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MK4 SYSTEM

Introduction
MeKano4 is specialised company that offers technical solutions for the construction
of bridges and structures, by providing to the market a wide product and service
range leading quality and services around the world.
Within our scope of activities, there is the design, supply and installation of stay
cables, postensioning, bridge bearings and expansion joints for bridges, together
with the supply of ground anchors and high tensile bars.
The MK4 postensioning system proposed, includes a gear range of anchorages,
accessories and the necessary equipment to respond to the technical requirements
for the construction of bridges and other structures.
The design and calculation of all the components were performed according to
the new European code ETAG-013, which veriﬁcation is an obligation in all posttensioning structures built in the European Union.
Our experience in many ﬁelds of post-tensioning applications and our team of
engineers and technicians are the guarantee for our success and to face new
challenges in the structural engineering ﬁeld. As application, we are providing
postensioning and cable stayed solutions for any structure as bridges, buildings,
tanks of liqueﬁed gas LNG, silos, covertures, communication towers, nuclear power
stations, suspended structures, etc.

The services provided by MeKano4 include the following
aspects:
• Technical assistance in all the phases of the project; from the design to the ﬁnal
execution.
• A large range of live end and dead end anchorages and couplers, being always
ready for any development or change according to the speciﬁcs needs of the project.
• The designed system was successfully tested according to the new European
standard ETAG-013 for postensioning systems.
• The possibility to use metallic and PE/PP ducts depending on the project
speciﬁcations.
• Automatic and lightweight stressing equipment.
• Study of alternative design or construction method as an improvement for the
optimum solution for every project.

Quality
MeKano4 has developed a complete Quality Assurance Programme conforming to
ISO 9001:2000 and according to the requirements of the new European code ETAG013 for Postensioning, including the design, production, supply and installation of all
the required PT works, as anchorages, auxiliary equipment; pushing strands, stressing and injection. By this way, this complete quality system covers all postensioning
work performed by MeKano4.
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THE STRESSING TENDON

The tendon is the basic element of a post tensioning system. A tendon comprises
one or more strands, constrained at both ends by a compact, efﬁcient and
easily installed anchorage and encapsulated throughout within a duct.
In the photograph a general scheme is shown of a tendon consisting of two part
tendons joined by a coupler.
All tendons can either be pre-assembled and pulled into the duct or the strands
pushed individually into the duct with the aid of a strand pusher, before or
after concreting to suit the construction sequence. All tendons are stressed with the
aid of hydraulic jacks.

Live End

Coupler

Dead End
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STRANDS

Strands
The strands used for post tensioning tendons are comprised of 7-wires low relaxation
steel. The most common diameters are 0.6” (15.2/15.7 mm) and 0.5” (12.7/12.9
mm) corresponding to tensile strengths of 1770/1860 N/mm2 and 1860 N/mm2
respectively.
The following table gives the main characteristics of each size of strand.
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DUCTS

Ducts
Post-tensioned tendons are encapsulated within the deck in a duct which is usually
manufactured in corrugated steel (sometimes galvanised) with a wall thickness
between 0.3 mm and 0.5 mm. In the table the sizes of the most frequently used ducts
can be found.
The ducts are normally supplied in 4-6 m lengths and are coupled on site. Ducts are
injected with cementatious grout, wax or other corrosion resistant compounds after
stressing.

HDPE and PP Ducts
For enhanced corrosion protection and fatigue resistance of the tendons, the use of
corrugated high strength polyethylene (HDPE) and polypropylene (PP) products is
highly recomended. We can supply the following diameters: 59, 76, 100, 115,130mm.
Please contact our technical department for further information.
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LIVE END ACHORAGE MSA

Live End Anchorage MSA
All anchorages are designed to the same principles, varying only in size and number
of strands.
Live End anchorages facilitate the introduction of a post tensioning force in the tendon with the tensioning operations carried out by hydraulic jacks.
The MSA Live End anchorages have been designed to comply with the most demanding of international standards such as PTI, BS, etc.
Each basic anchorage consists of a cast trumpet anchor plate and wedges. All the
elements of the anchorages and corresponding dimensions have been carefully
selected in order to achieve the greatest economy in design. (see table below)
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MULTIPLE COUPLER

Multiple Coupler MCB
An economic range of couplers has been designed for ease of assembly on site.
Couplers are used to give continuity to the tendons which due to their length or the
construction method used in the project, cannot be installed or tensioned as
one unit.
The ﬁrst-stage of the tendon is stressed and anchored in the normal way and the
dead end of the second-stage tendon is then assembled around it.
The complete coupler assembly is enclosed within a conical/cylindrical cover (trumpet) which has a grout inlet.
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DEAD END ANCHORAGES

Automatic Dead End Anchorage MPA
The unique MK4 Automatic Dead End anchorage MPA is intended to be used at one
end of a tendon, the other end being ﬁtted with a live end anchorage MSA.
Its principal characteristic is the automatic retention of the strands by the anchor
plate and its primary use is in situations where extrusion grips cannot be ﬁtted
satisfactorily due to space limitations.
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DEAD END ANCHORAGES

Semi-bonded Dead End Anchorage MPSB
The anchorage MPSB comprises a bearing plate, extrusion grips and retainer plate.
These anchorages are intended to be embedded in the structure and so take
advantage of the bond between the strand and concrete.
Where the force has to be transferred to the concrete exclusively via the bearing
plate, PE sleeves may be used over the portion of strands between the end of the
duct and bearing plate.
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DEAD END ANCHORAGES

Dead End Anchorage with Extrusion Grip MPT
In situations where the anchorages have to be cast into the concrete or are
inaccessible, a range of Dead End (Passive) anchorages are provided.
These Dead End anchorages MPT comprise trumpet, anchor plate, extrusion grips
and retention plate.
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LIVE END ANCHORAGES FOR SLABS

Live End Anchorage MUNB 1/0.6”
The MK4 unbonded mono-strand system uses 15 mm (0.6”) diameter strand and a
live end anchorage MUNB 1/0.6” which can also be used as a passive anchorage
by incorporating a seal cap and a spring. The strands feature a factory applied
corrosion protection system consisting of grease encasement in a polyethylene
sheath.

Flat Live End Anchorage ML4/0.6”
MK4 anchorages for slab post tensioning in buildings, bridge decks and other
applications consist of up to 5-strands of 15 mm (0.6”) diameter placed in a ﬂat duct
with corresponding anchorages ML4/0.6”. The strands are tensioned and locked off
individually using a mono-strand jack.
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LIVE END ANCHORAGES FOR SLABS

Flat Live End Anchorage ML4/0,5”
Another anchorage used in the slabs is ML4/0,5”, it has a similar design of ML4/0,6”,
but it is for strands of 0,5”. The used duct is of 72×18 mm.

Flat Dead End Anchorage MPC
For the dead end of the ﬂat anchorages ML, we propose the anchorage type MPC,
easy to execute and with high efﬁciency. The anchorage lengths and the dimensions
of the plate are indicated in the table.
For more information contact with technical department.
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UNITARY COUPLERS

Unitary Coupler MCU
The unitary coupler Type MCU is a single strand coupler –its main advantage being
that it can be used in a limited work space.
It is an ideal system for bridge decks with limited thickness, where a multiple junction
MCB might not ﬁt into the allowable space.

Stressed Unitary Coupler MUT
This Connector/Coupler consists of a twin barrel casting with opposing wedges
which serves both as a coupler and a stressing point to which the jack can be
applied.
Due to the unique geometry this connector/coupler can be used in applications
where another type of coupler will not ﬁt. The MUT unit is primarily used for the
tensioning of circular structures such as tanks and silos and stressing is carried out
using a mono-strand jack.
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TENDON PROPERTIES

(1) Po according Eurocode 2 [85% Fp0,1 or 75% Fpk]
(2) Po according EHE 98 [75%Fpk]
Notes: For compact strands options please contact with our technical departament.
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TENDON PROPERTIES

(1) Po according Eurocode 2 [85% Fp0,1 or 75% Fpk]
(2) Po according EHE 98 [75%Fpk]
Notes: For compact strands options please contact with our technical departament.
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STRESSING EQUIPMENT

Multi-Stressing Jacks. MS Series
The MK4 stressing jacks represent the fourth generation in multistressing equipment.
They incorporate innovative developments including compact design, high precision
and ease of handling.
The MK4 stressing jacks are essentially centre hole rams of the double acting type
with ﬁxed cylinder and moving piston and are designed to work at a pressure of 700
bar.
The jacks internal unit can be rotated thereby facilitating easy alignment with the
tendon.
The jacks can be operated in either the standard horizontal position or vertically and
features an automatic hydraulic “lock off” device to positively seat the wedges and,
thereby, minimise load losses at transfer.
All jacks are calibrated before delivery to site to establish individual force/pressure
characteristics.
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STRESSING EQUIPMENT

MK4 Monostressing Jacks. Arrow Series
The Arrow Jack is primarily designed for the stressing of single strand active
anchorages Type MUNB 1/0.6” and Flat Anchorages Type ML. This jack is
lightweight (easily manhandable) and incorporates a power lock off to ensure that
the wedges are correctly seated inside the barrel, thus preventing the release of the
strand under force.

Hydraulic Pumps
A full range of hydraulic pump equipment and central console units trolley mounted is
available.
In addition to the standard hydraulic pump BPT1 used with Arrow Jacks, MS1 and
MS2, the new large capacity hydraulic pump BPT11 is available. This pump is
intended to be used in tandem with the larger multi-strand jacks and is capable of
operating the largest MK4 jack that is currently in production.
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BLOCKOUT DIMENSIONS AND REQUIRMENTS

Blockout Dimensions and Requirments
Attached table showing the block-out dimensions and over-length of strands with the
space requirements for location of jacks.

Note: Changes may be made to the information contained in this brochure at any time as new
techniques and/or materials are developed.
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CALCULATION NOTES
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CALCULATION NOTES

Introduction
For the design and application of post-tensioned tendons, consideration should be
given to factors such as the following:
I
II
III
IV

•Limitation of the prestressing force
•Loss of prestress
•Tendon elongation
•Anchor block

The calculation methods that follow meet the requirements of the European Standard
EUROCODE 2 “Project of concrete structures” and the “Post-tensioning Manual” of
the PTI (Post-tensioning Institute).
If these notes are used in countries where other standards are applicable a check
should be made to ensure that calculations comply with local requirements.
Some paragraphs introduce notes referring to other standards, in this case the name
of the standard is indicated.

I. Limitation of the prestressing force
Maximum initial prestress
Immediately after anchoring, the force in the post-tensioned tendon should not
exceed the following values:
• EUROCODE-2 The minimum of the following values:
• 75% of the characteristic strength of the tendon
• 85% Yield strength (0,1% proof load)
• BS 5400-4

•70% of the characteristic strength of the tendon

Jacking force
The Jacking force may be increased during stressing over the value of the maximum
initial prestress up to the following limits:
• EUROCODE-2

• BS 5400-4

The minimum of the following values:
• 80% of the characteristic strength of the tendon
• 90% Yield strength (0,1% proof load)
•80% of the characteristic strength of the tendon

These jacking force maximum values can only be applied temporarily to the tendon.
Force in the tendon shall not exceed maximum initial prestress after transfer from the
jack to the anchorage.
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II. Loss of Prestress
The initial post-tensioning force applied to the live anchorage (Po) is transmitted along
the tendon, but decreases as a consequence of instantaneous and long term losses.
The effective post-tensioning force (Px) at each tendon point can be deduced as
follows:

where:
Px = post-tensioning force at a point located at x meters from the anchorage
Po = stressing force o initial post-tensioning force at anchorage (x=0)
ΔPi = instantaneous post-tensioning losses.
ΔPdif = long term post-tensioning losses.
In order to deﬁne with accuracy the value of Po, calibration curves for the equipment
(jacks and manometers) shall be provided.
For the instantaneous losses the following parameters have to be considered:
a) Friction of the duct with the tendon.
b) Draw in of the anchorage wedges.
c) Elastic deformation of the concrete.
For long term losses the following need to be considered:
d) Shrinkage of the concrete.
e) Creep of the concrete.
f ) Relaxation of the steel.

A. Instantaneous Losses
a) Friction Losses in the Duct
The losses due to friction are calculated in accordance with Coulomb formulae.

where:

coefﬁcient of angular friction (in rad-1).
accumulated angular deviation between points 0 and x (radians).
Wobble coefﬁcient per unit lenghth of tendon (in m-1).

The friction coefﬁcient depends on various factors such as the condition of the duct
inner surface, the condition of the strand external surface and the tendon layout.
When

the following approximate linear equation is used:

Figure 1
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b) Loss of Prestress at Transfer
A loss of prestress occurs when the load is transferred from the stressing jack to
the anchorage of the tendon. This loss of prestress during transfer is the result of
a shortening of the tendon at transfer due to the draw in of the anchorage wedges,
slippage of strand relative to the wedges and the adjustment of the anchorage plate
on the trumpet.
After stressing, the wedges are then ﬁrmly pushed into its anchorage by the
application of a hydraulic wedge seating feature. The jack is then retracted thus
transmitting the force of the tendon to the anchorage plate.
As a result of this procedure the wedge still penetrates into the anchorage for several
millimetres, until equilibrium of the tension and deformation is achieved. Slippage of
the strand and adjustment of anchorage plate are almost negligible. The culmination
of all these factors, results in a shortening of the tendon and therefore in a loss of
prestressing force, and is referred to as “Draw in of the wedge” amounting between
4 to 6 mm for the MeKano4 prestressing system.
Due to friction losses the loss of prestressing due to draw in of the wedges affects
only a certain length of the tendon from a maximum loss at the stressing anchorage
till a nil loss at a length “la“ from the anchorage.
In the case of short tendons, special attention should be given to the effect of the
losses due to the draw in of the wedges, since tension losses due to the same
tendon shortening are far higher in this case.

la is calculated in an iterative process.
Where:
Length affected by the draw in of the wedge (m).
Draw in of the wedge (4-6 mm) (m).
2
Modulus of Elasticity of the prestressing steel (kN/mm ).
2
Area of prestressing tendons (mm ).
Losses due to draw in of the wedge (P2) are calculated as follows:

c) Loss of Prestress due to Elastic Deformation of Concrete
During the stressing process of the tendons, concrete suffers an immediate elastic
shortening due to the compression force that is being introduced. If all tendons of
the concrete section are not stressed simultaneously, there is a progressive loss
of prestress due to the shortening of the tendons produced by the deformation of
the concrete. Assuming that all tendons experience a uniform shortening and are
stressed one after the other in a unique operation, losses can be calculated with the
following expression:
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Where:
σ cp: Concrete compressive stress at the level of the c.o.g. of the tendons due to the
post-tensioning force and actuating forces at the stressing moment.

Ecj : Modulus of elasticity of the concrete at j days.
e : Eccentricity of the tendon with reference to centre of gravity of the concrete section.
Ic : Second moment of area of the concrete section.
Mcp : Maximum moment in the concrete section.
Ac : Area of the concrete section.
n : Number of stressed tendons in the concrete section.
j : Age at application of prestressing force.

B. Long Term Losses
These prestress losses occur as a result of concrete creep and shrinkage as well as
strand steel relaxation.
Long term losses are calculated using the following formula:

Where:
n: Ratio between modulus of elasticity of the prestressing steel and the modulus of
elasticity of the concrete: Ep/Ec
ϕ (t,to): Creep coefﬁcient at the time of tensioning the tendons.
σ cp: Concrete compressive stress at the level of the c.o.g. of the tendons due to the
post-tensioning force, dead load and superimposed dead load.
εcs: Strain due shrinkage of the concrete.
Assumed as approximate value: εcs = 0.4 mm/m at time inﬁnite.
σ pr: Stress due to the steel relaxation:

: Relaxation value of prestressing steel at time inﬁnite.
Assumed as approximate values:
= 0,029 at 60% of GUTS
= 0,058 at 70% of GUTS
(GUTS – guaranteed ultimate tensile strength of prestressing steel)
yp = e: Distance between the centre of gravity of the concrete section and centre of
gravity of the prestressing tendons.
x = 0,8: coefﬁcient of concrete age.
Mcp: Moment due to dead load and superimposed dead load in the concrete section.

III. Tendon elongation
Stressing operation of tendons is carried out in a controlled process where elongation
and gauge pressures are measured at all steps.
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The ﬁnal elongation of a tendon, obtained by in situ calculation, is compared to the
theoretical elongation value in order to check if the result is acceptable.
The elongation of a post-tensioned tendon is assumed to be linear and is calculated
with the use of the Hooke’s Law.

Figure 2

Where:
Δl : Tendon elongation.
l : Length of the tendon.
ε.l : Tendon strain per unit of length.
σ s : Prestressing steel tensile stress (σ s= P/Ap).
Due to the post tensioning losses, the elongation is given as a function of the force
exerted on every section of the tendon.

The elongation is proportional to the area under the curve of the post-tensioning
force applied on the tendon (refer to ﬁgure 2).
Figure 3

Where:
l: Length of the tendon.
Px : Prestressing force at section “x” (Jacking force minus friction losses).
If the tendon has two live end anchors, it can be post-tensioned from both ends and
thus the elongation of the tendon is now proportional to the area under the graph of
both post tensioning forces applied at both ends of the tendon, i.e. proportional to
area A1+A2 (refer to ﬁgure 3).

IV. Anchor block
The anchor block is deﬁned as the highly stressed zone of concrete around the two
end points of a post-tensioned tendon. It extends from the tendon anchorage to that
section of the concrete at which linear distribution of stress is assumed to occur over
the whole cross section.
For the design of the anchor blocks it is convenient to consider and check two
different kind of stresses and forces that are produced around the prestressing
anchorage:
a) bearing stresses.
b) bursting tensile forces.
Checking the bearing stresses will help to determine if the type of anchorage that has
been chosen is valid and if the concrete compressive stress is acceptable.
Checking the bursting tensile forces will be necessary to evaluate the required
anchorage bursting reinforcement.
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a) Bearing Stresses
The force that is transmitted through the bearing zone of the anchorage to the end
block produces a high concrete compressive strength that can be evaluated as
follows:

Where:
P: Force applied on the anchorage.
Ab: Bearing area of the anchorage.
The bearing area for the different trumpets of the MK4 system anchors is as listed in
the following table.
The compression tension in the bearing zone of the anchorage should be checked at
two different stages:
• At transfer load (Jacking force).

Po: Maximum Jacking force applied to the anchorage at stressing.
Ab: Bearing area of the anchorage.
σ co: Concrete compressive stress at transfer load.
σ co should not exceed the lowest of the following two values of cpo (permissible
compressive concrete stress at transfer load).

Where:
fci: Concrete compressive strength at the time of stressing.
A’b: Area of the anchor block - Maximum area of concrete concentric with the
anchorage and limited by the concrete borders of the section or another anchor
block.
• At service load

σ cs: Concrete compressive stress at service load.

Ps: Prestressing force of the post-tensioned tendon at service.
Service load can be calculated deducting all type of prestress losses from the initial
force at the anchorage zone.
Assumed Service load: 80% of the jacking force.

σ cs should not exceed the lowest of the two following values of σ cps (permissible
compressive concrete stress at transfer load).
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Where:
fc: Characteristic concrete compressive strength.

b) Bursting Tensile Forces
In the anchor block some severe transversal tensile forces appear that should be
absorbed by steel reinforcement. These bursting tensile forces are produced from the
curvature of the force line and are originated at the bearing zone of the anchorage
where the force lines divert until they reach a uniform distribution.
Figure 6 shows the distribution of stresses due to the bursting tensile force,
perpendicular to the centre line of the tendon.
To determine the value of the bursting tensile forces the following formula can be
used.

Where:

Figure 6

Z: Total bursting tensile force.
fs: Design strength for the bursting reinforcement.
Assumed design strength:
400 N/mm2 * (for 500 N/mm2 Yield load Steel).
As: Area of steel required for the bursting reinforcement.
Po: Maximum jacking force at stressing.
Ω : Shape factor.
Assumed shape factors:
Ω =1 for anchors with a unique bearing plate without ribs.
Ω =0,93 for MeKano4 anchors with ribs.

* Note: Besides limiting the design strength for the bursting reinforcement to a
maximum of 80% of the yield load, it is also convenient to limit the stress to a value
corresponding to a steel strain of 0.002. This last limit has to be reduced to a steel
strain of 0.001 on areas where the concrete cover is less than 50 mm.
Anchorage bursting reinforcement for the MK4-MS anchors is listed in the
following table. To prepare the table following assumptions have been made:
Prestressing force = 85% of the characteristic strength of the tendon.
Ratio between anchorage upper plate side and anchor block side (a1/d) = 0.5.
Concrete compressive strength: 28 N/mm2 (Cylindrical test sample)

27

CALCULATION NOTES

Note: a1/d=0,5

Concrete compressive strength=28 N/mm2

If the value of a1/d is not equal to 0.5 and the concrete compressive strength is
different to 28 N/mm2, the bursting reinforcement listed on the table does not apply
and a new bursting reinforcement for the anchorage should be calculated.
Note: Changes may be made to the information contained in this brochure at any
time as new techniques and/or materials are developed.
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