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Why this study is important?

• As Swedish nuclear power plants are facing 
longer operating times, the risk of damage to 
the concrete slabs supporting the facilities 
increases. 

Old Buildings

Old Buildings
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Why this study is important?

• Is shear failure sudden & brittle? High risk in existing buildings.
• Lack of shear reinforcement in old slabs? Potential weaknesses.

Need to assess if older buildings still meet current safety requirements
• Older norms may have overestimated strength?
• Changes in Swedish Design Standards Over Time? Older Swedish norms vs. 

modern EC2

Safety margins
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Background

These regulations have taken on different forms, including 
binding rules, general advice, instructions, and recommendations

At the beginning of 2011, the European 

Standard Eurocode became mandatory 

for the design of supporting structures 

in Sweden, replacing the previous 

Swedish handbook BBK 04 (Boverkets

Handbok om Betongkonstruktioner, 

2004) 

Building codes in Sweden from 1947 until today (Boverket, Byggregler – en historisk översikt, 2022)
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Introduction

Purpose:

The project proposal aims to increase knowledge about shear force capacity in reinforced concrete 
slabs 

(Because existing concrete slabs in nuclear facilities are normally designed without special shear 
reinforcement except (in some building) for at columns where punching shear force may occur)

The proposal was relevant due to the potential extension of the operational life of Swedish nuclear 
power plants and changes in plant design.

Goals:

• The goal of the study is to identify shear force capacity in existing reinforced concrete slabs when 
using current standards (Eurocode 2). How do these older slabs compare to modern standards? Do 
they still provide sufficient shear capacity, or do they pose a potential risk?
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1. Comparison of design codes

Objectives

List of standards that referred to shear force capacity for reinforced concrete slab without shear reinforcement 

and punching shear. 
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2. Search for other descriptions of the problem

Objectives

CHALMERS, Architecture and Civil Engineering, Master’s Thesis 20 ACEX30-18-11

Searching for other studies that address the issue, perhaps related to other industries.

1. Shear Strengthening of Existing Concrete Slabs, 2018

• Loads are treated with the partial factor safety method both in Eurocode 

and BKR, but not in SBN. 

• The partial factors that are utilized by Eurocode and BKR for the load 

combinations and safety classes differ. 

• Loads
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Search for other descriptions of the problem

Objectives

CHALMERS, Architecture and Civil Engineering, Master’s Thesis 20 ACEX30-18-11

• Shear design
The resistance according to Eurocode 2 is below that 
of BBK and SBN, around 30% lower. A reason for this 
lies in the fact that Eurocode does not add the 
concrete and shear reinforcement contributions 
together.

The shear reinforcement consisted of 8 mm diameter steel bars 
with an even spacing of 140 mm. The capacity was then 
determined according to both BBK04 and SBN80 for the same 
input values as for the Eurocode
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Search for other descriptions of the problem

2. Tvärkraftsdimensionering. Jämförelser mellan olika normer, 2002

Objectives
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Search for other descriptions of the problem

3. Genomstansning av betongplattor, en jämförelse av några europeiska normer, 1993

Objectives
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Search for other descriptions of the problem

Objectives
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Search for other descriptions of the problem

Objectives
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Identification of critical parameters
• Concrete strength

* For lightweight concrete (BBK79, 1988), p.23.

# The characteristic (5%) cylinder strength (150 mm x 

300 mm) , 20 ± 2 ⁰C temperature, and water-cure 

conditions, according to CEP-FIP Model Code for 

Concrete Structures (BBK79, 1988), p.23 

+ Different characteristic compressive strength are 

used for lightweight concrete, Table 7.221b (BBK04, 

2004), p.33

¤ Concrete shear stresses, Table 2:261 (1 MPa equals 

0.0981 kp/cm2) in (B7, 1968), p. 23.

Objectives
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Identification of critical parameters

• Slab thickness

𝑉𝑅𝑑,𝑐 = 𝐶𝑅𝑑,𝑐  𝑘
3

100 𝜌 𝑓𝑐𝑘 + 𝑘1 𝜎𝑐𝑝  𝑏𝑤𝑑

𝑘 = 1 +
200

𝑑
≤ 2.0 (d in mm)

Eurocode 2

Vc_BBK04 = bw d fv

Boverket BBK-04

fv is concrete shear strength. 
fv = 0.3 ξ(1+50) fct

𝜉 =

1.4

1.6 − 𝑑

1.3 − 0.4𝑑

0.9

for                  d ≤ 0.2 m

for     0.2 m < d ≤ 0.5 m 

for     0.5 m < d ≤ 1. 0 m

for     1.0 m < d

Objectives
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Identification of critical parameters

• Reinforcement content

Steel reinforcement diameter, 16 mm, min rho o.ooo41 Steel reinforcement diameter, 20 mm

Objectives
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Comparative calculations

Results

Φ16 s 400

Φ20 s 400

Φ16 s 100

Φ20 s 100

• Shear force capacity Safety class 1
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Comparative calculations

Results

Φ16 s 400

Φ20 s 400

Φ16 s 100

Φ20 s 100

• Shear force capacity Safety class 3

𝑉𝑅𝑑,𝑐 = 𝐶𝑅𝑑,𝑐  𝑘
3

100 𝜌 𝑓𝑐𝑘 + 𝑘1 𝜎𝑐𝑝  𝑏𝑤𝑑

Eurocode 2

Vc_BBK04 = bw d fv

Boverket BBK-04

fv is concrete shear strength. 
fv = 0.3 ξ(1+50) fct
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Comparative calculations

Results

• Shear force capacity

Φ16 s 400

Φ20 s 400

Φ16 s 100

Φ20 s 100
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Comparative calculations

Results

PUNCHING SHEAR CAPACITY

Eurocode 2

𝑉𝐸𝑑,𝑐 =  𝑣𝐸𝑑,𝑐  . 𝑢1. 𝑑𝑒𝑓𝑓 

Boverket BBK-79

𝑉𝑢 =  𝜇 . 𝑓𝑣1 . 𝑢. 𝑑𝑒𝑓𝑓 

Concrete strength fck= 14.5 MPa, 

reinforcement φ 16 mm, c/c s 100 mm

Concrete strength fck= 35.5 MPa, 
reinforcement  φ 20 mm, c/c s 100 mm



Confident iality: C2 - Internal

Comparative calculations

Results

• PUNCHING SHEAR CAPACITY

Eurocode 2

𝑉𝐸𝑑,𝑐 =  𝑣𝐸𝑑,𝑐  . 𝑢1. 𝑑𝑒𝑓𝑓 

B7

Concrete strength fck= 14.5 MPa, 
reinforcement φ 16 mm, c/c s 100 mm

fck= 35.5 MPa, reinforcement  φ 20 
mm, c/c s 100 mm
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Comparative calculations

Results

• PUNCHING SHEAR CAPACITY

Eurocode 2

𝑉𝐸𝑑,𝑐 =  𝑣𝐸𝑑,𝑐  . 𝑢1. 𝑑𝑒𝑓𝑓 

Concrete Handbook

fck= 35.5 MPa, reinforcement  φ 20 
mm, c/c s 100 mm

Concrete strength fck= 14.5 MPa, 
reinforcement φ 16 mm, c/c s 100 mm
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Comparison Criteria BBK04 / BBK79 B7 BHB

Shear Force Capacity Overestimates (up to 25%) for low 

reinforcement; aligns with EC2  for high 
reinforcement.

Overestimates (up to 25% 

for slabs of 200–400 mm 
thickness)

- Effect of Strength Overestimate with an increase in the 

compressive strength of concrete higher 
than 15 MPa.

Base shear strength 

approach does not adjust 
for compressive strength

- Safety Factor Using safety factor (γn = 1.2) leading to 

lower predictions (10–15% lower than EC2 
for safety class 3)

No explicit safety classes 
adjustments

- Slab Thickness Predictions depend on reinforcement levels 

more than slab thickness. However, a slight 
variation ranging between 5 – 10 % can be 

observed for moderate reinforcement ratios.

Overestimates capacity for 

moderate slab thicknesses 
(200–400 mm) up to 25% 

higher than EC2.
Punching Shear Underestimates by ~35-40% due to a 

shorter control perimeter (d/2 from the 
column face)

Closer to EC2 for thicker 

slabs but overestimates for 
thinner slabs

Matches EC2 for most 

slabs but underestimates 

for deep slabs (>500 mm)

- Reinforcement 
Impact

Conservative estimates, lacks 
reinforcement adaptability

Uses experimental factors 
but still overestimates

Overestimation reduces as 

depth increases

General Observations Not fully align with EC2 for shear force.

Good margins for punching shear.

Lacks reinforcement 

adaptability and 
overestimates in moderate 

slab thicknesses for both 
shear and punching

Generally, matches EC2 

for deep slabs in punching 

shear

Conclusions
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Thank you!

Any questions?
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