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POD-DEIM MODEL ORDER REDUCTION IN THE CASE OF

DAMAGING RC STRUCTURES SUBJECTED TO EARTHQUAKES

B. Bodnar — F. Gatuingt — F. Ragueneau — OMEIR —
W. Larbi — M. Titirla = J.-F. Del — LMSSC — CNAM Paris

Earthquake Engineering, Reinforced Concrete, Multifibre Beam Elements, Proper
Orthogonal Decomposition (POD), Discrete Empirical Interpolation Method (DEIM)

In this work, a POD-DEIM reduced order model is used with a non-iterative a-OS time-
Integration scheme to speed up FEM analyses on a two-storey RC structure made of damaging
multifiore beam elements subjected to a seismic hazard modelled by a set of 12 earthquakes.

Case study

20 mm HA 8 4 . 2 | | 2 Ground motion #2 2/ | [~Ground motion #3]
/ 3 . ) NQ N
o £y oo Eo E o
Stairwell Longitudinal Cross % HATY 1. ok . 5 5
beam beam =~ N 2 ‘\—Ground motion #1) 2 | ] 2 | | | 1
A o 0 10 20 0 20 40 0 20 40 60 80
Z SR 4 t(s) t(s) t(s)
e < T o HAIZ ...G........_._ NU)8 | | - | ,
- WL i S = L Ge | - 2 .
1&'-1M$ ﬁ#ﬁh ______ ) / g e nt [N 4 é —Ground motion #1 (Snapshots)
s SR il WL e S A L Ground motion #2 (Snapshot
Y S e, R I T T T c A round motion #2 (Snapshots)
s - . LI L S U kGvn ~Ground motion #3 (Snapshots)
- | BS T Cimen Sl i | i
u I-d-* A SRR Lo 3m ¢ > S PR P Y O —Ground motion #4 (ROM)
I T —~ N Lo AT s . .
ar | e RO ":ﬁ: DT y 0.3-0 _ (';i — Ground motion #5 (ROM)
B e i B Vs S S L gr  Section of the beams c Ground motion #6 (ROM)
< :ﬂﬂ-" " | ‘ ‘ ‘ ‘ ‘ 24 W, | Ground motion #7 (ROM)
W © %, Ground motion #8 (ROM)
LN % —Ground motion #9 (ROM)
) m\ Sol ’ | —Ground motion #10 (ROM)
3 rﬁ\\ | © / Ground motion #11 (ROM)
Sm . 0‘ 9 / —Ground motion #12 (ROM)
SRR 3 it ---Design spectrum
: 0 e
010" 10° 10’
. A 3 5 1 0 Frequency (Hz)
Two storey multifibre RC building made Strain (mm/m) Pseudo-acceleration spectra of the 12 ground
of 9222 free DOFs Damage law of La Borderie  motions used to model the seismic hazard

! | Full ord%r FE?A anil{stes#v;ith Non i1terative a-OS time scheme
oI e P M-it+C-u+Kg-u+7y (i) =—M-T il (t)

Sn ap S h O tS Explicit prediction of the nonlinear part of the restoring force vector

! ! SVD on a set of ! ! SVD on a set of Online phases

snapshots of u snapshots of ry; n ; /11_ OD 102 -
L= - £=1-10 n =
POD-modes W (DEII\/I-modes 1 =S8N 7 =€ pEmM:e=5100> m=2303
= 1=1""1

Criterion used to select the number of modes

—~ 40~

E T e

|

— 1 th Ground motion-

N

N

i
= L=
--..|'"><. | ,' ;(T
L= [ P
,, l I ; >
1 w2, >
| < = ]
1 ]
I > ( i

N
o

RN
o

Reduced integration
domain (RID)

e

1
—
1
N
o

—POD-DEIM ROM (11" GMm)|

Ground motion (m/s?)
' o
Horizontal disp. (mm
N
o

Basis made of m DEIM-modes )| , \ \ Te | Fom@i"em)
0 10 20 30 40 0 5 10 15 20 25 30 35 40 45 50
* Time (s.) | Time (s)
A=y (PT ql)—l Ground-motion #11 Hor. disp. of the N-W corner
? Time savings with the POD and the POD-DEIM
Ground motion #4 #5 #6 #/7 #8 #9 #10 #11 #12
Partition matrix rl?lﬂted to m Error (%) 0.3 0.6 0.2 0.6 0.3 0.7 03 0.2 0.6
components ot the RID - -
. . fimesaving | 5> | 28 23 27 27 27 23 30 27
f, = 2.0 Hz (torsion) Interpolation operator POD (%)
Time saving
=, = 46 | 49 47 | 48 48 48 | 48 | 49 48
u=~a>asa- q ry; = A - r%ILD POD-DEIM (%)
| Projection of the | Interpolation of the restoring The error is less than 1 % with a 50 %
displacements on a basis B  force vector on the full domain : . . :
made of N POD-modes time saving during each online phase.
H)S
. Reduced order FEM analyses
with ground motions #4 to #12 21/06/2022 — LMPS student seminar
References _ _ —
1. Ayoub N., Larbi W., Pais J., Rouleau L., Del J.-F. An application of the proper orthogonal | 3. Nakashima M., Kato H., Takaoka E. Development of real-time pseudo dynamic testing.
decomposition method for nonlinear dynamic analysis of reinforced concrete structures subjectec Earthquake Engineering and Structural Dynamics, 21(1):79-92, 1992.
to earthquakes. COMPDYN 2021, 8" ECCOMAS Thematic Conference on Computational | 4. La Borderie C. Phénomenes unilatéraux dans un matériau endommageable : Modélisation et
Methods and Structural Dynamics and Earthquake Engineering, Athens, Greece, 2021. application a I'analyse de structures en béton. PhD thesis. Paris VI University, 1991.

2. Kotronis P., Davenne L., Mazars J. Poutre multifiore Timoshenko pour la modélisation de | 5. Ghavamian F., Tiso P., Simone A. POD-DEIM model order reduction for strain-softening
structures en béton armé. Revue Francaise de Génie Civil, 8(2-3):329-343, 2004. viscoplasticity. Comput. Methods Appl. Mech. Engrg. , 317, 458-479, 2017.


mailto:bastien.bodnar@lecnam.net

