Investigation of Solls Placed
Behind Caltrans’ Abutments

Caltrans-PEER Seismic Seminar
June 8, 2009

Po Lam
Earth Mechanics, Inc.




Topics:

e How many bridges were investigated?

e How were the bridges selected?

e What type of soil is placed behind the back wall of Caltrans’ bridges?
e What were the significant parameters in the study?

e What were the results of the study?

e What is the confidence level in generalizing your results?

e How did the study influence Caltrans’ practice?

e What is the expected performance of abutment backfill?
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How Many Bridges were Investigated:

Project from 2002-2006, through an UCSD Contract.

Two Phase Approach:

Phase I- Screening for Candidate Sites for Borings.

Phase I1- Conduct Site Investigation.

During Phase I:

Reviewed 90 grew to 115 Bridge Plans and Boring Logs Statewide for
Screening for about 20 sites for more In-depth Investigation,

including Site Reconnaissance. Reconnaissance Sites grew to 35 sites.
During Phase Il Data led to Scope of Site Investigation for 10 Sites.
Actual Phase Il Scope:

Boring at 11 Sites including 26 Soil Borings, 22 CPTs and 14 PMT
Plus Bulk Sample Testing at 4 Other Sites
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Caltrans Abutment Backfill Requirements

ABUTMENT

PAVEMENT APPROACH SLAB

H (SEE TABLE BELOW)

LOW EXPANSION
MATERIAL EI<50
and SE >20

NO SCALE

EXPANSION INDEX TO BE DETERMINED BY ASTM D4829
SAND EQUIVALENT TO BE DETERMINED
BY CALIFORNIA TEST METHOD 217

FIGURE 1. CURRENT CALTRANS BACKFILL REQUIREMENTS

e Prior to 1995-96, there is no backfill requirements regarding soil type.

e Caltrans Standard Specifications, 1999a, Sections 19.306 and 19-3.065
contain gradation requirements and a compaction requirement of 95%
relative compaction.

Caltrans - PEER Seismic Seminar
June 8, 2009 - Abutment Session 4




Database Compiled in Phase |

Table 1. Bridge Database 1192005 3:58:15 P MK/EMI

Bridpe Bridge Neme County Roate
Na,

Latitude Laengitede Location Description

=117.0698 Chuln Vists, I-S/route 54 IMerscction

570791 8 “E” Swreet On-Ramp  San Diego [ 126396
Laba

230213 Allison Drive OC Salano IB361S =121.9693 Vacaville, just scath of Mat Tres Factory

570035 Ammo Rd OC San Diego - 318751 -117.1070 Mirsmer Marine Corps Alrstation-- Difficait o
A

=7 mi W of Loz Banos

390154  Arbunza Rd OC Merced k5 { 36,9643 - 120 8834

S-1107 Archibald Ave San 10 . MO06TE =117.5933 Marth of Ontario Airport

Oifframp SEF
£3-1204 Atlantie Ave OC 14035 33.K153 =118.1851 Long Baach

53-1986  Balbon Boulevard I-5 34,3200 -11EB.45964 LA, mess [-371-210
0cC

44-0124  Bardin Rd OC

Momberey 36610 -121.6230 Mear Salinas Municipal Airport—CAN'T FIND
SPECIFIC ON MAP

Conira Codta . 37,9355 -122.3268 Righmond aver Barrett Ave

180083 5 Bavenn Ave UC

34,0296 1184441 LA, just wesi of 1-10, I-4905 intersection

531605  Bardnglon Ave Los Angeles

H-0047 §

Bay Shora Ave UC  San
Francisco

No LOTE avail, busy L TN 123985 San Franciaco, US-101 sooth of 2580

Jose, TC reqld. permit

510234

Beckstead OC Santm
Barbara

Collecied bulk sample

344738

. Enm

Sants Barbara

520247

Barehard Rd OC Vennars

TAC not feas.

34,1844

1185256

7.1 mi wast of LA County lines in Ventum County

440131 L

Borenda Rd OC Monterey

has MSE walls

36,720

=121.6592

Salimas

540415

Bridge Acrans San
Colorade River sl

req. TC

347696

=114 48637

Colorado River Crossing on |40 a2 CA/AZ bonder

53-1203

Californin Ave OC Los Anpeles

338143

=113.1306

Signal Hill

37-1083
RL

Camine Ruiz UC San Diego

329380

-117.1553

San Ddego, on SR-56 between [-5 and 1-13

571077 L

Carmel Valley Rd
uC

Drilled 2/7/04,
Callected bulk sample

329487

=117.2031

San Diego, on new SR-56 between 1-5 and 115

570091 8

Carmesl Valley UC

329326

=117.2410

Dl Mar, north of 1-51-805 merge

331200

Cherry Ave OC

338133

=118.1676

Long Beach

%1353

Coldwater Canyon

Drilled 419904

34,1569

=118.4137

101 over Coldwater Canyon

532264

Calorade Bowlevard
SEP

34,1457

-118.1549

Pasadens
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Selected Drilling Sites for Phase ||

SITE LOCATION AP
UCSIVBRIDGE ABUTMEMNT RESEARCH

ZAN BERMARDING
ne

LEGEND
- Ciily

n i f BrogEs 00 s rapeaps

Fagnsha 1 1V RDE
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Site Explored Bridges in Phase |l

Table 2. Bridge Sites Investigated Date: 1/1972005 3:59:06 PM MK/EMI ot Borings/SPT CPT PMT
Wall Depth Setback Depth Setback Depth Setback

Abug  _ Borings/SPT aT PMT ID# Bridge No.  Bridge Name, County Drilled Height No.  (ft) () No. (M) (fty No.  (ft) ()

Wall 7Dcpth Setback Depth Setback Depth Setback .
Bridge No.  Bridge Name, County Drilled Height No. () (M No. (® (W No. (M (%) 112 04-0236 Painter St Drilled 711/04 123  04-18A 155 50 0415C 140 40 0416P 80 50
Humboldt 1.5 04-16A 140 4.0 04150 9.5 6.0 04-16P 125 20

370608 Rie 87/880 SEP Driled 13004 136 B 315 425 CPT-1 300 445
Santa Clara 122 B-2 315 450 CPT-2 300 470 12.3 04-16C 125 50
111 680215 Meloland Rd OC o 130  0417A 215 30 0417C 300 3.0 0417F 11.0 30
101 57-1078 S  Gonzalez Creek Of-Ramp T80 041 2565 20 041C 174 70 . Imperial 130 041BA 215 25 04-18C 40 3.0 0418P 75 25
San Diego 04-18P 11.5 25
_ o . 114 51-0234 Beckstead OC Collected bulk 0419 3.0 N

Carmel Valley Rd UC 1 250 8.0 Santa Barbara sample

San Diego

84 56-0318 Spruce Street OC (Replace) Collected bulk
sample

550257  Harbor Bivd UC (Widen) . K 150
Riverside

Orange 1 : 200 37
200 50
107 550414  Tustin Ave OC (Widen) Driled /6104 0 1. ? 200 16.0 ) Jackson St OC (Replace) Bulk sample
Orange : g r 200 16.0 Riverside collectad

108 53-1353 Coldwater Canyon “Driled 4604 049 16. 1 143 50 043P 75 5507 ot Cira e Fogias) il o
Los Angeles 04-8P 125 . sample.
o410 165 0440C 149 6D OMMEP 100 Los Angeles Driled 6/5-8/04 250 30 0423C 250 50 0423 55 40
. — _ . . i . . - B 260 650 04-24C 250 7.0 04-24P 75 40
Patterson Slough Drilled 6/17/04 . 04-11A 215 0411C 200 30 0411P 5.0 ~ - )
116 42-0398 Maple Ave UC Collected bulk 10.0

Fremont 04-12A 215 3.0 0411C 200 3.0 04-12P 5.0 1 sample
Fresno

110 350083  Route 101/84 SEP 04-14A 215 60 04-14C 280  04-14P 7.5
San Mateo 04413A 215 90  04413C 200 04-13P 7.5 O Tatal Count of Bridges Selected: 15 Total Counts: 26 Boreholes 22CPT's

*#) Depth is in ft below existig grade. Setback is distance in ft behind back face of abutment wall.

Abut Borings/SPT o CPT - PMT
Wall Depth Setback Depth Sethack Depth Setback
ID# Bridge No. Bridge Name, County Drilled Height No. (ft) (i) MNo. (ft) {ft) No. (ft) (fty
112 04-0236 Painter St Drilled 711/04 12.3 04154 155 5.0 0445C 140 4.0 04-15P 80 5.0
Humboldt 11.5 04-16A 140 40 04150 95 50 04-18P 125 20
12.3 04-16C 125 50

111 6B8-0215 Meloland Rd OC Driled 820004 130 (04-17A 215 30 04-17C 300 30 0417P 110 3.0
Imperial 130 0418A 215 25 0418C 40 30 04182 75 25
04.18P 115 2.5
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Finall Documentation Report

Research
Documentation
to Caltrans/UCSD
2005
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Field Bering Pregram: Documentation
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Verification off Compliance for New: Constructions

55414 Tustin Ave (Widen)

? . ScAlC = [:2p0
NoRTE ABuT ™ * ) TUsTvY Ave oc

Backfill Testing behind Bridge Abutment
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Seismic Cone Penetrometer Tests

ling Ftr

6-30-04, Painter St Bridge, West Abutment:>
First CPT attempt, 04-15, refusal at 9.5' depth.

Cone Penetrometer Testing with
Seismic Wave Velocity Measurement

Caltrans - PEER Seismic Si'a
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Pressuremeter Tests

Pressuremeter Test Result

Pressure (kPa)

0.10
Radial Strain (AR/R,)

Boring No.:|04-18P
Meloland Overcrossing, Abut#3
Locat|

Tost bate
TestDeptifrsn ]
[ Sol Type:[Silty Sand with Gravel |

CALTRANS-UCSD / Abutment Research

Project No:  02-165 Date : 12/22/2004

PR A In-hole Pressuremeter Testing
Caltrans - PEER Seismic Seminar

June 8, 2009 - Abutment Session 12




Soll Boring Logs

SPT | Meist Dry | Void | Poro- Sandi][Expan:
= _ Blow- Content | Density | Ratio | sity Grain Size Distribution Atterberg Limits Equi- | sion |Com-pactig U i Undrained Triaxial Direct Shear PMT
%ﬁ € | Boring | Sample Depth Soil Type count valent | Index
@ | 8§ | Ne | No Neer | w Pa e | n |Gravel| Sand| Fines ”s"::: LL|PL| Pl |plast| SE | El |pome| Wl | ps 5. ¢ | © | oo | Coom | Gus | Cus | Depth
(ft) (USCS) (bpf) (%) (pef) | () | (%) | (%) | (%) | (%) () (%) (%) (%)] () ) ()| tpef) | (%] | (pch) (ksf) (deg) | (ksf) | (deg) | (ksf) | (deg) | (ksf) | (ft)
B-0 0-5 |MUCL
D-1 8.00 [ML/CL 18 120.7[1.08/2.15/4.32| 6.9 | 0.92
04-11A S-2 10.00 |Sa. CL 12 15.5 0 30 | 70 f?ne 28 | 16 | 12 | med.
= D-3 12.50 |ML/CL 23 fine 121.8|1.73/3.46/6.91| 15.2 | 4.34
o S-4 15.00 |Sa. CL 32 15.7 0 15 | 85 fine |37 |17 | 20 | med.
o s D-5 20.00 [Sa. CL 19 18.7 107.7 | 0.56 | 36.08| 0 35 | 65 fine I-m
FA B0 05
2 K] D-1 250 [SMw/Gr 26 5.1 1259 | 0.34 | 2527 | 20 | 50 | 25 | coarse none
é < D-2 5.00 [Sa.CLw Gr 30 10.7 120.8 | 0.39 | 28.30| 10 | 30 | 60 | coarse low 5.0
s 04-12A S-3 7.50 |Sa.CL 15 15.4 0 25 | 75 f@ne med.
D-4 10.00 |Sa. CL 32 19.2 1158 | 0.45 | 3127 O 30 | 70 fine I-m 11.0
S-5 12.50 |SM w/ SP 32 18.3 0 25 | 75 fine | 38|26 | 12 | med.
D-6 15.00 |Sa. CL 45 15.7 107.6 | 0.57 | 36.13| 0 30 | 70 fine med.
S-7 20.00 [Sa. CL 19 21.0 0 30 | 70 fine med.
B-0 0- |Sa.CLw Gr 11.8 coarse med. 9
D-1 2.50 |SP 19 21.0 957 | 0.76 | 4320| O 95 | 5 | medium none
S-2 5.00 |SMw/Gr 10 | 70 | 20 | coarse none
D-3 7.50 |SP 10 5.8 89.8 | 0.88 | 46.70| 0 95 | 5 | medium none 75
S-4 10.00 |SP 2 7.3 0 95 | 5 | medium none
o 04-13A |D-5 12.50 |SP-SM 10 7.2 952 | 077 | 4349 0 90 | 10 | medium none
a ° D-6 15.00 |SP-SM 11 7.9 0 90 | 10 | medium none
S| & s-7 1850 |CL 81
= = D-8 20.00 [Sa. CLw/ Gr 27 7.6 1259 | 0.34 | 2527 | 10 | 25 | 65 | coarse med.
K] g S9 25.00 [SCw/ Gr 37 11.0 coarse I-m
3 ‘” D-10 30.00 |[CL-CH 39 28.2 946 | 0.78 | 43.85 fine m-h
x D-1 250 |SCw/Gr 45 6.7 1241 | 0.36 | 26.34| 20 | 55 | 25 | coarse low
D-2 7.50 |SC-SM 22 10.0 114.4 | 0.47 | 3210 | 10 | 60 | 30 | coarse low 7.5
04-14A D-3 10.00 |SC w/ Gr 7.3 5 60 | 35 | coarse |29 | 15 | 14 | low 125.1|1.37/2.73/5.47 | 22.8 | 1.28
S-4 12.50 [Sa. CL 26 8.6 0 35 | 65 | coarse I-m
D-5 15.00 |Sa. CL/SCw/Gr| 36 10.0 115.0 | 0.47 | 31.74| 20 | 40 | 40 | coarse low
S-6 20.00 [SM w/ Gr 24 16.4 0 65 | 35 fine low
B-0 0.00 |GW-GM 2.2 59 | 35 6 | coarse none | 43
S-1 2.50 |SP w/Gr 59 3.1 25 | 70 5 | coarse none
S-2B 5.00 |SPw/Gr 47 3.9 25 | 70 | 5 | coarse none 129.5| 0.87/1.01/1.3 | 433 | 0.13
B-3A 7.00 |SPw/CL 4.5 coarse none
04-15A [Comp. | 2.5-7 |SP 129.5 1.00 NA | NA
D-3B 7.50 |Sa.CL 32 19.9 3 35 | 62 | coarse |34 | 19 | 15| low 115.7 | 1.0/2.01/4.02 | 11.5 | 3.90 8.0
& 3 S-4 10.00 |CL w/ Sa. 16 16.4 medium med.
8 2 D-5 12.50 |CL w/ Sa. 18 21.0 116.2 | 0.45 | 31.03 coarse med. 116.2 1.07 0.0 | 7.75
.g g S-6 14.00 |ML 20 medium med.
o I B-0 0.00 |SP 2.2 35 | 60 | 5 | coarse none
S-1 2.5 |SP 63 4.2 25 | 70 | 5 | coarse none
D-2 5.00 |SP 90 4.1 1245 | 035 | 2610 20 | 75 | 5 | coarse none
04-16A [S-3A 7.50 [CL 19.6 0 20 | 80 fine med.
S-3B 7.50 |SP 11 5.8 10 | 85 5 | coarse none
D-4 10.00 |CL w/ ML 19 28.9 90.2 | 0.87 | 4646 | 0 25 | 75 fine | 42|27 | 15 | med. 115.2| 1.3/2.59/5.46 | 7.1 | 3.30
S-5 12.50 |CL 19 21.2 0 25 | 75 fine med. 125

Laboratory Testing of Samples
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Laboratory: Trrnaxiall Tests

UNCONSOLIDATED UNDRAINED TRIAXIAL TEST
ASTM D2850

Project Name: UCSD \ Abutment Research\Carmel Valley Rd UC\San Diego Co. Project No:
Boring No.: 04-1 Tested by: J.R Date:
Depth (ft): 8.5 Checked by: Date:

02-165
0721104 _

o o o
o N B

Sample No. 4A
Brown, SM/ML

Soil Description:

1

Sample Type: Remolded

Comments:

Diameter (in.): 2.429

Average: 2.430

Height (in.): 4.930

Average: 4.935

Moisture Content Calculation

Container (g) : No.

Wit. Wet Sample + Container (g) :
Wit. Dry Sample + Container (g) :

SKETCH/ PHOTO AFTER TEST:

Moisture Content (%) :

Density and Saturation

Container (g) :
Wet Density (pcf) :
Dry Density (pcf) :
Void Ratio :

% Saturation :

[~ Wt Wet Sample + Container (g) -

Gs=2.70 (assumed)

—_———

@ o

Deviatoric Stress {ksf)

o

Axial Strain (%)

Shear Stress (ksf)

Friction Angle = 24.1°|~
Cohesion = 3.5 ksf

Normal Stress (ksf}

Shear
Cycle

1, 2, 3

At Failure

Cycle 1, 2, 3

Confining Stress (ksf) :

1.14,2.3,4.6

Deviator Stress (ksf) :

12.29, 13.64, 17.12

Boring
No.

Soil Type

Moisture
Content
(%)

s(icmf. Mg)t(. Dev. Initial
ress "%5S Isaturation

(ksf) (ksf) )

Cycle1,2,3 | Cycie1,2,3

Deformation Rate (% / min) :

4

Eff. Minor Principal Stress (ksf) :

1.14,2.3,4.6

Failure Criterion:
the maximum deviator stress

Eff. Major Principal Stress (ksf) :

13.43, 15.93, 21.72

Brown, SM/ML

8.0

12.29,
13.64, 47.4
17.12

1.14,2.3,
46

Axial Strain (%) :

4.1,5.6,15.1

Determination of Cohesive Strengths - Silty Sand

Earth Mechanics, Inc.

## Geotechnical and Earthquake Engineering

June 8, 2009

Earth Mechanics, Inc.

G ical and Ear E

Project No. :

02-165 |  Date: 07/21/04

Caltrans\UCSD \ Abutment Research
UNCONSOLIDATED UNDRAINED TRIAXIAL TEST

(ASTM D2850)

Caltrans - PEER Seismic Seminar
- Abutment Session




Determination of Cohesive Strengths — Sand with Gravel

UNCONSOLIDATED UNDRAINED TRIAXIAL TEST
ASTM D2850

Project Name: UCSD \ Abutment Research\Painter Street, Humboldt Co Project No:  02-165
Boring No.: 04-15A Tested by: J.R. Date: 11/03/04
Depth (ft): 2.5-7 Checked by: Date: 11/03/04
Sample No. B-0, 8-1, 5-2B, 8-3A Sample Type: composite

Soil Description: Dense coarse sand w/ gravel Comments:

Deviatoric Stress (ksf)

1 2 3
Diameter (in.): Average: 2.862
Height (in.): Average: 5.750

e Content C. ion SKETCH / PHOTO AFTER TEST:
Wit. Wet Sample + Container (g) : e B
Wi. Dry Sample + Container (g) :

Container (g) : No.
Moisture Content (%) :

Friction Angle = 43.3°
Cohesion = 0.13 ksf

@«
=3

ied
o

Density and Saturation
‘Wt. Wet Sample + Container (g) :

»
o

Shear Stress (ksf)

Container (g) :
Wet Density (pcf) :
Dry Density (pcf) :
Void Ratio :

% Saturation : §
Gs=2.70 (assumed) ] : £ Nofmal Stres8 {ksf)

o

o

o
@

e
o

Conf. |Max. Dev.

Shear At Failure : Moisture Initial
Boring .
Cycle 1, 2, 3 Cyce 1, 2, 3 No. y Soil Type Content Stress Stress raturation

(ksf) (ksf)
Confining Stress (ksf) : 0.87,1.01,1.3  [Deviator Stress (ksf) : 4.33,5.04,6.18 (%) (%)
Deformation Rate (% / min) : 4 Eff. Minor Principal Stress (ksf): | 0.87, 1.01, 1.3 C”“(')el;‘;' 3 CVT;';' 3
Failure Criterion: Eff. Major Principal Stress (ksf) : 5.2, 6.04, 7.47 Dense coarse sand . .

(Composite] : X 1.01 5.04 35.9
the maximum deviator stress \Axial Strain (%) : 3.1,4.9,7.1 wi gravel 1.3 6.18

Earth Mechanics, Inc. Earth Mechanics, Inc

Y i » . Caltrans\UCSD \ Abutment Research
Geofechnical and Earfhquake Engineering d ical and Earth Engincering UNCONSOLIDATED UNDRAINED TRIAXIAL TEST.
Project No. : 02-165 I Date : 11/03/04 (ASTM D2850)
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Determination of Cohesive Strengths — Sand with Gravel

Table 4 SOIL TYPE CATEGORIES
CT-UCSD/ABUTMENT RESEARCH PROGRAM

[ spT
Blow-

Soil Type Categories count | Content

DENSE TO VERY DEMSE SANDS WITH GRAVEL

MEDIUM DENSE SILTY SANDS, SOME WITH y 21-52 116-127
o . e 0 o o

MEDIUM DENSE CLAYEY SANDS, SOME WITH medium 6-14 116-125 | 22.5-24

e - i H B .n.l o
STIFF-HARD CLAYS WITH FINE TO COARSE- N i 12-41 106-122

v GRAINED SANDS, SOME WITH SILTS X - . 14-29 90-116 l 25-35 | 62-75 .. 20-77 | 114-122 |17-22] 10)

NM=Not measured

Interpreted Backfill Properties

Caltrans - PEER Seismic Seminar
June 8, 2009 - Abutment Session 16



Most Significant Aspects of Backfill Property for Design

e Cohesive Strength Parameter for Design, Especially for Sandy and Gravely Soils
for the Seismic Load Case

——Ciy.H=0
—B— Ciy.H = 0.05
Che.H=0.1
Cle.H=0.15
—%— Ciy.H = 0.20
—8—Cfyp.H=025
—— Cfp.H=0.30

H= 10 iit

&= 25 deg
&= 16.66666867 deg
T = 100 pof

Influence of ¢ on Earth Pressure Coefficient for Cohesionless Soils
Caltrans - PEER Seismic Seminar
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How Reasonable is a zero ¢ Assumption?

Caltrans - PEER Seismic Seminar
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THANK YOU!

Caltrans - PEER Seismic Seminar
June 8, 2009 - Abutment Session 19




	Investigation of Soils Placed Behind Caltrans’ Abutments ���Caltrans-PEER Seismic Seminar�June 8, 2009 
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Database Compiled in Phase I
	Selected Drilling Sites for Phase II
	Site Explored Bridges in Phase II
	Final Documentation Report
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

