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1 General information 

1.1 Structure / Construction 
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1.2 Structure / Geometry 
 

 

Map detail / RBDTD-EE-DS2-DPS1_TRE_CU037081-ZZ_0005_D4_STR_EK-DTD_000102_003z 
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1.3 Structure / Reinforcement 
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1.4 Technical regulations 

DIN EN 1990 
DIN EN 1990/NA 

Basis of structural design. Basis of structural design – National 
Annex 

DIN EN 1992-1-1 Design of concrete structures 
General rules and rules for buildings 

DIN EN 1992-1-1/NA Design of concrete structures 
General rules and rules for buildings – National Annex 

DIN EN 1992-2 Design of concrete structures 
Concrete bridges – Design and detailing rules 

DIN EN 1992-2/NA Design of concrete structures 
Concrete bridges – Design and detailing rules – National Annex 

DIN EN 206 Concrete 
Specification, performance, production and conformity 
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1.5 Materials 

Reinforced concrete: C 35/45 
 
Reinforcing steel: B 500 

 

Ehitusmaterjali kirjeldus / Description of construction material 
Betoon / 
Concrete: 

C 35/45 Sarruse klaas / 
Reinforcement grade: 

B 500 

(Detail / RBDTD-EE-DS2-DPS1_TRE_CU037081-ZZ_0005_D4_STR_EK-DTD_000102_003) 
 
 

1.6 Exposure classes 

 Exposure classes XC4, XD1, 
XF3 

 

Rakkendusala / Application area Keskkonnaklass 
/Exposure class 

Betoonkaitsekiht 
/Concrete cover 

Truubi alumine plaat / Culvert bottom slab XC4, XD1,XF3 cv = 55 mm 
cdev = 15 mm 

(Detail / RBDTD-EE-DS2-DPS1_TRE_CU037081-ZZ_0005_D4_STR_EK-DTD_000102_003) 
 

1.7 Concrete cover 

 
 Concrete cover: cmin = 40 mm 
  cdev  = 15 

mm 
  cnom  = 55 mm 

 

Rakkendusala / Application area Keskkonnaklass 
/Exposure class 

Betoonkaitsekiht 
/Concrete cover 

Truubi alumine plaat / Culvert bottom slab XC4, XD1,XF3 cv = 55 mm 
cdev = 15 mm 

(Detail / RBDTD-EE-DS2-DPS1_TRE_CU037081-ZZ_0005_D4_STR_EK-DTD_000102_003) 

1.8 Crack width limitation 

 The permissible crack width is wmax = 0.30 mm 
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1.9 Strength development of concrete 

Strength development: Medium (r < 0.5) 
 

(2] When determining the duration of the curing process, information on the strength development of the 
concrete may be provided either by values according to Table 16 or by a strength development curve at 20°C 
between 2 days and 28 days. 

Table 16 – Strength development of concrete at 20 °C 
 

Strength development 

Strength ratio 
 

r = 𝑓cm,2 /𝑓cm,28 

Fast ≥ 0.5 

Medium ≥ 0.3 to < 0.5 

Slow ≥ 0.15 to < 0.3 

Very slow < 0.15 

 
 
(3] The strength ratio for designating the strength development is the ratio of the mean compressive strength 
after 2 days (𝑓cm,2) to the mean compressive strength after 28 days (𝑓cm,28) from the initial test or on the basis of the 
known behaviour of concrete with a comparable composition. For the respective initial tests, the test specimens 
for strength determination are to be taken, produced, cured and tested in accordance with EN 12350-1, 
EN 12390-1, EN 12390-2 or EN 12390-3. 

(DIN EN 206) 

1.10 Loads 

1.10.1. PERMANENT LOADS WITH CONSTANT VALUES 

1.10.1.1. DEAD LOADS 

According to the design bases document „Road Bridges design basis. Master design 

         RBDTD-EE-DS2-ZZ_IDO_ZZZZ-ZZ_ZZZZ_RP_BR-TS_MD_00002“ 

The self-weight of the structure will be considered in each model. Following design bases 

indications, the density value of the reinforced concrete will be 25 kN/m3. 

1.10.1.2. SUPERIMPOSED DEAD LOADS 

According to the design bases document „Road Bridges design basis. Master design 

         RBDTD-EE-DS2-ZZ_IDO_ZZZZ-ZZ_ZZZZ_RP_BR-TS_MD_00002“ 

For this structure, the following values are considered. 
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 Ballast: With a density of 20kN/m3, (Mean value and its hypothetical increment or 

decrement of 30%) 

 Sleepers: 4.8kN/m per track (9.6kN/m) 

 Rails: 1.5kN/m/track (3.0kN/m) 

 Concrete channel for cables: Nominal value 3.0kN/m/channel (Nominal value 

6.0kN/m with a deviation of 20%) 

 Electrification and OCS Pole: 1.5kN/m/track (3.0kN/m). Railing: 0,7 kN/m on both 

edges. 

 Terrain cover. backfill material to reach the rail level in each case, the typical backfill 

material has a density of 20 kN/m3. 

1.10.2. PERMANENT LOADS WITH VARIABLE VALUES 

1.10.2.1. PRESTRESS LOADS 

Not applicable as this is a reinforced concrete structure. 

1.10.2.2. CREEP AND SHRINKAGE 

Does not apply to the structure. No relevant in this type of structure. 

1.10.2.3. GEOTECHNICAL ACTIONS 

1.10.2.3.1. Horizontal earth pressure load 

According to the design bases document „Road Bridges design basis. Master design 

         RBDTD-EE-DS2-ZZ_IDO_ZZZZ-ZZ_ZZZZ_RP_BR-TS_MD_00002“ 

In this structure, for the earth and surcharge pressure the most unfavourable of at rest and 

active pressure has been considered. 

The backfill material has been considered with the following characteristics: 

 ɣ = 20 kN/m³ (bulk unit weight) 
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 ɸ = 35º (internal friction angle) 

 c = nil (value of cohesion). 

1.10.2.3.2. Differential settlement 

Does not apply to the structure. 

1.10.3. FRICTION FORCES AT POT BEARINGS 

Not applicable as the structure does not have pot bearings. 

1.10.4. VARIABLE ACTIONS 

1.10.4.1. VERTICAL LOADS DUE TO RAIL TRAFFIC 

According to the design bases document „Road Bridges design basis. Master design 

         RBDTD-EE-DS2-ZZ_IDO_ZZZZ-ZZ_ZZZZ_RP_BR-TS_MD_00002“ 

The loads applied at the top of the terrain cover will be distributed along the ballast and the 

backfill with a ¼ proportion in the ballast and a 35º cone in the backfill. This will reduce their 

influence on the structure according its depth. Also, the interference between the loads 

coming from two parallels lines will be taken in consideration in case of intersection of 

mentioned loads distributions along the terrain. 

Load Model 71, SW/0 and SW/2 have been considered in the structural calculation. 

A classification coefficient of 1.33 has been applied to the following load models: 

 Axle vertical loads and uniformly distributed load of Load Model 71. 

 Axle vertical loads and uniformly distributed load of Load Model SW/0. 

 Equivalent vertical loading for earthworks and earth pressure effects. 

The results of the static analysis for load models LM71, SW/0 and SW/2, shall be multiplied by the 
dynamic factor 𝜙ଷ. 

The dynamic factor 𝜙ଷ which enhances the static load effects shall be taken as 𝜙ଷ (track with standard 
maintenance, as per the recommendation of the Technical Specification (RBDG-MAN-017-0103, 
section 3.3.1.2)): 
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With 1,0 ≤ 𝜙ଷ ≤ 2,0. 

L𝜙ଷ “Determinant” length (length associated with 𝜙ଷ) defined in EN 1991-2 Table 6.2 [m]. 

In the case of arch bridges and concrete bridges of all type, with a cover of more than 1,0 m, 

dynamic factor 𝜙ଷ  may be reduced as follow: 

 
 

In the following table the dynamic factor applied to load models LM71, SW/0 & SW/2, 

reduced due to the cover of earths over the structure, is shown for all the culverts. 

CODE MD DP Station Description 
Dynamic 

factor 

CU037081 4+063 CULVERT + ANIMAL CROSSING 1.918 

Culverts dynamic factors 

In order to obtain the horizontal thrust due to the vertical loads of the rail traffic, a simplified 

uniform surcharge of 30 kN/m2 has been used extended to the total width of the platform, 

considering the classification coefficient of 1.33. 

1.10.4.2. HORIZONTAL ACTIONS DUE TO RAIL TRAFFIC 

1.10.4.2.1. Brake and traction actions have been applied to the box culverts. 

According to the design bases document „Road Bridges design basis. Master design 

         RBDTD-EE-DS2-ZZ_IDO_ZZZZ-ZZ_ZZZZ_RP_BR-TS_MD_00002“ 

1.10.4.2.2. Centrifugal forces 

Centrifugal forces are not relevant in the design of the culverts since this type of forces act in 

the longitudinal direction of the culvert, which has large stiffness. Centrifugal loads are 

transmitted and absorbed by the embankment in which the culvert is embedded. 

1.10.4.2.3. Nosing force 
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Similar to centrifugal forces, nosing forces are not relevant in the design of the culverts. 

Nosing forces are transmitted by the terrain surrounding the culvert, up to the foundation. 

1.10.4.2.4. Aerodynamic effects 

The aerodynamic effects are not relevant for the design of the culvert as there are no 

elements above the railway platform. 

1.10.4.2.5. Others 

Does not apply to the structure. 

1.10.4.3. GROUPS OF TRAFFIC LOADS ON ROAD BRIDGES (EN 1991-2:2003 TABLE 4.4.A) 

Does not apply to the structure. 

1.10.4.4. ACTIONS FOR NON-PUBLIC FOOTPATHS 

Does not apply to the structure. 

1.10.4.5. TEMPERATURE 

Does not apply to the structure. No relevant in this type of structure. 

1.10.5. ACCIDENTAL ACTIONS 

1.10.5.1. ACCIDENTAL ACTIONS DUE TO ROAD TRAFFIC (EN 1991-2:2003 CLAUSE 6.7) 

Does not apply to the structure. 

1.10.5.2. ACCIDENTAL ACTIONS DUE TO ROAD TRAFFIC (EN 1991-1-7:2006 CLAUSE 4.3) 

Does not apply to the structure. 
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2 Static design / minimum reinforcement 

2.1 Static design / PC programs 

The design calculations are shown on the following pages, using the PC programs FRILO / 
R-2025-1 / B11 and Risse from InfoGraph, Version 24.00 
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2.2 Culvert CU037081 / Floor slab 

 
FRILO / Pos. Floor slab)   
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2.3 Culvert CU037081 / Walls 

 
FRILO / Pos. walls)   
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2.4 Culvert CU037081 / Ceiling slab 

 
(FRILO / Pos. ceiling slab)   
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2.5 Minimum reinforcement / General 

 
(Crack width restriction 24.00 / InfoGraph)  
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3 Reinforcement / Additional reinforcement 

3.1 Culvert CU037081 

 
(Drawing / culvert CU037081) 
 
Longitudinal reinforcement / additional reinforcement 

 

 

Floor slab (reinforcement / inside and outside) 
 
Longitudinal reinforcement Ø16/200 

 

 
Walls (reinforcement / inside and outside) 

 
Longitudinal reinforcement Ø6/200 + additional reinforcement 010/200 

 

 

Ceiling slab (reinforcement / inside and outside) 
 

Longitudinal reinforcement Ø16/200 + additional reinforcement 010/200 
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Münster, 16 November 2024 
 
 
 
 
 
 
 
 
 
 
p. p. A. Henning, graduate engineer 
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