THE UNIVERSITY OF

TEXAS

=t NHERI@UTexas

—— AT AUSTIN——

Thursday

1:30pm
1:45pm
2:45pm
3:00pm
4:00pm
4:30pm
Evening

Friday

7:45am

“The nation is our laboratory”

Workshop Agenda

Introductions

Overview of NHERI@UTexas Equipment Facility
Presentation by Dr. Woods

Overview of EAGER project and bridge testing
Presentations on NDE research from Rutgers faculty
Travel to BEAST facility for tour

Dinner (pay for yourselves)

Meet in hotel lobby to take bus to bridge testing

We plan to be back at the hotel before 11:30am
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Large Mobile Shakers for Natural Hazard Field Studies to Develop
Resilient and Sustainable Infrastructure
(Award CMMI-1520808)

NHERI Experimental Facility, NHERI@UTexas

Principal Investigator:
Dr. Kenneth H. Stokoe, Il, P.E., NAE
UT Austin, Dept. of Civil, Architectural, and Environmental Engineering (CAEE)

Co-Principal Investigators:
Dr. Brady R. Cox, P.E.
UT Austin, CAEE

Dr. Patricia Clayton
UT Austin, CAEE

August 3, 2017
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NHERI@UTexas Technical Personnel

Director/PI Co-PI Co-PI Senior Personnel
Kenneth Stokoe Brady Cox Patricia Clayton Sharon Wood
Professor, UT Austin Assoc. Professor, UT Austin Asst. Professor, UT Austin Dean & Prof., UT Austin
Operations Manager IT/Cybersecurity
Farnyuh Menq Robert Kent
UT Austin UT Austin
Hydraulics Technician Mobile Shaker Specialist
Andrew Valentine Cecil Hoffpauir
UT Austin UT Austin
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NHERI@UTexas - Building 46

50 ft by 65 ft storage | ¥ '
¥ . building of
& NHERI@UTexas

. J 4 Ferguson
S w Structural
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50 ft by 200 ft parking
area available for
NHERI@UTexas
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T-Rex (Tri-axial Shaker) Liquidator (Low Frequency Shaker) Thumper (Urban Shaker)
» Off-road buggy; weight = 64,000 lbs + Off-road buggy; weight = 72,000 Ibs « International 4300 truck; weight = 24,800 Ibs
» Three vibrational orientations

Two vibrational orientations
Shear mode Peak Force = 20,000 lbs
Vertical mode Peak Force = 20,000 Ibs

« Three vibrational orientations
» Shear mode Peak Force = 30,000 Ibs
 Vertical mode Peak Force = 60,000 lbs

» Shear mode Peak Force = 6,000 Ibs
» Vertical mode Peak Force = 6,000 lbs

Raptor (Mid-Size Shaker) Rattler (Horizontal Shaker) Big-Rig o o
* Highway legal truck; weight = 41,200 lbs « Off-road truck; weight = 54,500 Ibs + 26 wheeler tractor-trailer rig for shipping
+ Vertical mode Peak Force = 27,000 Ibs « Shear mode Peak Force = 30,000 lbs T-Rex, Liquidator, and Rattler

B2 v & ——f{" :
Hydraulic Cylinder with Adjustable Platform
+ Platform mounted at the rear of T-Rex

* Pushing and retrieving subsurface sensors

Instrumentation Van & Trailer
+ Cargo van with air-conditioned workspace
+ Trailer with added work and storage spaces

Field-Support Truck
* Carries diesel fuel for T-Rex and Liquidator

+ Acts as a working platform for maintenance
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300
T-Rex e e N
-Rex
\ —~ 50 -
4 3 Z200F I
* Tri-axial shaker z Vg | Fo 2
; . . . e configuration 1 S
* Push-button transformation of shaking orientation = 2 g
. g 100 T
32 ftlong, 8 ft wide, Wt. = 64,000 lbs X = 20
* Only operating tri-axial vibroseis we are aware of in the world -
2].1 { 1 10 100 - 10000
Frequency, Hz
Vertical force output
200
- 40x10°
5 Hz 6 Hz
z 150 T-Rex - 30 ]
-t I ]
& —=—— Rattler %
E 100 13 Hz Liquidator L 50 §
2 Z
~ g
50 L 10
0 - . =
0.1 1 10 100 1000

Frequency, Hz

Horizontal force output
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Liguidator

kN
[
S
S

Special
Configuratign
o7k Liquidator

Custom-built, one-of-a-kind, low frequency shaker
Two-shaking orientations

One-day shop transformation of shaking orientation
32 ft long, 8 ft wide, Wt. = 72,000 lbs

Peak Force,
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« Standard vibroseis, vertical shaker (P-wave)
32 ftlong, 8 ft wide, Wt. = 41,200 lbs

Peak Force, k

100
Frequency, Hz

Vertical force output
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Rattler

» Standard vibroseis, horizontal shaker (S-wave) /
« 29ftlong, 8.5 ft wide, Wt. = 30,000 lbs

200
- 40x10°
S Hz 6 Hz
150 =
T-R
ex - 30 7
. Rattler =
. z =
100 - Liquidator 9:
=20 &
Ao
=
w
50 L 10
0 i L . 0
0.1 1 10 100 1000

Frequency, Hz

Horizontal force output
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Mini-vibroseis/urban shaker

Three vibrational orientations

Two-hour field transformation of shaking orientation
27 ft long, 8.5 ft wide, Wt. = 28,400 |bs.

Peak Force, k

100
Frequency, Hz

Vertical force output

—

1740

=
w
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-+—— Rattler

Liquidator

[
=]
Sq[ ‘9210 yedaq

Peak Force, kN
=
[—]

100

Frequency, Hz

Horizontal force output
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e 26-wheel tractor trailer for shipping T-Rex, Liquidator, and 'Rattler

18
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Support Vehicles

Trailer #1 ;W;

, f;///ﬁll I

F|eId/FueITruck aal 2 | ,H

&) HMH"

Provide fuel,
storage, and
workspace in
the field

Trailer #2
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Instrumentation — Data Acquisition (DAQ)

72-channel VXI DAQ
e 24 bit digitizer
e Upto 50 kHz sampling rate

* Real-time frequency domain
capabilities

136 channels of DAQ

T

64-channel Data Physics DAQ
e 24 bit digitizer
e Upto 200 kHz sampling rate

* Real-time frequency domain
capabilities

20
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Geophones

109, 1-Hz Geophones
e 85 vertical & 24 horizontal
15,000 ft of cable

=, NHERI@UTexas

“The nation is our laboratory”

Trillium Compact

Broadband
Seismometer

10, Nanometrics Broadband Seismometer Stations

* 3-component, GPS synchronized

e 120-sec period Trillium Compact seismometers
* Flat response 0.01 to 100 Hz

* Taurus digitizers (24 bits)

e Structural and Geotechnical applications

21
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Instrumentation — CPT and Liquefaction Sensors

Adjustable platform
~ for the CPT
~ hydraulic cylinder

"'
%

CPT sensorin M JPEENES CPT Rod
1 the ground I

Direct-Push Sensors

Cone Penetrometers Motion Sensors Liquefaction Sensors

e Standard CPT * Tri-axial MEMS e Custom built

* Seismic CPT accelerometers * Pore water

« 4 different cones * 2Dor3D pressure
geophones transducers

22
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Additional Instrumentation Resources

* |RIS/PASSCAL

Free to NSF-funded projects
*PI pays for shipping & travel
expenses

INSTRUMENT CENTER

P IMWWNW

PASSCAL

Portable Array Seismic Studies of the Continental Lithosphere

Home General Information Instrumentation Data Archiving Polar Expt. Schedule USArray Forms Softw

® Home
© General Information Kinemetrics Episensor ES-T Accelerometer
@ Instrumentation Home Instrumentation Sensors Accelerometers Kinemetrics Accelerometer

© Dataloggers
© Power Systems
© Sensors

 (35)3D
accelerometers

* Digitizers

* Field support

* and more...

® Sensor
Certification

© Sensor Comparison
Chart

© Accelerometers

® Kinemetrics
Accelerometer

© Broadband Sensors

© High Frequency
Sensors

Salient Features:

© Intermediate

23
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2.

Explore UT
Austin
Texas

4,
Hoodoos
LANL

N. Mexico

1.

Lig. Demo
SAGEEP

S. Carolina

3.
Deep

Downhole
PNNL, WA

Landfill

Los Angeles =
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Thumper:

2.
Topo. Amp.
Deer Creek

Utah

4. =3
Geophysics
Sum. Camp
Colorado

1.

Vs Profile
Mauna Kea
Hawaii

3.
Hispanic
Eng. Week
South TX

5.
Vs Profile

Stanford U, s’

California

NHERI@UTexas

“The nation is our laboratory”
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Liquidator: we B = T = B Deep Vs
[P ' ' Yucca Mtn
Nevada

3.
Deep Vs
Salt Lake

2.
Deep Vs
Mississippi

Embayment T - Valley
- Utah

Deep Vs e ek "~ Deep Vs
Hanford 7 S o o T Palo Verde
PNNL, WA [ We, ~ .k \PP

o il Arizona
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Proof-of-Capability Workshops  [ERSEDERILEELE

* Each test aligned with one of three
main areas in our Science Plan:

(1) Subsurface Imaging (2D/3D)
(St. Louis, MO; November 11, 2016)

L : : — LS T e
(2) In-situ Liquefaction/Nonlinear Testing EEE(E e

(Portland, OR; June 24, 2016) Testing

(3) Structural Health Monitoring/SFSI

Structural

(Brunswick, NJ; August 3-4, 2017) Health Monitoring ij
/SFSIE
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Proof-of-Capability Workshops cont...

* Marketing to broaden the user base

— Familiarize potential users with NHERI@UTexas capabilities

— Invite all interested parties (Gov/Academia/Industry)

— Data and metadata posted to NHERI DesignSafe-Cl (open access)
— Generate preliminary proposal data

— Opportunities for piggy-back projects

- Thumper at levee testing workshop - quuefactlon testlng worksh .

29
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Science Plan #1:

Performing deeper, more accurate, higher resolution, 2D/3D subsurface geotechnical imaging

Advanced
Medical
Imaging
http://en.wikipedia.orgfwiki / http://www.3dbabyvu.com/
Ultrasound /
a. Ultrasound of the Past b. Ultrasound of the Present
Geotechnical Site
e ———— >V S 1 .
N 1t ./www.geosoft.com/ Ret rieve:
1D Vs ot ' % :
Profile —~; e Shear Wave Velocity (Vs)
Adyanced e P-wave Velocity (V
y (Vp)
Subsurface . . .
Imaging for direct determination of
L elastic moduli needed in
¥ ‘ engineering analyses
c. 1D Geotechnical Imaging of the Present d. 3D Geotechnical Imaging of the Future

30
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NEES@UTexas Project Highlight

“RAPID: Deep Shear Wave Velocity Profiling for Seismic
Characterization of Christchurch, NZ - Reliably Merging Large Active-
Source and Passive-Wavefield Surface Wave Methods”

(CMMI-1303595)

14—
@ N . 4 September 2010 1
< 1o | Long-period GM’s | -
n = = CBGS
< not understood — cHie
c |
= 1: \ = CCCC
@ \ ——REHS ]
08 ===NzS1170.5
(&) 1
@©
T 06
5
3 04 WA
o
S
3 0.2
a

0 1 2 3 4 5 6

Period, T (s)
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Complex Subsurface Conditions & Deep Bedrock

[ ]
[ ]
[ ]
Rainfall
Recharge
' Waimakarin
River Recharge
(5-8m’s ")

Prezome

—20metric
\Do\
’ %
" G

(after Brown and Weeber 1992) *

Geotechnical investigations do not extend past Riccarton Gravel layer
(artesian aquifer) at 10—-40 m

Result: no detailed Vs profiles deeper than 40 m in Christchurch
Deepest well in city ~ 450 m ... still no bedrock

CHRISTCHURCH Local _
om Spigrpti
- ; H Christchurch
PEGASUSBAY Sands & Silts o
- ravel
/’__,——’ 10-40m Bromley
____/""' T
o Inter-layered recht
h Formation Sutacs Contng Loy <2 Bed S Sands & Gravel
Lateral Flow AmiIeL/ -__...wl_ ~— ) ands Shirley
seat e Wainoni
N s oo e e - Gravels i
res | fiMarij e
i —E;;:;“"-—% i
' "-‘%—E\L-—_ —
L2 ot = 250m
‘\M:'—::_:— —
i
- ?“"-\._' \-.__
o i, .
LY Sands, Silts & Clays
S
~— B Y
\. Deepest E)oloralio—n—\fl;ll_iaat; TR
________________________ 450m
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T- Rex in Christchurch

{"snees(

\\

o \\\\

e Shipped from Texas
to Christchurch in
Feb. 2013

33
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Christchurch Surface Wave Testing Sites

* 15 primary sites
in greater
Christchurch

* Target depth of
Vs profiling:
400m — 1000m

Approximately
2 days of testing
per site

Groynes
3 ;
8 ~Belfastio #°

g
.

o]
a

&

Redwood!Park \\
% a e QEll
2 73 ~ (=] & i, a ‘ (=
: a8 8 €4 ChristchurchiPark oA
" #8 & )
of Burnside Pa,rkr e \
'r.-‘. o : I Porrit Park@New Brighton

o

=

I B o] i
llliam Flelds 8, I Fitzgerald &

\\\..
RlccartonJngh Schoo Im ’Hagle?Parl:? Latlmere Square 3 f\$outh New/Brighton/Park
7 O] \
. B

@ AR e O IR0 I'GarnckPark

(L]} =]

4 < @ Gl
a " J Cashmere ngﬁ' Schoo|®

a

Lyttejton Port,of; Chnstchurch
8 cLytteltonG
8 &
n"agc 220 3iTerraMetricsy

a \"nagc ,2013'DigitalGlobe) [o=]
3G o
072013 oog a 0

“ Google e’arth

G OinfageryIDate=2/77/2013 . 43°31'57.48" S| 172°36!30.63" E elev. 8'm/  eyelalt 31.63 km
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Combined Active-Source & Ambient-Wavefield
Surface Wave Testing

Linear : ) . (o £ s

Geophone _— .  a Wil Tk

Arrays  [& B : e (0K B¢
(24 -48 total)

3D Seismometers
In Circular Arrays

35
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Reliable 1D Vs Profiles to Record Depths
Shear Wave Velocity (m/s) Sigma]in(Vs)]
Inversion Process 0.y 500 1000 1500 2000 2500 3000 3500 Q. 02 _ 04 _ 06
* Analysis took "™~_Max prior
weeks for each site Vs depth

1 1 1 1 1 1

7T T T T T T F

1 1 11 1 1 1 1 1
] ] T ] ] ] ] ]

« Millions of models —— Lowest Misfit Profile Uncertainty |
. -==-5% & 95% Profiles Quantified -
searched via 500~ ~— "Best" 1000 Profiles | |
Monte-Carlo/ ~ "Best" 50 Profiles
Neighborhood E
algorithms 2 Bedrock
§ / ~1 km
* Hours of computer A ;

time followed by 1000
user scrutiny,

model adjustment,

repeat inversion

T T T T T T T J 1 T T T T T T1
1 1 1 1 1 1 1 1 1 I‘ 1 1 1 1 1 1 1 1 1
T T T T T T T J 1 T T T T T T1
1 1 1 1 1 1 1 1 1 I‘ 1 1 1 1 1 1 1 1 1

re b e e Boerrr FE rrrlFrrrrFrrrr

1500
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Science Plan #2:

Characterizing the nonlinear dynamic response and
liquefaction resistance of complex geomaterials in situ

70001 330
Static Load Loading Sinusoidal Loading: B A ¢ 1300
l Dynamic Applied - 60001 Uncemented Gravel (Meng, 2003) -
Horiz. by = 5000 (Cu=50,6,=35kPa,K,=0.5) 250 =
- . Mobile g g
ot Jiv Y
S P R S T
=) an A [ e
\ . 2 T ¢ .\A g-
<i->l i l+ Footing ~ 3000} . P 1150 =
g 3x diff. . 2
SHE B B S™ shear = 2000} ! Estimaied {100 Z
Waves &— fromLab Y
| I I | 1000} qu, 2003)-50
¥~ Embedded
Sensor Array ol
10° 100 10° 107 10*

Shearing Strain, %
Determine nonlinear relationship between:

 Shear modulus and shear strain
e Constrained modulus and axial strain
* Pore water pressure generation and shear strain

for use in static (settlement) and dynamic (site response) engineering analyses
37
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In-Situ Nonlinear Geotechnical Testing

Shallow In Situ Non-linear Testing
of Liquefiable Soils

38
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NEES@UTexas Project Highlight

“Field Investigation of Shallow Ground Improvement Methods for
Inhibiting Liquefaction Triggering; Christchurch, New Zealand”

(CMMI-1343524)

PROPERTIES WITH
LIQUEFACTION-INDUCED

LAND DAMAGE

85%

* OF CENTRAL

L . © AND EASTERN
ER%SP'EEEE@TAQRLE 2o 4] vimstciuR
FLOOD PRONE ' SUBSIDED

.y

39
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NZ EQC Ground Improvement Trials
Objective: Rebuild Christchurch with Affordable Resilience

Techniques for “green” sites
or demolished home sites

4 Rapid Impact A Rammed Aggregate
Compaction (RIC) Piers (RAP)

4 Low Mobility Grout
(LMG)

40
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In-Situ Liquefaction Testing with T-Rex

"

TR
A

i
A

o,

A

.;.
ST
e 10 <

oA

Crosshole Source and Receivers

Not to scle

a. Cross-sectional perspective of T-Rex b. Plan view of central
in place to shake the RAP. portion of RAP test panel

41
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Ground Improvement Trlals Video
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Science Plan #3:

Developing rapid, in-situ methods for non-destructive structural
evaluation and soil-foundation-structure interaction (SFSI) studies

e

Shaking the ground > "

3 methods of structural testing with
NHERI@UTexas equipment:
(1) Shaking ground around a structure

‘

(2) Shake the structure directly - e I

ol =

(3) Quasi-static pullover . Quasi-static pullover

43
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Structural Testing
In the lab... In the fleld

Hybrid testing
at Lehigh

Shake table
testing at
UC San Diego

, Degradation
4 | (below ground/water)

44
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NEES@UTexas Project Highlight

“Collaborative Research: Demonstration of NEES for Studying
Soil-Foundation-Structure Interaction”
(CMMI-0324326)

TR I e ’

-

or ‘o
vw.fn-wwr-—- sopy s ,r‘":"f"'l :

iaia ’( "‘w ‘.'.".,

SRDLN L SEINA LA "__f,_'i':f
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Typ i Ca I St ru Ct u res Fundamental frequency range for:

* Typical bridges

* Low-rise reinforced concrete
and steel buildings

* Wood residential buildings

* Large-scale specimens

200

L 40x10°

150

Peak Force, kN
g
Sq[ 9210 Yead

50

Frequency, Hz
Horizontal force output

46
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Other Examples

Zhang, R.R. & Olson, L.D. (2004) “Dynamic Bridge Substructure Condition Assessment with HHT: Simulated Flood and
Earthquake Damage to Monitor Structural Health and Security,” Transportation Research Record, pp. 153-159.

Torsion 2 == :;;—/;i-»"" Bending 6 ’{‘i\\\ 2 e\
== f=17.02 Hz 22 xsx f =22.54 Hz
'.\,\( 5 o5
| . Bending 7 ZoR ; > Bending3
Modal testlng usmg smaII V|brose|s S|m|Iar to Thumper e =
I VF LA s A : :};‘)‘\:‘;éi;()//, ’l > :‘/\%,
NS \/ \@{ f=27.50Hz ’ \\\)\\/ggy £ =29.82Hz
D \\2\‘/)‘_{ ;\‘/\%v

Fernstrom, E. V., Wank, T. R., & Grimmelsman, K. A. (2012) “Evaluation of a Vibroseis Truck for Dynamic Testing of

Bridges,” TRB Annual Meeting 2012, 15p.
47
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Additional Instrumentation Resources

* |RIS/PASSCAL
e User-provided

Wireless Sensors for Structural

Health Monitoring

<
-

Instrumentation from user’s

home institution
(e.g., LVDTs, inclinometers, strain gages, etc.)

48
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N\SF pro posals 3

Contact | Help

WHERE DISCOVERIES BEGIN |8earch

Research Areas Funding Awards Document Library News About NSF

Funding A S Email  SPrint ¢ Share

Abodt Ruading Division of Civil, Mechanical and Manufacturing Innovation

Browse Funding Opportunities A-Z

Engineering for Natural Hazards (ENH)

Due Dates

CONTACTS
Find Funding

Name Email Phone Room
Merit Review Joy M. Pauschke jpauschk@nsf.gov (703) 292-7024

Richard J. Fragaszy rfragasz@nsf.gov (703) 292-7011

Policies and Procedures

N W I R N TITNT PN

: * Submission windows
— January 10-24
— September 1-15

 Can use NHERI equipment in proposals to any NSF program

49
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Example of Estimated Costs Associated with Using the NHERI@UTexas
Equipment Facility on NSF-Funded Research Projects

Step Estimated total tirme needed for the testing

Ealirmated time required for leating 30 hours inelude shaking + reocating ehaker

Realistic estimatimation of reguired time &0 hours * 2 for Try out + mistakes + DAQ malfunction + others
Total days of teating 10 B hours of vibration each day
Travel 4
weekernds z
Days in the field 16

Step 2- Estimated equipment costs
T-Rex

Tractor-Traider

==aewnl  NSF user pays only for fuel

= 1 pargan 1 hp

=smmeed fOr truck(s), truck shipment,

of the NHERI-EF

S— and personnel travel

hiatesial and supply £500 |
Mobile phone serdcs in the fisld o charge for MSF supported project

e $22,134

Total Others §500  Account category: Material and supply

S — (for this example)

Tatal direct cost  §14,280
Indfirect cost (55% overbead)  $7,854  Account category: Overhead

Step 4: Estimated other cost

[rotal cost $22,134
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Example of Estimated Costs Associated with Using the NHERI@UTexas Equipment
Facility on non-NSF-Funded Research Projects

Step1 Estimated total time needed for the testing

Estimated ime required for testing 30 hours include shaking + relocating shaker
Realistic estimatimation of required time 60 hours * 2 for Try out + mistakes + DAQ malfunction + others
Total days of testing 10 days 6 hours of vibration each day
Traved 4 days 4 travel days to and from Austin + 4 * 0.5 days from
weekends 2 1
Days in the field 16

Step 2: Estimated equipment costs
T-Rex

Tractor-Trader (Big Rig)
Highway $9,580
Fuel-Supply Pickup Truck

Recording equipment
Instrumentation Trader

= 3 people * days in the field * $125 /day / person
= 1 person 1 trip

%\)C‘) “: | Non-NSF user pays for truck fuel and

ot s con shipment, personnel travel &

oo e s 5100 overtime + equipment usage fees

Total Others $3,600 A

Step 5: Estimate of personnel cost

2 Techmicians $33,106 = 2 people *(days in the field + 6 days of preparations) * 11hriday

* $57/hrfperson * 1.2 to account for ovestime pay
1Engineer  $25265  ® 1 person "(days in the field + 6 days of preparations) * 11heiday 144 834
* $57/Mriperson * 1.2 1o account for overtime pay )

e (6.5x more for
e N i this example)

Total Cost $144.834 51
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Additional Information & Proposal Help

Dr. Kenneth Stokoe (PI) k.stokoe@mail.utexas.edu
Dr. Brady Cox (co-Pl) brcox@utexas.edu
Dr. Patricia Clayton (co-Pl) clayton@utexas.edu

Dr. Farnyuh Meng (Operations Manager)
fymeng@utexas.edu

NHERI@UTexas website at www.designsafe-ci.org
— Webinar slides & budgetary info is posted
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