
 

 

 

𝐷𝑓
𝐵 𝐿

 

 

𝐻 𝐻 ℎ𝑐
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Terenul de 
fundare 

Adâncimea 
de îngheț 

 

Adâncimea 
apei 

subterane 
față de cota 

terenului 
natural 

Adâncimea minimă de 
fundare 

Terenuri 
supuse 
acțiunii 
înghețului 

Terenuri 
ferite de 
îngheț 

(cm) (m) (cm) 

Roci 
stâncoase 

oricare oricare   

Pietrișuri 
curate, 

nisipuri mari 
și mijlocii 

curate 

oricare 

   

   

Pietriș sau 
nisip argilos, 
argilă grasă 

 
   

   

 
   

   

Nisipuri fine, 
prafuri 

argiloase, 
argile 

prăfoasă sau 
nisipoase 

 
   

   

 
   

   

(Df)

 

L B

𝐩𝐦𝐞𝐝 ≤ 𝐩𝐚𝐜𝐜

𝐩𝐦𝐞𝐝
𝐩𝐚𝐜𝐜

(pconv) (pult)
(pconv)

𝐩𝐮𝐥𝐭 = 𝛄 ⋅ 𝟏 ⋅ 𝐍𝛄 + 𝐪 ⋅ 𝐍𝐪 + 𝐜𝐝
′ ⋅ 𝐍𝐜

𝛄
𝐪 q = γ ⋅ Df
𝐜𝐝
′

𝐍𝛄 𝐍𝐪 𝐍𝐜

𝛟𝐝
′

Nq = e
πtanϕd

′
⋅ tan2 (45° +

ϕd
′

2
)

Nγ = (Nq − 1) ⋅ tanϕ𝑑
′

Nc = (Nq − 1) ⋅ cotϕd
′

𝐩𝐦𝐞𝐝 =
𝐑𝐳,𝐒𝐋𝐔
𝐀

𝐑𝐳,𝐒𝐋𝐔
𝐀

A = B ⋅ L

L
B L/B

𝐿 𝐵

𝐋

𝐁
=
𝐥𝐬
𝐛𝐬
 𝐬𝐚𝐮 

𝐌𝐦𝐚𝐱

𝐌𝐦𝐢𝐧

𝐋

𝐁

𝐥𝐬 𝐛𝐬
𝐌𝐦𝐚𝐱

𝐌𝐦𝐢𝐧
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(Fd)

(Frep)

γF

𝐅𝐝 = 𝛄𝐅 ⋅ 𝐅𝐫𝐞𝐩

𝐅𝐝
𝛄𝐅

𝐅𝐫𝐞𝐩
𝐅𝐫𝐞𝐩 = 𝛙 ⋅ 𝐅𝐤

𝛙
𝐅𝐤

Xd
(Xk)

γM

𝐗𝐝 =
𝐗𝐤
𝛄𝐌

𝐗𝐝 ϕd
′ cd

′

𝐗𝐤 ϕk
′ ck

′

𝛄𝐌

 

 
 

 

 

𝐕𝐝 ≤ 𝐑𝐝

𝐕𝐝
Vd

𝐕𝐝 = 𝐍𝐳,𝐒𝐋𝐔 + 𝟏, 𝟑𝟓 ⋅ 𝛄𝐦𝐞𝐝 ⋅ 𝐃𝐟
𝐍𝐳,𝐒𝐋𝐔
𝛄𝐦𝐞𝐝

γmed = 20 kN/m
2

𝐃𝐟

𝐑𝐝
Rd = A

′ ⋅ pult
𝐀′

A′ = L′ ⋅ B′
L′ = L − 2eL

eL = MEd,L/Vd
B′ = B − 2eB

eB = MEd,B/Vd
𝐩𝐮𝐥𝐭

 

𝐑𝐝 = 𝐀′ ⋅ (𝛑 + 𝟐) ⋅ 𝐜𝐮;𝐝 ⋅ 𝐛𝐜 ⋅ 𝐬𝐜 ⋅ 𝐢𝐜 + 𝐪

o 
o 

𝐀′ = 𝐋′ × 𝐁′

𝐋′ = 𝐋 − 𝟐𝐞𝐋
𝐁′ = 𝐁 − 𝟐𝐞𝐁

o cu,d
o bc

bc = 1 − 2 ⋅ (
B′

L′
)

o α
o sc
sc = 1 + 0,2 ⋅ (B

′/L′)

sc = 1,20

o ic Vd
Hd

ic =
1

2
⋅ [1 + √1 − H ⋅ (A′ ⋅ cu,d)] H ≤ A′ ⋅ cu;d

o q
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𝐑𝐝 = 𝐀
′ ⋅ 𝐩𝐜𝐫

𝐩𝐜𝐫 = 𝟎,𝟓𝛄
′𝐁′𝐍𝛄𝐛𝛄𝐬𝛄𝐢𝛄 + 𝐪

′𝐍𝐪𝐛𝐪𝐬𝐪𝐢𝐪 + 𝐜𝐝
′𝐍𝐜𝐛𝐜𝐬𝐜𝐢𝐜

o Rd
o A′

𝐀′ = 𝐋′ × 𝐁′

𝐋′ = 𝐋 − 𝟐𝐞𝐋
𝐁′ = 𝐁 − 𝟐𝐞𝐁

o cd
′

o Nγ Nq Nc
Nγ = 2(Nq − 1) ⋅ tanϕd

′

Nq = e
π⋅tanϕd

′
⋅ tan2 (45 +

ϕd
′

2
)

Nc = (Nq − 1) ⋅ cot ϕd
′

𝛟[°] 𝐍𝛄 𝐍𝐪 𝐍𝐜 

0 0,000 1,000 5,142 

2 0,007 1,197 5,632 

4 0,030 1,433 6,185 

6 0,075 1,716 6,813 

8 0,148 2,058 7,527 

10 0,257 2,471 8,345 

12 0,415 2,974 9,285 

14 0,635 3,586 10,370 

16 0,937 4,335 11,631 

18 1,349 5,258 13,104 

20 1,904 6,399 14,835 

22 2,652 7,821 16,883 

24 3,657 9,603 19,324 

26 5,012 11,854 22,254 

28 6,842 14,720 25,803 

30 9,325 18,401 30,140 

32 12,718 23,177 35,490 

34 17,390 29,440 42,164 

36 23,883 37,752 50,585 

38 33,009 48,933 61,352 

40 46,002 64,195 75,313 

42 64,776 85,374 93,706 

44 92,367 115,308 118,369 

o ϕd
′

o bγ bq bc

bq = bγ = (1 − α ⋅ tanϕd
′ )2

bc = bq −
1 − bq

Nc ⋅ tanϕd
′

o sγ sq sc

{
 
 

 
 sq = 1 + (

B′

L′
) ⋅ sinϕd

′

sγ = 1 − 0,3 ⋅ (
B′

L′
)

sc = (sqNq − 1)/(Nq− 1) 

{

sq = 1 + sinϕd
′

sγ = 0,7

sc = (sqNq − 1)/(Nq − 1)

o iγ iq ic V

H

iγ = (1 −
H

V + A′ ⋅ cd
′ ⋅ cot ϕd

′ )

m+1

iq = (1 −
H

V + A′ ⋅ cd
′ ⋅ cot ϕd

′ )

m

ic = iq −
1 − iq

Nc ⋅ tanϕd
′

H B′

m = mB =
2 +

B′

L′

1 +
B′

L′
H L′

m = mL =
2 +

L′

B′

1 +
L′

B′
θ L′

m = mθ = mL ⋅ cos
2 θ + mB ⋅ sin

2 θ
o 𝑞′

o 𝛾′

 

 

𝐴𝑐
𝐴

 

𝐴′

 
 
 

𝐀𝐜 = 𝟏, 𝟓 ⋅ (𝐋 − 𝟐𝐞𝐋) ⋅ 𝐁

𝐀𝐜 = 𝟏,𝟓 ⋅ (𝐁 − 𝟐𝐞𝐁) ⋅ 𝐋

𝐀𝐜
𝐞𝐋

𝐞𝐁
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𝐩𝐦𝐞𝐝 =
𝐍𝐳
𝐁 ⋅ 𝐋

𝐩𝐦𝐞𝐝
𝐍𝐳
𝐁
𝐋

eL

𝑒𝐿 ≤ 𝐿/6

𝑒𝑥 > 𝐵/6

𝑀𝐿 𝑀𝐵

𝐞𝐋 =
𝐌𝐋

𝐍𝐳

𝐞𝐁 =
𝐌𝐁

𝐍

𝑁   
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𝑁

𝐩𝟏−𝟒 =
𝐍

𝐀
±
𝟔𝐌𝐋

𝐁 ⋅ 𝐋𝟐
±
𝟔𝐌𝐁

𝐁𝟐 ⋅ 𝐋

𝑁

𝐩𝟏 =
𝟏𝟐𝐍

𝐁 ⋅ 𝐭𝐚𝐧𝛂
⋅
𝐁 + 𝟐𝐭𝐁

𝐁𝟐 + 𝟏𝟐𝐭𝐁
𝟐

tB =
B

12
(−

B

eB
+√(

B

eB
)
2

− 12)

tan α =
3

2
⋅
L + 2eL
tB − eB

𝑁

𝐩𝟏 =
𝟏𝟐𝐍

𝐋 ⋅ 𝐭𝐚𝐧 𝛂
⋅
𝐋 + 𝟐𝐭𝐋

𝐋𝟐 + 𝟏𝟐𝐭𝐋
𝟐

tL =
L

12
(−

L

eL
+ √(

L

eL
)
2

− 12)

tan α =
3

2
⋅
B + 2eB
tL − eL

𝐩𝟏 = 𝛆

tL =
L

12
(−

L

eL
+ √(

L

eL
)
2

− 12)

tan α =
3

2
⋅
B + 2eB
tL − eL
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𝑝𝑝𝑙

 

𝐩𝐞𝐟,𝐦𝐞𝐝 ≤ 𝐩𝐩𝐥

𝐩𝐞𝐟,𝐦𝐞𝐝

pef,med =
NEd(GK)

A
NEd(GK) = Nz(SLS) + γmed ⋅ Df

 

𝐩𝐩𝐥 = 𝐦𝐥 ⋅ (𝛄 ⋅ 𝐁 ⋅ 𝐍𝟏 + 𝐪 ⋅ 𝐍𝟐 + 𝐜𝐤
′ ⋅ 𝐍𝟑)

𝐦𝐥

�̅�

𝐪

 

q = γ ⋅ Df
 

q =
2qe + qi

3
𝐜𝐤
′

𝐍𝟏 𝐍𝟐 𝐍𝟑

N1 =
0,25π

cot ϕk
′ −

π
2
+ ϕk

′

N2 =
1 + π

cotϕk
′ −

π
2
+ ϕk

′

N3 =
π cotϕ

cotϕk
′ −

π
2
+ ϕk

′

𝑝𝑝𝑙

𝐵 = √𝐴𝑓
𝐴𝑓

𝑞 𝑞𝑒 𝑞𝑖

𝛾𝑀

Denumirea terenului de fundare 𝐦𝐥 

1 

Bolovănișuri și pietrișuri cu interspațiile umplute cu 
nisip; 
 
Nisipuri cu excepția nisipurilor fine și prăfoase 

2,0 

2 

Nisipuri fine 

- uscate sau umede (Sr  ≤ 0,8) 1,7 

- foarte umede sau saturate (Sr  > 0,8) 1,6 

3 

Nisipuri prăfoase 

- uscate sau umede (Sr  ≤ 0,8) 1,5 

- foarte umede sau saturate (Sr  > 0,8) 1,3 

4 

Pământuri coezive cu 

- IC  ≥ 0,5 1,4 

- IC  < 0,5 1,1 

5 

Bolovănișuri și pietrișuri cu interspațiile umplute cu pământuri 
coezive cu 

- IC  ≥ 0,5 1,3 

- IC  < 0,5 1,1 

𝛟 [°] 𝐍𝟏 𝐍𝟐 𝐍𝟑 

0 0,000 1,000 3,142 

2 0,029 1,116 3,320 

4 0,061 1,245 3,510 

6 0,098 1,390 3,714 

8 0,138 1,553 3,933 

10 0,184 1,735 4,168 

12 0,235 1,940 4,421 

14 0,293 2,170 4,694 

16 0,358 2,431 4,989 

18 0,431 2,725 5,309 

20 0,515 3,059 5,657 

22 0,610 3,439 6,036 

24 0,718 3,871 6,449 

26 0,842 4,366 6,902 

28 0,983 4,934 7,398 

30 1,147 5,587 7,945 

32 1,336 6,342 8,550 

34 1,555 7,219 9,220 

36 1,810 8,240 9,965 

38 2,109 9,437 10,799 

40 2,461 10,846 11,733    
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𝐒𝐞𝐟 ≤ 𝐒𝐚𝐜𝐜

𝐒𝐞𝐟

𝐒𝐚𝐜𝐜

 

𝑝𝑛𝑒𝑡

𝐩𝐧𝐞𝐭 = 𝐩𝐞𝐟 − 𝛄 ⋅ 𝐃𝐟

𝐩𝐧𝐞𝐭

pef =
NEd(GK)

Af
𝐍𝐄𝐝

VEd

𝐀𝐟
𝛄

𝐃𝐟

𝟎, 𝟒 ⋅ 𝐁

z0

σpz
σgz

𝐸𝑠 ≤ 5000 𝑘𝑃𝑎 𝑧0

𝐸𝑠 > 100 000 𝑘𝑃𝑎

𝛔𝐩𝐳 = 𝛂𝟎 ⋅ 𝐩𝐧𝐞𝐭

σpz
zi

α0

L/B z/B
L
B
zi

S = 103 ⋅ β ⋅∑
σpzi
med ⋅ hi

Esi

n

1

S
β = 0,8

σpzi
med

σpzi
med =

σpzi
sup

+ σpzi
inf

2
 [kPa]

σpzi
sup
, σpzi
inf

hi i
Esi i
kPa
n   
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σpz

σpz

𝜶𝟎

z/B 
Raportul laturilor L/B 

1,0 1,1 1,2 1,3 1,4 1,5 

0,00 1,000 1,000 1,000 1,000 1,000 1,000 

0,10 0,994 0,995 0,995 0,996 0,996 0,996 

0,20 0,960 0,965 0,968 0,970 0,972 0,973 

0,30 0,892 0,902 0,910 0,916 0,920 0,924 

0,40 0,800 0,817 0,830 0,840 0,848 0,854 

0,50 0,701 0,723 0,740 0,754 0,766 0,775 

0,60 0,606 0,631 0,651 0,668 0,682 0,694 

0,70 0,522 0,548 0,569 0,588 0,603 0,616 

0,80 0,449 0,474 0,496 0,515 0,532 0,546 

0,90 0,388 0,412 0,433 0,452 0,469 0,483 

1,00 0,336 0,359 0,379 0,397 0,414 0,428 

1,20 0,257 0,276 0,294 0,310 0,325 0,339 

1,40 0,201 0,217 0,232 0,246 0,260 0,272 

1,60 0,160 0,174 0,187 0,199 0,210 0,221 

1,80 0,131 0,142 0,153 0,163 0,173 0,183 

2,00 0,108 0,118 0,127 0,136 0,145 0,153 

2,20 0,091 0,099 0,107 0,115 0,123 0,130 

2,40 0,077 0,084 0,091 0,098 0,105 0,111 

2,60 0,067 0,073 0,079 0,085 0,091 0,096 

2,80 0,058 0,063 0,069 0,074 0,079 0,084 

3,00 0,051 0,056 0,060 0,065 0,070 0,074 

3,50 0,038 0,041 0,045 0,048 0,052 0,055 

4,00 0,029 0,032 0,035 0,037 0,040 0,043 

4,50 0,023 0,025 0,028 0,030 0,032 0,034 

5,00 0,019 0,021 0,022 0,024 0,026 0,028 

5,50 0,016 0,017 0,019 0,020 0,022 0,023 

 Es
 

νs

 
 
 
 

Eoed

𝐄𝐬 = 𝐄𝐨𝐞𝐝 ⋅ 𝐌𝟎

𝐄𝐨𝐞𝐝

σgz
σgz + σpz

𝐌𝟎

M0

IC < 0,5
e > 1,1 M0 = 1
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 𝑯𝒎𝒊𝒏 =
𝟑𝟎𝟎 𝒎𝒎

(𝐻′)

 𝐻𝑚𝑖𝑛
′ = 250 𝑚𝑚

 

 

𝐻/𝐿 ≥ 0,30 𝐻
𝐿

 

𝐕𝐄𝐝 ≤ 𝐕𝐑𝐝,𝐜 = 𝟎,𝟏𝟐 ⋅ 𝐤 ⋅ (𝟏𝟎𝟎 ⋅ 𝛒𝟏 ⋅ 𝐟𝐜𝐤)
𝟏
𝟑 ⋅ 𝐁 ⋅ 𝐇

𝐕𝐄𝐝
𝐕𝐑𝐝,𝐜

k = 1 + √
200

d
≤ 2

𝐁
L d d = H − a

𝐀𝐬𝐥
l ≥ lbd + d

𝐕𝐑𝐝.𝐜 ≥ 𝛎𝐦𝐢𝐧 ⋅ 𝐁 ⋅ 𝐇 = 𝟎, 𝟎𝟑𝟓 ⋅ 𝐤
𝟑
𝟐 ⋅ 𝐟

𝐜𝐤

𝟏
𝟐 ⋅ 𝐁 ⋅ 𝐇

 

𝐻

𝑢𝑖

𝛎𝐅𝐝 ≤ 𝛎𝐑𝐝 = 𝟎, 𝟏𝟐 ⋅ 𝐤 ⋅ (𝟏𝟎𝟎 ⋅ 𝛒𝟏 ⋅ 𝐟𝐜𝐤)
𝟏/𝟑

ρ1 = √ρx ⋅ ρy
𝛒𝐱 𝛒𝐲

νFd = β ⋅
NFd
ui ⋅ d

𝛃
β

1,15
1,5

β = 1
𝐝

𝐝 = (𝐝𝐱 + 𝐝𝐲)/𝟐

𝐍𝐅𝐝,𝐫𝐞𝐝 = 𝐍𝐅𝐝 −𝚫𝐍𝐅𝐝

NFd
ΔNFd

𝑢
2𝑑

2𝑑/𝑎 𝑎
𝑢

 

𝑦 − 𝑦 𝑥 − 𝑥

𝐌𝐄𝐝,𝐱 = 𝐋 ⋅ 𝐩𝐦𝐞𝐝 ⋅
𝐥𝐲
𝟐

𝟐

𝐌𝐄𝐝,𝐲 = 𝐁 ⋅ [𝐩𝟎 ⋅
𝐥𝐱
𝟐

𝟐
+ (𝐩𝟏 − 𝐩𝟎) ⋅

𝟐

𝟑
⋅ 𝐥𝐱
𝟐]

p1,2 =
NSLU
L ⋅ B

±
MSLU + TSLU ⋅ Df

W

pmed =
p1 + p2
2

W =
B ⋅ L2

6
𝐍𝐒𝐋𝐔 𝐓𝐒𝐋𝐔 𝐌𝐒𝐋𝐔   
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𝐴𝑠𝑥 𝐴𝑠𝑦

𝐻0

H0L H0B 0,10% H0

Ø = 10 mm
250 mm
100 mm

Ø = 10 mm
250 mm
100 mm

𝑙𝑏𝑑 𝑙𝑏𝑑

 

 

 

    
D

ID
A

C
TI

C
B

E
JA

N
 F

LO
R

IN



 

 𝑡𝑎𝑛 𝛼

 

𝜇 = 0,7

tanα 

Presiunea efectivă pe teren 
(kPa) 

Valori minime 𝐭𝐚𝐧𝛂𝐦𝐢𝐧 pentru beton de 
clasă C8/10 sau mai mare 

200 1,05 

250 1,15 

300 1,30 

350 1,40 

400 1,50 

600 1,85 

 

𝐥𝐂 𝐛𝐜 𝒉𝒄

𝐥𝐜
𝐥𝐜/𝐋

𝐥𝐜
𝐋
= 𝟎,𝟓𝟎…𝟎, 𝟔𝟓

𝐥𝐜
𝐋
= 𝟎,𝟒𝟎…𝟎, 𝟓𝟎

𝑏𝑐
𝐿/𝐵

𝐥𝐜
𝐛𝐜
≅
𝐋

𝐁

ℎ𝑐

𝐡𝐜 ≥ 𝟑𝟎𝟎 𝐦𝐦
𝐡𝐜
𝐥𝐜
≥ 𝟎, 𝟐𝟓

𝐭𝐚𝐧𝛃 ≥ 𝟎, 𝟔𝟓

𝐡𝐜 𝐭𝐚𝐧𝛃 ≥ 𝟏

 

𝐩𝐜𝟏,𝐜𝟐 =
𝐍𝐜

𝐥𝐜 ⋅ 𝐛𝐜
±
𝟔𝐌𝐜(𝐱)

𝐥𝐜
𝟐 ⋅ 𝐛𝐜

𝑝𝑐2 < 0

𝐀𝐱 = 𝟑 ⋅ (
𝐥𝐜
𝟐
−
𝐌𝐜(𝐱)

𝐍𝐜
)

𝑝𝑐1

𝐩𝐜𝟏 =
𝟒

𝟑
⋅

𝐍𝐜

𝐛𝐜 ⋅ (𝐥𝐜 − 𝟐 ⋅
𝐌𝐜(𝐱)

𝐍𝐜
)

Nc Mc(x)

𝐌𝐄𝐝,𝐜𝐱 = 𝐥𝐱 ⋅ 𝐩𝐜,𝐦𝐞𝐝 ⋅
𝐛𝐜𝟏
𝟐

𝟐

𝐌𝐄𝐝,𝐜𝐲 = 𝐛𝐜 [𝐩𝐜,𝟎 ⋅
𝐥𝐜𝟏
𝟐

𝟐
+ (𝐩𝐜,𝟏 − 𝐩𝐜,𝟎) ⋅

𝟐

𝟑
⋅ 𝐥𝐜𝟏
𝟐 ]
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tan β < 1
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