- Jacky Mazars, Grenobié Institute of Technology
&
Alain Rouquand, Christophe Pontiroli — CEA Gramat
Philippe Berthet-Rambaud — MND Engineering




\| Protection to natural hazards
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Severe loadings, .
dynamic behaviour,... Rock falls
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Extreme loading : impact

Compaction with
very high confinement

Impact Penetration Perforation
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Models used to simulate

Farticularity Local damage mode Behavior
o (MP,) /
\ 30 N
A Extensions (e, >0) % «Mazars»
may be possible \ model Ly
V [ LY -G
Mode I or [+II With instability
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Damage model

Local « extension » state
pilots thresold and
damage evolutions

Plasticity model

Von Mises stress g used
to pilot plastic threshold
and plastic flow

Compaction effects
Compaction is created
after a threshold throught
the evolution of the bulk
modulus
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Numerical simulation (static 4 point bending test)

I Load (P)
Lo Load cell
| Crack indicator ‘/_L .

o =]

1333 ! 1333\!\] ‘
4000 |
Experimental device |pefiection gauge

{hve. Crit.: 75%)

40 al 20 100 120

Beam deflection (mm)

. J",{ﬁ& L. AGARDH, J. MAGNUSSON, H. HANSSON, "High streihgconcrete beamsubjected to impa
T ,;1 loading, an experimental study”, FOA Defence Redekistablishment, August 1999. ‘ON 2010 - Fortaleza
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* Basai Tension Brara & Klepaczko
—— Tension
- —— Compression
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+'+ %, - |
; 7 Hysteretic behaviour
For a given value of damage, stress is written :
Z s-s  %s-S /s
: S %b /b# 1l # e&e e&e
b b, 2

Strain rate effects

Dynamic amplification factor applied to the

static threshold R= §/§,
_comp. R.=min(l0+a.e™ , 250)

- Traction
R =min[max (LO+a,e" , 0.9¢°°), 10.0]
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Loading program :

Characteristics of the mock-up :

-Part of a 5 storeys building,
- RC structural walls,

- scale 1/3rd

- total weight : 36t,

Nice 0,22¢g

-5.00 /

Melendy/Ramich 1,35g
|

Nice 0,64¢

Nice 1g

10.00 —
-~ 5.00 —
@
E
_5 0.00
B B
o
8
<
I 10.00 —
| Earthquakes : i
| - real « near field » 0.00

0.00

- artificial « far field » (french Nice spectrum)
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Abaqus explicit (including Hillerborg method)

Including shaking table
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PRM coupled model

1. Includes :
PRM damage model
+
Plasticity model (Krieg & Swenson
updated)

2. Applications :
Impact and high velocity situations
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high confinement

() - initial bulk modulusK,
- final bulk modulu51.<glrain (Peond

- unloading evolution

S K <K<K

Ograin grain

Rons KJrain

Kzg rain

/M - cons
. & e,

Pninint 61
Volumetric behaviour

g, =trace @

Plasticity part : updated from Krieg & Swenson (1978), developed for soils and rocks.
That part is used to take into account compaction effects, plastic flow in concrete under

— ; — 2
q=min (qo_ a0+ al Sm + 8.2 Sm J qmax)
(Von Mises stress)

q

A

Shear yield limif
qmax
fct (water content)

Shear stress

»
»

S

m

Deviatoric behavior

s=s,.,|+sd
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Mariotti et al. (2003)

Eltlamente::ry water void Simplified material
volume of a A
geomaterial Solid (grain)
Sm A(:P) g A
dry porous material : . 0] \
— solid material 5_’3 Shear yield fimit Dry e
Peons(dry)]  —— water + solid mixtu o with the
-~ S s : _ water
Pyos 5 / Partially saturated sgntent
‘part.saturatedd) —— :
i e\/ps > P"ps | >
Water volume — Pressures ,, (=P)
< > € (= Dvv) Deviatoric behaviour

Water + void volume

Results calibrated using P4 instead of P
Peff: I:)dry (ev) If I:)max<|:)vps

Peff = I:)dry (ev) + PW (ev B e\/ps) if I:)max>|:)vps
Pw from equation of Mie-Gruniesen (liquid under dynamic pressure)




Material parameters identification : needs specific
tests performed with the GIGA machine
(L. Daudeville, Y. Malecot, T. Gabet, X. Vu 3S-R Grenoble)

High confinement
cell

7048! AR
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Simulations of GIGA tests w | teSt
(Y. Malecot, X Vu, T. Gabet) | = A 48,
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Contraintes (MPa)
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(T. Gabet 2006)
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Application to rock fall protection
a new concept for rock shed  (Tonello Inc.)

Classical rock fall New concept

protection

12 HA32/ m _),/
10.00

m = G L = 3 ; -
Dissipation of energy in the concrete

AN Heaw Iayer of 30|I to absorb
.l
" Impact effects slab and/or in the steel bearings

iy



) Experiment performed in order to
qualify the technology

" ‘t"‘- Delhomme, F, Perrotin, P. et al., Int. J. of Solids and Structures, 2005

12m*4.4 m*0.28 m

52° Congresso Brasileiro de Concreto IBRACON 2010 - Fortaleza



Experiments

Impactor:
Reinforced concrete
block 450 kg

Tests : (3 impact zones)
Middle part of the slab :

- from 15 m (zone 1)
/ - from 30 m (zone 2) repaired
W M—N o ’L—N i after a first impact
L : At the level of the steel bearings

IMPACT (3) MPACT (D) IMPACT (2) T from Som (Zone 3)
52° Congresso Brasileiro de Concreto IBRACON 2010 - Fortaleza
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Discretization

(Berthet-Rambaud, P., Mazars, J., Daudeville L., 2004-2006)

Modelling of the complete slab

different refinements to study mesh effects
Exact geometry of the bloc (3072 elements C3D4)
Complete modelling of R-bars (13320 + 280 elem.)
system to avoid rebounds  spring

steel fuse (including buckling) + neopren

(344 elements)

1
3

depending of the refinement of the slab from 70000 to 140000 dof,
23 surfaces of interaction
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Impact zone 2 (135 kJ)

Impact angle as in reality
Local friction: 15 %
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Shock zone 2 :
Computed results

(vertical displacement)
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Shock zone 2
Displacements (mm)
. max vertical displacement (mm)
¢ point Exp Num
. £ A 7.9 13.7
+ “ B 12 12.7
. ; C 7.9 7.9
+ + D 19.7 18.4
+ ! +H +G + +B 4A E 16.2 16.2
E 6.4 9.6
Mt + K G 15.2 15.6
E H 10.3 11.7
+C | 2.4 2.4
< J 11 12.1
Impact location E 12 122
M 11.5 12.5
LVDT E LVDT F

20 12

—exp —exp

——num ——hum

-20 -4
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Shock Zone 2 : Impact analysis (experiment)
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Shock zone 2 Impact analysis (Calc.)

Analysis
EXp. Calc.
Shocks 2 2

%jotal duration 14.3 ms 14 ms
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Zone 2, Slab reaction : force(kN) / time on « foundati  ons »

| \ |
Force
sensor

Frame

v
« support » 500
450 |
v 400 4+ 4- - - - - ___
500 350 |
450 7 300 - 0.45
400 H 250
v 350 4+ - — - - - _____
500 200 +
o] 300 + 150 -
a0l 250 1 100 A
200 50
350 4 ——---- - o - EX p
3004 -----------—“-«----1"7"707°"'4"" 4} ya L,
20 Num
200 A u
150 | ‘
03 0.45
100 + 4 - - - -
50 1akl g
|
0

52° Congresso Brasileiro de Concreto IBRACON 2010 - Fortaleza



Shock zone 2 e

Damage & cracking
After 1st shock
Damage /

on the sub-side of the slab

\ inside the slab /

After 2nd shock

% Experiment. Cracks
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Impact on the
edge (zone 3)
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AAA

Numerical results & comparison — edge impact n3

vertical displacements (maxi)

State of the steel bearings

point Fléche verticale (mm)
expérimental| numérigue

18F 5.5 6.9

19E 7.0 10.1

22D 6.0 6.8

20D 8.5 10.4

18D 9.0 11.5

21C 9.0 9.6

19C 12.0 12.2

22B 7.0 7.0

18B 14.0 14.9

22A 7.0 8.1

21A 11.9 13.5

20A 16.5 18.2

19A 21.5 20.6

18A 18.0 18.8

Energy
22 21 20 19 Impact location o
> dissipated
Y

Slab — central impact

Slab — edge impact

Steel bearing — edge imp.
Steel bearing — central imp.

>mOomm
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PRM coupled model

1.Applications to high velocity situations

- soft Impact .

- hard impact
- shock wave
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$ 2

Mw9 O ¢ wl0

O w6

<& w8

Tube :

T.wo tests d(mm)
simulated :

Slab :

6m X 6,5m

Test* n°12 :

thick. 70cm

Test* n°20 :

thick. 50cm

Velocity
Testn°12:

241.5 m/s
Test n°20 :
197.7 m/s

w10

W6

w8

model
experiment

* Riech, H., Rudiger, E., 1984. Results on MEPPEN TESTS 11/11 to 11/22)”, Technischer Bericht

t(ms)



SOFT IMPACT : test n°20
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Testn®12 Test n°20
thick. 70cm thick. 50cm
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Hard impact on a T shape RC structure (projectile on RC slabs®)

Damage contours after 20ms

Tensile damage Compressive damage
mass : 80 kg
v= 300 m/s
40cm 3m
ég 8 I“ 310
P 280 -
.g 4 ’UT
© B B
i £ 250 -
32 g
3, | oA, A § 220 -
o > i
X2 190 N
V\M‘-W
-4 160 \ \ ‘ ‘
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
D | . Time (ms) Temps (ms) Veloci
eceleration Model Experiment e OCIty

* E. BUZAUD, "Rapports campagne expérimentale PCD et synthese des calculs EVA3D", Dynalis, 1999.



Shock wave in a partially saturated media

Experiment performed on tuff specimen at different water contents
(Swift, R.P., 1973. Dynamic response of earth media to spherical stress waves, Physics Internat. Comp.)

Explosive charge (radius Ry#2.5cm)

Electromagnetic velocity gages
Location : R/RO:2,5-3-3,5

Experiment Experiment

/ PRM coupled model PRM coupled model
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Conclusions

®Shown that Damage based models are good tools to solve a large
range of problems :

# !ll !II

# 9 2 o# 9 2 0#9 /

®However :
- PRM models lead to costly problems : how to use it, or to
simplified it, for engineering issues
- Specific experiments are needed to improve and validate some
aspects of the modelling (water content effects for crash problem,..)
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