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1. Introduction

lllustrate the procedure used to perform nonlinear static
“pushover” analysis in both the longitudinal and transverse
directions.

» To perform the pushover analysis in the longitudinal
direction, the entire bridge is pushed in order to include
the frame action of the superstructure and adjacent bents.

» To perform the pushover analysis in the transverse
direction, a bent may be isolated using the midas Civil
“staged construction” feature OR the entire bridge can be
pushed.
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. Model Setup

« Overview of Model

« Foundations Modeling
 Material Modeling

« Column modeling
 Gravity Loads
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. Displacement Demand Analysis

« Modal Analysis
« Response Spectrum Analysis
« Displacement Demand
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4. Displacement Capacity Analysis

Hinge Definitions and Assignments
Pushover Analysis
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5. AASHTO LRFD Code Reguirements

« P-A Capacity Requirement Check

* Minimum Lateral Strength Check

« Structure Displacement Demand/Capacity Check

« Member Ductility Requirement Check

« Column Shear Demand/Capacity Check

« Balanced Stiffness and Frame Geometry Requirement Check
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6. Model Overview

« Three spans 54’ , 77’ and 54’ in length

«  Four Prestressed concrete girder lines with 8’-6” spacing
« 8” concrete deck with 34’ out-to-out width

« Beams continuous and fixed at the intermediate piers

« Two-5" diameter columns at the intermediate bents on spread
footings
« Abutments free in the longitudinal direction and fixed transversely

- 1Ky
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6.1 Foundations Model - Solls

 The soil parameters used are G = 1,700 ksf and v = 0.35

« At the piers, the soil springs could be generated using the method for
spread footings
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6.2 Foundations Model - Piers

« The springs used in the demand model (response-spectrum model)
are the same as the springs used in the capacity model (pushover
model)

* Notethat it is also acceptable to conservatively use fixed base
columns for the capacity model.
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6.3 Foundations Model - Abutments

« AASHTO Guide Specifications for LRFD Seismic Bridge Design
require the stiffness of the transverse abutments be modeled.

« The girder joint restraint assignments at the abutments are as follows
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6.3 Material

Material Name Material Type Section Property Material |Weight for Modulus
For Unit Wt. |of Elasticity
(Location) (pcf) (pcf)

Deck - 4000 psi Concrete Deck 155 150

Other - 4000 psi Concrete CrossBeams & Diaphragms 150 145

Column - 5000 psi Concrete Columns 150 145

Girder - 7000 psi Concrete Girders 165 155

Rebar - A706 Other Rebar Rebar other than Columns 490 -

Column - A706 - Column Rebar Column Rebar 490 -
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6.4 Column

. There are two columns at each bent.

« The columns are five feet in diameter and have (24) #10 bars for
longitudinal steel, which amounts to a steel-concrete area ratio of
about 1%.

« Inthe hinge zones, the columns have confinement steel consisting of
#6 spiral bars with a 3.5 inch pitch.

« The column elements have rigid end offsets assigned to them at the
footings and cap beams.

 Note that the columns are split into ten frame elements.
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Column
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6.4 Column

midas Civil Section Designer

« The “COLUMN” frame section is defined using a round shape in
General Section Designer as shown
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6.4 Column

midas Civil Section Designer

. Mander confined stress-strain concrete model for the core of the
column is shown.
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6.5 Pier Cap Beam

The pier cap beam elements were modeled as frame elements with non-

prismatic section properties.
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6.6 Superstructure — Deck and Girders

The girders are assigned insertion points such that they connect to the
same joints as the deck elements but are below the deck.
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6.6 Superstructure — Deck and Girders

Links connect the girders to the cap beam which models the fixed
connection between these elements.
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6.7 Gravity Load Patterns

There are three dead load patterns in the model:
» “DC-Structure”, “DC-Barriers”, and “DW-Overlay”.

. “DC-Structure” case includes the self weight of the structural
components.

. “DC-Barriers” case includes the dead load of the barriers, which is
applied as line load to the outermost deck elements

. “DW-Overlay” case includes the future overlay loads applied to the

deck elements

=I-%+ Static Loads
- #-Lt] Static Load Case 1[Self Weight ;]

E—

‘LE]| Static Load Case 2 [Wet Concrete ; |

E—

‘L2l Static Load Case 3 [Wearing Course ; ]
‘LE|| Static Load Case 5 [Barrier ;]

E—
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/. Displacement Demand Analysis

Modal Analysis

1. Mass Source
« All of the dead loads are considered as contributing mass for
the modal load case.

2. Cracking of Columns
« Section 5.6 of the AASHTO Guide Specifications for LRFD
Seismic Bridge Design provides Diagrams that can be used
to determine the cracked section properties of the columns

« The column axial dead load at mid-height was calculated in
the model to be approximately 1,200 kips without including
the effects of the construction staging.

» For our bridge, the inclusion of staging effects would cause the
axial load in the columns to vary by less than ten percent. Such
a small change in axial load would not significantly alter the

results of this analysis.
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/. Displacement Demand Analysis

Moment Curvature Curve
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/. Displacement Demand Analysis

Property Modifiers

. The previous moment curvature curve we see that concrete strain
capacity limits the available plastic curvature.

« The property modifiers are then applied to the column frame
elements.

 Note that the torsional constant modifier is 0.2 for columns as
required by Section 5.6.5 of the AASHTO Guide Specifications for
LRFD Seismic Bridge Design.
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/. Displacement Demand Analysis

Verification of Mass Participation

Section 5.4.3 of the AASHTO Guide Specifications for LRFD Seismic
Bridge Design requires a minimum of 90% mass participation in both
directions.

For our bridge, the mass is considered to be the same in both
directions even though the end diaphragms are free in the
longitudinal direction and restrained in the transverse direction.
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8. Response-Spectrum Analysis

Seismic Hazard

. The bridge is located in Ridgefield, WA. The mapped spectral acceleration
coefficients are:
v PGA=0.256¢
v Ss =0.605¢g
v S1=0217g¢g
. A site class of E is used and the site coefficients are:
v FPGA=1.422
v Fa=1.489
v Fv=3.129

. Therefore, the response-spectrum was generated using the following
parameters:
v As = FPGA*PGA = 0.364 g
v SDS=Fa*Ss=0.901g
v SD1=Fv*S1=0.679¢
. Since SD1 is greater than or equal to 0.50, per Table 3.5-1 of the AASHTO
Guide Specifications for LRFD Seismic Bridge Design the Seismic Design
Category is D.
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8. Response-Spectrum Analysis

Response-Spectrum Function

« The spectrum is defined from a file created using the AASHTO
Earthquake Ground Motion Parameters tool and also as shown below
from midas Civil

Add/Modify/Show Response Spectrum Functions
— Function Name — Spectral Data Type
I ® Normalized Accel. (" Acceleration " Velocity " Displacement
—Scaling —Gravity—————— — Graph Options
e s | DR g0 S | @ Scale Factor Il |386.062 in/sec [ X-axis log scale
Period Spectral - —Damping Ratio
(sec) p’[()ar':lta B " Maximum Value ID a IU.US [ Y-axis log scale

1] 0.0000 0.6584 ‘ E

2| 0.0600 1.2830

3| 0.0866 1.5603 1.44028

4| 0.1200 1.5603

5| 0.1800 1.5603 1.24028 \

6| 0.2400 1.5603 k& 1.04028

7| 0.3000 1.5603 & \

8| 0.3600 1.5603 _, ~0.840277

9| 0.4200 1.5603 z 0.640277 \
10| 04332 15603 v

o
11] 0.4800 1.4082 2 0.440277 ~
12| 0.5400 1.2518 el
13| 0.6000 1.1266 0.220277 —— |
14| 06600 1.0242 0.0402774
15| 0.7200 0.9388 0.01 1.01 2.01 3.01 4.01 5.01 6.01
16] 0.7800 0.8666 h Period (sec)
Description AASHTO-LRFD12: Soil=E PGA=0.26 Ss=0.60 S1=0.22 RMF=1.00 0K I Cancel | Appaly |
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8. Response-Spectrum Analysis

Load Case Setup

« Two response-spectrum
analysis cases were
setup in midas Civil: one
for each orthogonal
direction

« Longitudinal Direction —
The load case data for
the X-direction is as
shown

Resporse pecn oot Coes NN

»

—~Spectrum loadCase ————————————————
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{0 ideq]
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8. Response-Spectrum Analysis

RcspmseSpeanmLoadCases-

Load Case Setup

« Transverse Direction— The load case data Direction : ﬁv—;]
for the Y-direction is as shown Exctation Angle : (% oea)

Scale Factor : ll

Period Moddfication Factor :
1
Moda! Combination Control =

Spectrum Functions
Function Name (Damping Rato)

TAASHTO-LRFDEIN2012) (0.05)

[v Apply Damping Method

[Mocu
[ Correction by Damping Ratio

Interpolation of Spectral Data
" Linear (® Logarithm
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8. Response-Spectrum Analysis

Displacements

« The column displacements were tracked at Joint 229, which is
located at the top of a column.

 Longitudinal Direction — The horizontal displacements at the tops of
the columns from the RS X analysis case was UX = 7.48 inches and
UY = 0.00 inches.

Joint Displacement at Joint 229 for
Load Case “RS X”

o
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8. Response-Spectrum Analysis

Displacements

« Transverse Direction — The horizontal displacements at the tops of
the columns from the RS Y analysis case were UX =0.17 inches and
UY = 3.55 inches.

Joint Displacement at Joint 229 for
Load Case “RS Y”
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9. Displacement Demand

Displacement Magnification

« Displacement magnification must be performed in accordance with
Section 4.3.3 of the AASHTO Guide Specifications for LRFD Seismic
Bridge Design

« Compute Tsand T *

v.  Ts=SD1/SDS =0.679/0.901 = 0.754 sec.
v T*=125Ts=1.25*0.754 =0.942 sec.

 Longitudinal Direction — Computed magnification for the X-direction

(Long):

v' TLong = 0.95 sec.
T*/TLong =0.942/0.95 = 1.00 > 1.0 => Magnification is required
Rd Long=(1-21/uD)*(T*/T)+ 1/ uD = (1-1/6)*(1.00)+1/6 = 1.0
(Assume uD =6)

AN
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9. Displacement Demand

Displacement Magnification

« Transverse Direction— Computed magnification for the Y-direction
(Trans):
v' TTrans = 0.61 sec.
v T*/TTrans =0.942/0.61 = 1.54 > 1.0 => Magnification is required

v Rd_Trans =(1—1/pD)*(T*/T) + 1/ D = (1 — 1/6)*(1.54)+1/6 = 1.45 (Assume uD
:6)
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9. Displacement Demand

Column Displacement Demand

Section 4.4 of the AASHTO Guide Specifications for LRFD Seismic Bridge Design
requires that 100% plus 30% of the displacements from each orthogonal seismic
load case be combined to determine the displacement demands. The

displacements were tracked as Joint 229, which is located at the top of a column.

. Longitudinal Direction — For the X-direction (100RS X + 30RS Y):
v UX (due to RS X) = 7.48 in.
v UX (dueto RSY)=0.17in.
AL D Long=1.0*Rd_Long *7.48+ 0.3* Rd_Trans *0.17
=1.0*1.00*7.48+0.3*1.45*0.17 =7.55in.
=> This is the displacement demand for the X-Dir

. Transverse Direction — For the Y-direction (100RS Y + 30RS X):
v UY (dueto RSY)=3.55in.
v UY (due to RS X) =0.00 in.
AL D_Trans =1.0* Rd_Trans *3.55+ 0.3 * Rd_Long * 0.00
=1.0*1.45*355+0.3*1.00*0.00=5.45Iin.
=> This is the displacement demand for the Y-Dir
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10. Displacement Capacity Analysis

Plastic Hinge Definitions and Assignments

The tops and bottoms of all columns were found to have enough moment
fixity in all directions to cause plastic hinging

Axial force diagram for the DC+DW load case
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10. Displacement Capacity Analysis

Plastic Hinge Definitions and Assignments

. The moment-curvature analysis of the column base is shown

Secton View | Secoond | Interaction Curve | Moment-Curvature Curve | Stress Contuwr

Curve Options Concrete Neutral Axs Rebar Cunature Moment -
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23632 | 0000749 | 0022461 | 35815037
0000718 20454 0001282 | 0035095 | 43467084
000043 18669 0001937 | 00505% | 63441375
0.0011%1 17315 0002725 | 0068786 | 60843 902
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Neutral Axis Angle = 0 b Yieidline ) | 0.053585 |54678.285
s ¢ Yield 0 441190 | 63285 S02
e d Utimate(conc] 0434256 | 72003 352
75000 - e Utimate(reba | 0454325 | 72109.051
70000 1 Yiald(deal) 0.000000 | 0000000
£5000
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~ 38000 Strain
< spado
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) 45000 o DuasB4an
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Plastic Hinge Definitions and Assignments

The moment-curvature analysis of the column top is shown

werton View - Sectont | Interacoon Curve - Moment-Curvature CIIM Stress Comow
Curve Options Concrete Neutral Aos Renar Curature Momert
Neutrat Axis Angle 0 e Point Stran Degth () Strain 403 {100 | (kipin)
T a—— 1 0000000 | 0000000 | 0000000 | 0000000 0000000
Axial Load, P { ) 1100
2 » [ \ 2 0 000058 66640 | 0000014 | 000144 6329.955
Mmamum Srain [02 3 0000220 39227 0000100 | 0005615 25261476
o, of Points [0 4_| 0000361 28602 A00035G | O0I28M | 2422473
5 0.000544 22903 0000766 | 0022461 33959084
| whey ot
T, S S0 § | 0000701 | 199% | 0001288 | 003095 | 4187415 |
F 7 0 000928 18356 0001952 | 0050536  S1M3303
8 0001166 16 45 002758 | 0065786 58941261 |
roply | 5 | 000M1 | 5782 | 0003701 | 0089843 62782l
St Cunaturs | Momem
Moment Curvature Curve « "10%-3 (kip )
Axial load = 1100 a Crack 0039403 | 44735 479
Neutral Axis Angle = 0 mel' ) 0053190 | 52960 632
75000 ¢ Yiid 0 144383 | 66524 439,

L IS

Moment Mnlkip'in)

d Litimated 0 448049 | T0068.257

o Utimatelrabs | 0 454828 | 70087 264
[ Yieldiideai) | 0.000000 | 0.000000 |

Stran

URG2232

Strain I?iagram

MIDAS Information Technology Co., Ltd.



10. Displacement Capacity Analysis

Plastic Hinge Definitions and Assignments

 Plastic Hinge Lengths
The clear height of the columns is 350 inches; therefore:

v L1 =Length from point of maximum moment at base of column to
inflection point (in.)
=350 x Mp_col_base / (Mp_col _base + Mp_col_top)
=350 x 79186 / (79186 + 77920) = 176 in.

v L2 =Length from point of maximum moment at top of column to
inflection point (in.)
=350-1L1=350-176=174In.
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10. Displacement Capacity Analysis

Plastic Hinge Definitions and Assignments

In order to assign the plastic hinges to the column elements, the relative
locations of the plastic hinges along the column frame elements were
computed.

* For the bases of the columns:
v Relative Length = [Footing Offset + (Hinge Length / 2)] / Element Length
[30 + (27.0/2)] /146 = 0.30

* For the tops of the columns:
v Relative Length = [Element Length — Capbeam Offset — (Hinge Length /
2)] / Element Length =[146 — 58 — (26.9/2)] / 146 = 0.51
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10. Displacement Capacity Analysis

Assign Plastic Hinges

The plastic hinge lengths must be computed at both the tops and
bottoms of the columns using the equations in Section 4.11.6 of the
AASHTO Guide Specifications for LRFD Seismic Bridge Design.

« The hinge length was computed as follows:
Lp = 0.08L + 0.15fye*dbl = 0.3fye*dbl
Where:
v L = length of column from point of maximum moment to the point of moment
contraflexure (in.)

. L1 at the base of the columns (L1Long = L1Trans = 176in.)
. L2 at the top of the columns (L2Long = L2Trans =174 in.)

v fye = expected yield strength of longitudinal column reinforcing steel bars
(ksi) = 68 ksi (ASTM A706 bars).

v' dbl = nominal diameter of longitudinal column reinforcing steel bars (in.) =
1.27in. (#10 bars)

v Lp1 = Plastic hinge length at base of column = 0.08*176 + 0.15*68%1.27 =
0.3*68*1.27 = 27.03 2 25.91 = 27.0 in.

v Lp2 = Plastic hinge length at top of column = 0.08*174 + 0.15*68*1.27 2
0.3*68%*1.27 = 26.87 2 25.91 = 26.9 in.
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10. Displacement Capacity Analysis

Assign Plastic Hinges

The hinges at the columns were assigned as shown

= T, Pushover Analysis
=, Pushover Global Control [ Max lteration=10]
= =, PushoverLoad Case 2
| Push X | Displacement |
I=. Push Y [ Displacement )

- 1. Define Pushover He
1GM Prot | Baar JColumn RC  PMM . Num=300033
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11. Pushover Analysis

Lateral Load Distributions

Longitudinal Direction:

The lateral load distribution used for the pushover analysis in the
longitudinal direction is a direct horizontal acceleration on the structure
mass. Also, the dead load can be applied as previously defined since the
entire structure is present during the pushover analysis.

Load Pattern

Load Pattern [Undorm Acceleration L]
Diraction DX ' - | Scale Factor : ‘U
[ Direction | Scale | Add ’
DX 1
_ Modty |
Delete
oK | cancel | Apply |
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11. Pushover Analysis

Lateral Load Distributions

Transverse Direction:

The lateral load distribution used for the pushover analysis in the transverse
direction could be applied as a horizontal load applied at the centroid of the
superstructure. This way, the load distribution is used to mimic a direct horizontal
acceleration on the superstructure mass.

For our bridge however, the load was applied similar to the Longitudinal direction
by changing only the direction.

Load Pattern
Load Pattern {UMorm Acceleration :J
Direction oY v]  ScoleFactor: |1
Derection | Scate | asd |
DY 1
Modity
Delete
o cancel | aopy |
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11. Pushover Analysis

Load Case Setup

The dead load (DC+DW) must be applied prior to performing the pushover
analysis. To do so in midas Civil, the initial load is set to “Import Static
Analysis/Construction Stage Analysis Results” where the DC + DW were defined.

In this way, the dead load (DC+DW) is applied and the load is run as a nonlinear
analysis. By running the load as a nonlinear analysis type, another load case can
continue from it with the loads stored in the structure.

Pushowver Global Control

— Initial Load
(" Perform Monlinear Static Analysis for Initial Load

(@ Import Static Analysis / Construction Stage Analysis Results
- When the boundary conditions are different between
initial load and pushover load
- When the element forces in the last construction stage are
used as an initial load

Load Case ST: Self Weight LI Scale Factor I 1
Static Load Case | Scale | Add
ST: Self Weight 1
ST: Wearing Course 1 Modify |
ST Barrier 1
Delete |
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11. Pushover Analysis

Load Case Setup

(o —— 5 — == - &
Pushover Global Control ==
Initial Load Nonlinear Analysis Option
" Perform Nonlinear Static Analysis for Initial Load [ Permit Convergence Failure
= . 10
@ Import Static Analysis / Construction Stage Analysis Results Max. Number of Substeps : l
- When the boundary conditions are ddferent between pupw n"%o“ 10 3
nitial load and pushover load Convergence Criteria
- When the elemnent forces in the last construction stage are [v Orsplacement Norm 0.001
used as an initial load I Vorce Morm o001
Losd Case  |ST: barrier - Scale Factor |fl [~ Enaccy Mo ).001
Static Load Case | scale | Add
ST: self weight 1 Analysis Stop
ST: weanng course 1 Modify [~ shear Component Yield
ST: bamer 1 P

_ Delete |

[T Axial Component Collapse/Buckiing

~ =
[ Support Uplifting/Collapse : Dz-Direction
= l_

Pushover Hinge Data Option

Default Stifness Reduction Ratio of Skeleton Curve Point Spring Support : Nonkinear Type
Trilinear / Skp Trinesr Type

Data for Auto-Calcudation of Strength

® = * 0 Reference Location only for Distributed Hinges
Alphat [0.1 [0 o [rend =]
Alpha2 | 0.05 [o.05

[T Caic. Yield Surface of Beam considering Buckling
Bilinear / Shp Bdnear Type

[ Symmetric ) 2

Aipha1 [0.05 [o.0s

J 0K ] Cancel J

MIDAS Information Technology Co., Ltd.



11. Pushover Analysis

Load Case Results

A new load case is now created called “Mode X”, which will actually be the
pushover analysis case. The Load Case Data form for the “Mode X” load case is

shown.

Reactions 9% Stresses ~ | wve | ™ Pushover Hinge Properties
H mations. * k| [ Pushover Hinge
¥4 Forces * &P Pushover Hnge Resut * .
ol s el L AR

PR ‘L':; Pushover Increment Functions... " 693to707 108+ &
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11. Pushover Analysis

Load Case Results

Longitudinal Direction:

The system pushover curve for the longitudinal direction is shown

Pushover Curve

Pushover Load Case
Pt Type
Capacty Curve (MOOF)
o Base e vi. Degplocament
Shesr Confhioent vs. Dugplacement
Shey Conffionnt vs. Deit
Load Factor vs Duplecement
Addtonal Curves o Other Nodes

0 0 0 0

Capacty Spectrum (SDOF)
For Parformance Port (FEMA)

Demand Spectrum

Capacity Curves

Evalustion of Performance Port

Daergang Par ameters
Irherant « Addnonal Dasmging (')

Rructiuy o Behavior Type

Desoription for Printed Output

Performance Pork
Dl Cortred Node: M De ;DX
Load Pattern Type: Mode Shape

vo
Sa.5d
Tolf Det!
W Show Sysbol
Test Outgns | Draw !
MIDAS Information Technology Co., Ltd
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Bachground Cokr
. Bk Whte
Change Graph Tile
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11. Pushover Analysis

Load Case Results

Longitudinal Direction:

The figures show the deformed shape of the structure at displacements for the
load case “Push X"

1 rUdDLLD v HLK
Deforma...
-

lDeformed Shape _'_] [

Load Cases/Combinations

lPush X _:_] L

step |PO Step: 9 ~|

& Digplacamern! «

 Abenlot

Components

(@ DX oy " bz

DXy (" DYz (" DXz

(>3 74

i~ Type of Display

[ tefrn L] [ undeformed
[v values .| ¥ Legend .|
[ Animate .| [ Mirrored .|
[ Slrant S

&

{v" Pushover Hinge

q \Modcl Vicw/
(" Hinge Status - -

View of Deformed Shape for the Load Case “Push X”
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11. Pushover Analysis

Load Case Results

Transverse Direction:

The system pushover curve for the transverse direction is shown

Pushover Curve

Pubover oad Coe [T IR -
Pt Type
Capacky Curve (MDOF)
* Base Sewr vi. Duplacenwet
Shewr Cosfficent ve. Displacemant
Shewr Conffomnt vs. Dot
Load Factor vi Dplacemont
Addtional Curves ot Other Nodes

fo 0 0 0

Capacky Spectrum (SDOF)
For Parformance Pork (FEMA)

Demard Spoctrum

Desorpton for Privted Outpes

Performarce Port
Depl, Control Node: 24 D, DX
Load Pattern Type: Mode Shape

Evaluation of Performance Port

Darmpng Por ameters v.o
irherent + Addtional Danpeng (%) { Sa5d
— E Teff Dat!

Structun ol Behavior Type

Yoxt Outpnt Oraw I

Capacity Curves

Graph Desplay Option
Background Color
. Bach whits

Change Gragh Titke
Change Geaph Rarge
Save Window Az * terp |

W Show Symbol
Close

&)
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11. Pushover Analysis

Load Case Results

Transverse Direction:
The figures show the deformed shape of the structure at various displacements for
the load case “Push Y”

LARE SV L)

[oeformed shape ~ v] |
Load Cases/Combinabons
[Push ¥ >
step (K N ~ |
~
Components
 ox ® oy " pz
 bxy  oyz o
vz
Typo of Display
- .| M Undeformed
¥ valves .| [ Legend
[ animate .| [ Mirored ..
=
=
[¥: Pushovar Hinge ¢\ Model Vir-w;"r

View of Deformed Shape for the Load Case “Push Y”
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12. Code Requirements

P-A Capacity Requirement Check

The requirements of section 4.11.5 of the AASHTO Guide Specifications for LRFD
Seismic Bridge Design must be satisfied or a nonlinear time history analysis that
includes P-A effects must be performed.

The requirement is:
v PdIAr £0.25 Mp

Where:

. Pdl = unfactored dead load on the column (kip) = 1,200 kips

. Ar = relative lateral offset between the point of contraflexure and the
furthest end of the plastic hinge (in.) =A L D/ 2 (Assumed since the
inflection point is located at approximately mid-height of the column. If
the requirements are not met, a more advanced calculation of Ar will be
performed)

. Mp = idealized plastic moment capacity of reinforced concrete column
based upon expected material properties (kip-in.) = 78,560 kip-in.
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12. Code Requirements

P-A Capacity Requirement Check

Longitudinal Direction
v 0.25Mp=10.25 * 78,560 = 19,640 kip-in.
v. Ar=ALD_Long/2=8.76/2=4.38in.
v PdIAr=1,200 * 4.38 = 5,256 kip-in. < 0.25Mp = 19,640 kip-in. => Ok

Transverse Direction
v. Ar=ALD Trans/2=6.07/2=3.04in.
v PdIAr = 1,200 kips * 3.04 = 3,648 kip-in. < 0.25Mp = 19,640 kip-in. => Ok
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12. Code Requirements

Minimum Lateral Strength Check

The requirements of Section 8.7.1 of the AASHTO Guide Specifications for LRFD
Seismic Bridge Desigh must be satisfied. The requirement is:
. Mne 2 0.1 Ptrib (Hh + 0.5 Ds) /A

Where;
v

NN

Mne = nominal moment capacity of the column based upon expected
material properties as shown in Figure 8.5-1 of the AASHTO Guide
Specifications for LRFD Seismic Bridge Design (kip-in.)

Ptrib = greater of the dead load per column or force associated with the
tributary seismic mass collected at the bent (kip)

Hh =the height from the top of the footing to the top of the column or the
equivalent column height for a pile extension (in.)

=34.0* 12 (Top of footing to top of crossbeam) = 408 in.

Ds = depth of superstructure (in.) =7.083 * 12 = 85 in.

A = fixity factor (See Section 4.8.1 of the AASHTO Guide Specifications
for LRFD Seismic Bridge Design) = 2 for fixed top and bottom
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12. Code Requirements

Minimum Lateral Strength Check

Determine Mne:
v Mne 20.1Ptrib (Hh +0.5Ds) /A

. Section 8.5 of the AASHTO Guide Specifications for LRFD Seismic Bridge
Design defines Mne as the expected nominal moment capacity based on the
expected concrete and reinforcing steel strengths when the concrete strain
reaches a magnitude of 0.003.

. General Section Designer in midas Civil is used to determine Mne by
performing a moment-curvature analysis and displaying the moment when the
concrete reaches a strain of 0.003. The moment-curvature diagram for the
column section is shown with values displayed at a concrete strain of 0.003.

v" Mne = 73,482 kip-inches.
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12. Code Requirements

Minimum Lateral Strength Check

Moment-Curvature Curve for Frame Section “COLUMN?” at ec = 0.003

Secvon View © Sectonl  Interaction Curve  Moment-Curvature Curve  Stress Cortour

Curve Options . P Cancrete Neutral Axis Rebar Curvature Moment -
Neutral Axis Angle [n Deq. k. Stran Degth (n) Strain *10%3 (1/in) (kip-in) 3
otollond, P ( kip ) [1200 1 0000000 0000000 0.000000 0.000000 0.000000
2 0000057 2694 324 0 000056 0.000021 94,906
Meximum Strain | 0-003 3 | 0000058 | 686207 | 0000054 | 0000084 | 379621
No. of Foints fso 7] 0000062 | 376.0%4 0000051 | 0000130 | 854143
5 0 000066 196 556 0.000047 0.000337 1518 468
{0y ot S F | 0000072 | 136600 | 00004z | 0008526 | 2372581
@ 0 [ 0.000079 104.033 0.000036 0.000758 3416 449
8 0000087 84398 0000028 0001032 4650 017
Apply | 5 | 0000087 | 71656 | 0000020 | 0OO1MA | 6073189 ~
Cunature | Moment
Moment Curvature Curve State 23 (kipin)
Axial load = 1200 a Crack 0.006009 27011.710
Neutral Axis Angle = 0 b vieiding || 0.000000 0 000000
—— < Yie 0000000 | 0 000000
U d Uttimate{con] 0.000000 = 0.000000
ss000- +————+ 1+ 1t 1+ 1 & {1 1 1 ! | & 1 & £ &1 11 i U | w Ultimate(reba| 0,000000 ' & 000000
f Yieldtideal) 0.000000 = 0000000
50000 —

= 40000 = Strain
: 35000 = Strain Diagram
x [ ﬂ\AA;I’ﬁSH
£ 30000 L1 ¥
€ 25000 LA
g ;
E [
X 20000 -
1 - i
snan -
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12. Code Requirements

Minimum Lateral Strength Check

Determine Ptrib:
Since the abutments were modeled as free in the longitudinal direction, all of the

seismic mass is collected at the bents in the longitudinal direction. Therefore, the
force associated with the tributary seismic mass collected at the bent is greater

than the dead load per column and is computed as follows:
v' Ptrib = Weight of Structure / # of bents / # of columns per bent =

6,638 /2/2=1,660 kips

Perform Check:
v' 0.1 Ptrib (Hh +0.5Ds)/A=0.1*1,660 * (408 + 0.5* 85) / 2

v =37,392 kip-in. < 73,482 kip-in. = Mne => Ok
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12. Code Requirements

Balanced Stiffness and Frame Geometry Requirement Check

The balanced stiffness and balanced frame geometry requirements of Sections
4.1.2 and 4.1.3 of the AASHTO Guide Specifications for LRFD Seismic Bridge
Design must be met.

Other Required Checks

. Structure Displacement Demand/Capacity Check
. Member Ductility Requirement Check
. Column Shear Demand/Capacity Check
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Thank you!

For any additional inquiries and interest in trying out midas Civil please contact us:

MIDASoft
midasoft@midasuser.com
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