | 898 | 900 | 1135
ﬁl[i)d[(r:;“s]s/ 63/ | 75/ | 9o/ | 110/ | 110/ | 125/ | 125/ | 140/ | 160/ | 160/
o] 36| 45 | 54 | 66 | 66 | 74 | 74 | 83 | 95 | 95
oF [nm] | 80 | 102 | 120 | 140 | 145 | 159 | 193.7 | 193,7 | 219 | 229
Ltot[mm] | 475 | 531 | 688 | 708 | 736 | 783 | 823 | 848 | 1009 | 1107

Post-tensioning system Annex 12
of European Technical Assessment

Overall dimensions - 2 ETA-08/0012

ETA 08/0012 — version 3 - of 23/01/2017 — Page 35 of 70




MTAID system

|

—— = =
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% S} S n
[ — - 4 g 4 24 o
; 4 4 < y L S
f 4 a4 ’ < <
L h_ Ltot
MTAID
system 4 7 9 12 15 19 22 27 31 37
size
S [mm] 150 | 180 200 220 250 280 300 325 350 400
h [mm] 45 49 52 62 69 74 80 87 91 96
gP[mm] | 110 | 135 160 180 200 220 250 270 285 305
th [mm] 6 6 6 6 6 6 6 6 6 6
ggt/ext) 48/ | 58/ 76/ 76/ 85/ 100/ | 100/ | 109/ | 115/ | 130/
(mm] 63 73 91 91 100 116 116 126 135 151
L tot [mm] | 484 | 679 674 689 584 779 724 859 904 | 1169
Post-tensioning system Annex 13

Overall dimensions -3

of European Technical Assessment
ETA-08/0012
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MTG system

— —
— ""$ = fgﬁz

Lr

-

Jum

Ltot

erf system |, | 5 9 12 15 19 | 22 | 27 | 31 37

S [mm] 150 | 180 | 200 | 220 | 250 | 280 | 300 | 325 | 350 | 400
h [mm] 97 | 97 | 97 | 97 | 104 | 106 | 106 | 109 | 114 | 117
o [mm] 100 | 210 | 230 | 248 | 260 | 280 | 325 | 340 | 390 | 430
Lr [mm] 320 | 380 | 430 | 430 | 450 | 510 | 660 | 700 | 760 | 1095
d (int/ext) 45/ | 62/ | 72/ | 80/ | 85 | 95/ | 100/ | 110/ | 115/ | 130/
mml] (™ | 50| 67 | 77 | 8 | 90 | 100 | 105 | 115 | 120 | 135
Ltot[mm] | 475 | 531 | 688 | 708 | 736 | 783 | 823 | 848 | 1009 | 1107

(*) corrugated metal sheath ducts

(**) corrugated plastic ducts can also be used with their relevant dimensions

Post-tensioning system

Overall dimensions - 4

Annex 14
of European Technical Assessment
ETA-08/0012
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Anchor head MT Anchor head MTM (MTAIM-MTAIEM system)
(MTAI-MTAIK-MTAIE system)
Anchor head MTD (MTAID system)

028

N
i

to be inserted here, inside /

relevant MTM anchorplate
strand’s hole beneath fixing

plate

MTAI-MTAIE -
MTAID 4 7 9 12 15 19 22 27 31 37
system size
Anchor head MT
O® [mm] 105 | 125 | 146 160 176 | 200 | 230 | 250 | 270 | 280
h [mm] 45 49 52 62 69 74 80 87 91 96
ht [mm] 53 55 58 68 75 80 90 97 106 | 115
weight [kg] 2.8 4 6 85 | 11.3 | 157 | 234 | 299 | 37.2 | 423
Anchor head MTM
O [mm] 105 | 125 | 146 160 176 | 200 | 230 | 250 | 270 | 280
hm [mm] 77 84 84 92 98 106 | 110 115 | 122 131
ht [mm] 85 90 90 98 104 112 | 120 125 | 137 | 150
weight [kq] 4.1 6.1 8.5 109 | 141 | 20.2 | 294 36 456 | 52.2
Anchor head MTD
O [mm] 110 135 | 160 180 | 200 | 220 | 250 | 270 | 285 | 305
h [mm] 45 49 52 62 69 74 80 87 91 96
ht [mm] 53 55 58 68 75 80 90 97 106 | 115
weight [kg] 3.5 54 8 12 16 21 29.2 | 368 | 425 | 50.8

Post-tensioning system Annex 15

of European Technical

Anchorage parts Assessment ETA-08/0012

Dimensions — 1
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ht

MTG Coupler

Dimensions — 2

mMTG 4 | 7 | 9 | 12| 15| 19| 22| 27 | 31 | 37
system size
MTG coupler
® [mm] 190 | 210 | 230 | 248 | 260 | 280 | 325 | 340 | 390 430
h [mm] 103 | 103 | 103 | 103 | 110 | 112 | 112 | 115 | 120 | 123
ht [mm] 108 108 108 108 115 120 120 125 130 135
weight [kg] 174 | 20.3 | 244 | 27.7 | 32 | 38.8 | 53.7 | 59.7 | 83.3 | 102.2
Post-tensioning system Annex 16
of European Technical
Anchorage parts P

Assessment ETA-08/0012
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Cast-iron block

>

o _a ]

fixation to formwork (two only right positions)

SMyTS"t‘:,:'T”Z’?zf'MTA’D 4 | 719121519 22| 27 | 31 | 37
Cast-iron block

®: [mm] 84 | 103|130 | 142 | 152 | 166 | 197 | 206 | 230 | 231
L [mm] 100 | 120 | 180 | 190 | 208 | 225 | 240 | 250 | 300 | 360
S [mm 150 | 180 | 200 | 220 | 250 | 280 | 300 | 325 | 350 | 400
weight [kg] 22| 4 | 74|87 |118|171|221 | 293 | 336 | 54.2
a [mm] 122 | 152 | 164 | 180 | 214 | 238 | 258 | 282 | 308 | 358
®¢ [mm] 101010121214 ] 14 | 14 | 16 | 16

Anchorage parts

Dimensions -3

Post-tensioning system

Annex 17
of European Technical
Assessment ETA-08/0012
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HDPE trumpet (MTAI — MTAIM -MTAIK - MTAIEX — MTAIEM - MTAIEK - MTAIU -
MTAIUM - MTAIUK)

Lr

HDPE trumpet (MTAID)
=
Lr
MTAL-MTAIE-MTAID |, 7 9 12 | 15 | 19 | 22 | 27 | 31 | 37
system size
MTAI — MTAIE
HDPE trumpet
®j [mm] 79 97 118 132 140 154 188 189 216 223
Lr [mm] 390 430 530 540 550 580 605 620 735 775
t [mm] 25 25 3 3.5 3.5 3.5 3.5 3.5 3.5 3.5
MTAID
HDPE trumpet
®j [mm] 87 104 124 140 152 166 195 211 225 237
Lr [mm] 490 685 680 695 590 785 730 865 910 1175
t [mm] 25 3 3 3 3 3 3 3 3 3
Post-tensioning system Annex 18
Anchorade parts of European Technical
gep Assessment ETA-08/0012
Dimensions -4
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2j

Trumpet (MTG)

Lr

Anchorage parts

Dimensions -5

of European Technical
Assessment ETA-08/0012

MTG 4 7 o | 12 | 15 | 19 | 22 | 27 | 31 | 37

system size

MTG trumpet

®j [mm] 190 | 210 | 226 | 248 | 260 | 276 | 325 | 340 | 390 | 430

Lr [mm] 320 380 430 430 450 510 660 700 760 1095

t [mm] 1.5 1.5 1.5 15 15 15 15 15 15 1.5
Post-tensioning system Annex 19
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Inner steel cone

,,,,,,,,,,,,,,,, O
¢B\\ i L 7 ATY i
L ! o j ”””””” o |
= //E I A I :
L1 L2

MTAIE systemsize | 4 | 7 | 9 | 12 | 15 | 19 | 22 | 27 | 31 | 37

Inner steel cone

®E [mm] 105 | 118 [ 138 | 162 | 176 | 177 | 220 | 235 | 250 | 260

L1 [mm] 320 | 435 | 530 | 550 | 580 | 718 | 718 | 748 | 750 | 985

L2 [mm] 110 [ 150 [ 150 [ 150 | 150 [ 150 [ 150 [ 150 [ 150 | 150

®B [mm] M8 | M8 [ M8 [ M8 [ M8 [ M8 | M8 | M8 [ M8 | M8

®D [mm] 70 | 90 | 108 | 120 | 128 | 140 | 145 | 160 | 180 | 180

(*) In case of use of bare strands without HDPE coating, a plastic ring 2 mm layer thickness shall be placed to prevent steel fiction at the
end of the inner steel cone.

Tube
|| I
Variable
MTAIE systemsize | 4 | 7 | 9 [ 12 | 15 | 19 | 22 [ 27 | 31 | 37
Tube
DA [mm] 80 102 | 120 | 140 | 145 | 159 | 193,7 [ 193,7 | 219 | 229
B [mm] 3 3 3 3 3 3 3 3 3 3

Dimensions may vary slightly, depending on market availability

Post-tensioning system Annex 20
Anchorade parts of European Technical
gep Assessment ETA-08/0012

Dimensions - 6
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Plastic cap

N° n holes @h on @i

|

Anchorage parts
Dimensions -7

of European Technical
Assessment ETA-08/0012

MTAlsystemsize | 4 | 7 | 9 | 12 | 15 19 | 22 | 27 | 31 | 37
Plastic cap
®f [mm] 161 191 | 200 | 216 | 238 | 260 | 295 | 322 | 356 | 381
n 8 8 6 6 6 6 6 6 6 6
®h [mm] 7 7 10 10 10 10 10 14 14 14
®i [mm] 150 | 180 | 184 | 201 | 218 | 240 | 275 | 296 | 323 | 335
h [mm] 97 102 | 111 121 133 | 138 | 143 | 167 | 173 | 178
Temporary re-usable cap
L e _ - h
MTAlsystemsize | 4 | 7 | 9 | 12 | 15 19 | 22 | 27 | 31 | 37
Temporary re-usable cap
dc[mm] 113 | 133 | 154 | 168 | 185 | 209 | 240 | 260 | 280 | 290
h [mm] 60 60 60 60 60 60 60 60 60 60
Post-tensioning system Annex 21
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Dielectric disk (MTAID)

1

G
2

MTAID systemsize | 4 | 7 | 9 | 12 | 15 [ 19 [ 22 | 27 | 31 | 37
Dielectric disk

&d [mm] 150 | 180 | 200 | 220 | 250 | 280 | 300 | 325 | 350 | 400
t [mm] 6 6 6 6 6 6 6 6 6 6

Plastic cap (MTAID)

- 2
{2z g\_‘i
- =
MTAID systemsize | 4 | 7 | 9 | 12 | 15 | 19 | 22 | 27 | 31 | 37
Plastic cap
®f [mm] 150 | 180 | 200 | 220 | 250 | 280 | 300 | 325 | 350 | 400
h [mm] 100.5 | 104.5 | 107.5 | 117.5 | 124.5 [ 129.5 | 1355 | 142.5 | 146.5 | 151.5
Post-tensioning system Annex 22
Anchorade parts of European Technical
gep Assessment ETA-08/0012
Dimensions - 8
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Confinement and additional reinforcement

SS

MTAI-MTAIE-
MTAID 4 7 9 12
system size

Confinement
reinforcement

Concrete strength

fomo - cyl [MPa] 25 33 45 25 33 45 25 33 45 25 33 45

®s [mm] 200 | 160 | 130 | 250 | 200 | 175 [ 290 | 255 | 215 | 340 | 295 | 235
®b [mm] 10 12 12 12 14 14 12 14 14 14 16 16
SL [mm] 200 | 180 | 180 | 300 | 270 | 240 | 360 | 330 | 300 | 420 | 350 | 300
p [mm] 50 60 60 60 60 60 60 60 60 60 50 50
No. of turns 5 4 4 6 5.5 5 7 6.5 6 8 8 7
Additional

reinforcement (*)

Concrete strength

fomo— cyl [MPa] 25 33 45 25 33 45 25 33 45 25 33 45

@rb [mm] 8 8 8 10 10 10 10 10 10 10 12 12
d [mm] 50 50 50 55 60 60 55 60 60 55 60 60
SS [mm] 230 | 180 | 165 | 310 | 260 | 220 | 380 | 310 | 250 | 440 | 355 | 285
No. of stirrups 4 4 5 6 6 6 6 6 7 7 7 8

(*) See paragraph 1.3.8
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Confinement and additional reinforcement

SS

MTAI-MTAIE
MTAID 15 19 22 27
system size

Confinement
reinforcement

Eﬁg‘fi‘jtFMsFt,;e]”gth 25 | 33 | 45 | 25 | 33 | 45 | 25 | 33 | 45 | 25 | 33 | 45
®s [mm] 380 | 335 | 275 | 410 | 360 | 315 | 470 | 400 | 340 | 500 | 440 | 390
®b [mm] 14 | 16| 16 | 16| 16 | 16 | 16 | 20 | 20 | 20 | 20 | 20
SL [mm] 450 | 375 | 350 | 510 | 425 | 400 | 600 | 480 | 420 | 660 | 540 | 480
p [mm] 50 | 50 | 50 | 60 | 50 | 50 | 60 | 60 | 60 | 60 | 60 | 60
No. of turns 85 | 85| 8 |95 95| 9 | 11| o | 8 | 12| 10| 9

Additional

reinforcement (*)

Concrete strength

fomo— cyl [MPa] 25 33 45 25 33 45 25 33 45 25 33 45

@rb [mm] 12 12 12 12 12 12 12 12 12 14 14 14
d [mm] 60 50 50 60 50 50 60 50 50 65 50 50
SS [mm] 490 | 400 | 325 | 540 | 450 | 365 | 610 | 490 | 395 | 680 | 540 | 430
No. of stirrups 9 9 9 9 10 11 9 10 12 11 12 13

(*) See paragraph 1.3.8
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Confinement and additional reinforcement

SS

MTAI-MTAIE-MTAID
f 31 37
system size
Confinement
reinforcement
Concrete strength
fom0-— oyt [MPa] 25 33 45 25 33 45
s [mm] 540 | 480 | 410 | 560 | 500 | 430
@b [mm] 20 20 20 20 20 20
SL [mm] 690 | 600 | 540 | 720 | 660 | 600
p [mm] 60 60 60 60 60 60
No. of turns 125 | 11 10 13 12 11
Additional reinforcement
(*)
Concrete strength
fom0 - oy [MPa] 25 33 45 25 33 45
®rb [mm] 14 14 14 16 14 14
d [mm] 65 50 50 65 50 50
SS [mm] 720 | 585 | 470 | 800 | 650 | 520
No. of stirrups 11 13 15 14 15 16
(*) See paragraph 1.3.8
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Center and edge distances

1 i
1
I
T
| J
L ]
Tested block dimensions a=b [mm]

MTAI System size 4 7 9 12 15 19 22 27 31 37
femo-cy = 25 MPa 270 355 400 465 520 580 630 700 755 840
femo-cy = 33 MPa 220 290 330 380 425 475 515 570 615 680
femo0-cy = 45 MPa 180 240 270 310 350 390 420 465 500 550

The actual spacing / center distance and edge distance in the structure shall comply with:

Ac=x-yza-b
x=0.85"-a
y=20.85-b

x’ 2 0.5 - x + concrete cover — 10 [mm]

y’ =2 0.5 - y + concrete cover — 10 [mm]

Concrete cover in accordance with European Standard EN 1992-1-1 and national regulations valid at the

place of use.

Post-tensioning system

Center and edge distances

Annex 26

of European Technical

Assessment ETA-08/0012

ETA 08/0012 — version 3 - of 23/01/2017 — Page 49 of 70




Technical features: system MTAI15S — MTAIE15S — MTAID 15S — MTG15S

MTAI15 - MTAIE15 — MTAID15 - MTG15

Steel grade Y1860

4MTAI TMTAI 9MTAI 12MTAI

Tendon type 4MTAIE TMTAIE 9IMTAIE 12MTAIE
4MTAID TMTAID 9MTAID 12MTAID
4MTG TMTG IMTG 12MTG
MTAI
5 ® 09 60
Strand pattern mﬁ:g 8es Qoo qo09
Strand pattern MTG (@
Number of strands n 4 7 9 12
Strand 150 mm? (T15S)
Nominal cross section Ap mm? 600 1050 1350 1800
Nominal mass kg/m 4.69 8.20 10.55 14.06
Ultimate force Fpk kN 1116 1953 2511 3348
Max stressing force kN 886 1550 1992 2656
0, max

Strand 139 mm? (T15)
Nominal cross section Ap mm2 556 973 1251 1668
Nominal mass kg/m 4.34 7.60 9.77 13.03
Ultimate force Fpk kN 1040 1820 2340 3120
“Pﬂoéiaitress'”g force kN 821 1436 1847 2462
Steel sheath ducts *
Inner diameter mm 45 62 72 80
Outer diameter mm 50 67 77 85
Corrugated plastic ducts *
Inner diameter mm 48 58 76 76
Outer diameter mm 63 73 91 91
HDPE Ducts
Inner diameter mm 55.8 66 79.2 96.8
Outer diameter mm 63 75 90 110

* suggested minimum dimensions. Bigger dimensions allowed as per paragraph 1.3.9

Post-tensioning system
Technical features - 1
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Technical features: system MTAI15S — MTAIE15S — MTAID 15S — MTG15S

MTAI15 - MTAIE15 — MTAID15 - MTG15
Steel grade Y1860

15MTAI 19MTAI 22MTAI 27MTAI
Tendon tvpe 15MTAIE 19MTAIE 22MTAIE 27MTAIE
yp 15MTAID 19MTAID 22MTAID 27MTAID
15MTG 19MTG 22MTG 27MTG
MTAI
Strand pattern MTAIE
MTAID
Strand pattern MTG
Number of strands n
Strand 150 mm? (T15S)
Nominal cross section Ap mm2 2250 2850 3300 4050
Nominal mass kg/m 17.58 22.27 25.78 31.64
Ultimate force Fpx kN 4185 5301 6138 7533
';,"Oax stressing force kN 3321 4206 4871 5978
, max
Strand 139 mm? (T15)
Nominal cross section Ap mm? 2085 2641 3058 3753
Nominal mass kg/m 16.29 20.63 23.89 29.32
Ultimate force Fpx kN 3885 4921 5698 6993
'\P"Oax stressing force kN 3078 3898 4514 5540
, max
Steel sheath ducts *
Inner diameter mm 85 95 100 110
Quter diameter mm 90 100 105 115
Corrugated plastic ducts *
Inner diameter mm 85 100 100 109
Outer diameter mm 100 116 116 126
HDPE Ducts
Inner diameter mm 96.8 110.2 110.2 123.4
Outer diameter mm 110 125 125 140

* suggested minimum dimensions. Bigger dimensions allowed as per paragraph 1.3.9

Post-tensioning system
Technical features - 2
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Technical features: system MTAI15S — MTAIE15S — MTAID 15S — MTG15S

MTAI15 - MTAIE15 — MTAID15 - MTG15
Steel grade Y1860

31MTAI 37TMTAI

Tendon type 31MTAIE 37TMTAIE
31MTAID 37MTAID
31MTG 37TMTG
MTAI
Strand pattern MTAIE
MTAID

Strand pattern MTG
Number of strands n
Strand 150 mm? (T15S)
Nominal cross section Ap mm? 4650 5550
Nominal mass kg/m 36.33 43.36
Ultimate force Fpx kN 8649 10323
II\DAOé:aitressmg force KN 6863 8192
Strand 139 mm? (T15)
Nominal cross section A mm?2 4309 5143
Nominal mass kg/m 33.66 40.18
Ultimate force Fpk kN 8029 9583
I;,/If:;tressing force KN 6361 7592
Steel sheath duct *
Inner diameter mm 115 130
Outer diameter mm 120 135
Corrugated plastic ducts *
Inner diameter mm 115 130
Outer diameter mm 135 151
HDPE Ducts
Inner diameter mm 141 141
Outer diameter mm 160 160

* suggested minimum dimensions. Bigger dimensions allowed as per paragraph 1.3.9
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Technical features: system MTAI15S — MTAIE15S — MTAID 15S — MTG15S

MTAI15 - MTAIE15 — MTAID15 - MTG15

Steel grade Y1770

4MTAI TMTAI IMTAI 12MTAI

Tendon tvpe 4MTAIE TMTAIE IMTAIE 12MTAIE
yP 4MTAID 7MTAID 9MTAID 12MTAID
AMTG TMTG IMTG 12MTG
MTAI
® (©l®)
Strand pattern MTAIE 080 50D o009
MTAID ) Y 009 000
o\
Strand pattern MTG (629)
Number of strands n 4 7 9 12
Strand 150 mm? (T15S)
Nominal cross section Ap mm? 600 1050 1350 1800
Nominal mass kg/m 4.69 8.20 10.55 14.06
Ultimate force Fpk kN 1064 1862 2394 3192
';,"Oax stressing force kN 842 1474 1895 2527
, max
Strand 139 mm? (T15)
Nominal cross section Ap mm? 556 973 1251 1668
Nominal mass kg/m 4.34 7.60 9.77 13.03
Ultimate force Fpk kN 984 1722 2214 2952
'\P"Oax stressing force kN 777 1361 1750 2333
, max

Steel sheath ducts *
Inner diameter mm 45 62 72 80
Outer diameter mm 50 67 77 85
Corrugated plastic ducts *
Inner diameter mm 48 58 76 76
Outer diameter mm 63 73 91 9
HDPE Ducts
Inner diameter mm 55.8 66 79.2 96.8
Outer diameter mm 63 75 90 110

* suggested minimum dimensions. Bigger dimensions allowed as per paragraph 1.3.9
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Technical features: system MTAI15S — MTAIE15S — MTAID 15S — MTG15S

MTAI15 - MTAIE15 — MTAID15 - MTG15
Steel grade Y1770

15MTAI 19MTAI 29MTAI 27MTAI
15MTAIE 19MTAIE
Tendon type 22MTAIE 27MTAIE
15MTAID 19MTAID 29MTAID 27MTAID
15MTG 19MTG
MTAI
Strand pattern MTAIE
MTAID
Strand pattern MTG
Number of strands n
Strand 150 mm? (T15S)
Nominal cross section Ap mm2 2250 2850 3300 4050
Nominal mass kg/m 17.58 22.27 25.78 31.64
Ultimate force Fpx kN 3990 5054 5852 7182
';,"Oax stressing force kN 3159 4001 4633 5686
, max
Strand 139 mm? (T15)
Nominal cross section Ap mm? 2085 2641 3058 3753
Nominal mass kg/m 16.29 20.63 23.89 29.32
Ultimate force Fpx kN 3690 4674 5412 6642
'\P"Oax stressing force kN 2916 3694 4277 5249
, max
Steel sheath ducts *
Inner diameter mm 85 95 100 110
Quter diameter mm 90 100 105 115
Corrugated plastic ducts *
Inner diameter mm 85 100 100 109
Outer diameter mm 100 116 116 126
HDPE Ducts
Inner diameter mm 96.8 110.2 110.2 123.4
Outer diameter mm 110 125 125 140

* suggested minimum dimensions. Bigger dimensions allowed as per paragraph 1.3.9
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Technical features: system MTAI15S — MTAIE15S — MTAID 15S — MTG15S
MTAI15 - MTAIE15 — MTAID15 - MTG15
Steel grade Y1770

31MTAI 37TMTAI
Tendon type 31MTAIE 37MTAIE
31MTAID 37MTAID

MTAI
Strand pattern MTAIE

MTAID
Strand pattern MTG
Number of strands n
Strand 150 mm? (T15S)
Nominal cross section Ap mm2 4650 5550
Nominal mass kg/m 36.33 43.36
Ultimate force Fp« kN 8246 9842
II\D/IO?:;tressing force KN 6529 7792
Strand 139 mm? (T15)
Nominal cross section Ap mm?2 4309 5143
Nominal mass kg/m 33.66 40.18
Ultimate force Fpk kN 7626 9102
I\P/Ij);:tressing force KN 6026 7193
Steel sheath duct *
Inner diameter mm 115 130
Outer diameter mm 120 135
Corrugated plastic ducts *
Inner diameter mm 115 130
Outer diameter mm 135 151
HDPE Ducts
Inner diameter mm 141 141
Outer diameter mm 160 160

* suggested minimum dimensions. Bigger dimensions allowed as per paragraph 1.3.9
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System MTAI — concreting and installation

System MTAIM — concreting and installation

Post-tensioning system
Construction phases -1
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System MTAIE — Assembly
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Grout 'nlef\

Grout cap

-
Vent pipe/

% N

Grouting of active anchorage MTAI (small re-usable cap)

Grouting of active anchorage MTAI (plastic permanent cap)

Post-tensioning system
Construction phases - 4
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Vent pipe

Grout inlet

Wedge keeper plate—|

Grouting of passive anchorage MTAIM
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Grouting of coupler system MTG
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Multi-strand jack spacing requirements

E [}
" ‘ — Y o @
= I j ‘ = =
L i i 3 W W
= F .
G [ro—
C [ro—
A —
Tendon
Jack type A B C D E F G H o
(strands | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [ded]
no.)
MT1000kN 4 990 200 525 165 250 225 390 100 9
MT1500kN 7 980 225 540 185 310 170 415 115 9
MT2500kN 9 1000 | 255 560 215 345 195 420 130 9

MT3000kN 12 1040 | 290 610 235 350 210 435 145 10

MT3500kN 15 1035 | 315 590 255 390 195 445 160 10

MT4500kN 19 1175 | 420 725 310 470 260 520 190 10

MT6000kN 22/27 1320 | 460 765 380 560 300 590 200 10

MT9000kN 31/37 1120 | 480 620 410 700 300 570 240 12

Post-tensioning system Annex 38

Stressing jacks spaces - 1 of European Technical
Assessment ETA-08/0012

ETA 08/0012 — version 3 - of 23/01/2017 — Page 61 of 70




Multi-strand jack spacing requirements - 2

i
w A o e}
Q Q S
0
2 o
’ v,
) 4
/)
L F
C
G
A
Tendon
Jack type A B C D E F G H a
(strands | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [ded]
no.)
MTA950kN 4 800 | 195 | 283 | 137 | 320 | 123 700 | 120 9
MTA1700kN 7 850 | 230 | 291 138 | 340 | 126 700 | 135 9
MTA2200kN 9 930 | 240 | 323 | 186 | 370 | 135 700 | 140 9
MTA2900kN 12 945 | 270 | 325 | 203 | 385 | 135 700 | 155 10
MTA3600kN 15 950 | 285 | 340 | 225 | 420 | 155 700 | 165 10
MTA4600kN 19 957 | 315 | 348 | 258 | 470 | 162 700 | 180 10
MTA5300kN 22 1121 | 345 | 405 | 276 | 520 | 218 750 | 195 10
MTA6500kN 27 1072 | 360 | 393 | 293 | 545 | 172 750 | 220 10
MTA7400kN 31 1125 | 450 | 451 380 | 585 | 225 750 | 245 12
MTA8800kN 37 1145 | 435 | 464 | 400 | 660 | 228 750 | 250 12
Post-tensioning system Annex 39
Stressing jacks spaces - 2 of European Technical

Assessment ETA-08/0012

ETA 08/0012 — version 3 - of 23/01/2017 — Page 62 of 70




Multi-strand jack spacing requirements - 3

WY

Tendon
Jack type A B C D E H a
(strands | [mm] | [mm] | [mm] | [mm] | [mm] | [mm] | [deg]
no.)
MS850kN 4 534 258 136 146 230 95 9
MS1500kN 7 850 225 166 235 280 130 9

MS2600kN 9-12 880 195 227 270 375 160 10
MS3000kN | 9-12-15 | 880 266 230 270 375 160 10
MS3500kN 12-15 878 254 230 285 390 160 10
MS4800kN 15-19 1185 | 281 280 330 470 185 10
MSG6800kN | 22-27 1242 | 275 310 395 560 230 12
MS9750kN | 31-37 1275 | 285 370 470 680 280 12
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Mono-strand jack requirements

o f [F [E 5
5 5 B &l
A |
A B C
Jack [mm] | [mm] | [mm]
PT200kN | 950 53 97
PT250kN | 930 54 97
PT300kN | 875 57 107
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Prescribed test plan - 1

Prescribed test Plan — 1

Component Item L Traceability @ A Documentation
Check frequency
material check 100 % “3.1B” @)
0,
bbbl detailed dimensions | test full 5 /°. yes
coupler > 2 specimen
visual inspection check 100 % no
material check 100 % “3.1B” @)
0,
Cast-iron body | detailed dimensions | test full > 3 /°. yes
= 2 specimen
visual inspection check 100 % no
material check 100% “3.1B” @)
0,
treatment, hardness | test > 0'5@ yes
= 2 specimen
detailed dimensions | test ° yes
= 2 specimen
visual inspection check 100% no
material check 100 % “3.1B” @)
Trumpet full 9
P detailed dimensions | test > 3 /°. yes
= 2 specimen
material check 100% “CE”
Duct - , . full
visual inspection check 100 % no
material check 100 % “CE” @
Strand diameter test full each coil no
visual inspection check each coil no
Constituents of | cement check 100% “CE”
filling materials full
as per EN 447 i
P admixtures, check 100% yes
additions
) material check 100 % yes
Helix - ; ; full
visual inspection check 100 % no
material check 100 % “3.1B” @)
Inner steel
, , , full 3%
cone detailed dimensions | test > . yes
> 2 specimen
Material check 100% “3.1B” @)
0,
Dielectric disk Detailed dimensions | test full >9 3 /°. yes
> 2 specimen
Visual inspection check 100% no
terial heck 100 %
Stirrups rr.1a ené , cnee full > yes
visual inspection check 100 % no
Grease material check full 100 % yes
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Prescribed test Plan — 2

Footnotes:

(1) ltem:
material: defined according to technical specification deposited by the supplier at CeremalTM
detailed dimensions: measuring of all dimensions and angles according to the specification given in the Control
Plan
visual inspection: means main dimensions, correct marking and labelling, surface, corrosion, coating, etc.

(2) Traceability:
Full: full traceability of each component to its raw material.
Bulk: traceability of each delivery of components to a defined point

(3) Inspection certificate type “3.1B” according to EN 10204.

(4) As long as the basis for CE marking for prestressing steel is not available, an approval certificate according to
the respective rules in force at the place of use shall accompany each deliver.

(5) Test report type “2.2” according to EN 10204.
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Audit testing

Component

Item ™ Test / Check @

Sampling — number of
components per audit

Anchor head /
Coupler

material according

e check, test
to specifications

detailed dimensions | test

visual inspection check

Cast-iron body

material according

e check, test
to specifications

detailed dimensions | test

visual inspection check

material according

A check, test 2

to specifications

treatment, hardness | test 2
Wedge detailed dimensions | test 1

main dimensions, test 5

surface hardness

visual inspection check 5
Single tensile ETAG 013 Annex .

test 1 series

element test E.3

(1) Item:

visual inspection: means main dimensions, correct marking and labelling, surface, corrosion, coating, etc.

(2) All samples shall be randomly selected and clearly identified.

Post-tensioning system
Audit testing
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Dimensions and properties of 7-wire strands according to prEN 10138-3 ()
(notations according to prEN10138-3, in squared brackets to ETAG013 where possible)

Steel name Y1770S7 | Y1860S7 | Y1770S7 | Y1860S7
Tensile strength Rm [fpk] MPa 1770 1860 1770 1860
Strand
Diameter D mm 15.7 15.7 15.2 15.2
Cross sectional area Sn [Ap] mm?2 150 150 139 139
Mass M g/m 1172 1172 1086 1086
Permitted deviation on nominal o +9
mass
Characteristic value of maximum KN 266 279 246 259
force Fm [Fpk]
Maximum value of maximum force KN 314 309 290 306
Fm—max

1cti 0,
characteristic value of 0,1% proof KN 234 246 216 298
force Fpo.1 [Fpo,1k]
Minimum elongation at maximum o 35
force Agt (Lo =2 500 mm) ? '
Relaxation after 1000 hours
at0,7Fn @ % 2.5
at0,8 Fn © % 4.5
Modulus of elasticity E MPa 195000

(1) Until prEN10138-3 remains a draft norm, standards and regulations valid at the place of installation can be
used.

(2) The requirement for 70% Fm is mandatory.

(3) Values for 80% Fm may be agreed between supplier and purchaser.
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Materials and standard references

Designation Material Standard
Anchor head / EN 10083-1: 2006
M
Coupler Quenched and tempered steel EN 10083-2- 2006
Cast-iron Cast ductile iron EN 1563: 2011
block
EN 10277-2: 2008
™M
Wedge Case hardened steel EN 10084: 2006
Innersteel | so35)R EN 10025: 2005
cone
Trumpet Polyethylene (PE) EN 1872: 2002
Helix Steel for reinforced concrete EN 10080: 2005
Stirrups Steel for reinforced concrete EN 10080: 2005
Ducts Metal sheath EN 523: 2003
High density polyethylene(HDPE)
Ducts quality not less than PE 80 or EN 12201 2011
PE100

Grout Cement, additives, water EN 447: 2007

, . Annex C.4.1,
Grease Mineral oil-based grease ETAGO13

(1) Exact materials and properties deposited at CeremalTM
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Reference documents

Guideline for European Technical Approval

e ETAGO013: 2002 “Guideline for European Technical Approval of post-
tensioning kits for prestressing of structures”

Standards

e EN 445: 2007 “Grout for prestressing of tendons — Test methods”

e EN 446: 2007 “Grout for prestressing of tendons — Grouting procedures”

e EN 447: 2007 “Grout for prestressing of tendons — Specification for
common grout”

e EN 523: 2003 “Steel strip sheaths for prestressing tendons -
Terminology, requirements, quality control”

e EN 1563: 2011 “Founding — Spheroidal graphite cast irons”

e prEN 10138-3: 2009 “Prestressing steel — Part 3: strands”

e EN 10204: 2004 “Metallic products — Types of inspection documents”

e EN 10083-1: 2006 “Quenched and tempered steel — Part 1: Technical
delivery conditions for special steels”

e EN 10083-2: 2006 “‘Quenched and tempered steel — Part 2: Technical
delivery conditions for unalloyed quality steels”

e EN 10084: 2006 “Case hardening steel — Technical delivery conditions
e EN 10080: 2005 “Steel for the reinforcement of concrete”
e EN 10025: 2005 “Hot rolled of structural steel”

e EN10277-2: 2008 Bright steel products - Technical delivery conditions - Part
2: Steels for general engineering purposes

e EN12201: 2011 “Plastic piping systems for water supply- Polyethylene”
e EN 13391: 2004 “Mechanical tests for post-tensioning systems”

e EN1992-1-1: 2005 “Eurocode 2: Design of concrete structures. Part 1-1:
General rules and rules for buildings”

CEN Workshop Agreement

e CWA 14646: 2003 “Requirements for the installation of post-tensioning kits
for prestressing of structures and qualification of the
specialist company and its personnel.”
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