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CHAPTER III — BEARING CAPACITY OF FOUNDATIONS
§ 3.3 Bearing capacities according to Romanian

norm NP 112-2014

In different design situations we may use as bearing capacity:

= Conventional pressure p.,,, 0 D, D,
= Plastic pressure p, ]
= Critical pressure p,

L1 The conventional pressure p.,., IS used for
usual “prescriptive method” used in NP112-
2014

L1 The plastic pressure p,, Is used in
serviceability limit state design, according to
NP112-2014 and EN 1997-1.

L1 The critical pressure p, is used for usual
“hybrid model method” used in NP112-2014
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

e
Conventional pressure p.,n,

1 The conventional pressure of a soll represents
the bearing capacity of the soil by considering its
linear behavior (interval 0-1).

L1 The conventional pressure is obtained 3

empirically (empirically = through experimental tests and

interpretation of experimental data, without theoretical support). s

L1 NP112 offers the following formula for computing p_,,
P.onp=PconvtCpt+Cp

where:

Pconv 1S the base value of the conventional soil pressure (given in tables)
Cg Is the width correction

Cp Is the depth correction
L1 The pconv value is given in NP 112 for different soils and foundation
basis having the width B=1.0m and the foundation depth D= 2.0m.
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

Conventional pressure p.,n,

Compact soils

Tabelol D.1
Denumirea teremului de fundare P [kPa]
Roci stancoase 1000 = 6 000
Roci semi- Mame, mame argiloase 1 argile marmoase compacte 350 = 1100
stincoase Sistuni argiloase, argile sistoase 51 msipun cimentate 600 = 8350
Coarse granular solls
Tabelnl D.2
Denumirea terenmiui de fundare Po, [KPa]
Pamaniun Blocun 51 bolovanisun co mterspatule umplote co misip 51 pletns 750
;mﬁ;e Blocun cu interspatiile nmplute cu paménturi argiloase 350 = 600"
Pietnisun curate (din fragmente de roct enistaline) 600
Pamanturi Pietrigun cu misip 550
grosiere Pietngun din fragmente de roci sedimentare 350
Pietrisuri cu nisip argilos 350 = 500"
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

e
Conventional pressure p.,n,

Fine granular soils

Tabelul D3
_ ) Indesate | Indesare medie ™
Denunmirea teremmhu de fondare =
P [KFPa]
Nisip mare 700 600
Nisip mijlocin 600 500
_ . . uscat sau umed 300 350
;E:Em Nisip fin foarte nmed sau saturat 350 250
\ uscat 350 300
Nisip fin prafos nmed 250 200
foarte nmed saun saturat 200 150

d The rconv values are obtained by laboratory interpretation of some
soil physical properties:
= Granulometry
= Void ratio (e)
= Plasticity index (Ip)
= Consistency index (l.)
= Density index (Ip)

Adrian Ciutina, Foundations



§ 3.3 Bearing capacities according to Romanian

e
Conventional pressure p.,n,

norm NP 112-2014

d The Pconv values are
obtained by laboratory

Interpretation of some soil

physical properties:

Granulometry
Void ratio (e)
Plasticity index (l5)

Consistency index (I.)

Density index (Ip)

Fine particle soils

Imiicelﬁ Consistenta ™
porilor ~ - _
Denumirea teremmini de fundare e I=05] Ic=075 | Ic=1
P [KPa]
Cu plasticitate redusa: (Ip =10%):
misipuri argiloase, prafuri nisipoase 51
prafurn, avind e < 0.7
0.5 325 350
:"' '-|| k)
-1c=20.75 0.7 385 300
T 05 300 325
- 05 <Ie<0.75 0.7 775 285
Cu plasticitatea mijlocie: (10%: < Ip <20%):
misipuri argiloase, prafiur nisipoase-
argiloase, avinde < 1.0
0.5 325 350
«Ic= 0,75 0.7 285 300
. 1.0 225 250
Famantn 05 300 35
« 0.5 < Ic<0,75 07 275 285
1,0 200 225
Cu plasticitate mare (Ip = 20%):
argile nisipoase, argile prafoase 31 argile,
avind e <1_1
0.5 600 650
06 485 525
>0.7 2
"1c=0.75 0.8 325 | 350
1.1 260 300
0.5 550 600
T T 06 450 485
- 0.5 <Ig=0.75 08 300 125
1.1 225 260
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

e
Conventional pressure p.,n,

[1 Width correction Cg where:

for BSm:  Cu=p—K, (B — 1) B is the foundation width

K,=0.1 for granular soils

for B>5m: Cp=0.4p for granular soils :
= = — K,=0.05 for compact soils
Cp=0.2P..n,, fOr compact soils

L1 Depth correction Cp
for D2m: Cp=D.ony (D — 2)/4

for D>2m: Cp=y(D —2)/4

where:
D is the foundation depth
y is the volume weight of the layers located above foundation foot
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014 P, Pups

[ | i Per
Plastic pressure p, 1 Pol |

1 Overpassing the point 1 on p-s soil response
curve, the soil passes in linear-plastic behavior. 2

L1 The plastic pressure represents the bearing 3

capacity of the soil corresponding to a limit state
that considers the allowable settlement of the ¢

foundation soil under acting loads. S

|
|
|
|

Obs: Foundation loads = structural loads (fundamental \I\_
combination) + foundation weight + long-term loads e ',F
BRI SRR TE
HH&HTH 1444 PP

pc:qpi

_ 3

0 Conventionally, p,, is computed for the
following limit state: the depth of the
plastic zones reaches B/4.

,

e
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-

o
<
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014 e

| N

Plastic pressure p,, 7J l LWW

[ Considering a continuous foundation of width B at P
a depth Dy, transmitting under the foundation the ’;JL’!] Ll LY

pressure p. - S——
[ The geologic pressure p, under the foundation is: p,=y-D;

L1 The net pressure given by foundation (subtracting the geologic
pressure) is: Door =P —D,=bD—V D¢

L1 In a point M of the foundation soll, in which the angle created
between M and the foundation limits is 28, the stresses are
generated by both the geoloaical pressure and the foundation:

=P_: D; [([32 —B1)+sin([32_ —Bl)-COS(Bz +B1)]

Zpet

=P—“1'Df [(B, =By)—sin(B, =B, )- cos(B, +B, )]

Ynet

-v-Dy | :
Thet = P L ' 'Sm(Bz _Bl)'SIH(Bz +Bl)




§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

p—v- Dy
—Uznet =
T

Plastic pLessure Ppi ; =p—~;-Df [(B, =B, )—sin(B, — B, )- cos(B, +PB; )]

IN Thet = = 1 = sin(B, —B;)-sin(B, +B;)

[(B, =By )+sin(B, =By )-cos(B, +B; )]

Ynet

o W”F [l HTH __ OlInthe point M1, located on
l T Tr.gi ! /*)ﬂ\l ity the axis of symmetry of the
| yaa . /b \ =PI foundation and on the circle
" Wi \ described by points M and a
and b (edges of the
) foundation), the stresses o,
/ and o, become principal stresses:

—v-D
// Olnet = b=y : (2B0 + sin 2[30)
e

—v.D .
O 3net = P 1 s (280 — S 2[30)

=0
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

|
PIaStIC pressure ppl . . CTlllet = p - Y . Df (2B0 + Sin QBO)
L] These relatiations show that the principal T
stresses under a foundation are dependent on . :M@BO sin2B,)
the value of the pressure p generated by the T

foundation and the angle 28,,.

L1 For a given p value, in all points for which the angle created with the
foundation edges is 20, the principal stresses have the same values.

1 The geometrical locus of these points is the circle passing through
the foundation edges and the points M.

t=0

L] The total stresses in points M are obtained by adding to the
pressure given by pressure p the geologic pressures:

Glng'Df+V'Z=V'(Z+Df) With K,=0 for the soils in

G5 :KO.Glg:KO.f}/.(Z+Df) plastic zones

o
i -~
e

Adrian Ciutina, Foundations



§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

|
Plastic pressure p,,
O The total stresses 5 _P=7"Ds 55 . 08 Y4y (74D;)
are expressed by: T

b —7v - Dy ,
53:1 };T ~(2By —sin2B)+y-(z+Dy)

L1 These relations show that the principal stresses under a foundation
located on a circle creating a sectorial angle 23, between the edges of
the foundation are not constant but depends on the height z of the

considered point.

L1 For having some limiting conditions on the development of the
plastic zones, is important to know the depth z on which plastifications
develop under the principal stresses g, and 0.

1 The development of plastic deformations in foundation soils
assumes the fulfiiment of conditions for solil fracture, which in case of

. i _ | 5 —G
cohesive soils is expressed through: sin ¢ = 1 3
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

Plastic pressure p,,
L1 Replacing o, and o5 in the above condition one can find the depth z

in function of the angle 24,.

Fa

L p—v-Ds [sin2p,
- L s ¢

C
_EB{J]_Df —;CTE(IJ:f{Eﬁ{:)

L] Practically, in the foundation soil there can exist several points
creating a sectorial angle 2, with the edges of the foundation for which
there could be produced plastic deformations under a given load p
produced by the foundation.

O For determining the maximum depth z., to which the plastic zones
can be extended in the foundation soil, one set the condition of the
maximum for the function z=f(203,):

dz —v-Ds (2co0s2 | . T
P L. , o —21=0 Resulting 2Bo=%-9¢
dp, y-t | sing ) ﬂ 2
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

|
Plastic pressure p,,
[1 Replacing the value 28, in the relationship of z, it results the
maximum depth of the plastic zone as:
—v-D¢ | T C
e =22 ctgh=2 4| -D; ~ctad

YT

hee= N.N. Maslov proposes the existence of
plastic zones only outside of the vertical
foundation borders (z,,,,=B-tg®) and:

«;n-[B-tngf +E-ctgfp|
Y y
P=P1= +7-Dg

Ctgb—%—!—lil
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

Plastic pressure p,,
[1 The Romanian norm NP112 limits the extension of the plastic zones

In the foundation soll at z,,,=B/4: - (EJF D, +?_Ctg¢
P=P1= k - : +7- Dy
Ctghp——+0¢
L1 By grouping the terms in the above formula, the relation can be
written as: psi= 7v-B-N,+q-N, +c-N,

L1 In normative formula, a coefficient of the working conditions is applied
(formula given for isolated foundations without basement):

ppl=m]--(§-B-N1 +q-N, +¢-N3)

OBS: A similar formula can be derived for structures with basements.
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

|
Plastic pressure p,,

pp1=ml--(§-B-N1 +q-N, +¢c-N;)
where:

m; is the working conditions coefficient (m=1.1....2);
¥ - average weight density pf soil layers in height B/4 (kN/m3);
q — design overload (geologic pressure) at the level of the footing;

¢ — design value of specific cohesion of the soil layer beneath the
footing

N,, N,, N; — dimensionless coefficients (bearing capacity coefficients),
given in tables in function of the friction angle @ of the soil layer beneath
the footing
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§ 3.3 Bearing capacities according to Romanian

norm NP 112-2014

Plastic pressure p,,

Pyl =11'11-+(¥-B-N1 +q-N, +¢c-N;)
Values of N,, N,, N, coefficients

d grade| N N, N; d grade Ni N> N;
0 0,00 | 1,00 | 3.14 24 0,72 3.87 6.45
2 0,03 | 1.12 | 3.32 26 0.84 4,37 6.90
4 0.06 | 1.25 | 3.51 28 0,98 493 7.40
6 0.10 | 1,39 | 3.71 30 1.15 5,59 7.95
8 0.14 | 1,55 | 393 32 1.34 6,35 8,55
10 0.18 | 1.73 | 4.17 34 1.55 7,21 9.21
12 0231 194 | 442 36 1.81 8.25 9.98
14 029 | 2,17 | 4.69 38 2.11 9,44 10,80
16 0,36 | 243 | 5.00 40 2,46 10,84 11,73
18 043 | 2.72 | 5.31 42 2,87 12.50 12,77
20 0,51 | 3.06 | 5.66 44 3.37 14,48 13.96
22 0.61 | 344 | 6.04 45 3.66 15.64 14.64
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

|
Plastic pressure p,,

Pyl :Il’li*('*_{-B-Nl +q-N, +¢c-N;)
Values of m; coefficients

Nr. : S e
ort Denumirea terenului de fundare m;
L. Bolovanisuri cu mterspatiile umplute cu nisip, pietrisuri si 50
nisipuri cu exceptia nisipurilor fine s1 prafoase -
2. [Nisipuri fine: 17
- uscate sau umede (S, <0.8) i
- foarte umede sau saturate (S, > 0.8), 1.6
3. |Nisipuri prafoase: -
: 1.5
- uscate sau umede (S, < 0.8)
- foarte umede sau saturate (S, > 0.8) r 1.3
4 Bolovanisuri si pietrisuri cu interspatiile umplute cu 13
- ~ . . .
pamanturi coezive cu I. >0.5
5. |Pamanturi coezive cu I, > 0.5 1.4
6. Bolovanisuri s1 pietrisurl cu mnterspatiile umplute cu 11
pamanturi coezive cu I. < 0.5 "
7. |Pamanturi coezive cu I < 0.5 1.1
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

|
Critical pressure p,

L1 By increasing the soll pressure beyond point 2
we can arrive to the failure condition of the
foundation soill.

L1 In this stage, the failure mechanism produced
below the foundation are due to increased
settlements by soil shear. s

Drs

Failure of a
foundation soil ¢
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

B
==
{\
Critical pressure p % kit dahl M oo
—— : cf : g AL L iiﬁﬂxmuufmn‘;m
[0 K Terzaghi divided the soil foundation — s8¢, AVUGIEN .

I Il >
C

In three zones: y
-
L1 zone | — a prismatic zone under the foundation, acting as a rigid body

(thrusting zone)

[J zone Il represents sheared volumes of soil (radial shearing zones),
presenting shear failure boundaries under the form of a circular arch or
logarithmic spiral.

1 zone lll (passive soil zones) represents passive resistance soil
volumes, loaded only by geologic pressure and the thrust.

L1 The theoretical models for finding p., are based on equilibrium

condition on the foundation saoil.

OBS: Karl Terzaghi was a pioneer searching theories about soil behavior under the
applied loads. By his studies made possible the study of consolidation of soils and also

calculation of bearing capacities of foundation soils.
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norm NP 112-2014

==
1/\
Critical pressure p LA MWt L i
— : = B LR if@ﬂmmufum‘;m
L1 Considering a continuous foundation of \&s-¢ AN -
width B, transmitting to the soil an uniform m X o d 3
-

pressure p.~p,, the failure and the sliding

of the foundation soil takes place by considering a-c and c-d planes, at
angles 45-®/2 and respectively 45+®/2 (Rankine’ hypothesis).

— 11— L1 At depth z below the foundation,
W’T T"]‘iﬁll W“'*'m‘qu“gﬁr"? the principal vertical stresses o, (a-

' T ' ' c-d volume) for the active zone and
o, for the passive zone (b-c-d
volume) are:

G)] =P TV Z
G =v- D¢ +y-z:y-(Df +z)
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014 W -

I - T Tp[cw'r*H [T q=pe —YSf . ‘
H’uh“l! {L{i“ HI Hntm

Critical pressure pg, E‘_ g “_g (
L1 The principal horizontal stresses can be | NOF
expressed from failure condition, in function of L '
the principal vertical stress o, by: i | -_'C a5+
03::61-1_5?1¢——2-c- LO%¢
l1+sind 1+ sin ¢

[1 Replacing o, and considering trigonometric transformations, o, and
O’ becomeS'

6;=0,-K, -2¢JK, =(p, +7-2)-K, —2¢ K
c3=01-K, +2c,/1<:p =7-(D; +z)-1<P +20,/Kp

where:

K, is the coefficient of active thrust: K, = tg"(450- 9)

K, is the coefficient of passive resistance: Z K,= tg (45"+ ﬁ)
2
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norm NP 112-2014 W -

s
o] T‘rpp M piia ki
M.dm ¥ & T HIT nlnm

Critical pressure pg, “ g T 583
|—1~' - O3 ok} 2
L] The resultants Pa and Pp can be found by _ Pa . P
integration of o; and o*; on height z: } Q ' ¢
2 452 | 45'+
2
_ e, . d/— _ V74
Pp =], 63 -dz=y-D; -7 -

2
where: ;= B+tg(450+g B /K,
L1 The equilibrium limit is found by: P,=P,,. It results the value of p., as:

1 1 1
pc1‘='Y'B'[K§ —KS}+qK§ +20[K7 LK 2}
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norm NP 112-2014 W -

s
I T[T TWW
IJin “uh“ t { i Hﬂfﬂgnénm

Critical pressure p, R T prom
1 - O3 o3’ &
1 5 1 1 1 | Pa ! P
2 N
pcr=4-y-B-[K2 K2j+q K +2{K£—j sz} J ) |
459 ' 45"+%!

= 2

[1 By denoting: 1 50001
Nf;'[Kﬁ—KﬁJ No~ K

Where N,, N, and N, are dimensionless coefficients, named bearing
capacity coefficients. Their values are dependent on the friction

angle Q.

L1 The p., formula could be written in a more general manner:
Per = '}/BNf—l— q.Nq—l— C'Nc

1 1
N.= 2(1{; +KPZJ
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

Critical pressure p,

[1 Based on the described theory, the norm NP112 (following the EN
1997-1) uses the following formula for the bearing capacity

(P=RA). RIA = ¢ N, b, s, i. + @ NybySqiq +0,5 ¥ B'N, b,s, i,
where:

N,, N, and N, are bearing capacity coefficients.
Ny = e ™™ tan” (45+ ¢J/2)
Ne = (Ng - 1) cot ¢
Ny, =2 (Ng 1) tan ¢, where ¢ = ¢//2 (rough base)

Sq Sy and s. shape factors: Sq=1+(B'/L")sin ¢, for a rectangular shape;
Sq =1+ sin ¢, for a square or circular shape;

— s,=1-0,3(B/L"), for a rectangular shape;
s, = 0,7, for a square or circular shape

— 8¢ = (Sq Ny -1)/(Ny - 1) for rectangular, square or circular shape;
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§ 3.3 Bearing capacities according to Romanian
norm NP 112-2014

Critical pressure p,
RIA"=C' N.b.Sc I + @ NgbgSqiq+ 0,9y B'N, b,s, I,
where:

b,, b, and b, are inclination of the foundation base coefficients.
be = by - (1~ bg) / (N tan ¢’)

by = b,=|1 - a-tan ) “lr”l\\:;{.§ |
l,, 1,, and I, are load inclination coefficients: L N\ -

;L,._—;q (1-i)/ (Ne. tan ¢ ); XN\
=[1- HI(V + A'c'cot ¢)]™ | |
=[1 - HI(V + Ac'cot @)™ ~

(V; H) e
?’\ 1 —
(AN s | Used notations
CEN]
':g
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Text and adaptation from:

Sisteme de fundare a Constructiilor,
Mirea Monica, Marin Marin, Editura Orizonturi Universitare, Timisoara 2011
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