


























































































































Step 4 - Response Spectrum and Demand Displacements

Load Case Data - Response Spectrum [Auto Case Not Modifiable)

Load Caze Mame Motes Load Case Type

Directional Combination
™ 5SRSS * 4BS
" Modified SRSS [Chinese]

Modal Combination
(« CQC ¢ SRSS ¢ ABS (" GMC ¢ 10Pct ¢ DblSum

Modal Load Caze

Use Modes from this Modal Load Case _MODAL_SDF =

Loads Applied
Load Type Load Mame Function Scale Factor
[Bceel ~||mMo2_spec ~|[32174

Accel MO2_Spec 32174 Add
Modlfy
Delete

[~ Show Advanced Load Parameters

_R5_<_SDReql Set Def Name | Modity/Show... | | | [Respanse Spectium ~| Design...

ABS Scale Factor 03

Other Parameters
Modal Damping Constant at 0.05 Modify/Show... Q

Figure 4-2 ABS Response Spectrum LOAD Case form

To illustrate the ABS directional combination feature, the following BENT1 dis-

placements are summarized for example model MO _1C:

Figure 4-3 BENT1 Displacements for the three
Auto Defined Response Spectrum Load cases

Response Spectrum Load Cases
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Load Case Data - Modal

Load Case Wame Motes Load Case Type

[MODAL  SetDefName| Modify/Shaw... | | | [Modsl | Design...
Stiffness to Use Tvpe of Modes
*" Zera Initial Conditions - Unstrezsed State f* Eigen“ectors
i ’—_| " Ritz Vectors
Mumber of Modes
b aximurm Mumber of Modes ’257
Minimum Mumber of Modes ,17

Loads Applied

™ Show Advanced Load Parameters

Other Parameters

Frequency Shift [Center] a0
Cutoff Frequency [Radius] a0
Convergence Tolerance 1.000E-09 m

v Allow sutomatic Frequency Shifting

Figure 4-4 Modal Load Case Definition

Response Spectrum Results

Upon completion of the response spectra analysis, the displacements are tabu-
lated for each bent. The displacements are calculated using “Generalized Dis-
placements” to account for the average cap beam displacements and the relative
displacement between the cap beam and foundation. The displacements for the
ABS response spectrum load case also are tabulated for each of the bearing ac-
tive degrees of freedom. These can be view using the Display menu > Show
Tables command by selecting the Design Results for Bridge Seismic option and
selecting the Support Bearing Demands-Deformations item. These displacements
also can be displayed and animated on screen or read from the quick report cre-
ated using the Design menu > Bridge > Quick Report command.

Response Spectrum Results




























































Step 8

Review Output and Create Report

This step describes the two methods of viewing the seismic design results. The
first way to review the results is to use the Display menu > Show Tables com-
mand. The second way is to create a report using the Design menu > Bridge De-
sign > Create Report command.

The entire list of output tables for the Bridge Seismic Design includes the follow-

ing:

] DESIGH DATA (7 of 7 tables zelected]

=6 Bndge

=B Seizmic Dezign Data

B Table:
B Table:
B Table:
B Table:
B Table:
B Table:
B Table:

Bridge Seizmic Dezign 01

-Bent D-C - AASHTO LRFD 2007
Bridge Seizmic Dezign 02 -
Bridge Seizmic Dezign 03 -
Bridge Seizmic Dezign 04 -
Bridge Seizmic Dezign 05 -
Bridge Seizmic Dezign 06 -
Bridge Seizmic Dezign 07 -

Bent Colurmn Force Demand

Bent Column [dealized Moment Capacity
Bent Column Cracked Properties
Support Bearng Demand - Forces
Support Bearing Demand - Deformations
Support Length Demand - Unzscaled

The seven Bridge Seismic Design tables are described in the sections that follow:

Design 01 — D-C Ratios

8-1
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8.1 Design 01 - D-C Ratios

The Demand/Capacity ratios are summarized for each bent in each direction.
Values less than 1.0 indicate that an adequate capacity exists for a given bent and
direction for the ground motion hazard used in the seismic design request. Values
greater than 1.0 indicate an overstress condition.

Bridge Seismic Design 01 - Bent D-C - AASHTO LRFD 2007

File View Format-Filter-Sort Options
Urits: Az Noted 01 - Bent D-C TO LRFD
JezReqM ame| BObj DCategor| Span Station| Direction GenDispl Demand Capacity DCRatio
Text Text ft Text Text it it Unitless
» SDReql BOBJ1 1] Spanl B9.21]  TRAMS _GD_TR1_SDReql 0.53342 111212 0.532534
SDReql BOEJ1 1] Spanl 531 LOMG _GD_LG1_SDReql 1.1757] 1.4801 0.794334
SDRegl BOBJ1 1] Span2 119.21]  TRANS _GD_TR2 5DReql 0.53384 111261 0535132
SDReql BOBJT o Span2 18.21 LOMG _GD_LGZ SDReql 1.175E6 1.48026 0.794227
Recard: mn 1k m of 4 Add Tables... | Done I

8.2 Design 02 - Bent Column Force Demand

A summary of the bent column seismic demand forces are tabulated.

Bridge Seismic Design 02 - Bent Column Force Demand

File View Format-Filter-Sort Options
Units: As Noted ridge Design 02 - Bent Column Force Demand
JesReqName BObj Span Station| Column Location P V2 V3 T M2 M3
Text Text | Text Texnt Kip Kip Kip Kip-ft Kip-ft Kip-ft
» SDReql BOBJ1 Spanl 59.21 1 Tap 401.017 200,312 97.333 27487 1956952 27331131
SDReql BOBJ1 Spanl 5521 1 Battom 401.104 212,431 101.571 27487 28134735 2796.7686
SDReql BOBJ1 Spanl 59.21 2 Tap 4.242 210,889 97.975 27469 160.5556)  2915.9518
SDReql BOBJ1 Spanl 5521 2 Battom 4.245 223225 102147 27469 2836.3571 2896.8396
SDReql BOBJ1 Spanl 59.21 3 Tap 401.017 200312 97.333 27484 1956943 27331124
SDReql BOBJ1 Spanl 53.21 3 Battom 401.104 212,431 101.571 27484 28134738 2736.76RE
SDReql BOBJ1 Span2 19.21 1 Tap 401.969 203942 96.744 3.3869 1957369 27396633
SDReql BOBJ1 Span2 11521 1 Battom 402,031 212761 101.503 33869 2812.5352 27337672
SDReql BOBJT Span2 19.21 2 Taop 4.248 214,555 99.333 33828 160.3723 2922825
SDReql BOBJ1 Span2 11521 2 Battom 4.243 22353 102.063 33825 2835 5603 2300.0604
SDReql BOBJT Span2 19.21 3 Taop 401968 203.941 98744 33867 155.7366 27396625
SDReql BOBJ1 Span2 119.21 E Battom 402.031 212761 101.509 3.3067| 28129356  2799.7655
Record: [ 4] 4] T [ M of12 Add Tables...

8.3 Design 03 - Bent Column Idealized Moment Capacity

The idealized column plastic moments are calculated and tabulated. The axial
load P represents the demand axial load. The idealized plastics moments are de-
termined using the associated axial load value, P.

8-2  Design 01 -D-C Ratios



Step 8 - Review Output and Create Report

Bridge Seismic Design 03 - Bent Column |dealized Moment Capacity

File “iew Format-Filker-Saort Options
Units: As Noted
JesReqMame BObj Span Station| Column Location P Mp2 Mp3
Text Text ft| Text Text Kip Kip-ft Kip-ft |
» SDReql EOBJ1 Spanl 53.21 1 Top -150.981 903.9731 903.4396
SDReql BOBJ1 Spanl 53.21 1 Battom -178.893 927.2375 923674
SDReql EOBJ1 Spanl 53.21 2 Top -163.705 916.2802 912.2633
SDReql EOBJ1 Spanl 53.21 2 Battom -191.622 936.2995 938.6369
SDReql EOBJ1 Spanl 53.21 3 Top -150.981 903.9731 903.4336
SDReql EOBJ1 Spanl 53.21 3 Battom -178.892 9272375 9296741
SDReql EOBJ1 Span2 113.21 1 Top -150.981 903.9731 903.4336
SDRieql EOBJ Span2 118.21 1 Battom -178.898 927.2375 529.674
SDReql EORJ1 Span2 118.21 2 Top -163.705 916.2802 9122633
SDReql EOBJ1 Span2 118.21 2 Battom -191.622 936.2335 938.6363
SDReql EOBJ1 Span2 118.21 3 Top -150.981 903.9731 903.4396
SDReql EOBJ1 Span2 113.21 3 Battom -178.893 9272375 923.674
Recaord: mn 1» . of 12 Add Tables... | Dare |

8.4

Design 04 — Bent Column Cracked Section Properties

A summary of the cracked property modifiers that get applied to each of the bent
columns is tabulated.

Bridge Seismic Design 04 - Bent Column Cracked Properties

File Wew Format-Filker-Sort Options
Units: Az Moted
JesAeqMame BObj Span Station| Column FModifier 122Mod 133Mod 122Top 133Top |
Tent Text ft| Text Text Unitless Unitless ft. 4
» SDReql BOBJ1 Spani 5821 1 _NFM_BT1C1_SDReql 0.282674 0.262904 3.925276 3.925276 3
SDReql EOBJ1 Spanl 59.21 2 _MFM_BT1CZ2_SDReql 0.286337 0.285587 3.928276 3926276 a2
5DReql EOBJ1 Spanl 59.21 2 _MFM_BT1C3 SDReql 0.282674 0.282504 3.925276 3925276 2
SDReql EOB Spanz 11921 1 _NFM_BT2C1_SDReql 0.282674 0.282304 3.925276 3925276 2
SDReql EOB Spanz 11921 2 _NFM_BT2C2 SDReql 0.285337 0.285587 3925276 3.925276 3
SDReql EOBJ1 Spanz2 119.21 ] _MFM_BT2C3 SDReql 0.2682674 0.282504 3.928276 3926276 a
| »
Recaord: mn 1 m of B Add Tables... | Done I

8.5

Design 05 - Support Bearing Demand - Forces

The forces in the bearing due to the seismic loads are presented in the table
above. All bearings at the abutments and bents that are found to resist seismic

forces are included in the subject table.

Design 04 — Bent Column Cracked Section Properties
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8.6

Bridge Seismic Design 05 - Support Bearing Demand - Forces

File View Format-Fiter-Sort Optians
Units: A3 Noted
JesHeqName|  BObj Span Station| Type | Bearing P 3 V3 T M2
Text Text i Text Text Ki Kip Ki Kip-f Kip-F
» Reg OB tart Abutment Abutment 1 3.:77%‘
Fieg [of:N] tart Abutment Abutment 1.59|
Fieg [of:N] tart Abutment Abutment 1.434]
Fieg [of:N] tart Abutment Abutment 1.59|
Req 0Bl tart Abutment Abutment 3376,
SDReq] BOBJ1 Spani 5321 Bent 1 36.094 67127 47.821 0 0
SDReq] BOBJ1 Spani 5321 Bent 2 48253 130.951 50.41 0 0
SDReq] BOBJ1 Spani 5321 Bent 3 2635 143,398 67.122 0 0
SDReq] BOBJ1 Spani 5321 Bent 1 48.253 130.951 50.41 0 0
Rieg OB Spani 5 ent 5 36,034 7.127) 47.521
Reg OB Span. ent 1 164 7.278) 47.752
Reg OB Span. ent 2 45383 131.247 50,344
Reg OB Span. ent 3 837 143,738 67.041
Req OB Span. ent 4 48363 131.247 50,344
SDReq] BOBJ1 Span2 11821 Bent 5 36164 67.276 47.752 0 0 0
SDReq] BOBJ1 Spand 178.42|  Abutment 1 3373 0 0 0 0 0.2526
SDReq] BOBJ1 Spand 178.42|  Abutment 2 1.587 0 0 0 0 073
SDReq] BOBJ1 Spand 178.42|  Abutment 3 1431 0 0 0 0 11318
SDReq] BOBJ1 Spand 178.42|  Abutment 1 1.587 0 0 0 0 073
$DReql BOBJ1 Span3 178.42| Abutment 5 3378 i [ [ i 0.2926
Record: [14] 4] IRDIEE! Add Tables..

Design 06 — Support Bearing Demand - Displacements

The displacements for all bearings at the abutments and bents that resist seismic
loads are tabulated and reported.

Bridge Seismic Design 06 - Support Bearing Demand - Deformations

File Wiew Format-Filber-Sort Options
Units: 3 Noted
DesReaName]  BOB Span Station| Type | Bearing (1] Uﬂ U3 il B
Text Text | Text Text it it | Dege eqrees
3 Feq J Tat Abulment Abudment 1 00000000857, 457 3 oow 0003354
Reg J {art Abutment Abutment 000000000470 4971 2 oow 0009354
Reg J {art Abutment Abutment 000000000250 4971 1 000 0009354
Reg J {art Abutment Abutment 000000000470 4971 2 oow 0009354 0.00000000004365
Reg J {art Abutment Abutment 00000D000E572 4971 53 0o 0003: 0.00000000004365
Reg J pari ent 1 0.00000002632_0,00000002456]_ 0.000000008121 | 0.0000
Reg J pari ent 0.00000007246| 00000001331 0.000000007358| 00000
Reg J pari ent 0000000000335 0.0000001213|__0,0000001293_0,00000:
Reg J pari ent 00DDO0OF245, 0.0000001331| 0.000000007358] 00000
Reg J pani ent 00DDO00Z632) 0.000D000Z456| 0.000000008121] _0.0000 0.0003168
Reg J pa ent 1 00DDO00Z639) 0.00000002462] 0.00000000S103] _ 0.00007S
Reg J pa ent 0DDDOOOFZ62)  0.00D0001334] 0.000000007332 000003847
Reg J pa ent 0000000008463 0.0000001215| _0,00000001288_0.000004875
Reg J pa ent 0.00000007262] _0.0000001334]_0.000000007332] _0.00003847)
Reg J pa ent 0.00000002633]_0.00000002462]  0.000000008103|__ 0.0000797)
Reg J pan Abutment 1 00000D000E5E2 73 00002035 000009323 (0.00000000004385
Reg J pani 7 Abutment 0000000004708 7 0000208 0.00000000004355
Reg J pani 7 Abutment 00000D00Z781 1 00002085
Reg J pani 7 Abutment 0000000004708 7 00002085 0.00000000004355
R J pan 7 Abutment 00000D00E5E2 3 00002085 000009323 0.00000000004355
Recort [14] 4 1 b pl] ofz0 Add Tables

8.7
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Design 07 — Support Length Demands

The support lengths are calculated from the bearing displacements and represent
the amount of displacement normal to a specific bent or abutment.

Design 06 — Support Bearing Demand - Displacements



Step 8 - Review Output and Create Report

Bridge Seismic Design 07 - Support Length Demand - Unscaled

File ‘iew Format-Filker-Sort Options
Uritz: As Mated Seismic |:|E=:E:i|r'| 07 - Support LEr‘uth Demand - Unzcaled
JesReqMame BObj Span Station Type Bearing | SuppLength
Text Text ft Text Text ft
» SDReql BOBJT Start Abutriet 0 Abutment 1 1.30172
SDReqgl BOBIT Start Abutment 0|  Abutment 2 1.2014
SDReqgl BOBIT Start Abutment 0|  Abutment 3 1.201
SDReqgl BOEBIT Start Abutment 0| Abutment 4 1.2014
SDReql BOBJ1 Start Abutment 0 Abutment 5 1.30172
SDRegl BOBJT Spanl 59.21 Bent 1 000000008373
SDReql BOBIT Spanl 5921 Bent 2 000000007 357
SDReql BOBIT Spanl 5921 Bent 3 000000009796
SDReql BOBIT Spanl 5921 Bent 4 000000007 357
SDReql BOBIT Spanl 5921 Bent ] 000000006373
SDReql BOBIT Spand 11941 Bent 1 000000008353
SDReql BOBIT Spand 11941 Bent 2 000000007347
SDReql BOBI1 Spand 11921 Bent 3 000000009734
SDReql BOBI1 Spand 11921 Bent 4 000000007347
SDReql BOBI1 Spand 11921 Bent ] 000000006353
SDReql BOBI1 Spand 17842 Abutment 1 13018
SDReql BOBIT Spand 17842 Abutment 2 1.30744
SDReql BOBJT Spand 17842 Abutment 3 1.301
SDReql BOBJT Spand 17842 Abutment 4 1.30744
SDReql BOBJT Spand 17842 Abutment ] 1.3018
Record: | 14| 4 1 p|p| of20 Add Tables... | Daone |

Create Report

A single command can be used to create a report using the Design menu >
Bridge Design > Create Seismic Design Report command. Several representa-
tive pages of the report that can be created using the previously noted report re-
quest are included in the following pages. Theses have been excerpted from a 30
page summary report that SAP2000/Bridge writes as a Microsoft Word docu-
ment.

Create Report  8-5



SAP2000/Bridge Seismic Design

SAP 2000

Llesnse £229 28
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Prepared by
Csl

Model Name: MO-1C_SA.SDB

12 February 2009

MO-1C_SAS0B SAPZOIOND 260 - License #2208
Contents 12 February 2009
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Wii0-1C_SA.S0E SAFZO00 1250 - License #22048
1. Bidge model geometry 12 February 2000

1. Bridge model geometry

This section provides bridge mode| geometry information, including items such as bent and span definitions.

Figure 1: Finite element model

1.1. Bridge component data

Table 1: Bridge Abutment Definitions

Table 1: Evidge Abufment Cefinttion s
ThUfment | Gidersup | GubTpE | FORoR
I I I
BEGTI | Gofn | g | Fled

csl

Paged of 0

bt 0-1C_$4. SDE SAFZO00 W25.0- License #2208
4. Bridge design 12 February 2009

]
Static Nonknes Case Flot Type: Urits
[Reshant Base Shear vz Momtored Displacement =] | [FenF ]
Displacement Cuert Plot Passmstets
130, VDO -
Nz T Ackd New Pasasetess...
1042 I | ! | — Add Copy of Parameters...
. Modty/Show Pacarmeters. .
ad—H |- -
=
78 2
o] :
<
b= H s
E:)
i
13
e Lafa e
08z 164 208 248 287 328
Mouse Partes Location  Hodz Vit
_ n
Figure 4: Pushover Curve

Page 23 0130
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h0-1C_54. SDE SARZ000 w12 5.0 - License #22048
4. Bidge design 12 February 2008
able 22; Bridge Seismic Design 01 - Bent D-C - AASHTO LRFD 2007
Table 220 ENdgs S6umic D8 sign 0 1 - Bent D-C - AASHTO LRFD2007
TeiReqiam | Edgsct] | G0cat Tpantiame Shafion | Cirection [EEHENT] Temand [=TEr TCRatio
[} jary .
T T T
SDPReq1 BOBJT o Sparl 5821000 TRENS _GD_TR1_SDReqi 05912 11121 05399l
SDReq1 BOBJ o At 59.21000 LONG _GD_LG1_SOReq1 117570 143010 0794334
SDFeq1 BOBJI o Tpanz 11821000 TRANZ _GD_TR2_SDFeql 05596 [ARE 05¥I2
SOPReq1 (2] [] a2 (R 50_LG3_S0Req 117858 LiEE | a7eEd
o
Table 23: Bridge Seismic Design 02 - Bent Column Force Demand
Table 231 B0 Selsmic D8 0gn 02 - Bant Column Fore & Com and
DeiReqiiam | Eridgsch] Tpanfams Sfafion | column | Locafion F ] Gl T [ [E]
B
n 4] i3] 1]
SDFeq 1 BOBJI EETT 59.21000 [l Top wiomT 200312 )
SDReq1 BOBJ A F9.21000 1 Bottom 401104 212481 101571
SDFeq1 BOBJI Zpand 59.21000 2 Top =1 210559 o.e05
SDPReq1 BOBJT Spant 59.21000 z Bottom 245 e et [=NTY
SDFeq1 BOBJI Tpanl 59.21000 3 Top it 20312 .35
SOt (7] Sl T (E0 ik T i
SDFeq1 BOBJSI Tpanz 112 21000 1 Top 401 965 kT wETH
SDReq1 BOBJT fETH 119 21000 1 Bottom a3 212761 101509
SDReq1 BOBJ1 T 119 21000 2 Top 2 214555 9333
SDPReq1 BOBJT fETH 118 21000 z Bottom (=) 23530 102 0659
SDReq1 BOBJ1 T 119 21000 3 Top 401968 3941 T
SDPReq1 BOBJT Al 118 21000 3 Bottom st 261 101509
Table 24: Bridge Seismic Design 03 - Bent Column ldealized Moment Capacity
Takile 24 Eridge G (o 04 sign 03 - Bertcolumn Kaalld Moment Capacity
Cesmeqiiam  Erldgech| Spantiams FHhafion  coumn Tocation GEnHings WPz MR
B
t K-t Kyt
SDFeq1 [ EETT] 39.21000 [ Top ECT E=EL 903 A
SDFeq 1 BOBJI Spant 59.21000 l Bottom TEH E 927 2315 a9 6T
csi Fage 26 of 30
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