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California Strong Motion
Instrumentation Program

* Installation  Data Recovery and
- Ground Sites (700) Dissemination
- Buildings (171) - Near-Real-Time Data
- Bridges (65) - Data Distribution via e-mail
- Dames (21) - Internet Quick Report
- Wharves/Lifelines (6) - Data Center on Internet

- Geotechnical Arrays (13)
. * Data Interpretation
* Network Maintenance - Fund Research Projects

- P.ersonal Visit - Data Interpretation Reports
- via Telephone - Annual Seminar
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Locations of 171 Building
in California Extensively
Instrumented by CSMIP

Probability of Apk > 0.2 g in 20 Yrs

Alluvial Soil Conditions

L L i |

1 1 1 |
42.00 Probabilistic Seismic Hazards
Modified From
! Probabilistic Seismic Hazard

J Assessment for the

F State of California

. Open-File Report
s0ed N 96-08 (DMG) & 96-706 (USGS) (1996) prob.
' L% by 0.8

M. Petersen and others (DMG) and .
] A. Frankel and others (USGS) 0.6
T L\ 5 0.4
.\._ : 1 4 (
Na XN WE 7 0.2
38.004 NN 9
U N 0.1
‘grh}- 0.0
- \\\\'- \ =
....F\g.-. Y
36.00~ ‘ Ng s
\\-.
[ ]
Buildings Instrumented by 2 ‘ : .
34.00- CSMIP B lf' 'J'ﬁ'— =
All Buildings N . s i %
Q] Ea—
32.00
’ | T 1 1 i



CSMIP Instrumented Buildings 171

1. Wood 9

2. Steel 66

a. Moment Frames

b. Braced Frames

c. Light Frames

d. Frames with Concrete Shear Walls
e. Frames with Infill Masonry Walls

3. Concrete 71
a. Moment Frames
b. Shear Walls
c. Frames with Infill Masonry Walls
d. Precast/Tilt-Up Shear Walls
¢. Precast Frames

4. Masonry 15

a. Reinf. Walls with Flexible Diaphragms

b. Reinf. Walls with Stiff Diaphragms
c. Unreinforced Bearing Walls

5. Isolated w/ or w/o Dampers 10







Sensor Locations in Extensively

Instrumented Buildings




Sensors

-Accelerometer
-Relative Displ. Sensor



Accelerometer




Recorder

- cable to each sensor
- memory

- communications

- battery

- timing
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Los Angeles —
52-story Office
Building
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Los Angeles - 52-story Office Bldg.
(CSMIP Station No. 24602)

SENSOR LOCATIONS
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NORTHRIDGE EARTHQUAKE JANUARY 17, 1994 04: 31 PST
LOS ANGELES - 52-STORY OFFICE BLDG.
ACCELEROGRAM BANDPASS-FILTERED WITH RAMPS AT .06-.12 TO 46.0-50.0 HZ.
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1994 Northridge Earthquake

Los Angeles - 52-story Office Bldg.
{CSMIP Station 24602) RECORD 24602-CS112-94019.02
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Whart and Pier Instrumentation

VS Building Instrumentation

1) more hostile environment (salt water, etc.)
2) moving cranes and trucks

3) mput ground motions hard to be defined
4) complicated soil-structure-pile interactions
5) instrumentation of underground piles

6) recorded data are more difficult to analyze



List of Wharves and Piers for Instrumentation by CSMIP

Port Structure Length, Width  No. of Sensors
Port of Oakland Outer Harbor Wharf 1616, 65' 12
Port of Oakland Berths 55 and 56 2400', 124 18
Port of Oakland Berths 57 - 59 6
Richmond Long Wharf 3419 0
Port of Long Angeles Pier 300 1671, 124’ 6
Port of Long Angeles Pier 400, Phase |l 1200, 124' 18
Port of Long Beach Pier T, Phase |l 900', 100 18

Port of Long Beach Pier J thd



Whart and Pier Instrumentation
Instrumentation Objectives

1) measure ground motion at inland surface

2) estimate seismic force on the deck

3) measure motion (translational & torsional) of
the deck

4) measure motion at the bottom of pile

5) obtain deformation of the pile

6) measure motion of energy dissipation
devices 1f used



Port of Oakland
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Port of Oakland —
Outer Harbor Whart
(Berth 24)




Oakland - Outer Harbor Wharf

(CSMIP Station No. 58472)

SENSOR LOCATIONS
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Acceleration
Records from the

1989 LLoma Prieta
Earthquake

SANTA CRUZ MTNS (LOMA PRIETA) EARTHQUAKE OCTOBER 17, 1989
OAKLAND - OUTER HARBOR WHARF Sta No. 58472
Frequency Band Processed: 5.9 secs to 23.6 Hz
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Port of Oakland — Berths 55 and 56




SENSOR LOCATIONS

Oakland- Berths 55 and 56
CSMIP Station
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Oakland- Berths 55 and 56
CSMIP Station
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Port of Oakland —
Berths 55 and 56
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Los Angeles - Port of LA Pier 300
CSMIP Station No.14187

SENSOR LOCATIONS
1671
831" —840"
= .\ | :
E e . a =
f:: ! /—Raﬂroad Tracks Craiie R%nl !
o | |
i l o | 7 5 5 !
r— -fo P — ————— % —— —t
hox? &3 440" 290" } 310" g /;'ender (typ.)
I~ A o o 4 =) o 8 =] = =) o ]
o - (¥} =2 < g 0 ©o ~ @ _%
- -+ - -+ - -t -+ - -+ -
= 2 = = o HEE = = = 2 3%
k L k 2 2288 & 2 & R3S
Plan
123'8" '
N.et 1—21' 16" ] 3@ 22 = ss'—1—13' O'B"T—l[i’—]‘%
* s - > —Elevation 15’
Structure Reference - _ ,
Orientation: N,...= ° i B = —Elevation 0

%‘% 3
%EE&

\24" Octagonal
Prestressed
| | I ] { |  Concrete Pile (typ.)

Section A-A'

¥

12/12/01



Los Angeles - Port of LA Pier 400
CSMIP Station

SENSOR LOCATIONS
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Los Angeles - Port of LA Pier 400
CSMIP Station

SENSOR LOCATIONS
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Los Angeles - Port of LA Pier 400

CSMIP Station
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Port of
Long Beach
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Port of Long Beach — Pier T, Phase 11
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Geotechnical (Downhole) Arrays Instrumented by
the Caltrans/CSMIP Project

No. No. Sensor

Statio of of Depths,

n No. Station Name Lat. Long. | Depths | Sen- m Geology

sors

24703 (Los Angeles - La Cienega 34.036 | 118.378 4 12 (Surface, 18, |Deep Soft
Geotech Array 100, 252 Alluvium

89734 |Eureka - Geotechnical Array | 40.819 | 124.164 5 15 |Surface, 19, |Deep Soft

33, 56,136 |Alluvium

14785 |Los Angeles - Vincent 33.750 | 118.270 4 12 |Surface, 18, |Deep Soft
Thomas Geotech Array East 46, 91 Alluvium

14786 |Los Angeles - Vincent 33.750 | 118.280 4 12 |Surface, 30, |Deep Soft
Thomas Geotech Array West 91, 189 Alluvium
(Anchorage)

14786 (Los Angeles - Vincent 33.750 | 118.280 3 9 (Surface, 15, |Deep Soft
Thomas Geotech Array West 30 Alluvium
(Approach)

01794 | El Centro - Meloland 32.773 | 115.447 4 12 (Surface, 30, |Deep Alluvium
Geotechnical Array 100, 195

58798 |Hayward - San Mateo Br 37.617 [ 122.153 5 15 ([Surface, 10, |Deep Alluvium
Geotech Array 23, 46, 91

58964 |Half Moon Bay — Tunitas 37.360 | 122.395 4 12 Surface, |Alluvium, Soft
Geotech Array 5,12, 45 |Rock




Vincent Thomas Bridge East Geotechnical Array

Vincent Thomas Bridge
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Downhole Instrumentation




Acceleration, Velocity and Displacement at the Vincent Thomas Array
for 7.1M Hector Mine event at the Surface and Depths of 18,46 & 91 m
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Summary

« CSMIP is working with Port of Oakland, Port of Los
Angels and Port of Long Beach to instrument their
wharves and piers, advised by the Lifelines
Subcommittee of the Strong Motion Instrumentation

Advisory Committee (SMIAC).

 CSMIP has installed 13 geotechnical arrays; many
funded by Caltrans, The data recorded at these
arrays will provide valuable information for
understanding the site response and soil liquefaction,
and for improving seismic analysis procedures.

* Near-real-time recovery of recorded data will be
useful for post-earthquake assessments of structural
integrity of the whart structures.



