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 𝜆 

 𝑓𝑐

 𝜌

𝜂

𝜂 = 1

𝜂 = 0



 

 

 

 

𝜂 = 0.5

𝜂 = 0.5 𝜂 = 0.66 𝜂 = 1.0 𝜂 = 0.83 



𝜂 = 0.5

 𝜌 = 0.3%

 

 ℎ = 200 𝑚𝑚

ℎ = 150 𝑚𝑚

 𝐿𝑠 ≤ 3.7 𝑚

𝐿𝑠 ≤ 4.5 𝑚

𝐿𝑠

0

0,2

0,4

0,6

0,8

1

1,2

0 2 4 6 8 10

re
st

ra
in

t 
fa

ct
o

r 


[-
]

number of tests

niet composiet staalbeton
liggers

composiet staalbetonliggers

betonnen balken en plaat

voorgespannen ligger en
betonnen plaat



𝐿𝑠

 𝜆 =
𝐿𝑠

ℎ
≤ 15

 

 

 

o 

o 

o 

𝜂 = 0.5



𝑃𝑎𝑥𝑙𝑒 =

𝜙 ∗ 0.6 ∗ 𝑅𝑖

𝛾𝐿 ∗ 40 ∗ 𝐼 ∗ 8200

100
   [kN]

𝜙 = variable strength reduction factor = 𝜙d ∗ 1 = 0.5 (assumed low cracking) 
𝛾𝐿 = partial load factor for normal loading =  1.9  
𝐼 = 1.0 (impactfactor) 

𝑅𝑖 𝑅𝑑 𝐹𝑞 𝐹𝑐

𝑅𝑖 = 𝑅𝑑 ∗ 𝐹𝑞 ∗ 𝐹𝑐    [kN]

𝐹𝑐 𝐹𝑞

𝑅𝑑

𝐹𝑐

𝑞 = 50 ∗ (
𝐴𝑠𝑙

𝑏 ∗ 𝑑𝑙
+

𝐴𝑠𝑡

𝑏 ∗ 𝑑𝑡
) 

 
0.2% ≤ 𝑞 ≤ 1%

 
𝐴𝑠𝑙 = longitudinal bottom steel areas 
𝐴𝑠𝑡 = transverse bottom steel areas 
𝑏 = width 
𝑑𝑙 = longitudinal effective depth of the deck slab 
𝑑𝑡 = transverse effective depth of the deck slab 

𝜙



𝜂 = 1



𝑀𝑎𝑟 = 0.85 ∗ 𝑓𝑐
′ ∗ (

ℎ

2
)

2

=   0.21 ∗ 𝑓𝑐
′ ∗ ℎ2  

𝑓𝑐
′ = cylindrical compressive concrete strength 

ℎ = thickness slab 

𝑀𝑎𝑟

𝑅 = 𝜀𝑐 ∗
𝐿𝑟 2

ℎ2
  [−]

𝐿𝑠 = span of slab 
𝐿𝑟 = 0.5 ∗ 𝐿𝑠  
ℎ = slab thickness 
0 < 𝑅 < 0.26

𝐿𝑠

𝐿𝑠



𝜆 = 20

𝜀𝑐 = (−400 + 60 ∗ 𝑓𝑐
′ − 0.33 ∗ 𝑓𝑐

′) ∗ 10−6   [−] 

𝑀𝑎𝑟 = 𝑘 ∗ 𝑓𝑐
′ ∗ ℎ2  [kNm/m]

𝑘 =
0.21

4
∗ 𝑀𝑟 

𝑀𝑟 =  4.3 − 16.1 ∗ √3.3 ∗ 10−4 + 0.1243 ∗ 𝑅 )  [−]   
𝑀𝑟 = 4 for rigid plastic behavior 

𝑀𝑟 = 4

𝑃𝑏 =
𝑀𝑎𝑟

0.23
 [𝑘𝑁] (restrained at both sides)



𝜙

𝑃𝑝 = 1.52 ∗ (𝜙 + 𝑑) ∗ 𝑑 ∗ √𝑓𝑐
′ ∗ (100 ∗ 𝜌𝑒)0.25   [kN]

𝜙 = equivalent punching diameter 
𝑑 = average effective height tensile reinforcement 
𝑓𝑐

′ = cyllindrical compressive concrete strength

𝜌𝑒

𝜌𝑒 =
𝑘 ∗ 𝑓𝑐

′ ∗ ℎ2

𝑓𝑦𝑒 ∗ 𝑑 ∗ 𝑧
   

𝑧 = internal leverarm = 0.75 ∗ 𝑑 
𝑓𝑦𝑒 = 320 MPa 



𝑧

𝑑



𝑓𝑐
′



𝑀𝑎𝑟

𝑏𝑒𝑓𝑓 = 𝑐𝑦 + 2 ∗ 𝐿𝑒 + 2 ∗ ℎ

𝑐𝑦 = length of load area in y − direction 

𝐿𝑒 = effective span of the slab subjected to arching force 

𝐿𝑒 =
𝐿𝑠

2
−

𝑐𝑥

2
 

𝑐𝑥 = length of load area in x − direction 

𝐿𝑠 = clear span of considered slab 





𝐸𝑐 = 4.23 ∗ 𝑓𝑐𝑢
0.5

𝐾𝑠 =
𝐸𝑐 ∗ 𝑏𝑒𝑓𝑓 ∗ ℎ

𝐿𝑒

𝐴𝑑

𝐾𝑑 =  ∑
𝐴𝑑 ∗ 𝐸𝑐

𝐿𝑒

𝐾𝑏 =
𝐴𝑏 ∗ 𝐸𝑐

𝐿𝑒

𝐴𝑏 =
𝜁 ∗ 𝐼𝑏 ∗ 𝐿𝑒

𝑏𝑒𝑓𝑓

𝜁 = 114.5 (SS) 
𝜁 = 985 (FE) 
𝜁 = 550 (SS/FE)

𝜁

𝜂 = 0

𝜂 = 1

𝜁 = 550 𝜂 = 0.5



𝐾𝑟 =
1

(
1

𝐾𝑏
+

1
𝐾𝑑

)



𝐾𝑟

𝐹𝑜𝑟 𝐾𝑟 = 855
𝑘𝑁

𝑚𝑚
, 70% 𝑜𝑓 𝑟𝑖𝑔𝑖𝑑 𝑟𝑒𝑠𝑡𝑟𝑎𝑖𝑛𝑡, 𝑚𝑒𝑎𝑛𝑖𝑛𝑔 𝜂 = 0.7 

𝐾𝑟 =
855

70
∗ 100 = 1221

𝑘𝑁

𝑚𝑚
, 100% 𝑟𝑖𝑔𝑖𝑑 𝑟𝑒𝑠𝑡𝑟𝑎𝑖𝑛𝑡, 𝑤𝑖𝑡ℎ 𝜼 = 𝟏. 𝟎 ((Figure 30)) 

𝐾𝑟

𝜂 = 1.0

𝛽 = 1 − 0.003 ∗ 𝑓𝑐𝑑 < 0.9

𝑥 =
𝑓𝑦 ∗ 𝐴𝑠

0.67 ∗ 𝑓𝑐𝑑 ∗ 𝛽 ∗ 𝑏𝑒𝑓𝑓

𝑧 = 𝑑 − 0.5 ∗ 𝛽 ∗ 𝑥



𝑀𝑏 = 𝑓𝑦 ∗ 𝐴𝑠 ∗ 𝑧

𝑃𝑏 = 𝑘𝑏 ∗ 𝑀𝑏

2 ∗ 𝑑1 = ℎ − 2 ∗ 𝑥 ∗ 𝛽

𝑑1 

𝐴 = 𝛼 ∗ 𝑏𝑒𝑓𝑓 ∗ 𝑑1 

𝛼 = 1 for the first iteration

𝐿𝑅



𝐿𝑅 = 𝐿𝑒 √(
𝐸 ∗ 𝐴

𝐾 ∗ 𝐿𝑒
) + 1

3

𝜀𝑢 = 0.0043 − [(𝑓𝑐𝑑 − 60) ∗ 2.5 ∗ 10−5] < 0.0043 
𝜀𝑐 = 2 ∗ 𝜀𝑢 ∗ (1 − 𝛽) 



𝑅 𝑢

 
𝑅 =

𝜀𝑐 ∗ 𝐿𝑟 2

4 ∗ 𝑑1
2   [−] 

 

0 < 𝑅 < 0.26;  𝑢 = −0.15 + 0.36 ∗ √0.18 + 5.6 ∗ 𝑅 

𝑅 > 0.26;  𝑢 = 0.31 (constant)

𝛼 = 1 −
𝑢

2
𝛼 ∗ 𝑑1

𝑅 > 0.26;  
𝑢 = 0.31 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 



0 < 𝑅 < 0.26; 𝑀𝑟 =  4.3 − 16.1 ∗ √3.3 ∗ 10−4 + 0.1243 ∗ 𝑅 )  [−]  

𝑅 > 0.26; 𝑀𝑟 =
0.3615

𝑅
 [−] 

𝑀𝑎𝑟 = 0.168 ∗ 𝑏𝑒𝑓𝑓 ∗ 𝑓𝑐
′ ∗ 𝑑1

2 ∗ 𝑀𝑟 ∗
𝐿𝑒

𝐿𝑟
 [𝑘𝑁𝑚/𝑚] 

𝐿𝑒 = 𝐿𝑟

𝑃𝑎 = 𝑀𝑎𝑟 ∗ 𝑘𝑎

𝑘𝑎 𝑘𝑏

 

𝑃𝑎 =
𝑀𝑎𝑟

0.23
 

 

𝑃𝑝𝑓 = 𝑃𝑏 + 𝑃𝑎

𝑃𝑝𝑣 =
0.43

𝑟𝑓
∗ √𝑓𝑐𝑑 ∗ (𝜙 + 𝑑)𝜋 ∗ 𝑑 ∗ (𝜌𝑒)0.25 

𝑟𝑓 = 1.0 (circular wheel load) 

𝑟𝑓 = 1.15 (rectangular wheel load) 



𝑃𝑝𝑓 > 𝑃𝑝𝑣 𝑃𝑝𝑓 < 𝑃𝑝𝑣

𝑃𝑢 = 𝑃𝑝𝑣



𝐿𝑠 < 4.5 𝑚 𝐿𝑠 < 3.7 𝑚

N/A

𝜆 < 20 𝜆 < 15 N/A



𝜂 = 0.8



𝐶𝑀𝐹 ≈

370 𝑁/𝑚𝑚





 

 𝜆 =
𝐿𝑠

ℎ
=

3210

200
= 16.1 < 20

𝜆 < 15

 

 

𝐿𝑠 ≤ 3.7

 ℎ ≥ 150 𝑚𝑚

 



𝐿𝑠

 

 

  
3400

200
= 17 > 15.

 

 





 

 

 

𝐿𝑠

ℎ
=

𝐿𝑐.𝑡.𝑐 − 2 ∗ 𝑑𝑤𝑒𝑏 − 2 ∗ 0.5 ∗ 𝑑𝑣𝑜𝑢𝑡

ℎ
=

1800 − (2 ∗ 75 − 2 ∗ 240)

100
= 11.7 < 20



𝐿𝑠

 𝑓𝑐
′ = 38 𝑁/𝑚𝑚2

 

 



𝐿𝑠

 

 

  
1650

100
= 16.5 > 15.

 

 



𝑷𝒑 𝑷𝒕 𝑷𝒕/𝑷𝒑

𝑷𝒑 𝑷𝒕

𝑷𝒕/

𝑷𝒑











 

 







𝐹𝑔𝑖𝑟𝑑𝑒𝑟 =

1550 𝑘𝑁



𝐹𝑔𝑖𝑟𝑑𝑒𝑟



𝐹𝑔𝑖𝑟𝑑𝑒𝑟



𝐹𝑔𝑖𝑟𝑑𝑒𝑟







𝐹𝑡𝑜𝑡𝑎𝑙 =

𝐹𝑔𝑖𝑟𝑑𝑒𝑟 + 𝐹𝑠𝑙𝑎𝑏





𝜆 =
𝐿𝑠

ℎ
=

3450

100
= 34,5 > 20



𝐿 = ℎ ∗ 20 = 2000 𝑚𝑚 
ℎ = 100

𝐿𝑐.𝑡.𝑐. = 𝐿𝑐𝑙𝑒𝑎𝑟 + 𝑑𝑤𝑒𝑏 = 2150 𝑚𝑚 
𝑑𝑤𝑒𝑏 = 150 𝑚𝑚

𝐿 = ℎ ∗ 15 = 1500 𝑚𝑚 
ℎ = 100 
𝐿𝑐.𝑡.𝑐. = 𝐿𝑐𝑙𝑒𝑎𝑟 + 𝑑𝑤𝑒𝑏 = 1650 𝑚𝑚 
𝑑𝑤𝑒𝑏 = 150 𝑚𝑚 



 

 

 







𝛿𝑐𝑟𝑖𝑡

𝛿𝑐𝑟𝑖𝑡

𝛿𝑐𝑟𝑖𝑡



𝛿𝑢𝑙𝑡𝑚

𝛿𝑢𝑙𝑡𝑚





𝑏𝑒𝑓𝑓

𝑏𝑒𝑓𝑓

𝑏𝑒𝑓𝑓

𝐹𝑡𝑜𝑡,𝑎 = ∑ 𝐹𝑥,𝑎

𝐵𝑒𝑓𝑓



𝑛 [−] =
activated slab span [m]

effective width slab strip [m]
 

 
total slab capacity  [kN] = 𝑛 ∗ 𝐛𝐞𝐧𝐝𝐢𝐧𝐠 capacity slab strip 
  
Fslab,upper = 𝑛 ∗ Fslab,lower 

 

 Ftotal = Fgirder + Fslab,upper







𝛿𝑟𝑒𝑙,𝑔𝑖𝑟𝑑𝑒𝑟 ≥ 𝛿𝑠𝑙𝑎𝑏





𝐹𝑔𝑖𝑟𝑑𝑒𝑟

𝐹𝑡𝑜𝑡𝑎𝑙 = 𝐹𝑔𝑖𝑟𝑑𝑒𝑟 +

𝐹𝑠𝑙𝑎𝑏



 

 

 

𝐹𝑔𝑖𝑟𝑑𝑒𝑟



 



 

 

 

 

 



 

 

o 

o 

o Fslab,lower

 

 

o 

o 

 

 

 

 Fgirder

 

o 

o 

o 

 

o 

 Fslab,lower

 Fslab ≥  Fgirder

 

 Ftotal = Fgirder + Fslab,upper

 

 





𝑓𝑐𝑚 𝑓𝑐𝑡𝑚

𝐸𝑐𝑚

𝑓𝑐𝑚 𝑓𝑐𝑡𝑚 𝐸𝑐𝑚









𝐅𝐬𝐥𝐚𝐛,𝐥𝐨𝐰𝐞𝐫 𝛅𝐬𝐥𝐚𝐛 = 𝛅𝐜𝐫𝐢𝐭





870 ∗ 0.72 = 626 𝑘𝑁







𝛿𝑔𝑖𝑟𝑑𝑒𝑟,𝑚𝑎𝑥 = 37 𝑚𝑚

𝐹𝑏𝑟𝑖𝑑𝑔𝑒,𝑚𝑎𝑥 = 2780 𝑘𝑁



𝐹𝑔𝑖𝑟𝑑𝑒𝑟,𝑚𝑎𝑥 = 𝐹𝑏𝑟𝑖𝑑𝑔𝑒,𝑚𝑎𝑥 ∗ 0.72 = 2067 𝑘𝑁

𝐹𝑔𝑖𝑟𝑑𝑒𝑟

𝐹𝑏𝑟𝑖𝑑𝑔𝑒 =
𝐹𝑔𝑖𝑟𝑑𝑒𝑟

0.72
=

1550

0.72
= 2153 𝑘𝑁



𝛿𝑠𝑙𝑎𝑏 = 𝛿𝑐𝑟𝑖𝑡

𝐹𝑠𝑙𝑎𝑏





𝑛[−] =
activated slab span[m]

effective width slab strip[m]
 

 
total slab capacity [kN] = 𝑛 ∗ slab 𝐛𝐞𝐧𝐝𝐢𝐧𝐠 capacity strip[kN] 
Fslab,upper = 𝑛 ∗ Fslab,lower

𝑛 =
8.9

3.65
= 2.45 

 
Fslab,upper = 2.45 ∗ 133 = 325 𝑘𝑁

Ftotal = Fgirder + Fslab,upper = 2153 + 325 = 2478 𝑘𝑁



 0.72 ∗ 2153 = 1550 kN and 0.72 ∗ 2543 = 1830 kN

𝐅𝐬𝐥𝐚𝐛,𝐥𝐨𝐰𝐞𝐫

𝐅𝐬𝐥𝐚𝐛,𝐮𝐩𝐩𝐞𝐫





 

𝐹𝑡𝑜𝑡𝑎𝑙

𝐹𝑔𝑖𝑟𝑑𝑒𝑟



𝐹𝑠𝑙𝑎𝑏,𝑢𝑝𝑝𝑒𝑟

𝐹𝑔𝑖𝑟𝑑𝑒𝑟 = 1550 𝑘𝑁

𝐹𝑏𝑟𝑖𝑑𝑔𝑒 =
1550

0.72
= 2153 𝑘𝑁

2153 − 1550 = 603 𝑘𝑁

𝐅𝐬𝐥𝐚𝐛,𝐮𝐩𝐩𝐞𝐫



 

 𝛿𝑔𝑖𝑟𝑑𝑒𝑟,𝑚𝑎𝑥

 𝐹𝑔𝑖𝑟𝑑𝑒𝑟,𝑚𝑎𝑥 𝛿𝑔𝑖𝑟𝑑𝑒𝑟,𝑚𝑎𝑥

o 𝐹𝑏𝑟𝑖𝑑𝑔𝑒

 𝐹𝑠𝑙𝑎𝑏,𝑙𝑜𝑤𝑒𝑟

 

 

o 

o 

o 

 𝐹𝑠𝑙𝑎𝑏,𝑢𝑝𝑝𝑒𝑟

 

 

 

 

 

o 

o 

o 

o 

o 
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𝜆 = 9.5

𝐾𝑟

𝐾𝑟 = 197 𝑘𝑁/𝑚𝑚
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𝜆 = 9.5



𝜆 = 9.5









𝐿𝑠 = 2 ∗ 𝐿𝑐.𝑡.𝑐 − 𝑏𝑤𝑒𝑏 = 2 ∗ 1225 − 180 = 𝟐𝟐𝟕𝟎 𝒎𝒎







𝒇𝒄𝒎

𝒇𝒄𝒌

𝒇𝒄𝒌,𝒄𝒖𝒃𝒆

𝒇𝒄𝒌

𝒚𝒄

𝒇𝒄𝒅

𝑬𝒄𝒎

𝒇𝒄𝒕𝒎

𝒇𝒄𝒎

𝒇𝒄𝒌

𝒇𝒄𝒌,𝒄𝒖𝒃𝒆

𝒇𝒄𝒌

𝒚𝒄

𝒇𝒄𝒅

𝑬𝒄𝒎

𝒇𝒄𝒕𝒎



𝜙 𝐴𝑝 = 462 𝑚𝑚2





𝜂 = 0.5

𝜂 =

0.5

𝐾𝑟

𝜂 = 1.0

 

 

 

 

 ℎ ≥ 150 𝑚𝑚

 

 

  𝜆 =
𝐿𝑠

ℎ
=

2239

180
= 12.4 < 20.



 

 

  𝜆 =
𝐿𝑠

ℎ
=

2270

180
= 12.6 < 15.

 

 

𝑏𝑒𝑓𝑓 = 2630 𝑚𝑚

𝐿𝑠 = 2270 𝑚𝑚
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Real Tests with slenderness 9.5

Hypothetical tests with
Slenderness 12.6

Linear (Real Tests with
slenderness 9.5)

Linear (Hypothetical tests with
Slenderness 12.6)





625

3000
∗ 100% = 20.8 %









2 ∗ 19 = 40 %





2 ∗
2.3

(2 ∗ 2.3 + 2 ∗ 2 ∗ 2.5 + 2 ∗ 2.9 + 3.4)
∗ 100% = 24%

2 ∗
2.5

(2 ∗ 2.3 + 2 ∗ 2 ∗ 2.5 + 2 ∗ 2.9 + 3.4)
∗ 100% = 27%



𝜎 = 𝐸 ∗ 𝜖 

𝜎 =
𝐹

𝐴
 [MPa] 

𝜖 =
∆𝑙

𝑙0
=

𝛿

𝐿𝑠

[−] 

𝐸 =
𝜎

𝜖
[MPa]



𝐹𝑝𝑒𝑎𝑘 = 3000 ∗ 103 N 

𝜎 =
𝐹

𝐴
= 18.75 MPa 

𝐴 = 400 ∗ 400 mm (test load surface)

𝜖 =
𝛿

𝐿𝑠
= 7.9 ∗ 10−4 

𝛿𝑝𝑒𝑎𝑘 = 19 mm = 19 ∗ 10−3 m (from Figure 133) 

𝐿𝑠 = 24 m (beam span) 

𝐸2 =
𝜎

𝜖
= 23.7 ∗ 103 MPa

𝐸1 = 40.9 ∗ 103 MPa
𝐸1

𝐸2
= 1.7



 𝐸2 = 48.6 ∗ 103 MPa; 𝐸1 = 81.4 ∗ 103 MPa;
𝐸2

𝐸1
= 1.7





19 − 10.5 = 8.5 𝑚𝑚





Fmaxgirder = 1000 kN

Fslab

Fslab ≥ Fmaxgirder



Fslab,uk = 560 < Fmaxgirder = 1000 kN (Not sufficient) 

Fslab,rk = 1200 > Fmaxgirder = 1000 kN (Not sufficient) 

Fmaxgirder = 1700 kN





 



𝐶𝑅𝑅 =
total length visible cracks

total length bottom reinforcement both directions
∗ 100      



𝑅𝑖  

𝑅𝑖 = 1140 𝑘𝑁

𝑓𝑐
′ = 40 𝑀𝑃𝑎 

 ℎ = 200 𝑚𝑚, 
𝐿𝑠 = 3.21 𝑚

 

𝑃𝑎𝑥𝑙𝑒 =

𝜙 ∗ 0.6 ∗ 𝑅𝑖

𝛾𝐿 ∗ 40 ∗ 𝐼 ∗ 8200

100
= 𝟑𝟔𝟗 𝒌𝑵    

𝜙 = 1.0 ∗ 𝜙𝑑 = 1.0 ∗ 0.5 = 0.5  
𝐶𝑅𝑅 ≤ 40%, deck in good conditon, mostly the case in the Netherlands 
𝛾𝐿 = 1.9 
𝐼 = 1.0  

400

250
∗ 𝑃𝑎𝑥𝑙𝑒 = 590 𝑘𝑁

300

590
= 0.51 [−]



𝑓𝑐
′ = 0.8 ∗

𝑓𝑐𝑢

1.5
= 26.7

𝑁

𝑚𝑚2

 
ℎ = 200 𝑚𝑚
𝑑 = 0.5 ∗ ℎ = 0.5 ∗ 200 = 100 𝑚𝑚 

𝐿𝑟 = 0.5 ∗ 𝐿𝑠 = 0.5 ∗ 3400 = 1700 𝑚𝑚

 
𝜀𝑐 = (−400 + 60 ∗ 26.7 − 0.33 ∗ 26.7) ∗ 10−6 = 0.965 ∗ 10−3   
 

𝑅 = 𝜀𝑐 ∗
𝐿𝑟 2

𝑑2
 = 0.965 ∗

(1700)2

(200)2
= 0.070 ≤ 0.26 

 

𝑘 = 0.0525 ∗ (4.3 − 16.1 ∗ √3.3 ∗ 10−4 + 0.1243 ∗ 0.070) = 0.145

𝑀𝑎𝑟 = 𝑘 ∗ 𝑓𝑐
′ ∗ ℎ2  = (0.145 ∗ 26.7 ∗ 2002) = 155 [

𝑘𝑁𝑚

𝑚
] 

𝑃𝑏 =
𝑀𝑎𝑟

0.23
= 𝟔𝟕𝟓 𝒌𝑵

𝜌𝑒 =
𝑀𝑎𝑟

𝑓𝑦𝑒 ∗ 𝑑 ∗ 𝑧
=

155 ∗ 106

320 ∗ 0.75 ∗ 1002
= 0.0645 %

𝑧 = 0.75 ∗ 𝑑 
𝑑 = 0.5 ∗ ℎ = 0.5 ∗ 200 = 100 𝑚𝑚 

𝑃𝑝 = 1.52 ∗ (𝜙 + 𝑑) ∗ 𝑑 ∗ √𝑓𝑐
′ ∗ (100 ∗ 𝜌𝑒)0.25 

𝜙 = 509 𝑚𝑚 (load surface 400 ∗ 400) 



𝑃𝑝 = (1.52 ∗ (340 + 100) ∗ 100 ∗ √26.7 ∗ (100 ∗ 0.0645)0.25) ∗ 10−3 = 762 𝑘𝑁  

 

𝑃𝑝𝑑 = 0.65 ∗ 𝑃𝑝 = 495 𝑘𝑁

300
2

495
1.5

= 0.6



𝑏𝑒𝑓𝑓 = 𝑐𝑦 + 2 ∗ 𝐿𝑒 + 2 ∗ ℎ = 𝟑𝟖𝟎𝟎 𝒎𝒎

𝑐𝑦 = 400 𝑚𝑚 

𝑐𝑥 = 400 𝑚𝑚 

𝐿𝑒 =
𝐿𝑠

2
−

𝑐𝑥

2
= 1500 mm 

ℎ = 200 𝑚𝑚 

𝐿𝑠 = 3400 𝑚𝑚 

𝐸𝑐 = 4.23 ∗ 𝑓𝑐𝑢
0.5 = 21.8

𝑘𝑁

𝑚𝑚2
 

𝑓𝑐𝑢 = 26.7 𝑀𝑃𝑎

𝐾𝑠 =
𝐸𝑐 ∗ 𝑏𝑒𝑓𝑓 ∗ ℎ

𝐿𝑒
= 10375

𝑘𝑁

𝑚𝑚
 

𝐾𝑑 =  ∑
𝐴𝑑 ∗ 𝐸𝑐

𝐿𝑒
= 86 ∗ 103

𝑘𝑁

𝑚𝑚
 

𝐴𝑑 = 2 ∗ (700 ∗ 1620) = 2.3 ∗ 106 𝑚𝑚2

 

𝐾𝑏 =
𝐴𝑏 ∗ 𝐸𝑐

𝐿𝑒
= 51.7 ∗ 104

𝑘𝑁

𝑚𝑚
 

𝐴𝑏 =
𝜁 ∗ 𝐼𝑏 ∗ 𝐿𝑒

𝑏𝑒𝑓𝑓
= 37.9 ∗ 106 𝑚𝑚2 

𝜁 = 985 (FE) 
𝐼𝑏 = 1.32 ∗ 1012 𝑚𝑚4 
 

𝐾𝑟 =
1

(
1

𝐾𝑏
+

1
𝐾𝑑

)
= 73.8 ∗ 103 𝑘𝑁/𝑚𝑚

𝛽 = 1 − 0.003 ∗ 𝑓𝑐𝑑 = 0.92 > 0.9. 
𝑆𝑜 𝛽 = 0.9



 

𝑥 =
𝑓𝑦 ∗ 𝐴𝑠

0.67 ∗ 𝑓𝑐𝑑 ∗ 𝛽 ∗ 𝑏𝑒𝑓𝑓
= 13 𝑚𝑚 

𝑓𝑦 = 320 𝑀𝑃𝑎 

𝐴𝑠 = 660
𝑚𝑚2

𝑚
 (For transverse reinforcement percentage of 0.33%)  

𝑧 = 𝑑 − 0.5 ∗ 𝛽 ∗ 𝑥 = 94 𝑚𝑚 
𝑑 = 100 𝑚𝑚

𝑀𝑏 = 𝑓𝑦 ∗ 𝐴𝑠 ∗ 𝑧 = 75 𝑘𝑁𝑚/𝑚

𝑃𝑏 =
8 ∗ 𝐿𝑠

𝑀𝑏
= 177 𝑘𝑁

2 ∗ 𝑑1 = ℎ − 2 ∗ 𝑥 ∗ 𝛽 
𝑑1 = 88 𝑚𝑚

𝑑1 

𝐴 = 𝛼 ∗ 𝑏𝑒𝑓𝑓 ∗ 𝑑1 = 310619𝑚𝑚2 

𝛼 = 1 for the first iteration, after 2 iterations α = 0.927

𝐿𝑅 = 𝐿𝑒 √(
𝐸 ∗ 𝐴

𝐾 ∗ 𝐿𝑒
) + 1

3

= 1528 𝑚𝑚

𝜀𝑢 = 0.0043 − [(𝑓𝑐𝑑 − 60) ∗ 2.5 ∗ 10−5] = 5.1 ∗ 10−3 > 0.0043. 𝑆𝑜 𝜀𝑢 = 0.0043 
𝜀𝑐 = 2 ∗ 𝜀𝑢 ∗ (1 − 𝛽) = 8.6 ∗ 10−4

𝑅 =
𝜀𝑐 ∗ 𝐿𝑟 2

4 ∗ 𝑑1
2  = 0.073 

0 < 𝑅 < 0.26;  𝑢 = −0.15 + 0.36 ∗ √0.18 + 5.6 ∗ 𝑅 = 0.127



𝛼 = 1 −
𝑢

2
= 0.936

𝛼 ∗ 𝑑1

0 < 𝑅 < 0.26; 𝑀𝑟 =  4.3 − 16.1 ∗ √3.3 ∗ 10−4 + 0.1243 ∗ 𝑅 ) = 2.73  

𝑀𝑎𝑟 = 0.168 ∗ 𝑏𝑒𝑓𝑓 ∗ 𝑓𝑐
′ ∗ 𝑑1

2 ∗ 𝑀𝑟 ∗
𝐿𝑒

𝐿𝑟
= 367 𝑘𝑁𝑚/𝑚

 

𝑃𝑎 =
𝑀𝑎𝑟

0.23
= 1597 𝑘𝑁

 

𝑃𝑝𝑓 = 𝑃𝑏 + 𝑃𝑎 = 𝟏𝟕𝟕𝟓 𝒌𝑵

𝑃𝑝𝑣 =
0.43

𝑟𝑓
∗ √𝑓𝑐𝑑 ∗ (𝜙 + 𝑑)𝜋 ∗ 𝑑 ∗ (𝜌𝑒)0.25 = 501 𝑘𝑁 

𝑟𝑓 = 1.15 (rectangular wheel load)

𝑃𝑝𝑓 > 𝑃𝑝𝑣

𝑃𝑢 = 𝑃𝑝𝑣

𝑅 > 0.26;  
𝑢 = 0.31 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 



𝐶𝑅𝑅 ≤ 40% 𝜙 = 1.00 ∗ 𝜙𝐷 = 1.00 ∗ 0.5 ∗ 0.5

𝑞 = 50 ∗ (
𝐴𝑠𝑙

𝑏 ∗ 𝑑𝑙
+

𝐴𝑠𝑡

𝑏 ∗ 𝑑𝑡
) = 0.5%

 
𝐴𝑠𝑙 = 141 𝑚𝑚2/𝑚  (reinforcement steel) 
𝐴𝑠𝑡 = 442 𝑚𝑚2/𝑚  (prestress steel) 
𝑏 = 1000 𝑚𝑚 
𝑑𝑙 = 91 𝑚𝑚 
𝑑𝑡 = 50 𝑚𝑚 

𝐹𝑞 = 0.96 𝐹𝑐 = 1.29

𝑅𝑑 = 500 𝑘𝑁 𝑅𝑖 = 0.96 ∗ 1.29 ∗ 500 = 619 𝑘𝑁

𝑃𝑎𝑥𝑙𝑒 =

0.5 ∗ 0.6 ∗ 619
1.9 ∗ 40 ∗ 1 ∗ 8200

100
=   200 𝑘𝑁   

  
𝜙 = 𝜙d ∗ 1 = 0.5 (low cracking) 
𝛾𝐿 = 1.9  
𝐼 = 1.0



𝑓𝑐
′ = 0.8 ∗

𝑓𝑐𝑢

1.5
= 38

𝑁

𝑚𝑚2
 

ℎ = 100 𝑚𝑚 
𝑑 = 0.5 ∗ ℎ = 50 𝑚𝑚 

𝐿𝑟 = 0.5 ∗ 𝐿𝑠 = 0.5 ∗ 1650 = 825 𝑚𝑚

 
𝜀𝑐 = (−400 + 60 ∗ 26.7 − 0.33 ∗ 26.7) ∗ 10−6 = 1.4 ∗ 10−3 
  

𝑅 = 𝜀𝑐 ∗
𝐿𝑟 2

𝑑2
 = 0.096 ≤ 0.26

 

𝑘 = 0.0525 ∗ (4.3 − 16.1 ∗ √3.3 ∗ 10−4 + 0.1243 ∗ 0.096) = 0.198

𝑀𝑎𝑟 = 𝑘 ∗ 𝑓𝑐
′ ∗ ℎ2  = (0.198 ∗ 38 ∗ 1002) = 75 [

𝑘𝑁𝑚

𝑚
]

𝜌𝑒 =
𝑀𝑎𝑟

𝑓𝑦𝑒 ∗ 𝑑 ∗ 𝑧
=

75 ∗ 106

525 ∗ 0.75 ∗ 502
= 0.076 

𝑧 = 0.75 ∗ 𝑑 
𝑑 = 0.5 ∗ ℎ = 0.5 ∗ 100 = 50 𝑚𝑚 

𝑃𝑝 = 1.52 ∗ (𝜙 + 𝑑) ∗ 𝑑 ∗ √𝑓𝑐
′ ∗ (100 ∗ 𝜌𝑒)0.25 

𝑃𝑝 = (1.52 ∗ (255 + 50) ∗ 50 ∗ √38 ∗ (100 ∗ 0.076)0.25) ∗ 10−3 = 237 𝑘𝑁  

𝜙 = 255 𝑚𝑚



𝑏𝑒𝑓𝑓 = 𝑐𝑦 + 2 ∗ 𝐿𝑒 + 2 ∗ ℎ = 1850 𝑚𝑚

𝑐𝑦 = 200 𝑚𝑚 

𝑐𝑥 = 200 𝑚𝑚 

𝐿𝑒 =
𝐿𝑠

2
−

𝑐𝑥

2
= 725 mm 

ℎ = 100 𝑚𝑚 

𝐿𝑠 = 1650 𝑚𝑚 

𝐸𝑐 = 4.23 ∗ 𝑓𝑐𝑢
0.5 = 26

𝑘𝑁

𝑚𝑚2
 

𝑓𝑐𝑢 = 38 𝑀𝑃𝑎

𝐾𝑠 =
𝐸𝑐 ∗ 𝑏𝑒𝑓𝑓 ∗ ℎ

𝐿𝑒
= 6653

𝑘𝑁

𝑚𝑚
 

𝐾𝑑 =  ∑
𝐴𝑑 ∗ 𝐸𝑐

𝐿𝑒
= 57 ∗ 103

𝑘𝑁

𝑚𝑚
 

𝐴𝑑 = 2 ∗ (700 ∗ 1620) = 5.7 ∗ 105 𝑚𝑚2

 

𝐾𝑏 =
𝐴𝑏 ∗ 𝐸𝑐

𝐿𝑒
= 28.4 ∗ 104

𝑘𝑁

𝑚𝑚
 

𝐴𝑏 =
𝜁 ∗ 𝐼𝑏 ∗ 𝐿𝑒

𝑏𝑒𝑓𝑓
= 7.9 ∗ 106 𝑚𝑚2 

𝜁 = 985 (FE) 
𝐼𝑏 = 70.2 ∗ 109 𝑚𝑚4 
 

𝐾𝑟 =
1

(
1

𝐾𝑏
+

1
𝐾𝑑

)
= 47.4 ∗ 103 𝑘𝑁/𝑚𝑚



𝛽 = 1 − 0.003 ∗ 𝑓𝑐𝑑 = 0.886 < 0.9. 
 

𝑥 =
𝑓𝑦 ∗ 𝐴𝑠

0.67 ∗ 𝑓𝑐𝑑 ∗ 𝛽 ∗ 𝑏𝑒𝑓𝑓
= 10 𝑚𝑚 

 
𝑓𝑦 = 525 𝑀𝑃𝑎 

𝐴𝑠 = 442.5 𝑚𝑚2/𝑚
𝑧 = 𝑑 − 0.5 ∗ 𝛽 ∗ 𝑥 = 45 𝑚𝑚 
𝑑 = 50 𝑚𝑚
𝑀𝑏 = 𝑓𝑦 ∗ 𝐴𝑠 ∗ 𝑧 = 20 𝑘𝑁𝑚/𝑚

𝑃𝑏 =
8 ∗ 𝐿𝑠

𝑀𝑏
= 95 𝑘𝑁

2 ∗ 𝑑1 = ℎ − 2 ∗ 𝑥 ∗ 𝛽 
𝑑1 = 41 𝑚𝑚

𝑑1 

𝐴 = 𝛼 ∗ 𝑏𝑒𝑓𝑓 ∗ 𝑑1 = 70.4 ∗ 103 𝑚𝑚2 

𝛼 = 1 for the first iteration, after 2 iterations α = 0.932

𝐿𝑅 = 𝐿𝑒 √(
𝐸 ∗ 𝐴

𝐾 ∗ 𝐿𝑒
) + 1

3

= 737 𝑚𝑚



𝜀𝑢 = 0.0043 − [(𝑓𝑐𝑑 − 60) ∗ 2.5 ∗ 10−5] = 0.00485 > 0.0043 
𝑆𝑜 𝜀𝑢 = 0.0043 
𝜀𝑐 = 2 ∗ 𝜀𝑢 ∗ (1 − 𝛽) = 9 ∗ 10−4 

𝑅 =
𝜀𝑐 ∗ 𝐿𝑟 2

4 ∗ 𝑑1
2  = 8 ∗ 10−2 

0 < 𝑅 < 0.26;  𝑢 = −0.15 + 0.36 ∗ √0.18 + 5.6 ∗ 𝑅 = 0.13

𝛼 = 1 −
𝑢

2
= 0.932

𝛼 ∗ 𝑑1

0 < 𝑅 < 0.26; 𝑀𝑟 =  4.3 − 16.1 ∗ √3.3 ∗ 10−4 + 0.1243 ∗ 𝑅 ) = 2.7  

𝑀𝑎𝑟 = 0.168 ∗ 𝑏𝑒𝑓𝑓 ∗ 𝑓𝑐𝑑 ∗ 𝑑1
2 ∗ 𝑀𝑟 ∗

𝐿𝑒

𝐿𝑟
= 52 𝑘𝑁𝑚/𝑚

 

𝑃𝑎 =
𝑀𝑎𝑟

0.23
= 225 𝑘𝑁

 

𝑃𝑝𝑓 = 𝑃𝑏 + 𝑃𝑎 = 𝟑𝟐𝟎 𝒌𝑵

𝑃𝑝𝑣 =
0.43

𝑟𝑓
∗ √𝑓𝑐𝑑 ∗ (𝜙 + 𝑑)𝜋 ∗ 𝑑 ∗ (𝜌𝑒)0.25 = 140 𝑘𝑁 

𝑟𝑓 = 1.15 (rectangular wheel load)

𝑃𝑝𝑓 > 𝑃𝑝𝑣, then: 𝑃𝑢 = 𝑃𝑝𝑣

𝑅 > 0.26;  
𝑢 = 0.31 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 



𝑀𝑐𝑟 𝑀𝐸𝑑  

𝑓𝑐𝑡𝑚

𝑓𝑐𝑡𝑑

𝑉𝑅𝑑,𝑐 =
𝐼 ∗ 𝑏𝑤

𝑆
∗ √𝑓𝑐𝑡𝑑

2 + 𝛼𝑙 ∗ 𝜎𝑐𝑝 ∗ 𝑓𝑐𝑡𝑑 

𝑉𝑅𝑑,𝑐 =
70.2295 ∗ 109 ∗ 150

70.9 ∗ 106
∗ √4.162 + 1.0 ∗

0.85 ∗ 4951 ∗ 103

342900
∗ 4.16 

𝑉𝑅𝑑,𝑐 = 1229 𝑘𝑁





𝑉𝑟𝑑,𝑚𝑎𝑥 = 1189 𝑘𝑁

𝑓𝑐𝑡𝑑 𝑓𝑐𝑡𝑚

𝐹𝑚𝑎𝑥 =
11.3

8.95
∗ 𝐹𝑟 = 1.26 ∗ 𝑉𝐸𝑑 = 1.26 ∗ 1229 ≈ 1550 𝑘𝑁 

𝐹𝑚𝑎𝑥 = 1.26 ∗ 1189 
 
𝑉𝐸𝑑 = 𝑉𝑅𝑑,𝑐 (tensile splitting shear) 

 

𝑉𝐸𝑑 = 𝑉𝑅𝑑,𝑚𝑎𝑥 (flexural shear)



𝑏𝑒𝑓𝑓 = 𝑐𝑦 + 2 ∗ 𝐿𝑒 + 2 ∗ ℎ = 200 + 2 ∗ 1625 + 2 ∗ 100 = 𝟑𝟔𝟓𝟎 𝒎𝒎

𝑐𝑦 = length of load area in y − direction 

𝐿𝑒 = effective span of the slab subjected to arching force 

𝐿𝑒 =
𝐿𝑠

2
−

𝑐𝑥

2
=

3450

2
−

200

2
= 1625 𝑚𝑚 

𝑐𝑥 = length of load area in x − direction 

𝐿𝑠 = clear span of considered slab 

𝐿𝑠 = 2 ∗ 𝐿𝑐.𝑡.𝑐 − 2 ∗ 𝑑𝑤𝑒𝑏 = 2 ∗ 1800 − 2 ∗ 75 = 3450 𝑚𝑚

𝛿𝑢𝑙𝑡𝑚



𝑛 [−] =
activated slab span [m]

effective width slab strip [m]
 

 
total slab capacity  [kN] = 𝑛 ∗ 𝐛𝐞𝐧𝐝𝐢𝐧𝐠 capacity slab strip 
  
Fslab,upper = 𝑛 ∗ Fslab,lower 

 

𝑛 =
9.2

3.65
= 2.5 

 
Fslab,upper = 2.5 ∗ 133 = 333 𝑘𝑁

 Ftotal = Fgirder + Fslab,upper = 1550 + 333 = 1883 𝑘𝑁



𝐅𝐬𝐥𝐚𝐛,𝐥𝐨𝐰𝐞𝐫 𝐅𝐬𝐥𝐚𝐛,𝐮𝐩𝐩𝐞𝐫

































 
. 



 𝜆

o 

o 

 𝛿𝑟𝑒𝑙,𝑔𝑖𝑟𝑑𝑒𝑟 > 𝛿𝑚𝑖𝑑𝑠𝑝𝑎𝑛

 𝜆 =
3450

100
= 34.5 > 20

 ℎ = 100 𝑚𝑚 < 150 𝑚𝑚

𝜂 = 0.5



𝐹𝑠𝑙𝑎𝑏 = 172 𝑘𝑁

𝛿𝑠𝑙𝑎𝑏 = 𝛿𝑐𝑟𝑖𝑡 = 10 𝑚𝑚

δrel,girder = δcrit = 10 mm











 



 

 𝛿𝑔𝑖𝑟𝑑𝑒𝑟,𝑚𝑎𝑥

𝛿𝑔𝑖𝑟𝑑𝑒𝑟,𝑚𝑎𝑥 = 26 𝑚𝑚

 



 

𝐹𝑠𝑙𝑎𝑏 = 133

𝛿𝑠𝑙𝑎𝑏 = 𝛿𝑐𝑟𝑖𝑡

𝐅𝐬𝐥𝐚𝐛,𝐥𝐨𝐰𝐞𝐫 𝛅𝐬𝐥𝐚𝐛 = 𝛅𝐜𝐫𝐢𝐭



 



 

𝛿𝑚𝑎𝑥,𝑔𝑖𝑟𝑑𝑒𝑟 = 26 𝑚𝑚

 

𝑏𝑒𝑓𝑓 = 3650 𝑚𝑚



 

𝑛[−] =
activated slab span[m]

effective width slab strip[m]
 

 
total slab capacity Fslab,upper[kN] = 𝑛 ∗ 𝐛𝐞𝐧𝐝𝐢𝐧𝐠 capacity slab strip 

Fslab,upper = 𝑛 ∗ Fslab,lower 

𝑛 =
8

3.65
= 2.2 

 
Fslab,upper = 2.2 ∗ 133 = 292 𝑘𝑁



 

𝑉𝑟𝑑,𝑚𝑎𝑥 = 1189 𝑘𝑁

𝐹𝑚𝑎𝑥 = 2 ∗

𝑉𝑟𝑑,𝑚𝑎𝑥 = 2378 𝑘𝑁



𝐹𝑏𝑟𝑖𝑑𝑔𝑒 =
𝐹𝑠𝑖𝑛𝑔𝑙𝑒

0.69
= 3446 𝑘𝑁

0.69 ∗ 3446 = 2378 𝑘𝑁 and 0.69 ∗ 3783 = 2610 𝑘𝑁











𝜹𝒓𝒆𝒍,𝒆𝒙𝒑𝒆𝒓𝒊𝒎𝒆𝒏𝒕 𝜹𝒓𝒆𝒍,𝒎𝒐𝒅𝒆𝒍 𝜹𝒓𝒆𝒍,𝒎𝒐𝒅𝒆𝒍

𝜹𝒓𝒆𝒍,𝒆𝒙𝒑𝒆𝒓𝒊𝒎𝒆𝒏𝒕 𝜹𝒓𝒆𝒍,𝒎𝒐𝒅𝒆𝒍 𝜹𝒓𝒆𝒍,𝒎𝒐𝒅𝒆𝒍









𝐿 = 3450 𝑚𝑚



𝑏𝑒𝑓𝑓 = 1850 𝑚𝑚

𝐿 = 3450 𝑚𝑚

𝑏𝑒𝑓𝑓 = 𝑐𝑦 + 2 ∗ 𝐿𝑒 + 2 ∗ ℎ = 200 + 2 ∗ 725 + 2 ∗ 100 = 1850 𝑚𝑚 

𝑐𝑦 = length of load area in y − direction 

𝐿𝑒 = effective span of the slab subjected to arching force 

𝐿𝑒 =
𝐿𝑠

2
−

𝑐𝑥

2
=

1650

2
−

200

2
=  725 𝑚𝑚 

𝑐𝑥 = length of load area in x − direction 

𝐿𝑠 = clear span of considered slab = 1650 𝑚𝑚 

𝐿𝑠 = 1650 mm (assumed shorter span)



𝑛 =
activated slab span

effective width slab strip
 

 
total capacity activated slab area = 𝑛 ∗ capacity slab strip 

9.3

1.85
≈ 5 

 
5 ∗ 226 = 1136 𝑘𝑁







𝐿 = 1650 𝑚𝑚

𝐿 = 3450 𝑚𝑚



 

 

 

 

 

 

 
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𝑅𝑖 

𝑅𝑖 = 903 𝑘𝑁

𝑓𝑐
′ = 23.3 𝑀𝑃𝑎 

 ℎ = 180 𝑚𝑚, 
𝐿𝑠 = 2.239 𝑚

 

𝑃𝑎𝑥𝑙𝑒 =

𝜙 ∗ 0.6 ∗ 𝑅𝑖

𝛾𝐿 ∗ 40 ∗ 𝐼
∗ 8200

100
= 𝟐𝟗𝟐 𝒌𝑵    

𝜙 = 1.0 ∗ 𝜙𝑑 = 1.0 ∗ 0.5 = 0.5  
𝐶𝑅𝑅 ≤ 40%, deck in good conditon, mostly the case in the Netherlands 
𝛾𝐿 = 1.9 
𝐼 = 1.0  

400

250
∗ 𝑃𝑎𝑥𝑙𝑒 = 467 𝑘𝑁

300

467
= 0.64 [−]



𝑓𝑐
′ = 0.8 ∗

𝑓𝑐𝑢

1.5
= 23.3

𝑁

𝑚𝑚2

 
ℎ = 180 𝑚𝑚
𝑑 = 0.5 ∗ ℎ = 90 𝑚𝑚 

𝐿𝑟 = 0.5 ∗ 𝐿𝑠 = 0.5 ∗ 2270 = 1135 𝑚𝑚

 
𝜀𝑐 = (−400 + 60 ∗ 26.7 − 0.33 ∗ 𝑓𝑐

′) ∗ 10−6 = 8 ∗ 10−4   
 

𝑅 = 𝜀𝑐 ∗
𝐿𝑟 2

𝑑2
 = 0.03 ≤ 0.26 

 

𝑘 = 0.0525 ∗ (4.3 − 16.1 ∗ √3.3 ∗ 10−4 + 0.1243 ∗ 𝑅) = 0.17

𝑀𝑎𝑟 = 𝑘 ∗ 𝑓𝑐
′ ∗ ℎ2  = 128 [

𝑘𝑁𝑚

𝑚
]

𝑷𝒃 =
𝑀𝑎𝑟

0.23
= 𝟓𝟓𝟖 𝒌𝑵

𝜌𝑒 =
𝑀𝑎𝑟

𝑓𝑦𝑒 ∗ 𝑑 ∗ 𝑧
= 0.07 %

𝑓𝑦𝑒 = 525 𝑀𝑃𝑎 

𝑧 = 0.75 ∗ 𝑑 
𝑑 = 0.5 ∗ ℎ = 0.5 ∗ 180 = 90 𝑚𝑚 

𝑃𝑝 = 1.52 ∗ (𝜙 + 𝑑) ∗ 𝑑 ∗ √𝑓𝑐
′ ∗ (100 ∗ 𝜌𝑒)0.25 

𝜙 = 509 𝑚𝑚 
𝑃𝑝 = 𝟔𝟑𝟓 𝒌𝑵



𝑃𝑝𝑑 = 0.65 ∗ 𝑃𝑝 = 237 𝑘𝑁

300
2

237
1.5

= 0.9

𝑃𝑝 = 635 𝑘𝑁 >

𝑃𝑏 = 558 𝑘𝑁

𝑏𝑒𝑓𝑓 = 𝑐𝑦 + 2 ∗ 𝐿𝑒 + 2 ∗ ℎ = 2630 𝑚𝑚

𝑐𝑦 = 200 𝑚𝑚 

𝑐𝑥 = 200 𝑚𝑚 

𝐿𝑒 =
𝐿𝑠

2
−

𝑐𝑥

2
= 1035 mm 

ℎ = 180 𝑚𝑚 
𝐿𝑠 = 2270 𝑚𝑚

𝐸𝑐 = 4.23 ∗ 𝑓𝑐𝑢
0.5 = 20.4

𝑘𝑁

𝑚𝑚2
 

𝑓𝑐𝑢 = 23.3 𝑀𝑃𝑎

𝐾𝑠 =
𝐸𝑐 ∗ 𝑏𝑒𝑓𝑓 ∗ ℎ

𝐿𝑒
= 9345 

𝑘𝑁

𝑚𝑚
 (𝐹𝑖𝑥𝑒𝑑 𝑒𝑛𝑑𝑒𝑑, 𝜂 = 1)

 

𝐾𝑑 =  ∑
𝐴𝑑 ∗ 𝐸𝑐

𝐿𝑒
= 10.5 ∗ 103

𝑘𝑁

𝑚𝑚
 

𝐴𝑑 = 2 ∗ (500 ∗ 820) + 2 ∗ (400 ∗ 820) = 1.5 ∗ 106 𝑚𝑚2

 



𝐾𝑏 =
𝐴𝑏 ∗ 𝐸𝑐

𝐿𝑒
= 66 ∗ 104

𝑘𝑁

𝑚𝑚
 

𝐴𝑏 =
𝜁 ∗ 𝐼𝑏 ∗ 𝐿𝑒

𝑏𝑒𝑓𝑓
= 3 ∗ 106 𝑚𝑚2 

𝜁 = 985 (FE) 
𝐼𝑏 = 6.0478 ∗ 1010 𝑚𝑚4 
 

𝐾𝑟 =
1

(
1

𝐾𝑏
+

1
𝐾𝑑

)
= 41 ∗ 103 𝑘𝑁/𝑚𝑚

𝛽 = 1 − 0.003 ∗ 𝑓𝑐𝑑 = 0.93 > 0.9.  𝑆𝑜, 𝛽 = 0.9
 

𝑥 =
𝐹𝑠

0.67 ∗ 𝑓𝑐𝑑 ∗ 𝛽 ∗ 𝑏𝑒𝑓𝑓
= 0.07 𝑚𝑚 

𝐹𝑠 = 𝐹𝑐𝑎𝑏𝑙𝑒 ∗ (
𝐴𝑝 ∗ 𝑏𝑒𝑓𝑓 ∗ 10−3

𝐴𝑝,𝑐𝑎𝑏𝑙𝑒
)

𝐹𝑐𝑎𝑏𝑙𝑒 = 400 𝑘𝑁 

𝐴𝑝 = 1155
𝑚𝑚2

𝑚
 (1 𝑐𝑎𝑏𝑙𝑒 𝑝𝑒𝑟 400 𝑚𝑚) 

𝐴𝑝,𝑐𝑎𝑏𝑙𝑒 = 462 𝑚𝑚2 (𝑃𝑟𝑒𝑠𝑡𝑟𝑒𝑠𝑠 𝐹𝑟𝑒𝑦𝑠𝑠𝑖𝑛𝑒𝑡 12𝜙7)

𝑧 = 𝑑 − 0.5 ∗ 𝛽 ∗ 𝑥 = 90 𝑚𝑚 
𝑑 = 91  𝑚𝑚

𝑀𝑏 = 𝑓𝑦 ∗ 𝐴𝑠 ∗ 𝑧 = 237 𝑘𝑁𝑚/𝑚

𝑃𝑏 =
8 ∗ 𝐿𝑠

𝑀𝑏
= 833 𝑘𝑁

2 ∗ 𝑑1 = ℎ − 2 ∗ 𝑥 ∗ 𝛽 
𝑑1 = 90  𝑚𝑚

𝑑1 



𝐴 = 𝛼 ∗ 𝑏𝑒𝑓𝑓 ∗ 𝑑1 = 228 ∗ 103 𝑚𝑚2 

𝛼 = 1 for the first iteration, after 2 iterations α = 0.967

𝐿𝑅 = 𝐿𝑒 √(
𝐸 ∗ 𝐴

𝐾 ∗ 𝐿𝑒
) + 1

3

= 970 𝑚𝑚

𝜀𝑢 = 0.0043 − [(𝑓𝑐𝑑 − 60) ∗ 2.5 ∗ 10−5] = 5.2 ∗ 10−3 > 0.0043. 𝑆𝑜, 𝜀𝑢 = 0.0043 
𝜀𝑐 = 2 ∗ 𝜀𝑢 ∗ (1 − 𝛽) = 8.6 ∗ 10−4

𝑅 =
𝜀𝑐 ∗ 𝐿𝑟 2

4 ∗ 𝑑1
2  = 0.03 

0 < 𝑅 < 0.26;  𝑢 = −0.15 + 0.36 ∗ √0.18 + 5.6 ∗ 𝑅 = 0.063

𝛼 = 1 −
𝑢

2
= 0.976

𝛼 ∗ 𝑑1

0 < 𝑅 < 0.26; 𝑀𝑟 =  4.3 − 16.1 ∗ √3.3 ∗ 10−4 + 0.1243 ∗ 𝑅 ) = 3.3  

𝑀𝑎𝑟 = 0.168 ∗ 𝑏𝑒𝑓𝑓 ∗ 𝑓𝑐
′ ∗ 𝑑1

2 ∗ 𝑀𝑟 ∗
𝐿𝑒

𝐿𝑟
= 269 𝑘𝑁𝑚/𝑚

 

𝑃𝑎 =
𝑀𝑎𝑟

0.23
= 1172 𝑘𝑁

 

𝑃𝑝𝑓 = 𝑃𝑏 + 𝑃𝑎 = 2006 𝑘𝑁

𝑅 > 0.26;  
𝑢 = 0.31 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 



𝑃𝑝𝑣 =
0.43

𝑟𝑓
∗ √𝑓𝑐𝑑 ∗ (𝜙 + 𝑑)𝜋 ∗ 𝑑 ∗ (𝜌𝑒)0.25 = 𝟓𝟎𝟑 𝒌𝑵 

𝜙 = 509 𝑚𝑚 (load surface 400 ∗ 400) 
𝑟𝑓 = 1.15 (rectangular wheel load)



𝑉𝑅𝑑,𝑐 =
𝐼 ∗ 𝑏𝑤

𝑆
∗ √𝑓𝑐𝑡𝑑

2 + 𝛼𝑙 ∗ 𝜎𝑐𝑝 ∗ 𝑓𝑐𝑡𝑑 = 997 𝑘𝑁

𝐼 = 60.478 ∗ 109 𝑚𝑚4 
𝑏𝑤 = 180 𝑚𝑚 
𝑆 = 70.9 ∗ 106 𝑚𝑚3 
𝑓𝑐𝑡𝑑 = 4.21 𝑀𝑃𝑎 
𝛼𝑙 = 1.0 
𝜎𝑐𝑝 = 6.6 𝑀𝑃𝑎 



𝑓𝑐𝑡𝑚

𝐹𝑚𝑎𝑥 =
24

20
∗ 𝐹𝑟 = 1.2 ∗ 𝑉𝐸𝑑 = 1197 𝑘𝑁 

 
𝑉𝐸𝑑 = 𝑉𝑅𝑑,𝑐 (tensile splitting shear) 

 

 



𝐹𝑚𝑎𝑥 =
24

21.75
∗ 𝐹𝑟 = 1.1 ∗ 𝑉𝐸𝑑 = 1097 𝑘𝑁 

 
𝑉𝐸𝑑 = 𝑉𝑅𝑑,𝑐  

𝐹𝑚𝑎𝑥

𝐹𝑏𝑟𝑖𝑑𝑔𝑒

𝐹𝑏𝑟𝑖𝑑𝑔𝑒 =
𝐹𝑠𝑖𝑛𝑔𝑙𝑒

0.4
=

1197

0.4
= 3420 𝑘𝑁 (load at 4m)

𝐹𝑏𝑟𝑖𝑑𝑔𝑒 =
𝐹𝑠𝑖𝑛𝑔𝑙𝑒

0.47
=

1097

0.47
= 2812 𝑘𝑁 ( load at 2.25 m)

0.8 ∗ 3420 = 2736 𝑘𝑁

0.94 ∗ 2812 = 2286 𝑘𝑁

𝑭𝒔𝒊𝒏𝒈𝒍𝒆 𝑭𝒃𝒓𝒊𝒅𝒈𝒆 𝑭𝒓𝒆𝒅𝒊𝒔𝒕𝒓

𝑭𝒔𝒊𝒏𝒈𝒍𝒆 𝑭𝒃𝒓𝒊𝒅𝒈𝒆 𝑭𝒓𝒆𝒅𝒊𝒔𝒕𝒓



𝐾𝑟
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2546 − 1830 = 716 𝑘𝑁





1635 − 900 = 735 𝑘𝑁









activated span for extra capacity: Lextra = activated span − effective width 

n =
Lextra

beff
 

total extra capacity = n ∗ slab 𝐛𝐞𝐧𝐝𝐢𝐧𝐠 capacity 

10,8 − 2.63 = 8.17 𝑚 
8.17

2.63
= 3 [−] 

3 ∗ 558 =  1675 𝑘𝑁 > 735 (Redistribution possible)





3.7 −
2.63

2
= 2.385 𝑚 

2.385

2.96
= 0.9 [−] 

0.9 ∗ 2006 = 1800 𝑘𝑁 > 730 (Redistribution possible)



3230 ∗ 0.4 = 1290 𝑘𝑁 3960 ∗ 0.4 = 1500
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2194 − 1170 = 1024 𝑘𝑁





11.5 −
2.63

2
= 10.185 𝑚 

10.185

2.63
= 3.8 [−] 

3.8 ∗ 558 = 2160 𝑘𝑁 > 1024 (Redistribution possible)







6 −
2.63

2
= 4.685 𝑚 

4.685

2.63
= 1.8 [−] 

1.8 ∗ 2006 = 3611 𝑘𝑁 > 1562 (Redistribution possible)





























1.16 ∗ 2006 = 2327 𝑘𝑁



3400 − 1150 = 2250 𝑘𝑁 3000 − 625 = 2375 𝑘𝑁

1700

(100−24.4)
∗ 100 = 2250 𝑘𝑁




















