Swedish Geotechnical Institute

GeoCost - assessment of groundworks and
foundation reinforcement costs for buildings

Mats Oberg/Jim Hedfors ESRI User Conference, San Diego, July 12, 2017
GIS Development, SGI (3:15 PM - 4:30 PM; Paper #: 86, Room 24 A)
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SGl is a government agency and research institute.
Mission to reduce the risks of landslides and erosion

"‘tﬁ Swedish Geotechnical Institute

Sweden, covered by ice ~20.000 years ago...
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http://www.geus.dk/viden om/voii/ilulissat-uk/voii03-uk.html

https://commons.wikimedia.org/wiki/File:Weichsel-W%C3%BCrm-Glaciation.png#/media/File:Weichsel-
W%C3%BCrm-Glaciation.png

This has shaped soil formation of Scandinavia, Canada etc -
important for foundation reinforcement methods
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*) Also used by Swedish Transport Administration

"tﬁ Swedish Geotechnical Institute
What is GeoCost?

An ArcGIS-based tool (Models) for
estimating foundation reinforce-

ment costs in municipal develop- | &
ment (and infrastructure®) ;J I}

http://www.swedgeo.se/geokalkyl/
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GIS + Geotechnical engineer

Large savings can be made by placing constructions in areas with
the most favorable geotechnical conditions.

Quickly calculates (alternative) costs for cut/fill, foundation
reinforcement etc. Detailed elevation and soil data is used.

Financed by the Swedish Government

mats.oberg@swedgeo.se/SGl/June 2,2017
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Swedish Geotechnical Institute

Illustration of foundation reinforcement cost per m? and
suggested reinforcement method

Also summaries of TOTAL cost and TOTAL cut/fill volumes

mats.oberg@swedgeo.se/SGl/June 2,2017
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Swedish Geotechnical Institute

System workflow

If digital community
development plan
exists

Communities/
consultants

Community
development
plan

Based on templates
/Imodules

INPUT

BUILDINGS
HARD SURFACE
GREEN SPACE

Terrain and
soil data

, ~ GIs
Templates/ Geotechics

modules

ArcGIS
~ I
ArcGIS -7

Skills requirements:
* ArcGIS operator
* Geotechnical engineer

'Conditional
matrix’'
for calculations

Database

— Software requirements:
Geotechnics * AFCG|S DESktOp 10.2+

Geology

Cost * 3D-analyst

Cutsfill

Environment * Microsoft Excel 2010+

etc...

mats.oberg@swedgeo.se/SGl/June 2,2017
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Prepare input [ 1) Buildings (incl. height etc), 2) Hard surfaces
data (road etc), 3) Green space (vegetation)
* Terrain data (e.g. 2m raster); Soil geology

Calculate Based on “Geotechnical Terrain |
et O | Class” classification (soil profile

& cut/fill volumes down to bedrock) ‘{ﬁ

> GIS
Based on Excel ‘conditional matrix’ Sectechics
Calculate ted b technical . )
: create eotechnical engineerin

f.oundatlon . Y g g g PR ——
reinforcement practise (reinforcement metod etc, .e
mEth°;’s)(P"es | distance between piles etc), calculated

etc . .
| using a series of ArcGIS Models >

- » ,W-'“:.

Based on Excel ‘condition matrix’,
calculated using a series of ArcGIS :
-ee ee

Models E:o. St

Calculate
costs/
generate 3D
scene

mats.oberg@swedgeo.se/SGl/June 2,2017
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1 A development plan (‘ready stage’) OR |
modules of building blocks (’early stage’)

Green space

Buildings

Type 1 Type 2 Type 3

Kvartersmark

A

< - 50m———————>
Hard surface

| O HEIGHT/LEVEL ZOMES

O
BUILDINGS

T

i HARD SURFACE

=
GREEM SPACE

c
] 50IL MaP
] DTM/TERRAIMN DATA

Yalue
High: 64,27

Low: -0,74
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*) consistent = adjacent, non-overlapping buildings; hard surfaces; green space
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Sugested reinforcement method

= Step £ - REINFORCEMENT METOD
= BUILDINGS
Reiforcement method
I Mo action
B Piling
¥4 Dig out/refill
= HARD SURFACE
Reiforcement method
I Mo action
[ Pre-load
B KC Pile
B Pile
71 Dig ocut/refill
= GREEM SPACE
|

mats.oberg@swedgeo.se/SGl/June 2,2017
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Cost (for reinforcement) in Swedish Krona/m2 [2D display]
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= Step 3 - COST Sek_m2
- BUILDIMNGS SEK/m2
I 0- 100

101
201 -
1301 -
7401 -
1501 -
1601 -
o701 -
[ 801 -
T ENE

- 200

1000

—_gr E.g. 1000 SEK ~ 100 US$

= GREEM SPACE SEK/m2
I0-100

0
[ 201 -
1301 -
[]401 -
[]501 -
1601 -
[ 701 -
[ 201 -
901 -

- 200

EES8EEE

1000

N > 1000
= HARD SURFACE SEK/m2
0 -100

|l
=20
1301 -
1401 -
1501 -
18N
a7 -
[ 301 -
201 -

400
500
600
- 700
800
900

- 200
- 300

1000

N = 1000
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Exaggerated height scale 1,5X

Steel, concrete or lime cement piles

xls summary of TOTAL costs (tSEK)

Cut/fill 8813
Reinforcement 4 154
Toxic cleanup 6 744
TOTAL 19712

~ 2 million USS

xls summary of cut/fill volumes (m3)

Cut
Fill

15 125

18 415

mats.oberg@swedgeo.se/SGl/June 2,2017
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=l Step 3 - 3D TRIAMGLE MODEL
= Level Mew (projected/to be constructed)

=] Level BExisting (according to terrain data)

=] Level Friction soil

=] Level Bedrock

= Step 3 - 30 BUILDINGS
= [ Buildings Piles

Cut and fill [3D display]

= Buildings Cut

=] Buildings Fill

= [0 Step 3 - 30 GREEM SPACE
= Gronytor Schakt
=] Granytor Fyll

= Step 3 - 3D HARD SURFACE
= Hard Surface Cut

= Hard Surface Fill

GeoCost allows for zoning of height areas ats.ober@swedgeo.se/SC1 /e 2 2017
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TOTAL:

R 3 \ BUILDINGS_3D
=4 4 million USS | 5
= o HARD SURFACE_3D
Hemgarden NO == m
GREEM SPACE_3D

Ht')jdzon: +8,4 m.6.h. d

TOTAL:  [on
2 million USS [ '

{ Important calculation results

~ * Reinforcement costs in the Northeast would
be double compared to the reinforcement
cost if construcion would occur in Southwest.

Hemgarden SV

Hojdzon: +5,9 m.o.h.
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marie_1_sxd_export_fewgroups
https://gis.swedgeo.se/geokalkyl/3ws/

Vatten

Lantmateriet NH, bef. markmo

The tool (mxd, tbx, sxd, example data, Manual,
instruction videos) is free to download at
http://gis.swedgeo.se/geokalkyl/verktyget

(in Swedish...)
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Swedish Geotechnical Institute

Thank you!

CONTACT

Mats Oberg (GIS-architect, M.Sc. Civil Engineering)
Swedish Geotechnical Institute

Hugo Grauers gata 5 B

412 96 GOTEBORG

Phone: +46 709 730 129

E-mail: mats.oberg@swedgeo.se

mats.oberg@swedgeo.se/SGl/June 2,2017
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EXTRA

mats.oberg@swedgeo.se/SGl/June 2,2017
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"‘tf Swedish Geotechnical Institute

GTK Geotechnical Terrain Class must be evaluated by geotechnical engineer
The soil profile to bedrock may vary considerably!

= Steg 1 - Jordartskartan
¥ [ Jordartskartan etiketter jorddjup
- Jordartskartan Lager 1 . _
L ms Ateryjraingsénl.
Prastkarr, i
FRE
s At1=F, 2
=F, 2 m
otk - At2=GTK1, 40 m
E3GTKS - \ At3=B, 100 m
[C1GTE4 - ] At1=F, 2 m Djup=30 m
[T GTES S A At2=GTK1, 40 m
s o o) i
At2=GTK1, 40 i I MNT =2 :
S I M3
- mv At1=F, 2 m
¥ Jordartskartan Lager 2 P=GTK1, 40 m
+ [ Jordartskartan Lager 3 t3_=B,_'1:_![§}mm At1=GTK1, 40'm
PR T iy At2=B, 100 m
.95 JORDBROV. | TALLAHOVSG. HERKULESV. 495
L EATO2 BATO! waT03 BATS  GATO4 ] BAIS TAT06 BATOY BATO8-BATO AT = _:
i FYLLNNG [ 1]
3 t1=GTK1, 40m +851 LUSTS GRAD == | _|+85 ag
o At2=B, 100m "
5 . u |75 N
FAST [LAGRAD
S
+65[ iR —|+65
SAND
+55] . +55
| | I | | | |
0om 100 m 200 m 500 m 1000 m
SEKTION C-C
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Prastkérre

Jordbrov

\Vsterbriinn )

Préstkérrg

GTK3

GTK4

GTKS

FRK

MN1
MN2

MN3

Beskrivning

Alvsediment, silt eller mycket siltig jord i denna klass.

MoranLera eller Lera, fast till mycket fast lera. Reduce-
rad skjuvhallifasthet Gver 60 kPa.

Lera--silt (posiglacial eller glacial). Lera eller siltig lera
med reducerad skjuvhalifasthet dver 20 kPa och under
G0 kPa.

Lera—silt (postglacial eller glacial) Lds lera eller sul-
fidjord. Reducerad skjuvhallfasthet under 20 kPa.

Torv (karr eller ospecificerat) och organisk jord.

Gravitationsjord, sand—block (postglacial eller ospecifi-
cerat), flygsand, sten—block (glacial eller postglacial),
isdlvssediment, sand—block, talus.

Moran, siltmoran, siltig Moran
Moran, sandig eller siltig sandig moran

Moran, sandig eller moran ospecificerat, bottenmoran,
mkt blockig moran, blockjord.

Urberg eller ospecificerat berg.
Fyllning
Vatten

Is

GTK1
GTKZ

EGTKS

[CIGTk4
[ GTKS

FRK

[ IMMNL
[IMM2

[ MIN3
B

F
mv
)
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Item attributes may be shown

IdeItify Results [=]
Layers: I <Top-most layer= ;I
= Hardgjorda ytor KC-pe [Location: {61614?’4?400 6515621,632900)
+-0 _Field 1 Value
Pelardjup (m) 41
a-pris KC-pelare (SEK/m) 90
Kostnad (SEK) 369
< m >

mats.oberg@swedgeo.se/SGl/June 2,2017
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Conditional matrix

Villkorsbilaga 1 (GTK1, Silt) A specific Geotechnical Terrain class

Belastning (kPa)

Load in kPa of a building

kPa Byggnader
<50 ==50<100 >=100<150 | >=150<200 | >=200<250 | >=250<300
Djup 1 2 3 4 5 6
<1,5 1 | pendtgsrd | ingendtgard | ingenstgsrd | Urgrsvnséteritn. | Urgrévnterfyin. in. ||

==1,5<2,5 2 Ingen &tgsrd Ingen &tgérd Ingen &tgénd Urgrévn./sterfyiln. | Urgrévn./&terfylln. &

==2,5<3,5 3 Ingen &tgsrd Ingen &tgérd Ingen &tgénd Urgrévn./sterfyiln. | Urgrévn./&terfylln. lknl‘&wlm!l

==3,5 <45 4 Ingen &tgsrd Ingen &tgérd Ingen &tgénd Paining Palning Palning

==4,5 <5,5 5 Ingen &tgsrd Ingen &tgérd Ingen &tgénd Paining Palning Palning
=l 55 <65 M = | e | o Pélning Pélning Palning
f-‘e =65 <71,5 7 Ingen atgard Ingen atgérd Ingen atgérd Pélning Palning Palning
g, »=7,5 <8,5 8 Ingen atgard Ingen atgérd Ingen atgérd Pélning Palning Palning
= ==8,5<9,5 9 Ingen &tgsrd Ingen &tgérd Ingen &tgénd Paining Palning Palning
S >=9,5 <11 10 || ingen étgérd Ingen étgérd Ingen dtgérd Palning Palning Palning
= >=11<13 11 || ingenétosrd | ingenétgird | ingen atgéra Pélning Pélning Pélning
B >=13 <15 12 [N ingen stgsra Ingen étgérd Ingen étgérd Palning Palning Palning
4 >=15 <17 13 |\Ungenétpsrd | ingenétgird | ingen atgérd Pélning Pélning Pilning
o >=17 <19 14 | Weenétoerg | ingenétsrg | ingen sigérd Paining Palning Papsd ||
Reinforcement
depth

=7 T U s 55
W& kA8 x & L3 L

A small part
of one of the
Models

Various reinforcement metods applied

Developed by 9

SWECO
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