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ABSTRACT 

For nuclear power plants design basis accidents as well as severe accidents have to be considered in view 

of necessary plant engineering measures. These measures require safety-related components and building 

structures which have to be designed for extreme actions resulting from both groups of accidents. These 

extreme actions are, for example, actions due to seismic events, airplane crash, chemical explosions or 

LOCA (loss of coolant accident). 

For the anchoring of those safety-related components or structural elements in concrete structures 

adequate safety-related fastenings have to be applied. These fastenings are subdivided into two groups: 

cast-in fastenings (anchor plates with headed studs and anchor channels) and post-installed metal anchors 

(expansion anchors, undercut anchors or bonded anchors). Among headed studs and metal anchors in

particular the use of anchor channels has become important in recent years.

Regarding the design and safety concept of safety-related fastenings the effects of extreme action effects 

are of vital importance. So for example the load bearing of anchors has to be guaranteed in cracked 

concrete structures with large crack openings in a single crack considering cyclic loading typically for 

seismic events. 

The different demands on safety-related fastenings with anchors have been established in the German 

DIBt-guideline (2012) which also can be applied for headed studs and anchor channels. This guideline 

specifies the licensing of metal anchors and the design of anchor connections. Regarding this guideline in 

addition to the status report KTA-GS-80 (2013) all relevant aspects for safety-related fastenings will be 

presented in this paper. 

INTRODUCTION 

In general, in a nuclear power plant more than 100,000 fastenings of components like piping systems, 

cable trays or venting systems exist. They must be carefully designed and installed regarding the different 

safety requirements of nuclear power plants. According to these requirements, a distinction is made 

between non-safety-related fastenings and safety related fastenings. 

For non-safety-related fastenings conventional standards like ETAG 001 (2015) and EN 1992-4 (2013) 

have to be considered. Safety related fastenings are provided to satisfy the protective goals of a nuclear 

power plant. Consequently they have to be qualified, designed and installed for design basis accidents and 

possibly for severe accidents according the requirements of their components and building structures. As 

a basis for the different demands on safety-related fastenings the German DIBt-guideline (2012) can be 

used. 
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SAFETY RELATED REQUIREMENTS 
 

Safety Related Components And Building Structures 
 

Nuclear power plants and nuclear facilities have a high risk potential. Therefore, highest demands on the 

safety are made in the planning, construction, operation and decommissioning such facilities to minimize 

the risk. This necessary precaution against damage  requires that the protection goals such as  

- controlling reactivity, 

- cooling of fuel assemblies, 

- confining radioactive substances and 

- limiting radioactive exposure 

must be observed. The components and building structures required for compliance with these protective 

goals are important to safety and are therefore defined as safety-related components and building 

structures (including structural members as parts of building structures). 

 

Safety-related fastenings are those which are needed for the fastening of safety-related components and 

structural members. Also the fastenings of components and structural members which are not safety-

related but whose failure could affect safety-related components and building structures (or structural 

members) belong to the group of safety-related fastenings. 

 

The protective systems that can be designed either as active or passive safety systems serve to meet the 

protection goals in addition to the safety barriers. The protective systems are needed to cope with 

incidents and must be designed for design basis actions (incidents as rare events). These incidents 

represent one plant status or event in addition to the intended operation (normal operation and abnormal 

operation) and accidents (very rare events or severe accidents). So, according to the defence in depth 

indicated in Table 1 four safety levels can be distinguished.  

Table 1: Defence in depth of nuclear power plants. 

 

 

 

Extraordinary Actions 
 

The protective systems necessary to cope with incidents require a design of the safety-related components 

and building structures against extraordinary actions of safety level 3 and 4: design basis actions and 

actions due to accidents (see Table 2 or DIN 25449 (2015)). These actions are divided in internal actions 

(due to internal events) and external actions (due to external events). 
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Typically, internal actions are induced by 

- leaks or fractures in pressurised pipes (e.g. jet loads and differential pressures), 

- disturbance or incidents while handling fuel elements (e.g. dropped load scenarios) and 

- in-plant events such as LOCA (loss of coolant accident), fire or explosion. 

 

External actions break down into 

- actions due natural hazards which occur extremely rarely (earthquakes or flood effects with 

occurrence rates of less than 1×10
-4

/year) and 

- man-made actions due to specified airplane crash or explosion pressure wave. 

 

Table 2: Extraordinary actions (internal and external events). 

 

 

 

Seismic Qualification Of Components And Building Structures 
 

Seismic actions assume a dominant role in extraordinary actions and will be classified as an incident (rare 

event). For any nuclear installation, the risk of earthquakes at the location concerned must be assessed and 

it must be designed to deal with seismic effects (also subsequent events like e. g. tsunamis). Regarding 

the seismic design, the individual components and building structures can be assigned to one of the 

following three classes (according to KTA 2201.1 (2011) or YVL B.2 (2011)): 

- Class I: Components and building structures that are required to fulfil the protective goals. They 

form the group of safety-related components and building structures. 

- Class IIa: Components and building structures that do not belong to Class I and which, due to 

their own damage and the sequential effects possibly caused by an earthquake, could 

detrimentally affect the safety related functions of Class I components and building structures.  

- Class IIb: All other components and building structures. 
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That means that in general all components and building structures of Class I and Class IIa as well as all 

safety related fastenings have to be designed against the so-called safe shutdown earthquake (SSE 

according to the IAEA-requirements respectively national seismic standards like KTA 2201.1 (2011) or 

YVL B.2 (2011)). A subset of these components and building structures, as well as the safety-related 

fastenings have to be designed against other incidents and/or severe accidents, depending on the plant 

specific requirements. 

 

Design Of Building Structures 
 

With regard to the European approach, building structures (including structural elements and fastenings) 

in nuclear facilities will be designed according to the European standards (Eurocodes with the special part 

prEN 1992-4 (2013) for fastenings) complemented by nuclear power plant specific standards (e. g. DIN 

25449 (2015) with the special standard DIBt-Guideline (2010) for mechanical anchors). Such a design is 

based on a partial safety concept with regard to EN 1990 (2010).  

The partial safety concept will be applied for the verifications of the limit states such as the ultimate limit 

states (ULS) and the limit states of serviceability (SLS). A design is considered as safe if the design value 

of the action effect Ed is less than the design value of the structural resistance Rd: 

 

Ed = E(gF×Fk)  £  Rd = Rk / gM     (1) 

 

where gF represent the partial safety factors for the characteristic values of the actions Fk (which result in 

the action effects Ek) and gM the partial safety factors for the characteristic values of the resistance Rk. 

 

Values for the partial safety factors gF together with the necessary load combination factors y are given in 

DIN 25449 (2015) for the different combinations of actions resulting from the different limit states of the 

design procedure. 

 

The safety factors gM of the structural resistance depend on the different design limit states. For limit 

states of serviceability the safety coefficients of the structural resistance may be assumed to 1.0. For the 

ultimate limit states the consideration three different design requirements given by the categories A1, A2 

and A3 have to be considered. These categories depend on different combinations of actions: 

- A1: combinations of actions which rank among permanent and temporary design situations 

(actions during normal operation), 

- A2: combinations of accidental actions with a repeated occurrence during the service life 

(actions during abnormal operation), 

- A3: combinations of accidental actions with a minor probability of occurrence (≤ 10
-4

 /year; 

design basis accidents and severe accidents). 

 

FASTENING TYPES IN NUCLEAR POWER PLANTS 

 

General View 

 

According to components and building structures, a basic distinction is made between safety-related and 

non-safety-related fastenings in nuclear power plants. Safety-related fastenings are those used to attach 

safety-related components and structural members. Safety-related fastenings also include those to which 

components and structural members are attached which are not safety-related in themselves, but whose 

failure could affect safety-related components and structural members.  
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In the following, that means that the aspects of safety-related fastenings will be considered. These 

fastenings have to guarantee the transfer of axial and shear forces (N and V) as well as the limitation of 

deformations (dN and dV: see Figure 1), especially for internal actions and external actions (design basis 

actions and actions due to accidents). They can be subdivided into the following groups: 

- cast-in fastenings: headed studs and anchor channels (with rigid connection between anchor and 

channel), 

- post-installed fastenings: metal anchors like expansion anchors, undercut anchors and bonded 

undercut anchors. 

 

 
 

Figure 1. Acting forces N and V with corresponding displacements dN and dV of fastenings 

using the example of anchoring with metal anchors. 

  

In this context, it should be noted that detailed information about safety-related fastenings can be found in 

Meiswinkel et al. (2013) or in VGB-S026 (2012).  

 

Post-Installed Fastenings 

 

Post-installed fastenings with metal anchors will be used especially for modification and retrofitting 

measures. They may be divided depending on how they work:  

- expansion anchor: anchor with friction connection for the anchoring of axial tensile forces, 

- undercut anchor: anchor which develops its tensile resistance from the mechanical interlock 

provided by undercutting of the concrete at the embedded end of the fastener, 

- bonded anchor as bond expansion anchor (chemical anchors): threaded bar embedded in the bore 

holes by an adhesive mortar. 

 

Depending on the safety requirements, the stability, integrity or functioning of safety-related components 

and structural members attached with metal anchors must be ensured. So in addition to the ultimate limit 

states the serviceability limit states have to be considered. An important serviceability requirement is the 

limitation of the anchor displacement so that the effects on the load bearing capacity and integrity of 
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connected systems and possible deformation-dependent effects on the anchor fastenings are neglected and 

the evidence will have therefore not taken into account (in the calculation model assumption of a rigid 

construction connection). According to the DIBt-Guideline (2010) for the assumption of a rigid anchorage 

the displacement in all directions should not exceed 3 mm for an individual anchor.  

 

The DIBt-Guideline (2010) has been developed by the German institute for constructional engineering 

(“Deutsches Institut für Bautechnik”) with regard to the use of anchor fastenings in nuclear power plants. 

So specifications for the approval of metal anchors and for their design (including the requirements for 

the ultimate limit states and for limit states of serviceability) are prepared in this guideline. 

 

Cast-In Fastenings 

 

Cast-in fastenings are built in along with the reinforcement, before pouring concrete. So they will be a 

fastening option for new buildings and not for existing buildings. Two types of cast-in fastenings can be 

used: anchor plates with headed studs and anchor channels (see Figure 2). 

 

The best-known and since many decades used cast-in fastenings are anchor plates of steel to which 

components or structural elements are welded. Where fastening points are already known in the building 

erection phase, the anchor plates used mainly headed stud anchoring. Anchor plates with headed studs 

must be planned precisely before construction starts, defining the load to be absorbed and where the 

fastenings points are to be positioned. 

 

As an alternative to anchor plates with headed studs anchor channels offer their services. The possible 

load transfer of anchor channels is fundamentally lower in comparison to headed stud anchorings but 

anchor channels permit a variable positioning of the fastening points.  

 

 
 

Figure 2. Cast-in fastenings: headed studs and anchor channel. 

 

Special Features Of Anchor Channels 

 

In the last few years more and more anchor channels were used as safety-related fastenings in nuclear 

power plants. For this, the previous anchor channels were developed and appropriately qualified with 

regard to the nuclear requirements (e. g. load transfer in three directions and consideration of large crack 

width). 
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Anchor channels qualified for extraordinary actions must be able to transfer loads of all direction into the 

reinforced concrete structure. For example, the anchor channel type HALFEN HZA-PS (see Figure 3) 

fulfil these demand by anchor profiles with serration on channel lips and special anchor profiles (I-

profiles). Performed as hot-rolled profiles this anchor channel type is also qualified for highest dynamic 

loads. 

 
 

Figure 3. Anchor channel HALFEN HZA-PS. 

 

As typical application field in nuclear structural engineering the anchor channel fastenings of cable trays 

and ventilation ducts are stressed. Furthermore anchor channel can be applied for attachments of piping 

systems with moderate loads. Some typical application fields are shown in Figure 4.  

 

 
 

Figure 4. Application field of anchor channels. 
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Generally technical approvals of anchor channels consider only the requirements of ordinary buildings for 

ordinary loads and possibly for seismic actions by regarding the specifications of prEN 1992-4 (2013). 

For approval and quality assurance of anchor channels to be used in nuclear power plants, further 

requirements resulting from the action effects of extraordinary actions (specified in Table 2) have to be 

considered. For this purpose, the DIBt-Guideline (2010) for approval of metal anchors used in nuclear 

power plants can be taken as a basis. 

 

Using DIBt-Guideline (2010) as a basis the suitability of Halfen anchor channels HZA-PS for 

extraordinary actions has been verified by simulated application tests. All the tests were carried out in 

concrete with opening and closing cracks varying from 1.0 mm up to 1.5 mm respectively under cyclic 

loads (evaluation report 09.05.18-E). A typical chronological test procedure is shown in Figure 5. 

 

 

Figure 5. Anchor displacement straight in the opening and closing concrete crack. 

 

QUALITY AND DESIGN DEMANDS ON SAFETY-RELATED FASTENINGS 

 

Load-Bearing Capacity 

 

Safety related fastenings have to be qualified in consideration with the load bearing capacity for 

extraordinary actions specified in Table 2. These actions result in extreme action effects with possible 

concrete damages like large cracks which have to be considered for the fastening qualification and design. 

 

The load-bearing capacity of fastenings in concrete sufficiently far from edges of structural components 

can be divided into two failure modes: 

- tension failure: steel failure, pull-out failure, concrete cone failure, concrete splitting failure and 

blowout failure, 

- shear failure: steel failure, concrete pry-out failure and concrete edge failure. 
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For anchoring with welded head studs these failure modes as a function of the type of stress are shown in 

Figure 6. Similar failure modes occur in anchor channels and metal anchors. For anchor channels the 

failure of the anchor bolt in the anchor channel requires specials considerations. 

 

 
 

Figure 6. Potential failure modes of headed studs (see VGB-S026 (2012)). 

 

Planning And Design 

 

The interface between plant and civil engineering must be defined clearly in particular against the 

background of the loads to be transferred into the concrete (construction connection loads). In general for 

fastening with metal anchors and headed studs, the weld on the respective attachment is defined as 

interface, so that the anchor plate panel with the fastenings and the concrete is the part of civil 

engineering. For anchor channels the anchor channels together with the anchor bolts represent the part of 

civil engineering. 

 

All fastenings must be designed in accordance with the technical regulations or static construction 

principles because of the assurance of the load transfer from the attachment into the reinforced concrete 

structure. In addition, fastenings need a technical certification or technical approval. So for example in 

Germany a technical approval for safety related metal anchors in nuclear power plants is issued under 

DIBt-Guideline (2010), which includes the design values as well as demands on the installation. 

 

The DIBt-Guideline (2010) is intended for a metal anchors, however, can be taken into account for 

headed studs and anchor channels. This concerns particularly the requirements on the design which are 

based on the partial safety concept (see chapter “Design of building structures”). With regard to this 

safety concept the safety factors gM for the verifications will be subdivided in partial safety factor for 

concrete failure (gMc), failure due to splitting (gMsp), failure due to pull-out (gMp) and steel failure (gMs). 

These partial safety factors are identical for the requirement categories A1, A2 and A3. They have to be 

considered for the verifications of the tensile axial forces as well as for the verifications of the shear 

forces. For simultaneous actions of tensile forces and shear forces interactions diagrams of ETAG 001 

(2012) have to be applied. 

 

CONCLUSION 

 

Safety-related fastenings in nuclear power plants are those used to attach components and structural 

members which are safety-related in themselves or whose failure could affect safety-related components 
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or structural members. These fastenings are provided for the load transfer of components and structural 

members into concrete structures regarding actions of normal operation as well as extraordinary actions 

due to design basis accidents and severe accidents. 

 

In the consequence of extraordinary actions, extreme action effects can occur (e. g. large concrete cracks). 

For post-installed fastening like metal anchors these actions effects and their consequences for the load 

bearing are considered in the DIBt-Guideline (2010), which specifies the demands on qualification, 

design and installation of those fastenings. These specifications are fundamentally for the use of safety-

related fastenings in nuclear power plants. So for cast-in fastenings like headed studs and anchor channels 

this DIBt-Guideline also can be taken as an essential basis for qualification, design and installation. 
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