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|Biography

e 6+ years as Bridge Engineer with FINLEY
Engineering Group.

* Professional Engineer in States of Texas
and Florida.

e Graduate of Texas A&M University with

Structural Engineering focus.

e Past work experience in the Olil & Gas

iIndustry.
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|Presentation Objectives

 What is the FINLEY BrIM Workflow?
 Why was it developed?

« How was it used for FINLEY projects?
e Benefits for the Future?

e Use of BrIM on the Veterans Memorial

Bridge.
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|Veterans Memorial Bridge
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Total of 15 Spans

8 Florida I-beam (FIB) spans

7 Spandrel Arch Spans
e Precast concrete arch substructure

 Precast T-beam or precast FIB

o 220’-10" above-deck arch mainspan
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|Veterans Memorial Bridge

Contractor: Johnson-Bros Corporation, a Southland Company
FINLEY Scope of Work:

e Construction Analysis of Spandrel Arch Spans

 Geometry Control Services

* Precast Arch Rib Shop Drawing Production

 Construction Manuals

* Design/Drawings of Temporary Works
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|Traditiona| Workflow

Analysis

Models

Construction Submittal
 Temporary Works

e Segment Geometry
e Erection Manuals

' Segment Shop
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|What IS Bridge Information Modeling

Planning

Design

Constant
Collaboration
with Integration
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| FINLEY BriM Workflow

Global
CAD
Geometry

Segment
Model

Analysis
Model

Construction Model

Integrated
3D Bridge
Model

BrIM = Bridge Integration Modeling
Phase 1 - Input of Geometry

Phase 2 - Development of Models

Phase 3 - Assemble Integrated Model
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|Br||\/| Workflow — Phase 1

Geometry in AutoCAD:

Global CAD Geometry in SOFIPlus:

AU 'W‘

S *““‘WWN

Coordinates to Production:
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|BrIM Workflow — Phase 2 Analysis

EP File Loadcase View Selection Extras SOFSTIK  Windows Help - & x
Dd Q@ B 9-0-BT0H F-WY=L-84 A0 EBR » [0 H
AU Qssen v BTAEY [ g ed SR SFFE I LT 0
Praject X ~N B B Lo
7% 30’5500 A B ﬁ@ SOFIiSTIiK
55/ 40 fic' 6000 ZERD Animation Settings
v R Cross Sections [ Ampitude [] 0.00 =
1M D36/1in

102D 1.375in ampitude Specd (%] . IS
103 dbl W36x150 -
104 2L 8812 Romtonspeed(®] [ 0[]
105 2L Bxbx1/2
106 DBL HP 12:53 Loadcase Loop
107042/ 1.250in ® off

108 DBL W36x182
109 DBL W18x130
110 W 44 x 102 From v T hd
201 PRECAST APPROACH SPAN AR...

202 PRECAST MAIN SPAN ARCH RIB Loadcases iR _ ] AL T ll“mm
203 CIP APPROACH SPAN ARCH RI System il =l

204 CIP MAIN SPAM ARCH RIB
205 PRECAST SPANDREL COLUMN
206 PRECAST SPANDREL WINDOW
207 CIP SPANDREL CHEEKWALL
208 CIP HANGER COLUMM
5 209 PRECAST APPROACH EDGE BE.. palead
5‘;’ 210 PRECAST MAINSPAN EDGE BE...
7 211 CIP APPROACH EDGE BEAM
g 212 CIP MAINSPAN EDGE BEAM
& 213 PRECAST APPROACH/MAINSP..,
4 214 PRECAST OVERHANG T BEAM
& 215 PRECAST OVERHANG BEG
4 216 PRECAST OVERHANG END
& 217 CIP MAINSPAMN EDGE BEAM ZE...
& 220 PIER COLUMN WITHOUT FRP S...
& 221 PIER COLUMN WITH FRP SEAL
& 241 TRANSITION PIER CROSS BEAM
4 301 PILE
4§ 302 PILEHSC
» Interpolated sections
v g Prestressing systems
= 312-08 % Geometry  gffloads L% Results 43 Update X
£ 4906 I Project ;
X SOFPLUS(-X): GUI for Model Creation
User: FEGl.userl

9 Define Combinations

¥ Linear Analysis Accessed: Fri Oct 20 08:49:17 2017, lvan.Liu =
%4 TeNDON Code: US AASHTO-2010
% LINEAR ANALYSIS
o CsM
B WIND=LL
8 MAXIMA CONSTRUCTION
2 MAXIMA DW v|| Project Modes Beams  Trusses  Cables  Structrallines  Elements  SolidElements  Springs  Groups

Autormatic

Jelel delwl dwlelwl €l < =

L=

%

i J,,‘;'.vi'.

d

F

ha i 11l

W%

wo r 11
I

%

B B §7 Animator

A
2019 FES | ACEC-FL Annual Conference - Ivan Liu, P.E. E—,'!-Z.fvp




BriIM Workflow — Phase 2 Construction
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BriM Workflow — Phase 2 Segment
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BriIM Workflow — Phase 3
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|Development Process

Y
Rhinoesros T AUTODESK®
«~ INVENTOR
&
LUSAS I ‘ AUTODESK’
. INFRAWORKS"
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|Br||\/| Application on Project

Engineer Team #2

Engineer Team #1 Engineer Team #3

Global
CAD
Geometry

Analysis Construction Model

Model

4

Integrated
3D Bridge
Model
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|Veterans Memorial Bridge

« First Application of BriIM by FINLEY

« Complex Bridge with many design and construction components.
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|Global CAD Geometry — Phase 1

Input within SOFIPlus/AutoCAD: Geometry Exported to Phase 2/3:
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|Ana|ysis Model - Phase 2
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Pier 7

Critical Stages of Construction:
1. Approach Arch Rib on Falsework Towers

2. Mainspan Arch Rib on Falsework Towers

3. Erection of Center Mainspan Arch Rib on

Strongback Beams
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|Ana|ysis Model - Phase 2
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|Segment Model — Phase 2
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Precast Drawing Reqguirements:
* Precast Approach Arch Rib — 2 Types

* Precast Mainspan Side Arch Rib — 2 Types

* Precast Mainspan Center Arch Rib
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|Segment Model - Phase 2
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|Segment Model - Phase 2
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|Construction Model — Phase 2
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Temporary Works Requirements:

» Approach Span Falsework Tower

e Mainspan Falsework Tower

« Mainspan Strongback Beams
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|Construction Model - Phase 2
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|Construction Model — Phase 2

<> SOFISTIK PRIMARY BEAM — e 8

gma/fc)
EAM| approx. 4.44 ksi (sigma/fc =0.31)
inly via AQB!

SECONDARY
BEAM

I'é COIL ROD
ASSEMBLY (TYP)

[ ] |

N\

— SECONDARY BEAM

T—13/8"8 PT BAR
ASSEMBLY (TYP)

&/

SECONDARY BEAM

MAINSPAN ARCH STRONGBACK - ERECTION VIEW

pra

2019 FES | ACEC-FL Annual Conference - Ivan Liu, P.E. E,'N'Evp




Construction Model — Phase 2
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|Construction Model — Phase 2
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|Construction Model — Phase 2
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Integrated 3D Bridge Model - Phase 3
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|Integrated 3D Bridge Model - Phase 3

2019 FES | ACEC-FL Annual Conference - Ivan Liu, P.E. E,'!-E'fvp



Integrated 3D Bridge Model - Phase 3
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|Integrated 3D Bridge Model - Phase 3

BMASE 15

INSTALL STRONGBACKS ONTO APPROACH ARCH ASSEMBLIES 7U-5 & 7UN AND 8-D5 & 8DN AS PER MAINSPAN ARCH STRONGBACK DRAWINGS. SECURE PRECAST ARCH RIBS FOR PIER COLUMN CASTING (APPROX. FORCE =
LIFT APPROACH ARCH ASSEMBLIES 7-U-5 & T-U-N AND 8-D-5 & B-D-N ONTO ARCH SUPPORTS AND UMMW SHIMS AS SHOWN

PLACE LONGITUDINAL AND TRANSVERSE TIMBER BLOCKING AT PIER AS PER ARCH RIB RESTRAINT DRAWINGS (SEE DETAIL A}

SURVEY AND ALIGN APPROACH ARCH ASSEMBLIES AS PER GEOMETRY CONTROL MANUAL USING 200t LOCKING RING JACKS AT ARCH SUPPORTS.
STRESS PT BARS ON STRONGBACKS AS PER MAINSPAN ARCH STRONGEBACK DRAWINGS

ONCE ALIGNMENT 15 COMPLETE, PLACE LONGITUDINAL AND TRANSVERSE TIMBER BLOCKING AT ARCH SUPPORT [{SEE DETAIL B)

INSTALL TRANSVEASE KNEE BRACE AT MAINSPAN SIDE ARCH RIBS

GROUT ALL LIFTING HOLES IN ERECTED ARCH RIBS.

€ c
Maln Span Arch Rib

JAKIPS PER NOFT POUR).

Main Span Arch Rib

BN e

ARCH ASSEMBLY 8-D-5
STRONGBACKS —

TRANSVERSE

|
. i | ARCH ASSEMBLY T-U-N KNEE BRACE

Arch Transverse Restraint

___ Steel Shims A

Arch Longitudingl Restramnt

DETAIL 8

~— ARCH ASSEMBLY T-U-5

TOP OF ARCH SUPPORT —_
CAP BE

Main Span Arch Rib

Timber Blocking

TOD JACK

i E

200t Locking Ring Jack

". Steel Shims 5‘5
VIEW C-C —_—
SECTION D-D
CONSTRUCTION NOTES

L SPANS & THROUGH 7

SHOWN IN ERECTION SEQUENCE. SPANS 8 THROUGH 10 OPPOSITE MHAND.
REFER TO TEMPORARY WORKS DRAWINGS FOR TEMPORARY WORKS INSTALLATION DETAILS AND PROCEDURES

',l. TEMPORARY BLOCKING DETAILS SNALL BE PROVIDED WITHIN TEMPORARY WORKS DRAWINGS.

MNSON BADS 1N

By lvanide BSMIT L

2019 FES | ACEC-FL Annual Conference - Ivan Liu, P.E. FINLEY

Engineering Group




|Integrated 3D Bridge Model - Phase 3

;

1 3/8° PT BARS (TYP) =

INSTALL MANGER PT BAR ASSEMBLY PRIOR TO ERECTING PRECAST T-BEAM.

ERECT PRECAST T-BEAM ON HANGER BARS AND SUVREY T-BEAM INITIAL POSITION.

USING PT BARS, SURVEY AND ALIGN T-BEAM AS PER GEOMETRY CONTROL MANUAL

REPEATING STEPS I3, ERECT REMAINING T-BEAMS ON WANGER PT BARS SYMMETRICALLY ABOUT SPAN CENTERLINE

INSTALL TEMPORARY LONGITUDINAL DRACING AS T-BEAMS ARE ERECTED. REFER TO TEMPORARY LONGITUDINAL BRACING DRAWINGS FOR DETAILS.

e

MANGER PT BARS (TYP.)
! 3/8° PT BARS

PHASE 21-I: INSTALL HANGER PT BARS

PRECAST T-BEAM (TYP.)

PRECAST T-BEAM ON
HANGER BARS

PHASE 21-2 & 21-3: ERECT AND ALIGN PRECAST T-BEAM

SPANS 4 THROUGM 7 SHOWN IN ERECTION SEQUENCE. SPANS 8 THROUGH 10 OPFOSITE HAND
REFER TO TEMPORARY WORKS DRAWINGS FOR TEMPORARY WORKS INSTALLATION DETAILS AND PROCEDURES.
TEMPORARY BLOCKING DETAILS SHALL BE PROVIDED WITHIN TEMPORARY WORKS DRAWINGS.

: e e | TR ~
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|Integrated 3D Bridge Model - Phase 3
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Lessons Learned from Veterans

A 4
A 4

Analysis Production Reality
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|Case Studies

Past/Current Project with BrIM Applications:

« SR25 Okeechobee Rd — Composite Steel Tub Girder Bridge

|4 Pedestrian Bridge — Cable Stayed Steel Grider Bridge

« Edmonton LRT — Extradosed Cast-in-Place Segmental Bridge
 Honolulu Hart LRT — Precast Span by Span Segmental Bridge

« 3'd Avenue Rehabilitation — Spandrel Arch Bridge with Milan Truss

* Greenline Metro — Balanced Cantilever Cast-in-Place Segmental Bridge

pra
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|Case Study — SR25 Okeechobee Rd

Geometry Creation in CAD:

& Sweep % Emboss B Decal ) Chamfer 5 Thread

@ /Ia Audis. = g: Dlﬂ

) Loft Y De &) Import Shell Combi Direct Point -

Start Extrude Revolve U “ e :j mee Haole Fillet < @ omeine @ e Shape Plane ¢ o @ Box Convert to
2D Sketch ™ B Coil (& Rib (@ Draft 7 Thicken/ Offset @, DeleteFace Generator |/, UCS B Z Analysic  Sheet Metal

Sketch Create Modify + Explore Work Feat Pattern = Creats Surface

ra

Simulation ~ Convert

Aules  Forms  GlobalForms ¢ %

Ready

Geometry Exported to LUSAS:

{8 LUSAS Bridge Plus - [LUSAS View: Curve Box Girder 3D Beam Flanges REVO1.mdl Window 1] - O X
i File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design Window Help
EK e =EQ-/-E| - b
v ax LUSAS View: Curve Box Girder 3D Beam Flai -
Ba.. [Blor. &at. Da. LSut. Ere. ErE) Z0E3 B 063 5000 5000 3000 2000 . 00 2000
rve Box Girder 30 Beam Flanges REVOL.mdl = E
1 Curve Box Girder 3D Beam Flanges REVOLmd Window 1|| |
{EJ Mesh
& Geometry
(B Attributes =
Deformed mesh =
Contours : DZ (Displacement)
Annatation
Disgrams : Mx (Beam/Shell Siice Resultants)
By View properties =
&
=
E
-
=
B
&
-
=
E
i
=
E
B
=
=]
E
B
=
-
o
=
-
o
o
< > ]
"D,ﬁmam,,, Mo deformations drawn
p " o
[window summary | Detais... E
[ view axes

Cyclable ltems. Selected Items Text Output

ForHelp,pressF1_ Units: kip,in,kslinch, % N/A  V: N/A

Z N/A

Selected: None
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|Case Study - 14 Pedestrian Bridge

Geometry Exported to LUSAS:
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|Case Study - Edmonton LRT

Pier 1

5Qi6
HANGER (TYP)
SUP STRUCTURE
H'\'Il"l'u il
TEMPORARY TIE-DOWN AT NOMW ‘ H ‘
STEP 10: TIE-DOWN CONSTRUCTION NOTES (APPLICABLE FOR SEGMENTS SII to NI9)
& INSTALL TEMPORARY TIE-DOWN AT SEGMENT NQID AS PER &, ON THE DAY OF OF CASTING THE SOUTM SEGMENT, PRIOR TO CONCRETE POUR, THE TIE-DOWN
THE TEMPORARY TIE-DOWN DRAWINGS (BY ABC)

SHALL BE SECURED TO THE DECK SNUG TIGHT (NO PRESTRESS).
AFTER CASTING THE SOUTH SEGMENT, ON THE SAME DAY, THE TIE-DOWN FORCE SHALL BE
ADJUSTED (STRESSED OR DESTRESSED) TO MATCH THE PRESCRIBED FORCE AS PER THE TIE-DOWN

b. CAST SEGMENTS SU, NII, 5012, NGIZ, SI3, Ni3, SOI4, NOM, b.
515, NIS, SQI6, AND NQI6 AND INSTALL AND STRESS STAY
CABLE S04, 505. SEE "CYCLE B* STEPS FOR DETAILED

DRAWINGS (BY OTHERS). AFTER MOVING FORM TRAVELER OR INSTALLING REBAR CAGE RE-ADJNIST
SEQUENCE. THE TIE-DOWN FORCE AS NECESSARY TO MAINTAIN THE PRESCRIBED FORCE.
¢. PRIOR TO CASTING OF EACH S0UTH *5° SEGMENT, PERFORM ¢. ON THE DAY OF CASTING THE NORTH SEGMENT, AFTER CONCRETE POUR, FULLY DESTRESS AND
TIE-DOWN STRESSING OPERATION AS PER THE TIE-DOWN RELEASE THE TIE-DOWN. PROVIDE ENOUGH SLACK TO ENSURE NO FORCE CAN BE TAKEN BY THE
CONSTRUCTION NOTES ON THIS SHEET. TIE-DOWN.

Ravision | Drasn By)] Date  [Joescription Name et Projact [Erear T SHT WO
— m— - 1589 Matropeditan Sivd
7 WP ] 2957018 | Aevised per IFC Drawings-Aeed i Tadlahasses. FL 32308 EDMONTON VALLEY LINE LAY CONSTRUCTION MANUAL - STEP 10 e
—— T P 50894, 1600 AMERICAN BRIDGE CANADA TANATINA BRIDGE SHT REV
. = Fax 8508941614 < v e —
o iup J1/25/2018 QEngeeee Coop owi nane GLOBAL Assaetly Yows aevf 2 Ri
Patted by ivaniiv H/20/2M8 LU PM GATawatina Bridge LATCADINCanstruction Engineering\Construction MamalOyawings \GLOBAL Assemiy.idw

A
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Case Study — Edmonton LRT

assembly | Modeling

1% B cLOBAL Assembly.iam
; E—I Relationships
[E] Representations
View: STEP 10: Castup to NQ18
QJ Master

tPier 1-5tep 1
: Pier 1-Step 2
: Pier 1-Step 3
2a: Pier Table FW
2b: CIP MP1+5P1 Bot+
2c: CIP PTE+HNP145P1
mowve PTB-FW, M
Cast Segments N2,5
: Cast Segments M3,5
: Castup to N5,55
5: Castup to NQ&,5
: Castup to N7,57
8: Cast up to NQ8,5038
_ : Castup to NQ10,50Q
£ STEP 100 Cast up to NQ1
= STEP 11a: Cast Pier 283
8 STEP 11b: CastSpan 2
Q,I STEP 11c: Remove FW
= STEP 11d: Hang SUP
2: Castup to N19,51¢
3 CastNC20
1 Cast 520
1 Cast5C21

5: FINISH
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Case Study — Edmonton LRT
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|Case Study — Honolulu Hart LRT

|
——— SYMMETRICAL ABOUT §
| UNLESS NOTED OTHERWISE
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|Case Study - 3rd Avenue Rehabillitation

3RD AVENUE - SPAN 4: STAGE 2 HALF-WIDTH SEQUENCE
REMOVE SPAN 4 DECKBAY 7 &9

PARKED PERMIT VEHICLE P R LOADER REMOVAL OF DECK PIECE
(LIMIT ONE VEHICLE PER SPAN) '\ /" TOBE PLACED ON FLATBED

PARKED PERMIT VEHICLE
(LIMIT ONE VEHICLE PER SPAN)

/

4

h <
' " " Client:
1589 Metropolitan Blvd. AMES CONSTRUCTION
Tallahassee, FL, 32308 200 Ames Drive

| Ah:850.894.1600 Burnsville, MN 55306
FINLEY  roos50894.1614 Corporate: 952-435-7106
“Engineerin g Group
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Case Study - 3rd Avenue Rehabillitation

3RD AVENUE REHABILITATION

TOWER CRANE PART-COLUMN FULL-DECK SEQUENCE
(FULL-WIDTH AND 1/3 - 2/3 WIDTH REMOVAL)
PAGE NO. 8

BEGIN PHASE 2 ONE-WAY REMOVAL OF SPAN
7 TOWARD PIER 8.

Engineering Group Ames Construction

|
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|Case Study - Greenline Metro
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Future Development

A360 VIEWER

Sign up for Free

L

 Ball
Download More

Home > HRT - Typical Segment_DRA.

6T101 - WEB BAR D11_D3:17
P Design Tracking Properties
Description Web Bar D1/D3
Designer Jiri Bures
Part Number 6T101
Stock Number  Type H42
b 4 Other

67101 - Web Bar
D1 D37

label
Hem 35

Parl Number 6T101
Thumbnail -1507447131
BOM Structure  Normal

Unit QTY Each

QaTy 40

Stock Number  Type H42

Description Web Bar D/D3

TYPE Ha2
137476 I
12.000 in
aimC 113.476 n
dimD 12.000 in
dimH 98903 mn
aimK 55631 In

ANGLE1 59.21 deg
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|Future Developmen

Model X
o \van.Liu Sunday, June 9, 2019

PROJECT ID: VETERANS MEMORIAL
FIN#: 24217215801
(CAST BY: JOHNSON BROS. CORPORATION

@ Engineer's Notebook

Bridge Asset Management:

i 5 [ EAR 15 SPANDREL COL SPALL
£ [ EAR 29 INCREASE COLUMN HEIGHT SEGMENT ID: 4-U-N
v @8 EPOXY INJECTION REPAIRS EAR #:20.2

» As-Built Records

SUMMARY: CRACKING WITHIN GROUT PAD AT TOP
SURFACE OF SPANDREL COLUMN 54-3.

NOTES:

-CRACKS SIZE RANGE FROM 0.006" TO 0.02".
-DO NOT EXTEND PAST GROUT PAD INTO CONCRETE.
-OBSERVED AFTER REMOVAL OF GROUT PAD FOR
REPAIR.

-SPECFIC SIZES PROVIDED IEJI:_ICTURE BELOW.

 Repair Procedures

G aseag
T F

W CHAMFER
mes

* Inspection Notes

{ SPANDREL
o
§ AACH RIS CLR.

42

ACCEPTANCE RESPONSE:

FINLEY RECOMMENDED REPAIR PROCEDURE FOR

ACCEPTANCE, REPAIR BY EPOXY INJECTION OR

| VIBROPRUF#11 GROUT OR PILGRIM MAGMAFLOW
* GROUT PAK.

o

FINLEY EAR 29-2
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|Summary and Closing Remarks

Why is BrIM better? Efficient, Integration, and Visualization!
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|Questions?

Tallahassee Location:

1589 Metropolitan Boulevard
Tallahassee, FL 32308-3776 USA
Phone: +1-850-894-1600

Fax: +1-850-894-1614

lvan Liu, P.E.
Bridge Engineer

pra

FINLEY

Engineering Group

1589 Metropolitan Boulevard | Tallahassee, FL 32308-3776 USA
+1 (850) 894-1600 Office | +1 (850) 274-2387 Cell

lvan.Liu@finleyengineeringgroup.com | www.finleyengineeringgroup.com P raq ue LO Ca'“ on.

¢/} Like Us ) Follow us Na Morani 1750/4
Prague 2 — Nove Mesto, 12800

Czech Republic
Phone: +420-222-580-074
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