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Revision B.  31 January 2020 
- ASTEEL version 2.0 has been published. 
- There are new features and new joints in the software 
- ASTEEL calculates according to new Code EN 1992-4:2018 on ultimate limit and on accidental state.  
- Software calculates also with old (non-valid) CEN/TS-1992-4-2. Standard gives a little conservative result. 
- Software calculates also standard Anchoring plates of Anstar. KL, AKL and JAL  
- Software calculates also new special AKLC-Custom Anchoring plates of Anstar.  
- Software calculates also Bracing Truss Coupled parts ADK and ADE of Anstar.  
- User interface is modified. 
 

This user manual only applies to designing Anstar Oy anchor bolt products included in this document and their 
strength calculation in connections between steel columns and concrete foundations. The ASTEEL software or 
parts of it cannot be adapted or applied to designing other manufacturers’ anchor bolt products or using them in 
anchor bolt connections. The anchor bolts’ axial stiffness parameters used by the software do not apply to other 
manufacturers’ bolt products.   
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1 ASTEEL SOFTWARE 
 

The ASTEEL software is used for designing anchor bolt connections of steel column base 
plates to concrete element or cast-in-situ structures. The software is used for foundation 
connections of heavy-duty steel frames as well as light steel columns. It is also suitable for 
connecting machinery and equipment to concrete foundations as well as base plate/anchor 
bolt connections of steel structures. Software design also Anchoring Plates and Truss joints. 
 
The software uses Anstar’s steel structure bolts for column base plate connections to various 
cast-in-situ and element structures. There are separate applications for shallow foundations 
and structures close to the edge of concrete. S series bolts have a removable threaded 
section whose length and material are selected according to the corrosion conditions and the 
thickness of the connecting structure. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Design software for steel column foundation connections 

2 SOFTWARE APPLICATIONS 

2.1 Heavy-duty industrial steel column connections 
 
ALP-C anchor bolts are used in industrial buildings for heavy-duty steel column connections to 
cast-in-situ foundations. The bolts are suitable for connections transferring significant axial and 
shear forces and bending moments. The L series of bolts is suitable for shallow footings and 
the P and P2 series for narrow structures. 

 
Figure 2. ALP-C steel structure bolts in heavy-duty industrial steel column connections 
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2.2 Steel column connections of commercial, office and public buildings 
 
ALP-C series bolts are used for steel column connections in commercial, office and public 
buildings, and ATP, AHP and ARJ series bolts are used for light applications.  

 
Figure 3. ALP-C and ATP steel structure bolts in steel column connections in office buildings  

2.3 Foundation connections of composite column frames 
 
ATP and AHP bolts are used for foundation connections of composite steel/concrete columns. 
Short ATP series bolts are also suitable for solid slabs. Long AHP series bolts are suitable for 
narrow foundation columns near the edge of the structure. The ASTEEL software also 
calculates connections that are asymmetrical or include different bolt types and sizes.  

 
Figure 4. ATP and AHP steel structure bolts in composite column connections  

2.4 Foundation connections of secondary steel structures 
 
The columns of secondary steel structures, pipe bridges, conveyors as well as industrial 
equipment and maintenance platforms are connected to foundations using either ALP-C series 
bolts for heavy-duty connections or ATP, AHP or ARJ rebar bolts for light connections. The 
column can be either hot rolled or welded, symmetrical or asymmetrical profiles. The bolt 
connection can be shaped symmetrically or created according to the column profile’s eccentric 
location and shape. A shear stud prevents column displacement caused by the play of the 
hole. There is a parallel model of the bolts for special applications, the S series with a 
removable thread. 
 
The axial force of the connection may be compression or tension as well as bending moment 
and shear force in the directions of two axes. The grout material can be selected from among 
several commercially available products according to strength or low temperature resistance. 
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Figure 5. Steel structure bolts in asymmetrical foundation connections of steel columns  

2.5 Foundation connections of machinery and equipment 
 
In machinery and equipment foundations, ALP-C series bolts are used in connections 
requiring great strength and ATP, AHP and ARJ series in light connections. The length and 
material of the bolt’s removable threaded section are selected according to the thickness of 
the equipment flange and the corrosion conditions. As the threaded section is removable, it will 
not be damaged during construction. The ASTEEL software is used to design the foundation 
bolts for forces coming from the equipment. The equipment is fastened to the bolts via the 
base plate. Bolts cast in concrete and their supplementary reinforcement in foundations are 
designed using the ASTEEL software according to the EN 1992 series. 

 
Figure 6. Steel structure bolts in machinery and equipment foundations  

2.6 Anchor Plates  
 
Anchor plates are used in load-transferring welded connections between concrete structures 
and other structures.  The plates are installed in cast-in-situ or element formwork and cast in 
concrete. Anchor plate connections can be designed using Anstar’s ASTEEL software, which 
is used for designing the plates for the loads on the structure and placing the plates at the 
edge of the structure. The software designs the reinforcement of the anchor plate as well as 
the profile welded to the plate and its welded connection. The connection is designed, and the 
strength calculations carried out at the same time. 
 
Anstar’s anchor plate products are suitable for the following structures: 

AKL - Transferring light loads in element and cast-in-situ structures. 

KL - Transferring loads in a very narrow structure and at the edge of the structure with the 
full tensile resistance of the plate. 

JAL - Transferring heavy loads in element and cast-in-situ structures. 

AKLP 
AKLJ 
AKKT 

- Long anchor plates are used in applications requiring several fastening points next to 
each other. AKLP and AKLJ plates are suitable for system fastening where 
preparations must be made for a subsequent fastening whose location is not known. 

- AKKT fastening angle bars are used at the corners of columns. 
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AKLC-
Custom 

- Project-specific custom anchor plates are designed using the ASTEEL software. 
Anstar Oy performs the designing using the initial data provided by the designer. 

 

 
Figure 7. Anchor Plate products 

2.7 Bracing truss Coupler 
 
ADE and ADK Bracing Truss Coupler products are designed for stabilizing the concrete 
element frame. The couplers are used to connect steel bracing members to concrete element 
columns. The products can be used to brace a building in difficult winter conditions without 
welding and grouting on the site.  Diagonal or horizontal bracing members are connected to 
connection pieces cast in the column using a screw joint. The adjustment tolerance of the 
connection allows for the axial manufacturing and installation tolerances of the concrete 
element frame. The connection is ready for commissioning right after installation. 
 
The connections are created using steel components that are cast into the element column as 
well as connection pieces fastened to the column components after the casting. The products 
can be used for the following structures: 

ADE - ADE horizontal couplers are suitable for horizontal buckling support of element 
columns and for transferring horizontal loads to vertical structures used for bracing the 
frame and to the diagonal bracing truss. 

ADK - ADK diagonal couplers are used for vertical bracing of the concrete element frame.  
- The diagonal bracing members form a bracing truss that transfers the horizontal loads. 

2.8 Application range of the ASTEEL software 
 
The ASTEEL software is used for designing a steel column’s base plate anchor bolt joints.  

1. Design code - The various connection structures are designed according to European 
codes EN 1992-1-1 and EN 1993-1-8 and EN 1992-4:2018 

- Calculations can be done also as well as the with CEN/TS 1994-2. 

2. Connection type - The connection type can be rigid or semi rigid joint. 
- The software calculates the stress state and deformations of the base 

plate and specifies the resistance of the base plate. 

3. Design the 
column/weld 

- The software calculates the preliminary stress state of the steel profile. 
- The software calculates the welded joint of the column on the base plate. 

4. Grouting - The software calculates the resistance of the base plate grouting with 
commercially available grouts. There are several grouts to choose from. 

5. Anchor bolts 
and shear stud 

- The software calculates the anchor bolts for forces.  
- The software calculates of the anchor bolts in the foundations. 
- The shear force can be transferred through bolts, friction or a shear stud. 

6. Design the 
foundations 

- The software checks the foundations’ main reinforcement resistance 
required by the bolts and calculates the supplementary reinforcement.  

7. Anchor Plates - Software calculates Anchor plates for special loads in project. 

8. Truss Plates - Software calculates Truss plates for special loads in project. 
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2.9 Anchor bolts for steel structures 
 

ALP-PC 
- Heavy-duty industrial bolt connections 
- Suitable for foundation columns and slabs 
- Bolt size range M22–M60 
- Bolts designed according to Eurocodes. 

ALP-LC 
- Heavy-duty industrial bolt connections 
- Suitable for footings and slabs. 
- Axial force resistance 161–1259 kN  
- Hot-dip galvanised bolts. 

ALP-P2 
- Heavy-duty industrial bolt connections 
- Suitable for foundation columns near edge 
- Bolt size range M22–M52. 
- Bolt suits narrow and high structures 

 
 
 
 

Figure 8. ALP-C series heavy-duty bolt products fixed threaded section  
 
 

ALP-PS 
- Heavy-duty industrial bolt connections 
- Suitable for foundation columns and slabs 
- Bolt size range M22–M60 
- Removable thread. Corrosion-resistant 

material 
 

ALP-LS 
- Heavy-duty industrial bolt connections 
- Shallow equipment foundations, solid slab  
- Removable threaded section.  
- Axial force resistance 161–1259 kN  

 

ALP-P2S 
- Heavy-duty industrial bolt connections 
- Equipment foundations near to the edge  
- Removable threaded section.  
- Bolt size range M22–M52 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9. ALP-S series heavy-duty bolt products, removable threaded section  
 
 

ATP 
- Light anchor bolt connections 
- Suitable for column footings and solid slabs 
- Bolt size range M16–M45.  
- Suitable for shallow structures 

 

AHP 
- Light anchor bolt connections 
- Suitable for foundation columns near edges 
- Axial force resistance 61–493 kN  
- Connection very close near the edge 

 

ARJ-LT, ARJ-R 
- Light equipment and machinery connections 
- Removable threaded section. Adjustable 

length 

- Thread material according to the corrosion  
- Bolt size range M16–M45 

 
 
 
 
 
 
 
 
 
 
   
 
 

Figure 10. ATP, AHP and ARJ series light rebar bolts, fixed and removable threaded section.  
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3 MANUFACTURING INFORMATION 

 
ANSTAR Oy has entered into a quality control agreement with KIWA Inspecta Oy regarding 
the manufacture of steel structure anchor bolt products.  

1. Manufacturing 
markings 
 

Bolt manufacturing markings: 
- Anstar’s code 
- Bolt code is painted on the head with a colour code. 
- Packaging: pallet 

2. Materials 
 

Manufacturing materials: 
- Rebar EN 10080, SFS 1300, B500B 
- Threaded rod, welded ImacroM fy = 700 MPa,  fu = 800–1100 MPa 
- Threaded rod, removable  m8.8 fy = 640 MPa,  fu = 800 MPa 

 Design values for the thread’s calculation 
strength are fyb = 640 and fub = 800 MPa 

- Nut DIN 934, strength 8   
- Washer EN 10025 black/galvanised, S355J2+N  
- Minimum impact test temperature for the materials ≤ –20 oC 

3. Manufacturing 
method 

Bolt manufacture: 
- Bolts are manufactured according to the EN 1090-2:2018 in class EXC2.  

By special order, they can be manufactured in execution class EXC3. [2] 
- The welding class is C as standard and B by special order, EN ISO 5817. 
- Rebar welding EN 17660-1 [16] 
- Thread EN ISO 898-2, rolling, Dowel anchor, hot forming 
- Manufacturing tolerances EN 1090-2:2018 [2]  

4. Surface 
treatment 
methods  
 

Standard delivery 1.  No treatment 
- Thread and bonds without surface treatment. 
- Nuts DIN 934-8, no treatment. 
- Washers S355J2+N, no treatment. 
Standard delivery 2.  Hot-dip galvanised, order code HDG 
- C series. Thread hot-dip galvanised EN 10684. 
- S series. Threaded rod hot-dip galvanised EN 10684. 
- Nuts DIN 934-8, hot-dip galvanised. 
- Washers S355J2+N, hot-dip galvanised. 

5. Product 
approval and 
quality control 

Product quality control: Certificate 0416-CPR-7247-03.  
Product declaration: CE marking according to EN 1090-1. 
European Countries: Sweden, Denmark, Norway, Austria, Estonia, Latvia, Lithuania. 

Additional information: www.anstar.fi/en 

  
Table 1. Anstar’s user manuals for anchor bolts suitable for connecting steel structures. 

 Products User manual Typical application in a foundation connections of steel 
frame. 

1 ATP 
AHP 

 Rebar Bolts  - Foundation bolt connections in office, commercial 
buildings. 

- Concrete and steel frames as well as composite columns. 
- Bolt connections of light industrial building foundations. 
- Light connections of machinery and equipment 

foundations. 

2 ALP-LC  
ALP-PC  
ALP-P2 
ALP-P2M 
 

Anchor Bolts  - Heavy-duty foundation connections of industrial steel 
frames. 

- Foundation connections of composite columns. 
- Heavy-duty column-to-foundation in steel connections. 
- Other heavy-duty bolt connections to concrete 
- Heavy-duty connections of machinery and equipment. 

3 ARJ Reinforcement 
coupler  

- Reinforcement coupler connection. 
- Bolt applications in reinforcement couplers. 
- Moment stiff beam-to-column connection. 
- Tension bar structures. 

4 
 

KL, AKL, JAL 
AKLC-Custom 

Anchor Plates - Standard Anchor Plates.  
- Special Anchor Plates for project. 

5 ADE-T, -P  
ADK-T, -P  

Bracing Truss 
Couplers 

- Bracing Truss Couplers for bracing truss on concrete 
frame.  

http://www.anstar.fi/en
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4 DESIGN CRITERIA  

4.1 Design and manufacturing standards 
 

1. Finnish standards 

SFS-EN 1991-1+NA Actions on structures. Part 1-1: General actions. [5] 

SFS-EN 1992-1-1+NA Design of concrete structures. Part 1-1: General rules and rules for 
buildings. [6] 

SFS-EN 1993-1-1+NA Design of steel structures. Part 1-1: General rules and rules for 
buildings. [7] 

SFS-EN 1992-4:2018 Eurocode 2. Design of concrete structures. Part 4  
Design of fastenings for use in concrete.  

 
2. Other countries in the European Code area 

Basic Eurocode EN-1992-1-1:2004/AC:2010    

Sweden SS-EN 1992-1-1:2005/AC:2010+A1/2014 + EKS 11 

Germany DIN-EN 1992-1-1 +NA/2013-04 

 
3. Bolt manufacture 

EN 1090-1 Execution of steel structures. Part 1: Requirements for conformity 
assessment of structural components. [1] 

EN 1090-2:2018 Execution of steel structures. Part 2: Technical requirements for steel 
structures. Execution classes EXC2 and EXC3. [2] 

EN ISO 5817 Welding. Fusion-welded joints in steel, nickel, titanium and their 
alloys. Weld classes. [11] 

EN 17760-1 Welding. Welding of reinforcing steel. Part 1: Load-bearing joints. [16] 

4.2 Resistance values of base plate connections 

4.2.1 Bending stiffness of the base plate connection  
 

The ASTEEL software calculates the base plate connection using two methods, which also 
specify the connection’s bending stiffness and its effect on the displacement of the frame.  

1. Displacement 
of structure 

Displacement of the structure are calculated according to EN 1993-1-1, S 5.2. 
Bending stiffness of the connection affects the design of the structure.  

2. Rigid joint Rigid joint (Elastic analysis) 
- No plane deformation is allowed for the base plate. Plate remains a plane 

structure for bending. 
- The bending stresses of the plate are in the elastic area.  
- Rotation in the joint is caused on the connection by elongation of the 

anchor bolts and deformations of the grouting. 
- The method increases the tensile forces on the bolts. 
- For the frame, analysis in accordance with the elasticity theory of EN 1993-

1-1 formula 5.1 is used. 

3. Semi rigid joint Semi rigid joint (Elastic-plastic analysis) 
- Plane deformation is allowed for the base plate, and deflection is allowed 

for bending the plate. 
- The bending stresses of the plate are calculated in the elastic-plastic area.  
- Rotation in the joint is caused on the connection by deformations of the 

plate, anchor bolts and grouting. 
- The method minimises the tensile forces on the bolts as well as the 

thickness and stresses of the base plate. 
- Elastic-plastic analysis in accordance with EN 1993-1-1 formula 5.1 is 

used. 
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4.2.2 Axial force resistance of bolts 
 

1. Axial force resistance. Design situations in concrete. 

1. Erection state 
on Grouting  

- During the erection state, the anchor bolts transfer the column’s axial 
and shear force and bending moment. 

2. Ultimate Limit 
state 
Grouting 
section  

 

- During the Ultimate Limit State, the grouting and bolt  transfers 
compression and the bolts transfer also tension. The design value for 
the bolt’s thread is calculated according to EN 1992:2018, Table 4.1. 

- The design values for the axial force resistance of bolts are 
presented in the corresponding bolt user manual. 

3. Ultimate Limit 
state 
Foundations  

- The axial and shear forces on the bolt are transferred to the 
foundation reinforcement.  Supplementary reinforcement is specified 
for each failure criterion of the bolt in the foundations.  

4. Accidental State - Design criterion: Accidental State of bolts according to EN 1992-
4:2018. 

 
2. Axial force resistance. Failure criterion in concrete 

Failure criterion Variable Calculation method and applicable code 

1. Steel failure 
 

NRd,s The steel tensile resistance of the bolt is calculated using the 
partial safety factors of materials indicated in EN 1992-
4:2018, Table 4.1. 

2. Concrete cone  NRd,c The concrete cone failure criterion is calculated for ALP-LC 
and ATP bolts in tension. 
- EN 1992-4:2018, (7.1). 
The anchoring of the ALP-PC and AHP bolts is based on the 
anchoring resistance of the rebar bond according to the 
code: 
- EN 1992-1-1. Chapter 8.4.4 
- Lapp length α6 = 1.5, good bonding conditions. 

3. Pull-out  
 

NRd,p The pull-out failure criterion is calculated for the ATP and 
ALP-LC bolt. 
- EN 1992-4:2018, (7.11). 

4. Blow-out  NRd,cb The Blow-out failure criterion is calculated for ATP and ALP-
LC bolt at the edge of the structure. 
- EN 1992-4:2018, (7.25). 

5. Tensile 
resistance of 
supplementary 
reinforcement. 

NRd,re The reinforcement and tensile resistance of the bolt are 
determined by the condition: 
- NRd,re  > NRd,c  

6. Tensile 
resistance of the 
bolt and bond. 

NRd The tensile resistance of the bolt determined as follows: 
Non-reinforced structure: 
- NRd  = min(NRd,s; NRd,c; NRd,p; NRd,cb) 
Structure with tensile reinforcement: 
- NRd  = min(NRd,s; NRd,re ; NRd,p; NRd,cb),  

when NRd,re  > NRd,c. 

7. Surface plate 
stresses. 
Only ASTEEL 
software. 

δvert FEM analysis is conducted for the surface plate, and von 
Mises stress state is calculated for the forces coming through 
the profile to be connected. The plate’s stress state safety 
factor lever and utilisation rate are calculated according to 
the code:  
- EN 1993-1-1, Formula 6.1. 
- Elastic-plastic, semi rigid joint  δvert = fu/γM2,  γM2= 1,25 γM2 = 1,25 
- Elastic, rigid joint   δvert = fy/γM, γM  = 1,0 
The geometry from deformations is calculated for the plate. 

8. Design of the 
profile and weld. 
Only ASTEEL 
software. 

Fw,Rd The stress and utilisation rate are calculated for the profile to 
be welded to the anchor plate. The analysis is performed at 
the surface of the plate. 
- EN 1993-1-1, Section 6.2, Formula 6.1.  

This method does not perform slenderness analysis of 
the sheet metal parts for the profile. 
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The profile’s fillet weld to the plate is designed according to 
the code: 
- EN 1993-1-8, Section 4.5, Formula 4. 
- The code to be applied for butt and double-bevel butt 

welds is EN 1993-1-1, Formula 6.1. 

9. Stress state of 
the base 
concrete. 

δc As regards the base concrete of the surface plate, the Axial 
force coming from the plate is subjected to stress analysis in 
the FEM calculation. 
- The design criterion for the compressive stress of the 

concrete has been limited to the value specified in 
EN 1992-1-1: δc ≤ fcd 

- For plates under heavy compressive loads, the concrete 
stress analysis can be performed even if the other 
resistances of the plate are not dominant. 

10. Supplementary 
reinforcement 
stress state for 
characteristic 
value of loads.  

δt The stress state caused by characteristic value of loads is 
calculated for the plate’s reinforcement, enabling concrete 
crack analysis at the edge of the structure. 

4.2.3 Shear resistance of bolts 
 
1. Shear resistance. Design situations in concrete. 

The design value of the bolt’s shear resistance is specified in the following situations: 

1. Erection state. 
Grouting 
section.  

 

- The steel shear resistance of the bolt thread is VRd,se. 
- The shear resistance is determined according to EN 1992-4:2018 

formula 7.34 and 7.36 with the erection state forces according to the 
grouting thickness of the connection is tgrout ≤ 0,5*D, where 
D=nominal diameter of bolt thread. (Steel failure without lever arm.) 

- The shear resistance is determined according to EN 1992-4:2018 
formula 7.37 with the erection state forces according to the grouting 
thickness of the connection is tgrout ≥  0,5*D, where D=nominal 
diameter of bolt thread. (Steel failure with lever arm.) 

- When tgrout ≥ 0,5*D. Erection state is calculated always with software 

2. Ultimate Limit 
state (ULS). 
Grouting 
section.  

- The steel shear resistance of the bolt thread is VRd,se.  
- The shear resistance is designed as above but with the Ultimate limit 

state forces.   
- This failure will not be calculated if shear force is transmitted to 

foundation with friction or shear stud. 

3. Ultimate Limit 
state (ULS.) 
Primary 
foundation 
concrete. 

 

Rebar bolts have three shear force resistances: 
- Design situation is cracked concrete strength C25/30 
- Edge distance C4 or C5 is to force direction and to opposite side 

direction. 
A. Steel shear resistance VRd,s, when edge distance is ≥ C5. No 

supplementary reinforcement. Top reinforcement is required.  
B. Concrete shear resistance VRd,c1 has been calculated without shear 

reinforcement for minimum edge distance C5 in table 7. 
C Concrete shear resistance VRd,c3 has been calculated using bolt-

specific U-stirrup reinforcement for edge distance C4 in table 7. 
- When edge distance of bolt is on area C1  C5 shear resistances 

shall be calculated always with ASTEEL and ACOLUMN software’s. 

4. Accident limit 
state (ALS) 

- Accident limit state (ALS) will be calculated in same way that in 
(ULS) state. Material partial factors are according to EN 1992-4:2018 
table 4.1. Calculations will be done always with software’s. 

5. Concrete edge 
distances 

- When concrete strength and edge distance will change resistances 
shall calculate always with software. 
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2. Shear force resistance. Failure criterion in concrete 
The following shear force failure criteria analyses according to code EN 1992-4:2018. 
- The failure criteria take into account the distance of the bolt from the edge of the structure 

and other bolt.  
- The calculation is performed for all bolts the most dominant of which determines the joint. 

1. Steel failure 
without lever 
arm. 

VRd,s   The steel shear resistance of the bolt is calculated using the 
partial safety factors indicated in EN 1992-4:2018, Table 4.1, 
and using Formula (7.34) and (7.35). When grouting thickness 
tgrout ≤D/2 (D=nominal diameter of thread). 

2. Steel failure with 
lever arm. 
Erection state. 

VRd,se   Steel resistance of bolt on erection state is calculated with EN 
1992-4:2018 formula (7.37).  When grouting thickness tgrout on 
≥D/2. Erection state loads and no grouting concrete. 

3. Steel failure with 
lever arm. 
Ultimate limit 
state. 

VRd,se   Steel resistance of bolt on ultimate limit state is calculated with 
EN 1992-4:2018 formula (7,34)(7.37). Ultimate limit state loads 
and grouting concrete has been hardener. Concrete transfer 
also axial force.  

4. Pry-out  
 

VRd,cp The pry-out failure criterion is calculated for the ALP-LC and 
ATP bolts. 
- EN 1992-4:2018, Formula 7.39. 

5. Concrete edge  
 
Edge 
compression 
resistance. 
Without shear 
reinforcement 

VRd,c The bolt’s edge compression resistance VRd,c is determined 
according to EN 1992-4:2018, Formula 7.40. Reinforcement 
coefficient ψre,V = 1.0. The value is calculated for the bolt 
towards the nearest edge or in the direction of the shear force.  
Minimum shear resistance of the bolt: 
VRd,c, min  = min(VRd,s ; VRd,cp ; VRd,c )  
Joint shear resistance: 
VRd,c, levy = n *  VRd,c, min, where n = number of bolts per joint and 
VRd,c, min = minimum shear resistance of the bolts. 

6. Concrete edge  
 
Edge 
compression 
resistance. With 
shear 
reinforcement 

VRd,c The bolt’s edge compression resistance VRd,c is determined 
according to EN 1992-4:2018, Formula 7.40. Reinforcement 
coefficient ψre,V = 1.4. The value is calculated for the bolt closest 
to the edge and in the direction of the shear force.  
Minimum shear resistance of the bolt, reinforced: 
VRd,c, min  = min(VRd,s ; VRd,cp ; VRd,re ), when min(VRd,c)n 
Joint shear resistance:  
VRd,c, levy = n *  VRd,c, min , where n = number of bolts per joint 
VRd,c, min = minimum shear resistance of the bolt. 
The shear force is transferred using supplementary 
reinforcement. 

7. Reinforcement 
resistance 

VRd,re The reinforcement of the bolt for shear force is determined by 
the condition: VRd,re  ≥ VRd,c  

4.2.4 Axial and shear force resistance. Combined utilization degree. 
 
1. Axial- and shear force resistance. Combined utilization degree. 

- The tensile and shear force failure criteria are combined for the bolts according to 
the following principles.  

- The designing is performed for each individual bolt, the largest of which is dominant 
in terms of the resistance of the connection.   

1. Steel resistance 
of the bolts. 

The combined steel tensile and shear resistance is calculated for the 
bolt.  
- EN 1992-4:2018, Formula 7.54. 
- (NEd/NRd,s )2 +(VEd/VRd,s )2 ≤ 1  (7.54) 

2. Concrete 
resistance of the 
bolt 

Combined concrete tensile and shear resistance is calculated for the bolt 
using formulas 7.55 and 7.56 in a situation where reinforcement is not 
used or where both force components are transferred through the 
reinforcement.  
The formula takes into account steel resistance, if it is determining. 
(NEd/NRd,i )1.5 +(VEd/VRd,i )1.5 ≤ 1  (7.55)  or 
(NEd/NRd,i ) +(VEd/VRd,i ) ≤ 1.2  (7.56) 
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3. Concrete 
resistance of the 
bolt 

Combined concrete tensile and shear resistance is calculated for the bolt 
using formula 7.57 in a situation where only one force component 
(tensile or shear) is transferred through the reinforcement and the other 
through the bolt.  
Exponent k11 = 0.67. 
The formula takes into account steel resistance, if it is determining. 
(NEd/NRd,i )k11 +(VEd/VRd,i )k11 ≤ 1  (7.57) 

4. Bolt resistance The bolt resistance is determined by the highest utilisation rate in the 
combination of the failure criteria. 
When shear force is transferred with friction and in steel column connect 
with shear stud, bolts do not have shear force and value βV = 0. 

4.3 Transferring shear force of column to the grouting and foundations 
 

The column’s shear force is transferred during the Ultimate Limit State from the column 
through the grouting to the foundations using three different methods, whose use is selected 
by the designer in the software’s Initial data and Loads menus.  

1. Shear stud  
 

The shear force is transferred using a steel stud. 
- A steel profile has been welded to the bottom surface of the base plate, 

and its stud effect transfers the shear force through the grouting directly to 
the concrete of the foundations.  

- The anchor bolts do not computationally take part in transferring the shear 
force. 

- Using a shear stud is selected by default in the software. 

2. Friction force of 
the base plate 

 

The shear force is transferred through friction from the column’s base 
plate to the grouting. 
- The shear force is transferred through the friction of the bottom surface of 

the base plate to the grouting and from there to the concrete of the 
foundations. The connection has no shear stud. 

- The bolts do not computationally take part in transferring the shear force.  
- The friction force is calculated with friction coefficient μ = 0.2 under EN 

1993-1-8, Section 6.2.2.  
- The method is applied when the axial force of the column remains 

compressed and the friction force coming from the axial force is sufficient 
for transferring the shear force. 

3. Edge 
compression of 
the bolt 

 

The shear force is transferred through the bolt’s edge compression. 
- The shear force is transferred through the edge compression of the steel 

column’s base plate hole to the bolt, from which the force is transferred 
through the bolt to the concrete of the foundations.  

- The design is performed according to EN 1993-1-8, Section 6.2.2 [8].  
- The hole in the steel column’s base plate is 9–15 mm larger, so the 

column moves the distance allowed by the play of the hole before starting 
to act on the shear edge compression.  

- This option significantly increases the stresses on the bolt and reduces 
the bolt’s combined axial and shear force resistance in the grouting 
connection.  

- The column’s displacement by the play of the hole must be taken into 
account.   

- The shear force is transferred through all the bolts of the connection. 
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4.4 Design instructions for the main civil engineer  
 

A steel column’s base plate/bolt connection is designed using the ASTEEL software.  
The design principles of the software are presented below.  

1. Design codes  
 

Designing a base plate/bolt connection. 
- The design codes used by the software are presented in Section 4.1. 
- Before using the software, the force combinations coming from the steel 

column to the base plate connection are calculated using separate 
software applications and provided as initial data. 

2. Erection state  
 

The base plate/bolt connection works during the erection state without 
grouting.  
- The bolt resistances are calculated for the forces provided for the 

erection state.  
- Axial force is transferred through the bolts, and shear force through 

bending and shear of the bolts.  
- The slenderness and bending resistance of the bolts is taken into 

account according to the grouting of the connection. 

3. Design for the 
Ultimate Limit 
state (ULS) 

- The factors of consequence classes CC1–CC3 are taken into account in 
the load combination.  

- The bolt connection works during the ultimate limit state when the 
concrete of the foundations and grouting of the connection have 
hardened.  

- The software calculates the bolt resistances for axial and shear force.  
- The software calculates the connection as a bent and compressed 

structure where the tensile force is transferred through the bolt/shoe and 
the compressive force is transferred through the concrete of the column 
and the shoe/anchor bolts.  

- The shear force on the connection is transferred according to the 
principles indicated in Section 4.2.2. 

- Software calculate supplementary reinforcement for bolts. 

4. Rigidity of the 
connection  

 

Rigid joint. Elastic calculation.  
- The base plate acts as a rigid plate without plane deformations.  
- The connection is calculated as elastic, and plasticisation is not allowed 

in the calculation. 
- The connection can be considered rigid and non-twisting. 
Semi rigid joint. Elastic-plastic calculation. 
- Plane deformations caused by bending are allowed for the plate. 
- Plasticisation of the plate is allowed in the calculation. 
- Rotation in the joint of the connection may occur, which must be taken 

into account in the upper structures. 

5. Design for Fire  The base plate/bolt connection is designed in the same fire resistance class 
as the frame.  
- The bolt must be located at a sufficient concrete layer distance from the 

edge of the foundations. 
- The base plate and the visible bolts and nuts must be protected to the 

fire resistance class of the frame. 

6. Dynamic and 
fatigue actions 

 

Forces including dynamic effects. 
- Calculation is performed according to EN 1990-1, Section 4.1.5, by 

multiplying the static specific loads by the corresponding dynamic partial 
safety factors.  

- Calculated with these forces as a static state.   
The bolt resistance values have not been specified for fatigue actions.  
- Fatigue design is performed on a case-specific basis according to EN 

1990-1, Section 4.1.4.  

7. Earthquake  
 

Earthquakes are taken into account in calculating the Ultimate Limit State 
according to EN 1991-1. 
- Calculated with these forces as a static state.   
- Design must be performed in the software using the Elastic-plastic 

joint calculation method, ensuring the sufficient deformation capacity of 
the connection.  

8. Accidental state Design for accident states is performed for connection according to EN 
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(ALS) 1992-4:2018. 
- Designs also necessary for determining the failure tolerance of the bolt 

connection in CC3 structures in accidental states. 
- The partial safety factor level of the bolt materials in Accident States is 

concrete γc = 1.2and structural steel as well as rebar and structural 
steel γs = 1.0. The calculation is performed using Accident State loads.  

- The software calculates the Accident State resistance values and 
utilisation rates for parts of the connection using the characteristic 
material values for steel where rebar and anchor bolt steel can yield. 
Concrete has a low γc = 1.2 safety left against brittle failure. Profile, 
base plate stud and welds γs = 1.0. 

9. Bolt 
at a low 
temperature 

- No separate operating temperature examination is necessary for ATH 
and AHP series bolts. The low temperature design methods specified for 
rebar are followed.  

- The impact strength of ALP-C series bolts’ thread material is tested at –
40 oC. 

10. Supplementary 
reinforcement 
for the bolt 

 

The software calculates the supplementary reinforcement for the bolt 
according to the forces on the connection. 
- The forces coming from the bolts are transferred through the 

reinforcement of the foundations.  
- The software checks the axial force resistance and lap length of the 

foundations’ main pieces of rebar in the bolt area. More information in 
the bolt user manual. 

11. Bolt’s minimum 
edge distance 

 

- The software calculates the failure criteria according to the required 
edge distance as specified in EN1992-4:2018, Section 7.2.2.5 for axial 
force and Section 7.2.1.8 6.3 for shear force.  

- When the edge distance becomes dominant, the bolt’s axial and shear 
force resistance are reduced according to the bolt’s actual edge 
distance.   

12. Serviceability 
limit state 
design (SLS)  

- The serviceability limit state design for the connection is performed 
according to EN 1992-1-1, Section 4. The principles are specified in 
Section 5.7 of this manual. 
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5 DETAIL DESIGN FOR BASE PLATE CONNECTIONS  

5.1 Design phases and parties 
1. Parties - Anstar’s steel structure bolts are products whose final use must be designed 

by the structural engineer of the steel frame and the foundations.  
- For detail design of the base plate connection and anchor bolts, we have 

prepared this user manual as well as the ASTEEL software for base 
plate/bolt connections of steel columns. 

2. Software - Detail design of the bolt connection is performed using the ASTEEL software.  
- The software calculates the base plate and bolt resistances with the 

connection dimensions and the calculation forces specified.  
- The software checks that the bolt’s calculation forces are transferred to the 

concrete and reinforcement of the foundations in accordance with the 
European codes  

3. Technical 
design 

- Further instructions for using the software and bolts are available from the 
technical design department. anstar@anstar.fi. 

4. Downloading - The software can be downloaded from our website www.anstar.fi 
- The software can be used on Windows 10.  

5.2 Design software ASTEEL 
 
1. Main window of the software 

 
 Figure 11. Main window of the ASTEEL software.  

 
2. User interface menus 

Menu structure - The main window shows the cross-section of the column at the top 
surface of the base plate as well as the dimensions and bolts of the 
foundations below.   

- The menu structure of the main window consists of the following 
functions: 

1. File - This menu includes selections for the project folder, file management 
and printing. 

2. Initial data... - First, you select the Connection joint type to be calculated. 
- Second you enter the geometry and material data for the cross-

section. 
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3. Loads - This function is used to enter the forces calculated from the load 
combination on the frame for the erection and Ultimate Limit state and 
for fire design. 

4. Shoes/ 
Bolts/Rebars... 

- This function is used to place shoes and anchor bolts in the connection 
and position the main reinforcement in the joint. 

5. Calculate... - The selection performs the calculation for the connection. 
- This function is also used to select calculation for the Ultimate and 

accident limit state. 

6. Calculation 
results... 

- The calculation results are viewed for shoes and bolts as well as 
design quantities for various situations. 

7. Show - Dimensions are added to main window cross section. 

8. Software 
settings 

- The menu is used to enter parameters that control the use of the 
software and calculation. 

 
3. Information controlling the calculation 

1. Calculation 
code 

- The main window includes information controlling the calculation: 
- The bottom left corner of the window shows the flag symbol of the 

calculation code used for the project folder. 

2. User 
interface 
language 

- The user interface language is indicated by the flag symbol next to the 
standard flag. The language options available are Finnish, Swedish, 
English and German, and the same options are also available for 
printing. The user interface and printing languages can be separate. 

  
4. Quick review of the calculation results 

The main window includes information enabling quick review of the calculation results. 
 
Utilisation rate indicator lights  

1. Light bar The bottom bar of the window includes indicator lights showing the 
utilisation rates of various calculation quantities. The colours have the 
following meanings: 

2. Green The utilisation rate is 0–0.95. 

3. Yellow The utilisation rate is 0.951–1.00. 

4. Red The utilisation rate is > 1.0, excessive. 

5. Grey If the colour is grey, the quantity is not calculated or does not belong to the 
values for the connection type.  
If the erection loads are not provided, the erection state is not calculated, and 
the lights are grey. 

6. Light bar 
 

The utilisation rate indicator lights are activated when the joint is calculated. 

 
Utilisation rates 

1. Meaning - The design quantity of each indicator light is displayed below the light bar 
when you point the mouse at the light.  

2. Utilisation 
rate 

- When you click a light, the output window for the quantity in question is 
opened, showing the most dominant load case and calculation quantity.  

- The light bar also shows the most significant utilisation rates of the 
connection’s calculation quantities, even if the light is green.  

3. Approval - When lights are green, yellow or grey, the connection has been accepted. 
- A red light: The utilisation rate of the calculation has been exceeded. 
- The final approval is the responsibility of the engineer. 
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5.3 Initial data for the software 

5.3.1 Project folder and design code 
 

1. Project folder 

1. General 
 

- Start using the software by creating a project folder in which the 
design code is saved. 

- The user manual presents the ASTEEL software’s initial data for 
calculation and calculation methods as well as the calculation 
results for the steel column’s base plate.  

- The calculation results for anchor bolts are provided in the user 
manuals.[18][19][20] 

2. Design code 
selection 
 

- At the beginning, you create a project folder in which the initial data 
and results are saved. 

- You can do this by selecting File/Project folder, which displays the 
window shown in Figure 11. 

- To project folder will be copied design code.  
- The design code selection is made once for each new folder.  
- The calculation will use design code selected in this folder.  
- You can change the design code by creating a new folder and 

selecting another code for it. 

3. Project 
information 

- In these fields, you provide general information about the project. 
- This will be printed in the calculation file. 

 
2. Design codes of ASTEEL software. 

EN 1992-1-1:2004 Basic Eurocode 

SFS-EN 1992-1-1:2005+NA Finnish Eurocode + NA 

SS-EN 1992-1:2005/AC:2010+A1/2014 + EKS 11 Swedish Eurocode + EKS 11 

DIN-EN 1992-1-1:2011-01+A1/2014 German Eurocode + NA 

5.3.2 Connection type 
 

1. Calculation code of bolt in concrete 

1. Connection type - Connection types will be chosen from picture 13, where are 
presented connections used in software.  

- Connection shall be used at first. 
- Connection changes windows of software according to chosen 

type.  

2. Connection 
calculation code 

- In window will be chosen also calculating code of anchor bolts or 
anchor plates. 

- Default code is EN 1992-4:2018. 
- Connection can be calculated with old (no more valid) standard 

CEN /TS 1992-4-2. It gives a little conservative result.  

 
2. Connection types 

1. Steel column/ 
Foundation 

Steel profile end plate connection to concrete. 
- Steel profile: Hot roller and welded profiles. 
- End plate and grouting. 
- Foundation is narrow column/foundation column or wall.  
User manuals: Rebar bolts and Anchor bolts  

2. Steel column/ 
Footing 

Steel profile end plate connection to concrete 
- Same connection as above, but foundation is large footing or 

massive concrete slab. 

3. Composite 
column/ 
Foundation  

Composite profile end plate connection to concrete. 
- Steel profile: Concrete filled rectangular pipe filled with concrete. 
- End plate and grouting. 
- Foundation is narrow column/foundation column or wall.  
User manuals: Rebar bolts and Anchor bolts 
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4. Composite 
column/ Footing 

Composite profile end plate connection to concrete. 
- Same connection as above, but foundation is large footing or 

massive concrete slab. 

5. Machine 
foundation 

Machine connection to foundation 
- Machine will be fixed to concrete with end plate and bolts through 

grouting to foundation  
- End plate and grouting. 
- Perustus on kapea laiteperustus tai massiivilaatta. 

6. Tower foundation Tower fixing to  foundation  
- Profile is round or square profile.  
- End plate and grouting. 
- Foundation is narrow column/foundation column or slab.  

7. Anchor plate Standard anchor plate fixing to concrete 
- Steel profile: Hot roller and welded profiles. 
- End plate without grouting. 
- Foundation is narrow or large slab.  
User manual: Anchor bolts. 

8. AKLC Anchor 
plate    

AKLC special anchor plate fixing to concrete 
- Steel profile: Hot roller and welded profiles. 
- End plate without grouting. 
- Foundation is narrow or large slab.  
- Anstar provide calculation service for this joint. 
User manual: Anchor bolts. 

9. Bracing member 
connection ADE 

ADE bracing connection to column. 
- Horizontal bracing of concrete column frame  
- Steel profile: pipe profiles. 
- ADE member will be cast in to concrete and steel profile. will be 

fixed to ADE parts with screws. 
User manual: Bracing Truss Couplers. 

10. Bracing 
member 
connection ADK 

ADK bracing connection to column. 
- Vertical bracing of concrete column frame  
- Steel profile: pipe profiles. 
- ADK member will be cast in to concrete and steel profile. will be 

fixed to ADK parts with screws. 
User manual: Bracing Truss Couplers. 

 

 
Figure 12. Connection types of ASTEEL 
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5.3.3 Initial data for the base plate connection 
  
Menu bar structure 

1. Menu bar - The initial data for the base plate connection, structure of the 
connection and materials are provided in the Initial data menu, 
which includes six tabs.  

2. Initial values - We recommend entering the initial data in the right order, either by 
changing the values or accepting the default values.  

- This adjusts the other tabs and their calculation parameters 
accordingly.  

3. Acceptance - When you click Accept, the selection updates the main window 
according to the dimensions selected. 

 
1. Calculation ID, tab 1 

The fields are intended for entering identifying information for the calculation that will be 
output in the calculations. 

 
2. Profile type and materials, tab 2 

1. Profile type 
- The profile of column can be either 

hot roller or welded. This changes 
window 3 according to choose.  

2. Cracking and bond condition 
- Design parameters for foundation 

concrete will be chosen. 

3. Steel strengths 
- Steel material strengths will be 

chosen according to picture 
- Weld material strength. Same as the 

column profile or selected from the 
menu. 

- Base plate material strength. 

 

4. Concrete strength 
- Concrete strength of grouting There 

is several commercial grouting 
materials. 

- Concrete strength of foundation.  

5. Supplementary reinforcement 
- Supplementary reinforcement use for bolts 

in foundation. 
- Assumption is it will be used. 

- Choosing is affecter to resistance on bolts.  
Figure 13. Tab 2. Selecting profile type and material strengths and use of reinforcement. 

 
3. Dimensions of the structure, tab 3 

1. Shape of column profile. 
- I-profile, rolled, welded 
- Rectangular hollow sections 
- Welded box profile 
- U-profile, rolled, welded 
- All standard profiles 

2. Profile weld on base plate 
- Fillet or butt welds can be freely 

selected for the plate parts of the 
profile. 

- The weld always goes around the 
visible surface of the profile.  

- No weld inside the hollow section. 
- The maximum size of a butt weld 

is material thickness/2. (= double-
bevel butt weld) 

- The fillet weld size is not limited. 

 
 

Figure 14. Tab 3. Selecting the column profile and weld dimensions  
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4. Base plate dimensions and shear stud. 

1. Size of base plate 
- External dimensions 
- Thickness 
- Grouting thickness 

2. Eccentricity of column  
- The column is moved away from 

the centre of the base plate by the 
dimensions specified. 

3. Use of stud 
- If you select a stud, the shear force 

is transferred through the stud. 
- Stud dimensions and materials. 

Welded or rolled I-profile. 
- The stud is welded to the base 

plate using a double-bevel butt 
weld. 

 
 
 

Figure 15. Tab 4. Selecting the base plate dimensions and shear stud. 
 

5. Dimensions of the lower structures, tab 5. 

1. Dimensions of the foundation column 
- For a foundation column, specify the 

external dimensions and protective 
concrete layer. 

- For a footing, specify the external 
dimensions and the thickness. 

- For a slab, specify the external 
dimensions as at least as 3 * slab 
thickness or the exact distance to the 
edge of the slab. 

2. Eccentricity of base plate 
- The base plate is moved away from 

the centre of the foundations by the 
dimensions specified. 

3. Stirrup data 
- Stirrup size in foundation 

 
 
 

Figure 16. Tab 5. Selecting the foundation dimensions 
 

6. Supplementary reinforcement, tab 6. 

1. Supplementary reinforcement 
- The calculation size of the anchor 

plate’s reinforcement can be selected 
on Tab 6. 

- The window shows the reinforcing units 
available for each connection type. 

- The reinforcement principle drawing can 
be opened by clicking the Ast code. 

- The software calculates the amount of 
supplementary reinforcement with the 
selected rebar size. 

- The default rebar size selected is output 
to the calculation file. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17. Tab 6. Default rebar sizes of the supplementary reinforcements of foundations 
 

7. Accepting the initial data 
All calculation data that has been selected/modified must always be accepted by clicking 
the Accept button before calculation. The button accepts all the tabs of the Initial data 
window at the same time. The dimensions and materials can be changed and tried out 
quickly between calculations. 
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5.3.4 Forces on the connection 
 

1. Calculation forces and coordinate axis 

1. Design forces  
- The forces on the connection are calculated using a separate statistics application.  
- The results are used to form the combinations, from which the most dominant forces are 

provided for the software.  
- The forces already include the partial safety factors of loads in accordance with the design 

codes as well as the factor of the consequence class.  
- Accidental states are specified as specific loads or according to what is to be calculated.  
- The software does not add partial safety factors for loads to the calculation. 
- The forces to connections 1-4 and 6 has been given here. 
- The forces to connections 5 and 7-10 has been given separate user manuals. 

2. The calculation forces for the connection are: 
Nd =  Calculation value for the axial force (Nd).  

 The compressive force is negative.  
   Tensile force is positive. 

- Mxd, Myd  = Column bending moments in relation 
to the axes, positive shown in the 
figure. 

-  Qxd, Qyd =  Shear forces positive in the axes. 
The calculation forces affect at the level of the 
column’s base plate.  
The same rules of signs apply to the erection state. 

 

 
2. Calculation states 

1. Erection state - Three combinations of forces are provided for the 
connection in states in which the column has been 
erected and the connection has not been grouted yet. 

- Anchor bolts transfer all loads. 

2. Ultimate Limit State (ULS) - A maximum of eight combinations of forces may be 
provided for the connection for the Ultimate Limit 
State. 

- Grouting has been hardened and connection is as final 
state. 

3. Accidental Limit State (ALS) - A maximum of eight combinations of forces may be 
provided for the connection for Accidental Limit States. 

- Load factors for accidental state shall be used 

 
 
 
 
 
 
 
 
 
 

 

Figure 18. Forces on the connection during the erection and ultimate state 
 

3. Transferring the connection’s shear force 

Three functional methods are available for transferring the connection’s shear force. 

1. Friction of 
the base 
plate 

Friction force will be used to transfer shear force 
- The shear force is transferred through the friction of the compressed bottom 

surface of the base plate to the grouting and from there to the concrete of 
the foundations.  

- The bolts do not take part in transferring the shear force.  
- This method can be used to transfer greater shear forces, if the proportion 

of the column’s compressive axial force is sufficient.  
- The software checks the sufficiency of the friction force and transfers the 
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rest of the shear force through the bolts if the friction is insufficient.  
- This is the default method in the software. 

2. Anchor 
bolts 

Friction force will not be used to transfer shear force 
- The shear force is transferred from the column through the edge 

compression of the base plate hole to the bolt, from which the shear force is 
transferred through the bolt to the foundations. 

- This method must be used when the axial force is small, or it is tensile 
force.  

3. Shear 
stud 

Shear force will be transferred through a stud welded to the base plate.  
- When the stud is selected, options 1 and 2 are disabled. 

 
4. Approving the calculation forces 

All forces that have been specified or modified must always be accepted by clicking the 
Accept button before calculation.  

5.3.5 Placement of the anchor bolts in the base plate 
 

1. Bolts and bolt frame 

1. Placement of the bolts 
- The bolts are placed in the connection using the Anchor bolts… menu.  
- The bolts and column profile are shown in the main window scaled correctly, so the 

placement can be checked.  
- The software checks for and prevents double placement.  
- The placement may be performed several times and the bolt type and frame size, and 

location can be changed.   
- Bolts can be removed, or their size can be changed. 

2. Bolt frame 
- Bolts can be removed, or their size can be changed. 
- New frame can be created changing dimensions of frame and removing mark from “Bolt 

will be moved” 

 

3. Selecting the bolts 
- The bolt is selected from the menu. 
- The menu includes all steel structure bolts. 

4. Placing the bolts in the frame 
- A dashed line shows the location of the bolt frame. 
- The calculation settings include a parameter where 

the default location of the frame is 60 mm from the 
edge of the plate.   

- The location and size of the frame can be changed.  
- A red dashed line shows the space required by the 

weld of the profile and the location of the weld.  
- The space required by the washer of anchor bolt. 
- Collisions can be checked in the figure. 

 

 

Figure 19. Placement of the anchor bolts in the base plate 
 
 
 

2. Quick placing 
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1. Quick placing Several bolts are placed symmetrically in the connection. This 
placement always forms one symmetrical bolt group in the cross-
section. 

2. Dimensions of 
bolt frame 

- Specify the dimensions of the frame in which the bolts are placed. 

3. Bolts will be 
moved 

- A new frame can be selected by changing the dimensions of the 
frame. 

- When changing the frame size, select whether the bolts will be 
moved with the frame. 

-  If the bolts are not moved, a new frame is created in which you can 
place more bolts. 

4. Bolts to corners 
of frame 

- Bolts are placed in the corners of the frame.  
- The software settings include a parameter that adjusts the 

placement if the bolts are placed too close to the edge of the base 
plate. The minimum distance is 1.2*Φ. Warning limit = 1.5*Φ. 

5. Bolts to frame in 
direction of  
X-axis 

- 1–30 bolts are placed on the horizontal sides of the frame, 
symmetrically at the distance specified. This forms a bolt group. 
The minimum distance is 3*Φ. 

6. Bolts to frame in 
direction of  
Y-axis 

- 1–30 bolts are placed on the vertical sides of the frame, 
symmetrically at the distance specified. This forms a bolt group. 
The minimum distance is 3*Φ. 

7. Distance of bolts - Specify the distance at which the bolts are placed symmetrically in 
the frame.  

 
3. Place one bolt 

1. Place one bolt Use the mouse to drag one bolt from the icon to the connection.  
This method is used to create an asymmetrical bolt connection. 

2. Move bolt with 
mouse to base 
plate 

- When you drag the bolt inside the frame with the mouse, it is 
placed in the frame at the closest location pointed by the mouse. 

- The location can be adjusted with coordinates. 
- When you drop the bolt into the square in the frame, it goes to the 

corner of the frame.  
- First create a symmetrical connection and then remove one bolt 

and replace it with another one. 

 
4. Viewing/removing and moving bolts 

The base plate can be made symmetrical or asymmetrical. There may be bolts of 
various sizes in the connection. Bolts can be viewed, removed and moved using the 
functions in the main window. 

1. Viewing 
 

- In order to view a bolt’s data, click the bolt in the red bolt area in the 
main window to activate it.  

- The bolt’s colour changes, and its data is displayed in the top left 
corner of the main window.  

- The structure of the bolt is shown on the left side. 
- The bolt’s coordinates from the origin of the cross-section are shown in 

the window.  
- The selection shows all the other bolts belonging to the same group 

with a highlight colour.  

2. Removing  
a bolt 

- The Remove function only removes the active bolt. 
- Affect the selected group. This selection removes the entire group of 

the active bolt. 
- The Remove all function removes all bolts. 

3. Change - Select one bolt to activate it. 
- Change the coordinates of the bolt to the extent that you want to move 

it. 
- The Change function moves the selected bolt to the new coordinates. 

4. Change/Affect 
the selected 
group 

- The Change/Affect the selected group function moves all the bolts in 
the group in the horizontal/vertical direction according to the relative 
displacement selected.  

- Moves the entire group linearly. 
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5. Change/Move 
symmetrically 

- The Change/Move symmetrically function moves all the bolts in the 
group symmetrically in relation to the main axes by the distance 
selected.  

- Moves the entire group symmetrically.  

5.3.6 Calculating the connection 
 

1. Selecting the calculation method for the connection  

To calculate the connection, select Calculate, which will open the Resistance calculation 
window. 
1. Calculation Case 

This selection performs the calculation in 
the following states: 

- Ultimate Limit State (ULS) 
- Accident Limit State (ALS) 

The erection state will not be calculated if 
the loads have not been specified. 

 

2. Accidental Limit State calculation 
This selection only performs the calculation 
for Accident States. 

- When you wish to output the calculation 
results for both states, you need to print out 
the results for the Ultimate Limit State 
before performing the second calculation. 

- If the loads in Accident States have not 
been specified, the state cannot be 
calculated. 

- Bolts must be placed in the connection 
before the calculation can be performed.  

 

4. Calculation method of 
base plate 
- Here, you select the 

calculation method of 
the base plate. 

- This will affect all 
subsequent calculation 
results. 

- The connection can be 
structurally optimised by 
selecting Semi Rigid 
joint (Elastic-Plastic) 

Rigid joint. Elastic calculation. 
- The base plate acts as a rigid structure.   
- No out-of-plane deformations are allowed for the plate. 
- The plate is calculated as elastic. 
- Plasticisation of the plate is not allowed. 
- The connection can be considered rigid and non-twisting. 
- The calculation time is relatively short. 

Semi rigid joint. Elastic-plastic calculation. 
- Plane deformations are allowed for the plate. 
- Plasticisation is allowed in calculating the plate. 
- Rotation occurs in the connection. 
- The calculation time is significantly longer (5–15 min). 

 
2. Connection calculation time  

1. Calculation 
time 

The calculation time in the software is 5–10 minutes, sometimes even 
considerably longer, and it is influenced by the following factors. 

2. Calculation 
method 

Rigid plate  
- An elastic joint can be calculated relatively quickly. The calculation time 

cannot be influenced. 
Semi rigid plate  
- When the base plate stresses move to the plastic area, the number of 

iterations and the calculation time increase significantly.  

3. Load 
combinations 

Preliminary calculation 
- The resistance of the structure can be preliminarily assessed by first 

making the presumed maximum load case active in the Load window. 
- When the structure has been optimised in terms of the base plate 

thickness and number of bolts, the final calculation can be performed. 

4. Calculation 
elements 

Number of calculation elements 
- The number of the elements can be adjusted in the Calculation settings. 
- The number of secondary elements should not be increased. The 
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standard value of 2 elements is sufficient. 
- Increasing the number of main elements increases the calculation time. 
- With a rectangular plate, the number can be adjusted to the proportions 

of the plate such that the default value, 20, is left on the narrower side.  
- The element mesh is shown on the first tab of  window 2/1.  

5.4 Erection state. Anchor bolts 

5.4.1 Presentation of the results 
 
1. Menus 

General - The calculation results can be viewed from the Calculation results 
menu. The menu is divided into four sub-areas: 

1. Erection state The resistance of anchor bolts in the grouting cross-section before 
grouting. 
- Resistance graphs of axial force during the erection state 
- Utilisation rates of axial and shear forces during the erection state 

2. Ultimate Limit 
State 
Base plate 

The base plate resistances are calculated during the Ultimate Limit State. 
- Base plate stress state, deflections and utilisation rates. 
- Stress state and utilisation rates of the column profile welds. 
- Concrete and steel resistance of the shear stud. 

3. Ultimate Limit 
State  
Bolts  

The anchor bolt resistances are calculated during the Ultimate Limit State. 
- Resistance graphs of the bolts, column profile and welds. 
- Bolts’ resistance in the grouting cross-section. 
- Bolts’ axial force resistance in the foundations. 
- Bolts’ shear force resistance in the foundations. 
- Supplementary reinforcement required by the bolts in the foundations. 
- Checking the main reinforcement of the foundations for bolt forces. 
- Principle drawings of the bolts’ reinforcement. 

4. Dimensions of 
the structure 

The dimensions of the structure are displayed in the main window. 
- Foundation dimensions. Foundation and base plate location. 
- Base plate dimensions.  Base plate bolts’ and column’s location. 

 
2. Calculation coordinate system and bolt numbering 

1. Coordinate - The results are shown in the calculation coordinate system in 
the directions of the main axes or in the XY direction of skew 
bending. 

2. Bending direction - Skew bending is calculated as a combination of the forces of the 
main axes.   

3. Numbering - After the calculation, the bolt numbers are displayed in the main 
window. The numbers are at the corresponding bolts in the 
output windows.  

 

3. Utilisation rates 

General - The row featuring the utilisation rates has acceptance indicators with the 
following colour codes: 

Green         - The utilisation rate of the quantity is 0–0.95. 

Yellow        - The utilisation rate of the quantity is 0.95–1.00. 

Red            - The utilisation rate of the quantity is > 1.00. The result is not accepted. 

Grey           - The quantity has not been calculated or does not belong to the bolt’s 
design values. 
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5.4.2 Bolt resistance. Erection state 
 
1. Erection state. Resistance graph for axial load of connection.  

1. Window 1/1 - In window 1/1 is resistance graph of connection for axial force in erection. 

- Graphs are to main axis direction and skew direction.  

2. Resistance 
- Loading point shall be inside 

curves 
- On the curve’s resistance is 

1.0. 
- Shear force is not calculated 

to axial force.  

- Window 1/2 shall be 
checked. 

 
 

 

Figure 20. Erection state. Loading points and resistance graph for axial load of joint 
 

2. Erection state. Resistance and utilization degree 

1. Window 1/2  
Tab1 

- Tab 1 there is resistance values of erection state.  

- Shear resistance includes bending, axial force and slenderness of bolt. 

2. Resistance 
- Resistance of bolt, n,i ≤1.0 
- Shear resistance VRd,s  is 

calculated according to EN 
1992-4:2018 formula (7.3.7), 
when grouting is tg ≥0.5*d 

- The formula takes into 
account axial and shear 
force and slenderness of 
bolt. 

 
 
 

 

Figure 21. Erection state. Axial and shear force resistance and utilization degree. 
 

3. Calculation parameters 

1. Window 1/2 Tab 2 Calculation parameters 

2. Resistance 
- Grouting 0 ≤ tg ≤0.5*dnom 

VRd,s  is calculated with (7.36)  
- Grouting tg ≥0.5*d 

VRd,s  is calculated with (7.37) 
- l = bending arm of bolt  
- tg = grouting thickness 
- lm = calculation method 

0   = without lever arm 
1   = with lever arm 

- lf  = reduction factor of 
resistance     =(1-0.01tgrout) 

 

 

Figure 22. Erection state. Calculation parameters of bolt. 
 

4. Acceptance of Erection State 

1. Acceptance - Erection state is accepted, when light in main window  1/1 ja ’1/2 
are green or yellow. 

2. Light is grey  - Grey light means that erection state loads has not been given.   

3. Accidental State - Accidental state loads are not given for erection.  
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5.5 Ultimate Limit State. Base plate, welds and shear stud 

5.5.1 Calculation method of base plate 
 

1. Calculation theory 

1. Calculation 
method 

 

The stress/deformation state of the base plate is calculated using the FEM 
method.  

- Calculation element is a slab with 4 knots and 3 degrees of freedom. 
- The calculation is performed both elastically and elastic-plastically. 
- The column profile is mounted rigidly on the top surface of the base 

plate with a welded connection. 
- The concrete of the grouting and foundations are represented by linear 

springs in proportion to the compressive strengths of their materials. 
- The anchor bolts are fastened to the base plate with non-linear springs. 

2. Element 
distribution 

 

An element mesh has been formed on the base plate according to the 
specifications in the Software settings/Calculation settings/Base plate 
element menu. 

- The main element distribution in the vertical and horizontal direction is 
20 elements by default. 

- The secondary element distribution is 2 * 2 per main element.  
The number of main elements can be changed in the following cases. 

- The element distribution has been specified as 500 * 500 mm for the 
base plate. With a larger plate, the distribution can be increased in 
proportion to the dimensions of the base plate. 

- With asymmetrical plates, the distribution can be adjusted according to 
the dimensions of the plate. 

- Increasing the number substantially increases the calculation time but 
does not necessarily improve the accuracy to any significant extent. 

3. Connection 
calculation 
method 

Rigid joint 
- The calculation is performed as elastic, and the plastic area above the 

yield point area is not utilised in the calculation. 
- The base plate is kept as a plane surface, and no plane deformations 

are allowed. This significantly increases the plate’s stress state and bolt 
forces. 

- The grouting concrete is calculated as elastic. 
- The stress state of the materials must be kept in the elastic area. 

Semi rigid joint 
- The base plate is calculated as elastic-plastic, and the plastic area 

above the yield point area is used in the calculation.  
- The software calculates the deformations of the plate by utilising the 

plastic deformation of the plate material up to its breaking strength. 
- The grouting concrete is calculated as elastic. 

 
2. Calculating the base plate’s stresses and utilisation rate 

1. Material’s 
stress state 

The stress state of the base plate is calculated according to the von Mises. 
δvert = √(δx

2 +δy
2 -δx δy +3(τx+τy)2) 

Rigid joint. Elastic. 
- Maximum allowable stress δvert = fy / γMo;  γMo = 1.0 

Semi rigid joint. Elastic-plastic. 
- Maximum allowable stress δvert = fu / γM2;   γM2 = 1.25 

2. Reference 
stress 
utilisation 
rate  

 
 

The reference stress utilisation rate is calculated according to EN 1993-1, 
formula 6.1: 
 
nvert  =  
 
Rigid joint. Elastic.  

- The calculation uses the following values for the variables: 
fy  = material yield point,  γMo = 1.0 

Semi rigid joint. Elastic-plastic. 
- The calculation uses the following values for the variables 
- fy  = material’s breaking strength = fu,  γMo  = 1.25 
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5.5.2 Stresses of base plate. Utilisation rate and deflections 
 
1. Calculation method 

The first tab of window 2/1 shows the base plate’s utilisation rates and the von Mises 
stress state calculation values by load case as a 2D representation. 

1. Calculation 
results 

 

The design quantities calculated for the base plate. 
- nvert = Utilisation rate of the plate’s stresses EN 1993-1, formula 6.1  
- δvert = Plate’s reference stress, von Mises. 
- δx, δy = Plate’s bending stresses in the direction of the main axes. 
- τx, τy = Plate’s shear stresses in the direction of the main axes. 

2. Element’s 
calculation 
values 

The calculation values of an individual element. 
- The results for the element can be displayed in another window by 

clicking the calculation element. 
- The base plate has been divided into a grid according to the main 

elements. 
- The results can be viewed at the main/secondary element level. 

3. Colour 
scaling 

 

The colour scaling of the elements. 
- Eurocode 3 reference stress nvert. Yellow represents the level n ≥ 1.0.  
- Other colours have been scaled to this value. 
- Von Mises reference stress. Yellow represents the maximum allowable 

stress level. Other colours have been scaled to this value. 

Rigid joint 
- δvert ≥ fy/γM0.    
- δx,y ; τx,y≥ fy/γM0. 

Semi rigid joint 
- δvert ≥ fu/γM2.    
- δx,y ; τx,y≥ fu/γM2. 

 

4. Acceptance 
of results 

Utilisation rate 
- Using the utilisation rate of the main element’s reference stress 

(Eurocode 3). 
Stresses 

- Using the von Mises window of the main element’s reference stress, 
which shows any local hot spots. (Yellow areas) 

- Yellow areas are acceptable locally in the area of 1–2 main elements, 
when the column has a static load only. The secondary element shows 
more exact values for hot spots. 

- Resistance to dynamic loads must be assessed separately by removing 
the hot spots using a thicker base plate.  

 
2. Base plate’s stress and utilisation rates. 

 
Figure 23. Ultimate Limit State. Base plate’s utilisation rate and von Mises stress state. 
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3. Base plate’s stress and utilisation rates, 3D surface 

The second tab of window 2/1 shows the utilisation rate and stress state printouts 
corresponding to the calculations in the previous section as an illustrative 3D 
representation by load case. 

1. Graphical 
view 

Utilisation rates and von Mises stress values are represented by a graphical 
surface. 

- The horizontal axes show the dimensions of the plate, and the vertical 
axes show the scaled value calculated according to the maximum value 
of each calculation quantity. 

- The colour palette on the side has been calculated with the allowable 
strength of the material.  

- The surface can be viewed and rotated with the left mouse button. 
- The level and scope of each quantity’s utilisation rate can be found in 

the stress pattern. 
- The yellow colour means that the utilisation rate/calculation stress has 

been exceeded. 

2. Failure 
state  

The stress state surfaces have been cut with a horizontal plane in elements 
where the calculation value of the quantity in question exceeds the 
calculation value of the material’s breaking strength (= fu/γM2). 
Rigid plate 

- The peaks of the surface have not been cut, so the pattern shows the 
yield point area. 

- Using the yield area for rigid plates is not allowed. 
Flexible plate 

- The peaks of the surface have been cut, so the pattern shows, in an 
even area, the elements whose stress exceeds the calculation value of 
the breaking strength = fu/γM2. 

- Using failure areas for a flexible plate is not desirable. 

3. Acceptance 
of results  

Rigid joint 
- The graph for the utilisation rate of the main element’s reference stress 

Nvert is used. 
- Formula 6.1 of Eurocode 3 provides the dominant design criterion. 
- Using the yellow yield area of von Mises stress δvert is not allowed. 

Semi rigid joint 
- The graph for the utilisation rate of the main element’s reference stress 

Nvert is used. 
- Formula 6.1 of Eurocode 3 provides the dominant design criterion. 
- Using the yellow yield area of von Mises stress δvert is allowed for plastic 

joints and static loads. 
- Using the horizontal yellow failure area is possible if it is clearly 

concentrated in the area of 1–2 elements only. 
- Using the yield area significantly reduces the base plate’s resistance to 

dynamic loads and its fatigue strength.  
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Figure 24. Ultimate Limit State. Base plate’s utilisation rates and von Mises stress state. 
 

4. Deflection of the base plate 

The third tab of window 2/1 shows the deflection surface of the base plate by load case. 

1. Graphical 
representation 

Deflection surface of the plate. 
- The shape of the deflection surface corresponds to the plate’s 

displacement in the Z-axis direction, and the vertical axis shows the 
numerical value of the displacement.  

- The colour palette of the displacement has been proportioned to 
the maximum relative displacement from the zero level. 

- The zero level represents an unloaded surface level where the 
grouting stress level is zero.  

- With a rigid plate, the deflection surface is always a straight plane 
whose inclination changes according to the load state.  

2. Separation of 
the plate from 
the base 

Displacement in relation to the zero-level means: 
- Above the zero level, the plate has come loose from the grouting.  
- Below the zero level, elastic compression has occurred in the 

grouting and the concrete of the foundations.  

3. Acceptance of 
results 

No utilisation rate is specified for plate deflection. 
- Deformations of the plate determine the elasticity of the connection, 

which can be used to assess the additions to the displacement of 
the upper structure in relation to a fully rigid connection. 

- Water may enter the connection in the plate’s separation area. 
- In the compressed areas, it must be ensured that the stress of the 

grouting concrete remains elastic.  The grouting stress state is 
shown on the third tab of printout window 3/1. 
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Figure 25. Ultimate Limit State. Deflection surface of the base plate. 

5.5.3 Column profile welds 
 
1. Calculation principle 

- The resistance of the column profile welds on the base plate is shown in window 2/2.  
- The calculation is performed using the profile’s weld dimensions.  
- The calculation strength of the weld is determined by the lowest material strength of the 

connection.  
- The welded connection’s resistance graph in relation to the steel profile’s resistance graph is 

shown on the first tab of window 3/1. 

 
Calculation strengths of the profile 
welds. 
Butt weld calculation strength 

- Fw.Rd = fu / γM2    
- fu = min; fu (plate, profile, weld metal)  
- γM2 =1.25 

Fillet weld calculation strength 
- Fw.Rd = fu / (√3 *βw * γM2) 
- fu = min; fu (plate, profile, weld metal)  
- γM2 =1.25 

The calculation stress Fw,Ed of the 
welds has been calculated using a 
more accurate component method. 
Acceptance of results: 
The weld is acceptable when the 
utilisation rates are ≤ 1.00. 

  

Figure 26. Ultimate Limit State. Stress state and calculation stresses of the welds. 

5.5.4 Shear stud 
 

1. Calculation method 

The calculation results for the base plate’s shear stud are shown in window 2/2. 

1. Calculation 
principle 

The shear stud is used to transfer the column’s shear force. 
- When the shear stud has been selected in the Initial data window, 

all shear forces will be transferred through the stud. 
- In this case, the bolts and friction will not be used for calculating the 
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shear force. 
- If the stud is not selected, the shear force is transferred through 

either all the bolts or the base plate friction only. 

2. Stud, steel 
design 

Shear stud design principle. 
- The stud is welded to the base plate using a double-bevel butt weld 

according to the material thickness. The size of the weld cannot be 
changed in the software.  

- The calculation value of the weld is determined by the minimum 
breaking strength of the stud or base plate materials. 

- The stud acts as a projection loaded in the shear force direction by 
even concrete compression distributed on the cross-section of the 
stud. 

- The bending moment is calculated using the projection principle for 
the concrete stress of the stud’s surface. 

3. Stud, concrete 
design 

Shear stud design principle. 
- The local compression resistance of the concrete on the stud’s 

surface must not exceed the point load resistance in EN 1992-1-1, 
formula 6.63. 
FRdu = Ac0 * fcd * √(Ac1/Ac0 ) ≤ 3.0 fcd * Ac0 

4. Supplementary 
reinforcement 

The shear force on the stud is anchored to the rear edge of the 
foundations by means of stirrup reinforcement. 

5. Acceptance of 
results  

- The resistance of the stud welds and concrete is indicated by the 
indicator lights in the main window. 

- The stud is acceptable when indicator lights 2/3a, 2/3b are green or 
yellow. 

- If the lights are grey, the stud has not been specified. 

 
2. Steel resistance of the shear stud 

1. Calculation results 
- The shear stud is welded to the base plate using a double-bevel butt weld according to 

the material thickness.  
- The stud acts as a projection transferring the shear force to the concrete through 

compression of the profile surface.  
- The stud is designed according to the welded connection.  
- The minimum calculation strength for the weld is fu (base plate, weld metal, stud). 

2. Acceptance 
- Change plate thickness when 

utilization ratio of weld 
exceeds. 

- Resistance is calculated 
according to lowest material 
strength 

- Steel parts of the stud are 
acceptable when the utilization 
rate is ≤ 1.00. 

 
 

 

Figure 27. Ultimate Limit State. Steel resistance of the shear stud. 
 

3. Concrete resistance of the shear stud 

1. Calculation results 
- The resistance of the stud is calculated according to the local compression 

resistance as specified in EN 1992-1-1, Section 6.7 
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2. Acceptance 
- The stud is acceptable when 

the utilization rates are ≤ 
1.00. 

3. Reinforcement 
- Shear force of stud will be 

transferred to concrete with 
stirrups.  

 
 
 
 
 
 
 
  

Figure 28. Ultimate Limit State. Concrete resistance of the shear stud. 

5.6 Ultimate Limit State. Grouting cross-section 

5.6.1 Combined effects of the anchor bolt connection 
 
1. Combined effect graphs 

1. Loading points - The resistance graphs for the column’s base plate 
connection and the combination case loading points at the 
grouting cross-section of the connection are shown in 
printout window 3/1. 

2. Bending direction - The axial force resistance graphs are shown in the bending 
direction of the main axes and in the skew bending direction. 

- Direction angle is determined by the ratio of bending 
moments Mx/My.  

3. Resistance - Graphs are the maximal resistance of Nx/Mx loads.   
- Base plate, profile and weld and resistance of bolts shall be 

checked.   

 
Figure 29. Ultimate Limit State. Resistance graphs and loading points to X-axis direction. 
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2. Base plate connection’s resistance graphs  

1. Green  
graph 

Anchor bolt resistance 
- The graph is calculated at the grouting cross-section with the axial force 

resistance of the bolt’s thread and the calculation strength of the grouting 
concrete.  

- The effect of shear force is not included in the graph.  
- The graph has been calculated for a concrete cross-section the size of the 

base plate. 
- The graph represents the maximum resistance of a fully rigid connection. 

2. Blue  
graph 

Column profile resistance 
- The graphs show the column profile’s resistance to bending stresses above 

the weld.  
- The slenderness of the column has not been taken into account. 
- The cross-section class of the profile plates has not been taken into account 

in the graph; it represents the resistance of the gross cross-section. 
Therefore, the graph only applies to cross-section classes 1 and 2 and to 
class 3 in a limited manner. 

- The strength of the column material has been calculated for the value fy/γm. 
Coefficient γm = 1.0. 

- The blue graph may locally intersect the green graph or be located inside it. 

3. Red 
graph 

Resistance of the column profile welds 
- The graph is the resistance surface of the column profile weld with the weld 

metal, dimensions and shape specified.  
- If the red is outside the blue, the profile dimensions the connection. 
- If the red is inside the blue, the welded connection dimensions the structure. 
- This enables specifying a balanced welded connection for the column. 

 

4. Loading 
points 

Loading points by load case 
- The Ultimate Limit State loading points, C1–C8 (blue), must be located 

inside all the graphs and the red dashed line.  
- If the location of the steel column on the base plate is eccentric, eccentricity 

moment is calculated for the placement and indicated by a yellow loading 
point. 

- The relative distance of loading points C1–C8 from the closest graph 
represents the level of the connection’s utilisation rate. On the graph, the 
point’s utilisation rate is 1.0. 

5. Red 
dashed 
line 

The acceptable area is between the dashed lines 
- The loading points must not be located in the area of the graphs outside the 

dashed line. EN 1990, Section 2.2(3). (Development of loading history) 

5.6.2 Bending stresses of the column profile 
  
1. Preliminary design of the column profile 

1. Presentation 
of results 

- The resistance of the profile cross-section on the base plate is shown on 
the fourth tab of window 3/1.  

- The window shows the profile’s stress level and plasticisation state by 
load case. The plasticisation of the profile is allowed in cross-section 
classes 1 and 2. 

2. Acceptance 
of results 

- The yellow colour represents the plasticised area at the stress level δn = 
fy/γm. The area is used for cross-section classes 1 and 2.  

- The profile is acceptable if the loading points remain inside the blue line 
in window 3/1. Also check the resistance graph of the weld. 

- Axial design in accordance with EN 1993-1 must also be performed for 
the column. 
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3. Axial stress 

 
Figure 30. Ultimate Limit State. Surface of the bending stress of the column profile. 

5.6.3 Stress state of the base plate grouting 
 
1. Stress state of the grouting 

1. Presentation 
of results 

The stresses of the base plate grouting are shown on the second and third 
tab of window 3/1.  

2. Element 
data 

- In the 2D window, the stress state and utilisation rates of an individual 
grouting element can be checked with the mouse.  

- The window also shows the anchor bolt’s force and stress at the 
grouting.  

- The 3D window shows the distribution of stresses across the entire 
plate.  

- In the area shown in grey, the stress level of the concrete is zero or the 
plate has come loose from the grouting. 

3. Acceptance 
of results 

- The compressive stress of the grouting must not exceed the calculation 
strength of the grouting fcd. 

- The base plate is allowed to come loose from the grouting if this is 
acceptable in terms of corrosion. 

- The resistance of the concrete of the foundations must be reviewed 
separately for strong grouting. 

4. Base plate. 
Stresses 
 2D picture. 

 

 

 

 

 

 

 

 

 

 

 

 
 

5. Base plate. 
Stresses 
3D picture. 

- The 3D graph for the grouting shows the distribution of the stresses 
under the base plate, the maximum value calculated and the calculation 
strength of the grouting concrete.  

- With horizontal elements, in the area shown in grey, the base plate has 
come loose from the concrete.  

- The colour palette represents the utilisation rates of compressive 
stresses. 
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6. Base plate. 
Stresses 
3D picture. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 31. Ultimate Limit State. Stress state of the base plate grouting, 3D surface 

5.6.4 Resistance of the anchor bolts in the grouting cross-section  
 

The Ultimate Limit State resistance analysis of anchor bolts and the calculation results in the 
grouting cross-section are shown in window 3/2. The presentation of the results depends on 
the shear force transfer method selected. 

1. Shear force is 
transferred 
through bolts 

- Window 3/2 shows the axial force and shear resistance of individual bolts 
in the grouting cross-section during the Ultimate Limit State.  

- The bending of the bolt is included in the shear force resistance. The 
resistances are calculated for the bolt’s thread according to EN1992-
4:2018, Section 7.2.2.3.2. 

- Grouting concrete also transfers axial force on the compressed side. 
- The values shown in the window change according to the shear force 

transfer method selected. 

2. Shear force is 
transferred 
through 
friction 

- The bolts only transfer axial force. The shear force on the bolts is zero. 
- The shear force is transferred through the friction of the base plate. 

3. Shear stud - The bolts only transfer axial force.  
- The shear force is transferred through the stud. 

4. Acceptance of 
results 

- If the indicator light in window 3/2 is green, the bolts have been accepted. 
- The results only apply to the grouting thickness specified and lower 

thicknesses. 
- A higher grouting thickness requires a new calculation. 

5. Calculation 
results 

 
 
 
 
 
 
 
 
 
 

Figure 32. Ultimate Limit State. Anchor bolts’ resistance in the grouting. 
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5.7 Ultimate Limit State. Design of anchor bolts in foundations 
 
The software performs design of the anchor bolts in the concrete of the foundations. 
Resistance analyses are performed according to the bolt type selected. More detailed 
reinforcement instructions for calculations are provided in the user manuals [18][19][20]. 

Bolts’ design in 
concrete 

Section of 
the manual 

Failure criteria calculated for bolts 

1. Design for axial 
force 
 

Section 5.5.3 Axial force resistances of bolts. 
- Steel resistance 
- Blow-out failure criterion 
- Pull-out failure criterion 
- Concrete cone failure criterion 
- Punching resistance at the bottom surface of the 

foundations. 

2. Design for 
shear force 

Section 5.5.4 Shear resistances of bolts. 
- Steel shear resistance 
- Concrete shear resistance 
- Concrete edge failure criterion 

3. Acceptance of 
results 

Section 5.5.3 
Section 5.5.4 

- Indicator lights 3/3, ’3/4 and 3/5 in the main window show 
the acceptance limits for the failure criteria of the bolts. 

- If the lights are green or yellow, the bolt is acceptable. 
- A grey colour means that the quantity in question is not 

calculated for the bolt. 
- A red light means that a calculation quantity has been 

exceeded. 
- When you click the light with the mouse, the window 

opens to display the exceeded load case and the quantity 
in question. 

5.8 Supplementary reinforcement of anchor bolts 
 
1. Reinforcement analyses performed according to bolt type  

Reinforcement 
of foundations 

Section 
of the 
manual 

Supplementary reinforcements calculated for bolts 
in the software. More information in the 
corresponding user manual. 

1. Reinforcement 
for axial force 

Section  
5.6.1 

Supplementary reinforcements are calculated for bolts 
- Vertical stirrup reinforcement and punching reinforcement 

of the failure cone 
- Splitting reinforcement of the top and side surfaces of the 

foundations 
- Minimum amount of main reinforcement required for the 

foundations 

2. Reinforcement 
for shear force 

Section  
5.6.2 

Shear reinforcements are calculated for bolts 
- Closed stirrup reinforcement of the foundations 
- Bolt-specific closed stirrup reinforcement 
- Bolt-specific U-stirrup reinforcement 

3. Acceptance of 
results 

 No specific acceptance limit is calculated for supplementary 
reinforcement. 
- If any of lights 3/3–3/5 is red, the software cannot calculate 

all reinforcements because the bolt’s resistance has been 
exceeded.  

- Extra reinforcement cannot be used to improve the bolt’s 
resistance if the bolt’s concrete or steel resistance is not 
sufficient. 

- Change the foundation structure, bolt type or loads, aiming 
for an acceptable result.  

- Add a shear stud to the base plate or transfer the shear 
force through friction. 

- The necessary reinforcement will then be output correctly. 
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5.9 Service life design of bolt connection  
  

1. Instructions to be followed 

1. Concrete Review of the foundations and grouting. 
- The service life and durability design for the bolt connection is made 

according to EN 1992-1-1.  
- The analysis is performed separately for the bolt’s thread at the grouting 

and for the bolt’s bonds in the foundations. 

2. Steel Review of the bolt’s nut and thread. 
- For surface treatment of the visible steel parts of the bolt, the instructions in 

EN 12944-2 [12] are to be followed. 
- The atmospheric corrosivity category according to EN 12944-2 and its 

requirements are taken into account in the surface treatment of the visible 
base plate of the steel column. 

 
2. Recommended surface treatments 

1. Concrete 
cover 

- Table 2 shows the nominal value Cnom required for the concrete cover of 
the bolt’s bonds by exposure class according to minimum value Cmin,cur 
in EN 1992-1-1.  

2. Thread - The bolt’s thread must be protected against corrosion by either material 
choice or grouting. 

- The thread cannot be left without treatment due to corrosion. 
- Painting is not acceptable for protecting the thread in cold and damp 

spaces. 

3. Washers and 
nuts 

- The washer and nut are left without treatment in warm and dry 
conditions. 

- In other conditions, hot-dip galvanised, or austenitic material must be 
used. 

 
Table 2. Required nominal value Cnom for the concrete cover and surface treatment 
Exposure 
class EN 
1992-1-1 
Concrete 
Code 

50-year 
service life 
Cnom +T10 
mm 

100-year 
service life 
Cnom +T10 
mm 

Recommended thread material and surface 
treatment options for bolts 
Thread material or 
surface treatment 

Surface treatment of 
bolt’s bond in concrete 

X0 30 30 No surface treatment No surface treatment 

XC1 30 40 No surface treatment No surface treatment 

XC2 40 50 No surface treatment No surface treatment 

XC3–XC4 45 55 Hot-dip 
galvanised/austenitic 

Hot-dip galvanised 

XS1–XD1  50 60 Hot-dip 
galvanised/austenitic 

Hot-dip galvanised 

XD2 55 65 Hot-dip 
galvanised/austenitic 

Hot-dip galvanised 

XD3 60 70 Hot-dip 
galvanised/austenitic 

Hot-dip galvanised 

XS2–XS3 
XA1–XA3 
XF1–XF4 

– – The bolts can be used on the basis of site-specific 
special analyses. The bolt’s thread material, bond 
surface treatment and concrete cover are specified 
according to the site requirements. 
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6 INSTALLING THE BOLTS ON THE SITE 

6.1 Standards and documents to be followed  
1. Execution 

specificatio
n 
Quality plan 

- Erection Specification prepared by the erector of building frame. 
- Concrete and steel execution specifications prepared for the project. 
- Quality inspection plan prepared for the project and site. 

2. Drawings - Erection drawings prepared by the frame designer.  
- Structure sections and erection details prepared by the designer.  
- Erection instructions and tolerance requirements for equipment 

foundations 

3. Erection 
manual 

- Anchor bolt user manual, whose sections 6, 7 and 8 apply to erection a 
bolt connection on the site. [18] [19] [20] 

6.2 Installing the bolts in the foundations  
 

1. Fastening to a foundation form work 

1. Device - The bolts are installed into a group using an AAK Erection device.  
- The frame is used to ensure the right elevation for the bolt. 
- The order code is AAKM H*B. M is the thread size and H*B are the bolt 

dimensions. 

2. Machinery 
foundations 

- Other methods can also be used for machinery and equipment 
foundations. 

 
Figure 33. Installing the bolts using a frame and casting the foundations 

 
2. Tolerances for bolts 

1. Inspection - Before starting the work, the erector of the steel frame performs an 
acceptance inspection, ensuring that the bolt locations are correct.  

- The inspection may be performed on the basis of an as-built dimension 
record prepared by the concrete contractor.  

2. Approval - A record will be made of the inspection, transferring the responsibility for 
the bolt locations to the erector of the structures. 

3. Tolerances - Table 3 shows the normal erection tolerances for the bolts. 
- Stricter tolerances can be used for machinery and equipment foundations. 

 
 Table 3. Bolt group’s tolerances in a steel column connection 

1 Bolt’s mutual location and cross-measure in a finished anchor bolt frame ± 2 mm 

2 Anchor bolt frame’s centre line location in relation to the module line ± 5 mm 

3 Anchor bolt frame’s twist at the outer corner of the frame ± 5 mm 

4 Mutual displacement between two adjacent frames ± 5 mm 

5 Maximum mutual deviation between two frames in the column line 
direction 

± 5 mm 

6 Maximum deviation of two frames in the main girder direction ± 5 mm 

7 Elevation deviation of the bolt’s head ± 10 mm 

8 Elevation deviation of the removable thread from the surface of the 
sleeve 

± 10 mm 

9 Bolt’s straightness (inclination) from the theoretical (L=entire bolt length) ± L/150 
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3. Instructions for bolts 

1. Thread 
height 

Determining the thread’s elevation in the foundations 
- Tables 4 and 5 show the standard elevation of the bolts and grouting 

from the rough cast surface. 
- The tables show the maximum base plate thickness with the standard 

thread length. 

2. Washers Specific washers for steel structure bolts  
- The washers have been designed for oversized bolt holes in 

accordance with tables 4 and 5.  
- The washers must always be used for the base plate’s oversized holes 

(when the clearance > 2 mm).  
- The washers are made of material S355J2. No hardness specification. 
- In strongly tensile and dynamically loaded connections, it is 

recommended that an HV300 washer according to EN 7089 be used 
between the top nut and the bolt’s own washer. This is not included in 
the bolt delivery. 

3. Tightening 
the nut 
Steel 
column 
 

Tightening the nut in standard connections 
- Tightening the nut has been specified according to EN 1090-2:2018, 

Section 8.5.1, such that the preload force Fc,p of the bolt is 30% of the 
breaking force of the bolt’s thread. The nuts are tightened to the torque 
Mr,1 = 0.125*d*Fp,c, where Fp,c = 0.3*fub*As.   

- After the tightening, at least one pitch of the bolt’s thread must be 
visible.  

- The thread dimension must not be lower than this, and a repair plan 
must be made if this happens.  

4. Tightening 
the nut 
Equipment 
foundations 

Torque moment in machinery and equipment foundation connections 
- The torque value can be changed by entering a new percentage in the 

formula Fp,c = 0.3*fub*Asj instead of the value 0.3 for the preload force 
required. The maximum value is 0.7 (= 70% of the bolt’s breaking force).  

- The calculation value for the breaking strength of ATP, AHP and ARJ 
bolts fub is 550 MPa. 

- The calculation value for the breaking strength of ALP-C bolts fub is 800 
MPa. 

5. Locking the 
nut 

Nut locking methods  
The method to be used must be specified in the structural documents. There 
are four methods to choose from: 

- Tighten the top nut to the required torque, which is enough to lock it.  
- After tightening, hit the thread at the root of the nut to break it. 
- Use a double nut if it must be possible to open the connection later. 
- The top nuts will be covered by concrete grouting, which is enough to 

lock the nuts. 

 
4. Dimensions of standard bolts in steel column connections 

 
Table 4. Elevation, grouting and torque for ATP and AHP bolts 

Anchor bolt A tm S T Φ G Mr,1   

 mm m
m 

m
m 

m
m 

mm mm Nm 

ATP16   AHP16  100 15 40 6 25 50 85 
ATP20   AHP20 120 25 46 6 30 50 170 
ATP24   AHP24 140 40 55 8 35 50 290   
ATP30   AHP30 170 50 65 10 40 50 580   
ATP36   AHP36 170 60 80 10 50 50 1000   
ATP39   AHP39  190 60 90 12 55 60 1300   
ATP45   AHP45  190 60 100 12 60 60 2000   
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Table 5. Elevation, grouting and torque for ALP-C bolts  

Anchor bolt A tm S T Φ G Mr,1  

C and S 
series 

m
m 

m
m 

m
m 

mm mm mm Nm 

ALP22C  130 35 55 8 30 50 200 
ALP27C 150 50 65 8 35 50  370 
ALP30C 150 60 65 10 40 50 500 
ALP36C 170 60 80 10 50 50 880 
ALP39C 190 60 90 12 55 60 1140 
ALP45C 200 70 100 12 60 60 1760 
ALP52C  235 90 110 12 65 70 2740 
ALP60C  260 100 130 15 75 80 4250 

Legend: A  =  Elevation of bolt’s standard thread from rough cast or sleeve surface.   
  tm = Maximum thickness of steel column’s base plate with standard grouting  
  G = Minimum thickness of base plate casting. 
  S, T = Diameter and thickness of the bolt’s own washer. 
  Φ = Maximum allowable diameter of base plate hole with the bolt’s own 

washer. 
  Mr,1 = Nut tightening torque in standard connection Nm. Tolerance ± 30% 

6.3 Erecting a column  
 

1. Preparing the removable thread of S-series bolts 

1. Preparatory 
work 

- Removable S-series anchor bolts are prepared for erection by 
opening the cover that protects the thread and checking the thread’s 
condition and cleanness in the sleeve. 

- Ensure that the threaded rod used is in accordance with the 
drawings. 

2. Erecting the 
threaded rod 

- The rod is screwed into the sleeve up to the paint mark on the 
thread. 

- The embedment depth of the thread must not be below the minimum 
value. 

- If necessary, the rod can also be screwed deeper into the sleeve.   

3. Locking the rod - The threaded rod is locked to the sleeve by hitting the thread at the 
root of the rod and sleeve on both sides of the rod to break the 
thread. 

- If it is necessary to open the rod later, lock it by tightening an extra 
nut onto the rod against the sleeve. 

 
2. Work order of the column 

1. Column 
elevation 
adjustment 

- Remove the top nut and washer and check that the thread is intact. 
- Adjust the top surface of the washer of the bolt’s bottom nut to the 

base plate level.  
- Level the top surface of the other bolts’ washers to the same level.  
- Only use the bolt supplier’s washers.  
- Ensure that the base plate stud fits the hole provided in the 

foundations. 

2. Lifting the 
column and 
fixing the nuts  

- Lift the column into place and fasten the top nuts and washers.  
- Adjust the column upright by turning the bottom nuts of the bolts. 
- The top nuts of the bolts are tightened to the torques shown in tables 

4 and 5.  
- The values have been specified in accordance with EN 1090-2:2018 

to correspond to tightening that equals 30% of the breaking force of 
the bolts’ thread.  

3. Unhooking the 
crane 

- Ensure that the drawings do not require erection support for the 
column.  

- Unhook the crane from the column. 
- Check that none of the bottom nuts are left loose. 

4. Checking the 
connection 

- When the column has been erected and the nuts tightened, at least 
two pitches of the bolt’s thread must be visible.  
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- Check that all the nuts have been fixed, tightened and locked and 
that none of the bottom nuts have been left loose. 

- If the thread dimension is lower than this, a non-conformity report 
must be prepared, and corrective repairing taken. 

  
3. Nut locking methods 

1. Locking method - The method used for locking the nuts must be specified in the 
drawings. 

2. Pre-tightening  - Tighten the top nut to the torque specified in tables 4 and 5, which 
is enough to lock it.  

3. Locking the bolt’s 
thread to the nut 

- Tighten the top nut to the torque specified in tables 4 and 5 and hit 
the bolt’s thread at the root of the nut and thread to break it.  

4. Pretensioning 
and concrete 
casting 

- Tighten the top nut to the torque specified. For locking the nut, it is 
enough to cast concrete in the connection around the bolt.  

5. Double nut - With dynamic loads, use a double nut for the locking.  
- A double nut is always used when it must be possible to remove 

the nut. 

6. Equipment 
foundations 

- The nut tightening and locking methods are specified separately. 

 
4. Grouting 

1. Performing the 
grouting 

- Confirm the time at which the grouting is to be performed. The 
grouting is structural concrete, so the quality control is performed 
accordingly. 

- Select the grouting method such that the grouting fills the base 
under the base plate. 

2. Grout - The software features several commercially available grouts from 
which you can choose according to the strength or frost resistance. 

6.4 Repairing allowed for bolts on the site 
 

1. Repairing allowed 
The structures of the bolt connection must not be modified without the civil engineer’s 
and/or bolt manufacturer’s permission. The following repairing are allowed on the erection 
site. A non-conformity report must be prepared for each change, and the changes must be 
documented in the project’s quality documentation. 

1. Allowable 
repairing 
procedure 

 

- If necessary due to erection space requirements, the straight rebar 
bond of ALP-PC, ALP-P2 and AHP bolts may be bent (= 10–50 mm) 
on the site. However, the bend must not reach the bolt bond’s 
welded area.  

- Foundation reinforcements may be welded to the bolt’s bond, if spot 
welds are used and the purpose is to fasten the bolt to the form work 
during the erection.  

- Load-bearing joints must not be welded to the bolt’s bond. 

- If the washer touches the steel column profile or weld, some material 
can be removed from that part of the washer such that the washer 
sits suitably tightly against the top surface of the base plate.  

- The washer must not be left in a slanted position. 

- When a bolt is located in a slanted position, the nut must not be left 
in a slanted position such that it touches the washer on one side 
only.  

- For such cases, an oblique washer is made that can be installed 
between the nut and a standard washer to provide the nut with an 
even contact surface against the washer. 

- HV300 washers according to EN 7089 may be added to the 
connection, if necessary, provided that the bolt manufacturer’s 
washer is kept lowermost. 
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2. Repairing not allowed 
The following corrective repairing are not allowed. Changes require a separate non-
conformity plan and the designer’s or bolt manufacturer’s approval.  

2. Non-allowable 
repairing 
procedure 

 

- The bolt’s threaded section must not be bent or heated. 
- No other force transfer structures may be welded to the bolt. 

- A dowel bolt’s bonds must not be bent. 
- The bolt and its bonds must not be cut and welded to a new location. 

- The bolt must not be welded to the steel column’s base plate. 
- The bolt’s washer must be supplied by the bolt manufacturer.  
- The washer must not be replaced. 

- The nut may never have fixed without the bolt’s own washer. 
- If the hole in the column’s base plate has been reamed, the washer 

must be replaced with a larger one. 
- In this case, it is usually necessary to make a special washer. 

- The nut of a hot-dip galvanised bolt must not be replaced with a nut 
based on another standard.  

- A hot-dip galvanised bolt requires a hot-dip galvanised, oversized M8 
nut in accordance with the DIN 934 standard.  

- When the nut has been tightened into place, at least two pitches of 
the bolt’s thread must be visible.  

- If the thread dimension is lower than this, a non-conformity report 
must be prepared, and corrective repairing approved by the civil 
engineer. 

7 SAFETY PROCERUDES 

7.1 Information for preparing work safety instructions for the site 
 

Appointed by the developer, the project’s work safety coordinator is responsible for ensuring 
work safety during the building work. When preparing work safety instructions for the project, 
the following must be taken into account in anchor bolt connections. 

 

1. Work - Columns are erected by following the working order in the contractor’s erection plan 
and the requirement for frame stability during erection determined by the designer. 

- The falling of the column and incorrect loading of the bolt connection during erection 
must be prevented. 

- The column is lifted using lifting lugs/equipment.  
- The column must not be moved or lifted from the base plate’s bolt hole. 

- During lifting, the column’s base plate must not hit/rest on the ground or another 
fixed structure. 

- The lifting equipment is unhooked from the column when the column is in place, 
fastened to all bolts and provided with erection support in accordance with the 
plans.  

- The bolts must not be loaded in ways and with loads deviating from the plan. 

 

2. Stability - The column must never be left standing without fastening it to the bolts with all 
nuts. 

- The frame stability under exceptional loads must be ensured at the end of the 
shift. 

- The overall stability of a partially erected frame must be ensured. 

 

3. Structure 
 

- The time at which the connection is to be grouted must be specified in the 
erection plan. 

- Erection of the upper frame must not be continued before the grout has 
hardened. 

- The grouting concrete is part of the load-bearing structure of the connection, so 
the materials and work methods must be selected such that the grout cannot 
freeze.  
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7.2 Commissioning a bolt connection during construction 
 

1. Erection state - The bolt connection has been designed for erection state loads and 
Ultimate Limit State loads for the frame.  

- There are significant differences in the connection’s loading capacity 
between these two states. 

2. Ultimate Limit 
State 

- The bolt connection will only reach the Ultimate Limit State load-bearing 
capacity when the connection’s grouting concrete has reached the design 
strength.  

- Until then, the column connection and its loading capacity must be 
reviewed using the erection state resistance values.  

3. Grouting - The time at which grouting is to be performed is specified in the erection 
plan. The grouting must not be postponed. 

4. Commissioning - The column commissioning permit required for continuing the erection of 
the upper structures and for additional loading of the column is 
determined by means of a review. 

 

8 QUALITY CONTROL 

8.1 Instructions for monitoring work on site 
 
Quality control for column connections is carried out in accordance with the quality control plan 
prepared for the project. The structural and dimensional inspections specified in the 
implementation breakdown are performed on the building frame.  The instructions to be 
followed are in EN 13670 for the requirements for concrete structures and in EN 1090-2:2018 
for the steel frame. 
 
An inspection report is prepared for the frame’s quality control and dimensional inspections 
and saved in the project’s quality documentation. The following inspections are made for bolt 
connections. 

1. Before work - Ensure that the bolts are not damaged. 
- Following the documents regarding the erection order of the steel columns. 
- Checking the elevation of the bottom ends of the columns and the bolts. 

2. After column 
erection, 
before 
grouting 

- Check that the column connection has been erected at the elevation 
specified in the plans. 

- Ensure that the correct washers have been used and the nuts have been 
tightened to the torque specified. 

- Ensure that two pitches of the bolt’s thread are visible from the nut. 
- Ensure that the strength of the grouting concrete is in accordance with the 

plans.   

3. After 
grouting the 
connection 

- Check that the grouting has been made appropriately and with the concrete 
strength according to the plans. 

- Ensure that the grouting joint of the base plate has been filled with concrete. 

4. Deviations If the frame erector deviates from the approved plans and documents in any of 
the following tasks: 
- quality control 
- performing the erection work, lifting and transfers  
- used materials 
- structure tolerances and dimensional inspection of the frame 
- required inspections and their documentation, 
the erector is obliged to start documenting the non-conformity upon observing 
the deviation from the plan and to have the client approve the resulting 
procedures. Non-conformity reports are saved in the project’s quality 
documentation. 
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8.2 Final documentation of quality control 
 

When the job has been accepted, the frame erector is required to deliver the inspection and 
quality control documentation created during the work to the client. 

1. Readiness 
inspection 
records 

- As-built dimension record for the bolts. 
- Loading capacity and commissioning inspection of the columns after 

grouting. 

2. Non-conformity 
reports 

- Any non-conformity reports prepared during the erection of the bolt 
connection are handed over. 

3. Product 
approval.  
As-built 

- CE marking certificates or corresponding product approval information for 
materials purchased for the site. 

- As-built documentation for changes made to the structure. 
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