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1 SCOPE OF THE EAD 

1.1 Description of the construction product 

The wire loop system for the connection of precast and in-situ concrete elements (in the following 
referred to as wire loop system) is a load transferring cast-in element, consisting of a box and two wire 
loops, for connecting a prefabricated concrete element to an in-situ concrete component or for 
connecting two in-situ concrete components. 

The box (according to figure 1.1/ 3) is made of steel sheet, in which two flexible wire loops made of high-
strength wire ropes are placed. The ends of the wire ropes (according to figure 1.1/ 1) are connected to 
each other by means of pressing clamps (according to figure 1.1/ 2). The pressed wire loop ends 
penetrating the bottom of the box and protruding from the back. The wire loops are securely fixed in the 
box, wherein the loop heads are folded in the initial state (pos. A according to figure 1.1). Before 
concreting of the connection component, the bent cable loops are folded out into their final position and 
fixed (pos. B according to figure 1.1). 

The surface of the box is equipped with a profiled surface to ensure sufficient bonding with the 
surrounding concrete. 

 

 

Figure 1.1 Wire loop system: type and geometry 
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Box profile 

The box profile consists of non-alloy steel. 

The box profile dimensions are given in Table 1.1. 

Table 1.1: Minimum dimensions covered by this EAD 

Box height hb ≥ 20 mm 

Box width bb   ≥ 50 mm 

Box length lb ≥ 150 mm 

Wire loop 

The wire loop consists of non-alloy steel. 

The wire loop dimensions are given in Table 1.2. 

Table 1.2: Minimum dimensions covered by this EAD 

Wire rope diameter dwr ≥ 6 mm 

Wire rope length lwr ≥ 100 mm 

Wire loop width blo ≤ hmin – 2 · cnom 

Wire loop length llo ≥ 100 mm 

Materials 

The wire loop system is produced of steel according to EN 10025-1 [1] 1 (box) and steel according to 
EN 12385-4 [6] (wire loop). 

The product is not covered by a harmonised European standard (hEN). 

Concerning product packaging, transport, storage, maintenance, replacement and repair it is the 
responsibility of the manufacturer to undertake the appropriate measures and to advise his clients on 
the transport, storage, maintenance, replacement and repair of the product as he considers necessary. 

It is assumed that the product will be installed according to the manufacturer’s instructions or (in absence 
of such instructions) according to the usual practice of the building professionals. 

Relevant manufacturer’s stipulations having influence on the performance of the product covered by this 
European Assessment Document shall be considered for the determination of the performance and 
detailed in the ETA. 

 

 

 

 

 

 

 

________________________________ 

1 All undated references to standards or to EADs in this EAD are to be understood as references to the dated 

versions listed in clause 4. 
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1.2 Information on the intended use of the construction product 

1.2.1 Intended use 

The wire loop system is intended to be used for connecting concrete components realized by embedding 
the different sides of wire loops in concrete at different times. The wire loop systems are intended to be 
installed in concrete precast elements or in components made of in-situ concrete. For this purpose, the 
boxes are securely fastened to the formwork in the area of a planned component joint before concreting. 
After casting of the component, the boxes act as permanent formwork in combination with the 
surrounding concrete. Before concreting of the connection component, the wire loops, which are initially 
folded into the steel-sheet-box, are folded out into their final position and fixed. A frictional connection 
between the two components is created by concreting the wire loops in the concrete connection 
component. 

The connector is intended to be used in compacted reinforced or unreinforced normal weight concrete 
without fibres with strength classes in the range C25/30 to C50/60 all in accordance with EN 206 [3]. 

 

Reinforcement according to A.2.2.1 

Wall to wall connection (standard detail, exemplary description of reinforcement due to wire loop system) 

   

Wall to column connection Wall to wall corner-connection Wall to wall T-connection 

  

                          Corner-connection                     T-Connection with angled loops 

 

Figure 1.2: Example of a wire loop system embedded in two concrete members 

  



European Assessment Document – EAD 332589-00-0601 7/29 

©EOTA 2022 

The minimum edge distances c1,min and c2,min and the minimum spacing smin are given by the 
manufacturer (see Figure 1.3). If the manufacturer does not specify these distances following minimum 
dimensions apply: 

𝑐1,𝑚𝑖𝑛 ≥  100 𝑚𝑚 

𝑐2,𝑚𝑖𝑛 ≥  25 𝑚𝑚 

𝑠𝑚𝑖𝑛 ≥  50 𝑚𝑚 

 

ℎ1,𝑚𝑖𝑛 =  𝑏𝑙𝑜 + 2 ∙ 𝑐2,𝑚𝑖𝑛     or     ℎ1,𝑚𝑖𝑛 =  𝑏𝑏 + 2 ∙ 𝑐2,𝑚𝑖𝑛  

ℎ2,𝑚𝑖𝑛 =  𝑙𝑤𝑟 + 𝑐𝑛𝑜𝑚  

 

 

 

Figure 1.3: Minimum thickness of the two connected concrete components and minimum 
spacing and edge distances of the box profiles 
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The wire loop system is intended to be used under static or quasi-static loads. The system can be used 
to transmit tension loads, shear loads perpendicular to the longitudinal axis of the joint, shear loads 
acting in direction of the longitudinal axis of the joint or any combination of these loads in accordance 
with Figure 1.4 into the concrete. 

 
 

Figure 1.4: Load directions: tension load, shear load and any combinations of these 

In this EAD the assessment is made to determine performances of the wire loop system which can be 
used for design according to: 

-  Technical Report TR 074 [5] 

1.2.2 Working life/Durability 

The assessment methods included or referred to in this EAD have been written based on the 
manufacturer’s request to take into account a working life of the wire loop system for the intended use 
of 50 years when installed in the works (provided that the wire loop system is subject to appropriate 
installation (see 1.1)). These provisions are based upon the current state of the art and the available 
knowledge and experience. 

When assessing the product, the intended use as foreseen by the manufacturer shall be taken into 
account. The real working life may be, in normal use conditions, considerably longer without major 

degradation affecting the basic requirements for works1. 

The indications given as to the working life of the construction product cannot be interpreted as a 
guarantee neither given by the product manufacturer or his representative nor by EOTA when drafting 
this EAD nor by the Technical Assessment Body issuing an ETA based on this EAD, but are regarded 
only as a means for expressing the expected economically reasonable working life of the product. 

  

 
2 The real working life of a product incorporated in a specific works depends on the environmental conditions to which that 

works is subject, as well as on the particular conditions of the design, execution, use and maintenance of that works. 

Therefore, it cannot be excluded that in certain cases the real working life of the product may also be shorter than referred 

to above. 

tension load 
z-direction (in direction of wire loop) 
 
shear load 
x-direction (perpendicular to longitudinal axis of box/joint) 
 
shear load 
y-direction (in longitudinal axis of box/joint) 
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1.3 Specific terms used in this EAD 

1.3.1 Abbreviations 

MPII = manufacturer’s product installation instructions  

Sls = serviceability limit state  

uls = ultimate limit state  

1.3.2 Notation 

x = direction perpendicular to longitudinal axis of the box/joint  

y = direction in the longitudinal axis of the box/joint  

z = direction of wire loop  

bb = box width [mm] 

hb = box height [mm] 

lb = box length [mm] 

lwr = wire rope length [mm] 

dwr = wire rope diameter [mm] 

llo = wire loop length [mm] 

blo = wire loop width [mm] 

cmin = minimum edge distance in general [mm] 

c1/2,min = minimum edge distance [mm] 

c1/2 = edge distance [mm] 

smin = minimum spacing in general [mm] 

hmin = minimum thickness of concrete member in general [mm] 

h1/2,min = minimum thickness of concrete member [mm] 

u,w = displacement [mm] 

fc = concrete compressive strength measured on cylinders [N/mm²] 

fck = nominal characteristic concrete compressive strength measured on cylinders 
[N/mm²] 

fck,test = nominal characteristic concrete compressive strength measured on cylinders 
referring to a series of tests [N/mm²] 

fc,cube = concrete compressive strength measured on cubes [N/mm²] 

fc,core = concrete compressive strength measured on cores [N/mm²] 

fctk,0.05 = nominal characteristic concrete tension strength [N/mm²] 

kn = statistical factor [-] 

cvF = coefficient of variation [-] 

K = empiric factor of minimum breaking load for a strength class of rope [-] 

nr = number of loops in one wire loop system [-] 

Rr = strength class of rope [N/mm²] 

t = time of test in progress [s] 

F = loading in general [kN] 

Fu = failure load in general [kN] 

Ftest = testing load in general [kN] 

Fu,test = (ultimate) failure load of a test [kN] 

FZ = applied tension load in direction z [kN] 
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Fx/y = applied shear load in direction x/y [kN] 

Fcyc,min = minimum value of cyclic testing load [kN] 

Fcyc,max = maximum value of cyclic testing load [kN] 

Fcyc,min,N = minimum value of cyclic tension testing load [kN] 

Fcyc,max,N = maximum value of cyclic tension testing load [kN] 

Fcyc,min,Vx/y = minimum value of cyclic shear testing load in direction x/y [kN] 

Fcyc,max,Vx/y = maximum value of cyclic shear testing load in direction x/y [kN] 

Fmin = minimum breaking load of wire rope [kN] 

Fcrack = corresponding load to joint expansion [kN] 

Fcrack,5% = 5%-fractile of the corresponding load to joint expansion [kN] 

Fcrack,y,5% = 5%-fractile of the corresponding load to joint expansion in direction y [kN] 

Fu,5% = 5%-fractile of failure loads [kN] 

Fu,x/y,5% = 5%-fractile of failure loads in direction x/y [kN] 

Fu,min = minimum failure load [kN] 

Fu,x/y,min = minimum failure load in direction x/y [kN] 

Fu,c = converted concrete failure load (nominal to actual compressive strength of 
concrete) [kN] 

Fu,c,m = converted mean concrete failure load (nominal to actual compressive strength of 
concrete) [kN] 

Ncd = estimated load level for tension tests [kN] 

Nu = failure load of tension test [kN] 

NRk = Characteristic resistance under tension load [kN] 

NRk,s = Characteristic resistance to steel failure under tension load [kN] 

NRk,c = Characteristic resistance to concrete failure under tension load [kN] 

NRk,c,u,5% = Characteristic resistance to concrete failure under tension load 
based of the 5%-fractile of the failure loads [kN] 

NRk,c,u,min = Characteristic resistance to concrete failure under tension load 
based on the minimum failure load [kN] 

NRk,c,crack = Resistance to concrete failure under tension load 
based on the corresponding loads to joint expansion [kN] 

Vcd,x/y = estimated load level for shear tests in direction x/y [kN] 

Vu,x/y = failure load of shear test in direction x/y [kN] 

VRk,x/y = Characteristic resistance under shear load in direction x/y [kN] 

VRk,c,x/y = Characteristic resistance to concrete failure under shear load in direction x/y [kN] 

VRk,c,x,lim = Characteristic limiting resistance to concrete failure under shear load in direction 
x, formed by the in-situ component in the wire loop system [kN] 

VRk,c,u,x/y,5% = Characteristic resistance to concrete failure under shear load in direction x/y 
on the basis of the 5%-fractile of the failure loads [kN] 

VRk,c,u,x/y,min = Characteristic resistance to concrete failure under shear load in direction x/y 
on the basis of the minimum failure load [kN] 

VRk,c,x/y,crack = Characteristic resistance to concrete failure under shear load in direction x/y 
on the basis of the corresponding loads to joint expansion [kN]  

VR,x,test = Decisive resistance to concrete failure under shear load in direction x 
determined on the basis of tests [kN]  
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2 ESSENTIAL CHARACTERISTICS AND RELEVANT ASSESSMENT 
METHODS AND CRITERIA 

2.1 Essential characteristics of the product 

Table 2.1 shows how the performance of the wire loop system for the connection of precast and in-situ 
concrete elements is assessed in relation to the essential characteristics. 

Table 2.1 Essential characteristics of the product and methods and criteria for assessing 
the performance of the product in relation to those essential characteristics 

No Essential characteristic Assessment 
method 

Type of expression of product 
performance 

Basic Works Requirement 1: Mechanical resistance and stability 

1 Characteristic resistance to steel failure under 
tension loading 

2.2.1 Level NRk,s 

2 Characteristic resistance to concrete failure 
under tension loading 

2.2.2 Level NRk,c,u,5% ; NRk,c,u,min ; 
NRk,c,crack   

3 Characteristic resistance under shear load 90° 

(perpendicular to longitudinal axis of joint) 

2.2.3 Level VRk,x or  

VRk,c,u,x,5% ; VRk,c,u,x,min ; 
VRk,c,x,crack   

4 Characteristic resistance under shear load 0° 

(in longitudinal axis of joint) 

2.2.4 Level VRk,c,u,y,5% ; VRk,c,u,y,min ; 
VRk,c,y,crack 

Basic Works Requirement 2: Safety in case of fire 

5 Reaction to fire 2.2.5 Class 

2.2 Methods and criteria for assessing the performance in relation to the 
essential characteristics 

This chapter is intended to provide instructions for TABs. Therefore, the use of wordings such as “shall 
be stated in the ETA” or “it has to be given in the ETA” shall be understood only as such instructions for 
TABs on how results of assessments shall be presented in the ETA. Such wordings do not impose any 
obligations for the manufacturer and the TAB shall not carry out the assessment of the performance in 
relation to a given essential characteristic when the manufacturer does not wish to declare this 
performance in the Declaration of Performance. 

2.2.1 Characteristic resistance to steel failure under tension loading 

Purpose of assessment 

Determination of the characteristic resistance to steel failure under tension loading 

Assessment method 

The characteristic resistance NRk,s of the wire loop system to steel failure under tension loading shall be 
determined as follows: 

𝑁𝑅𝑘,𝑠 =  𝑛𝑟 ⋅ 2 ⋅ 𝐹𝑚𝑖𝑛/ 1,5 (2.1) 

𝐹𝑚𝑖𝑛 =  𝐾 ∙ 𝑑𝑤𝑟
2  ∙ 𝑅𝑟  1000⁄  (2.2) 

K; Rr according to EN 12385-4 [6], Annex A  

dwr defined by manufacturer  

nr = 2 wire loop system with 2 loops  

 
Expression of results: 𝑁𝑅𝑘,𝑠 [kN] 
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2.2.2 Characteristic resistance to concrete failure under tension loading 

Purpose of assessment 

Determination of the characteristic resistance to concrete failure under tension loading 

Assessment method 

The characteristic resistance of the wire loop system to concrete failure under tension loading is based 
on tests. 

According to Table A.1 at least 3 cyclic tension tests shall be carried out. The description of the tests is 
given in A 4. 

For the evaluation of the tension test results the following values have to be considered and recorded 
during the test series: 

• sls: cycle load value Fcyc,min of minimum load and Fcyc,max of maximum load   → preset parameter 

• sls: load values Fcrack at joint expansion u = 0,3 mm (at the joint) → measured values 

• uls: failure loads Fu   → measured values 

The resistances are determined as follows: 

• uls: 5%-fractile Fu,5% of all failure load values 

The test results (failure load values) have to be converted in relation to the nominal characteristic 
concrete compressive strength (see A 7.3). The 5%-fractile Fu,5% of the failure load values has 
to be calculated according to statistical procedures for a confidence level of 75 % (see A 7.4). 

𝑁𝑅𝑘,𝑐,𝑢,5% =  0,9 ⋅ 𝐹𝑢,5% (2.3) 

 

• uls: minimum test value Fu,min of all failure load values 

The test results (failure load values) have to be converted in relation to the nominal characteristic 
concrete compressive strength (see A 7.3). 

𝑁𝑅𝑘,𝑐,𝑢,𝑚𝑖𝑛 =  𝐹𝑢,𝑚𝑖𝑛 (2.4) 

 

• sls: 5%-fractile Fcrack,5% of all load values at joint expansion u = 0,3 mm 

The 5%-fractiles Fcrack,5% of the load values have to be calculated according to statistical 
procedures for a confidence level of 75 % (see A 7.4). 

𝑁𝑅𝑘,𝑐,𝑐𝑟𝑎𝑐𝑘 =  1,425 ⋅ 0,9 ⋅ 𝐹𝑐𝑟𝑎𝑐𝑘,5% (2.5) 

 
If the load-deformation-behaviour of the wire loop system has been stable during the tests 
NRk,c,crack is calculated with the maximum load level Fcyc,max of the cyclic tension tests. 

𝑁𝑅𝑘,𝑐,𝑐𝑟𝑎𝑐𝑘 =  1,425 ⋅ 𝐹𝑐𝑦𝑐,𝑚𝑎𝑥/1,2 (2.6) 

 

Expression of results: NRk,c,u,5% ; NRk,c,u,min ; NRk,c,crack  [kN] 

2.2.3 Characteristic resistance under shear load 90° (perpendicular to the longitudinal axis 
of the joint)  

Purpose of assessment 

Determination of the characteristic resistance to concrete failure under shear load 90° (perpendicular to 
the longitudinal axis of joint) 

Assessment method 

The resistance VRk,x of the wire loop system under shear loading perpendicular to the longitudinal axis 
of the joint is based on calculation which is verified by a series of tests with representative size. 

According to Table A.1 at least 3 cyclic shear tests shall be carried out. The description of the tests is 
given in A 5. 
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Assessment by calculation 

The resistance VRk,x is the result of the following calculations (minimum value is decisive): 

• The resistance VRk,c,x results from the resistance of the concrete edge/flank of the precast 
concrete component beside the wire loop system: 

𝑉𝑅𝑘,𝑐,𝑥 =  16,7 ⋅ √𝑓𝑐𝑘 ⋅ 𝑐2
1,5 (2.7) 

c2  ≥  c2,min c2,min according to Section 1.2.1  

 

• The resistance is limited by the shear resistance VRk,c,x,lim of the concrete console formed by 
the in-situ concrete component in the wire loop system: 

𝑉𝑅𝑘,𝑐,𝑥,𝑙𝑖𝑚 =   
2

3
⋅ 𝑏𝑏 ⋅ 𝑙𝑏 ⋅ 1,8  (2.8) 

bb ; lb defined by manufacturer  

 
VRk,x = min (VRk,c,x ; VRk,c,x,lim) (2.9) 

 

Assessment by tests 

For the evaluation of the shear test results the following values have to be considered and recorded 
during the test series: 

• sls: cycle load value Fcyc,min of minimum load and Fcyc,max of maximum load   → preset parameter 

• uls: failure loads Fu   → measured values 

The shear resistance is the result of the following evaluations: 

• uls: 5%-fractile Fu,x,5% of all failure load values 

The test results (failure load values) have to be converted in relation to the nominal characteristic 
concrete compressive strength (see A 7.3). The 5%-fractile Fu,x,5% of the failure load values have 
to be calculated according to statistical procedures for a confidence level of 75 % (see A 7.4). 

𝑉𝑅𝑘,𝑐,𝑢,𝑥,5% =  0,9 ⋅ 𝐹𝑢,𝑥,5% (2.10) 

 

• uls: minimum test value Fu,x,min of all failure load values 

The test results (failure load values) have to be converted in relation to the nominal characteristic 
concrete compressive strength (see A 7.3). 

𝑉𝑅𝑘,𝑐,𝑢,𝑥,𝑚𝑖𝑛 =  𝐹𝑢,𝑥,𝑚𝑖𝑛 (2.11) 

 

• sls: maximum load level Fcyc,max of the cyclic shear tests 

VRk,c,x,crack can be calculated with the maximum load level Fcyc,max of the cyclic shear tests if the 
load-deformation-behaviour of the wire loop system has been stable during the tests. 

𝑉𝑅𝑘,𝑐,𝑥,𝑐𝑟𝑎𝑐𝑘 =  1,425 ⋅ 𝐹𝑐𝑦𝑐,𝑚𝑎𝑥/ 1,2 (2.12) 

 
VR,x,test = min ((VRk,c,u,x,5% /1,5) ; (VRk,c,u,x,min /2,0); VRk,c,x,crack)  (2.13) 

 
If VR,x,test  ≥ VRk,x  /1,5 then VRk,x is given in the ETA (Case A). 

If VR,x,test < VRk,x  /1,5  all sizes have to be tested and VRk,c,u,x,5% ; VRk,c,u,x,min ; VRk,c,x,crack  are given in the 
ETA (Case B). 

Expression of results:  

Case A: VRk,x [kN] or 

Case B: VRk,c,u,x,5% ; VRk,c,u,x,min ; VRk,c,x,crack  [kN] 



European Assessment Document – EAD 332589-00-0601 14/29 

©EOTA 2022 

2.2.4 Characteristic resistance under shear load 0° (in longitudinal axis of the joint) 

Purpose of assessment 

Determination of the characteristic resistance to concrete failure under shear load 0° (in longitudinal axis 
of the joint) 

Assessment method 

The characteristic resistance of the wire loop system under shear loading in the longitudinal axis of the 
joint is based on tests. 

According to table A.1 at least 3 cyclic shear tests shall be carried out. The description of the tests is 
given in A 6. 

For the evaluation of the shear test results the following values have to be considered and recorded 
during the test series: 

• sls: cycle load value Fcyc,min of minimum load and Fcyc,max of maximum load   → preset parameter 

• sls: load values Fcrack at joint expansion u = 0,3 mm (at the joint) → measured values 

• uls: failure loads Fu   → measured values 

 

The resistances are determined as follows: 

• uls: 5%-fractile Fu,y,5% of all failure load values 

The test results (failure load values) have to be converted in relation to the nominal characteristic 
concrete compressive strength (see A 7.3). The 5%-fractile Fu,y,5% of the failure load values have 
to be calculated according to statistical procedures for a confidence level of 75 % (see A 7.4). 

𝑉𝑅𝑘,𝑐,𝑢,𝑦,5% =  0,9 ⋅ 𝐹𝑢,𝑦,5% (2.14) 

 

• uls: minimum test value Fu,y,min of all failure load values 

The test results (failure load values) have to be converted in relation to the nominal characteristic 
concrete compressive strength (see A 7.3). 

𝑉𝑅𝑘,𝑐,𝑢,𝑦,𝑚𝑖𝑛 =  𝐹𝑢,𝑦,𝑚𝑖𝑛 (2.15) 

 

• sls: 5%-fractile Fcrack,y,5% of all load values at joint expansion u = 0,3 mm 

The 5%-fractiles Fcrack,y,5% of the load values have to be calculated according to statistical 
procedures for a confidence level of 75 % (see A 7.4). 

𝑉𝑅𝑘,𝑐,𝑦,𝑐𝑟𝑎𝑐𝑘 =  1,425 ⋅ 0,9 ⋅ 𝐹𝑐𝑟𝑎𝑐𝑘,𝑦,5% (2.16) 

 
Alternatively VRk,c,y,crack can be calculated with the maximum load level Fcyc,max of the cyclic shear 
tests if the load-deformation-behaviour of the wire loop system has been stable during the tests. 

𝑉𝑅𝑘,𝑐,𝑦,𝑐𝑟𝑎𝑐𝑘 =  1,425 ⋅ 𝐹𝑐𝑦𝑐,𝑚𝑎𝑥/ 1,2 (2.17) 

 
Expression of results: VRk,c,u,y,5% ; VRk,c,u,y,min ; VRk,c,y,crack [kN] 

2.2.5 Reaction to fire 

The wire loop system made of steel is considered to satisfy the requirements for performance class A1 
of the characteristic reaction to fire in accordance with the Commission Decision 96/603/EC, as 
amended by Commission Decisions 2000/605/EC and 2003/424/EC, without the need for testing on the 
basis of it fulfilling the conditions set out in that Decision and its intended use being covered by that 
Decision. 

Therefore, the performance of such wire loop system is class A1. 
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3 ASSESSMENT AND VERIFICATION OF CONSTANCY OF 
PERFORMANCE 

3.1 System(s) of assessment and verification of constancy of performance to 
be applied 

For the product covered by this EAD the applicable European legal act is Commission Decision 
96/582/EC. 

The system is 1. 

3.2 Tasks of the manufacturer 

The cornerstones of the actions to be undertaken by the manufacturer of the wire loop system for the 
connection of precast concrete walls in the procedure of assessment and verification of constancy of 
performance are laid down in Table 3.2. 

Table 3.2 Control plan for the manufacturer; cornerstones 

No Subject/type of control 
 

Test or control 
method 

Criteria, 
if any 

Minimum 
number of 
samples 

Minimum 
frequency of 

control 

Factory production control (FPC) 
[including testing of samples taken at the factory in accordance with a prescribed test plan] 

1 Wire rope, ferrule 

Characteristics of raw material 

Inspection 
certificate 3.1 
according to 
EN 10204 [8] 

Laid down in 
control plan 

1 every 
batch/delivery of 

material 

2 Wire rope 

Dimensions and construction 

Measuring by 
caliper and 

optical control 

Laid down in 
control plan 

1 every 
batch/delivery of 

material 

3 Ferrule 

Dimensions 

Measuring by 
caliper 

Laid down in 
control plan 

1 every 
batch/delivery of 

material 

4 Wire loop, box 

Dimensions 

Measuring by 
caliper and 

optical control 

Laid down in 
control plan 

1 1st per 1.000 
produced boxes 

5 Wire loop 

Minimum breaking load 

Tensile test Laid down in 
control plan 

1 1st per 4.000 
produced boxes 
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3.3 Tasks of the notified body 

The cornerstones of the actions to be undertaken by the notified body in the procedure of assessment 
and verification of constancy of performance for the wire loop system for the connection of precast 
concrete walls are laid down in Table 3.3. 

Table 3.3 Control plan for the notified body; cornerstones 

No Subject/type of control Test or control 
method 

Criteria, if 
any 

Minimum 
number of 
samples 

Minimum 
frequency 
of control 

Initial inspection of the manufacturing plant and of factory production control 

1 Notified Body will ascertain that 
the factory production control 
with the staff and equipment are 
suitable to ensure a continuous 
and orderly manufacturing of the 
wire loop system. 

Verification of the 
complete FPC as 
described in the 
control plan agreed 
between the TAB and 
the manufacturer 

According 
to Control 
plan 

Accor-ding 
to Control 
plan 

1, When 
starting the 
production 
or a new 
line 

Continuous surveillance, assessment and evaluation of factory production control 

2 The Notified Body will ascertain 
that the system of factory 
production control and the 
specified manufacturing process 
are maintained taking account of 
the control plan. 

Verification of the 
controls carried out by 
the manufacturer as 
described in the 
control plan agreed 
between the TAB and 
the manufacturer with 
reference to the raw 
materials, to the 
process and to the 
product as indicated 
in Table 3.2 

According 
to Control 
plan 

Accor-ding 
to Control 
plan 

1/year 
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 DETAILS OF TESTS AND GENERAL ASSESSMENT OF TEST RESULTS 

A.1 Test program 

Table A.1 Test program 

No Test Concrete 
strength 

Number of 
tests 

Section 

1 Cyclic tension tests + initial static tests C25/30  3 + 3 Annex A 4 

2 Cyclic shear tests 90° + initial static tests 

(perpendicular to longitudinal axis of the joint) 

C25/30  3 + 3 Annex A 5 

3 Cyclic shear tests 0° + initial static tests 

(in longitudinal axis of the joint) 

C25/30  3 + 3 Annex A 6 
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A.2 Test samples, test members, installation and test equipment 

 Provisions for all tests 

It is recommended that handling of the tests and calibration items are performed in accordance with 
EN ISO/IEC 17025 [9]. 

 Test members 

A.2.2.1.General 

For the concrete test members shall be used compacted normal weight concrete without fibres with 
strength class of C25/30 according to EN 206 [3]. 

The test members shall be designed with minimum thickness, the wire loop system should be situated 
with minimum distances between the boxes and minimum edge distances.  

The reinforcement of the test member shall consist of a longitudinal reinforcement bars and stirrup 
reinforcement framing the edges of both concrete members specified by the manufacturer. 

If the manufacturer does not specify the reinforcement the following minimum reinforcement apply: 

Two longitudinal bars 10 mm at the corners and stirrup reinforcement 6/150 mm in precast elements, 

a longitudinal bar 12 mm through the loops and reinforcement 1,88 cm²/m in both directions for in-situ 
elements. 

A.2.2.2.Aggregates 

Aggregates shall be of natural occurrence (i.e. non-artificial) and with a grading curve falling within the 
boundaries given in figure A.1. The maximum aggregate size shall be 16 mm. The aggregate density 
shall be between 2.0 and 3.0 t/m3 (see EN 206 [3]). 

The boundaries reported in figure A.1 are valid for aggregate with a maximum size of 16 mm. For 
different values of maximum aggregate sizes, different boundaries may be adopted, if previously agreed 
with the responsible TAB. 

 
Figure A.1: Admissible region for the grading curve 

 

A.2.2.3.Cement 

The concrete shall be produced using Portland cement Type CEM I or Portland-Composite cement Type 
CEM II/A-LL, CEM II/B-LL (see EN 197-1 [10]) 

A.2.2.4.Water/cement ratio and cement content 

The water/cement ratio shall not exceed 0,75 and the cement content shall be at least 240 kg/m3. 

No additives likely to change the concrete properties (e.g. fly ash, or silica fume or other powders) shall 
be included in the mixture. 
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A.2.2.5.Concrete strength  

The tests according to Table A.1 are carried out in standard concrete (strength class C25/30 according 
to EN 206 [3]). The following mean compressive strengths at the time of testing shall be reached: 

C25/30 fc = 25 - 35 MPa (cylinder: diameter 150 mm, height 300 mm)  

 fc,cube = 30 - 40 MPa (cube:150 x 150 x 150 mm)  

It is recommended to measure the concrete compressive strength either on cylinders with a diameter of 
150 mm and height of 300 mm, or on cubes of 150 mm. 

The following conversion factors for concrete compressive strength from cube to cylinder may be used: 

C25/30 
𝑓𝑐 =

1

1,20
∙ 𝑓𝑐,𝑐𝑢𝑏𝑒 

(A.1) 

For other dimensions, the concrete compressive strength may be converted as follows: 

 
𝑓𝑐,𝑐𝑢𝑏𝑒100 =

1

0,95
∙ 𝑓𝑐,𝑐𝑢𝑏𝑒 

(A.2) 

 
𝑓𝑐,𝑐𝑢𝑏𝑒 =

1

0,95
∙ 𝑓𝑐,𝑐𝑢𝑏𝑒200 

(A.3) 

 𝑓𝑐,𝑐𝑢𝑏𝑒 = 𝑓𝑐,𝑐𝑜𝑟𝑒100    (according to EN 13791 [2], Section 7.1) (A.4) 

 

For every concreting operation, specimens (cylinder, cube) shall be prepared having the dimensions 
conventionally employed in the member country. The specimens shall be made, cured and conditioned 
in the same way as the test members. 

Generally, the concrete control specimens shall be tested on the same day as the wire loop system to 
which they relate. If a test series takes a number of days, the specimens shall be tested at a time giving 
the best representation of the concrete strength at the time of the wire loop system tests, e.g. at the 
beginning and at the end of the tests. In this case the concrete strength at the time of testing can be 
determined by interpolation. 

The concrete strength at a certain age shall be measured on at least 3 specimens. The mean value of 
the measurements governs. 

 Test equipment 

Tests shall be carried out using measuring equipment having a documented calibration according to 
international standards. The load application equipment shall be designed to avoid sudden increase in 
load especially at the beginning of the test. The measurement bias of the measuring chain of the load 
shall not exceed 2% of the measured quantity value. 

The test members shall be situated in the testing machine as the following: 

• centric load initiation, outside the anchoring zone of the rope wires 

• restrained perpendicular to the direction of the test force, avoiding centering and constraint 
forces 

• the testing system shall allow asymmetric expansion of the joint and asymmetric 
displacements of both test member halves 
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A.3 Test procedure – general aspects 

The wire loop systems shall be installed in accordance with the MPII, except where special conditions 
are specified in the following test series. 

During the tests the following values are at least to be measured and reported: 

• displacement (u) and force (Ftest) of the tension testing machine 

• displacements perpendicular of the component joint sides (joint expansion) 

• relative displacements of the component joint sides (parallel/perpendicular shift of the joint) 

• forces of spreading bars in case of parallel shear force tests with intended joint expansion 
in z-direction 

• local displacements by inductive displacement sensors 

Table A.2 Displacement sensors 

type of test abbreviation measuring point on test member 
definition of 
measuring 

direction of 
measuring 

measuring 
element 

T
e
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n
 t

e
s
ts
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c
c
o
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g
 t
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 A
.1

, 
N

o
 1

 

u1,z joint, front side, upper position 

joint expansion 
perpendicular to joint 

z-direction 
e.g. 
displacement 
sensor 

u2,z joint, front side, lower position 

u3,z joint, back side, upper position 

u4,z joint, back side, lower position 

S
h

e
a
r 

te
s
ts

 9
0
° 

(p
e
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e

n
d
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u
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u1,z joint, front end face, upper position 

joint expansion 
perpendicular to joint 

z-direction 

e.g. 
displacement 
sensor 

u2,z joint, front end face, lower position 

u3,z joint, back end face, upper position 

u4,z joint, back end face, lower position 

w1,x joint, front end face, central position 
displacement of test 
specimens against 
each other 
perpendicular to joint 

x-direction 
w2,x joint, back end face, central position 

S
h

e
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r 
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u1,z joint, front side, upper position 

joint expansion 
perpendicular to joint 

z-direction 
e.g. 
displacement 
sensor 

u2,z joint, front side, lower position 

u3,z joint, back side, upper position 

u4,z joint, back side, lower position 

w1,y joint, front side, central position 
displacement of test 
specimens against 
each other parallel to 
joint 

y-direction 
w2,y joint, back side, central position 

 

The following occurrences are at least to be recorded (protocol and photos): 

• manufacturing and concreting of the test members 

• test member before/during/after the test 

• recording of occurring displacements, cracking and spalling of concrete 

• test member behaviour during loading, load alternation (load cycling), at maximum load 

• examination of the joint by uncovering the wire loop system after the test 
 

A.4 Cyclic tension test 

 General 

To be observed: 

• Thickness of test member 

• Axial position of wire loop system 

• Axial load application referring to the loops (without affecting the area of anchoring of loops) 
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 Test setup 

 

 

 Determination of load levels for cyclic loading 

Before carrying out the tests, the load level of cyclic loading (Fcyc,min,N ; Fcyc,max,N) has to be determined. 

Load levels of cyclic loading: 

𝐹𝑐𝑦𝑐,𝑚𝑖𝑛,𝑁 = 0,15 ⋅ 𝑁𝑐𝑑 (A.5) 

𝐹𝑐𝑦𝑐,𝑚𝑎𝑥,𝑁 = 1,20 ⋅ 𝑁𝑐𝑑 (A.6) 

 
The load level can be derived on the basis of the maximum failure loads Nu of at least 3 initial static 
tests. 
The initial tests shall be performed with the test setup according to A 4.2. The test procedure contains 
tension tests until failure of test member or until immediate or steady load decline. 

𝑁𝑐𝑑 =
𝑁𝑢

2,8
 (A.7) 

 

If pre-tests are performed and the value 𝑁𝑅𝑑  is known, the load level can be determined as follows 
(without additional initial static tests).  

𝑁𝑐𝑑 =
𝑁𝑅𝑑

1,4
 (A.8) 

 Test procedure 

1. starting test by applying initial load: Fcyc,min,N 
2. reset of measuring equipment 
3. displacement-controlled increase of load (loading) until first crack in joint occurs 
4. unloading to minimum load: Fcyc,min,N (time for unloading approx. 10 sec.) 
5. 25 load-cycles (2 cycles/min, sinusoidal or triangular load application) 

(minimum load level: Fcyc,min,N  /  maximum load level: Fcyc,max,N) 
6. unloading to minimum load: Fcyc,min,N (time for unloading approx. 10 sec.) 
7. displacement-controlled loading (1 mm/min) until stabilization of load (constant load by increasing 

displacement) or joint expansion u1/2/3/4,z = 2 mm 
8. unloading to minimum load: Fcyc,min,N (time for unloading approx. 10 sec.) 
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9. displacement-controlled reloading (3 mm/min) until: 
failure of test member / immediate or steady load decline / max. displacement of test machine 

cylinder / displacement of u1/2/3/4,z = 40 mm 

 

Load history 

 
 

A.5 Cyclic shear test 90° (perpendicular to the longitudinal axis of joint) 

 General 

The test setup for investigating the resistance VRk,x under shear load 90° (perpendicular to the 
longitudinal axis of the joint) is shown in an abstract form in Section A 5.2. The tests have to be carried 
out on specimens positioned horizontally. 

The tests are focused on the resisting force that can be transmitted in the contact joint between the 
precast element (shown in light grey) and the attached concrete element (shown in dark grey). To 
perform the loading tests, the specimens consisting of the two connected parts shall be placed in the 
testing facility. The specimens are to be subjected to the test force in opposite directions in order to 
generate a force Fx acting in the contact joint. 

For the tests an appropriate setup was chosen that allows the joint to be subjected to a pure shear load 
resulting of the test force. The test force is applied as a compressive force via a load beam supported 
on steel rollers placed on the test specimen. In order to ensure an even, linear distribution of the load 
onto the test specimen, steel strips with felt strips are located between the steel rollers and the concrete 
surface. With this slight unevenness can be compensated. 

The cracks in the contact joint are generated by means of steel cleats which are pushed through 
recesses in the test specimens. Two adjustable spreading bars (threaded rods) are placed on each side 
between the ends of the opposite cleats. 

Due to the arrangement of the support- and load introduction points, the joint is subjected to a torque-
free shear force by the test force. With this the concrete flank of the precast element and the mortar 
tooth of the concrete element are loaded systematic as load-bearing elements. 
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 Test setup 
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 Determination of load levels for cyclic loading 

Before carrying out the tests, the load level of cyclic loading (Fcyc,min,Vx ; Fcyc,max,Vx) has to be determined. 

Load levels of cyclic loading: 

𝐹𝑐𝑦𝑐,𝑚𝑖𝑛,𝑉𝑥 = 0,15 ⋅ 𝑉𝑐𝑑,𝑥 (A.9) 

𝐹𝑐𝑦𝑐,𝑚𝑎𝑥,𝑉𝑥 = 1,20 ⋅ 𝑉𝑐𝑑,𝑥 (A.10) 

 
The load level can be derived on the basis of the maximum failure loads Vu,x of at least 3 initial static 
tests. 
The initial tests shall be performed with the test setup according to A 5.2. The test procedure contains 
shear tests until failure of test member or until immediate or steady load decline. 

𝑉𝑐𝑑,𝑥 =
𝑉𝑢,𝑥

2,8
 (A.11) 

 
If pre-tests are performed and the value 𝑉𝑅𝑑,𝑥  is known, the load level can be determined as follows 

(without additional initial static tests).  

𝑉𝑐𝑑,𝑥 =
𝑉𝑅𝑑,𝑥

1,4
 (A.12) 

 

 Test procedure 

1. starting test by applying initial load: Fcyc,min,Vx 
2. reset of measuring equipment 

3. setting joint expansion u1/2/3/4,z = 0,50 mm by tightening spreading bars 
4. 25 load-cycles (2 cycles/min, sinusoidal or triangular load application) 

(minimum load level: Fcyc,min,Vx  /  maximum load level: Fcyc,max,Vx) 
5. unloading to minimum load: Fcyc,min,Vx (time for unloading approx. 10 sec.) 

6. displacement-controlled loading (0,7 mm/min) until w1/2,x = 0,3 mm 
7. unloading to minimum load: Fcyc,min,Vx (time for unloading approx. 10 sec.) 
8. remove joint expansion by opening spreading bars 
9. remove measuring equipment (displacement sensors u) 
10. displacement-controlled reloading (1 mm/min) until: 

failure of test member / immediate or steady load decline / max. displacement of test machine 

cylinder / displacement of w1/2,x = 40 mm 

 

Load history 
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A.6 Cyclic shear test 0° (in longitudinal axis of joint) 

 General 

The test setup for investigating the resistance VRk,y under shear load 0° (in the longitudinal axis of the 
joint) is shown in an abstract form in Section A 6.2. Depending on the test setup available, the tests can 
be carried out on specimens positioned either vertically or horizontally. The positioning of the test 
specimens has no influence on the final test results. 

The tests are focused on the resisting force that can be transmitted in the contact joint between the 
precast element (shown in light grey) and the attached concrete element (shown in dark grey). To 
perform the loading tests, the specimens consisting of the two connected parts shall be placed in the 
testing facility. The specimens are to be subjected to the test force in opposite directions in order to 
generate a force Fy acting in the contact joint. 

The test specimens are to be fixed in the test facility by means of two test frames made of steel in which 
they are fixed in a force-fitted and secure position. It has to be ensured that compressive forces acting 
perpendicular to the contact joint (resulting of eccentric force application) are avoided. 

The cracks in the contact joint are generated by means of steel cleats which are pushed through 
recesses in the test specimens. Two adjustable spreading bars (threaded rods) are placed on each side 
between the ends of the opposite cleats. 
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 Test setup 
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 Determination of load levels for cyclic loading 

Before carrying out the tests, the load level of cyclic loading (Fcyc,min,Vy ; Fcyc,max,Vy) must be determined. 

Load levels of cyclic loading: 

𝐹𝑐𝑦𝑐,𝑚𝑖𝑛,𝑉𝑦 = 0,15 ⋅ 𝑉𝑐𝑑,𝑦 (A.13) 

𝐹𝑐𝑦𝑐,𝑚𝑎𝑥,𝑉𝑦 = 1,20 ⋅ 𝑉𝑐𝑑,𝑦 (A.14) 

 
The load level can be derived on the basis of the maximum failure loads Vu,y of at least 3 initial static 
tests. 
The initial tests shall be performed with the test setup according to A 6.2. The test procedure contains 
shear tests until failure of test member or until immediate or steady load decline. 

𝑉𝑐𝑑,𝑦 =
𝑉𝑢,𝑦

2,8
 (A.15) 

 
If pre-tests are performed and the value 𝑉𝑅𝑑,𝑦  is known, the load level can be determined as follows 

(without additional initial static tests).  

𝑉𝑐𝑑,𝑦 =
𝑉𝑅𝑑,𝑦

1,4
 (A.16) 

 

 Test procedure  

1. starting test by applying initial load: Fcyc,min,Vy 
2. reset of measuring equipment 
3. 25 load-cycles (2 cycles/min, sinusoidal or triangular load application): 

(minimum load level: Fcyc,min,Vy  /  maximum load level: Fcyc,max,Vy) 
4. unloading to minimum load: Fcyc,min,Vy (time for unloading approx. 10 sec.) 

5. setting joint expansion u1/2/3/4,z = 0,30 mm by tightening spreading bars 
6. 25 load-cycles (2 cycles/min, sinusoidal or triangular load application): 

(minimum load level: Fcyc,min,Vy  /  maximum load level: Fcyc,max,Vy) 
7. unloading to minimum load: Fcyc,min,Vy (time for unloading approx. 10 sec.) 
8. displacement-controlled loading (1 mm/min) until stabilization of load (constant load by increasing 

displacement) or joint expansion u1/2/3/4,z = 2 mm 
9. unloading to minimum load: Fcyc,min,Vy (time for unloading approx. 10 sec.) 
10. remove joint expansion by opening spreading bars 
11. remove measuring equipment (displacement sensors u) 
12. displacement-controlled reloading (3 mm/min) until: 

failure of test member / immediate or steady load decline / max. displacement of test machine 

cylinder / displacement of w1/2,y = 40 mm 

Load history 
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A.7 General assessment of test results 

 Test report 

The test report shall include at least the following items: 

• description and sketch of the wire loop system 

• description and sketch of the test members including dimensions, materials and the 
arrangement of the boxes and the reinforcement 

• description and sketch of the test equipment, test machine properties, arrangement of the test 
member and the measuring elements 

• concrete properties (mixture, strength and stiffness) 

• description of the manufacturing, concreting of the test member 

• test member behaviour during loading, load alternation, at maximum load 

• documentation of the load history, displacements, occurrences of cracks, local and global 
failures 

 Evaluation of the test results 

For the evaluation of the test results the following measure values are to be recorded: 

• tension test 

load values at joint expansion u1/2/3/4,z = 0,1/0,2/0,3/0,4 mm 

• shear test 0° (in longitudinal axis of joint) 

load values at joint expansion u1/2/3/4,z = 0,1/0,2/0,3/0,4 mm 

load values at joint expansion u1/2/3/4,z = 0,4/0,5/0,6/0,7 mm in case of u0 = 0,3 mm initial joint 
expansion 

load values at displacement w1/2,x/y = 1,0/1,5/2,0 mm 

 Conversion of failure loads 

The conversion of failure loads in case of concrete failure is done according to equation A.1: 

𝐹𝑢,𝑐 = 𝐹𝑢,𝑡𝑒𝑠𝑡 ⋅ √
𝑓𝑐𝑘

𝑓𝑐𝑘,𝑡𝑒𝑠𝑡 
 with 0,8 ≤

𝑓𝑐𝑘

𝑓𝑐𝑘,𝑡𝑒𝑠𝑡 
≤ 1,25 (A.17) 

Fu,test failure (ultimate) load of a test series  

fck nominal characteristic concrete compressive strength  

fck,test compressive strength of concrete at the time of testing  

 5%-fractiles 

The 5 %-fractile of the ultimate loads measured in a test series is to be calculated according to statistical 
procedures for a confidence level of 75 %: 

𝐹𝑢,5% = 𝐹𝑢,𝑐,𝑚 ⋅ (1 − 𝑘𝑛 ⋅ 𝑐𝑣𝐹) (A.18) 

Fu,c,m mean failure (ultimate) load of all values Fu,c of a test series.  

kn statistical factor  

cvF coefficient of variation [%] related to loads  

Note: The statistical factors kn are defined in EN 1990 [4], Table D.1, for an unknown coefficient of 
variation 
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