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𝜏 =
𝑉 · 𝑆
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𝑠 =
𝐴𝑣𝑓𝑦𝑗𝑑

𝑉
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𝜏 =
𝑉

𝑏𝑤 · 𝑗𝑑
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𝜏 ≤
1

2
√𝑓𝑐
3
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𝑉 =
𝑑(𝑇. 𝑧)

𝑑𝑥
=
𝑑(𝑇)

𝑑𝑥
𝑧 +

𝑑(𝑧)

𝑑𝑥
𝑇
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𝑉𝑅 = 𝜁 · 𝑣 · 𝑏𝑤 · 𝑑)

𝜁 =
1

√1 +
𝑑
𝑑0

𝐿𝑜𝐴 𝐼: 𝜁 =
0.18

1 +
𝑧
800

;        𝐿𝑜𝐴 𝐼𝐼: 𝜁 =
1.3

1 +
𝑘𝑑𝑔𝑧
1000

     (𝑧 𝑖𝑛 𝑚𝑚)

𝑘𝑑𝑔 =
32

16 + 𝑑𝑔
≥ 0.75    (𝑑𝑔𝑖𝑛 𝑚𝑚)

𝜁 = √
2

1 + 0.004𝑑
≤ 1    (𝑑 𝑖𝑛 𝑚𝑚) 



 

24 
 

𝜁 = 1.75 − 1.25𝑑  ≥ 1.0    (𝑑 𝑖𝑛 𝑚𝑚)

𝜁 = 1 +√
200

𝑑
  (𝑑 𝑖𝑛 𝑚𝑚)

𝜁 =
2

√1 +
𝑑0
200

(
𝑑

𝑎
)
0.2

≥ 0.45    (𝑑0 = 𝑑 ≥ 100 𝑖𝑛 𝑚𝑚) 
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26 
 

𝑀𝐶𝑅 = 𝑀0
∆𝑥

𝑠
·
𝑎

𝑑

𝑀0 = 0.0013 · 𝑏𝑑
2𝑓𝑐𝑡 



 

27 
 

𝑀𝐶𝑅 =
𝑀𝐹𝐿
0.9

·
𝑑

𝑎



 

28 
 

𝑠𝑐𝑟 = 0.7(𝑑 − 𝑥)

𝑣𝑛 =
∆𝑇

𝑏𝑤𝑠𝑐𝑟
=

𝑉

𝑏𝑤 · 𝑧

𝑉𝑐 =
2

3
 

𝑥

(𝑑 −
𝑥
3)
𝑉
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𝑉𝑑 = 1.4 
𝜌
8
9⁄ · 𝑓𝑐

1
3⁄

𝑑
1
3⁄

𝑏𝑤𝑑   (𝑓𝑐  𝑖𝑛 𝑀𝑃𝑎, 𝑑 𝑖𝑛 𝑚) 



 

30 
 

𝜏𝑓𝑢 = 0.45𝑓𝑐𝑡 (1 −
𝑤

0.9
)    (𝑤 𝑖𝑛 𝑚𝑚)

∆𝑠𝑢 = 0.336𝑤 + 0.01    (𝑤 𝑖𝑛 𝑚𝑚) 

𝜀𝑠 =
1

𝐸𝑠𝐴𝑠𝑧
(𝑉 (𝑎 − 1.5𝑑 +

𝑑 − 𝑥

tan 𝛽
(1 +

2

3

𝑥

𝑧
)) − 𝑉𝑑

𝑧

tan 𝛽
)

𝑉𝑅 =  0.4
𝑏𝑤 · 𝑑 · 𝑓𝑐𝑡 + 𝑉𝑑
1 + 0.054𝜆

   

𝜆 =
𝑓𝑐
𝐸𝑠𝜌

·
𝑑

0.9 
    (𝑑 𝑖𝑛 𝑚𝑚) 
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32 
 



 

33 
 



 

34 
 

𝑣 = 𝑣𝑐 + 𝑣𝑠 = 𝑓1 cot 𝜃 + 𝜌𝑧𝑓𝑦 cot 𝜃

𝑣 = 𝑣𝑐 =
0.33 cot 𝜃

1 + √500𝜀1
√𝑓𝑐 = 𝛽√𝑓𝑐 ≤

0.18

0.31 +
24𝑤

𝑎𝑔 + 16

√𝑓𝑐    (𝑓𝑐𝑖𝑛 𝑀𝑃𝑎) 

𝛽 =
0.4

1 + 1500𝜀𝑥
·

1300

1000 + 𝑠𝑥
    (𝑠𝑥𝑒𝑖𝑛 𝑚𝑚)

𝜃 =  (29 𝑑𝑒𝑔 + 7000𝜀𝑥) (0.88 +
𝑠𝑥
2500

)  ≤ 75𝑑𝑒𝑔 
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∝



 

36 
 

𝑉𝑅 =
1

6

2

1 + 120
𝜀𝑑

16 + 𝑑𝑔

 𝑏𝑑√𝑓𝑐   (𝑀𝑃𝑎 𝑎𝑛𝑑 𝑚𝑚)

𝜀 =
𝑀

𝑏𝑑𝜌𝐸𝑠(𝑑 − 𝑥 3⁄ )

0.6𝑑 − 𝑥

𝑑 − 𝑥
 

𝜀 = 𝜀𝑠
0.6𝑑 − 𝑥

𝑑 − 𝑥
≅ 0.41𝜀𝑠



 

37 
 

𝑉𝑅 =
0.18

1 +
𝑧
800

𝑧𝑏𝑤√𝑓𝑐    (𝑀𝑃𝑎 𝑎𝑛𝑑 𝑚𝑚)

𝑉𝑅 =
0.4

1 + 1500𝜀𝑥
·

1300

1000 + 𝑘𝑑𝑔𝑧
𝑧𝑏𝑤√𝑓𝑐   
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39 
 

𝜏 =
𝑉

𝑏𝑧

𝜏 = 𝜓𝑓𝑐 cot 𝜃



 

40 
 

𝜓 =
𝐴𝑠𝑤𝑓𝑦

𝑏 · 𝑠 · 𝑓𝑐
= 𝜌𝑤

𝑓𝑦

𝑓𝑐

𝜏 =
𝜈𝑓𝑐

tan 𝜃 + cot 𝜃
 

𝜏

𝜈𝑓𝑐
=

{
 
 

 
 
√
 𝜓

𝜈
(1 −

𝜓

𝜈
)      𝜓 ≤

𝜈

2

0.5                       𝜓 >
𝜈

2

 

𝜈 = 0.8 −
𝑓𝑐
200

    (𝑓𝑐𝑖𝑛 𝑀𝑃𝑎) 



 

41 
 

𝑃𝑢 = 2
0.059𝜈0𝑓𝑐

𝑙
ℎ⁄

𝑏ℎ    (𝑓𝑐  𝑖𝑛 𝑀𝑃𝑎)

𝜈0 =
0.88

√𝑓𝑐
(1 +

1

√ℎ
) (1 + 26𝜌)    (ℎ 𝑖𝑛 𝑚)

(
𝑙

ℎ
)
3

+
𝑙

ℎ
− 1.51𝜈0𝑓𝑐

1
3⁄ (

ℎ

0.1
)
0.3 𝑎

ℎ
= 0



 

42 
 

𝜏𝑛 =
1

√1 + 𝑑 𝑑0⁄



 

43 
 

 

 



 

44 
 

𝑙𝑐𝑟,𝑚 =
𝑠𝑐𝑟
1.28

𝑤 = 𝑙𝑐𝑟,𝑚𝜀𝑠

𝛥𝑐𝑟 =
25𝑑

30610𝛷
+ 0.0022 ≤ 0.025



 

45 
 

𝑉 = 𝑉𝑐 + 𝑉𝑎𝑖 + 𝑉𝑑

𝑉𝑎𝑖 = ∫ 𝜏𝑎𝑖(𝛥, 𝑤) · 𝑏 · 𝑑𝑠
𝑠𝑐𝑟

0

𝑉𝑎𝑖 = 𝑓𝑐
0.56𝑠𝑐𝑟𝑏

0.03

𝑤 − 0.01
(−978𝛥2 + 85𝛥 − 0.27)

𝑉𝑐 =
𝑑 − 𝑠𝑐𝑟
𝑑 + 0.5𝑠𝑐𝑟

𝑉

𝑉𝑑 = 1.64𝑏𝛷
3√𝑓𝑐



 

46 
 

 



 

47 
 

(
𝑥

𝑑
)
2

+ 600
𝜌

𝑓𝑐

𝑥

𝑑
− 600

𝜌

𝑓𝑐
= 0

𝜁 = 1.2 − 0.2𝑎 ≥ 0.65    (𝑑 𝑖𝑛 𝑚𝑒𝑡𝑒𝑟𝑠)

𝑣𝑅 =
𝑉𝑅
𝑏𝑑

= (1.2 − 0.2𝑎)
𝑥

𝑑
𝑓𝑐𝑡 

tan2 𝜃 −
𝑎 𝑑⁄

1 − 𝑥 𝑑⁄
tan𝜃 +

2.5 − 𝑥 𝑑⁄

1 − 𝑥 𝑑⁄
 



 

48 
 

𝑉𝑐 = 0.52𝜆𝑠√𝑓𝑐 · 𝑏(𝑥 − 𝑐𝑐) + 0.45𝑓𝑐 · 𝑏 · 𝑐𝑐

𝜆𝑠 = 1.2 − 0.2
𝑎

𝑑
≥ 0.65    (𝑑 𝑖𝑛 𝑚𝑒𝑡𝑒𝑟𝑠)

𝑐𝑐 = (1 − 0.43 𝑎 𝑑⁄ )𝑥 ≥ 0 



 

49 
 



 

50 
 

𝑥

𝑑
= 𝑛𝜌(−1 + √1 +

2

𝑛𝜌
)

𝑛 =
𝐸𝑠
𝐸𝑐



 

51 
 

𝜎1
|𝑓𝑐𝑡|

+ 0.8
𝜎2
|𝑓𝑐|

= 1



 

52 
 

𝜎1 = [−
𝑦

𝑥
+ √(

𝑦

𝑥
)
2

+
9(𝑑 − 𝑥 3⁄ )

(𝑀 𝑉⁄ )2
(
𝑦

𝑥
−
𝑦2

𝑥2
)

2

] 𝜎𝑥,𝑚𝑎𝑥



 

53 
 

𝜎2 = [−
𝑦

𝑥
− √(

𝑦

𝑥
)
2

+
9(𝑑 − 𝑥 3⁄ )

(𝑀 𝑉⁄ )2
(
𝑦

𝑥
−
𝑦2

𝑥2
)

2

] 𝜎𝑥,𝑚𝑎𝑥



 

54 
 

𝑉𝑤 = ∫ 𝜎𝑤 · 𝑏 · cos 𝜃 · 𝑑𝑙
𝑙𝑤

0

≈
𝑥𝑤
sin 𝜃

· 𝑏 · cos 𝜃 = 𝑥𝑤 · 𝜎𝑤 · 𝑏 · cot 𝜃

𝑥𝑤 = (𝑑 − 𝑥)
𝜀𝑐𝑡,𝑢
𝜀𝑠

sin2 𝜃

𝐺𝑓 = ∫ 𝜎𝑤(𝑤) · 𝑑𝑤
𝑤

0

≈
1

2
· 𝑓𝑐𝑡 · 𝑤𝑚𝑎𝑥 =

1

2
· 𝑓𝑐𝑡 · (𝜀𝑐𝑡,𝑢 − 𝜀𝑐𝑡,𝑐𝑟) · 𝑠𝑚𝜃

𝜀𝑐𝑡,𝑢 =
𝑓𝑐𝑡
𝐸𝑐
· (1 +

2 · 𝐺𝑓 · 𝐸𝑐

𝑓𝑐𝑡
2 · 𝑑

)
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𝑉𝑤 =
0.425 sin2 𝜃 · 𝑓𝑐𝑡

𝐸𝑐 · 𝜀𝑠
· (1 +

2 · 𝐺𝑓 · 𝐸𝑐

𝑓𝑐𝑡
2 · 𝑑

) 𝑏 · 𝑑

𝑉𝑤 = 167
𝑓𝑐𝑡
𝐸𝑐
(1 +

2 · 𝐺𝑓 · 𝐸𝑐

𝑓𝑐𝑡
2 · 𝑑

) 𝑏 · 𝑑

𝐺𝑓 = 0.028 · 𝑓𝑐
0.18 · 𝑑𝑔

0.32    (𝑓𝑐  𝑖𝑛 𝑀𝑃𝑎; 𝑑𝑔𝑖𝑛 𝑚𝑚; 𝐺𝑓𝑖𝑛 𝑁 𝑚𝑚⁄ )

𝜎1,2 =
𝜎𝑥 + 𝜎𝑦

2
±√(

𝜎𝑥 − 𝜎𝑦

2
)
2

+ 𝜏2

𝜏 = 𝜎1 · √1 −
𝜎𝑥 + 𝜎𝑦

𝜎1
+
𝜎𝑥 · 𝜎𝑦

𝜎1
2 → 𝜎𝑦 = 0 → 𝜏 = 𝜎1 · √1 −

𝜎𝑥
𝜎1
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𝜏(𝑦) =
τ𝜆

𝜆(1 − 𝜆)
(
𝑦

𝑥
−
𝑦2

𝑥2
)

𝑉𝑐 = ∫ 𝜏(𝑦) · 𝑏 · 𝑑𝑦
𝑥

0

=
τ𝜆 · 𝑏 · 𝑥

6 · 𝜆(1 − 𝜆)

𝑉𝑐 =
σ1 · 𝑏 · 𝑥

6 · 𝜆(1 − 𝜆)
√1 −

𝜎𝑥
𝜎1
+
𝜎𝑥 · 𝜎𝑦

𝜎1
2

𝐶 · 𝑧 = 𝑀𝑐𝑟 + 0.85𝑑 · 𝑉𝑐 + 𝑉𝑤
0.85d − 0.5x𝑤 cot 𝜃

cos2 𝜃

𝜎𝑥 = −2
𝐶 · 𝑧 · 𝜆

𝑏𝑥(𝑑 − 𝑥 3⁄ )
= −2

𝜆 (𝑀𝑐𝑟 + 0.85𝑑 · 𝑉𝑐 + 𝑉𝑤
0.85d − 0.5x𝑤 cot 𝜃

cos2 𝜃
)

𝑏𝑥(𝑑 − 𝑥 3⁄ )

𝑣𝑐 =
𝑉𝑐

𝑓𝑐𝑡𝑏𝑑
=

𝑅𝑡
6𝜆(1 − 𝜆)

𝑥

𝑑

√
1 −

2𝜆(𝜇𝑐𝑟 + 0.85𝑣𝑐 + 𝑣𝑤
0.85 − 0.5 ·

𝑥𝑤
𝑑⁄ cot 𝜃

cos2 𝜃
)

𝑥
𝑑⁄ (1 − 𝑥 3𝑑⁄ )𝑅𝑡
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𝑅𝑡 =
𝜎1
|𝑓𝑐𝑡|

= 1 − 0.8
𝜎2
|𝑓𝑐|

 

𝜇𝑐𝑟 =
𝑀𝑐𝑟

𝑓𝑐𝑡 · 𝑏 · 𝑑
=

𝑏 · ℎ2 · 𝑓𝑐𝑡
6 · 𝑓𝑐𝑡 · 𝐵 · 𝑑

2
=
1

6
(
ℎ

𝑑
)
2

≈ 0.2 

 

 

 

 

 

 

 

 |𝑅𝑡 − 𝑅𝑡0| ≤ 𝑡𝑜𝑙 → 𝐸𝑁𝐷.

𝑉𝑅 = 𝜁𝑉𝑐 + 𝑉𝑤 = (1.2 − 0.2𝑎)𝑉𝑐 + 𝑉𝑤



 

58 
 

𝜁 · 𝑉𝑐 = (1.2 − 0.2𝑎) (0.88
𝑥

𝑑
+ 0.02) 𝑓𝑐𝑡 · 𝑏 · 𝑑

𝜁 · 𝑉𝑐 = (1.2 − 0.2𝑎) (0.88
𝑥

𝑑
+ 0.02) (0.94 + 0.3𝜇𝑐𝑟)𝑓𝑐𝑡 · 𝑏 · 𝑑



 

59 
 

𝑖𝑓 𝑥 ≤ ℎ𝑓  →  𝑏𝑣,𝑒𝑓𝑓 = 𝑏𝑤 + 2ℎ𝑓 ≤ 𝑏

𝑖𝑓 𝑥 > ℎ𝑓  →  𝑏𝑣,𝑒𝑓𝑓 = 𝑏𝑤 + (𝑏𝑣 − 𝑏𝑤) (
ℎ𝑓

𝑥
)



 

60 
 

𝜁 =
2

√1 +
𝑑0
200

(
𝑑

𝑎
)
0.2

≥ 0.45    𝑑0 = 𝑑 ≥ 100 𝑚𝑚



 

61 
 

𝑖𝑓 𝑁 ≥ 0 → 𝑥 = 𝑥0 + 0.8(ℎ − 𝑥0) (
𝑑

ℎ
)

𝜎𝑁
𝜎𝑁 + 𝑓𝑐𝑡

≤ ℎ

𝑖𝑓 𝑁 < 0 → 𝑥 = 𝑥0 (1 + 0.1
𝑁 · 𝑑

𝑀
) ≥ 0

𝜎𝑁 =
𝑁

𝐴𝑐
 

𝑉𝑅 = 0.3 · 𝜁 ·
𝑥

𝑑
𝑓𝑐
2 3⁄ · 𝑏𝑣,𝑒𝑓𝑓 · 𝑑 ≥ 𝑉𝑅,𝑚𝑖𝑛

𝑉𝑅,𝑚𝑖𝑛 = 0.25 · (𝜁 · 𝐾𝑐 +
20

𝑑0
)𝑓𝑐

2 3⁄ · 𝑏𝑤 · 𝑑



 

62 
 

𝑥

𝑑
=
𝑥0
𝑑
+ (1 −

𝑥0
𝑑
)(1 − 0.4

𝑎

𝑑
)
2

cot 𝜃 ≈
𝑎

𝑑
≥ 0.5

𝜀𝑠 =
𝑉 cot 𝜃

𝐴𝑠𝐸𝑠
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𝜎𝑦 ≅
𝜆 · 𝑉

𝑏 · (𝑐 + 𝑥 · 𝑎 𝑑⁄ )
𝜓𝑎𝑑

𝜓𝑎𝑑 = 1.25 (1 − 0.4
𝑎

𝑑
)     0 ≤ 𝜓𝑎𝑑 ≤ 1



 

64 
 

𝜎𝑥 = 0.75
(𝑑 − 𝑥)

𝑏 · 𝑥
(𝑉𝑐

𝑎

𝑑
+ 0.75𝑉𝑤(1 + tan

2 𝜃))

𝑉𝑅 = 𝜁 ·
𝑥

𝑑
(1 + (2.5 −

𝑎

𝑑
)
2

) 𝑏 · 𝑑 · 𝑓𝑐𝑡



 

65 
 



 

66 
 



 

67 
 



 

68 
 



 

69 
 



 

70 
 

 

 

 



 

71 
 



 

72 
 



 

73 
 



 

74 
 



 

75 
 



 

76 
 



 

77 
 



 

78 
 



 

79 
 



 

80 
 

𝑃𝑅 = 𝑃𝑅1 + 𝑃𝑅2

𝑃𝑅1 =∑𝜁𝑠𝑣𝑐𝑢𝑖𝑑𝑖    𝑖 = 1, 3, 4

𝑖

𝑃𝑅2 = (
2𝑑

𝑎𝑣
) 𝜁𝑠𝑣𝑐𝑢2𝑑 <

√𝑓𝑐𝑢𝑏𝑒
𝛾𝑚

𝑢2𝑑 

 

 



 

81 
 

 

 𝜁𝑠 = √500 𝑑⁄
4

 

𝑣𝑐 =
0.27

𝛾𝑚
√100𝜌𝑓𝑐𝑢𝑏𝑒
3

 

 

 

 𝑑 =
𝑑𝑡+𝑑𝑙

2

 𝜌 =
𝜌𝑡+𝜌𝑙

2

 

𝛼 = √
𝑀1 +𝑀2
𝑀1
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𝑉𝑅

𝑏0𝑑√𝑓𝑐
=

3 4⁄

1 + 15
𝜓𝑑

16 + 𝑑𝑔

𝜓 = 1.5
𝑟𝑠
𝑑

𝑓𝑦

𝐸𝑠
(
𝑉

𝑉𝑓𝑙𝑒𝑥
)

3 2⁄



 

83 
 

𝑉𝑅 =
𝑉𝑅𝑥
𝑏0

𝑏𝑥 +
𝑉𝑅𝑦

𝑏0
𝑏𝑦
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85 
 

𝑀𝑠  =
2𝑞𝑙𝑤

2

2

𝑃𝐴𝑆,1 = 2𝑞𝑙𝑤 = 2√𝑀𝑠𝑞

𝑃𝑅 = 4 · 𝑃𝐴𝑆,1 = 8√𝑀𝑠𝑞 

𝑞𝐴𝐶𝐼 = 0.1667𝑑√𝑓𝑐;     (𝑞 𝑖𝑛
𝑘𝑁

𝑚⁄ 𝑎𝑛𝑑 𝑓 𝑖𝑛 𝑀𝑃𝑎) 



 

86 
 

𝑣1𝑥
𝑣2𝑥

=
𝑎

𝐿 − 𝑎

𝑣1𝑥 + 𝑣2𝑥 = (1 +
𝑎

𝐿 − 𝑎
)𝑞𝐴𝐶𝐼 =

𝐿

𝐿 − 𝑎
0.1667𝑑𝑥√𝑓𝑐

𝑃𝑦1 = 𝑃𝑦2 = (𝑣1𝑥 + 𝑣2𝑥)𝑙𝑤 = √2𝑀𝑛𝑒𝑔,𝑦(𝑣1𝑥 + 𝑣2𝑥) 

𝑃𝑥 = 2√2𝑀𝑛𝑒𝑔,𝑥 · 0.1667𝑑𝑦√𝑓𝑐 

𝑃𝑠𝑢𝑝 =
2𝑑𝑥
𝑎𝑣

2√2𝑀𝑛𝑒𝑔,𝑥 · 0.1667𝑑𝑦√𝑓𝑐 



 

87 
 

𝑀𝑠 = 𝑀𝑛𝑒𝑔 + 𝜆𝑀𝑝𝑜𝑠

𝜆 =
𝑀1
𝑀2

≤ 1    (𝑠𝑒𝑒 𝐹𝑖𝑔. 2.53)

𝑃𝑦1 = 𝑃𝑦2 = √2𝑀𝑠,𝑦
𝐿

𝐿 − 𝑎
0.1667𝑑𝑥√𝑓𝑐 

𝑃𝑥 = 2√2𝑀𝑛𝑒𝑔,𝑥 · 0.1667𝑑𝑦√𝑓𝑐 

𝑃𝑠𝑢𝑝 =
2𝑑𝑥
𝑎𝑣

2√2𝑀𝑠,𝑥 · 0.1667𝑑𝑦√𝑓𝑐 



 

88 
 



 

89 
 

𝑠𝑐𝑟𝑖𝑡 = 𝑥 · cot 𝜃 = 𝑠𝑐𝑟𝑎𝑐𝑘 ·
𝑥

𝑑
    (cot 𝜃 ≤ 2.5) 



 

90 
 

𝑚𝑟(𝑟) =
𝑉

4𝜋
(1 + 𝜈)𝑙𝑛 (

𝑟0
𝑟
) 

𝑠𝑐𝑟𝑖𝑡
𝑑

=
𝑠𝑐𝑟𝑎𝑐𝑘
𝑑

𝑥

𝑑
=
𝑟𝑐𝑜𝑙
𝑑
(
𝑟0
𝑟𝑐𝑜𝑙

𝑒
−4𝜋𝑚𝑐𝑟𝑎𝑐𝑘
𝑉(1+𝜈) − 1)

𝑥

𝑑
 



 

91 
 

𝜎𝑧
𝑓𝑐𝑡

= 1.25
𝑉

𝑓𝑐𝑡𝜋𝑟𝑐𝑟𝑖𝑡
2 = 2.5

𝑣
𝑟𝑐𝑟𝑖𝑡

𝑑⁄
 

𝜎𝜑

𝜎𝑟
≈
𝑚𝜑

𝑚𝑟
=

𝑉
4𝜋 [

(1 + 𝜈)𝑙𝑛
𝑟0
𝑟
+ 1 − 𝜈]

𝑉
4𝜋 [

(1 + 𝜈)𝑙𝑛
𝑟0
𝑟 ]

= 1 +
1 − 𝜈

(1 + 𝜈)𝑙𝑛
𝑟0
𝑟

 



 

92 
 

𝑓𝑐𝑐 = 𝑓𝑐 (1.125 + 2.5
𝜎𝑐𝑐
𝑓𝑐
)     𝑖𝑓 

𝜎𝑐𝑐
𝑓𝑐
≥ 0.05 

𝜎𝑐𝑐 =
𝜎𝜑 + 𝜎𝑧

2



 

93 
 

𝐶𝑧 + 𝑑𝜑 · 𝑚𝜑 · 𝛽𝑑 = 𝑚𝑐𝑟𝑎𝑐𝑘

𝑟𝑐𝑟𝑎𝑐𝑘
𝑟𝑐𝑟𝑖𝑡

+ 𝑉𝑐𝛽𝑑 + 𝑉𝑤𝛽𝑤𝑑(tan𝜃 + cot 𝜃) 

𝜎𝑟(𝜆) =
2𝜆𝐶

𝑥𝑧
=

2𝜆 (𝑚𝑐𝑟𝑎𝑐𝑘
𝑟𝑐𝑟𝑎𝑐𝑘
𝑟𝑐𝑟𝑖𝑡

+ 𝑉𝑐𝛽𝑑 + 𝑉𝑤𝛽𝑤𝑑(tan 𝜃 + cot 𝜃))

𝑥(𝑑 − 𝑥 3⁄ )



 

94 
 

𝑚𝑟 =
𝑉

4𝜋
[(1 + 𝜈)𝑙𝑛

𝑟0
𝑟
] ≈

𝑉𝑦

2𝜋
= 𝑚𝑦 = 𝜌𝑓𝑦𝑑

2 (1 −
𝜌𝑓𝑦

2𝑓𝑐
) 

𝑉𝑅 = (𝜁 · 𝑉𝑐 + 𝑉𝑤) ≤ 𝑉𝑦 ≈ 2𝜋𝜌𝑓𝑦𝑑
2 (1 −

𝜌𝑓𝑦

2𝑓𝑐
)

𝑉𝑅 = (𝜁 · 𝑉𝑐 + 𝑉𝑤) = 𝜁 (1.125
𝑥

𝑑
+ 0.425) 𝑓𝑐𝑡𝑢𝑐𝑟𝑖𝑡𝑑 

𝑉𝑅 ≥ 𝑉𝑚𝑖𝑛 = (𝜁 · 𝑉𝑐 + 𝑉𝑤) = [𝜁(1.125𝑘𝑐 + 0.375) +
10

𝑑0
] 𝑢𝑐𝑟𝑖𝑡𝑑 



 

95 
 



 

96 
 

√𝑓𝑐



 

97 
 



 

98 
 



 

99 
 



 

100 
 



 

101 
 

𝑓𝑦
′ = 𝑓𝑦 (1 −

𝑓𝑠
𝑓𝑦
) 



 

102 
 

𝑉𝑅

𝑏0𝑑√𝑓𝑐
=

3 4⁄

𝛼𝑠 (1 + 15
𝜓′′𝑑

16 + 𝑑𝑔
)

𝜓′′ = 1.5
𝑟𝑠
𝑑

𝑓𝑦
′

𝐸𝑠
(
𝛼𝑠𝑉

𝑉𝑓𝑙𝑒𝑥
)

3 2⁄
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𝑉𝑅 = 2.2 (𝜌𝑓𝑐
𝑑

𝑎
)
1 3⁄

𝑏𝑤𝑑 

𝑉𝑅 = 2.2 (𝜌𝑓𝑐
𝑑

𝑎
)
1 3⁄

(
2.5

𝑎 𝑑⁄
) 𝑏𝑤𝑑

𝑉𝑅𝑑,𝑐 = (
0.18

𝛾𝑐
𝑘(100𝜌𝑙𝑓𝑐)

1 3⁄ + 𝑘1𝜎𝑐𝑝) 𝑏𝑤𝑑 ≥ (𝑣𝑚𝑖𝑛 + 𝑘1𝜎𝑐𝑝)𝑏𝑤𝑑 

𝑣𝑚𝑖𝑛 = 0.035(1 + √
200

𝑑
)

3 2⁄

· √𝑓𝑐𝑘

 

 𝑘 = 1 + √200 𝑑⁄ ≤ 2

 

 𝜌𝑙 =

𝐴𝑠𝑙 𝑏𝑤𝑑⁄ ≤ 0.02
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 𝜎𝑐𝑝 =

𝑁𝐸𝐷 𝐴𝑐⁄ ≤ 0.2

 

 

𝛽 = 𝑎𝑣 2𝑑⁄

𝑉𝐸𝐷 ≤ 0.5𝜈𝑏𝑤𝑑 

𝜈 = 0.6 (1 −
𝑓𝑐𝑘
250

)

𝑉𝑅𝑑,𝑐 = (
0.18

𝛾𝑐
(1 + √

200

𝑑𝑒𝑓𝑓
) (100𝜌𝑙𝑓𝑐)

1 3⁄ + 𝑘1𝜎𝑐𝑝)𝑢1𝑑𝑒𝑓𝑓

≥ (𝑣𝑚𝑖𝑛 + 𝑘1𝜎𝑐𝑝)𝑢1𝑑𝑒𝑓𝑓 
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𝑑𝑒𝑓𝑓 = (𝑑𝑥 + 𝑑𝑦) 2⁄

 

𝜌𝑙 = √𝜌𝑥 · 𝜌𝑦 ≤ 0.02

 

𝜎𝑐𝑝 = (𝜎𝑐𝑝,𝑥 + 𝜎𝑐𝑝,𝑦) 2⁄
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𝑉𝑅𝑑,𝑐 = 𝑘𝑣
√𝑓𝑐𝑘
𝛾𝑐

𝑧𝑏𝑤 

 

 

 

√𝑓𝑐𝑘 ≤ 8

 

 

𝐼𝑓 𝐿𝑜𝐴 = 1 → 𝑘𝑣 =
180

1000 + 1.25𝑧
 

𝐼𝑓 𝐿𝑜𝐴 = 2 → 𝑘𝑣 =
0.4

1 + 1500𝜀𝑥
·

180

1000 + 𝑘𝑑𝑔𝑧

𝜀𝑥 =
1

2𝐸𝑠𝐴𝑠
· (
𝑀𝐸𝐷
𝑧

+ 𝑉𝐸𝐷 +𝑁𝐸𝐷 (
1

2
∓
∆𝑒

𝑧
))     0 ≥ 𝜀𝑥 ≥ 0.003 

 

 𝑘𝑑𝑔 = 32 (16 + 𝑑𝑔)⁄ ≥ 0.75.
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𝛽 = 𝑎𝑣 2𝑑⁄
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𝑉𝑅𝑑,𝑐 = 𝑘𝜓
√𝑓𝑐𝑘
𝛾𝑐

𝑏0𝑑𝑣 

 

 

 

𝑘𝜓 =
1

1.5 + 0.9𝜓𝑑𝑘𝑑𝑔
≤ 0.6 

𝑘𝑑𝑔 = 32 (16 + 𝑑𝑔)⁄ ≥ 0.75.

 

 

 

 

𝜓 = 1.5
𝑟𝑠
𝑑

𝑓𝑦𝑑

𝐸𝑠
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𝜓 = 1.5
𝑟𝑠
𝑑

𝑓𝑦𝑑

𝐸𝑠
(
𝑚𝐸𝑑

𝑚𝑅𝑑
)
1.5

 

 

 

 𝑏𝑠 =

1.5√𝑟𝑠,𝑥 · 𝑟𝑠,𝑦



 

110 
 

𝑉𝑐 = [0.66𝜆𝑠𝜆(𝜌𝑤)
1 3⁄ √𝑓𝑐 +

𝑁𝑢
6𝐴𝑔

] 𝑏𝑤𝑑 

 𝜆𝑠 =

√2 (1 + 0.004𝑑)⁄ ≤ 1.

 

 𝜌𝑤 = 𝐴𝑠 𝑏𝑤𝑑⁄
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𝑉𝑐 = 0.33𝜆𝑠𝜆√𝑓𝑐𝑏0𝑑 

𝑉𝑐 = (0.17 +
0.33

𝛽
) 𝜆𝑠𝜆√𝑓𝑐𝑏0𝑑 

𝑉𝑐 = (0.17 +
0.083𝛼𝑠𝑑

𝑏0
) 𝜆𝑠𝜆√𝑓𝑐𝑏0𝑑 

 𝜆𝑠 =

√2 (1 + 0.004𝑑)⁄ ≤ 1.
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113 
 





 

115 
 



 

116 
 



 

117 
 



 

118 
 



 𝑐𝑜𝑡 𝜃 ≈
𝑎𝑣

𝑑

𝛽𝑑 = (𝑑 − x) 𝑐𝑜𝑡 𝜃 = (1 −
x

𝑑
) 𝑎𝑣
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x

𝑑
=
𝑥0
𝑑
+ (0.8 −

𝑥0
𝑑
)(1 −

𝑎𝑣
𝑑⁄

3
)

2

𝑏𝑐𝑟𝑖 = 𝐶𝑦 + 2(𝐶𝑥 + 𝑎𝑣 − 𝛽𝑑) tan𝛼 ≤ 𝑏𝑠𝑙𝑎𝑏

𝑏𝑐𝑟𝑖 = 𝐶𝑦 + 2(𝐶𝑥 + 𝛽𝑑) 𝑡𝑎𝑛 𝛼 ≤ 𝑏𝑠𝑙𝑎𝑏
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121 
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𝐶 = T + 𝑉𝑤 · tan 𝜃

V = 𝑉𝑐 + 𝑉𝑤 + 𝑉𝑙

𝐶 · 𝑧 = 𝑉𝑐𝛽𝑑 + 𝑉𝑤0.75𝛽𝑑(1 + tan
2 𝜃)

𝑧 = 𝑑 −
x

3
+ (0.6𝑑 − (𝑑 −

x

𝑑
))(1 −

𝑎𝑣
𝑑⁄

3
)

2
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𝑉𝑅 = (𝜁 · 𝑉𝑐+𝑉𝑤) = (𝜁 · 𝑣𝑐 · 𝑓𝑐𝑡𝑏𝑐𝑟𝑖𝑑 + 𝑣𝑤 · 𝑓𝑐𝑡𝑏𝑤𝑑) = (𝜁 · 𝑣𝑐 +
𝑏𝑤
𝑏𝑐𝑟𝑖

𝑣𝑤) 𝑓𝑐𝑡𝑏𝑐𝑟𝑖𝑑 (3.8) 

𝑉𝑤 =
0.425 sin2 𝜃 · 𝑓𝑐𝑡

𝐸𝑐 · 𝜀𝑠
· (1 +

2 · 𝐺𝑓 · 𝐸𝑐

𝑓𝑐𝑡
2 · 𝑑

)𝑏 · 𝑑

𝐺𝑓 = 0.028 · 𝑓𝑐
0.18 · 𝑑𝑔

0.32    (𝑓𝑐 𝑖𝑛 𝑀𝑃𝑎; 𝑑𝑔𝑖𝑛 𝑚𝑚; 𝐺𝑓𝑖𝑛 𝑁 𝑚𝑚⁄ )

𝜀𝑠 =
𝑉 cot 𝜃

𝐴𝑠𝐸𝑠

𝜎1
𝑓𝑐𝑡
+ 0.8

𝜎2
𝑓𝑐
= 1 → 𝑅𝑡 =

𝜎1
𝑓𝑐𝑡

= (1 − 0.8
𝜎2
𝑓𝑐
)

𝑣𝑐 =
𝑉𝑐

𝑓𝑐𝑡𝑏𝑐𝑟𝑖𝑑
= 0.682

𝑥1
𝑑
𝑅𝑡√1−

𝜎𝑥 + 𝜎𝑧
𝑓𝑐𝑡 · 𝑅𝑡

+
𝜎𝑥𝜎𝑧

𝑓𝑐𝑡
2 · 𝑅𝑡

2
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𝜎𝑧 =
𝛾 · 𝑉

1
2
· 𝐿𝑥 · 𝐿𝑦

· 𝜓𝑎𝑑 =
𝛾 · (𝑣𝑐 +

𝑏𝑤
𝑏𝑐𝑟

𝑣𝑤)

1
2
· 𝐿𝑥 · 𝐿𝑦

· 𝑓𝑐𝑡𝑏𝑐𝑟𝑖𝑑 · 𝜓𝑎𝑑



 

125 
 

𝐶 =
𝐾𝐶
𝐾𝜆
σ𝑥 · b𝑐𝑟𝑖 · x1

K𝐶 = 0.8 −
0.3 · 𝑎𝑣
3𝑑

𝐾𝜆 = 1 −
𝑎𝑣
3𝑑
(1 − 𝜆) ≤ 1
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𝜎𝑥 =

𝐾𝜆
K𝐶
(𝑉𝑐 · 𝛽𝑑 + 𝑉𝑤 · 0,75𝛽𝑑 · (1 + tan

2 𝜃))

𝑥1 · 𝑧 · 𝑏𝑐𝑟𝑖
=

𝐾𝜆
K𝐶
(𝑣𝑐 · 𝛽 +

𝑏𝑤
𝑏𝑐𝑟𝑖

𝑣𝑤 · 0,75𝛽 · (1 + tan
2 𝜃))

𝑥1
𝑑
·
𝑧
𝑑

𝑓𝑐𝑡 
(3.18) 
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𝑓𝑐𝑡 =

0.3𝑓𝑐
2
3⁄   (𝑓𝑐 ≤ 40𝑀𝑃𝑎)

𝑉𝑅 = 0.3 · 𝜁 [(0.84 − 0.21
𝑎𝑣
𝑑
) + (1 −

𝑎𝑣
3𝑑
)
2

·
𝑥0
𝑑
]𝑓𝑐

2
3⁄ 𝑏𝑐𝑟𝑖𝑑

𝑉𝑅 = 0.3 · 𝜁 [(0.47 − 0.058
𝑎𝑣
𝑑
) + (1 −

𝑎𝑣
3𝑑
)
2

·
𝑥0
𝑑
]𝑓𝑐

2
3⁄ 𝑏𝑐𝑟𝑖

𝑉𝑅 = 0.3 · 𝜁 [(0.84 − 0.21
𝑎𝑣
𝑑
) + 2.65 (1 −

𝑎𝑣
3𝑑
)
2

·
𝑥0
𝑑
]𝑓𝑐

2
3⁄ 𝑏𝑐𝑟𝑖𝑑 

 
Simply 

supported (SS) 
Cantilever 

Partial restraint 

(PR) 
All slabs 

Nº tests 45 24 21 90 

 Model Simp. Model Simp. Model Simp. Model Simp. 

Vexp/VR 1.127 1.158 1.132 1.175 1.165 1.139 1.137 1.158 

Std. deviation 

(σ) 
0.137 0.166 0.188 0.216 0.196 0.253 0.165 0.200 

CoV (δ) 0.121 0.143 0.166 0.184 0.168 0.222 0.145 0.173 

min 0.925 0.892 0.869 0.901 0.907 0.869 0.869 0.869 

max 1.480 1.568 1.596 1.785 1.622 1.768 1.622 1.785 

Percentile 5% 0.933 0.916 0.918 0.915 0.907 0.888 0.920 0.903 
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α

α

 
Simply 

supported (SS) 
Cantilever 

Partial restraint 

(PR) 
All slabs 

Nº tests 45 24 21 90 

 Vexp/VR CoV (δ) Vexp/VR CoV (δ) Vexp/VR CoV (δ) Vexp/VR CoV (δ) 

CCCM 1.127 0.121 1.132 0.166 1.165 0.168 1.137 0.145 

CCCM simpl. 1.158 0.143 1.175 0.184 1.139 0.222 1.158 0.173 

EC-2 α=45º 1.569 0.316 1.379 0.180 1.656 0.156 1.539 0.263 

EC-2 α=52.5º 1.331 0.296 1.106 0.182 1.391 0.162 1.285 0.259 

ACI α=45º 2.615 0.522 1.765 0.320 2.762 0.329 2.423 0.480 

ACI α=52.5º 2.203 0.495 1.416 0.326 2.301 0.300 2.016 0.466 

MC-2010 (LoA I) 1.879 0.211 2.648 0.194 2.083 0.163 2.131 0.247 

MC-2010 (LoA 

II) 
1.127 0.284 1.382 0.198 1.257 0.159 1.225 0.246 
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𝑀 = 𝑉 · 𝑙

𝑀𝑐𝑟𝑎𝑐𝑘 =
𝑓𝑐𝑡 · 𝑏𝑠𝑙𝑎𝑏 · ℎ

2

6

𝑙𝑐𝑟𝑎𝑐𝑘 =
𝑓𝑐𝑡 · 𝑏𝑠𝑙𝑎𝑏 · ℎ

2

6 · 𝑉
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𝐶 = T + 𝑉𝑤 · tan 𝜃

V = 𝑉𝑐 + 𝑉𝑤 + 𝑉𝑙

𝐶 · 𝑧 = 𝑀 + 𝑉𝑐𝛽𝑑 + 0.75𝑉𝑤𝛽𝑑(1 + 𝑡𝑎𝑛
2 𝜃) 
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𝑉𝑅 = (𝜁 · 𝑉𝑐+𝑉𝑤) = (𝜁 · 𝑣𝑐 · 𝑓𝑐𝑡𝑏𝑐𝑟𝑖𝑑 + 𝑣𝑤 · 𝑓𝑐𝑡𝑏𝑤𝑑) = (𝜁 · 𝑣𝑐 +
𝑏𝑤
𝑏𝑐𝑟𝑖

𝑣𝑤) 𝑓𝑐𝑡𝑏𝑐𝑟𝑖𝑑 (3.26) 

𝜎𝑥
𝑓𝑐𝑡

=

0.85(𝑚𝑐𝑟𝑎𝑐𝑘 ·
𝑏𝑠𝑡
𝑏𝑐𝑟𝑖

+ 𝑣𝑐 · 𝛽 +
𝑏𝑤
𝑏𝑐𝑟𝑖

𝑣𝑤 · 0.75𝛽 · (1 + 𝑡𝑎𝑛
2 𝜃))

𝑥
𝑑
· (1 −

𝑥
3𝑑
)

 
(3.27) 
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𝜌 =
(𝜌𝑙 + 𝜌𝑡)

2
⁄

𝑑 =
(𝑑𝑙 + 𝑑𝑡)

2
⁄
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𝐶 = T + 𝑉𝑤 · tan 𝜃

V = 𝑉𝑐 + 𝑉𝑤

𝐶 · 𝑧 + 𝑚𝜑 · 𝑑𝜑 · 𝛽𝑑 = 𝑚𝑐𝑟

𝑟𝑐𝑟𝑎𝑐𝑘
𝑟𝑐𝑟𝑖𝑡

+ 𝑉𝑐𝛽𝑑 + 𝑉𝑤
2
3⁄ 𝑑(1 + tan2 𝜃) 





𝛽 =
0.5·(1−

𝑥0
𝑑
)

𝑥0/𝑑
  

𝑉𝑅 = (𝜁 · 𝑉𝑐+𝑉𝑤) = (𝜁 · 𝑣𝑐 + 𝑣𝑤)𝑓𝑐𝑡𝑢𝑐𝑟𝑖𝑑
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𝑣𝑐 = 0.682𝜁
𝑥0
𝑑
𝑅𝑡√1−

𝜎𝑟 + 𝜎𝑧
𝑓𝑐𝑡 · 𝑅𝑡

+
𝜎𝑟𝜎𝑧

𝑓𝑐𝑡
2 · 𝑅𝑡

2
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Simply 

supported 

(SS) 

Cantilever 

Partial 

restraint 

(PR) 

All slabs 

Nº tests 22 16 5 43 

Vexp/VR 1.12 1.12 1.16 1.12 

Std. deviation (σ) 0.18 0.14 0.13 0.16 

CoV (δ) 0.16 0.12 0.11 0.14 

min 0.91 0.92 1.03 0.91 

max 1.57 1.35 1.34 1.57 

Percentile 5% 0.92 0.93 1.04 0.92 
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𝑥 = 𝑥0 (1 − 0.1 
𝑇 · 𝑑

𝑀
) (4.1) 
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𝐶 = 𝑇𝑙 + 𝑉𝑤 · tan 𝜃 − T (4.2) 

V = 𝑉𝑐𝑡 + 𝑉𝑤 (4.3) 

𝐶 · 𝑧 + 𝑚𝜑 · 𝑑𝜑 · 𝛽𝑑 = 𝑚𝑐𝑟

𝑟𝑐𝑟𝑎𝑐𝑘
𝑟𝑐𝑟𝑖𝑡

+ 𝑉𝑐𝑡𝛽𝑑 + 𝑉𝑤𝛽𝑤𝑑(1 + tan
2 𝜃) − 0.5 · T · 𝑧 (4.4) 





𝛽 =
0.5·(1−

𝑥

𝑑
)

𝑥/𝑑
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𝜎𝑟(𝜆) =
2𝜆𝐶

𝑥𝑧
=
2𝜆(𝑚𝑐𝑟

𝑟𝑐𝑟𝑎𝑐𝑘
𝑟𝑐𝑟𝑖𝑡

+ 𝑉𝑐𝛽𝑑 + 𝑉𝑤𝛽𝑤𝑑(1 + tan
2 𝜃) − 0,5T (𝑑 −

𝑥
3
))

𝑥(𝑑 −
𝑥
3
)

 (4.5) 

𝑣𝑐𝑡 =
𝑉𝑐𝑡
𝑓𝑐𝑡𝑏𝑑

= 0.682 ·
𝑥

𝑑
·
𝜎1
𝑓𝑐𝑡
√1 −

𝜎𝑟 + 𝜎𝑧
𝜎1

+
𝜎𝑟𝜎𝑧
𝜎1
2 = 0.682

𝑥

𝑑
𝑅𝑡√1 −

𝜎𝑟 + 𝜎𝑧
𝑓𝑐𝑡 · 𝑅𝑡

+
𝜎𝑟𝜎𝑧
𝑓𝑐𝑡
2 · 𝑅𝑡

2 (4.6) 

 

𝜎1
𝑓𝑐𝑡
+ 0.8

𝜎2
𝑓𝑐𝑐

= 1 → 𝑅𝑡 =
𝜎1
𝑓𝑐𝑡

= (1 − 0.8
𝜎2
𝑓𝑐𝑐
) (4.7) 

𝜎𝑧
𝑓𝑐𝑡

= 1.25
𝑉

𝑓𝑐𝑡𝜋𝑟𝑐𝑟𝑖𝑡
2 = 2.5

(𝑣𝑐 + 𝑣𝑤)
𝑟𝑐𝑟𝑖𝑡

𝑑⁄
 (4.8) 
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𝑉𝑅𝑡 = V𝑐𝑡 + 𝑉𝑤 = 𝜁 ((1.125 − 0.85
𝑇

𝑇𝑐𝑟
)
𝑥0
𝑑
+ 0.425) · 𝑓𝑐𝑡 · 𝑢𝑐𝑟𝑖𝑡 · 𝑑 (4.9) 

  

𝑓𝑦
∗ = 𝑓𝑦− 

𝑇

𝐴𝑠
 (4.10) 

𝑉𝑅𝑡 ≤ 𝑉𝑦 ≈ 2𝜋𝑓𝑦
∗𝑑2 (1 −

𝜌𝑓𝑦
∗

2𝑓𝑐
) (4.11) 

𝑉𝑅,𝑡/2 =
𝑉𝑅
2
+
𝑉𝑅𝑡
2
= ζ((1.125 − 0.425 ·

𝑇

𝑇𝑐𝑟
) ·
𝑥0
𝑑
+ 0.425) · 𝑓𝑐𝑡 · 𝑢𝑐𝑟𝑖𝑡 · 𝑑 (4.12) 
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Fig. 4.17 shows the state of cracking at the bottom face of the slabs at failure for 

some of the tests carried out (tensile forces are in the vertical direction). As observed, 

the crack pattern area increases in the dimension perpendicular to the tensile forces, 

as the applied tensile force increases. 
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𝑉𝑐1 = (2 +
4

𝛽𝑐
) · (1 +

0.25 · 𝑓𝑚1
𝜌1 · 𝑓𝑦

) · √𝑓𝑐 · 𝑏1
′ · ℎ     𝑖𝑓     𝑓𝑚1 ≤ 0.9 · 𝜌1 · 𝑓𝑦 (4.13a) 

𝑉𝑐1 = 0.5 · √𝑓𝑐 · ℎ        𝑖𝑓     𝑓𝑚1 > 0.9 · 𝜌1 · 𝑓𝑦 (4.13b) 

 

𝑉𝑐2 = (2 +
4

𝛽𝑐
) · (1 +

0.25 · 𝑓𝑚2
𝜌2 · 𝑓𝑦

) · √𝑓𝑐 · 𝑏2
′ · ℎ     𝑖𝑓     𝑓𝑚2 ≤ 0.9 · 𝜌2 · 𝑓𝑦 (4.13c) 

𝑉𝑐2 = 0.5 · √𝑓𝑐 · ℎ        𝑖𝑓     𝑓𝑚2 > 0.9 · 𝜌2 · 𝑓𝑦 (4.13b) 

  

𝑉𝑐 = 𝑉𝑐1 + 𝑉𝑐2 (4.13e) 

𝑏1 
′ 𝑏2 

′
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𝑉𝑅𝑑 =
1

1.5 + 0.9𝑘𝑑𝑔 · 𝑑 · 1.5 ·
𝑟𝑠
𝑑
𝑓𝑦
𝐸𝑠
· (

𝑉𝑅𝑑
8
𝑚𝑅𝑑

)

1.5√𝑓𝑐 · 𝑏0 · 𝑑 

(4.14) 

 

 Pexp/PCCCM Pexp/PEC2 Pexp/PACI Pexp/PMC10 

Mean Uniaxial 1.053 1.135 1.329 1.146 

CoV Uniaxial (%) 2.847 4.706 10.705 7.150 

Max. 1.105 1.205 1.482 1.280 

Min. 1.008 1.040 1.102 1.019 

Mean Biaxial 1.126 1.245 1.535 1.121 

CoV Biaxial (%) 9.757 10.480 10.283 12.718 

Max. 1.498 1.539 1.786 1.506 

Min. 0.939 0.977 1.209 0.870 

Total Mean 1.113 1.225 1.497 1.126 

Total CoV (%) 9.320 10.380 11.577 11.808 
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𝑘 = 1 + √200 𝑑⁄ ≤ 2
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𝑉𝑅𝑑,𝑐 = (
0.18

𝛾𝑐
· 𝑘 · √100 · 𝜌𝑙 · 𝑓𝑐𝑘

3 + 𝑘1 · 𝜎𝑐𝑝) · 𝑏𝑤 · 𝑑 (5.1) 

𝑉𝑅𝑑,𝑐 = (0.035𝑘
3
2⁄ · 𝑓𝑐𝑘

1
2⁄ + 𝑘1 · 𝜎𝑐𝑝) · 𝑏𝑤 · 𝑑 (5.2) 

 

𝜆𝑠 =

√2 (1 + 0.004𝑑⁄ ) ≤ 1
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𝑓𝑐
′

𝑉𝑐 = [0.66 · 𝜆𝑠 · (𝜌𝑤)
1
3⁄ · √𝑓𝑐

′ +
𝑁𝑢
6𝐴𝑔

] · 𝑏𝑤 · 𝑑 (5.3) 
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 Failure modes trends predicted by the model are in agreement with the 

experimental observations for the analyzed variables. When av/d ≥ 5 or 

Cy/bslab ≤ 0.15, model predictions are mostly punching failures, as observed 

experimentally, whereas shear clearly dominates when Cy/bslab  ≥ 0.25. No 

significant influence of the concrete compressive strength or the longitudinal 

reinforcement ratio has been observed experimentally nor in the model 

results. 

 In comparison with the analyzed design codes, the proposed model 

provides the best results when predicting the ultimate capacity of the slabs 

included in the available database in terms of safety and accuracy. As far as 

codes concern, best results are obtained with Model Code 2010 LoA II. 

Eurocode-2 yields unsafe results if no threshold value for the effective shear 

width is used, whereas ACI 318 yields quite conservative results and presents 

the highest scatter. 
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SS Lantsoght et. al (2013) BL3T1 1.51  72.8 537.0 1.00 0.26 1.50 300 300 265 250 3.60 

SS Lantsoght et. al (2013) BM1T2 1.51  65.2 537.0 1.00 0.26 1.00 300 300 265 250 3.60 

SS Lantsoght et. al (2013) BM2T1 0.94  70.9 537.0 1.00 0.26 1.00 200 200 265 250 3.60 

SS Lantsoght et. al (2013) BM3T1 1.51  72.8 537.0 1.00 0.26 1.00 300 300 265 250 3.60 

SS Lantsoght et. al (2013) BX1T1 1.51  65.1 537.0 1.00 0.26 2.00 300 300 265 250 3.60 

SS Lantsoght et. al (2013) BX2T1 0.94  56.3 537.0 1.00 0.26 2.00 200 200 265 250 3.60 

SS Lantsoght et. al (2013) BX3T1 1.70  63.0 537.0 1.00 0.26 2.00 200 200 265 250 3.60 

SS Lantsoght et. al (2013) S1T1 1.70  44.4 537.0 1.00 0.13 2.50 200 200 265 250 3.60 

SS Lantsoght et. al (2013) S2T1 1.51  44.4 537.0 1.00 0.13 2.50 300 300 265 250 3.60 

SS Lantsoght et. al (2013) S3T1 1.51  41.3 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

SS Lantsoght et. al (2013) S4T1 1.51  41.4 537.0 1.00 0.18 2.50 300 300 265 250 3.60 

SS Lantsoght et. al (2013) S4T2 1.51  41.4 537.0 1.00 0.18 2.50 300 300 265 250 3.60 

SS Lantsoght et. al (2013) S5T4 0.75  38.6 537.0 1.00 0.26 2.50 300 300 265 250 3.60 
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Support 

type 
Reference Ref-Test av/d  λM 

fc 

(MPa) 

fy 

(MPa) 

ρl 

(%) 

ρt 

(%) 

b 

(m) 

Cx 

(mm) 

Cy 

(mm) 

dl 

(mm) 

dt 

(mm) 

L 

(m) 

SS Lantsoght et. al (2013) S6T4 0.75  40.5 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

SS Lantsoght et. al (2013) S6T5 0.75  40.5 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

SS Lantsoght et. al (2013) S7T1 1.51  65.7 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

SS Lantsoght et. al (2013) S7T5 1.51  65.7 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

SS Lantsoght et. al (2013) S8T1 1.51  61.6 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

SS Lantsoght et. al (2013) S9T1 0.94  65.4 537.0 1.00 0.26 2.50 200 200 265 250 3.60 

SS Lantsoght et. al (2013) S19T2 1.17  45.5 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

SS Lantsoght et. al (2013) S25T1 1.51  46.9 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

SS Cullington et al. (1996) lab 1 1.32  60.0 500.0 1.50 0.00 1.00 100 100 257 NR 4.37 

SS Cullington et al. (1996) lab 2 0.31  60.0 500.0 1.50 0.00 1.00 100 100 257 NR 4.37 

SS Regan (1982) 1-SS 1.43  24.0 500.0 0.60 0.21 1.20 100 100 84 77 1.15 

SS Regan (1982) 2-SS 0.95  22.2 500.0 0.60 0.21 1.20 100 100 84 77 1.15 

SS Regan (1982) 3-SS 0.48  29.0 500.0 0.60 0.21 1.20 100 100 84 77 1.15 

SS Regan (1982) 4-SS 0.24  33.9 500.0 0.60 0.21 1.20 100 100 84 77 1.15 

SS Regan (1982) 5-SS 0.95  29.3 500.0 0.60 0.21 1.20 100 200 84 77 1.15 

SS Regan (1982) 7-SS 0.48  35.4 500.0 0.60 0.21 1.20 100 200 84 77 1.15 

SS Reissen et al. (2018) S35A-1 1.91  41.3 900.0 0.98 0.45 3.50 400 400 240 254 3.00 

SS Reissen et al. (2018) S35A-2 1.91  29.0 900.0 0.98 0.45 3.50 400 400 240 254 3.00 

SS Coin and Thonier (2007) 5 2.00  30.2 500.0 1.50 0.42 2.50 200 1000 85 77 2.70 

SS Coin and Thonier (2007) 6 2.00  30.2 500.0 1.50 0.42 2.50 200 700 85 77 2.70 

SS Coin and Thonier (2007) 5bis 2.00  30.2 500.0 1.50 0.42 2.50 200 1000 85 77 2.70 
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Support 

type 
Reference Ref-Test av/d  λM 

fc 

(MPa) 

fy 

(MPa) 

ρl 

(%) 

ρt 

(%) 

b 

(m) 

Cx 

(mm) 

Cy 

(mm) 

dl 

(mm) 

dt 

(mm) 

L 

(m) 

SS Coin and Thonier (2007) 6bis 2.00  30.2 500.0 1.50 0.42 2.50 200 700 85 77 2.70 

SS Lubell (2006) AT-2/1000A 2.62  39.0 465.0 0.91 0.19 1.00 152 152 439 423 2.60 

SS Lubell (2006) AT-2/1000B 2.63  37.9 465.0 0.91 0.19 1.00 152 152 438 422 2.60 

SS Bui et al. (2017) S2 2.00  30.4 567.0 1.16 0.30 2.50 200 1000 85 77 2.70 

SS Bui et al. (2017) S5 2.00  30.2 567.0 1.00 0.41 2.50 200 1000 85 79 2.70 

SS Bui et al. (2017) S6 2.00  19.2 567.0 1.01 0.41 2.50 200 400 85 79 2.70 

SS Bui et al. (2017) S3bis 2.00  30.4 567.0 1.16 0.18 2.50 200 400 85 77 2.70 

SS Bui et al. (2017) S5bis 2.00  30.2 567.0 1.00 0.41 2.50 200 1000 85 78 2.70 

SS Bui et al. (2017) S6bis 2.00  19.2 567.0 1.01 0.41 2.50 200 400 85 78 2.70 

cant Rombach and Henze (2017) 1d 1.00  43.4 522.0 1.17 0.53 4.50 400 400 215 202 1.90 

cant Rombach and Henze (2017) 2d-1 2.00  47.3 522.0 1.17 0.53 4.50 400 400 215 202 1.90 

cant Rombach and Henze (2017) 2d-2 2.00  55.5 522.0 1.17 0.53 4.50 400 400 215 202 1.90 

cant Rombach and Henze (2017) 3d-1 3.00  37.8 522.0 1.17 0.53 4.50 400 400 215 202 1.90 

cant Rombach and Henze (2017) 3d-2 3.00  49.5 522.0 1.17 0.53 4.50 400 400 215 202 1.90 

cant Havolnik et al. (2020) SL0.1 A 1.99  36.1 500.0 0.73 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL0.1 B 1.99  36.1 500.0 0.73 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL1.1 A 1.99  34.8 500.0 1.50 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL1.1 B 1.99  34.8 500.0 1.50 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL1.2 A 1.99  32.2 500.0 1.50 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL1.2 B 1.99  32.2 500.0 1.50 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL0.2 A 1.99  38.2 500.0 0.73 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL0.2 B 1.99  38.2 500.0 0.73 NR 2.50 250 250 168 NR 1.30 



 

252 
 

Support 

type 
Reference Ref-Test av/d  λM 

fc 

(MPa) 

fy 

(MPa) 

ρl 

(%) 

ρt 

(%) 

b 

(m) 

Cx 

(mm) 

Cy 

(mm) 

dl 

(mm) 

dt 

(mm) 

L 

(m) 

cant Havolnik et al. (2020) SL0.3 A 1.99  34.5 500.0 0.73 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL0.3 B 1.99  34.5 500.0 0.73 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL2.1 A 1.99  30.5 500.0 1.27 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL2.1 B 1.99  30.5 500.0 1.27 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL2.2 A 1.99  29.4 500.0 1.27 NR 2.50 250 250 168 NR 1.30 

cant Havolnik et al. (2020) SL2.2 B 1.99  29.4 500.0 1.27 NR 2.50 250 250 168 NR 1.30 

cant Natário et al. (2014) FN1-E 2.10  46.6 579.0 1.00 0.39 3.00 400 400 210 194 1.50 

cant Natário et al. (2014) FN1-W 2.10  45.2 579.0 1.00 0.39 3.00 400 400 210 194 1.50 

cant Natário et al. (2014) SN1A 2.00  30.3 547.0 1.32 0.57 3.00 400 400 152 138 1.25 

cant Natário et al. (2014) SN2A 3.00  30.1 547.0 1.32 0.57 3.00 400 400 152 138 1.25 

cant Reissen et al. (2018) CS35A 2.07  31.0 900.0 0.98 0.45 3.50 400 400 241 254 1.80 

PR Lantsoght et. al (2015) BL1T2 1.51 0.26 65.2 537.0 1.00 0.26 1.50 300 300 265 250 3.60 

PR Lantsoght et. al (2015) BL2T2 0.94 0.24 75.8 537.0 1.00 0.26 1.50 200 200 265 250 3.60 

PR Lantsoght et. al (2015) BL3T2 1.51 0.27 72.8 537.0 1.00 0.26 1.50 300 300 265 250 3.60 

PR Lantsoght et. al (2015) BM1T1 1.51 0.17 65.2 537.0 1.00 0.26 1.00 300 300 265 250 3.60 

PR Lantsoght et. al (2015) BM3T2 1.51 0.20 72.8 537.0 1.00 0.26 1.00 300 300 265 250 3.60 

PR Lantsoght et. al (2015) BX1T2 1.51 0.21 65.1 537.0 1.00 0.26 2.00 300 300 265 250 3.60 

PR Lantsoght et. al (2015) BX2T2 0.94 0.17 56.3 537.0 1.00 0.26 2.00 200 200 265 250 3.60 

PR Lantsoght et. al (2015) BX3T2 1.70 0.18 63.0 537.0 1.00 0.26 2.00 200 200 265 250 3.60 

PR Lantsoght et. al (2015) S19T1 1.17 0.14 45.5 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

PR Lantsoght et. al (2015) S1T2 1.70 0.13 28.6 537.0 1.00 0.13 2.50 200 200 265 250 3.60 
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Support 

type 
Reference Ref-Test av/d  λM 

fc 

(MPa) 

fy 

(MPa) 

ρl 

(%) 

ρt 

(%) 

b 

(m) 

Cx 

(mm) 

Cy 

(mm) 

dl 

(mm) 

dt 

(mm) 

L 

(m) 

PR Lantsoght et. al (2015) S2T4 1.51 0.23 27.6 537.0 1.00 0.13 2.50 300 300 265 250 3.60 

PR Lantsoght et. al (2015) S3T4 1.51 0.21 41.3 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

PR Lantsoght et. al (2015) S5T1 0.75 0.20 38.6 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

PR Lantsoght et. al (2015) S6T1 0.75 0.19 40.5 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

PR Lantsoght et. al (2015) S6T2 0.75 0.22 40.5 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

PR Lantsoght et. al (2015) S7T2 1.51 0.17 65.7 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

PR Lantsoght et. al (2015) S7T3 1.51 0.20 65.7 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

PR Lantsoght et. al (2015) S8T2 1.51 0.21 61.6 537.0 1.00 0.26 2.50 300 300 265 250 3.60 

PR Lantsoght et. al (2015) S9T4 0.94 0.21 65.4 537.0 1.00 0.26 2.50 200 200 265 250 3.60 

PR Reissen et al. (2018) MS35A 1.91 0.68 37.3 900.0 0.98 0.45 3.50 400 400 240 254 3.00 

PR Reissen et al. (2018) MS35A-dr 1.91 0.34 38.0 900.0 0.98 0.45 3.50 400 400 240 254 3.00 

*av: distance between the inner face of the load and the inner face of the support; λM: See Fig. 3.5;   fc: Cylinder concrete compressive strength; fy: yield strength of the 
reinforcement; ρl: amount of longitudinal reinforcement; ρt: amount of transverse reinforcement; dl: effective depth of the longitudinal reinforcement; dt: effective depth 
of the transverse reinforcement; b: width of the slab;  Cx: dimension of the loading plate perpendicular to the support; Cy: dimension of the loading plate parallel to the 
support;  L: length of the span;  
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Support 

type 
Reference Ref-Test 

Vexp 

(kN) 

Vexp/VR Vexp/VR,simp Vexp/VEC-2 

(α=45º) 

Vexp/VEC-2 

(α=52.5º) 

Vexp/VACI 

(α=45º) 

Vexp/VACI 

(α=52.5º) 

Vexp/VMC10 

(LoA I) 

Vexp/VMC10 

(LoA II) 

SS Lantsoght et. al (2015) BL1T1 844.0 0.929 0.913 1.19 1.19 1.86 1.86 1.59 0.96 

SS Lantsoght et. al (2015) BL2T1 1311.0 1.241 1.405 1.49 1.20 3.65 2.92 1.72 1.22 

SS Lantsoght et. al (2015) BL3T1 907.0 0.997 0.981 1.23 1.23 1.89 1.89 1.62 1.00 

SS Lantsoght et. al (2015) BM1T2 591.0 1.113 0.959 1.24 1.24 1.95 1.95 1.67 1.01 

SS Lantsoght et. al (2015) BM2T1 1062.0 1.150 1.214 1.36 1.36 3.36 3.36 1.91 1.34 

SS Lantsoght et al. (2015) BM3T1 607.0 1.145 0.985 1.23 1.23 1.90 1.90 1.62 1.00 

SS Lantsoght et al. (2015) BX1T1 1080.0 1.127 1.156 1.34 1.14 2.10 1.78 1.53 0.92 

SS Lantsoght et al. (2015) BX2T1 1259.0 1.194 1.349 1.58 1.27 4.06 3.26 1.91 1.29 

SS Lantsoght et al. (2015) BX3T1 935.0 1.257 1.427 1.49 1.18 2.09 1.66 1.81 1.05 

SS Lantsoght et al. (2015) S1T1 799.0 1.086 1.220 1.43 1.14 2.13 1.69 1.84 1.02 

SS Lantsoght et al. (2015) S2T1 1129.0 1.178 1.208 1.59 1.27 2.66 2.13 1.90 1.09 

SS Lantsoght et al. (2015) S3T1 1131.0 1.182 1.211 1.63 1.31 2.76 2.21 1.98 1.12 

SS Lantsoght et al. (2015) S4T1 964.0 1.011 1.032 1.39 1.11 2.35 1.88 1.68 0.95 

SS Lantsoght et al. (2015) S4T2 925.0 0.971 0.990 1.33 1.07 2.25 1.80 1.62 0.91 

SS Lantsoght et al. (2015) S5T4 1544.0 1.229 1.205 1.49 1.21 5.10 4.13 2.23 1.41 

SS Lantsoght et al. (2015) S6T4 1213.0 0.949 0.925 1.15 0.93 3.91 3.17 1.71 1.09 

SS Lantsoght et al. (2015) S6T5 1187.0 0.925 0.905 1.13 0.91 3.82 3.10 1.67 1.07 

SS Lantsoght et al. (2015) S7T1 929.0 0.973 0.994 1.15 0.92 1.80 1.44 1.29 0.78 
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Support 

type 
Reference Ref-Test 

Vexp 

(kN) 

Vexp/VR Vexp/VR,simp Vexp/VEC-2 

(α=45º) 

Vexp/VEC-2 

(α=52.5º) 

Vexp/VACI 

(α=45º) 

Vexp/VACI 

(α=52.5º) 

Vexp/VMC10 

(LoA I) 

Vexp/VMC10 

(LoA II) 

SS Lantsoght et al. (2015) S7T5 891.0 0.938 0.954 1.10 0.88 1.72 1.38 1.23 0.75 

SS Lantsoght et al. (2015) S8T1 1227.3 1.285 1.314 1.55 1.24 2.45 1.96 1.76 1.05 

SS Lantsoght et al. (2015) S9T1 1325.0 1.248 1.420 1.58 1.27 3.97 3.18 1.87 1.29 

SS Lantsoght et al. (2015) S19T2 1249.0 1.255 1.167 1.51 1.22 3.25 2.61 1.75 1.08 

SS Lantsoght et al. (2015) S25T1 1214.0 1.273 1.299 1.68 1.34 2.78 2.22 1.99 1.15 

SS Cullington et al. (1996) lab 1 620.0 0.963 1.126 1.07 1.05 1.94 1.90 1.64 0.90 

SS Cullington et al. (1996) lab 2 1000.0 1.439 1.568 2.79 2.25 6.68 5.40 3.42 2.05 

SS Regan (1982) 1-SS 97.0 1.122 1.129 1.74 1.40 3.61 2.89 1.74 1.15 

SS Regan (1982) 2-SS 110.0 1.057 1.084 1.59 1.28 4.99 4.03 1.60 1.18 

SS Regan (1982) 3-SS 171.0 1.224 1.216 2.87 2.34 8.22 6.72 2.48 1.91 

SS Regan (1982) 4-SS 206.0 1.259 1.263 3.67 3.02 10.23 8.43 2.96 2.35 

SS Regan (1982) 5-SS 160.0 1.181 1.087 1.73 1.45 5.19 4.34 1.74 1.34 

SS Regan (1982) 7-SS 176.0 0.981 0.892 2.19 1.86 6.06 5.15 1.93 1.55 

SS Reissen et al. (2018) S35A-1 899.0 1.127 1.100 1.43 1.15 1.93 1.55 1.69 0.91 

SS Reissen et al. (2018) S35A-2 707.0 1.068 1.061 1.26 1.02 1.82 1.46 1.59 0.81 

SS Coin and Thonier (2007) 5 264.0 1.059 1.094 1.39 1.23 1.98 1.75 1.92 0.92 

SS Coin and Thonier (2007) 6 307.0 1.480 1.545 1.95 1.69 2.78 2.41 2.63 1.27 

SS Coin and Thonier (2007) 5bis 269.0 1.079 1.115 1.42 1.26 2.02 1.79 1.96 0.94 

SS Coin and Thonier (2007) 6bis 216.0 1.042 1.087 1.38 1.19 1.96 1.69 1.85 0.89 

SS Lubell (2006) AT-2/1000A 471.0 0.975 1.171 1.08 1.08 1.44 1.44 1.58 0.83 

SS Lubell (2006) AT-2/1000B 440.0 0.931 1.122 1.02 1.02 1.37 1.37 1.50 0.79 

SS Bui et al. (2017) S2 274.7 1.073 1.082 1.57 1.39 2.24 1.98 1.99 1.02 
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Support 

type 
Reference Ref-Test 

Vexp 

(kN) 

Vexp/VR Vexp/VR,simp Vexp/VEC-2 

(α=45º) 

Vexp/VEC-2 

(α=52.5º) 

Vexp/VACI 

(α=45º) 

Vexp/VACI 

(α=52.5º) 

Vexp/VMC10 

(LoA I) 

Vexp/VMC10 

(LoA II) 

SS Bui et al. (2017) S5 305.1 1.263 1.218 1.84 1.63 2.62 2.32 2.22 1.18 

SS Bui et al. (2017) S6 165.0 1.264 1.371 1.76 1.47 2.70 2.26 2.16 1.08 

SS Bui et al. (2017) S3bis 174.8 1.022 1.069 1.53 1.28 2.17 1.82 1.82 0.93 

SS Bui et al. (2017) S5bis 313.1 1.296 1.250 1.89 1.67 2.69 2.38 2.28 1.21 

SS Bui et al. (2017) S6bis 148.1 1.134 1.231 1.58 1.32 2.43 2.03 1.94 0.97 

cant Rombach and Henze (2017) 1d 1539.7 1.596 1.785 1.68 1.37 4.42 3.59 2.94 1.84 

cant Rombach and Henze (2017) 2d-1 1024.8 1.409 1.449 1.72 1.38 2.23 1.79 3.26 1.69 

cant Rombach and Henze (2017) 2d-2 937.8 1.289 1.326 1.49 1.20 1.88 1.51 2.75 1.46 

cant Rombach and Henze (2017) 3d-1 667.9 1.084 1.132 1.00 0.80 1.34 1.07 1.88 0.95 

cant Rombach and Henze (2017) 3d-2 717.9 1.124 1.171 0.98 0.78 1.26 1.01 1.77 0.92 

cant Havolnik et al. (2020) SL0.1 A 359.6 1.021 0.946 1.40 1.12 1.95 1.56 2.40 1.39 

cant Havolnik et al. (2020) SL0.1 B 374.6 1.064 0.985 1.46 1.17 2.03 1.62 2.50 1.45 

cant Havolnik et al. (2020) SL1.1 A 385.6 0.944 1.061 1.20 0.96 1.67 1.34 2.62 1.25 

cant Havolnik et al. (2020) SL1.1 B 463.6 1.135 1.276 1.44 1.15 2.01 1.61 3.15 1.50 

cant Havolnik et al. (2020) SL1.2 A 394.6 1.013 1.146 1.26 1.01 1.78 1.42 2.79 1.32 

cant Havolnik et al. (2020) SL1.2 B 431.6 1.107 1.253 1.38 1.10 1.94 1.56 3.06 1.44 

cant Havolnik et al. (2020) SL0.2 A 405.6 1.112 1.026 1.55 1.24 2.13 1.71 2.64 1.54 

cant Havolnik et al. (2020) SL0.2 B 372.6 1.022 0.943 1.43 1.14 1.96 1.57 2.42 1.41 

cant Havolnik et al. (2020) SL0.3 A 402.6 1.175 1.091 1.59 1.28 2.23 1.78 2.75 1.58 

cant Havolnik et al. (2020) SL0.3 B 395.6 1.155 1.072 1.57 1.25 2.19 1.75 2.70 1.56 

cant Havolnik et al. (2020) SL2.1 A 392.6 1.080 1.175 1.35 1.08 1.92 1.54 2.86 1.39 
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Support 

type 
Reference Ref-Test 

Vexp 

(kN) 

Vexp/VR Vexp/VR,simp Vexp/VEC-2 

(α=45º) 

Vexp/VEC-2 

(α=52.5º) 

Vexp/VACI 

(α=45º) 

Vexp/VACI 

(α=52.5º) 

Vexp/VMC10 

(LoA I) 

Vexp/VMC10 

(LoA II) 

cant Havolnik et al. (2020) SL2.1 B 362.6 0.998 1.086 1.24 1.00 1.77 1.42 2.64 1.29 

cant Havolnik et al. (2020) SL2.2 A 442.6 1.244 1.357 1.54 1.23 2.20 1.76 3.28 1.59 

cant Havolnik et al. (2020) SL2.2 B 425.6 1.196 1.305 1.48 1.18 2.12 1.70 3.15 1.53 

cant Natário et al. (2014) FN1-E 618.8 0.926 0.910 1.11 0.89 1.45 1.16 1.98 1.07 

cant Natário et al. (2014) FN1-W 612.8 0.917 0.901 1.11 0.89 1.46 1.17 2.00 1.07 

cant Natário et al. (2014) SN1A 489.0 1.096 1.233 1.45 1.17 2.06 1.66 2.81 1.33 

cant Natário et al. (2014) SN2A 330.0 0.869 1.007 0.84 0.67 1.19 0.96 1.58 0.75 

cant Reissen et al. (2018) CS35A 1057.0 1.596 1.569 1.86 1.49 2.51 2.02 3.60 1.83 

PR Lantsoght et. al (2015) BL1T2 1119.0 1.018 0.957 1.57 1.57 2.46 2.46 2.11 1.28 

PR Lantsoght et. al (2015) BL2T2 1586.0 1.512 1.606 1.80 1.45 4.41 3.53 2.08 1.48 

PR Lantsoght et. al (2015) BL3T2 1035.0 0.907 0.888 1.40 1.40 2.15 2.15 1.85 1.14 

PR Lantsoght et. al (2015) BM1T1 811.0 1.166 1.019 1.71 1.71 2.68 2.68 2.29 1.39 

PR Lantsoght et. al (2015) BM3T2 791.0 1.120 0.964 1.61 1.61 2.47 2.47 2.12 1.30 

PR Lantsoght et. al (2015) BX1T2 1415.0 1.251 1.199 1.75 1.49 2.75 2.34 2.00 1.21 

PR Lantsoght et. al (2015) BX2T2 1332.0 1.245 1.393 1.67 1.34 4.30 3.44 2.02 1.37 

PR Lantsoght et. al (2015) BX3T2 1059.0 1.176 1.268 1.69 1.34 2.37 1.88 2.05 1.19 

PR Lantsoght et. al (2015) S19T1 1379.0 1.218 1.220 1.67 1.34 3.58 2.88 1.93 1.19 

PR Lantsoght et. al (2015) S1T2 912.0 1.234 1.385 1.90 1.50 3.03 2.40 2.62 1.36 

PR Lantsoght et. al (2015) S2T4 1276.0 1.392 1.385 2.11 1.68 3.81 3.05 2.73 1.45 

PR Lantsoght et. al (2015) S3T4 1199.0 1.062 1.017 1.73 1.38 2.93 2.34 2.10 1.18 

PR Lantsoght et. al (2015) S5T1 1679.0 1.296 1.246 1.62 1.31 5.54 4.49 2.43 1.54 

PR Lantsoght et. al (2015) S6T1 1353.0 1.024 0.983 1.28 1.04 4.36 3.53 1.91 1.22 
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Support 

type 
Reference Ref-Test 

Vexp 

(kN) 

Vexp/VR Vexp/VR,simp Vexp/VEC-2 

(α=45º) 

Vexp/VEC-2 

(α=52.5º) 

Vexp/VACI 

(α=45º) 

Vexp/VACI 

(α=52.5º) 

Vexp/VMC10 

(LoA I) 

Vexp/VMC10 

(LoA II) 

PR Lantsoght et. al (2015) S6T2 1337.0 1.016 0.954 1.27 1.03 4.31 3.49 1.88 1.20 

PR Lantsoght et. al (2015) S7T2 1046.0 0.928 0.909 1.29 1.03 2.02 1.62 1.45 0.88 

PR Lantsoght et. al (2015) S7T3 1021.0 0.907 0.869 1.26 1.01 1.97 1.58 1.41 0.86 

PR Lantsoght et. al (2015) S8T2 1216.0 1.080 1.031 1.54 1.23 2.43 1.94 1.74 1.04 

PR Lantsoght et. al (2015) S9T4 1717.0 1.622 1.768 2.05 1.65 5.14 4.12 2.42 1.68 

PR Reissen et al. (2018) MS35A 1283.0 1.605 1.141 2.11 1.69 2.90 2.33 2.54 1.34 

PR Reissen et al. (2018) MS35A-dr 1058.0 1.034 0.992 1.73 1.39 2.37 1.90 2.08 1.10 
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Support 

type 
Reference Ref-Test av/d λM 

fc 

(MPa) 

fy 

(MPa) 
dl (mm) dt (mm) ρl  (%) ρt  (%) 

b 

(mm) 

Cx 

(mm) 

Cy 

(mm) 

L 

(m) 

SS Lubell (2006)  AW1 3.011 
 

36.9 467 538 517 0.790 0.087 1170 305 305 3.70 

SS Lubell (2006)  AW4 3.202 
 

39.9 467 506 485 1.690 0.093 1168 305 305 3.70 

SS Reissen et al. (2018) S15B-1 3.167 
 

37.7 900 240 254 0.980 0.450 1500 400 400 4.00 

SS Reissen et al. (2018) S15B-2 3.167 
 

38.2 900 240 254 0.980 0.450 1500 400 400 3.00 

SS Reissen et al. (2018) S25B-1 3.167 
 

27.9 900 240 254 0.980 0.450 2500 400 400 4.00 

SS Reissen et al. (2018) S25B-2 3.167 
 

29.5 900 240 254 0.980 0.450 2500 400 400 3.00 

SS Reissen et al. (2018) S35B-1 3.167 
 

35.9 900 240 254 0.980 0.450 3500 400 400 4.00 

SS Reissen et al. (2018) S35B-2 3.167 
 

38.2 900 240 254 0.980 0.450 3500 400 400 3.00 

SS Reissen et al. (2018) S35C-1 4.410 
 

39.6 900 240 254 0.980 0.450 3500 400 400 4.00 

SS Reissen et al. (2018) S35C-2 4.410 
 

29.5 900 240 254 0.980 0.450 3500 400 400 4.00 

SS Oliveira et al. (2004) L1b 5.297 
 

59.2 749 114 101 1.100 1.080 2280 120 120 1.50 

SS Oliveira et al. (2004) L2b 5.297 
 

57.7 749 114 101 1.100 1.080 2280 120 240 1.50 

SS Oliveira et al. (2004) L3b 5.297 
 

59.4 749 114 101 1.100 1.080 2280 120 360 1.50 

SS Regan (1983) BD2 5.140 
 

38.7 530 107 95 1.210 1.350 1500 100 100 1.30 

SS Regan and Rezai-Jarobi (1988) 18 4.220 
 

24.96 670 83 75 1.510 0.636 1000 100 300 1.35 

SS Regan and Rezai-Jarobi (1988) 19 4.220 
 

23.2 670 83 75 1.510 0.636 1000 100 150 1.35 
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Support 

type 
Reference Ref-Test av/d λM 

fc 

(MPa) 

fy 

(MPa) 
dl (mm) dt (mm) ρl  (%) ρt  (%) 

b 

(mm) 

Cx 

(mm) 

Cy 

(mm) 

L 

(m) 

SS Regan and Rezai-Jarobi (1988) 22 4.380 
 

29.6 670 80 72 1.640 0.663 1200 100 150 1.35 

SS Regan and Rezai-Jarobi (1988) 23 4.380 
 

28.32 670 80 72 1.640 0.663 1200 100 300 1.35 

SS Regan and Rezai-Jarobi (1988) 24 3.130 
 

30.88 670 80 72 1.640 0.663 1200 300 100 1.35 

SS Regan and Rezai-Jarobi (1988) 25 5.630 
 

24.24 670 80 72 1.640 0.663 1200 100 150 1.35 

SS Regan and Rezai-Jarobi (1988) 26 3.130 
 

23.76 670 80.000 72 1.640 0.663 1200 100 150 1.35 

SS Regan and Rezai-Jarobi (1988) 19R 4.220 
 

23.2 670 83 75 1.510 0.636 1000 100 150 0.90 

cant Natário et al. (2015) FN6-E 3.238 
 

46.5 579 210 194 1.000 0.390 3000 400 400 1.50 

cant Natário et al. (2015) FN6-W 3.238 
 

45.7 579 210 194 1.000 0.390 3000 400 400 1.50 

cant Natário et al. (2014) SN3A 4.000 
 

30.4 547 152 138 1.320 0.568 3000 400 400 1.25 

cant Reissen et al. (2018) CS35B-1 3.320 
 

37 900 241 254 0.980 0.450 3500 400 400 1.80 

cant Reissen et al. (2018) CS35B-2 3.320 
 

30.9 900 241 254 0.980 0.450 3500 400 400 1.80 

cant Reissen et al. (2018) CS35B-ρq 3.320 
 

35.3 900 241 254 0.980 0.150 3500 400 400 1.80 

cant Reissen et al. (2018) CS35C 4.564 
 

34.2 900 241 254 0.980 0.450 3500 400 400 1.80 

cant Reissen et al. (2018) CS35C-ρq 4.564 
 

33.6 900 241 254 0.980 0.150 3500 400 400 1.80 

cant Reissen et al. (2018) CS35B-h 3.320 
 

38.4 900 187 254 0.980 0.450 3500 400 400 1.80 

cant Rombach and Henze (2017) VK4V1                3.054 
 

42.5 554 167 153 1.200 0.742 2400 400 400 1.65 

cant Rombach and Henze (2017) 4d-1 4.000 
 

40 522 215 202 1.170 0.530 4500 400 400 1.90 

cant Rombach and Henze (2017) 5d 5.000 
 

46.4 522 215 202 1.170 0.530 4500 400 400 1.90 

cant Rombach and Henze (2017) 6d 6.000 
 

43 522 215 202 1.170 0.530 4500 400 400 1.90 

cant Vaz Rodrigues et al. (2006) DR1c 3.722 
 

40.8 499 350 287 0.830 0.285 10000 300 300 2.78 

cant Vaz Rodrigues et al. (2006) DR2c 3.286 
 

40 505 350 330 0.830 0.282 10000 300 300 2.78 
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Support 

type 
Reference Ref-Test av/d λM 

fc 

(MPa) 

fy 

(MPa) 
dl (mm) dt (mm) ρl  (%) ρt  (%) 

b 

(mm) 

Cx 

(mm) 

Cy 

(mm) 

L 

(m) 

cant Vaz Rodrigues (2002) 1 6.542 
 

53.3 460 120 111 1.190 0.380 3000 152 130 1.00 

CS Reissen (2016) MS35B 3.167 0.56 38.2 900 240 254 0.980 0.450 3500 400 400 3.00 

CS Reissen (2016) MS35B-22 3.104 0.66 37.8 900 180 194 0.980 0.450 3500 300 300 3.00 

CS Reissen (2016) MS35B-ρq 3.167 0.56 32.9 900 240 254 0.980 0.150 3500 400 400 3.00 

CS Reissen (2016) MS35C 4.410 0.45 37.3 900 240 254 0.980 0.450 3500 400 400 3.00 

CS Reissen (2016) MS35C-ρq 4.410 0.45 34.9 900 240 254 0.980 0.150 3500 400 400 3.00 

Support 

type 
Reference Ref-Test 

Fexp 

(kN) 

Vexp 

(kN) 

Reported 

failure 

mode 

Vexp/VR 
Vexp/VEC-2 

(α=45º) 

Vexp/VEC-2 

(α=52.5º) 

Vexp/VACI 

(α=45º) 

Vexp/VACI 

(α=52.5º) 

Vexp/VMC10 

(LoA II) 

SS Lubell (2006) AW1 1170.0 585.0 S-P 1.123 1.042 1.042 1.461 1.461 1.516 

SS Lubell (2006) AW4 1450.0 725.0 SHEAR 1.110 1.028 1.028 1.410 1.410 1.881 

SS Reissen et al. (2018) S15B-1 543.0 424.0 SHEAR 0.930 1.027 1.027 1.358 1.358 1.504 

SS Reissen et al. (2018) S15B-2 638.0 434.0 S-P 0.945 1.047 1.047 1.381 1.381 1.529 

SS Reissen et al. (2018) S25B-1 664.0 525.0 SHEAR 0.993 0.844 0.844 1.173 1.173 1.299 

SS Reissen et al. (2018) S25B-2 780.0 534.0 SHEAR 0.980 0.842 0.842 1.160 1.160 1.285 
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Support 

type 
Reference Ref-Test 

Fexp 

(kN) 

Vexp 

(kN) 

Reported 

failure 

mode 

Vexp/VR 
Vexp/VEC-2 

(α=45º) 

Vexp/VEC-2 

(α=52.5º) 

Vexp/VACI 

(α=45º) 

Vexp/VACI 

(α=52.5º) 

Vexp/VMC10 

(LoA II) 

SS Reissen et al. (2018) S35B-1 985.0 775.0 S-P 1.273 1.052 0.861 1.403 1.115 1.207 

SS Reissen et al. (2018) S35B-2 1024.0 702.0 SHEAR 1.112 0.934 0.877 1.232 0.979 1.060 

SS Reissen et al. (2018) S35C-1 1166.0 820.0 S-P 1.341 0.987 0.987 1.159 1.098 1.216 

SS Reissen et al. (2018) S35C-2 924.0 656.0 S-P 1.268 0.863 0.863 1.074 1.018 1.127 

SS Oliveira et al. (2004) L1b 322.0 161.0 SHEAR 1.329 1.133 1.133 1.443 1.443 1.094 

SS Oliveira et al. (2004) L2b 361.0 181.0 SHEAR 1.040 1.133 1.133 1.267 1.267 1.040 

SS Oliveira et al. (2004) L3b 400.0 200.0 SHEAR 0.957 1.114 1.114 1.329 1.329 0.995 

SS Regan (1983) BD2 261.0 131.0 SHEAR 1.072 0.674 0.629 1.755 1.755 1.157 

SS Regan and Rezai-Jarobi (1988) 18 240.0 120.0 SHEAR 0.915 1.198 1.198 2.072 2.072 1.953 

SS Regan and Rezai-Jarobi (1988) 19 222.0 111.0 SHEAR 1.219 1.135 1.135 2.363 2.363 1.874 

SS Regan and Rezai-Jarobi (1988) 22 243.0 121.5 SHEAR 1.230 1.101 0.964 2.411 2.411 1.701 

SS Regan and Rezai-Jarobi (1988) 23 250.0 125.0 SHEAR 0.916 1.006 1.006 2.125 2.125 1.646 

SS Regan and Rezai-Jarobi (1988) 24 300.0 150.0 S-P 1.149 1.173 1.173 2.442 2.442 1.892 

SS Regan and Rezai-Jarobi (1988) 25 212.0 105.8 S-P 1.315 0.897 0.897 2.324 2.324 1.709 

SS Regan and Rezai-Jarobi (1988) 26 275.0 137.5 S-P 1.574 1.655 1.324 3.045 3.045 2.235 

SS Regan and Rezai-Jarobi (1988) 19R 170.0 85.0 S-P 0.933 0.869 0.869 1.809 1.809 1.435 

cant Natário et al. (2015) FN6-E 499.0 518.5 SHEAR 0.986 0.754 0.644 0.995 0.849 1.291 

cant Natário et al. (2015) FN6-W 474.0 493.5 SHEAR 0.939 0.722 0.616 0.955 0.815 1.240 

cant Natário et al. (2014) SN3A 318.3 328.0 S-P 0.921 0.725 0.584 1.039 0.836 1.339 

cant Reissen et al. (2018) CS35B-1 571.0 601.0 SHEAR 1.046 0.782 0.626 1.037 0.829 1.388 
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Support 

type 
Reference Ref-Test 

Fexp 

(kN) 

Vexp 

(kN) 

Reported 

failure 

mode 

Vexp/VR 
Vexp/VEC-2 

(α=45º) 

Vexp/VEC-2 

(α=52.5º) 

Vexp/VACI 

(α=45º) 

Vexp/VACI 

(α=52.5º) 

Vexp/VMC10 

(LoA II) 

cant Reissen et al. (2018) CS35B-2 565.0 597.0 SHEAR 1.148 0.825 0.660 1.127 0.901 1.508 

cant Reissen et al. (2018) CS35B-ρq 545.0 577.0 SHEAR 1.031 0.763 0.610 1.019 0.815 1.364 

cant Reissen et al. (2018) CS35C 588.0 617.0 SHEAR 1.182 0.679 0.660 0.912 0.886 1.177 

cant Reissen et al. (2018) CS35C-ρq 499.0 527.0 SHEAR 1.020 0.583 0.567 0.786 0.763 1.014 

cant Reissen et al. (2018) CS35B-h 475.0 499.0 SHEAR 1.034 0.906 0.723 1.249 0.996 1.556 

cant Rombach and Henze (2017) VK4V1 487.0 487.0 S-P 1.022 0.984 0.910 1.334 1.233 1.739 

cant Rombach and Henze (2017) 4d-1 677.0 712.0 SHEAR 1.279 0.890 0.705 1.197 0.949 1.612 

cant Rombach and Henze (2017) 5d 699.0 731.1 SHEAR 1.311 0.758 0.598 0.995 0.785 1.311 

cant Rombach and Henze (2017) 6d 656.0 685.2 SHEAR 1.268 0.646 0.543 0.858 0.721 1.112 

cant Vaz Rodrigues et al. (2006) DR1c 910.0 910.0 SHEAR 1.352 0.725 0.568 0.952 0.745 1.248 

cant Vaz Rodrigues et al. (2006) DR2c 719.0 719.0 SHEAR 1.086 0.632 0.496 0.832 0.653 1.118 

cant Vaz Rodrigues (2002) 1 190.0 190.0 SHEAR 1.220 0.550 0.429 0.718 0.560 0.861 

CS Reissen (2016) MS35B 856.0 746.0 SHEAR 1.029 0.992 0.788 1.309 1.040 1.126 

CS Reissen (2016) MS35B-22 626.0 582.0 SHEAR 1.335 1.335 1.061 1.846 1.467 1.472 

CS Reissen (2016) MS35B-ρq 897.0 782.0 SHEAR 1.256 1.093 0.970 1.479 1.175 1.272 

CS Reissen (2016) MS35C 956.0 741.0 SHEAR 1.095 0.825 0.825 1.079 1.023 1.132 

CS Reissen (2016) MS35C-ρq 846.0 657.0 SHEAR 1.079 0.897 0.897 0.989 0.937 1.038 

 

 



 

264 
 

 

 

Support 

type 
Reference Ref-Test 

Fexp 

(kN) 

Vexp 

(kN) 

Reported 

failure 

mode 

Vexp/VR 
Vexp/VEC-2 

(α=45º) 

Vexp/VEC-2 

(α=52.5º) 

Vexp/VACI 

(α=45º) 

Vexp/VACI 

(α=52.5º) 

Vexp/VMC10 

(LoA II) 

SS Lubell (2006) AW1 1170.0 585.0 S-P 1.123 1.042 1.042 1.461 1.461 1.516 

SS Lubell (2006) AW4 1450.0 725.0 SHEAR 1.110 1.028 1.028 1.410 1.410 1.881 

SS Reissen et al. (2018) S15B-1 543.0 424.0 SHEAR 0.930 1.027 1.027 1.358 1.358 1.504 

SS Reissen et al. (2018) S15B-2 638.0 434.0 S-P 0.945 1.047 1.047 1.381 1.381 1.529 

SS Reissen et al. (2018) S25B-1 664.0 525.0 SHEAR 0.993 0.999 0.999 1.173 1.173 1.299 

SS Reissen et al. (2018) S25B-2 780.0 534.0 SHEAR 0.980 0.997 0.997 1.160 1.160 1.285 

SS Reissen et al. (2018) S35B-1 985.0 775.0 S-P 1.273 1.355 1.355 1.445 1.336 1.207 

SS Reissen et al. (2018) S35B-2 1024.0 702.0 SHEAR 1.112 1.203 1.203 1.269 1.173 1.060 

SS Reissen et al. (2018) S35C-1 1166.0 820.0 S-P 1.341 1.388 1.388 1.456 1.346 1.216 

SS Reissen et al. (2018) S35C-2 924.0 656.0 S-P 1.268 1.225 1.225 1.350 1.247 1.127 

SS Oliveira et al. (2004) L1b 322.0 161.0 SHEAR 1.329 1.133 1.133 1.443 1.443 0.825 

SS Oliveira et al. (2004) L2b 361.0 181.0 SHEAR 1.040 1.136 1.136 1.270 1.270 0.772 

SS Oliveira et al. (2004) L3b 400.0 200.0 SHEAR 0.957 1.114 1.114 1.329 1.329 0.728 

SS Regan (1983) BD2 261.0 131.0 SHEAR 1.072 1.198 1.198 1.762 1.762 0.966 

SS Regan and Rezai-Jarobi (1988) 18 240.0 120.0 SHEAR 0.915 1.404 1.404 2.072 2.072 1.953 

SS Regan and Rezai-Jarobi (1988) 19 222.0 111.0 SHEAR 1.219 1.598 1.598 2.363 2.363 1.874 
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Support 

type 
Reference Ref-Test 

Fexp 

(kN) 

Vexp 

(kN) 

Reported 

failure 

mode 

Vexp/VR 
Vexp/VEC-2 

(α=45º) 

Vexp/VEC-2 

(α=52.5º) 

Vexp/VACI 

(α=45º) 

Vexp/VACI 

(α=52.5º) 

Vexp/VMC10 

(LoA II) 

SS Regan and Rezai-Jarobi (1988) 22 243.0 121.5 SHEAR 1.230 1.673 1.673 2.411 2.411 1.565 

SS Regan and Rezai-Jarobi (1988) 23 250.0 125.0 SHEAR 0.916 1.448 1.448 2.125 2.125 1.646 

SS Regan and Rezai-Jarobi (1988) 24 300.0 150.0 S-P 1.149 1.689 1.689 2.442 2.442 1.892 

SS Regan and Rezai-Jarobi (1988) 25 212.0 105.8 S-P 1.315 1.557 1.557 2.320 2.320 1.506 

SS Regan and Rezai-Jarobi (1988) 26 275.0 137.5 S-P 1.574 2.038 2.038 3.045 3.045 2.183 

SS Regan and Rezai-Jarobi (1988) 19R 170.0 85.0 S-P 0.933 1.224 1.224 1.809 1.809 1.435 

cant Natário et al. (2015) FN6-E 499.0 518.5 SHEAR 0.986 0.785 0.644 1.035 0.849 1.291 

cant Natário et al. (2015) FN6-W 474.0 493.5 SHEAR 0.939 0.751 0.616 0.994 0.815 1.240 

cant Natário et al. (2014) SN3A 318.3 328.0 S-P 0.921 0.829 0.665 1.188 0.954 1.339 

cant Reissen et al. (2018) CS35B-1 571.0 601.0 SHEAR 1.046 0.828 0.658 1.097 0.872 1.388 

cant Reissen et al. (2018) CS35B-2 565.0 597.0 SHEAR 1.148 0.873 0.694 1.192 0.948 1.508 

cant Reissen et al. (2018) CS35B-ρq 545.0 577.0 SHEAR 1.031 0.807 0.642 1.078 0.858 1.364 

cant Reissen et al. (2018) CS35C 588.0 617.0 SHEAR 1.182 0.872 0.694 1.171 0.932 1.177 

cant Reissen et al. (2018) CS35C-ρq 499.0 527.0 SHEAR 1.020 0.750 0.596 1.009 0.803 1.014 

cant Reissen et al. (2018) CS35B-h 475.0 499.0 SHEAR 1.034 0.953 0.761 1.313 1.050 1.556 

cant Rombach and Henze (2017) VK4V1 487.0 487.0 S-P 1.022 0.992 0.910 1.344 1.233 1.739 

cant Rombach and Henze (2017) 4d-1 677.0 712.0 SHEAR 1.279 1.044 0.832 1.403 1.119 1.612 

cant Rombach and Henze (2017) 5d 699.0 731.1 SHEAR 1.311 1.020 0.813 1.338 1.067 1.311 

cant Rombach and Henze (2017) 6d 656.0 685.2 SHEAR 1.268 0.980 0.782 1.303 1.038 1.112 

cant Vaz Rodrigues et al. (2006) DR1c 910.0 910.0 SHEAR 1.352 0.848 0.666 1.112 0.874 1.248 

cant Vaz Rodrigues et al. (2006) DR2c 719.0 719.0 SHEAR 1.086 0.674 0.530 0.888 0.697 1.118 
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Support 

type 
Reference Ref-Test 

Fexp 

(kN) 

Vexp 

(kN) 

Reported 

failure 

mode 

Vexp/VR 
Vexp/VEC-2 

(α=45º) 

Vexp/VEC-2 

(α=52.5º) 

Vexp/VACI 

(α=45º) 

Vexp/VACI 

(α=52.5º) 

Vexp/VMC10 

(LoA II) 

cant Vaz Rodrigues (2002) 1 190.0 190.0 SHEAR 1.220 0.956 0.753 1.247 0.983 0.861 

CS Reissen (2016) MS35B 856.0 746.0 SHEAR 1.029 1.123 1.123 1.349 1.246 1.126 

CS Reissen (2016) MS35B-22 626.0 582.0 SHEAR 1.335 1.461 1.461 1.881 1.716 1.472 

CS Reissen (2016) MS35B-ρq 897.0 782.0 SHEAR 1.256 1.237 1.237 1.523 1.408 1.272 

CS Reissen (2016) MS35C 956.0 741.0 SHEAR 1.095 1.124 1.124 1.356 1.253 1.132 

CS Reissen (2016) MS35C-ρq 846.0 657.0 SHEAR 1.079 1.019 1.019 1.243 1.148 1.038 
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 Slab 
fc,cyl 

(MPa) 

fct 

(MPa) 

B 

(mm) 

dX 

(mm) 

dY 

(mm) 

ρX 

(%) 

ρY 

(%) 

T/Tcr 

X 
T/Tcr Y 

R
E

G
A

N
 

BD-6 38.9 3.2 100 95 107 1.360 1.208 1.00 0 

BD-8 39.7 2.7 100 95 107 1.360 1.208 0 0 

C
O

R
N

E
L

L
 

00B8 22.3 NR 200 108.7 116.6 1.585 0.720 0.00 0.00 

08B8 22.6 NR 200 108.7 116.6 1.585 0.720 1.37 0.69 

00C4 21.7 NR 100 115.1 116.6 0.680 0.380 0.00 0.00 

08C4 23.4 NR 100 115.1 116.6 0.680 0.380 0.69 0.41 

00D8 22.9 NR 200 108.7 116.6 1.585 0.720 0.00 0.00 

09A 28.3 NR 100 108.7 116.6 1.585 0.720 0.76 0.38 

09B 28.3 NR 100 108.7 116.6 1.585 0.720 0.76 0.38 

09C 28.3 NR 100 108.7 116.6 1.585 0.720 0.76 0.38 

09D 28.3 NR 100 108.7 116.6 1.585 0.720 0.76 0.38 

06A 22.1 NR 100 108.7 116.6 1.585 0.720 0.79 0.40 

06B 22.1 NR 100 108.7 116.6 1.585 0.720 0.79 0.40 

06C 22.1 NR 100 108.7 116.6 1.585 0.720 0.79 0.40 

06D 22.1 NR 100 108.7 116.6 1.585 0.720 0.79 0.40 

06E 24.1 NR 100 108.7 116.6 1.585 0.720 0.95 0.48 

06F 24.1 NR 100 108.7 116.6 1.585 0.720 0.95 0.48 

00A 31.0 NR 100 108.7 116.6 1.585 0.720 0.00 0.00 

00B 31.0 NR 100 108.7 116.6 1.585 0.720 0.00 0.00 

09E 31.0 NR 100 108.7 116.6 1.585 0.720 1.12 0.56 

09F 31.0 NR 100 108.7 116.6 1.585 0.720 1.12 0.56 

00C 28.3 NR 100 108.7 116.6 1.585 0.720 0.00 0.00 

02A 28.3 NR 100 108.7 116.6 1.585 0.720 0.30 0.15 

04A 28.3 NR 100 108.7 116.6 1.585 0.720 0.59 0.30 

06G 28.3 NR 100 108.7 116.6 1.585 0.720 0.86 0.43 

00D 29.7 NR 100 108.7 116.6 1.585 0.720 0.00 0.00 

02B 29.7 NR 100 108.7 116.6 1.585 0.720 0.28 0.14 

04B 29.7 NR 100 108.7 116.6 1.585 0.720 0.56 0.28 

06H 29.7 NR 100 108.7 116.6 1.585 0.720 0.84 0.42 

02C 22.7 NR 100 108.7 116.6 1.585 0.720 0.33 0.17 

04C 22.7 NR 100 108.7 116.6 1.585 0.720 0.66 0.33 

08A 22.7 NR 100 108.7 116.6 1.585 0.720 1.29 0.65 

08B 22.7 NR 100 108.7 116.6 1.585 0.720 1.36 0.69 
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Type Slab 
T/Tcr  

X 

T/Tcr 

Y 

fc,cyl 

(MPa) 

Pexp 

(kN) 
Pexp/PCCCM Pexp/PEC2 Pexp/PACI Pexp/PMC10 

U
N

IA
X

IA
L

 

T
E

N
S

IO
N

 

A1 0 0 37.6 249.1 1.048 1.205 1.423 1.280 

BD-8 0 0 39.7 251.0 1.048 1.119 1.482 1.176 

B1 0.44 0 37.7 240.4 1.052 1.147 1.409 1.181 

A2 0.69 0 35.9 215.2 1.008 1.145 1.265 1.160 

BD-6 1.00 0 38.9 225.0 1.038 1.108 1.196 1.098 

A3 1.02 0 37.4 198.4 1.105 1.178 1.427 1.108 

A4 1.26 0 36.7 179.4 1.074 1.040 1.102 1.019 

B
IA

X
IA

L
 T

E
N

S
IO

N
 

00B8 0.00 0.00 22.3 400.8 1.283 1.534 1.786 1.506 

08B8 1.37 0.69 22.6 306.0 1.498 1.539 1.503 1.290 

00C4 0.00 0.00 21.7 223.3 1.139 1.155 1.290 1.244 

08C4 0.69 0.41 23.4 185.0 1.098 1.145 1.209 1.189 

00D8 0.00 0.00 22.9 375.1 1.201 1.436 1.671 1.410 

09A 0.76 0.38 28.3 279.5 1.280 1.418 1.753 1.228 

09B 0.76 0.38 28.3 267.4 1.225 1.357 1.678 1.175 

09C 0.76 0.38 28.3 267.9 1.227 1.359 1.680 1.177 

09D 0.76 0.38 28.3 233.6 1.070 1.186 1.466 1.026 

06A 0.79 0.40 22.1 200.7 1.081 1.099 1.415 0.978 

06B 0.79 0.40 22.1 211.4 1.138 1.158 1.490 1.030 

06C 0.79 0.40 22.1 178.4 0.961 0.977 1.258 0.870 

06D 0.79 0.40 22.1 199.8 1.076 1.094 1.408 0.974 

06E 0.95 0.48 24.1 199.8 1.067 1.104 1.369 0.949 

06F 0.95 0.48 24.1 211.8 1.131 1.171 1.452 1.007 

00A 0.00 0.00 31.0 296.8 1.068 1.255 1.675 1.196 

00B 0.00 0.00 31.0 310.2 0.977 1.312 1.750 1.250 

09E 1.12 0.56 31.0 245.2 1.077 1.320 1.524 1.069 

09F 1.12 0.56 31.0 256.3 1.126 1.380 1.593 1.117 

00C 0.00 0.00 28.3 298.2 0.939 1.300 1.761 1.251 

02A 0.30 0.15 28.3 289.3 1.180 1.336 1.749 1.234 

04A 0.59 0.30 28.3 255.9 1.121 1.253 1.583 1.111 

06G 0.86 0.43 28.3 218.1 1.028 1.133 1.380 0.965 

00D 0.00 0.00 29.7 285.2 1.053 1.224 1.644 1.172 

02B 0.28 0.14 29.7 267.0 1.052 1.209 1.574 1.114 

04B 0.56 0.28 29.7 245.2 1.035 1.176 1.479 1.041 

06H 0.84 0.42 29.7 243.4 1.106 1.241 1.504 1.055 

02C 0.33 0.17 22.7 233.6 1.097 1.162 1.575 1.098 

04C 0.66 0.33 22.7 233.2 1.191 1.234 1.608 1.115 

08A 1.29 0.65 22.7 189.1 1.165 1.144 1.366 0.943 

08B 1.36 0.69 22.7 194.0 1.223 1.192 1.408 0.972 

Mean Uniaxial 1.053 1.135 1.329 1.146 

CoV Uniaxial (%) 2.847 4.706 10.705 7.150 

Max. 1.105 1.205 1.482 1.280 

Min. 1.008 1.040 1.102 1.019 

Mean Biaxial 1.126 1.245 1.535 1.121 

CoV Biaxial (%) 9.757 10.480 10.283 12.718 

Max. 1.498 1.539 1.786 1.506 

Min. 0.939 0.977 1.209 0.870 

Total Mean 1.113 1.225 1.497 1.126 

Total CoV (%) 9.320 10.380 11.577 11.808 
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