Building Stronge

In This Fact Sheet...

e Qverview

* About Centrifuge Modeling
* Facility Elements

* Research Areas

¢ Contact Information

Investment

The original cost of construc-

tion for the facility was around

$15M (over $30M in 2022 dol-
lars). Since 2018, significant in-
vestments have been made to up-

grade the centrifuge and ancillary
systems including state-of-the-art

instrumentation and newly reno-

vated control building.

Specifications

In the beginning, research applica-

tions drove the centrifuge design
to support larger payloads and
higher accelerations. The max
payload is 8.8 tons and the range
of potential g-force is 10 to 350 g.

How Fast is That?

Given the size and weight of
the centrifuge, it is surprisingly
fast. The table below shows
how quickly the platform moves

around the 50 ft diameter cham-
ber. During one single rota-
tion, the platform travels approxi-

mately 158 ft.

Various Velocities
G MPH RPM RPS

10 56.5 371 0.6
20 79.9 525 09
30 97.8 642 1.1
40 113.0 742 1.2
50 126.3 829 14

100 178.6 117.3 2.0
150 218.7 143.7 2.4
200 252.6 1659 238
250 2824 1855 3.1
300 309.3 2032 34
350 3341 2194 3.7
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Centrifuge Research Complex

The Centrifuge Research Complex (CRC) was commissioned for operation in
1995. Designed and built by Actidyn Systems of Elancourt, France, the CRC is

important to ERDC research because:

* A centrifuge can scale gravity to match real-world conditions in a con-
trolled facility to model complex structures, systems, and phenomena.
* Research conducted in the centrifuge is reliable, efficient, and capable
of producing multiple model iterations within the same time frame as
a full-scale experiment and at reduced cost.
* Centrifuge research is applicable to a wide variety of scale-able problems.
* Research incorporates our unique capabilities and capitalizes on the
customer’s knowledge to bridge the gap between lab and field scale.

About Centrifuge Modeling

Centrifuge modeling is advantageous be-
cause it provides geometric and stress
"similitude" which means that even
though the model is scaled down from
its full-size prototype by g-level, the cen-
trifuge model behaves like the real thing.

In the figure, a 5-meter high levee is
the target structure to be modeled. Re-
searchers will first simplify the model,
in this case by removing the core so the
soil is homogeneous. If the prototype is
scaled down by a quarter, considered a
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"field scale" or "1-g" model, the levee would still be 1.25 meters high which
is a considerable amount of soil and water for researchers to work with and
be a different stress state than the real levee. However, if we scale down the
levee by 25, the model will be 0.2 meters (200 cm) high. When spun at 25g
in a centrifuge, the model will have the same stress state as the actual levee.
Trends towards physical modeling of larger prototypes and more complex
phenomena have pushed the boundaries of what is physically possible.

Facility Elements




Research Areas

The CRC has a number of tradi- applicable to a number of engi-
tional research areas and scal- neering fields. The data gener-
able centrifuge problem sets ated, especially when coupled
which align with the USACE re- with full-scale monitoring and
search and development (R&D) numerical modeling, can be
priorities (more details). Cen- used for investigation and veri-
trifuge facilities worldwide in- fication of new theories and/or
vestigate diverse problem sets problem sets.
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ES-80 Shake Table

In February 2024, the ES-
80 servo-hydraulic shaker
designed by PVL Technolo-
gies was retrofitted and in-
stalled on the ERDC cen-
trifuge to permit high qual-
ity dynamic testing of cen-
trifuge models at elevated
g-levels. The uniaxial
shaker can provide a wide
variety of motions includ-
ing 1D acceleration time
histories comprised of pe-
riodic, aperiodic, random,
or scaled earthquake sig-
nals to soil models facilitat-
ing seismic investigation of
scaled geotechnical systems. The shaker has a maximum
stroke of 12mm and a top velocity of 1.25 m/sec. Both lami-
nar and rigid containers are available for the table.
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“ .. finding innovative ways to work with partners to
deliver new capabilities for our nation’s security and
well-being” — Dr. David Pittman, Director of ERDC,
2020-2030 Strategy

Major Historic Projects

New Orleans’ levee research following Hur-
ricane Katrina: In August 2005 the water rise
in New Orleans following Hurricane Katrina
caused the levees to fail resulting in $161B of
damage and 1,800 confirmed deaths. With
the help of Rensselaer Polytechnic Institute,
the levees were modeled in the centrifuge
to understand the failure mechanisms. This
research has directly influenced how levees
are designed and the infrastructure system
governing them. More Details

Progressive Collapse: A 1/18-scale model
of a 4-story reinforced concrete structure was
tested at 18g in the centrifuge to support the
computational model development of the
progressive collapse of multi-story buildings.
The model structure was 4 bays long and 3
wide with column spacing about 33 cm in each
direction and story height of 20.3 cm. Three
columns at the 1st story were explosively
removed while the model was spinning. More
Details

Wall Barrier Breach Characterization: Inves-
tigated the feasibility of accurately simulating
full-scale, blast wall tests using the centrifuge.
Results showed that model testing reasonably
approximated breach length, displacement
from original position, and the breach shape.
More Details

Overtopping: Overtopping failure mechanisms
are a complex mixture of erosion, slope sta-
bility, and hydraulic flow conditions that are
not easily mathematically modeled and which
stress state plays a significant role. It is esti-
mated that 40% of earthen dam failures take
place due to overtopping. This work will es-
tablish centrifuge techniques to reliably raise
water levels in-flight to maintain overflow in
order to categorize breach initiation, forma-
tion, and progression depending on material
description and geometry. More Details
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Contact Information:
Centrifuge Research Complex
3909 Halls Ferry Road

Vicksburg, MS, 39090

(601) 519-9080
Centrifuge@erdc.dren.mil
https://www.erdc.usace.army.mil/
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