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GEOPAK Earthwork

Denise J Broom
Florida Department of Transportation
Engineering CADD Systems Office
Denise.Broom(@dot.state.fl.us
(850) 245-1600
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WELCOME

* Please turn off/silence your
cell phones.

* Questions???

—Please feel free to ask
questions as we go...




Objective

Earthwork tool.

GEOPAK (552)

Bentley Systems

e Learn how to generate earthwork quantities
from cross sections using GEOPAK’s

— Using FDOT 2010 and MicroStation V8i and

— Animated Slides created by Derricke Gray with
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GEOPAK Earthwork
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GEOPAK Earthwork

e Tool used to calculate earthwork
using cross sections

— Uses end area method to
calculate quantities

Hint: When creating the existing

Ao e L e
File

X5 DGN File

Soil Types

Earthwork Shapes
Qutput Format
Add/Subtract Volume
Centroid Adjustment
Skip Areas

lgnore Areas

Sheet Quantity

ground cross sections, use the
option to draw the ground as a line
string.
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How exactly does it work?

1) Finds an enclosed area on
the cross section

2) Finds the centroid of the
area

3) Determines the material
type
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1) Find an enclosed
area

W2

Wesign Tesining
Exgpo

2) Determine the centroid
(center) of the area

_________________

________
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Determine the centroid of the area

w2 - .-
~ i T
P raining

3) Determine the material type of the area -
Locates the element directly below the centroid
and compares to the defined material types

_____________
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3) Determine the material type of the area -
Locates the element directly below the centroid
and compares to the defined material types

Asphalt

Rock_Base

The material type is very important. The tool can calculate
any type of material as long the level symbology and material
types are set up correctly.

W2

EApd

3) Determine the material type of the area -
Locates the element directly below the centroid
and compares to the defined material types

The majority of the time this algorithm works great, as in the
example shown here.

Existing Ground
soil type = Suitable_Grading
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But this algorithm can sometimes “fail”’ because of the shape
configuration.
Proposed Undercut
soil type = Aggregate Base

Soil Types

The Soil Types is the heart of the Earthwork Tool. Itis here that the
soil types and their function are defined.

There are 6 functional classes of earthwork supported by GEOPAK.
These classes identify the function or purpose of the cross section element.

M Earthwork - ew
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Proposed Finish Grade Gt Muamet
:W;—;r Search Crtess
L [+ Lise Wierbding
Proposed Undercut p— Azee ks
L ) 5ol Type: | Eath Ly Names:  XNSGrlLine_esc =]
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Soil Types

More than 1 soil type can be defined within each functional class.
Each soil type is defined by:

* A name for the material which is used for reporting

¢ Shrink/Swell factors

* Level Symbology for identifying the material

Ignore Areas Search Criteria
Sheet Quartiy Use Working Aligrmer Defirfion

R e —
Soil Type: Lv Names:  XSGrdLine_ex a
Muttiplication Factors Lv Numbers ]
Colors a
Roadway Excavation o 5
fes:
‘Subsoil Bxcavation: o .
eights
A (1000 |
Types: 34 ]
[ Mach | [ Deply | [ Resm |
[ Ad ] [ Deels ] [ Modty ]

W2
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Material Classes

The material, or functional, class tells the program what the
purpose of the material should be. I.E. Should the area be fill
or excavation? If excavation, can it be reused in the areas of
fill?
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Material Classes

For most projects, only 2 material classes will be are required in
order to calculate earthwork:

Existing Ground Line
Proposed Finish Grade

Specifying these two classes will give you the basic cut and fill
quantities.

Note: Always use the same name! These material classes are the default
material.

e e
‘e ]
X5 DGN File %‘
Sail Types Existing Ground
Earthwork Shapes Proposed Finish Grade
Output Format roposed Un
Add/Subtract Volume Excavation Limit
Centroid Adjustmertt
Skip Areas I
jnqwnm?%W
Existing Suitable
Existing Suitable is defined just like the other material classes.
Material classified as Existing Suitable is removed only if its
excavation is needed to build the proposed design.
Existing Pavement
Excavation Required - None w2 al
‘Emﬂwﬁwgﬁm
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Material Classes

Excavation Required - Partial

Existing Pavement

Existing Pavement A
Excavation Required - All Yposipn T e

Material Classes

Existing Unsuitable
Existing Unsuitable is also defined just like the other material classes.

By default, material classified as Existing Unsuitable is removed only if
its excavation is needed to build the proposed design.

6/21/2012
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Material Classes

Excavation Limits

Excavation Limits are short lines drawn onto the cross sections. They
are defined differently from the other material classes. They only
require the level symbology.

These limits are used to:

1) Force the excavation of unsuitable material.

2) As their names suggests, they are used to determine the actual
“limits” of the excavation of unsuitable material.

3) Delineate specific earthwork processing areas on a cross section.

w2 - .-
~ i T
P raining

Material Classes

There are 3 rules to be aware of when using Excavation Limits.
Rule #1 - Excavation limits must be used in pairs on a required
section. An odd number of limits is not supported.

Rule #2 - The limits must be lines. Any other element types (line
strings, curves, curve strings, arcs, etc.) are not supported.

Rule #3 - The endpoint should not be within an area where
earthwork quantities are needed.

Notcpdortter! Ppesign P’”’?’@{,

6/21/2012
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Material Classes

#1 Force the excavation of unsuitable material.

Example: Without Excavation Limits

Existing Unsuitable Material
soil type = Bituminous_Pavement
roadway exc mult factor = 1.0
subsoil exc mult factor = 1.0
fill mult factor = 1.0
type = line, line_string
lvname = XS Existing Bit Pavement

Nz

PPasion Training

Material Classes

#1 Force the excavation of unsuitable material.

Example: With Excavation Limits

Existing Unsuitable Material
soil type = Bituminous_Pavement
roadway exc mult factor = 1.0
subsoil exc mult factor = 1.0
fill mult factor = 1.0
type = line, line_string
lvname = XS Existing Bit Pavement

6/21/2012
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Material Classes

Note: Even though excavation limits are used to force the extraction
of unsuitable material, there are times when suitable material will
have to be extracted in order to get to the unsuitable material such
as in the example below.

Topsoil (Existing Suitable)

Clay (Existing Unsuitable)

2 1y
R i Tintoi
Expo

Material Classes

Limits.

#2 As their names suggests, they are used to determine the actual
“limits” of the excavation of unsuitable material.

The unsuitable material will only be excavated
within the confines of the defined Excavation ez

‘Enﬂwﬂagg
.(p;_'.l
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Material Classes

#3 Delineate specific earthwork processing areas on a cross section.
This can be done in two ways:

» Through the use of multiple excavation limits

» Through the use of the Output Format option

calculate only between excavation limits

R
File
XS DGN File Accumulate Adjusted Volume Column
Soll Types Accumulate Unadjusted Volume Column
Earthwork Shapes - —
Dutput Format Calculate only between Excavation Limits
Add/Subtract Volume End Area Decimal Places (2 =
Centroid Adjustmertt
Skip Areas Comman Exc
Ignore Areas
Sheet Quanty SlipenelEE
S Bxc (<]
Fil |
_ mz . )
Wasian Tesinivey
Expe

Material Classes

Example: Without the option enabled

Without the option enabled, notice that you get quantities for
BOTH roadways.

But no existing suitable or unsuitable materials are excavated
beyond the excavation limits.

mz

Presin Training
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Material Classes

Example: With the option enabled

With the option enabled, note that you ONLY get quantities within
the confines of the excavation limits.

This is an excellent tool for doing staged construction or projects
where separate quantities are required for different roadways.

w2 .-
FPesign Training
) Expo

Material Classes

Proposed Undercut

» Proposed undercuts are used to define any proposed component
which is not part of the proposed finished grade.

» The soil type is not the material being removed, but what the area
will be backfilled with.

» All proposed undercuts must tie to another proposed undercut or
proposed finish grade, not to existing ground.

6/21/2012
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Material Classes

Existing Ground Line
Proposed Finish Grade

Note: Any proposed element can be considered part of
the Proposed Finish Grade if you want it to (as shown in
this example).

»z
e T

Material Classes

Topsoil ————— Subbase
Pavement

Aggregate Base

However, if you want quantities from those areas, you would classify
them as Proposed Undercuts and give them their own symbology.

Remember! For Proposed Undercuts, the soil
type is not the material being removed, but
what the area will be backfilled with.

mz

Tr;»m-__-g
Epo
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Material Classes

Topsoil ———— Subbase
Pavement ——— Suitable Grading

Aggregate Base

Proposed Undercuts elements must connect to either a
Proposed Finish Grade element or another Proposed
Undercut element.

. .IEZ- i ?; ~ %
Expo
Material Classes
Proposed Undercuts have 3 uses:
1. To excavate existing material and replace/backfill with
another.
2. To calculate a quantity for a material layer (e.g. pavement
layer/overbuild).
3. Tore-use material.
w2 —
E:..'(pej
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Material Classes

1. To excavate existing material and replace/backfill with another.

Suitable_Grading

Exist_Base
Rock_Base
@ process ross sectoms iy il
172+00.00 SUTTLAE N -l
a a 1.00
b HC a a 1.00
Fill o.oo0 a a 1.00 8341
ROCE_BASE
Excavation o.0o o o 1.00
bss = Ol 0 oo 100
0 110 B34
T e
0 110
Subso1l Exc o.oo a a 1.00
Fill o.oo0 a a 1.00 8341
Hass ordinate for EXIST_BASE = 4058 j
Canfinue F Pause On Each Section | Haintain Relative Uindow  AbotRun —]B”z_ Teainin
%:cp,:ag
Material Classes
2. To calculate a quantity for a material layer (e.g. pavement
layer).
Topsoil ————— Subbase
Pavement
Aggregate Base
MLz
Wesign Trainimgy
E o
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Material Classes

3. To re-use material.

il
171+400.00 SUITABELE GRADING ;I
Excavation 18 .74 0 a 1.00

Subsoil Exc o.oo 0 il 1.00
Fill £1.30 0 il 1.00 -7577
TOPSOIL
Ezcavation 14.39 0 1} 0.90
Subsoil Exc 11.43 0 il 0.s0
Fill 12.90 0 o 0.95 —7577
Hass ordinate for TOPSUIL = 1852
EXIST_BASE
Excavation 0.oo 0 0 1.00
Subsoil Exc £.10 0 il 1.00 |
Fill o.oo 0 o 1.00 —7577
Hass ordinate for EXIST_BASE = 35900 _ﬂ
Cortlinue ¥ Pause On Each Section [ Haintain Relative Window Ahnrtﬂunl

2z
S Tiainin
5

Types of Excavation

Excavation Types

» Common Excavation
Excavation volumes that are not backfilled with an earthwork
material. This includes the excavation required for cut sections
as well as for pavement thickness, shoulder thickness, etc.

»  Subgrade Excavation
Excavation volumes that are backfilled with an earthwork
material.

»  Subsoil Excavation
Excavation required to remove unsuitable material either
1) down to the bottom of the proposed template —or -
2) down to the bottom of the unsuitable material layer in cases
where excavation limits are defined.

6/21/2012
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Types of Excavation

» Common Excavation
Excavation volumes that are not backfilled with an earthwork
material. This includes the excavation required for cut sections
as well as for pavement thickness, shoulder thickness, etc.

=
17140000 SULTABLE CRANTNC 5|
L%n_gug_a%_l 1340 1340 1.00
WEgrade Lec i 0100
Subsoil Exc 0.00 0 0100
Fill 1690 2208 2208 100  -10047
TORSOTL
Comnon Exc 1171 | 1073 965 090
WEGTadE Fac T i 0 030
Subsoil Exc .00 i o090
i1l 0.00 0 00,95  -10047
Mass crdinats for TOPSOIL = 8437 :|
I Pause On Each Section [~ Maintain Relative Window #bart Run L
sl | pncion Toaining
Expo

Types of Excavation

> Subgrade Excavation
Excavation volumes that are backfilled with an earthwork
material.

Proposed Undercut
soil type = Suitable_Grading
roadway exc mult factor = 1.0
subsoil exc mult factor = 1.0
fill mult factor = 1.0
type = line, line_string
lvname = XS Proposed Undercut

20



Types of Excavation

» Subgrade Excavation
Excavation volumes that are backfilled with an earthwork
material.

=I5
171+00 .00 SUITABLE GRADING ]
Comnon B 1039 1338 1338 1.00
Subgrade Exc 32 34 1619 1619 1.00
ubso1 EC i} i} 1.00
Fill 60 .71 4398 4398 1.00 —8604
TOFSOIT
Connon Exz 11.71 1071 364 0,90
| Subgrade Exc 11.48) 575 517 0.90
Ub=01l ERC LUy 0 0 0.90
Fill g.o0 [t} [t} 0.9% —5604
Ha=s ordinate for TOPSOIL = 9231
F Pause On Each Section [ Maintain Relative Uindow _AbonRun | 2z
Wasian Tesinivey
Epe

Types of Excavation

» Subsoil Excavation

Excavation required to remove unsuitable material either 1)
down to the bottom of the proposed template or 2) down to
the bottom of the unsuitable material layer in cases where
excavation limits are defined.

Excavation Limits
lvname = XS Excavation Limits

6/21/2012
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Types of Excavation

> Subsoil Excavation
Excavation required to remove unsuitable material either 1) down to the bottom of
the proposed template or 2) down to the bottom of the unsuitable material layer in
cases where excavation limits are defined.

i
171400 00 SUTTABLE_GRADTHG =]
Common Exc 10.39 1337 1337 1.00
Subgrade Fsc 32 34 1618 1618 100
Subsoil Exc 0.o0 [t} 0 1.00
Fill £9.57 5145 5145 1.00 -1£872
TOPSOTL.
Comnon Exc 11.71 1071 964 0.90
h d= E 114 574 517 0.90
| Subsoil Emc 865 | 748 674 0.90
e iy i 0095 —16872
Mass ordinate for TOPSOIL = 16668 j
2z
¥ Pause On Each Section [ Maintain Relative Window Abaort Run M’n‘m:‘?
Centroid Adjust t
» Adjusts the earthwork calculations using the cross
section baseline alignment through sections with
curves.
’pl Earthwork-ew ==
File
XS DGN File
Soil Types Centroid Adjustment
Earthwork Shapes
Output Format
Add/Subtract Volume
Certroid Adjustment
Skip Areas
lgnore Areas
Sheet Guantity
MLz
peasign Tratning
E o
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Skip Vs. Ignore Areas

» Skip Areas
> Stops the earthwork calculations at the beginning of the given
station range and begin again after the end station
» Recommended for intersections or driveways
> lgnore Areas

> lgnore the cross section areas starting at the begin station through
to the end station. Calculation does not stop. It will use the length
over the ignored section to calculate the earthwork quantities.

» Recommended for bridge sections at the toe of slope.

XS DGN Fils ClFmeestpbens |
ol Types Begn Station | End Station__
Earthwork Shapes

Output Format

Add/Subtract Volume

jjugtment
|| |Skip Areas
lgnore Areas
ect Guantity

I ez
Begin Station PPesign Traiming
End Stafor: Expo

Sheet Quantity

» Sheet Quantity writes out the Reguiar Exc. | Embankment
text file that is used by the A v A v
Cross Section Sheet
Composition tool to populate
the Earthwork columns on Subsoli Exe. Regulsr Exc. Embankment
the sheets. A LV I A 1V ALY

> Fill out the dialog by column.

’ Bl
File
XS DGN File [] Wrte Sheet Quantities File
Sol Types 3| earthwork Q
Earthwork Shi
Qmp:UFDm;DES Decimal Places -I ) ] Total Quanttty Length -m -
Add/Subtract Volume
Centroid Adustment  Eohinn ESoulh yp o N et mdon; S0 watice G A pe N 0
Skip Areas 1 earth Common Exc End Area +
1 earth Subgrade Exc End Area + |z
Sheet Quartity ) 1 earth Subsoil Exc End Area +
2 earth Common Exc Adjusted Volumes +
2 earth Subgrade Exc Adjusted Volumes +
2 earth Subsoil Exe Adjusted Volumes + B
(4 =)[earh ) (Fil ~) (Adusted Volumes ][+ ] rz
[ Ad | [ Dotz | [ Wody | Wresign 'Gahs'_»_?“ B
| EApe
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D
Questions??? @'@

Thank-you for joining today’s session.

(850) 245-1607
E-mail: Denise.Broom@dot.state.fl.us

OR: ecso.support@dot.state.fl.us

http://www.dot.state.fl.us/ecso

http://www.surveymonkey.com/s/dhtyvcp

PPesiqn Tealning
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