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User Interface: Integrated System Components

PE OpenSeesPL - 2009August.opl
File Meshing Execute [Display | View Help
Soil Response Histories - Motion: A-ELC
Deformed Mesh - Motion: A-ELC

I4] Finite Element Mesh ===

Column Response Profiles - Motion: A-ELC

Colurmn Response Relationships - Maotion: A-ELC
PEEE: Bridge Response
PEEE: Change Mation... (Current: A-ELC)

" Eigenvalue Mumber of Modes |5

" Base Shaking Input bMotions. . |
1 FBEE Analysis:
L # Ground Shaking PEEE Motions... |
_————————
q L Hepalr FEEE Liuantites... |
—Maodel Definition N\

k Bedrock Type IRigid Bedrock. j

‘J%Bridge Farameters... | ﬂ? Soil Parameters... | \

Ti\?hdesh Paremeters... | *Analysis Options... |

—Boundary Conditions

B.C. Type | Rigid Box ~| T Fixed Vert

.

—Maodel Inclination along Longitudinal Direction

Ground Surface Inclination Angle (0-30 deg) ID
ID

Whole Model Inclination Angle (0-10 deq)

OpenSeesPL Unit: SI




Definition of Geometry and Mesh Refinement

FL OpenSeesPL - 2009August.opl
File Meshing Execute Display View Help

DS- ? & »
I Model Input [ (& (5] | Finite Bement Mesh =E=)

—Analysis Type | J

Single Anakysis:

Mesh [EEX)
 Pushower 5 I
" Eigenvalus ;----General Diefinition General Definition
. =+ Horizontal bMeshing
" Base Shaking - . Calumn Mesh Scale

Full mesh

PBEE Analysis: wNerical Meshing
—Column

& Ground Shaking .
Mum of Slices IB vl

" Fepair
MNumber of Beam Elements abowve 1
Ground Surface I

—Model Definition

Bridge Parameters - Bridge Deck
Mumber of Eeam Elements for Deck 10
Mesh Parermeters. (Even Number) I
i
~Boundary Conditions
B.C Type Rii

Bedrack Type |F

~kodel Inclinati I
adel Inclination along ’TI Cancel

Ground Surface Inclinaf)|

Whole Model Inclination Angle (0-10 deg) 0

OpenSeesPL For Help, press F1 Unit: SI




Main Window

PL OpenSeesPL - Untitled |Z||§||X|
File Meshing Execute Display View Help

D@ dE 2 &

FL Model Input |Z||E||X| PL Finite Element Mesh I;nl_g|g|

—Analysis Type
Single Analysis:
 Pushaower Define Pattern... |

" Eigenvalue Mumber of Modes |5

 Base Shaking Input ations.. |

FBEE Analysis:
FBEE haotions...

" Repair FEEE Ciuantities...

~Model Definition

Bridge Farameters... | Soil Parameters... |

hMesh Paremeters. . | Analysis Options... |

—Boundary Conditions
B.C. Type | Rigid Box v| T Fixed Vert
Bedrock Type IRigid Bedrock j

~Model Inclination along Longitudinal Direction

Ground Surface Inclination Angle (0-30 deg)
‘Whaole Model Inclination Angle (0-10 deg)

OnenSeesPL For Help, press F1 Unit: S Y




- [Finite Element
[4] File Meshing Execute Display View Help [- =] =]

DEE ? @ »

OpenSeesPL For Help, press F1 Unit: SI




Bli OpenSeesPL - Untitled

File
i

Meshing Execute Display View Help
=l 7 & »

E Model Input =Hl=

E Finite Element Mesh

Lo OS]

Analysis Type
Single Analysis:

" Pushowver

" Eigenvalue

" Base Shaking

FBEE Analysis:
& Ground Shaking FBEE Motions...

e

" Repair

Model Definition

Bridge Pararmeters. .. | Soil Parameters. . |

tesh Paremeters... | Analysis Options... |
Boundary Conditions

E.C. Type Rigid Box ~| I Fixed Ver

Bedrock Type |RigidEiedru:u:k J

hodel Inclination along Longitudinal Directian

Ground Surface Inclination Angle (0-30 deg)

a
“Whole Model Inclination Angle (0-10 deg) 0

For Help, press F1

Unit: S




Pl OpenSeesPL - Untitled

L=

O

Meshing Execute Display View Help
EEd 7 & »

[43] Model Input = (= =8

@ Finite Elernent Mesh

(=[O =S

Analysis Type
Single Analysis:

" Pushower

" Eigenvalue

" Base Shaking

FBEE Analysis:
f+ Ground Shaking FEBEE Motions...

" Repair

K _T_

todel Definition

Bridge Parameters... | Soil Parameters... |

tesh Paremeters... | Analysis Options... |
Boundary Conditions

E.C. Type |Rigid Box | I Fixed Vet

Bedrock Type |RigidBeerck J

tdodel Inclination along Longitudinal Direction

Ground Surface Inclination Angle (0-30 deg)

0
YWhole Model Inclination Angle (0-10 deg) 0

For Help, press F1

Unit: Sl




Pl OpenSeesPL - 2009August.opl

File Meshing Execute Display View Help
FH 7 & »
- '\I-
[ Model Input Soil Strata - (S
Analysis Type— il .
Single Analysis: Leyer # (From 1 hickness _ Residual Shear Strength
topd o [rm] soil Type [kFa] P C
" Pushower R )
- Bl 1. 10 |22: U-Clay?... =] [oe ¢ ¢
igemsalue
2 |D |15: Sat cohesionless dense, gravel permeability j |D.2 ' S
" Base Shak
3 0 0.2 & ¢
FBEEE Analysis: 2.t sand permeabhility
[ 4 a 3 Sat. cohesionless veryluuge gravel permeahility 0z F
¢ Ground Sh 4. Sat. cohesionless loose, silt permeability
: & O
- Renaj e 0 b 5at cohesionless loose, sand permeakility -
epair i : . Y ]
: R - 7 Sat caiecianlacs madm aitpemnaabilly = c
Model Dafinii 7 0 & Sat. cohesianless medium, sand permeahility 0.2 «
ooel Uelinmog 9. Sat. cohesionless medium, gravel permeability
o 0 - 0.7 o i -
: & 10: Sat. cohesionless medium-dense. silt permeahility
Bridge Parar 9; 0 11: Sat. cohesionless medium-dense, sand permeahili 0.2 I Sl
] 12: 5at. cohesionless medium-dense, gravel permeah PP
kesh Parer 10: 0 13: Sat. cohesionless dense, silt permeahility 0.2
— 14: 5at. cohesionless dense, sand permeability
1 . . |15 Sat cohesionless dense, gravel permeabhili
[~ Saturated Sail Analysis |15 Cohesive soft d P i 10 [m]
Boundary Cond : . .
! 17 Cohesive medium
EL5 Te [ Activate Column Zone Maq o cohasive stiff
. . 18: U-Sand1...
Bedrack Typ [ Activate Column-Soil Inte 20: U-Sand?. . 01
3 - 21 L-Clay ..
22 1U-Clay?...
kaodel Inclinatio [ Activate Tension Cutoff for Cohesive Soil
Ground Surface Mote: P. L and Crepresents Parabolic, Linear increasing and Constant variation of soil modulus with depth, respectively.
YWhole Model In Cancel

—

For Help, press F1

Unit: S




Definition of Soil Profile
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Input Motions
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Histogram and Cumulative Distribution (Con’t)
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Histogram and Cumulative Distribution (Con’t)
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Column Material Properties
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Deck Properties
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Running Multiple Records at the Same Time
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Max Rel. Deck-Abutment Displacement
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PBEE Quantities
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Damage States
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B.C. Type IRigid B
Bedrack Type IRigid Ed DS1: Cleaning Lambda (m) ID.D51 Beta IU.25
D52 Assembly Lambda (1) ID.1EIZ Beta IEI.25 ’
. ] : i 011118 03
~Model Inclination along Longitud D53 BackWall Spalling  Lambda {m) Beta
D34 BackWall Failure  Lambda (m) ID.1 386 Beta ID.3

Ground Surface Inclination Anglg

“Whale Model Inclination Angle |

[
o
=
0
),

|

OnenSeesPL For Help, press F1 Unit: S Y




Repair Quantities

FL OpenSeesPL - PBEEminOutput.opl

Execute

File- Meshing

D& H

| PBEE: Repair

Heip

Display  Wiew

| tem# | tem Name [unit |col.Ds1 |col.Ds2 |colDs3 | ColDS4 | LAbutDST | LAbutD:
1 Structure excawvation C 0 0 12,5735 12,5735 0 8.658169
P Structure backfill 'y 0 0 12,5735 12,5735 0 0.68169
3 Temporary support (superstructure) SF 0 n 5265 5265
4 Temporary support (abutment) =
5 Structural concrete (bridge) C 0 1] 10.2608 10.2608 2.4 2.4
B Structural concrete (footing) 'y
7 Structural concrete (approach slab) C 0 0
8 Aggregate base (approach slab) C 1] 1]
9 Bar reinfarcing steel (bridge) LB 0 1] 4632.12 4632.12 1] 1]
10 Bar reinforcing steel (footing, retaining w... LB
11 Epoxy inject cracks LF 440283 26.84 n n n 12.0079
12 Repair minor spalls SF 86.9337 69.2147 1] 1] 1] 23.4406
13 Colurnn steel casing LE
14 Joint seal assembly LF 39.042 39.042
15 Elastormeric bearings EA
16 Crill and bond dowel LF
17 Furnish steel pipe pile LF
18 Drive steel pipe pile EA
19 Drive abutment pipe pile EA
20 Asphalt concrete TOM
21 Mud jacking C
- Boundary 2z Br?dge remaovwval (culu.mn) 'y 0 n 10.2608 10.2608
23 Bridge remowval (portion) 'y 241 241
BC Tyl 24  Approach slab remaoval 'y 0 0
Bedroc 25 Clean deck for methacrylate = 0 0
26 Furnish methacrylate GAL
27 Treat bridge deck SF
28 Barrier rail LF
~Modelincll 29 Re-center column EA
Ground Sull £ i | 4
Whole Mo Cancel |

LY

OpenSeesPL

For Help, press F1

Unit: 51 A



Unit Costs

'L OpenSeesPL - PBEE.opl =13
File Meshing Execute Display Miew Help
D& ? & | PBEE: Unit Costs
_ Bi=lEd
lterm# | ltem MName | Lnit | LIC mean | T std devl z
-Analysis Type 1 Structure excavation Cy % 165 $ 33
Single Analysis: 2 Structure hackiill Cy § 220 $ o
3 Temporary support (superstructure) SF $ 38 $ 76
" Pushaver _ 4 Temporary suppont (sbutmeant) sF & 38 $ 7B
] 5 Structural concrete (bridge) 'y § 2225 $ 445
® SgEiele B Structural concrete (footing) 'y $ 520 $ 104
" Base Shaking 7 Structural concrete (approach slak) 'y % 1625 $ 32h
= 8 Aggreqate hase (approach slak) 'y $ 325 $ Eh
PBEE Analysis: ] Bar reinforcing steel (aridge) LB $ 1.35 $ 0.27
" Ground Shaking 10 Bar reinforcing steel (footing, retainingw... LB $ 1.2 $ 024
= 11 Epoxy inject cracks LF $ 215 $ 43
« Repair |: 12 Repairminor spalls SF $ 300 $ B0
13 Column steel casing LB $ 10 $ 2
14 Joint seal assembly LF $ 275 $ 55
- Model Definition 15 Elastomeric bearings EA $ 1500 $ 300
. 16 Drill and bond dowel LF $ 55 N
Bridge Parameters.. | 17 Fumish steel pipe pile LF § 55 § 11
18 Drive steel pipe pile EA % 20580 410
tesh Paremeters... | 19 Drive abutment pipe pile E& $ 9000 $ 1800 K\%
20 Asphalt concrete TOM $ 285 $ 53
21 hud jacking 'y % 380 $ 7B
~Boundary Conditions 2z Bridge remowal (column) 'y $ 3405 $ B3
— 23 Bridge remowval (porion Y % 2355 % 47
S5 e |Rigirl R 24 Apprgutluh slaby r(uF:rlrluvtlI) o $ 1000 $ 200
Bedrock Type IRigidEI 25 Clean deck for methacrate =k t 04 % 0.08
26 Furnish methacrylate GaAL $ &b $ 7
27 Treat bridge deck SF $ 055 $ 0N
_ 28 Barrier rail LF g2 % 04
ModalInclination long Long_J 29 Fe-center column EA £ 100 20 =
Ground Surface Inclination Ang
Whole Model Inclination Angle Cancal |
IpenSeesPL For Help, press F1 Unit: SI y




Production Rates

. OpenSeesPL - PBEE.apl H[=1E3
File Meshing Execute Display  Wiew Help
D T & | PBEE: Production Rates
ltem# | ltem MName | Linit PR mean | FR std dev I
~Analysis Type 1 Structure excavation WD 1.2 nz
Single Analysis: z Structure backfill WD 2.2 IR
i 3 Temporary support (superstructure) WO 342 38
 Pushower 4 Temporary support (abutment) WD 332 38
. ] 5 Structural concrete (bridge) WD 10 0.7
" Eigenvalue B Structural concrete (footing) WO 10 n?
¢ Base Shaking 7 Structural concrete (approach slak) W0 2 n3i
= g Adgoregate base (approach slak) WD 1.2 nz
PBEE Analysis: 9 Bar reinfarcing steel (bridge) WD 1.8 n.z
. 10 Bar reinfarcing steel (footing, retainingw... WD 1.8 nz
& Gioue)sietde | 11 Epoxy inject cracks owWD 2 0.3
& Repair |: 12 Repair minor spalls WD z 0.3
13 Column steel casing CWDh 70 77
14 Joint seal assembly WO 2 03
~kodel Definitian 15 Elastomeric bearings CWD 1.2 nz
16 Drill and band dowel Cw'D 1.2 nz
Bridge Parameters... | 17 Furnish steel pipe pils WD 35 1.7
18 Drive steel pipe pile WD 2 0.3
kMesh Faremeters. . | 19 Drive abutment pipe pile WD 3 03
20 Asphalt concrete CWD 2 03 —\\—\ﬂ
21 Mud jacking WD 2 0.3
~Boundary Conditions 22 Bridge removal {column) Ci'D 16.2 1.8
23 Bridge remowval (portion) WO 2 03
B.C. Type IRigid B 24 Approach slab remaoval CWD 4 07
I > 25 Clean deck for methacrylate WD 1.2 nez
Bedrock Type  |Rigid B 26 Fumish methacrylate cwD 20 33
27 Treat bridge deck WO 1.2 nz
28 Barrier rail CWD 1.8 nz
~Model Inclination along Long] | og Ee-center calumn WD 2 03 |
Ground Surface Inclination Ang
YWhole Model Inclination Angls Cancel |
IpenSeesPL For Help, press F1 Unit: SI y




Compute Repairs (against IM)

'L OpenSeesPL - PBEE.opl

File Meshing Execute Display  View Help

ODeEE T & |

PL Model Input |- [B][X]| PtiFinite Element Mesh

~Anakysis Type
Single Analysis: PBEE Quantities
" Push
HeneveEr |  Define PBEE Quantities
" Eigenvalue
Damage States Repair
" Base Shaking E i
FBEE Analysis:
" Ground Shaking Lnit Costs FProduction Rates
* Repair |:
~kodel Definiion————————— ~Choose IM
Bridge Pararmeters. .. | Flease choose a Intensity Measure (longitudinal component):
Mesh Paremeters... | IPGA j
FGY
~Boundary Conditions B?SDQSJ
R Type IRigid A CAN
= Arias Intensity
Bedrock Type Ingld B SA (Period = 1 sec)
S (Period =1 sec)
S0 (Feriod =1 sec)
~kodel Inclination along Londg PSA (Period = 1 sec)
FS% (Period = 1 sec)
Ground Surface Inclination Angle (0-30 deq) II]
YWhole Model Inclination Angle (0-10 deg) IEI

IpnenSeesPL For Help, press F1 Unit: SI Y




Repair Output

'L OpenSeesPL - PBEE.opl

File Meshing Execu

O ?

Repair Output

PL Model Input

-~ Analysis Type (File: Qsens_E.txt)

Single Anakysi
 Pushove

Contribution to expected repair cost (S) from each repair quantity

" Eigenwval
" Base Sh

FBEE Analysi
" Ground 3

* Repair

~Model Definiti

Bridge Par

kMesh Para

~Boundary Co
R Tywpe
Bedrack T:

~Model Inclinat

Ground Surad
Whole Model

JnenSeesPL For Help, press F1

Unit: 51 2




Repair Output (Con’t)

'L OpenSeesPL - PBEE.opl

File Meshing Executg

O ?

Repair Output

PL Model Input

. Contribution to repair cost std. dev. (8) from each repair quantity
| Analysis Typg (File: Qsens_Var.txt)

Single Anakysi
 Pushove

" Eigenwval

" Base Sh

FBEE Analysi
" Ground 3

* Repair

~Model Definiti

Bridge Par

kMesh Para

~Boundary Co
R Tywpe
Bedrack T:

~Model Inclinat

Ground Surad

Whole Model

IpnenSeesPL For Help, press F1 Unit: SI Y




Repair Output (Con’t)

'L OpenSeesPL - PBEE.opl

File Meshing Execu

O ?

Repair Output

couModel Input Contribution to expected repair cost (S) from each performance
-~ Analysis Typg group (File: PGsens_E.txt)

Single Anakysi
 Pushove

" Eigenwval

" Base Sh

FBEE Analysi
" Ground 3

* Repair

~Model Definiti

Bridge Par

kMesh Para

~Boundary Co
R Tywpe
Bedrack T:

~Model Inclinat

Ground Surad
Whole Model

JnenSeesPL For Help, press F1

Unit: 51 2




Repair Output (Con’t)

'L OpenSeesPL - PBEE.opl

File Meshing Execu -

“u epair O
Ol 7 Repair Output

PL Model Input

Total repair cost ratio (%) (File: RCR_Model.txt)

—Anahysis Type
Single Anakysi
 Pushove

" Eigenwval
" Base Sh

FBEE Analysi
" Ground 3

* Repair

~Model Definiti

Bridge Par

kMesh Para

~Boundary Co
R Tywpe
Bedrack T:

~Model Inclinat

Ground Surad

Whole Model

IpnenSeesPL For Help, press F1 Unit: SI Y




Repair Output (Con’t)

'L OpenSeesPL - PBEE.opl

File Meshing Execu -

“u epair O
Ol 7 Repair Output

PL Model Input

Total repair time (CWD) (File: RT_Model.txt)

—Anahysis Type
Single Anakysi
 Pushove

" Eigenwval
" Base Sh

FBEE Analysi
" Ground 3

* Repair

~Model Definiti

Bridge Par

kMesh Para

~Boundary Co
R Tywpe
Bedrack T:

~Model Inclinat

Ground Surad

Whole Model

IpnenSeesPL For Help, press F1 Unit: SI Y




Repair Output (Con’t)

L OpenSeesPL - PBEE.opl

Repair Output

PL Model Input

Eriaiadbil Contribution to expected repair time (CWD) from each repair
Single Analysi quantity (File: RTsens_E.txt)

 Pushaowe

" Eigenwval m

" Base Sh

FBEE Analysi
 Ground 5

& Repair

~Model Definiti

Bridge Par

kMesh Para

~Boundary Co

B.C. Type
Bedrock T

~Model Inclinat

Ground Surad

Whole Model

JpenSeesPL  For Help, pressF1 — -




Deformed Mesh

PL OpenSeesPL - [Deformed Mesh (Motion: A-ELC)] L L
[Z] File Meshing Execute Display View Help [=]=]x]
|ID@d ? FH

it 25 T é IDuetD seismic excitation j IDiSp. contour fill j |3D wigw j Play Animation |
Flease choose a mation (100 rec
Bin I botion I
LiLR APE
LiLR Frds
LkLR HvR
| LMLR S Wy _
Unit; m
i LFLF SLC 1.693e-005
LLE: B0 1.509e-005
LMLR CAS g
| |oe CEN £
LLF: DEL 1.1856-005
|| |om oWN e
LhLF: JAE 9.313e-006
|| s L0 i
LR LA, £.773e-006
LMLR L2 5 080000
i LMLF FHF 4.233e-005
LMLR: PIC 2 510003
| LR ]} 1.683e-005
LMLR SSE 5 00De 000
|| LMLR YVER
| kAT ATENAL Step No. |3 1 | >| J' Time (second) I?.4232?e—
Scale Factar |138451 3 Animation Playing Delay (millisecond) |1U v Endless Flaying [ Structure Only
" OpenSeesPL For Help, press F1 Unit: 51
I Ik Cancel |




