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The Ménard pressuremeter test (MPT)
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Pressuremeter soil profilePressuremeter soil profile
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Bearing capacity : the pressuremeter ‘faith’

qu = qo + kp (ple - po)
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� The pressuremeter test can be performed 
in all types of soils and soft rocks

� It provides the soil engineer with both a
failure parameter and a deformation 
parameter measured in situ 
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Use of in situ test results

� The direct method (‘semi-empirical’) should be preferred
i.e direct rules for determining the bearing capacity of 
foundations from the test results : 
(and possibly the displacements)

Specific advantages of the Pressuremeter
with the limit pressure pLM :

� bearing capacity of shallow foundations (qp)
� axial bearing capacity of deep foundations (qp and qs)
With the pressuremeter modulus EM : 
� settlement of shallow foundations (s)
� analysis of the behaviour of deep foundations under 

transverse loading

Rd,N,qc, etc.
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Tests at Jossigny & La Benne (1980s)
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LCPC CentrifugeLCPC Centrifuge (Nantes) 1985 (Nantes) 1985 --……
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Bearing factors - strip and square footings

(AFNOR, 2013)
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Design bearing capacity

Reference stress qréf :

idb reduction factor depends on b, d, d/Be, De/Be

With (model factor) gRD � 1.2
and
� R;v ����� ����	
��
� R;v ���� �����
�
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Pressuremeter method for settlement 
prediction
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Ménard’s formula for settlement

years )

is the volumetric settlement

is the deviatoric settlement

Rheological coefficient a
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Selection of moduli Ec and Ed

Ec = E 1 and
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LPCs 1978-1987
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Pile load tests at Dunkirk (1985)
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Revised MPM rules for bearing capacity : kp



R Frank Pressuremeter testing and foundation design, GT Seminar, Georgia Tech, Atlanta, 29 April 2013

Revised MPM rules for bearing capacity : qs
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Settlement of piles

t-z curves from Ménard pressuremeter modulus EM
(laws of Frank-Zhao, 1982)

for fine grained soils :
kt = 2.0 EM/(2ro) and kq = 11.0 EM/(2ro) 
for granular soils
kt = 0.8 EM/(2ro)  and kq =  4.8 EM/(2ro) 
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2nd example : CFA pile in silt and clay (Northern France)

B = 0.5 m ; D = 12 m
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Transverse load tests at Plancoët (1975-…)
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P-y curves

with Kf = 2ESM

18                                      18EsM =  EM  
--------------------------------------------- or  EM 

--------------------------

4(2,65 B/Bo)a Bo/B + 3a 4(2,65)a + 3a

EsM = Ménard reaction modulus

Short duration Accidental actions
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g(z) method

d4y  
EI ---- + P(y - g) = 0

dz4
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Reaction curve for long duration loads
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Pile of Provins (1974)
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� The pressuremeter allows the determination of the
bearing capacity and of the displacement of
foundations

� The base capacity is based on the analogy with
the cavity expansion theory (sounder than limit
equilibrium approaches)

� The shaft friction of piles is determined essentially
in an empirical manner (numerous full scale load
test results)

� MPM results yield easily p-y and t-z curves. 
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Eurocode 7 issues/challenges …

� All design rules compatible with Eurocode 7 
should be based on pile load test results

� Important role of displacement of foundations of
structures (more than safety with regard to ground
failure)

� Are we ready of SLS checks only based on 
displacements? … and is the structural engineer
ready himself ?



R Frank Pressuremeter testing and foundation design, GT Seminar, Georgia Tech, Atlanta, 29 April 2013

Thank you for your attention !


