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“BIM-enabled” Operations and Maintenance

PAS 1192-3:2014

Specification for information management
for the operational phase of assets using
building information modelling
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Relationship with other publications
This PAS builds on the existing code of practice for the

collaborative production of architectural, engineering “ .
L. i - — LEVEL 1

and construction information, defined within

BS 1192:2007. DESIGN

It is a companion document of, and refers heavily to
PAS 1192-2:2013, Specification for information

management for the_capital/delivery phase of “LEVEL 2"
construction projects using building information CONSTRUCTION
modelling.

It also refers heavily to the BS ISO 55000 series, Asset
management, PAS 55:2008, Asset management, and to
existing facilities management standards BS 8210:2012 > “LEVEL 3"

and BS 8587:2012. BS 8536:2010 and BS 8572:2011
have also been useful source documents in relation to OPERATIONS

facilities management. -4
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Presentation Notes
So BIM levels. These have been driven to a large extent by and building on BS 1192, a British Standard that establishes the methodology for managing the production, distribution and quality of construction information, including that generated by CAD systems. The British Standards Institution, BSI, published PAS 1192 part 2 which specifies information management for the capital/delivery phase of construction projects, and then part 3 which looks after operations. Now of course the UK is just one example where government is driving adoption of BIM. But what about elsewhere?

<NEXT SLIDE>
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BIM has started to evolve to where the REAL issues are

~ WHAT IS SEENsw s
3D Visualisations . -
Coordination Drawings N Hardware

Software

Basic Quantities ‘ _*"_"lﬂ'i“ Training

BIM Thinkspace
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Presentation Notes
BIM has started to evolve to where the REAL issues are
[Click]
Between what is seen
[Click]
And what is hidden


Coordinating teams across all disciplines and geographies

WHAT ISSEEN-..13;" g
B \Vleel|| d C@fntnc '

Coordination Drawmgs (awele
Basic Quantities Ao A Training

Information Management
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Coordinating teams across all disciplines and geographies

This is done within our common modeling environment and our common data environments


Intro: Geotechnical Data Management and BIM

BIM, “Building Information Modeling “

Building Information Mode
Involves a framework that

INng Insures sharing data, it
orovides collaboration,

context and continuity to t

ne project. ‘

oy
Many organizations that rely on subsurface information ‘ ‘
fail to integrate this information in to a BIM model for . g
lack of tools to easily transfer and integrate the data to the ‘ "‘

model.

5 | WWW.BENTLEY.COM © 2017 Bentley Systems, Incorporated

Bentley


Presenter
Presentation Notes
Building Information Mobility - Mobility should be Management (you never discuss mobility, guessing it is a relic)
�


Agenda

 Introduction

* Traditional Geotechnical State
of Practice

e Including Geotech in BIM

e Conclusion

Winter Stratigraphy in Canada
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Presentation Notes
Limited subsurface data – 1 borehole every  50-100 m, depending on project type

Need for centralized geotech data  - this is  (to me) synonymous with digital data. For the foreseeable future digital data will be a relational database. And the two are similar


Introduction
Traditional geotechnical workflows 
Report driven ( Geotechnical log)
Only single source of truth is the geotechnical log. Data is used for multiple analyses by many different parties, not just the geotechnical engineer
Subsurface interpretation and liability (project-scale assumptions based on general, inaccurate (not precise) surface data and limited subsurface (point) data). Point data 
Use of data in geotechnical infrastructure projects (environmental, transportation, structural design, hydrologic analyses) manually entered from paper sources
Including Geotech in BIM 
Need for digital data in a centralized database
Need to flow data from 1d logs to the BIM 3d world
Need for sub-surfaces as a starting point 
Geotech in the context of BIM : 2d, 3d. 2d profiles; GIS systems 
Our solution : tool for geotech engineers, tools for civil engineers  
Example/Case History (Abu Dhabi)
Conclusion  



Traditional Geotechnical State of Practice

i


Presenter
Presentation Notes
A geotechnical model created across large areas is typically generated with relatively distinct point data information from the boreholes, meaning large assumptions and extrapolations are made in developing the model. 
Soil borings are taken along the project, but at predetermined intervals based on spacing rather than actual ground conditions. For example, a typical roadway project may require soil borings every 150 - 500 feet (give or take, depending on the project) just along the centerline of construction, or a soil boring at a foundation location. 
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Traditional Geotechnical State of Practice
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Presentation Notes
Report driven
Paper based (digital paper, PDF) 
Lag between drilling and report generation (months)
Low reusability/manual data re-entry 
End game is the report delivery , no data flow 



Unmanaged Data Approach

e Data is scattered throughout the organization
« Multiple data sources and multiple formats (paper, excel, etc.)

— Field monitoring data and collection (handheld devices), lab
Information, geophysics, environmental, hydrological, and more

« User must perform extensive manual validation

 Data redundancies

— Entered three different times for three different reports (borehole,
section, lab report)

« Lack of interoperability with other software (GIS, Civil, etc.)

e Scalability issue
« “Manageable” as long as the end game is the report
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Presentation Notes
KWA - Unmanaged Data Approach : State?? Not sure what "State" is. State of Practice? I'd suggest just getting rid of it.
Without considering geotechnical data as a resource to be managed, geotechnical engineers often are isolated: internally they 
spend hours creating a ‘final report’ 
Spend hours searching for data used on previous investigations that can be helpful on a current investigations
Have data for a single project scattered across excel sheets, word documents, and even PDFs printed out or saved on a computer. 
Must spend hours to check calculations and validate analyses.
Enter data multiple times for different reasons: reports, summaries, and analyses
and need to re-enter data manually to use other design and evaluation applications. 
�
As the report author, I can go around get what I need, copy paste, re enter data, do some formatting and some data validation, and then I get my report, piece of paper and I am done 


Unmanaged Data Approach : Comments

“Some of my geotechnical data is in an user-defined
database and some in Excel files, and some even on
paper”.

“We use different software for collecting data,
another for lab testing and another for reporting”.

“We require different reports: numerical and
graphical, for what sometimes we need to reenter
data”.

“It is hard to interact with other disciplines like
Roadway, Bridge or GIS”.
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Presentation Notes
“Geotechnical data management” is not often a term heard or considered in the geotechnical world.  The end product for a geo-professional is a report. Typically a log. But is it? A geotechnical investigation is often the first step in infrastructure. It is the basis for all design and what is possible: foundations for buildings and retaining walls, retaining wall structures, pavement design for roads,  flooring design, and even drainage design.  The data geo professionals find is necessary for all infrastructure. 

Even considering ‘just’ a geotechnical report: it is truly a complex product with vital information. It contains graphics, descriptions, calculations and even diagrams.  It is from this ‘standard’ report that much of the world’s infrastructure is constructed. And it’s creation can take hours for a single log. 



Subsurface Interpretation and Liability

Civil project

» Geotechnical Models:

 Created from local point data /_\ =xisting ground
* For large areas ]—/‘H"v" g i

* High level of unknown B Interpretation 1

* Interpretation difficulty Interpretation 2
depending on geology
/_\-""'"—-—-
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Presentation Notes
KWA - when going through slides, Interpretation 2 (the line) shows up with Interp 1, but nothing else. So the Interpretation line 2 is hanging out in white space, all alone. 
�
A geotechnical model created across large areas is typically generated with relatively distinct point data information from the boreholes, meaning large assumptions and extrapolations are made in developing the model. 
Soil borings are taken along the project, but at predetermined intervals based on spacing rather than actual ground conditions. For example, a typical roadway project may require soil borings every 50- 150m (give or take, depending on the project) just along the centerline of construction, or a soil boring at a foundation location. 
�


Traditional Geotechnical State of Practice and BIM

e Geotechnical subsurface interpretation
stored in “paper format”

Need for an Information Model

* No single source of truth that can be
gueried by other systems

« Subsurface interpretation
— Liability
— Accuracy
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Including Geotechnical Data in to BIM
gaenﬂ%g

Advancing Infrastructure

© 2017 Bentley Systems, Incorporated
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Presentation Notes
A geotechnical model created across large areas is typically generated with relatively distinct point data information from the boreholes, meaning large assumptions and extrapolations are made in developing the model. 
Soil borings are taken along the project, but at predetermined intervals based on spacing rather than actual ground conditions. For example, a typical roadway project may require soil borings every 150 - 500 feet (give or take, depending on the project) just along the centerline of construction, or a soil boring at a foundation location. 



B
Digital Data : Centralized Database

— For data storage

— For data validation

— For data gueries

— For data reporting

— Data sharing with other programs

— Can be supported by Interoperability
standards (DIGGS, AGS4)

* Need for a single source of truth : one
data store, many uses
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KWA DIGGS - all capital letters (made the change already)
�
gINT was created in response to the need for a geotechnical software application to manage and report subsurface data. gINT’s unique database driven format enables geo professionals to do so much more than reporting while making reporting simple and direct.
�
The database format allows for simple data entry and data import from any data structure.
�
Users can add in validation tools to help catch errors in the database. For example, one could add in rules to prevent sample depths below the bottom lithology description. Or prevent a soil description that cannot exist such as a very loose clay.
�
Provided data templates are just the start. gINT can manage all subsurface data. This means it is the single source of truth for a geotechnical organization and all users can use it for their work and analysis. Personnel know where to go to get the information they need.
�
Enter data one time in the database, and use it in several reports. This saves time and effort and minimized potential for data entry errors. 
�
Reports can be customized to your organization. You can create an organizational standard for all personnel to use. This can also minimize liability as you know what is on each log, and the format is approved.
�
gINT’s database format enables other applications to reach in to gINT to read data directly, or data can be exported from gINT and imported in  a necessary format for other applications to easily read.
�
�
�
�


Digital Data: Paper to Database, Database to Models

Hola ID Type  Date Staned Date = I Local X Local ¥ Local 2 Final
[dd/mmdyyry] Completed [m] [m} [m) Depth
[ mam. | [m}
BH37 RC 10411996 10/2/1996 3114912 12398.80 237.3343670  10.25
BH3EE R VEINT? | 1R AT 2% 142211 245 0492360 A00n
BH33 RC 172771997 | 1/23/1997 31023.99| 1242225 2621024753  25.00
EH40 CP+RC 11/29/1996 12741996 IMO.EB| 1237264 272.7349314  15.00
BH41 AL 1250996 124571996 056 1ZIFAEI F72UnTaIn 2T Stratum: CLAY
EH42 RC 12/5/1996 1271271996 30970.56 1237369 2729574418 1500 ook Pickiialt
EH43 RC 924998 9/I0M99E | 089165 1243263 2699984031 2510

BH44 CP WA4/1996 972571996 | I0WI700| 1243647 27514001236 130
EH4G CP 9/25/1998  9/25/1996 30B37.01| 1243647 275.1481336 338
BHE AC 2996 103996 | 063700 | 1243647 2751481336 946
BH4T I 1AsA997 1200w 303701 1243647 2751481336 3500
EH48 CP+RC /2319396 9/26/1996 30969.96| 12367.26 297.8937829 1510
BHag AC 047996 10J2/1996 | WA | TZAFE.FF FO2INIGAT 000
EHS0 CPsRC 12/91996 171471997 IOTA4412) 1241270 2704529268 30.35
EHS CP+RC 121001936 1H1997 0708.37| 12395.44 264 M5
BHS? [CPeRC | 12401996 1801997 3062023 1239250 296 3300577 2465
EHS53 CP+RC 920/1995  10/11/1996 | 30532.20) 12350090 292.7634905  11.00
BHS54 RC | 10/8A1996  10AENTIE 3053220 17350090 292 7634905 3015
BH5S CP+RC WG | 10F2171996 0S11.81| 1224530 289.4038521 20080
EHSE CP+RC 9/22/1996 10141996 30471.00] 12334.85 293.3918984 3500
BHS7 CP-RC G AHEE 102041995 | 4I6. 65| 12324 26 292 FSEETF0 . 3000
BHSE |cPeRC /761996 1072371995 30416.30) 1233216 2023694834 20031
BHS53 AC 10/29/1996  11/2/199E IOFBE.75| 12311.07 3014364342 2514
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Displaying Geotechnical Models in Context

* Need for geocoordination tools
— Local project
— GPS
— Station-offsets
— On the Fly Reprojection
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Displaying Geotechnical Models in Context

» Geotechnical database e e
output : e~ | il A
— 2d plans U VAR
- + & =+

— Profiles L | g
— 3d models
— Subsurfaces

GL7: SILTSTONE
Level: SILTSTONE

210
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Presentation Notes
KWA: 1-1 profiles? Profiles are usually scaled 10:1 (H:V) as they are more paper space. 1-1 makes little sense in the practical world. Unless you are going somewhere with this. I would leave it as "Profiles". No adjectives


Mapping Workflow

« 2D representation of the boreholes; - J
annotation

« Civil projects: import, reference
* Import / reference CAD and GIS data

. ]Ic_oa(ljd raster imagery: from local disk or WMS
ee

 Direct Support of BING maps data with
Microsoft account

 Projection of the fly: working with multiple
coordinate systems and data sources live, no
need to import data all in one coordinate
system
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Presentation Notes
Video bullet points ( organized by frame title) :

Preliminary study : 
gINT for Civil tools allow users to create visually rich preliminary studies that allow users to easily define where drilling needs to be performed and if it can be performed.

Reviewing project area with Bing Maps: 
Bing Maps integration provides a powerful and easy access to surrounding context (access, surroundings, buildings, ponds, marshes) 

Loading historical geotechnical data within the project area  :
Boreholes historical data from previous projects in SQL server enterprise database provides soils properties in the area and basic understanding of geotechnical environment. Some are underneath buildings because they were drilled for supporting the buildings construction. (if there is an infrastructure, there should be boreholes around it) 

Loading project alignment :
The conceptual design defines the project area and potential key points for geotechnical design such as foundations and roadway. These key points will drive the borehole plan

Getting a wider view of the area :
Zooming out a little bit to get a wider view of the area for loading additional data. The geo-coordination supports on-the-fly re-projection of data from different coordinate systems.

Loading the geological map of the area :
Geological map from USGS WMS feed (would be BGS here in UK), this defines subsurface behavior

Blending geological map with Bing Maps
The powerful raster capabilities of gINT Civil Tools support data combination for building comprehensive maps 

Project overlaps 2 geological layers
The project overlaps 2  geological units : Alluvium in pale yellow and clay/sand in dark yellow; they are soft rocks and this means it is likely piles will have to be constructed through clay to the solid bedrock and excavating will not need explosives.

Loading aerial photography  
The aerial photography loaded here comes from the Bing Maps, its provides additional context data not visible in the usual mapping data like marshes, wetlands and vegetation 

Creating drilling plan
Boreholes needed for this project are planned and pushed to the gINT database, they are concentrated where the load will be the most important around the bridge piles, and where access is clear. Because the geology is XXX we can go with this pattern; other geological type could require doubling  the number of boreholes. 

Validating new borehole locations against slopes 
Adding the terrain allows to combine the locations with the slopes and validate that drilling equipment will not operate in tight slope 

Final drilling plan
The final drilling plan is ready, it shows the area, the project alignment and the planned boreholes, it can now be sent to the drilling team 

Click when title phases out


2d plans: Case Study (Abu Dhabi)

» Single Source of truth and GISCAFE

centralized geotechnical dtaba
enable data flow to GIS A MNews Events Tuorals Jobs  Cataog  Videos  Downioa

GIS News  GIS Weekly GIS Magazine  Corporate Newsletters  Newsgroups = Submi

Search

gINT Underpins Comprehensive Geotechnical

e Web Enabled GIS allows Information Management System for the
engineers o eas”y access Municipality of Abu Dhabi City(Bentley)
geotechnical information from 1= el
a portal

Instant Access to Subsurface Information Increases Productivity Twofold

Abu Dhabi Municipality used Bentley's gINT geotechnical software to capture
legacy information that included 20,033 hardcopy logs and reports. With
software from Bentley, the municipality increased the spatial data division's
daily productivity twofold. The Municipality of Abu Dhabi City now has instant

access to subsurface investigation data that supports critical engineering
decision-making.
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Presentation Notes
The Municipality of Abu Dhabi City ensures sustainable development and enhances the quality of life for the Emirate of Abu Dhabi, United Arab Emirates. The Municipality routinely commissions and manages projects where large volumes of data from site investigation and design are archived and accessed by internal and external users. Using a geotechnical database software application and web mapping, the Municipality’s Spatial Data Division developed the Geotechnical Information Management System (GIMS) as a comprehensive geotechnical database and information system for quick access to all geotechnical data. Providing instant access to subsurface investigation data supports rapid decision-making and appropriate resource allocation, thereby saving time and money.

GIS integration allows access to the existing geotechnical data at any time, from anywhere, via the Internet or the Municipality’s intranet. The robust geotechnical data submission standards ensure the uniformity and quality of data that is submitted. The streamlined data management processes using a standard geotechnical database improved the Spatial Data Division’s daily productivity twofold. 



Profile Views

Dynamic profiles

 Borehole visualization plus surfaces

 Civil projects

Al - R nd F S ~r ==

TEE

o Surface Interpretation

* “Browsing” tool for subsurface data

PEEERZIZRRE
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Presentation Notes
KWA - Again, suggest no 1-1 (and if you do, 1:1). Unless you are making a point about an improvement to the state of practice.  Not sure if you are. 


3d Models : Use of Geotechnical Data in infrastructure projects

View 1, 3d (===

* Work with terrain and real
“DTMS”

3D visualization of geotechnical
data

« Thematic symbolization

* Overlay site design plans to
provide context view

« Data QA/analysis by combining
with other data (point clouds, ...)
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Native Read/Write Projects

INPUT | OUTPUT | DATA DESIGN | REPORT DESIGN | SYMBOL DESIGN | DRAWINGS | UTILITIES [

Main Group | Rock Coring ] Depth Doc ] Field Testing ] M

] Lab ] Time Hemalkx] AGS ] Site Map ] Surfac

Praject Hole Samples] Strata Main ] Strata Sail ] Strata Rock. ] Strata Details

) [Main Group]

IR

Hole ID Type | Date Stanted Date Local X Local ¥ Local £ Final
[dd/mm/yypy] Completed [m] [m]) [m] Depth
[dd/mm/yyyy) [m]
BH1 RC 127972011 127972011 2956392 12283.04| 3342633719 1000/
|BH2 RC 1142241996 | 1172571996 3175411 12625.37 203.5020308 2010(!
- |BH3 CcP 10/6/1996 | 10/6/1996 31757.99 12642.53 207.7561265 2.80|
|BH4 RC 1142741996 | 1172971996 3175799 12642.53| 207 7561265 3010
|BH5 CP+RC 11A7A996 | 1172041996 31744.84 12617.09 202.8952942 2565
BHE CP 10/6/1996 | 10/6/1996 31733.06 12635.47 211.3060849
- BH7 RC 1141141996 | 1141441996 31733.05 12635.47 211.3060849
BHE RC 1141441996 | 1171641996 FINFT.71 12602.48 203.9171226
|BHS RC 1042941996 | 117171996 31709.33 12623.46 214.3831528
BH10 RC 11/841996 | 1141341996 31687.82 12587.65 207.7122538
|BH11 CP+RC 107471996 | 1072371996 31671.69| 12614.08| 2267977796
|BH12 RC 117441996 | 115771996 31655.64 12575.90 223.0101711
|BH13 RC 1041541996 | 10/17/1996 31645.74 1259536 229.8863434
BH14 RC 10#23/41996 | 1072871996 31645.74| 1259536 2298863434
~ |BH15 RC 1043041996 | 11371996 31628.77 12566.66 226.8168399
BH16 CP 104741996 | 10/7/1996 31614.31 12586.22 234.1574465
|BH17 RC 1141641996 | 11/21/1996 31614.31 12586.22 234.1574465
|BH18 RC 1042241996 | 10/28/1996 31602.95 12561.89 230.2289278
BH13 CP+RC 104341996 | 10/20/1996 31593.54 12571.26 236.0963212
|BH20 RC 1041041996 | 1041641996 31572.02 12555.91 237.0019073
|BH21 CP+RC 107471996 | 1071871996 3153999 12518.19| 2322687919
BH22 RC 1041841996 | 10/20/1996 31510.21 12508.89 241.9942571

Direct read of Projects minimizes using
old data and reduces opportunity for
data entry errors
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Subsurface data model : PointID

Properties

- o N

Hole ID Type fl:lam-sll'}aua-d cul]at:h 2 Local Local ¥ Local Z I;-_na::‘
priinarom) tdd.-;mnr. v =l ™ [:J]

BHI7 RC | 10M1986  10/2/1996 31149.12| 12338.80 237.3349670  10.25
BH3E R | vimneey  seeAE A099.25| 1242211 2450492360 20,00
BHZ RC P ZIE T A P - T 31023.99| 1242276 2621024753 2500
BH40 CP+RC | 11/29/1996 1241996 IN06E| 1237264 2727349314 1500
BH41 AL [ 12mn006 1250096 | D056 1FIFREY 272 9574418 an
EH42 RC | 12/5/1986  12/12/1996 30970.56| 1237369 2729574418  15.00
EH43 RC | /2411996 9/30M1996 | 089165 1743263 7699964091 2510
BH44 CP | 2401996 972511996 3083700 | 1243647 2751401336 1,30
BH45 CP | /25,1998 9/25/1996 3083700 | 1243647 275.1451336 233
AH4E RC : 2996 1043996 | 0HI7.00 | 12496.47 2751401396 946
BH47 AC [ 1nsage7 | 172001997 082701 1243647 2751481236 3500
EH48 CP+RC | 9/23/1996  9/26/199G 30869.96| 12367.26 297.8937829  15.10
BH44 AL WAA996 10421996 ANEOS.N | 1FAFFFF 923013 1000
‘BHS0 CP+RC | 12/9/1996 171471997 | 30744.12| 1241270 2704929268  30.35

e e s e e
BH52 CP-AC | 12/41996 1871997 062023 1229250 2963300577 2465

sl =T R BT RE R T-TSREE a2 E HE B T T T T R R 2 R T R T B S P T S B T B
BHSA AC | 1081996 10MEAT9E | WGI2 M| 1235090 292 7534905 015
BH55 CPWRC | 92041995 1072171996 ANS11.81| 12345.30 209.4038521 2080
EH5E CP+RC | 9/22/1996 10/14/199E 30471.00) 1233485 2933918984  35.00
BHS7 CPARC | 92101996 10/20/1996 3043665 12324 76 792 ZSE6770 30,00
EH58 CP«RC | %/26/1996 1072371996 30416.30| 12332.16 3033634834 2031
BH53 RC [ 1072971998 117271996 303L5.25| 12311.07 301 4364342 2514
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Borehole: BH32 % Revolved Solid
Level: Default

4 7 Elements (1)

b %~ Borehole: BHS2

General w
Geometry w
Extended L3
Model 3d
Last Modified 02701716 4:00:01 PM
Modified Mot Modified
Mew Mot New
Locked Locked
Display Style {From View Display)
Raw Data v
Borehole .3
Mame BH52

[ Top 30620.229330000002.12392
Diepth 24 _650m
Diameter 10.000m

[+ CustomProperties
|sMew Falze
|sModified Falze
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Subsurface data model : Top-Bottom

Top Baze Description Legend
_ m) | fm)
000 030 TOPSOIL == TOPSOIL
030 1.5%0|Sofl to fiom pellow and orange biown and giey mottled chghtly sandy [fine] silly CLAY with CLAY =i ta gn co
occational angulan fine to medium gravel
Very shif daak brown mottled grey shghtly zandy (bne o coase] silty CLAY with some to CLAY xi sa gr co
much ul'gul.- [E] !l.lhﬂ'lgl.‘ﬂr fine= Lo coaise gunrel and cobbles of sandstone and qu-l‘.!i.:.
skong. = rachures
n.lbhurl:nqnld [5? Ia:l 15'?] plulal |mg|'|,||:15m orange Il.rnllm ::tul'lcl:l 2] Sulw:rhl:.d l?ln 13
7.200 8.%0|Grey thinly to medium bedded zhightly weathered CONMGLOMERATE . stsong o very stiong CONGLOMERATE
comprizing subangular to subrounded up to coarse gravel sized clasts of quartz with a fittle
I b so0me matrix nf Fire: bo r.n_g[_tp__glpmcd :u‘-dﬂ:nne_ Prominent discontinuitics: 'l] Ilodlﬁm A —
850 965 Eu:y bnown fine Lo mediom gramed medium bedded :h!ﬁlp ‘weatheted SANDSTONE :Imng SAMNDSTOME
and wery strong. Prominent digcontinuities: 1] Bedding fracturesz: 157 to
207 planar rough,clean, slightly crange broven stained. 2] Very clozely to clozely
465 11.2%5 | Grey thmly bo medum bedded shghbly weathered CONGLOMERATE strong o very shong CONGLOMERATE
comprizing subangulan o subrounded up o cosrse gravel sized clasts of predommantly
quailz with a little Lo soine maliix of fine o coarse gamad tandttuna Prnnmnl
11.25 1135 Elﬂj a.i|:|hlij.! weathered SILTSTDNE weak to pml:lnlmalﬂt.l lmdnraulp waoak with vEIy SILTSTONE
closely to closely spaced randomly onentated and subhorizontal (07 to 207] planar and
megular smooth.clean dizcontinubies,
11.35 11.50|AZCL Unkmown
1150 12.00 SILTSTOME
1200 1370 Grey fine to medium grained thindy to thickly bedded zlighily weathered SANDS TONE . strong | SANDS TONE
Io extremely shhong. Prominent discontinuibies: 1] Bedding fractures: subhonzontal [57 to
207) planar and iregulan, |mglu:1m 2] Subweilical [707 ta BI]‘I'I 'umguluun@ vz anllly
13.70 24.65|Grey fine to medium grained thindy to thickly bedded zlightly to moderately weathered LIMESTONE

crystalline LIMES TOME strong bo wery strong with occasional szand bo coarse gravel sized
woids [occasionally inlilled with quartz and cabeite mmerabization). Locally dizscolowed boown
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Straturm: CLAY
Level: Default

Properties

- o N

Fi

“ Elements (1)
4 [] Stratum: CLAY

P& ltems
General -
Geometry b
Material -
Extended L
[Model 3d
Last Modified 02401716 4:00-01 PM
Modified Mot Modified
Mew Mot New
Lockesd Locked

Display Style

(From View Display)

Stratum L
Borehole BH52
Material CLAY
[ Top 30620_229330000002.1:
Depth 5_000m
Diameter 10.000m
Bearing 0.0°
Flunge -90.0°
Raw Data b
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Subsurface data model : Depth Only

Depth | Baze Hemark
(m] (m]
25 From 2.5m: Samples recovered as angular fine to coarse gravel and cobbles
of ziltstone and fine grained zandztone with some grey brown mottled zilty
105 At 10.50m: recovered as grey silty gravel
14.22 From 14.22m to 14.52m: 807 to 307 planar.irregular.rough. clozed.iron

stained joint perpendicular to main joint zet

14.4 From 14.40m to 14.57m: fine to medium grained sandstone with occasional
interlaminations of sandy ziltstone

1457 From 14.57m to 15.00m: with occasional thin zandy laminae

16.55 From 16.55m to 16.60m: ironstone nodule

From 16.80m to 17.00m: weak to moderately weak friable in places

DepthRelatedltern: From 16.20m to 17.00m: weak to moderately weak friable in places

- monstone nodule Level: Default

17.75 From 17.75m to 18.00m: slightly weathered.clay smearing along bedding
fractures
1855 From 18.55m to 18.65m: with zome coarse gravel size wronstone nodules
18.82 From 18.82m to 18.85m: with some medium gravel zize ironztone nodules
18.93 From 18.93m to 19.98m: 757 planar.smooth, closed joint
19.6 From 19.60m to 19.70m: with coarse gravel zize ironstone nodules
2015 From 20.15m to 20.28m: 457 planar rough.closed to shghtly open [<1mm]

joint with a slight clay smearing in places and slight iron staining
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Subsurface : Layer Creation for BIM

» Subsurfaces needed for civil
projects

e Gradual process

e Liablility issues

 “Imperfect interpretation” or
“paper logs”
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Presenter
Presentation Notes
KWA - liability. People will make interpretations with based off of log data. May as well give them the factual data so there is reduced opportunity for error.  And let them assume the liability for interpretation which they need/will do regardless. Make the work flow easier. 
Large organizations : interpretation can be shared
Smaller ( site investigation, harder)


A Quick Example
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Mapping / GIS

3d Civil

2D representation of the
boreholes; annotation

Civil projects: import, reference
In, ProjectWise integration

Import / reference CAD and GIS
data

Load raster imagery: from local
disk or WMS feed

Direct Support of BING maps
data with Microsoft accoun

Proljection of the fly: working with
multiple coordinaté systems
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3D representation of the
boreholes; annotation

3d civil projects: import,
reference in, ProjectWise
integration

Import / reference CAD and
GIS data

Load geological layers

Create surfaces from geology
and existing ground

Intersect geology with civil
design

3d Environment

J

3D representation of the
boreholes; annotation

Water levels

Create water level surfaces
and hydraulic flow indicators

Plot environmental readings in
3D

Create “heat maps” for
environmental readings

Visualize contamination zones
in material types

Bentley



GeoStructural Analysis (GSA)

GeoStructural Analysis (GSA) address all common geotechnical problems in
civil engineering such as shoring excavation, retaining wall design, slope
stability, foundation design, settlement analysis, tunnels.

GSA: GeoStructural Analysis

Retaining
Aﬁm

| W
NN
Vi Al
KX S

Tunnels)

1 foundation
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Managing various data types and Geotechnical data

Data type

Timeline

Bentley
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Architecture of Geotechnical Solution

Structural Drawings Geoengineeri
Analysas ng

:

Reporting

Design 3D modeling

v v v Interoperability Enterprise

Connectors Connectors
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Document/Project Spatial Indexing

Lizt |. Genspatiall Elu @ e

H ol G@:

Marne

H R ED0z2 . DEN
i C013.06M

f@check]ist.:-:ls

ID contourS_arc,dbf
ID conkourS_arc.prj
ID contourS_arc,sbn
ID contourS_arc,sh

j%cnntnurS_arc.shp
Hls013.06M

FHEs0013.06N
VR TRO13.DEN
w1306
fx_rﬂwleS.dgn
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Common Data Environment (CDE) allows you to

» Manage heterogeneous data (geotechnical database, geotechnical
data document, images, projections, ...).

« Have teams using different CAD/BIM and Geotechnical tools
working from a single source of truth (data repository).

 Easily find the data you own about a given location on earth.

« Know If the data you are about to work with is the latest and
greatest or not.

- Make sure that colleagues have access to the data they need to
perform their tasks, no less, no more.

 Edit spatial databases.
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Presenter
Presentation Notes
This project is coming from China ECIDI. They are using geotechnical data in their hydro-power design.

云南省大理州鹤庆县龙开口镇, 龙开口水电站

Longkaikou Hydropower Station, Yunnan
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Presenter
Presentation Notes
Project finished earlier than 10 months
Design error minimize 95%
Increase productivity 40%
Increase economic benefits about  RMB$1.79billions


Conclusion

» Geotechnical data should be stored in systems that
are open for multiple uses rather than “just” the
generation of a paper based reports.

» Using a single source of truth will address 2 of the 3
Issues identified in the traditional geotechnical state
of practice : unmanaged data and report driven.

* The liability aspect* of the subsurface
generation/interpretation remains, it iIs a major point
to be addressed in order to fully deploy BIM
workflows.
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O Digital models
L Geocoordination
Q Contracts

Bentley


Presenter
Presentation Notes
Again...liability thoughts? 
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