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Introduction
* Spatial variability
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Introduction

Method error

* Due to underlying assumptions in empirical methods

Correlation of measurement to unit resistance

Boring

Shaft Load test
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Example: boring in footprint of shaft
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Introduction

Method error
* Increases uncertainty in computed capacities

Method A

Method B

Method C

Measured Measured

Measured
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Load test
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Example: boring in footprint of shaft
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Background

* FDOT BDK 977-23 and FDOT BDV31 977-108
* Formulated geostatistical methodologies

* Compiled method error data

* Developed prototype and then design tools

FDOT BDK75 977-23 final report

FDOT BDV31 977-108 final report
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GeoStat design tool
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Objective

* Implement updates to geostatistical design tool
* Leverage previous FDOT research

* Compute axial design capacities of piles and shafts
* Reflect spatial variability and uncertainty
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Project tasks

* Task 1: Incorporate analysis of CPT data

Read-write of key variables
Generation of variograms
Population of analysis files for simulation

ldentify method error regressions
Software manual documentation

Deliverable: report

FDOT BD-545, RPWO #43 final report
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Project tasks

* Task 1: Incorporate analysis of CPT data
* Key parameters

* Tip resistance
* Sleeve friction
*  Friction ratio

* UF method, Schmertmann, LCPC _
* Method error FDOT BD-545, RPWO #43 final report
* FDOT BD-545, RPWO #43 final report, Tables in Ch. 4
* Approach from Faraone et al. (2021)
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Project tasks

* Task 2: Incorporate analysis of results from Measuring

Whlle Drilling (MWD)
Read-write of key variables

* Generation of variograms

* Population of analysis files for simulation[
* |dentify method error regressions
* Software manual documentation |

June 30, 2020

FDOT BDV31-977-31 final report @
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Project tasks

* Task 2: Incorporate analysis of MWD data
* Drilled shafts in limestone

* Key parameters
* Specific energy, e
* MWD estimates for rock properties such as g,

* McVay and Rodgers (2020)

* Rodgers et al. (2018)
o I\/Iethod error FDOT BDV31-977-31 final report

* Strong correlation to side shear (McVay and Rodgers 2020)
* Site-specific
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Recent progress: geostatistical analysis (MWD)

. Preparatory steps for stochastic simulation using MWD data

Y

----- Select empirical calculation method
MWD (Rodgers et al. 2018)

- Define soil/rock layers

~ Inspect profiles of MWD Parameters

Measured values of specific energy and MWD estimates of rock parameters

Assign layer properties Y

! Decide upon number of layers

! For each layer:

i 1 Assign top and bottom elevations
i | Assign layer type

: End of loop on layers

----- Generate variograms
For each limestone layer:

based on available pairs of (calculated) unconfined compressive strength
End of loop on layers

Use guidance in Chs. 2, 4, and 5 of the GeoStat Technical Manual to form variograms

Formation of layer variograms using MWD site data

[llustrative model file of MWD site data:

Northing (ft)

Plan View of Site

318198 T g | T ! : : :
O
-4.45477 -
O O
O O O
-12.0915 -
O O O
-19.7283 -
O O W
-27.365 - o ©
O
-35.0018 ' ' ! ' ' ! ' ' ! ' ' !
-19.0919 -11.4551 -3.81838 381838 11.4551
Easting (ft)

19.0919

86 c
00 10000 20000 30000 40000  5000.0

e (psi)

Plan view of MWD borings

Specific energy, e (psi)
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Task 2: geostatistical analysis (MWD)

. Preparatory steps for stochastic simulation using MWD data

Y

Select empirical calculation method
MWD (Rodgers et al. 2018)

- Define soil/rock layers

~ Inspect profiles of MWD Parameters

Measured values of specific energy and MWD estimates of rock parameters

-~ Assign layer properties

v

Decide upon number of layers
i For each layer:

Assign top and bottom elevations
Assign layer type

End of loop on layers

Generate variograms

For each limestone layer:
Use guidance in Chs. 2, 4, and 5 of the GeoStat Technical Manual to form variograms
based on available pairs of (calculated) unconfined compressive strength

End of loop on layers

Formation of layer variograms using MWD site data

e For Florida limestone (Rodgers et al. 2018):

e = 0.0066- q,* + 13.68 q,,

e Invert to produce MWD estimate, g, yyp:

—13.7 + ,/13.72 — 4- 0.0066 - (—e)

Qumwp = 2.0.0066

dc Mmwp = 0.436 - qu_MWDO.SZS

Note: all units in psi

e MWD estimate, g; vy (McVay and Rodgers 2020):



Task 2: geostatistical analysis (MWD)

. Preparatory steps for stochastic simulation using MWD data

Y

Select empirical calculation method
MWD (Rodgers et al. 2018)

- Define soil/rock layers

- Inspect profiles of MWD Parameters

Measured values of specific energy and MWD estimates of rock parameters

-~ Assign layer properties

v

Decide upon number of layers
i For each layer:

Assign top and bottom elevations
Assign layer type

End of loop on layers

Generate variograms

For each limestone layer:
Use guidance in Chs. 2, 4, and 5 of the GeoStat Technical Manual to form variograms
based on available pairs of (calculated) unconfined compressive strength

End of loop on layers

Formation of layer variograms using MWD site data

000
0000
0000
000
o0
®

:..,..‘ S|mu|ate RECMWD Values ......................................................................... .

o Prepare |ength INtervalsg « e, \

Given an elevation profile of measured values of e
From top to bottom, divide profile into n,, intervals
Assign 5-ft lengths to intervals 1...n;,,-1
Assign remaining length (<5 ft) to interval n,,,

. .
’, .
........................................................... ]..........................................................-’

- Estimate REC,;,p value within each interval -, .

Fori=1,n,,
A . . .

Determine n,: number of e values within interval
Initialize Ngeeep to zero
Forj=1,n,
A

If e' 2 threshold

naccept =n

End of loop onj
RECMWD - accept/ne
End of loop on ¢

.......................................................................................................................

accept + 1

03
...................................................................................................................................

MWD estimate of RECy,p
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Task 2: geostatistical analysis (MWD)

. Preparatory steps for stochastic simulation using MWD data

-~ Simulate RQDy,, values
i . Prepare length intervals

Y

Select empirical calculation method
MWD (Rodgers et al. 2018)

- Define soil/rock layers

~ Inspect profiles of MWD Parameters

Measured values of specific energy and MWD estimates of rock parameters

-~ Assign layer properties

v

Decide upon number of layers
i For each layer:

Assign top and bottom elevations
Assign layer type

End of loop on layers

Generate variograms

For each limestone layer:
Use guidance in Chs. 2, 4, and 5 of the GeoStat Technical Manual to form variograms
based on available pairs of (calculated) unconfined compressive strength

End of loop on layers

Formation of layer variograms using MWD site data

Given an elevation profile of measured values of e
From top to bottom, divide profile into n,, intervals
Assign 5-ft lengths to intervals 1...n;,,~1
Assign remaining length (<5 ft) to interval n,,

-~ Estimate RQDy,p value within each interval- . .

Eori =1, Ny
Determine n,: number of e values within interval
Initialize L;,, to length of i" interval
Initialize Lg,, and Lgop mwp tO zero
Forj=1,n,
If ej 2 €threshold
Mark jth entry as above threshold
End of loop on
Forj =2, n,
4 If entry j was marked as above threshold
Lsub: Lsub + Zj - Zj—7
Else
If Lsub 2 Lthreshold
Lrop mwo = Lrop mwo * Lsub
LSUb = O ft
End of loop on
RQDymyp = LRQD_MWD/ Lin
End of loop on {

MWD estimate of RQDy,p
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Task 2: geostatistical analysis (MWD)

. Preparatory steps for stochastic simulation using MWD data

................. properties; range of shaft embedment lengths; presence of limestone Iaye(_(s_)__.......---"':

Y

Select empirical calculation method

MWD (Rodgers et al. 2018)

- Define soil/rock layers

~ Inspect profiles of MWD Parameters

Measured values of specific energy and MWD estimates of rock parameters

-~ Assign layer properties

v

Decide upon number of layers
i For each layer:

Assign top and bottom elevations
Assign layer type

End of loop on layers

Generate variograms Y

For each limestone layer:
Use guidance in Chs. 2, 4, and 5 of the GeoStat Technical Manual to form variograms
based on available pairs of (calculated) unconfined compressive strength

End of loop on layers

Elevation (ft)

MWD estimate of qu

Elevation (ft)

MWD estimate of Rock Recovery

Formation of layer variograms using MWD site data

_86 - 4
-0 I 1 ' 1 ' ' 1 ' -0 ' ' 1 ' ' 1 ' ' 1 ' ' 1 ' '
0.0 100.0 200.0 300.0 400.0 0.00 0.20 040 0.60 0.80 1.00
MWD estimate of gu (tsf) MWD estimate of Rock Recovery
llustrative layer definitions 19
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Task 2: geostatistical analysis (MWD)

. Preparatory steps for stochastic simulation using MWD data

Y

----- Select empirical calculation method
MWD (Rodgers et al. 2018)

- Define soil/rock layers

~ Inspect profiles of MWD Parameters

Measured values of specific energy and MWD estimates of rock parameters

v

-~ Assign layer properties

! Decide upon number of layers

! For each layer:

i 1 Assign top and bottom elevations
i | Assign layer type

: End of loop on layers

----- Generate variograms

For each limestone layer:

based on available pairs of (calculated) unconfined compressive strength
End of loop on layers

Use guidance in Chs. 2, 4, and 5 of the GeoStat Technical Manual to form variograms

Variogram

Formation of layer variograms using MWD site data

Layer 4: MWD estimate of qu
S5
m}
[m]
o o
T . h Oom
é Lo O
= [m]
3. ]
sl
63 126 189 252 315
MWD estimate of qu (tsf)
Layer 4: Horizontal Variogram Layer 4: Vertical Variogram
i 2 e
5 -
- - | §|1 eattta - +*
¢ * E 000000‘*000“04000000”‘ Seees
N T R S ol
6 12 18 24 30 0 1 2 3 4 5
Lag distance (ft) Lag distance (ft)
llustrative variograms formed using q, mwp 20
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Task 2: geostatistical analysis (MWD)

* Stochastic simulation using MWD site data
* Leverage geostatistical approaches for drilled shafts in limestone

* FDOT BDK 977-23
* FDOT BDV31977-108

* Simulate numerous profiles of limestone parameters, including:
* q,
4
° recovery
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Task 2: geostatistical analysis (MWD)

Stochastic simulation using MWD site data (cont'd):
Calculate unit side friction (f,) using McVay et al. (1992)

* f.=05-./q, q; recovery

Integrate over candidate lengths of embedment for each profile

Produces collection of axial resistance profiles

Calculate resistance and variability Mean  Variance ~ COV

Variance

Mean :
Variance = ; :
coVv SN RN

Resistance factor (¢)

Elevation

Profiles of axial resistance data

First-order second-moment (FOSM), Styler (2006)
First order reliability method (FORM), NCHRP 507
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Project tasks

* Task 3: Conduct quality assurance (QA) testing
* Develop test input sets
« CPT
° MWD
* Add data validation checks
* Ensure integrity of data writes to simulation files
* Deliverables
° Report
* Beta version of software with CPT and MWD capabilities
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ask 3: Quality Assurance Testing

Plan View of Site
3.18198 e .
®
445477 -
O O
O O O
-12.0915 -
2
£ 0 o o) o
5
=
-19.7283 -
O O O
-27.365 - O O
O
350018 L
-19.0919 -114551 -381838 381838 114551 19.0919
Easting (ft)

e qt Rock Recovery
14 pog . . . 14 T — 14 ——
4 " ] 4
6 ] ] 5
-16 n - 16 i} 1 R ok
-26 = - -26 ~ - 26 7
= o = = o ] = I
< 36 o 1 Z 38 1 z 1 = 36
=1 =) o 1 S 1
3 ] 5 s 3 ]
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76 ] 76 B ] ]
86 - 1 86 - - -
S — 95 : : . : 96 : : : : .. iz
0.0 50000.0 100000.0 150000.0 200000.0 0.0 100.0 2000 3000 400.0 0o 10.0 200 300 400 0.00 020 040 0.60 080 1.00
e (psi) qu (tsf) qt (tsf) Rock Recovery

44,250 specific energy (e)
data points from 16 piles

Specific energy transformed into

gu, gt, and REC data points

-40 % oMWD
% O Benchmark
-45 2
o
[o]
50 %

3 3

c [e]

§=] 55 %

5 B
2 o]
w [o]

-60 g
[o]
o]
B
-65 2
o]
[¢]
o
-70 [a}

0 200 400 600 800 1000
Mean resistance (tons)

f from “e” vs.
benchmark f,
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Project tasks

* Task 4: Investigate methodology for effective radius
* Assess GeoStat capabillities to aid engineers in producing
estimates of zonal radii

* Focus on effective radius of test shaft data

* Applicability of LRFD resistance factors
* If identified as feasible:

* Obtain site data from Project Manager

° Build up illustration case

* Add feature to visualize radius on plan-view plot within program
* Document if not feasible

25

2



Project Tasks
* Task 4: Zonal radii

* Visua

lization

+-Hﬂ

Project Information  Profile

Project Information

Geostatistics Simulation Spatial Variability Method Error LRFD-®@

Project Number ‘ 1

Project Name ‘ACIP MWD Data

Engineer ‘ MD/MR

Date ‘ 2/18/2022

Plot Type MWD estimate of qu

@) Drilled Shaft

Table Edit Options

Foundation Member Type

() Driven Pile

Test Methods

Edit Selected Boring Data

Northing (ft)

Plan View of Site
T96811

-826.065 -

-855.319 -

-884.572 -

-913.826 -

-943.08 . . !
1241.01 12632

128539 1307.57 132976
Easting (ft)

1351.94

MWD estimate of qu

i
%D DD

Elevation (ft)

o
o o
O og o
og 0
i oBp g
-109 & o =)
-124 -
39
00 100 200 300

MWD estimate of qu (tsf)

400

Insert Rows 1 = Delete Rows
Accept Boring Changes
7 Example boring 17 13060000 -809.0000 100800 1 1
18 Example boring 18 016982 -815.1436 108100 1 1
19 Example boring 19 12073064 -821.2873 107400 1 1
20 Example boring 20 12030045 -827.4309 107400 1 1
21 Example boring 21 13121436 -813.3018 102900 1 1
22 Example boring 22 12092382 -831.7327 109400 1 1
23 Exampleboring 23 13182873 -817.6036 104600 1 1
24 Example boring 24 13139855 -823.7473 106800 1 1
25 Example boring 25 13096836 -829.8009 108600 1 1
26 Example boring 26 13053818 -836.0346 110100 2 1
27 Example boring 27 12800000 -910.0000 105200 2 1
28 Example boring 28 12756982 -916.1436 105400 2 1
29 Example boring 29 713964 -922.2873 106300 2 1
30 Brampleboring 30 12861436 -9143018 106600 2 1
31 Bxampleboring 31 12775400 -9265891 108500 2 1
32 Brampleboring 32 12022873 -9186036 110000 2 1
33 Bxampleboring 33 12879855 -924.7473 108400 2 1
34 Example boring 34 1283.6836 -930.8909 10.6400 2 1
35 Example boring 35 3229.4802 -1441.7770 4.0900 0 0
36 Example boring 36 32306535 -1449.1847 3.7400 0 0
37 Example boring 37 3231.8267 -1456.5923 34200 0 0
38 Example boring 38 3233.0000 -1464.0000 33900 0 0
39 Example boring 39 3236.8879 -1440.6038 29400 0 0
40 Example boring 40 3238.0611 -1448.0114 3.2400 0 0
41 Example boring 41 3239.2344 -14554191 33200 0 0
42 Example boring 42 32404077 -1462.8267 32700 0 0

Visualization of geological zones (shown for illustration only)
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Tasking 4: Zonal Radii — Excel Input File

AutoSave x, ¥ = ACIP MWD - 50 Praduction Piles - Specific Energy for Ge... » Last Modified: 7/28/2022 v P searc Autosve GED [F 9D ~ ACIP MWD - 50 Praduction Piles - Specific Energy for Ge... = Last Modified: 7/28/2022 v £ search
File Home Insert Page Layout Formulas Data Review View Automate Developer Help Acrobat Power Pivot File Home Insert Page Layout Formulas Data Review View Automate Developer Help Acrobat Power Pivot | 2 Comments |
51 - 5 R3 - 5
A B C D E F A B c D E F G H I J L M N o]

1 |This tab must be populated with data prior to loading GS-Deep. 1 |This tab must be populated with data prior to loading GS-Deep.

2 2

3 |Program Data Input Options _ |Units Value 3 |Depth  |Soil Type N. Blows qt (CPT) fs (CPT) Unit Weight |Cu e qu gt gb Em RQD Socket Roughness Rock Recovery
4 Version 0.01 4 [1]2]3]4]5] [0.0t0 1.0] [0]1 [0.0t01.0]
5 Time 1:12pm 5 ft]m blows/ft | blows/300mm |tsf | MPa tsf | kPa pef | kN/m~3 [tsf | kPa psi | kPa tsf | kPa tsf | kPa tsf | kPa ksi | MPa

6 Date 7/28/2022| 6 | 0.032808 4 92.05284683 2567.343856

7 seed 1] 7 | 0.065617 4 92.05284633 2567.343836

3 8 | 0.098425 4 92.05284683 2567.343856

9 Project ltem Input Options Units Value 9 | 0.131233 4 87.22345118 1785.129116

10 |Project Number 1] 10 | 0.164042 4 8722345118 1785.129116

11 Project Name ACIP MWD Data 11| 0.19685 4 86.88126996 1738.895452

12 Engineer MD/MR 12 | 0.229658 4 86.39176285 1674.621647

13 |Unit System [English | sI] ft | m English 13| 0.262467 4 86.39176285 1674.621647

14 F ion Type [Drilled | Driven] Drilled 14 | 0.295275 4 8294267039 1278.619286

15 15 | 0.328083 4 80.61109993 1060.320259

16 Boring Name Easting lorthing Ground Surface Include 16 | 0.360892 4 80.62141931 1061.209036

17 1|0 17 0.3937 4 80.62141931 1061.209036

18 it | m ft | m it | m 18 | 0.426508 4 80.90763517 1086.122317

19 |B7W-3-1 0.00 0.00 13.40 1 19 | 0.459317 4 80.90763517 1086.122317

20 B7W-3-2 -5.30 -5.30 13.40 1] 20 0.492125 4 80.54807118 1054.905964

21 B7W-3-3 -10.61 -10.61 13.46 1 21 0.524933 4 81.08755994 1102.045571

22 B7W-3-4 -15.91 -15.91 13.42 1] 22 | 0.557742 4 81.08755994 1102.045571

23 B7W-3-5 5.30 -5.30 13.51 1 23 | 0.59055 4 81.60802774 1149.26958

24 B7W-3-6 0.00 -10.61 13.52 1] 24 | 0.623338 4 80.53524414 1053.807076

25 B7W-3-7 -5.30 -15.91 13.54 1] 25 | 0.656167 4 81.22330856 1114.689545

26 B7W-3-8 -10.61 -21.21 13.58 1] 26 | 0.688975 4 81.22880856 1114.689545

27 B7W-3-9 10.61 -10.61 13.52 1] 27  0.721783 4 81.09603084 1102.800277

28 B7W-3-10 5.30 -15.91 13.50 1] 28 | 0.754592 4 81.8567586 1172.460744

29 B7W-3-11 0.00 -21.21 13.58 1] 29 0.7874 4 81.8567586. 1172.460744

30 B7W-3-12 -5.30 -26.52 13.51 1] 30 | 0.820208 4 8158971381 1147.578119

31 B7W-3-13 15.91 -15.91 13.55 1] 31 0.853017 4 81.52982169 1142.061835

32 B7W-3-14 10.61 -21.21 13.55 1] 32 0.885825 4 81.52982169 1142.061835

33 B7W-3-15 5.30 -26.52 13.53 1] 33 0.918633 4 81.90704527 1177.199189

34 B7W-3-16 0.00 -31.82 13.55 1 34 0.951442 4 84.22403689 1414.75845

35 B4-11-1 1,306.00 -809.00 10.08 1] 35 0.98425 4 87.02468704 1758.140766

36 B4-11-2 1,301.70 -815.14 10.81 1] 36 | 1.017058 4 87.02468704 1758.140766

37 B4-11-3 1,297.40 -821.29 10.74 1] 37 | 1.049867 4 87.02468704 1758.140766

38 B4-11-4 1,293.09 -827.43 10.74 1] 38  1.082675 4 87.02468704 1758.140766

39 B4-11-5 1,312.14 -813.30 10.29 1] 39 | 1.115483 4 87.02468704 1758.140766

40 B4-11-6 1,299.24 -831.73 10.94 1] 40 | 1.148292 4 82.19826877 1204.974501

41 B4-11-7 1,318.29 -817.60 10.46 1] 41 1.1811 4 82.19826877 1204.374501

42 B4-11-8 1,313.99 -823.73 10.68 1] 42 | 1.213308 4 8219826877 1204.974301
43 |B4-11-9 1,309.68 -829.89 10.86 1] 43 | 1.246717 4 79.96635907 1006.070251

» 1. Project Information | 2.Profile | 3.Geostatistics | 4. Simulation 5. Spatial Variabilty | 6. Method Error | 7. LRFD-phi » 1. Project Information 2.profile | 3. Geostatistics | 4. Simulation 5. Spatial Variabilty | 6. Method Error | 7.LRFD-phi | BTW-3-1 | BTW-3-2 | BTW-3-3 | B7W-3-4 | B7W-3-5 | BTW-3-6 | BTW-3-7 | BIV .. & ]
- = = E E - = = = m =
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Task 4: Zonal Radii — 17 Boring Locations

o [
o | \\

-400 Region of interest
-600
-800
-1000
-1200
-1400

-1600
-500 0 500 1000 1500 2000 2500 3000 3500
Easting (ft)
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Northing (ft)
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-10 X X X
-15 X X X X

-20 X X X

25 Test shaft x X

-30 .
X
35 location

-40

Northing (ft)

-70 -60 -50 -40 -30 -20 -10 0O 10 20
Easting (ft)

Lag distance & number of lags is iterative

For each iteration of lag:

Horizontal
Tolerance = % lag distance

Bandwidth = 2 ft

Vertical
Tolerance = %2 lag distance

Bandwidth = O ft
30

20
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o
X

Northing (ft)
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I variogram ordinate

1Ca

rt

(5}

\Y

1.2

1

0.8

0.6

0.4

0.2

1.4
1.2

0.8
0.6
0.4
0.2

(¢] o
O
o o o o o O
o Layer4
.......... Unlty
0 5 10 15 20 25 30 35 40 45 50 55 60
Lag distance (ft)
(@)
o ° o
o (@)
5 o L O.eveeed
o
O
o Layer4
.......... Unlty
0 2 4 6 8 10 12

Lag distance (ft)

®
28
¢BS|

Bridge Software Institute



Task 4: Zonal Radi
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Project tasks

* Task 5: Technology transfer
* Leverage sample projects in FDOT BDV31-97-108

* Web-based
* Delivered to FDOT district engineers

° Two sessions
* Theoretical basis and driven pile sample project (2 hrs)
* Dirilled shaft sample project and Q&A (2 hrs)
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Project tasks

* Deliverable 5: Technology transfer materials
* Zip-file package

Slides
Models

 Variograms are used in geostatistical simulation

Role of variograms in
unconditional simulation

- Prepare simulation parameters .

-~ Generate geometric grid e
i Vertically divide layers into 0.5-ft increments

~- Generate covariance Matrices .

Eori = 1, ”fayers
[Aue,] = {elevation}-{1}T - ({elevation}-{1}T)T
i ol = (D / 0,203+

27

C]jk =1- Vtheoret{m!([hnorm]jk) <
i Form [L] as Cholesky factorization of [C]
i End of loop on i

~ Generate variograms

A

For i =1, Nigyers _
© Form vertical variogram

A

Variogram ordinate
[}

—\/ertical .

Lag distance

| Storea,
. Store other feature values

End of loop on i

\]

lllustrative technology transfer content for variogram generation
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Project tasks

* Task 6: Draft final and closeout

teleconference
* Deliverable 6.1: draft final report

* Deliverable 6.2: Closeout
teleconference

* Task 7: Final report
* Deliverable 7: Submission of final
report

Geotechnical Research
Report 2022/0215606
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w
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°
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University of Florida

UF

S A

Final Report

Geo-statistical Deep Foundation
Software

Principol investigator
Michael T. Davidson

Bridge Software Institute

Engineering School of Sustainable Infrastructure & Environmen

College of Engineering
University of Florida

P.O. Box 116580
Gainesville, Florida 32611

Sponsor:
Florida Department of Transportation (FDOT)

Project Manager
Rodrigo Herrera

Contract:
FDOT BDV31-977-143
UF Project No. 0215606

Deliverable 7, Janu

T O R

sary 2023

t
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Outline
° Introduction and background

* Project objective

° Project tasks
° Summary
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Summary of research conclusions

* For predicting axial capacities of deep foundation
members, geostatistical approaches offer benefits
over deterministic approaches

* (GeoStat software contains features encompassing
numerous types of site investigation methods and
Is capable of predicting axial capacities of deep
foundation members in various soil/rock media

* Site-specific (or zone-specific) resistance factors (¢),
when Owner-approved, can contribute to more
uniform levels of conservatism
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Implementation items

* Updated version of GeoStat available to practicing
engineers at bsi.ce.ufl.edu

* Maintained by BSI

Product Solutions

FB-MultiPier GeoStat Atlas
N
>~ @
h ®
. 6
Version 1.1.0
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Implementation items

.

&BS|

Bridge Software Institute

Help Manual

.

<BS|

w

Bridge Software Institute

Technical Manual

36

o
4
s
”m
&
gm
g
o |

.

£
7
5



Recommendations
* Use of GeoStat in design applications

* Expansion of MWD-based analysis
* Sand and clay soils

* Custom correlations to geotechnical parameters

* Automation of several procedures
* Layer-specific unit weight input parameters

° Layer detection

* Detection of zones
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FDOT E-SSIE

r ] ™ Engineering School of Sustainable
Bridge Software Institute Infrastructure & Environment
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