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DIGGS 2.0

data interchange for geotechnical and geoenvironmental specialists

DATA INTERCHANGE FOR GEOTECHNICAL
AND GEOENVIRONMENTAL SPECIALISTS




DIGGS 2.0 — Almost There

IMPLEMENTATION AND TRANSITION OF DIGGS
@© Contract between Ohio DOT and ASCE-GI
@%$80,000, October 2013 — October 2016

Oversee conversion from DIGGS 2.0a to DIGGS 2.0

Transition DIGGS data schema and data dictionary
ownership and management to ASCE-GI




DIGGS 2.0 — Almost There

If you can process it into one or more formats without re-entering it

0]§
without using multiple cut and paste operations




DIGGS 2.0 — Almost There

Currently ODOT has a GlIS-based system for its
geotechnical information
How do we get georeferenced data?

©ODOT produces 5-10% of its data — the rest is consultant
generated




DIGGS 2.0 — Almost There

HyperText Markup Language, HTML
© Standard language used to create web pages

©@Web browsers can read HTML files and render them into visible
or audible web pages.




HTML




What is our HTML?
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What is our HTML?
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DIGGS 2.0 — Almost There

Extensible Markup Language, XML

® Text based (human readable) format used to share data on the
internet

With DIGGS XML Schema (like a schematic) and data dictionary

e \Web-brewsers Software/map services/equipment can read
HTHMLE DIGGS XML files and render them into visible, eraudible

useable and geospatial webpages information.




What is our HTML?

HoleBASE'SI

OOOOOOOOOOOO

{\ AUTODESK.



Data Transfer
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Data Transfer
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Remaining Challenge — Creation of DIGGS Data




ODOT’s GeoMS

Home 1 Maodeling Legs & Diagrams

L gINT

Envirclnsite HoleBASE LegPlot | Cther |

e EQuIS for gINT | EQuIS LogPlot Interface

PROJECT | POINT | ABANDONMENT | LAB SPECIMEN | ¢

= EQuIsfor gINT PointID  Depth ¥ Liguid_Limit 7 Plastic_Limit
EH EQuIs LogPlot Interface B-001-0-16 1.5 34 20
B-001-0-16 3.5

B-001-0-16 B

Recent ODOT Geotechnical Projects - Midwest Geotechnical Conference




DIGGS Feedback (Conversion) Tool
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HoleBASE'SI =1 Bentley

DIGGS Feedback Tool
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DIGGS 2.0 — Almost There

What data do we collect?
How do data providers produce the data?

What do we do with the data when we get it?




DIGGS 2.0 — Almost There

Define the data
Make the change internally — Goal mid-2017

Make Consultants Submit the Data (Starting
1/1/2018ish)

Use the Data

Enforce Enforce Enforce Enforce Enforce Enforce




Making it Happen

DIGGS Consortium
Advisory Panel
Sponsoring Members

The Future
Full implementation in software
Integration with hardware vendors
Integration with analysis tools
Expansion of the dictionary

ANSI Standard (AASHTO)

GEO-

RSN INSTITUTE



Subgrade & Chemical Stabilization
Research




Chemical Stabilization of Subgrades

Benefits of Global Chemical Stabilization:

mprove budget accuracy

~acilitate scheduling by identifying all subgrade work at time of
ofo

Reduce or eliminate construction arguments, issues, and
claims related to subgrade

® Increase productivity by providing a stable platform for the
Contractor

© Cost of global treatment is cheaper than localized undercuts




Chemical Stabilization of Subgrades

Benefits of Global Chemical Stabilization Cont’d:

® Allow work on subgrade immediately after a rain, reducing
weather delays

©@ Provide a uniform and superior subgrade for the pavement,
improving performance and durability

® Analysis found that cost of global chemical stabilization was
equal to (or cheaper) than cost of performing localized

undercuts




Chemical Stabilization of Subgrades

ODOT Construction Awards (*Excludes Design-Build)
$12.6 million per year - chemical stabilization
$1.3 million per year - subgrade undercuts

Incorporating Chemical Stabilization of the Subgrade
In Pavement Design and Construction Practices

© Demonstrated that global chemical stabilization increases the
stiffness of the subgrade and the effects are long lasting




Chemical Stabilization of Subgrades

Incorporates global chemical stabilization via the
following pavement design formula:

M. s = 1.36 * M,

M. ccs = Improved subgrade resilient modulus due
to global chemical stabilization (psi)

M, = Subgrade resilient modulus of the native soll
(psi)




Chemical Stabilization of Subgrades

ODOQOT requires global chemical stabilization of
subgrades for all Interstates and other divided
highways with four or more lanes more than 1-mile

Only exception - soil with sulfate content greater
than 3,000 parts per million (ppm)













Problems with Chemical Stabilization of
Subgrades

High Sulfate Content in Solls

»Pavement Heave

» Potential loss of strength gain (example - CBR of 9% a few
months after stabilization)

High Moisture Contents (30-40%)




Problems with Chemical Stabilization of
Subgrades

Since 2011, ODOT has undertaken 6 additional
research projects involving issues with chemically
stabilized subgrades

» Role of Sulfates on Highway Heave in Lake County, Ohio

»Assessment and Treatment of Sulfate-Bearing Soils in Ohio

»Lab Testing of new Stabilization Chemical to Prevent Sulfate
Heaving




Problems with Chemical Stabilization of
Subgrades

Additional...

» Effects of Pre-Treatment of High Sulfate Content Solls Prior to
Cement Stabilization

»Lab Testing of Polymer-Based Soll Stabilizing Agents to
Prevent Sulfate Heaving

New:

» Condition Evaluation of In-Service Chemically Stabilized
Subgrades in a High Sulfate Environment




Problems with Chemical Stabilization of
Subgrades

Summary of Findings:

© Sulfate concerns are real but still require an ownership risk
assessment

© Cost of potential pavement repairs vs. switching to undercuts —
proceeding with chemical stabilization and repairing any
localized pavement areas still significantly cheaper (plus
schedule impacts)

© Sulfate content > 3,000 ppm - threshold for concern
© Sulfate content > 8,000 ppm — eventual “critical” value?




Problems with Chemical Stabilization of
Subgrades

Research on Alternatives to Current Practice

® Pretreatment (Lime Kiln Dust)
©Non-calcium based stabilization alternative
© Supplemental additive to the calcium based chemical




Problems with Chemical Stabilization of
Subgrades

Summary of Findings:

® Pretreatments and supplemental additives - minimal (if any)
benefit in terms of reducing expansion and were not
recommended for implementation

@ Non-calcium based stabilization alternatives could not achieve
the minimum necessary strength gain when tested following
ODOT'’s current specifications




Additional Research

Validation and Calibration of Finite Element Model of
Forces in Drilled Shaft Supported Turned-back Wingwalls

Understanding the Soll Plugging Mechanism in Large
Open Ended Pipe Piles

Pile Driving Setup for Ohio Solls

© Goal Is to predict the magnitude of setup or driving loss that
can be anticipated during construction in order to account for it

In design




Recent Geohazard Projects

WYA-23-9.30 (Landslide Repair)
LAW-52-11.53 (Rockfall)

PIK-CR 50 (Retaining Wall Failure)




WYA-23-9.30

Interchange with US 30 - constructed in 2001

Ramp B
Westbound US 30 to Southbound US 23

3 landslide locations

Last officially inventoried in 2014 — low to moderate risk of
reaching the travel lane

No easy method for District 1 to perform maintenance
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Design

District had planned to flatten existing 2:1 slopes to
approximately 2.5:1

Recommended adding alternate repair methods to
construction plans (“surgical” options)

ORI ES

©Plate Piles (selected option after bids were reviewed)




Plate Pile/SRT System

Piles can be galvanized or black steel

Can be angles or S-shaped

Lengths can vary from 6 to 16 feet

Installed Iin staggered grid pattern

Impact or vibratory hammer (attached to excavator)




SRT System Concept

Mobilize the strength of the soil through arching and
transmit slide forces to the underlying stiffer soll

Downslope force on each pile is resisted by the
bending strength of the pile shaft in combination
with the passive resistance of the soil behind the

plate




Final Design

Failure Depths estimated to be 3.5-6.5 feet deep
Pile lengths 12-15 feet (lengthened by ODOT)

4 feet on center in horizontal direction

5-8 feet upslope spacing

Plate varies in height from 36-66 inches (H x 12” x
1/4!!)




Challenges

New technology — limited number of licensed
installers (17?) that are also ODOT prequalified
contractor

Difficulty achieving full embedment in hard silt and
clay

Pay item dispute — SY vs. Each vs. Lump Sum

Cost savings uncertain
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LAW-52-11.53 Rockfall
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MNatural Bluff -
Lower Kittanning
Sandstone

Remediation Option 1A: Mine Grouting
(West of Crabtree Hollow)

Middle Kittanning
Coal, Underclay, &
Shale

Lower Kittanning Goal
- Room and Pillar
(location unknown)

Lower Kittannning
Underclay and
Interbedded units

Valley Stress Relief Joint -
Location Varies

Mine Grouting

Reinforced Shotcrete ] E
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PIK-CR50 Retaining Wall Failure

MWGC 2016




Retaining Wall Failure
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Retaining Wall Failure

11/08/2013

MWGC 2016




Retaining Wall Failure

MWGC 2016




Retaining Wall Failure

January 2011 ER Event

County hires design and geotechnical consultants
RR right-of-way above/below road

ODOT administered construction completed 9/2015
Failure occurred 4/26/2016




Retaining Wall Failure
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Retaining Wall Failure

MWGC 2016
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etaining Wall Failure

04/26/2015

MWGC 2016




Retaining Wall Failure

MWGC 2016




Retaining Wall Failure

MWGC 2016




Retaining Wall Failure
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Retaining Wall Failure

MWGC 2016




Retaining Wall Failure
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Retaining Wall Failure

MWGC 2016




Retaining Wall Failure

PIK-CR50-0195 Existing Condition Drained

Sail Soll  Total Saturated Cohesion Friction Pore Pressure Piez.
Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No. (pcf) (psf) (deg) Param.
115.0 240 0.00
98.0 K 240 0.00
135.0 5. 240 0.00
100.0 . . 26.0 0.00
108.0 X 320 0.00
145.0 b5 300 0.00

STIFCOLU
SOFTCOLU
SOFTROCK

SOFTALUY
LOOSSAND

WEAKROCK

[=_R 4 VY )

#
a
b
[
d
[
f
g
h
i

100 150 200 250 300

GSTABL7 v.2 FSmin=1.100
Safety Factors Are Calculated By The Modified Bishop Method

MWGC 2016




Retaining Wall Failure

PIK-CR50-0195 Existing Condition Drained

Sail Soil Total Saturated Cohesion Friction Pore Pressure Piez.

Desc. Type Unit Wt. Unit Wt. Intercept Angle Pressure Constant Surface
No.  (pcf) (pcf) (psf) (deg) Param.
STIFCOLU 1 1150 1250 150.0 240 0.00
OFTCOLU 2 98.0 108.0 125.0 240 0.00
SOFTROCK 135.0 1450 125.0 240 0.00
SOFTALUV 100.0 110.0 26.0 0.00
LOOSSAND 1080 1180 | 0 0.00
WEAKROCK 1450 1550 3 0.00

#
a
b
C
d
e
f
g
h
1

Ao
coooooogool
gy =R =1=1=0=]
SSooo®ude

100 150 200 250 300

GSTABL7 v.2 FSmin=1.000
Safety Factors Are Calculated By The Modified Bishop Method

MWGC 2016




Retaining Wall Failure




Retaining Wall Failure

The force required to bring the models to the
specified FS Is as follows:

Initial FS Final FS Force (Ib/ft)
1.100 1.300 22,900

1.000 1.100 13,500

At 6-ft spacing and 20° angle, unfactored load per
anchor = 147 kips




Retaining Wall Failure

Considering a combined load/resistance factor = 2.5
® Factored anchor load = 365 kips
®Design anchor load = 65 kips




Retaining Wall Failure

8-002-2-11"
T SHEAR FAILURE SURFACE

L]

RS

RS

STIFF COLLUVIUM

8-002-0-1  B-002-1-1

#
-

WEAK RCCK

WEAK ROCK

MWGC 2016
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Large Diameter Open-End Pipe Piles
at TUS-36-12.05

Alexander B.C. Dettloff, P.E.
State Foundations Engineer
Division of Engineering
Office of Geotechnical Engineering
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APPR SLAB

CIP CONC. PILES
ST. LENGTH = 50° |

‘2. I X 12’CONL' PILE™

v\/“ (TP @ JEUT)

Sihe
o

EX. IMHER PILE
“'— (TYP @ PIERSIf

BRIOGE LIMITS = 533.50"

15°-0" C/C BRGS.

Hio 828.41

487 DIA OPEN-ENDED
STEEL PIPE PILE

PIER | EST. LENGTH = 40°
PIER 2 EST. LENGTH = 50"

TUS-36-1205 Bridge

92'-0" C/C BRGS.
@ PIER 4

amcs
BE REMOVED)

NoRMAL WATER 3. lb‘ EL. 819.20 | _EXISTING |

= 48" DIA, OPEN-ENDED —. GROUND |

STEEL PIPE PILE
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o
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EX. TIMBER PILE f
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Design 500-Year Scour

Predicted 15.8 feet of scour

Pler Top Elevation = 833.30 feet

River Bottom Elevation = 809 feet

Design Scour Elevation = 793.2 feet

Piers must stand 40.1 feet cantilever in the Extreme I
Limit State!

Scour Controls the Design!




BIVER BOTTOM E1 . 8G9
LOOSE SAND AND GRAVEL

MEDIUM DENSE TO DENSE SAND AND GRAVEL

MEDIUM DENSE TO DENSE SAND AND GRAVEL

MEDIUM DENSE SAND AND GRAVEL

e Bridge Foundations: Drilled Shafts




e Bridge Foundations: Conventional Pile Cap Piers

s




inches
-— 16inc
/’

Bridge Foundations: A-Frame Capped Pile Piers




24 inches

e Bridge Foundations: Conventional Capped Pile Piers

s




/ RESTRICTOR (PLUG) PLATE

Yy 2

> SOILPLUG

X

e Bridge Foundations: Large-Diameter Open-End Pipe Piles

s




Restrictor (Plug) Plate
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99

G50

puslifitnnw 2 |ju b |l v (Bl

1
8
7.
oA
MCRE
n
Jokgl s
&9
21
23]
7
G
35
21
401
38|
34
EZ]
27
EZ]
2r
2]

g
M

A\ i I..-’l.

e
T

00

]
1
~

.

SFiiE

B IEF ‘P [EriT]
: Fh, S
[Fesmy

N -,

BRIDGE LIMITS = 533,56

“:rrrrrr
D)
e
@)
&
Y
[ o
|ll...|!ﬂl..l..".“. x S
<
e~
~= ~
H D 1
; e wET Ne
4 . ] .fr{.\\m..“r.l m ﬂ_(u
" i +—t L
m_ | \\:ll.;,L\\ R 3 U
(1}
_ g iEn —~
_ 0o
_ . i H
: A iH
5 1 | s
- —— g — e :||||
-r.r m_ |® i iy
e = - s+ Y B e vy 3
m*IHHHHJ e | e e e / S
= T —_ e T N i i
i ..hn..n.um.w_m.mm -~ g
I | .m.
e 1 -
B el e R I AR LJi mn
- '
M, [ !
.H —_ mu..wnw,fun .ld”_ n 1 et S5°0F8
q s iE
mw S8 TER _ m 4 a5 g
N g
Mu,ma__ ddmenhebxhn X% ol oz x§ "
e
emm_susr;mwuxnx =
FEREH




Current Project:

TUS-36-1205 over Tuscarawas R.

o)
o)
o)

Now Initial design includes restrictor plate
Ordered additional 6x 15" lengths of pile

Designed piles by APl (American Petroleum
Institute) Method

FHWA Method (Nordlund/Tomlinson) is
uncalibrated for piles larger than 20 inches

APl Is conservative with both design equations
and selection of cohesionless soll properties (¢)




Nominal Resistance versus Depth

Resistance (kips)
2000.00 3000.00 4000.00 5000.00 6000.00 8000.00
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—— API Side Resistance —— API End Resistance —— API Total Resistance
—— DRIVEN Side Resistance —— DRIVEN End Resistance DRIVEN Total Resistance

API versus FHWA DRIVEN




TUS-36-1205

Pier 4 UBV = 1316 kips = 43.3 feet

o 0 0 O

()

Round up to 45 feet per BDM 303.4.2.1.A
Order Length 50 feet per BDM 303.4.2.1.B
Assumes ¢,,=0.70 per BDM 202.2.3.2.b

®qyn=0.70 Is typical for ODOT designs with
Dynamic Load Testing of 2% of driven piles

Prebid question: “Can’t we use a higher
resistance factor? We have 100% Dynamic
Load Testing and a Static Load Test.”




TUS-36-1205

Revised Resistance Factor and UBV

® Per AASHTO LRFD Table 10.5.5.2.3-1, we can
use ¢4,,=0.80 with a Static Load Test and

Dynamic Load Testing of 2% of driven piles

® Since we have a Static Load Test and Dynamic
Load Testing of 100% of driven piles, we
increased this to ¢g,,,=0.85.

© New target UBV = 1090 kips

© But we did not revise (shorten) pile lengths




Pile Instrumentation




-
@)
=
av]
-
o
Q
s
=
i
)
2
o
|
Q
—
Ay







Pile Instrumentation
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CPT Exploration
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Office of Geotechnical Engineering
Geology, Exploration and Laboratory Section
http://portal.dot.state.oh.us/Divisions/Engineering/ Geotechnical

Project: TUS-36-12.01 CPT: C-001-0-16
Location: Tuscarawas County Total depth: 55.12 ft, Date: 3/30/2016

Cone resistance Sleeve friction 1 Pore pressure u Soil Behaviour Type SET Index

Clay

Organic sail
Organic soil
Clay

Organic soil
Clay

Organic soil
Organic soil

Clay

Sand & silty sand

Sand & silty sang

Sand

Sand
Sand & silty sang
Sand
Sand & silty sang

Sand
Sand
Sand

54 Sand & silty sang

T T T T T T T L
100 200 300 400 1 2 -5 0 5 10 15 20 25 02 4 6 8 1012141618
Tip resistance (tsf) Friction (tsf) Pressure (psi) SBT (Robertson et al, 1986)

CPeT-IT v.1.7.6.19 - CPTU data presentation & interpretation software - Report created on: 4/1/2016, 2:08:49 PM
Project file: C:\Users\jbinkley\Desktop\TUS-36-12.01\TUS-36-12.01_IM.cpt

C-001-0-16 at Pile 34




Office of Geotechnical Engineering
Geology, Exploration and Laboratory Section
http://portal.dot.state.oh.us/Divisions/Engineering/Geotechnical

Project: TUS-36-12.01 CPT: C-003-0-16
Location: Tuscarawas County Total depth: 55.12 ft, Date: 3/30/2016

Cone resistance 2 Sleeve friction Pore pressure u Soil Behaviour Type SBT Index

Clay
Organic soil

Clay
Clay

Clay
Organic soil

Clay & silty clay

Sand & silty sang

Sand & silty sang

Sand

Sand & silty sand

Sand
Sand & silty sand

Sand
Sand

Sand
504

52 Sand & silty sang
544 544 Sand

LA R e p e | T T T T LI e e e e e e p ey g
o i00 200 300 400 1 2 3 -5 0 5 10 15 20 25 0 2 4 6 8 1012141618
Tip resistance (tsf) Friction (tsf) Pressure (psi) SBT (Robertson et al, 1986)

CPeT-IT v.1.7.6.19 - CPTU data presentation & interpretation software - Report created on: 4/1/2016, 2:12:19 PM
Project file: C:\Users\jbinkley\Desktop\TUS-36-12.01\TUS-36-12.01_IM.cpt

C-003-0-16 at Pile 35




Office of Geotechnical Engineering
Geology, Exploration and Laboratory Section
http://portal.dot.state.oh.us/Divisions/Engineering/Geotechnical

Project: TUS-36-12.01 CPT: C-002-0-16
Location: Tuscarawas County Total depth: 57.22 ft, Date: 3/30/2016

Cone resistance . Sleeve friction " Pore pressure u Soil Behaviour Type SBT Index

Clay & silty clay
Clay
v Organic soil

T Clay
Clay
Organic sail

Sensitive fine grai

Sensitive fine grai

Sensitive fine grei

Depth (ft)

Sensitive fine grai
424

44
46
48+
504
52+
54 54 54
56 56 56

F T T T T L L B | §, T B W TTrrrrrrrrr T |
0 io0 200 300 400 -5 0 5 10 15 20 25 02 4 6 8 1012141618
Tip resistance (tsf) Friction (tsf) Pressure (psi) SBT (Robertson et al, 1986)

CPeT-IT v.1.7.6.19 - CPTU data presentation & interpretation software - Report created on: 4/1/2016, 2:10:51 PM
Project file: C:\Users\jbinkley\Desktop\TUS-36-12.01\TUS-36-12.01_IM.cpt

C-002-0-16 “at Anchor Pile 1”
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Office of Geotechnical Engineering
Geology, Exploration and Laboratory Section
http://portal.dot.state.oh.us/Divisions/Engineering/Geotechnical

Project: TUS-36-12.01 CPT: C-004-0-16
Location: Tuscarawas County Total depth: 57.41 ft, Date: 4/21/2016

Cone resistance . Sleeve friction " Pore pressure u Soil Behaviour Type SBT Index

q 2 Clay & silty clay

Clay

Sensitive fine grai
Sensitive fine grai

Clay & sitty clay

Sand & silty sand

Sand
Sand & silty sand

Sand & silty

Sand

Sand & silty

Sand & silty sang
Sand
Sand & silty

44 Sand & silty sand

Sand
46 Sand

Sand & silty
48 Sand
Sand
Sand & silty sang
Sand & silty sang
Sand

50+
524

a and & silty
56 Sand

S —te e
0 100200 300400500600 =10 o 10 20 30 02 4 6 8 1012141618
Tip resistance (tsf) Friction (tsf) Pressure (psi) SBT (Robertson et al, 1986)

C-004-0-16 at Pile 33




Office of Geotechnical Engineering
Geology, Exploration and Laboratory Section
http://portal.dot.state.oh.us/Divisions/Engineering/Geotechnical

Project: TUS-36-12.01 CPT: C-005-0-16
Location: Tuscarawas County Total depth: 64.30 ft, Date: 4/21/2016
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Geology, Exploration and Laboratory Section
http://portal.dot.state.oh.us/Divisions/Engineering/Geotechnical

Project: TUS-36-12.01 CPT: C-006-0-16
Location: Tuscarawas County Total depth: 67.78 ft, Date: 4/21/2016
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C-006-0-16 at Anchor Pile 1
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Driven Piles
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Dynamic Pile Testing

© End of Initial Drive (EOID)
® Target UBV = 1090 kips
© Pile 33 EOID =900 kips (83%)
© Pile 34 EOID = 900 kips (83%)
® Pile 35 EOID = 770 kips (71%)
© Pile 36 EOID = 848 kips (78%)

® Anchor Pile Static Estimate = 560.64 kips
® Anchor Pile EOID = 379 kips (68% of Static)




Dynamic Pile Testing

© 3-day Restrike Testing (BOR)

© Hammer Malfunction
© Testing Aborted |




Dynamic Pile Testing

14-day Restrike Testing (BOR2)
® Target UBV = 1090 Kips
® Static Estimate = 1316 kips
® Pile 34 BOR2 = 1290 kips (98% of Static)

® Anchor Pile Static Estimate = 560.64 kips
® Anchor Pile BOR2 = 545 kips (97% of Static)




Nominal Resistance versus Depth

Resistance (kips)
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API Nominal Resistance versus Dynamic Test Results
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Nominal Resistance versus Depth

Resistance (kips)
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Static Load Test
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Static Load Test Preliminary Results
ODOT 621(15) Pier 4 Pile 34

Load vs. Displacement
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Static Load Test Preliminary Results
ODOT 621(15) Pier 4 Pile 34

Load vs. Displacement
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APPLIED LOAD

STRAIN INDICATOR READINGS
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Static Load Test Results
ODOT 621(15) Pier 4 Pile 34

Load vs. Displacement - all measurements
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Static Load Test Results
ODOT 621(15) Pier 4 Pile 34
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