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Notes and Issues

1.) The primary intent of this example is to illustrate the use of RC-Pier, not to show every
aspect of a pier design.

2.) Pier No. 1 of the west bound bridge from 305 Wapello forms the basis of this example. In
general pier dimensions and reinforcement will not deviate from the existing plans (which
are not based on an LRFD design) unless necessary to better illustrate some aspect of RC-
Pier or LRFD.

3.) Bridge Office preference is to establish column fixity at the base of the column for the cap
and column design and then establish fixity at the base of the footing for the footing and pile
design. This policy has a few implications as stated below:

- Foundation springs due to pile flexibility may be incorporated into both models.

- For the footing/pile analysis designers may extend the columns in RC-Pier to the bottom
of the footing, but designers will not be required to increase the column inertia over the
depth of the footing in order to model the footing’s properties.

- Ingeneral, the idea is that the applied loads will not have to be adjusted in RC-Pier due
to the column height change between the two models. The only loads that would
typically be affected by the change in model geometry are self-weight and wind on
substructure. The self-weight of each column would go up by the amount of the
extension, but this is generally minor; however, the designer may easily correct this if
desired. The wind on substructure would be applied to the column somewhat incorrectly
because the fractional point of application along the column would be off slightly. This
too may easily be corrected by the designer if desired.

- The designer should determine superstructure temperature loads based on pier fixity at
the bottom of the column (with foundations springs if desired).

- Some loads that may be significantly affected by the change in fixity are the pier’s
internal shrinkage and temperature change loads. This is particularly true for short piers
where an increase in the fixity length from bottom of column to bottom of footing will
significantly change the pier’s flexibility.

4.) The Bridge Office typically bases wind loading forces on the requirements for “usual girder
and slab bridges” from AASHTO LRFD Articles 3.8.1.2.2 and 3.8.1.3 when BDM
requirements are met. lowa allows the use of these provisions for span lengths up to 155’
(this is meant to include bridges using lowa’s longest prestressed beam, BTE155) and for
top of railing elevations not exceeding 100°. Substructure wind loading is then assumed to
be 40 psf in the longitudinal and transverse directions simultaneously. In RC-Pier it is
recommended the designer both apply and exclude the wind uplift force from all load
combinations since it is conservative and requires less bookkeeping.

5.) There are various issues with RC-Pier version V8i (09.00.03.01). These issues are addressed
as they come up in this example.

6.) The lowa DOT Bridge Design Manual shall be consulted for the most up-to-date DOT
policies.



General RC-Pier Layout Geometry
(Figures on this page and the next are taken from the RC-Pier User Manual)

Left Side

Span 1 Span 2 Span 3

N B! ;
T Y L Y

Bearing 1

B ki .
SN A VD

R [ :
\ = & . . 7 \
// 9 Right Side %

/ N

/ 3 Bearing Line 2
. ' \
Bearing 3 Bearing Line 1 & P\\er under
consideration
Face Pier in /

this Direction

Global
Coords

_—
Direction of Stationing

Figure TH-4 Bridge Pier Looking Upstation

Notes
1.) Recommend Upstation View over Downstation View.
2.) Generally lowa uses only one bearing line in RC-Pier for typical steel and prestressed beam bridges.
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Skew Angle (in degrees)

The skew angle is defined as the angle between the normal to the centerline of the bridge and the centerline of the
pier cap (in positive X-direction). It is positive if measured i counterclockwise direction, as shown in Figure
TH-9. Note that the skew angle is used only for auto load generation.
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Figure TH-9 Bridge with Piers at Skew
(Modified Coordinate System)

Notes

1.) Redrew coordinate system to make it consistent with Upstation View.
2.) In RC-Pier the global coordinate system rotates with the skew.

3.) Right ahead skews are positive. Left ahead skews are negative.

4.) Face the pier looking in the negative Z-axis direction.



Dead Load: DC1, DC2, and DW

1)

2)

RC-Pier can auto-generate these loads, but there are some drawbacks with doing it this way.
Typically the DC1 loads are underestimated because the haunch, intermediate diaphragm, pier
diaphragm, and the slab thickening on the overhang are not included. The distribution to the
various beams is also based on tributary deck width which doesn’t always correlate with Bridge
Design Manual policy. So, in general, it is typically better to calculate these apart from RC-Pier and
input them manually.

The spreadsheet on the following pages can be used to generate loads for typical prestressed
beam bridges. Hand calculations have also been provided as a check.



|Fier Dead Load Beam Reactions for Interior and Exterior P/S Beams
Pier beam reactions consider only unfactored superstructure DC and DW loads.

|Numt:|er of Spans ‘ 3 Canbe 210 6 spans.

Beam Type D | Beam type must be the same for each span.
Span 1 Beam Size 050 -
Span ? Beam Size D110 - \ There is no D115 beam. The bridge being
Span 3 Beam Size EEE checked has the “old” LXD beams which are
= - quite similar to the current D beams.
|F'ier Mumber of Interest ‘ 1 | Canbe 1, 2 3 4 or5depending on number of spans.
Default Override | Description ‘ Units ‘ Default | Input/Override | Value Used

[ Default Override  |5pan 1 Beam Length, end to end ft
W Default Ovenride

51 UUU

Span 2 Beam Length, end to end

" Default Ovemide | Span 3 Beam Length, end to end fi _ - Override the

T Detault Ovenide A /J"// /ﬁ///y////////////// ///’7 ////W% //% default values
// . / _

I Default Overide

since | have
LXD115s in Span 2.

I Default Ovenride

[ Default Ovettide  |span 1 Beam Length, cl. to . bearing ft
V¥ Default Overide

Zpan 2 Beam Length, ¢l to ¢l bearing

I Default Overtide  |Span 3 Beam Length, c.l. to c.l. bearing

I Default Overide ﬂWW /7/////7////////////////
D /

I Default Overide
I Default Overide

| Default Ovenide | pjstance bt Beam Ends on Pier 1 in 6.000
I~ Default Overide

Distance bt. Beam Ends on Pier 2
_ . 7 , - L 7
™ Default Overide 7 7 / . .

L

I Default Overide
I Default Overide



Distance bt. Centerline Bearings on Pier 1 | ft | 1.500 1.500

Roadway Width (Gutter to Gutter) ft 40.000 40,000
Mumber of Beams in Cross-Section 6.000 6.000
FWS Load ksf 0.020 0.020
SBC Load - Includes Both Rails klf 0.852 0.852
I Default Ovenide | Fws Distribution Factor for Exterior Beam (%) 0167 0.167
I” Default Overide | Fws Distribution Factor for Interior Beam (%) 0.167 0.167
I” Default Ovenide | SBC Distribution Factor for Exterior Beam () 0167 0.167
I” Default Ovenide | SBC Distribution Factar for Interior Beam (%) 0167 0.167

* Default is an equal distribution of the FWS and SBC loads amonag all the beams in the cross-section.

I” Defauit Ovemide | pier 1 Reaction Due to 1.00 KIf Distributed Load () | kips | 102.323 102.323

** The pier r«n is used as a ratio to distribute FWS and SBC loads to the pier. It is based on span continuity and a 1.00 kIf distr. load.

I” Default Ovenide | Exterior Beam Reaction for FWS kips 13.643 13.643
I” Default Override | nterior Beam Reaction for FWS kips 13.643 13.643
I” Default Ovenide | Exterior Beam Reaction for SBC kips 14.530 14.530
I” Default Override |nterior Beam Reaction for SBC kips 14.530 14.530

Bearing Pad Height at Pier 1 (+) in

Beam Height at Pier 1 ft

Average Haunch Thickness for Spans 1 and 2 in

Max Haunch Thickness at Pier 1 in

Slab Thickness in

Slab Cantilever Min. Thickness at Slab Edage in

Slah Cantilever Max. Thickness at Flange Edae in

+ Bearing pad height is only used in the calculation of pier diaphraagm weight for fixed piers.



I Default Overide

[ Default Cveride
I Default Overide

™ Default Override

Top Flange Width

Beam Area

Beam Spacing Perpendicular to Roadway (++)

Slab Cantilever Lenagth (++)

in 20.000 20.000
in"2 638.750 G38.750
ft 7.401 7.401
ft 3.083 3.083

++ Beam spacing, slah cantilever length, number of b

eams, and roadway width should all be consistent.

Skew, Always Positive

Mo. of Intermediate Diaphragms in Span 1

Enter: 1 = Steel Diaphragm, 2 = Concrete Diaphragm

Weight of One Intermediate Diaphragm in Span 1

Ma. of Intermediate Diaphragms in Span 2

Enter: 1 = Steel Diaphragm, 2 = Concrete Diaphragm

Weight of One Intermediate Diaphragm in Span 2

Perpendicular Thickness of Pier Diaphragm

FPerp. Extension of Pier Diaph. Past C.L. Ext. Beam (#

Enter: 1 = Fixed Pier, 2 = Expansion Pier

deg 23.000 23.000
kips
kips

ft 2.667 2.667

1.583 1.583

1 1.000

# If the pier diaphragm is flush with the exterior side of the exterior beam then enter 0.

Pier 1 Unfactored Beam Reacticns
(includes both spans)
Interior Beam Exterior Beam
Component Load Type kips kips
Beam n]ey 55,558 55,558
Slab DCA 62,168 60.525
Haunch DCA 1.740 1.740
Intermediate Diaphragms DC1 3148 1.574
Pier Diaphragm DecH 13.528 8.799
2BC DC2 14,530 14,530
Total (##) DC Total 150.673 142,726
FWS | Dwy | 13.643 | 13.643 |
## Some designers include pier cap step weight in the heam reactions. That weightis notincluded here.
Interior Exterior
DC1 Pier Cap Step Weight 1.131k 0.000 k
150.673 k 142.726 k
Total DC 151.804 k 142.726 k
Total DW 13.643 k 13.643 k

See hand
calculations on
following sheets
for more
information.

Pier cap step weight
is not included here.

These loads will be used
in RC-Pier for the
general frame design.
The loads for the pier
cap overhang will be
different.




Hand Calculations for Superstructure Beam Dead Load Reactions
1.) Beam - DC1

Interior & Exterior Beams
(0.5)*(51 ft + 116 ft)*[(638.75 in®)/(144 in*/ft*)]*(0.150 kcf) = 55.558 k

50’ 6” 6’5 6’5 1 155

»lddldadldadla

Lt Bt Lt L Bl

2.) Slab - DC1

Interior Beam | l
(7.401°)*[(8”)/(12 in*/ft®)]*[(0.5)*(50° + 115°) + 1.5°]*(0.150 kcf) = 62.168 k

Exterior Beam
{[(0.5)*(7.401") + 3.083°]*[(8”)/(12 in/ft)] +
[3.083 — (0.5)*(20™)/(12 in/ft)]*[0.75” + (0.5)*(1.5")])/(12 in/ft) }*
[(0.5)*(50%) + (0.5)*(115”) + 1.5°]*(0.150 kcf) = 60.525 k

3.083°

A
A 4

9” Min.

10.25” Max. M

|
1
|
8.75” i 8"
I
|
|
|

3.) Haunch — DC1

Interior & Exterior Beams
[(17)*(20”)/(144 in?/ft%)][(0.5)*(50°) + (0.5)*(115”) + 1°]*(0.150 kef) = 1.740 k



4.) Intermediate Concrete Diaphragm — DC1
(One diaphragm per span)

e 7.401° < >

v

|
|
|
i

54~ i L 0.5” haunch
i 10” wide diaphragm
|
|
|
|

A 8’3
A 4

Interior Beam
{(7.401°)*[(107)*(54” + 0.5”)/(144 in’/ft)] - [(638.75 in%)/(144 in*/ft?)]*[(10”)/(12 in/ft)] -
[(0.57)*(207)*(107)/(1728 in®/ft)] - [7.401° - (227)/(12 in/f)]*(87)*(107)/( 144 in’/ft?)}*
(0.150 kcf) = 3.174 k

Exterior Beam
(0.5)*(3.174 k) = 1.587 k

5.) Pier Diaphragm — DC1

The pier diaphragm load is assumed
To act through the beams.

Interior Beam
{(7.401°)*[(2.667°)/(cos(23 deg))]*[4.5” + (17 + 1.75”)/(12 in/ft)] —
[(638.75 in? + (1.757)*(20™))/(144 in?/ft*)]*[(2.667°)/(cos(23 deg)) — 0.5°]} *
(0.150 kcf) = 13.529 k



|
[
|
(-
I

/
i
: \fﬁ%deg
-
|
i
|
|
|
|

/ v

1.583’* tan(23 deg) |

Exterior Beam
(0.5)*(13.529 k) + [4.5” + (1”7 + 1.75”)/(12 in/ft)]*(1.583”)*[(2.667")/(cos(23 deg)) —
(0.5)*(1.583”)*(tan(23 deg))] — (0.5)*[(638.75 in + (1.757)*(20™))/(144 in’/ft5)]*
[(2.667°)/(cos(23 deg)) — 0.5°]}*(0.150 kef) = 8.799 k
5.) Pier Diaphragm — DC1
For simplicity we generally assume the pier step load acts through the interior beams.
Interior Only
Average Step Height = 3”
Pier Cap Width =3.25°
Average Total Step Length Along Pier Cap =45 — 7.880° = 37.12’

[(3”)/(12 in/f)]*(3.25°)*(37.127)*(0.150 kef)/(4 Int. Beams) = 1.131 k

6.) SBC — DC2
Interior & Exterior Beams
Area of One SBC = 2.84 ft?
Reaction from QConBridge Due to 1.00 k/ft Uniform ead Load = 102.323 k

(2 SBC)*(2.84 ft2)*(0.150 kcf)*[(102.323 K)/(1.00 k/ft)]/(6 Beams) = 14.530 k

7.) FWS — DW

Interior & Exterior Beams
(0.020 ksf)*(40°)*[(102.323 k)/(1.00 k/ft)]/(6 Beams) = 13.643 k



Total Dead Load

DC Load

S
N

DC2

DC1

DW Load

Beam
Slab
Haunch
Interm. Diaph.
Pier Diaph.
Pier Steps
SBC
Total DC

FWS

Interior
55.558 k
62.168 k
1.740 k
3.149 k
13.529 k
1.131 k
14.530 k
151.805 k

Interior
13.643 k

Exterior
55.558 k
60.525 k
1.740 k
1.574 k
8.799 k
0.000 k
14.530 k
142.726 k

Exterior
13.643 k



Live Load: LL
There are a number of ways live load can be done in RC-Pier.

1.) Use QConBridge to get the live load pier reaction. Move the live load(s) transversely back and
forth across the deck width and determine the beam reactions for those arrangements that
maximize force effects in the pier. Typically placement of live load for maximum force effects can
be done intuitively. The spreadsheet on the following pages facilitates this method and
consequently is used for this example.

2.) Another method is to use RC-Pier’s auto-generation feature for determination of live loads. The
program is capable of determining the pier live load reaction for a continuous bridge with a
constant moment of inertia. (For this example | checked the live load reaction QConBridge came
up with against RC-Pier’s value and the two compared quite well.) The user can use RC-Pier’s live
load reaction, import it from Conspan, or enter their own. Once RC-Pier has this determined there
are basically two ways to obtain the actual live load cases.

a.) Variable spacing
b.) Constant spacing

Auto Load generation: Live Load

Longitudinal Reaction o
Transverze Pozitioning

" D:u.mpute Simple Span Reaction Lerraed Lamss: All combinations j
Available: Selected:
Live Load Positi

Drezign Truck Ll add -» Dezign Truck + Lane Load e D_a o |o_n$

. : * “Varable spacing
Drezign Truck + Lane Loa Dezign Tandem + Lane Load - '
Dezign Tandem + Lane L <- Remowve i O 3 M'”!F“”'“ spacing between 0 ft

oozitions

Twao Design Tandem + Lz <- Remove Al i Constant spacing
Fatigue Truck tinimum diztance from curb f
[PP-5 Truck Wigw
M An T Tool, b Center to center spacing ft

* Compute Continuous Beam Reaction
Marmal pier

Max Truck Load:

Input Already Computed Lengibetne Faves

Fieaction [ Generate Longitudinal Load Cases alzo
Max Lane Load: kips
iy i
™ Impart Conzpan Reaction Hormal pier Tl ek kipz
Max Truck Load: kipz Lane Load: li kips
Max Lane Load: kips
Integral pier
Max Load,  Moment, k-ft Load, kips  Max Moment, Centrifugal Force
Tk | | Tk | | [ Generate Centrifugal Load Cases also
Lane: | | Lane; | | o o
Truck Load: kips
Reaction distribution amang Bearing Line 1 Bearing Line 2 Radius of curve: f
bearning lines Design speed: ftis
Truck Case &; 1
Lane Caze &
Ane 5s8 1 Direction of centrifugal farce : 5 f'“
Truck Caze B:
Lane Casze B:
anG 838 Generate | LCancel




RC-Pier’'s manual explains how the two methods work. Essentially each method follows an
algorithm for determining how many different live load positions are possible. The program then
seeks to maximize forces for each member and keeps only the live load arrangements that do this.
In general the variable spacing method is going to check more possibilities and thus produce more
live load cases (especially with 0’ as the “Minimum spacing between positions”). This in turn will
increase the number of load combinations and computing time. For the settings shown above the
variable spacing method comes up with 30 different live load cases. The constant spacing method
results in 14 live load cases.

Note:

When live loads are auto-generated in RC-Pier the user can review some of the processes RC-Pier
went through in order to determine the live load cases. There is a “LL details” button on the Loads tab
screen that brings this information up. One shortcoming of RC-Pier is that the information for the
truck positions in these details is based on a downstation view of the pier even when the user is
working in the upstation view mode. I've contacted the developers and they are already aware of the
inconsistency and it is on their list of things to fix.



Live Load

Run 1:

QConBridge Runs are on the following pages.

This was done to determine what live load controls for the pier reaction. The dual truck train with

lane controlled.

Max. LL + | = 185.558 k

Run 2:

Dual Truck Train + Lane
Impact

Axle Load

Unfactored

This was done to determine the truck portion of the controlling live load since RC-Pier entry
requires the truck and lane to be separated in order to track impact application for the various pier

components.

Dual Truck Rxn = 94.589 k

Run 3:

No Lane

No Impact
Axle Load
Unfactored

This was done to determine the lane portion of the controlling live load since RC-Pier entry
requires the truck and lane to be separated in order to track application for the various pier

components.
Dual Lane Rxn =59.754 k No Truck
No Impact
Axle Load
Unfactored
Check: (94.589 k)*(1.33) + 59.754 k = 185.557 k

Note: The dual truck train + lane often controls the pier reaction. It needs to be remembered that the
truck and lane weights are reduced to 90% and that this reduction is already included in the

reactions above.

The next page details how the reactions for the truck and lane can be obtained separately in

QConBridge.



QConBridge Version 1.3
Getting Truck Load and Lane Load Separately for HL-93 Loading.

This description is taken directly from the Washington DOT website:
http://www.wsdot.wa.gov/eesc/bridge/software/

Q2 How can I get the truck load and lane load results separately?

A2 The HL93 Live Load model consists of the truck and lane applied simultaneously, along with appropriate dynamic
load allowance (impact) factors. This is how QConBridge approaches the problem, so there is no direct way to
separate the truck and lane response.

However, there is a "trick" that you can use to "turn off" either the truck or lane load. The trick is to use a dynamic
load allowance of -100% for the load component you want to turn off. Truck and lane responses are scaled by (1.0 +
IM/100) where IM is the applicable dynamic load allowance factor. Using a factor of -100% the response is scaled by
(1.0 + -100/100) = 0.0, which, in effect, "turns off" the response.

To modify the dynamic load allowance, select Loads | Dynamic Load Allowance... Enter a value of -100% for either
Truck or Lane. Press the OK button and run the analysis.

Thanks to Dr. Harry Cole from the Mississippi State University for sharing this tip. (Go Bulldogs)


http://www.wsdot.wa.gov/eesc/bridge/software/

QConBridge Version 1.3

Minimum Number of Analysis Points

Use a minimum of 10 analysis points for any QConBridge run. QConBridge uses a finer
influence line as more analysis points are used. Every axle on every truck is placed at
every analysis point. If you decrease the number of points from 10 your results will likely
be off by a significant percentage. In order to get reasonable results the minimum default
value of 10 analysis points should be used. You can also use more than 10 analysis
points, but this isn’t typically necessary and as you increase the number of analysis points
you increase the time of execution which can be substantial for bridges with a large
number of spans.

< QConBridge - OCon01.qch
File Edit Span/Support  Loads BEisEEN Options  Wiew  SWindow  Help

D|£,E‘ | | | | Load Factars., .. - ::,j ﬂ “ v T R @ ﬂ

Analysis Parameters r5_<|

Minimum Mumber of Analysiz Paointz |10

b3

Cancel | Help |

Load Factors

Typically we are only interested in unfactored LL pier reactions from QConBridge.
However, it is worth noting that changing the load factors in QConBridge Version 1.3
does show the change in the load factors in the output's echo of the input, but the results
for the limit states are not affected. The default load factors always seem to be used in the
factored results.



About OConBridge E

(ConBridge

A -

7— Wersion 1.3 Q

Vi Reiease Date: 05102005

W azhington State Department of Transportation
Bridge and Structures Dffice
Copyright = 1996 - 2005, All Rights Rezerved.
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File Edit SpanfSupport Loads Bridge Options Wiew Window Help

1 28| Sl Cul EElEE 4= - H= 7| MVITIR| =] 2|

Editor

Editor

HBcale: ZZ. fo/inch - WEecale: 0.0 ftfinch

DC Dead Load D Dead Load [Selt Weight - Disahled |
Traffic Barrier : 599.998e+00 lbs/ft | Ubility : Disabled | overlay : Disabled ]
Tedestrian Ld : 0.000e+00 lbs/fr

3
50750 ft

2
116500 ft

1
50.750 ft

S
Xop
¥ -
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Standard Dead Loads Live Load Generation Parameters

Live Load Generation Parameters

DC Loads l D Loads ] Dual TfUCk_ Train | Dual Tandem Train Fatigue Truck ] Dual Truck Train ] Dual Tandem Train | Fatigue Truck |
Design Tandem l Design Truck ] Design Tandsm Design Truck

™ Disable Coad eneratio I Disable Load Gansratio

I Generate Self Weight Dead Load

> W Traffic Barier |1000.000 kst Erter number of rear axle
spacings to be used for live ,F
load generation

Get pier reaction for a 1.00 k/ft
loading on the continuous structure.

Ok | Cancel | Help QK | Cancel Help Cancel | HB|N

This is probably quite a few more increments than needed to get the 8k 32k 32k X
maximum pier reaction and, consequently, may cause QConBridge to run 14 14’ to 30’
for quite awhile. To save time the user could decrease the number of

increments or use a larger number of increments for a shorter headway

spacing in Range 1 and then use less increments with larger headway I’'m assuming this entry is asking for a discrete number of axle positions which includes
the start and end positions. Thus 17 would give me 1’ increments: [(30’-14')/1’ + 1 = 17]

spacing in Ranges 2 and 3.

Live Load Generation Parameters

Design Tandem ] Design Truck ]

T ] Dl Tandem Tra Fatgue Truck. | Deesign Tandem ] Design Truck ! Normally we do not consider the Dual Tandem
Lal | roc ram i - H . : ) . A
e o Suts) Vs The Dual Tandem Train l Fatigue Truck < Train and we may ignore the Fatigue Truck for

typical pier designs.

A

W ariable Headway Spacing Parameters

»  Range1 lﬁ feet Ta lﬁ feet Using’ﬁ Incrernents

Dynamic Load Allowance

)
B B] 3]
g
I

] r
Truck 32000 % -

Lane 0.000 % Cancel
Fatigus |15.000 i Help

:
i

Cancel | Help | QK. Cancel Help

L Total Bridge Length L (218’-50")/1’ =168 Values shown are for Run 1. These j
will be adjusted for Runs 2 and 3.




Washington
Bridge and

QConBridge Version 1.0

Code: LRFD First Edition 1994

Span Data

Span 1 Length: 50.750 ft

Section Properties

Location Ax Iz Mod. E
(ft) (in"2) (in"4) (psi)
0.000 1.000e+00 999.999e-03 1.000e+03

State Department of Transporation
Structures Office

Live Load Distribution Factors

Location
(ft)
0.000

Strength Limit State Factors:

Service Limit State Factors: Ductility 1.00

Span 2 Length: 116.500 ft

Section Properties

Location Ax Iz Mod. E
(ft) (in"2) (in™4) (psi)
0.000 1.000e+00 999.999e-03 1.000e+03

Str/Serv Limit States

gM gv gM
1.000 1.000 1.000

Ductility 1.00

Live Load Distribution Factors

Location
(ft)
0.000

Strength Limit State Factors:

Service Limit State Factors: Ductility 1.00

Span 3 Length: 50.750 ft

Section Properties

Location Ax Iz Mod. E
(ft) (in"2) (in*4) (psi)
0.000 1.000e+00 999.999e-03 1.000e+03

Str/Serv Limit States

gM gv gM
1.000 1.000 1.000

Ductility 1.00

Live Load Distribution Factors

Location
(ft)
0.000

Strength Limit State Factors:
Limit State Factors:

Service

Str/Serv Limit States

gM gv gM
1.000 1.000 1.000

Ductility 1.00
Ductility 1.00

Support Data

Support 1

Roller

QConBridge
Run 1 Output

Max LL+I Rxn = 185.558 k Dual Truck Train +

Lane Controls

Rxn Due to 1.00 k/ft Uniform Load = 102.323 k

Redundancy 1.00
Redundancy 1.00

Redundancy 1.00
Redundancy 1.00

Redundancy 1.00
Redundancy 1.00

Unit Wgt
(pct)
999.997e-03

Fatigue Limit State
gVv
1.000

Importance 1.00
Importance 1.00

Unit Wgt
(pct)
999.997e-03

Fatigue Limit State
gV
1.000

Importance 1.00
Importance 1.00

Unit Wgt
(pct)
999.997e-03

Fatigue Limit State
gV
1.000

Importance 1.00
Importance 1.00




Support 2 Pinned

Support 3 Pinned

Support 4 Roller

Loading Data

DC Loads
Self Weight Generation Disabled
Traffic Barrier Load 999.999%9e+00 plf

DW Loads
Utility Load Disabled
Wearing Surface Load Disabled

Live Load Data
Live Load Generation Parameters
Design Tandem : Enabled
Design Truck : 17 rear axle spacing increments
Dual Truck Train : Headway Spacing varies from 50.000 ft to 218.000 ft using 168 increments
Dual Tandem Train: Disabled
Fatigue Truck : Disabled

Live Load Impact
Truck Loads 33.000%
Lane Loads 0.000% <4— Impact
Fatigue Truck 15.000%

Pedestrian Live Load 0.000e+00 plf

Load Factors

Strength T DC min 0.900 DC max 1.250 DW min 0.650 DW max 1.500 LL 1.750
Service I DC 1.000 DwW 1.000 LL 1.000
Service II DC 1.000 DwW 1.000 LL 1.300
Service III DC 1.000 DwW 1.000 LL 0.800
Fatigue DC 0.000 DwW 0.000 LL 0.750
Analysis Results

DC Dead Load

Span Point Shear (1lbs) Moment (ft-1bs)
1 0 6.676e+03 0.000e+00
1 1 1.601e+03 21.006e+03
1 2 -3.473e+03 16.258e+03
1 3 -8.548e+03 -14.246e+03
1 4 -13.623e+03 -70.506e+03
1 5 -18.698e+03 -152.521e+03
1 6 -23.773e+03 -260.292e+03
1 7 -28.848e+03 -393.819e+03
1 8 -33.923e+03 -553.102e+03
1 9 -38.998e+03 -738.140e+03
1 10 -44.073e+03 -948.933e+03
2 0 58.249e+03 -948.933e+03
2 1 46.599e+03 -338.182e+03
2 2 34.949e+03 136.846e+03
2 3 23.300e+03 476.152e+03
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11.650e+03

679.735e+03

0.000e+00 747.597e+03
-11.650e+03 679.735e+03
-23.300e+03 476.152e+03
-34.949e+03 136.846e+03
-46.599%9e+03 -338.182e+03
-58.249e+03 -948.933e+03
44.073e+03 -948.933e+03
38.998e+03 -738.140e+03
33.923e+03 -553.102e+03
28.848e+03 -393.819e+03
23.773e+03 -260.292e+03
18.698e+03 -152.521e+03
13.623e+03 -70.506e+03
8.548e+03 -14.246e+03
3.473e+03 16.258e+03
-1.601e+03 21.006e+03
-6.676e+03 0.000e+00
Fx (1bs) Fy (1bs)
.000e+00 .676e+03
.000e+00 102.323e+03
.000e+00 102.323e+03
.000e+00 .676e+03
Shear (1lbs) Moment (ft-1bs)
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00
0.000e+00 0.000e+00

Mz (ft-1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00



DW Dead Load
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Live Load Envelopes

[cNoNeNe)

Fx (1bs) Fy (lbs) Mz (ft-1bs)

.000e+00 0.000e+00 0.000e+00

.000e+00 0.000e+00 0.000e+00

.000e+00 0.000e+00 0.000e+00

.000e+00 0.000e+00 0.000e+00
(Per Lane)

Span Point Min Shear (lbs) Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)
1 0 -33.742e+03 91.969e+03 0.000e+00 0.000e+00
1 1 -33.931e+03 77.991e+03 -171.242e+03 403.054e+03
1 2 -34.498e+03 64.670e+03 -342.484e+03 681.560e+03
1 3 -35.436e+03 52.108e+03 -513.726e+03 841.402e+03
1 4 -41.204e+03 40.395e+03 -684.969e+03 918.412e+03
1 5 -51.245e+03 29.975e+03 -856.211e+03 910.419e+03
1 6 -63.085e+03 22.023e+03 -1.027e+06 856.117e+03
1 7 -75.515e+03 15.012e+03 -1.198e+06 708.328e+03
1 8 -87.725e+03 8.801e+03 -1.369e+06 483.475e+03
1 9 -99.581e+03 3.650e+03 -1.549e+06 215.847e+03
1 10 -110.962e+03 2.398e+03 -1.821e+06 121.735e+03
2 0 -4.045e+03 127.249e+03 -1.821e+06 121.735e+03
2 1 -4.403e+03 114.626e+03 -894.241e+03 300.657e+03
2 2 -10.555e+03 98.188e+03 -274.486e+03 813.139e+03
2 3 -20.321e+03 81.106e+03 -212.094e+03 1.412e+06
2 4 -33.116e+03 64.115e+03 -174.428e+03 1.803e+06
2 5 -47.909e+03 47.909e+03 -136.762e+03 1.921e+06
2 6 -64.115e+03 33.116e+03 -174.428e+03 1.803e+06
2 7 -81.106e+03 20.321e+03 -212.094e+03 1.412e+06
2 8 -98.188e+03 10.555e+03 -274.486e+03 813.139e+03
2 9 -114.626e+03 4.403e+03 -894.241e+03 300.657e+03
2 10 -129.644e+03 4.045e+03 -1.821e+06 121.735e+03
3 0 -2.398e+03 109.783e+03 -1.821e+06 121.735e+03
3 1 -3.650e+03 99.581e+03 -1.549e+06 215.847e+03
3 2 -8.801e+03 87.725e+03 -1.369e+06 483.475e+03
3 3 -15.012e+03 75.515e+03 -1.198e+06 708.328e+03
3 4 -22.023e+03 63.085e+03 -1.027e+06 856.117e+03
3 5 -29.975e+03 51.245e+03 -856.211e+03 910.419e+03
3 6 ~40.395e403 41.204e+03  -684.969e+03 918.412e+03 Unfactored Max
3 7 -52.108e+03 35.436e+03 -513.726e+03 841.402e+03 LL+I Rxn based
3 8 -64.670e+03 34.498e+03 -342.484e+03 681.560e+03 Il live load
3 9 ~77.991e+03 33.931e+03 ~171.242e+03 403.054e+03 on alllive loads:
3 10 -91.969e+03 33.742e+03 0.000e+00 0.000e+00 Dual Truck Train
+ Lane Controls
Live Load Envelopes (Per Lane)
Pier FxMin (1bs) FxMax (1bs) FyMin (1bs) FyMax (1bs) Mz (ft-1lbs) MzMax (ft-1lbs)
1 0.000e+00 0.000e+00  -33.742e+03 91.969e+03 0.000e+00 0.000e+00
2 0.000e+00 0.000e+00 -6.443e+03 0.000e+00 0.000e+00
3 0.000e+00 0.000e+00 -6.443e+03  185.558e+03 0.000e+00 0.000e+00
4 0.000e+00 0.000e+00  -33.742e+03 91.969e+03 0.000e+00 0.000e+00
Design Tandem + Lane Envelopes (Per Lane)
Span Point Min Shear(lbs) Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)
1 0 -26.836e+03 78.060e+03 0.000e+00 0.000e+00
1 1 -27.026e+03 67.340e+03 -136.196e+03 348.996e+03
1 2 -27.592e+03 57.086e+03 -272.392e+03 604.578e+03
1 3 -32.534e+03 47.377e+03 -408.588e+03 769.378e+03
1 4 -41.204e+03 38.257e+03 -544.785e+03 847.101e+03
1 5 -49.984e+03 29.788e+03 -680.981e+03 848.410e+03
1 6 -58.787e+03 22.023e+03 -817.177e+03 787.317e+03
1 7 -67.526e+03 15.012e+03 -953.374e+03 654.252e+03
1 8 -76.111e+03 8.801e+03 -1.089e+06 457.805e+03
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-84.
-92.

-4
-10.
-18.
-28.
-40.
-52.
-65.
-78.
-91.

-103.

-1.

-3.

-15.
-22.
-29.
-38.
-47.
-57.
-67.
-78.

449e+03
442e+03

.350e+03
.403e+03

555e+03
909e+03
946e+03
386e+03
830e+03
832e+03
899e+03
534e+03
027e+03
986e+03
433e+03

.801e+03

012e+03
023e+03
788e+03
257e+03
377e+03
086e+03
340e+03
060e+03

100.
91.
8.
65.
52.
40.
28.
18.
10.

91.
84.
76.
67.
58.
49.
41.
32.
27.
27
26.

Design Tandem + Lane Envelopes (Per
FxMin (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Pier
1

2
3
4

Design Truck + Lane Envelopes

Span Point

1
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Min Shear (1lbs)

-33.
-33.
-34.
-35.
-39.
-51.
-63.
-75.
-87.
-99.
-110.
-4.
-4
-10.
-20.
-33.
-47.
-64.
-81.
-98.
-114.
-129.
-2.
-3.
=7
-12.
-20.
-29.

.433e+03
.986e+03

348e+03
534e+03
899e+03
832e+03
830e+03
386e+03
946e+03
909e+03
555e+03

.403e+03
.350e+03

403e+03
449e+03
111e+03
526e+03
787e+03
984e+03
204e+03
534e+03
592e+03

.026e+03

836e+03

-1.
-1.

-612.
-230.
-176.
-146.
-117.
-146.
-176.
-230.
-612.

-1.

-1.

-1.

-953.
-817.
-680.
-544.
-408.
-272.
-136.

233e+06
432e+06

.432e+06

246e+03
636e+03
339e+03
768e+03
197e+03
768e+03
339e+03
636e+03
246e+03
432e+06
432e+06
233e+06

.089%e+06

374e+03
177e+03
981le+03
785e+03
588e+03
392e+03
196e+03

.000e+00

847e+03
824e+03
824e+03
657e+03
598e+03

.222e+006
.537e+06
.641e+06
.537e+06
.222e+006
.598e+03
.657e+03
.824e+03
.824e+03
.847e+03
.805e+03
.252e+03

317e+03
410e+03
101e+03
378e+03
578e+03
996e+03

.000e+00

FyMax (1lbs) MzMin (ft-1bs)

78.060e+03
136.287e+03
136.287e+03
78.060e+03

0.

0
0.
0

000e+00

.000e+00

000e+00

.000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

Max Shear (1lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)

Lane)

FxMax (1lbs) FyMin (1lbs)
0.000e+00 -26.836e+03
0.000e+00 -5.337e+03
0.000e+00 -5.337e+03
0.000e+00 -26.836e+03

(Per Lane)
742e+03 91.969%9e+03
931e+03 77.991e+03
498e+03 64.670e+03
436e+03 52.108e+03
947e+03 40.395e+03
245e+03 29.975e+03
085e+03 20.790e+03
515e+03 12.587e+03
725e+03 7.467e+03
581e+03 3.650e+03
962e+03 2.398e+03
045e+03 127.249e+03
.273e+03 114.626e+03
363e+03 98.188e+03
321e+03 81.106e+03
116e+03 64.115e+03
909e+03 47.909e+03
115e+03 33.116e+03
106e+03 20.321e+03
188e+03 10.363e+03
626e+03 4.273e+03
644e+03 4.045e+03
398e+03 109.783e+03
650e+03 99.581e+03
.467e+03 87.725e+03
587e+03 75.515e+03
790e+03 63.085e+03
975e+03 51.245e+03

0.
-171.
-342.
-513.
-684.
-856.

-1
-1.
-1.
-1.
-1.
-1.
-755.
-274.
-212.
-174.
-136.
-174
=212
-274.
-755.
-1.
-1.
-1
-1
-1.
-1.
-856.

000e+00
242e+03
484e+03
726e+03
969e+03
211e+03

.027e+06

198e+06
369e+06
549e+06
782e+06
782e+06
848e+03
486e+03
094e+03
428e+03
762e+03

.428e+03
.094e+03

486e+03
848e+03
782e+06
782e+06

.549%e+06
.369e+06

198e+06
027e+06
211e+03

0.
403.
681.
841.
918.
910.
856.
708.
483.
187.
121.
121.
248.
813.

000e+00
054e+03
560e+03
402e+03
412e+03
419e+03
117e+03
328e+03
475e+03
752e+03
735e+03
735e+03
299e+03
139%9e+03

.412e+06
.803e+06
.921e+06
.803e+06
.412e+06

139e+03
299e+03
735e+03
735e+03
752e+03
475e+03
328e+03
117e+03
419e+03

000e+00

000e+00
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Design Truck + Lane

Pier
1

2
3
4

FxMin (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

-40.
-52.
-64.
.991e+03
-91.

395e+03
108e+03
670e+03

969e+03

Envelopes

FxMax (1lbs)

0.

0
0.
0

000e+00
.000e+00
000e+00
.000e+00

Dual Truck Train + Lane Envelopes

Span Point

1
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Min Shear (lbs)
0.

000e+00

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

Dual Truck Train + Lane Envelopes
FxMax (1lbs)

Pier
1

2
3
4

Dual Tandem
Span Point

1
1
1

FxMin (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

0

0
0
0

.000e+00
.000e+00
.000e+00
.000e+00

0 0.000e+00
1 0.000e+00
2 0.000e+00

39.
35.
34.
33.
33.

947e+03
436e+03
498e+03
931e+03
742e+03

(Per Lane)

FyMin (1bs)
-33.742e+03
-6.443e+03
-6.443e+03
-33.742e+03

(Per Lane)

[ecNeoNoBoBoNoNoNoNoNeoNoNoNoNoloNoNoNoloNoNoNoNolNolNoNoNolNololNoNo ol

000e+00

.000e+00
.000e+00
.000e+00

(Per Lane)

Train + Lane Envelopes
Min Shear (lbs)

0
0
0

FyMin (1bs)
0.000e+00
-5.799e+03
-5.799e+03
0.000e+00

(Per Lane)

-684.969e+03
-513.726e+03
-342.484e+03
-171.242e+03

0.000e+00

FyMax (1bs)
91.969e+03
167.658e+03
167.658e+03
91.969e+03

0.000e+00
0.000e+00
0.000e+00
-478.212e+03
-637.616e+03
-797.020e+03
-956.424e+03
-1.115e+06
-1.275e+06
-1.441e+06
-1.821e+06
-1.821e+06
-894.241e+03
0.000e+00
0.000e+00
0.000e+00
0.000e+00
0.000e+00
0.000e+00
0.000e+00
-894.241e+03
-1.821e+06
-1.821e+06
-1.441e+06
-1.275e+06
-1.115e+06
-956.424e+03
-797.020e+03
-637.616e+03
-478.212e+03
0.000e+00
0.000e+00
0.000e+00

FyMax (1bs)
0.000e+00
[185.558e+03]
185.558e+03
0.000e+00

0.000e+00
0.000e+00
0.000e+00

918
841
681
403

MzMin

0.
0.000e+00
0.

0.000e+00

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
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MzMiz

[oNoNoNe]

0
0
0

.412e+03
.402e+03

.560e+03
.054e+03
.000e+00

(ft-1bs)
000e+00

000e+00

000e+00

(ft-1bs)

.000e+00
.000e+00
.000e+00
.000e+00

.000e+00
.000e+00
.000e+00

MzMax (ft-1bs)

0.

0
0.
0

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)
0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

000e+00
.000e+00
000e+00
.000e+00

Dual Truck Train
+ Lane Controls

MzMax (ft-1bs)

0.

0
0.
0

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)
.000e+00
.000e+00
.000e+00

000e+00
.000e+00
000e+00
.000e+00
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Dual Tandem Train +
FxMin (1lbs)

Pier
1

2
3
4

Fatigue Truck Envelopes

0.
0.000e+00
0.

0.000e+00

Span Point

1

SR O NI NCRE NI NORY R NI NCR N T NSy I

0

N
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000e+00

000e+00

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

[eNeoNeoBoNeoNoNoNoNoNeoloNeoNeoNoNeololoNoNeo oo NoNo o NoNoNoNoNeo No)

Lane Envelopes
FxMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Min Shear (lbs)

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

eNeoNeolNoNeoNoNeoNoNoNeoloNeoNoNoNeo oo NoNoNo o)

000e+00

(Per Lane)

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

(Per Lane)

FyMin (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

[eNeoNeoBoNeoNoNoNoNoNeoloNeoNeoNoNeololoNoNeoloNoNoNoNeoNoNoNoNoNeo No)

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

[eNeoNeoBoNeoNoNoNoNoNeololNeNeoNoNeo oo NoNeo oo NoNoNeoNoNoNoNoNeo No)

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

FyMax (1lbs) MzMin (ft-1bs)

0.000e+00
0.000e+00
0.000e+00
0.000e+00

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

ecNeoNeolNoNeoNoNeoNoNoNeoNoNeoNoNoNeooNeoNoNoNoNo)

000e+00

0.

ecNeoNeolNoNeoNoNeoNoNoNeoNoNeoNoNoNeo oo NoNoNoNo)

000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

ecNoNeolNoNeoNoNeoNoNoNeoloNeoNoNoNeo oo NoNoNeoNo)

000e+00

000e+00

000e+00
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FxMin (1lbs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

eNoNeoBoNeoNoNoNolNoNeoNe)

(Per Lane)

FxMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Strength I Limit State Envelopes
Min Shear (lbs)

Span Point

1
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-53.
-57.
-64.
-72.
-89.
-113.
-140.
-168.
-195.
-223.
-249.
45.
34.
12.
-14.
-47.
-83.
-126.
-171.
-215.
-258.
-299.
35.
28.
15.
-308.
-17.
-35.
-58.
-83.
-110.
-138.
-169.

039%9e+03
938e+03
713e+03
699e+03
136e+03
053e+03
115e+03
212e+03
924e+03
015e+03
276e+03
345e+03
233e+03
982e+03
592e+03
468e+03
841e+03
764e+03
061e+03
517e+03
846e+03
689e+03
468e+03
709e+03
128e+03
398e+00
145e+03
628e+03
431e+03
495e+03
047e+03
488e+03
292e+03

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

FyMin (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Max Shear (lbs)Min

169.
138.
110.
83.
58.
35.
17
308.
-15.
-28.
-35.
295.
258.
215.
171.
126.
83.
47.
14.
-12
-34.
-45.
247.
223.
195.
168.
140.
113.
89.
72.
64.
57.
53.

Strength I Limit State Envelopes
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

FxMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

292e+03
488e+03
047e+03
495e+03
431e+03
628e+03

.145e+03

398e+00
128e+03
709e+03
468e+03
498e+03
846e+03
517e+03
061e+03
764e+03
841e+03
468e+03
592e+03

.982e+03

233e+03
345e+03
212e+03
015e+03
924e+03
212e+03
115e+03
053e+03
136e+03
699e+03
713e+03
938e+03
039e+03

FyMin (1bs)
-53.039e+03
80.814e+03
80.814e+03
-53.039e+03

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

eNeoNeololNeoNoNoNolNoNeoNo)

FyMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

eNoNeoBoNeoNoNoNolNoNeoNo)

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

MzMin (ft-1bs)

0.

0
0.
0

000e+00

.000e+00

000e+00

.000e+00

MzMax (ft-1bs)

0

0
0
0

Moment (ft-1lbs)Max Moment (ft-1bs)

0.000e+00
-280.767e+03
-584.715e+03
-916.829%9e+03
-1.286e+06
-1.689%e+06
-2.123e+06
-2.589%e+06
-3.088e+06
-3.633e+06
-4.373e+06
-4.373e+06
-1.987e+06
-357.190e+03
57.370e+03
306.512e+03
433.503e+03
306.512e+03
57.370e+03
-357.190e+03
-1.987e+06
-4.373e+06
-4.373e+06
-3.633e+06
-3.088e+06
-2.589%e+06
-2.123e+06
-1.689%e+06
-1.286e+06
-916.829e+03
-584.715e+03
-280.767e+03
0.000e+00

FyMax (1bs)
169.292e+03
452.630e+03
452.630e+03
169.292e+03

0.
731.
1.

[

885.
348.
-286.
-641.
-641.
221

W bW

221.
-641.
-641.
-286.

348.

885.

S

000e+00
604e+03
213e+06

.459e+06
.543e+06
.455e+06
.263e+06

137e+03
289e+03
593e+03
004e+03
004e+03

.785e+03
.594e+06
.067e+06
.005e+06
.296e+06
.005e+06
.067e+06
.594e+06

785e+03
004e+03
004e+03
593e+03
289%e+03
137e+03

.263e+06
.455e+06
.543e+06
.459e+06
.213e+06
.604e+03
.000e+00

MzMin (ft-1bs)

0.

0
0.
0

000e+00

.000e+00

000e+00

.000e+00

.000e+00
.000e+00
.000e+00
.000e+00

MzMax (ft-1bs)

0.

0
0.
0

000e+00
.000e+00
000e+00
.000e+00



Service I Limit State Envelopes
Max Shear (lbs)Min

Span Point

1
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0 -27.
-32.
-37.
-43.
-54.
-69.
-86.

-104.

-121.

-138.

-155.

54.
42.
24
2.
-21.
-47.
-75.
-104.

=

-133.
-161.
-187.
41.
35.
25.
13.

=

-11.
-26.
-43.
-61.
-79.
-98.
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=

Min Shear (lbs)

Service I Limit State Envelopes

Pier
1

2
3
4

FxMin (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

065e+03 98.
329e+03 79.
971e+03 61.
985e+03 43.
827e+03 26.
944e+03 11.
858e+03 -1
363e+03 -13.
649e+03 -25.
580e+03 -35.
035e+03 -41.
204e+03 185.
196e+03 161.
.394e+03 133.
978e+03 104.
466e+03 75.
909e+03 47.
765e+03 21.
406e+03 -2.
138e+03 -24
226e+03 -42.
894e+03 -54.
674e+03 153.
347e+03 138.
121e+03 121.
835e+03 104.
.749e+03 86.
277e+03 69.
772e+03 54.
559e+03 43,
197e+03 37.
593e+03 32.
646e+03 27.
FxMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Service II Limit State Envelopes
Max Shear (lbs)Min

Span Point

1

SIS I I R R e R R N = = B = Sy =

-37.
-42.
-48.
-54.
-67.
-85.
-105.
-127.
-147.
-168.
-188.
52.
40.
21.
-3.
-31.

WP, OOWOowWw-JoyU b wWwhNE O

Min Shear (lbs)

188e+03
509e+03
320e+03
616e+03
189e+03
317e+03
784e+03
018e+03
966e+03
454e+03
324e+03
991e+03
875e+03
227e+03
117e+03
401e+03

126
102

80.
59.
38.
20.

4

-9.
-22.
-34.
-40.
223.
195.
162.
128.

95

646e+03
593e+03
197e+03
559e+03
772e+03
277e+03
.749e+03
835e+03
121e+03
347e+03
674e+03
499e+03
226e+03
138e+03
406e+03
765e+03
909e+03
466e+03
978e+03
.394e+03
196e+03
204e+03
856e+03
580e+03
649e+03
363e+03
858e+03
944e+03
827e+03
985e+03
971e+03
329e+03
065e+03

FyMin (1bs)
-27.065e+03
95.879e+03
95.879e+03
-27.065e+03

.237e+03
.991e+03
598e+03
192e+03
891e+03
269e+03
.857e+03
332e+03
481e+03
252e+03
954e+03
674e+03
614e+03
594e+03
738e+03
.000e+03

Moment (ft-1lbs)Max Moment (ft-1lbs)

0.
-150.
-326.
-527.
-755.

-1.
-1
-1.
-1.
-2.
-2.
-2.
-1.
-137.
264.
505.
610.
505.
264.
-137.
-1.
-2.
-2.
-2.
-1.
-1
-1.
-1.
-755.
-527.
-326.
-150.
0.

000e+00
235e+03
226e+03
972e+03
475e+03
008e+06

.287e+06

592e+06
923e+06
287e+06
770e+06
770e+06
232e+06
640e+03
057e+03
307e+03
835e+03
307e+03
057e+03
640e+03
232e+06
770e+06
770e+06
287e+06
923e+06

.592e+06

287e+06
008e+06
475e+03
972e+03
226e+03
235e+03
000e+00

FyMax (1bs)
98.646e+03
287.881e+03
287.881e+03
98.646e+03

0.
424.
697.
827.
847.
757.
595.
314.
-69.

-522.
-827.
-827.
-37.
949.

-827.
-827.
-522.
-69.
314.
595.
757.
847.
827.
697.
424.

000e+00
061e+03
819e+03
156e+03
906e+03
897e+03
824e+03
509e+03
626e+03
292e+03
198e+03
198e+03
525e+03
985e+03

.889%e+06
.482e+06
.668e+06
.482e+06
.889%e+06

985e+03

.525e+03

198e+03
198e+03
292e+03
626e+03
509e+03
824e+03
897e+03
906e+03
156e+03
819e+03
061e+03

.000e+00

MzMin (ft-1bs)

0.

0
0.
0

000e+00

.000e+00

000e+00

.000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

Moment (ft-1bs)Max Moment (ft-1bs)

0.
-201.
-428.
-682.
-960.

-1
-1
-1.
-2.
-2.
-3.
-3.
-1
-219.
200.
452.

000e+00
608e+03
971e+03
091e+03
965e+03

.265e+06
.595e+06

952e+06
334e+06
751e+06
317e+06
317e+06

.500e+06

986e+03
428e+03
978e+03

0.
544.
902.

1.

1.

1
852.
527.

75.
-457.
-790.
-790.

52.

000e+00
978e+03
287e+03
079%9e+06
123e+06

.031e+06

659e+03
007e+03
415e+03
538e+03
678e+03
678e+03
671e+03

.193e+06
.312e+06
.023e+06

000e+00

000e+00
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-62.
-95.
-128.
-162.
-195.
-226.
40.
34.
22.

-4.
-20.
-38.
-59.
-80.

-102.
-126.

282e+03
000e+03
738e+03
594e+03 -
614e+03 -
787e+03 -
954e+03 1
252e+03 1
481e+03 1

.332e+03 1

857e+03 1
269e+03
891e+03
192e+03
598e+03
991e+03
237e+03

Service II Limit State Envelopes
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

Service III
Span Point

1
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000e+00

000e+00

FxMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Limit State Envelopes

Min Shear (lbs)

-20.
-25.
-31.
-36.
-46.
-59.
-74.
-89.
-104.
-118.
-132.
55.
43.
26.
7.
-14.
-38.
-62.
-88.
-113.
-138.
-161.
42.
36.
26.
16.

-5.
-18.
-33.
-48.
-63.
-80.

317e+03
543e+03
071e+03
897e+03
586e+03
694e+03
241e+03
260e+03 -
103e+03 -
663e+03 -
843e+03 -
013e+03 1
077e+03 1
505e+03 1
042e+03
843e+03
327e+03
942e+03
185e+03
500e+03 -
301e+03 -
965e+03 -
154e+03 1
077e+03 1
882e+03 1
838e+03

.154e+03

281e+03
693e+03
138e+03
263e+03
995e+03
252e+03

62.
31.
.117e+03
.227e+03
40.
52.
86.
68.
47.
.018e+03
05.
85.
67.
54.
48.
42.
37.

21

27

282e+03
401e+03

875e+03
991e+03
791e+03
454e+03
966e+03

784e+03
317e+03
189e+03
616e+03
320e+03
509e+03
188e+03

FyMin (1bs)
-37.188e+03
93.946e+03
93.946e+03
-37.188e+03

252e+03
995e+03
263e+03
138e+03
693e+03
281e+03
154e+03
838e+03
882e+03
077e+03
154e+03
049e+03
301e+03
500e+03
185e+03
942e+03
327e+03
843e+03
042e+03
505e+03
077e+03
013e+03
899e+03
663e+03
103e+03
260e+03
241e+03
694e+03
586e+03
897e+03
071e+03
543e+03
317e+03

569.806e+03
452.978e+03
200.428e+03
-219.986e+03
-1.500e+06
-3.317e+06
-3.317e+06
-2.751e+06
-2.334e+06
-1.952e+06
-1.595e+06
-1.265e+06
-960.965e+03
-682.091e+03
-428.971e+03
-201.608e+03
0.000e+00

FyMax (1bs)
126.237e+03
343.548e+03
343.548e+03
126.237e+03

0.000e+00
-115.986e+03
-257.729%9e+03
-425.227e+03
-618.481e+03
-837.490e+03
-1.082e+06
-1.352e+06
-1.649e+06
-1.977e+06
-2.406e+06
-2.406e+06
-1.053e+06
-82.743e+03
306.476e+03
540.193e+03
638.187e+03
540.193e+03
306.476e+03
-82.743e+03
-1.053e+06
-2.406e+06
-2.406e+06
-1.977e+06
-1.649e+06
-1.352e+06
-1.082e+06
-837.490e+03
-618.481e+03
-425.227e+03
-257.729e+03
-115.986e+03
0.000e+00

N W W

-790.
-790.
-457.
75.
527.
852.

902.
544.

.245e+06
.023e+06
.312e+06
.193e+06
.671e+03

678e+03
678e+03
538e+03
415e+03
007e+03
659e+03

.031e+06
.123e+06
.079e+06

287e+03
978e+03

.000e+00

MzMin (ft-1bs)

0.

0
0.
0

0.
343.
561.
658.
664.
575.
424.
172.

-166.
-565.
-851.
-851.
-97.
787.

-851.
-851.
-565.
-166.
172.
424.
575.
664.
658.
561.
343.

000e+00

.000e+00

000e+00

.000e+00

000e+00
450e+03
506e+03
875e+03
224e+03
813e+03
601le+03
843e+03
321e+03
462e+03
545e+03
545e+03
656e+03
357e+03

.606e+06
.122e+06
.284e+06
.122e+06
.606e+06

357e+03

.656e+03

545e+03
545e+03
462e+03
321e+03
843e+03
601e+03
813e+03
224e+03
875e+03
506e+03
450e+03

.000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

Max Shear (lbs)Min Moment (ft-lbs)Max Moment (ft-1lbs)
80.
63.
48.
33.
18.
5.
-6.
16.
26.
36.
42.
60.
38.
13.
88.
62.
38.
14.
=7.
26.
43.
55.
31.
18.
04.
89.
74.
59.
46.
36.
31.
25.
20.

000e+00

000e+00



Service III Limit State Envelopes
FxMin (1lbs)

Pier
1

2
3
4

0.
0.
0.
0.

000e+00
000e+00
000e+00
000e+00

FxMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Fatigue Limit State Envelopes
Span Point

1

WWWWwwwwwwwwdhdhdhdNDdNDNDNDNdNdDNdNNNRErRFRERERRERRERERERRE

0

=

[
QWO -JOH Ud WNEFEFOOWOW-JO0UDd WNRE OO WOOJoYU b wdN

=

Min Shear (lbs)

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

[eNeoNeoBoNeoNoNeoNeoloNeololNoNeoNoNeNoNeoNoNoNeo oo No o Neo oo NoNo o NoNe)

Fatigue Limit State
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

000e+00

Envelopes
FxMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

[eNeoNeoBoNeoNoNeoNeoloNeololoNeoNoNeoloNeoNeoNoNeo oo NoNo Ne oo NoNo o No Ne)

FyMin (1bs)
-20.317e+03
97.168e+03
97.168e+03
-20.317e+03

000e+00

FyMin (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

2
2

0.

[eNeoNeoloNeoNoNeoNeoloNeololNoNoNeoNeoNoNeoNoNoNeo oo No o Ne oo NoNo o NoNe)

FyMax (1bs)
80.252e+03
50.769e+03
50.769e+03
80.252e+03

000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

FyMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

MzMin (ft-1bs)

0.
0.000e+00
0.

0.000e+00

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

[eNeoNeoloNeoNoNeoNoloNoloNoNoNeoNeNoNeoNoNoNo oo NoNoNeo oo NoNoNoNoNe)

000e+00

000e+00

000e+00

MzMin (ft-1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

MzMax (ft-1bs)

0.

0
0
0

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)
0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

000e+00

.000e+00
.000e+00
.000e+00

MzMax (ft-1bs)

0.

0
0
0

000e+00

.000e+00
.000e+00
.000e+00



Washington State Department of Transporation .

Bridge and Structures Office QConBridge

QConBridge Version 1.0 Run 2 Output

Code: LRFD First Edition 1994 Dual TI’UCk AX|e Rxn = 94589 k NO |mpaCt
No Lane

Span Data

Span 1 Length: 50.750 ft

Section Properties

Location Ax Iz Mod. E Unit Wgt
(ft) (in"2) (inn4) (psi) (pcf)
0.000 1.000e+00 999.999e-03 1.000e+03 999.997e-03

Live Load Distribution Factors

Location Str/Serv Limit States Fatigue Limit State
(ft) gM qv gM qv
0.000 1.000 1.000 1.000 1.000

Strength Limit State Factors: Ductility 1.00 Redundancy 1.00
Service Limit State Factors: Ductility 1.00 Redundancy 1.00

Span 2 Length: 116.500 ft

Section Properties

Location Ax Iz Mod. E Unit Wgt
(ft) (in”2) (in"4) (psi) (pct)
0.000 1.000e+00 999.999e-03 1.000e+03 999.997e-03

Live Load Distribution Factors

Location Str/Serv Limit States Fatigue Limit State
(ft) gM gv gM gv
0.000 1.000 1.000 1.000 1.000

Strength Limit State Factors: Ductility 1.00 Redundancy 1.00
Service Limit State Factors: Ductility 1.00 Redundancy 1.00

Span 3 Length: 50.750 ft

Section Properties

Location Ax Iz Mod. E Unit Wgt
(ft) (in*2) (in”4) (psi) (pcf)
0.000 1.000e+00 999.999e-03 1.000e+03 999.997e-03

Live Load Distribution Factors

Location Str/Serv Limit States Fatigue Limit State
(ft) gM gv aM qv
0.000 1.000 1.000 1.000 1.000

Strength Limit State Factors: Ductility 1.00 Redundancy 1.00

Service Limit State Factors: Ductility 1.00 Redundancy 1.00

Support Data

Support 1 Roller

Importance 1.00
Importance 1.00

Importance 1.00
Importance 1.00

Importance 1.00
Importance 1.00




Support 2 Pinned

Support 3 Pinned

Support 4 Roller

Loading Data

DC Loads
Self Weight Generation Disabled
Traffic Barrier Load 999.999e+00 plf

DW Loads
Utility Load Disabled
Wearing Surface Load Disabled

Live Load Data
Live Load Generation Parameters
Design Tandem : Enabled
Design Truck : 17 rear axle spacing increments
Dual Truck Train : Headway Spacing varies from 50.000 ft to 218.000 ft using 168 increments
Dual Tandem Train: Disabled
Fatigue Truck : Disabled

Live Load Impact
Truck Loads 0.000%
Lane Loads -100.000% <4— Impact
Fatigue Truck 15.000%

Pedestrian Live Load 0.000e+00 plf

Load Factors

Strength I DC min 0.900 DC max 1.250 DW min 0.650 DW max 1.500 LL 1.750
Service I DC 1.000 DwW 1.000 LL 1.000
Service II DC 1.000 Dw 1.000 LL 1.300
Service IITI DC 1.000 DwW 1.000 LL 0.800
Fatigue DC 0.000 Dw 0.000 LL 0.750
Analysis Results
DC Dead Load
Span Point Shear (1lbs) Moment (ft-1bs)
1 0 6.676e+03 0.000e+00
1 1 1.601e+03 21.006e+03
1 2 -3.473e+03 16.258e+03
1 3 -8.548e+03 -14.246e+03
1 4 -13.623e+03 -70.506e+03
1 5 -18.698e+03 -152.521e+03
1 6 -23.773e+03 -260.292e+03
1 7 -28.848e+03 -393.819e+03
1 8 -33.923e+03 -553.102e+03
1 9 -38.998e+03 -738.140e+03
1 10 -44.073e+03 -948.933e+03
2 0 58.249e+03 -948.933e+03
2 1 46.599e+03 -338.182e+03
2 2 34.949e+03 136.846e+03
2 3 23.300e+03 476.152e+03



2 4 11.650e+03 679.735e+03
2 5 0.000e+00 747.597e+03
2 6 -11.650e+03 679.735e+03
2 7 -23.300e+03 476.152e+03
2 8 -34.949e+03 136.846e+03
2 9 -46.599e+03 -338.182e+03
2 10 -58.249e+03 -948.933e+03
3 0 44.073e+03 -948.933e+03
3 1 38.998e+03 -738.140e+03
3 2 33.923e+03 -553.102e+03
3 3 28.848e+03 -393.819e+03
3 4 23.773e+03 -260.292e+03
3 5 18.698e+03 -152.521e+03
3 6 13.623e+03 -70.506e+03
3 7 8.548e+03 -14.246e+03
3 8 3.473e+03 16.258e+03
3 9 -1.601e+03 21.006e+03
3 10 -6.676e+03 0.000e+00
DC Dead Load

Pier Fx (1lbs) Fy (1lbs) Mz (ft-1bs)
1 0.000e+00 6.676e+03 0.000e+00
2 0.000e+00 102.323e+03 0.000e+00
3 0.000e+00 102.323e+03 0.000e+00
4 0.000e+00 6.676e+03 0.000e+00

DW Dead Load

Span Point Shear (lbs) Moment (ft-1bs)
1 0 0.000e+00 0.000e+00
1 1 0.000e+00 0.000e+00
1 2 0.000e+00 0.000e+00
1 3 0.000e+00 0.000e+00
1 4 0.000e+00 0.000e+00
1 5 0.000e+00 0.000e+00
1 6 0.000e+00 0.000e+00
1 7 0.000e+00 0.000e+00
1 8 0.000e+00 0.000e+00
1 9 0.000e+00 0.000e+00
1 10 0.000e+00 0.000e+00
2 0 0.000e+00 0.000e+00
2 1 0.000e+00 0.000e+00
2 2 0.000e+00 0.000e+00
2 3 0.000e+00 0.000e+00
2 4 0.000e+00 0.000e+00
2 5 0.000e+00 0.000e+00
2 6 0.000e+00 0.000e+00
2 7 0.000e+00 0.000e+00
2 8 0.000e+00 0.000e+00
2 9 0.000e+00 0.000e+00
2 10 0.000e+00 0.000e+00
3 0 0.000e+00 0.000e+00
3 1 0.000e+00 0.000e+00
3 2 0.000e+00 0.000e+00
3 3 0.000e+00 0.000e+00
3 4 0.000e+00 0.000e+00
3 5 0.000e+00 0.000e+00
3 6 0.000e+00 0.000e+00
3 7 0.000e+00 0.000e+00
3 8 0.000e+00 0.000e+00
3 9 0.000e+00 0.000e+00
3 10 0.000e+00 0.000e+00



DW Dead Load

Pier Fx (1lbs) Fy (1lbs) Mz (ft-1bs)
1 0.000e+00 0.000e+00 0.000e+00
2 0.000e+00 0.000e+00 0.000e+00
3 0.000e+00 0.000e+00 0.000e+00
4 0.000e+00 0.000e+00 0.000e+00

Live Load Envelopes (Per Lane)
Span Point Min Shear (lbs) Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)

1 0 ~17.167e+03 57.669¢+03 0.000e+00 0.000e+00

1 1 ~17.167e+03 49.449¢+03 -87.126e+03 250.954e+03

1 2 ~17.167e+03 41.438e+03 ~174.253e+03 420.604e+03

1 3 ~17.167e+03 33.719e+403 ~261.379e+03 513.372e403

1 4 ~20.525e+03 26.365e+03 ~348.506e+03 556.203e+03

1 5 ~26.831e+03 19.718e+03 ~435.632¢+03 547.460e403

1 6 ~34.236e+03 14.675e+03 ~522.759e+03 516.240e+03

1 7 ~41.846e+03 10.098e+03 ~609.885¢+03 427.070e+03

1 8 ~49.068e+03 5.901e+03 ~697.012e+03 292.296e+03

1 9 ~55.819e+03 2.297e+03 ~784.138e+03 131.764e+03

1 10 ~62.030e+03 1.441e+403 ~947.507e+03 73.156e+03

2 0 ~2.430e+03 67.155¢+03 ~947.507e+03 73.156e403

2 1 ~2.528e+03 63.075e+03 ~497.935¢+03 190.269¢+03

2 2 ~6.573e+03 55.717e+03 ~153.408e+03 488.8260+03

2 3 ~12.789e+03 47.328e+03 ~125.087e+03 795.763e+03

2 4 ~20.653e+03 38.378e+403 ~96.767e403 991.611e+03

2 5 -29.335e+03 29.335e+03 ~68.446e+03 1.047¢+06

2 6 ~38.378e+03 20.653e+03 ~96.767e403 991.611e+03

2 7 ~47.328e+03 12.789e+03 ~125.087e+03 795.763e+03

2 8 ~55.717e+03 6.573e+03 ~153.408e+03 488.8260+03

2 9 ~63.075e+03 2.528e+03 ~497.935¢+03 190.269¢+03

2 10 —68.956e+03 2.430e+03 ~947.507e+03 73.156e403

3 0 ~1.441e+03 61.143e+403 ~947.507e+03 73.156e+03

3 1 ~2.297e+03 55.819¢+03 ~784.138e+03 131.764e+03

3 2 -5.901e+03 49.068e+03 ~697.012e+03 292.296e+03

3 3 ~10.098e+03 41.846e+03 ~609.885e+03 427.070e+03

3 4 ~14.675e+03 34.236e+03 ~522.759¢+03 516.240e+03

3 5 ~19.718e+03 26.831e+03 _435.632e+03 547.460e403

3 6 ~26.365e+03 20.525e+03 ~348.506e+03 556.203e+03

3 7 ~33.719e+03 17.167e+03 ~261.379e+03 513.372e+03

3 8 ~41.438e+03 17.167e403 ~174.253e+03 420.604e+03 Not interested

3 9 ~49.449¢+03 17.167e+03 ~87.126e+03 250.954e+03 .

3 10 ~57.669e+03 17.167e+03 0.000e+00 0.000e+00 in the overall
envelope.

Live Load Envelopes (Per Lane)

Pier FxMin (1lbs) FxMax (1lbs) FyMin (1bs) FyMax (lbs) MzMipAgTt-1bs) MzMax (ft-1bs)
1 0.000e+00 0.000e+00 -17.167e+03 57.669e+03 0.000e+00 0.000e+00
2 0.000e+00 0.000e+00 -3.872e+03 0.000e+00 0.000e+00
3 0.000e+00 0.000e+00 -3.872e+03 94.589e+03 0.000e+00 0.000e+00
4 0.000e+00 0.000e+00 -17.167e+03 57.669e+03 0.000e+00 0.000e+00

Design Tandem + Lane Envelopes (Per Lane)
Span Point Min Shear (lbs) Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)

1 0 -11.975e+03 47.211e+03 0.000e+00 0.000e+00
1 1 -11.975e+03 41.440e+03 -60.776e+03 210.309e+03
1 2 -11.975e+03 35.736e+03 -121.552e+03 362.722e+03
1 3 -14.985e+03 30.162e+03 -182.328e+03 459.21%e+03
1 4 -20.525e+03 24.757e+03 -243.104e+03 502.585e+03
1 5 -25.883e+03 19.578e+03 -303.880e+03 500.837e+03
1 6 -31.005e+03 14.675e+03 -364.657e+03 464.511e+03
1 7 -35.840e+03 10.098e+03 -425.433e+03 386.411e+03
1 8 -40.335e+03 5.901e+03 -486.209e+03 272.996e+03
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Design Tandem + Lane Envelopes

Pier
1

2
3
4

Design Truck + Lane Envelopes
Min Shear (lbs)
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-44.
-48.

-2
-6.
-11.
-17.
-23.
-29.
-35.
-41.
-45.
-48.
-1.
-2.

-10.
-14.
-19.
-24.
-30.
-35.
-41
-47.

FxMin (1lbs)

0.
0.000e+00
0.

0.000e+00

Span Point

1
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000e+00

000e+00

-17.
-17.
-17.
-17.
-19.
-26.
-34.
-41.
-49.
-55.
-62.

-2.

-2

-6.
-12.
-20.
-29.
-38.
-47
-55.
-63.
-68.

-1.

-2

-4

-8.
-13.
-19.

167e+03
167e+03
167e+03
167e+03
579e+03
831e+03
236e+03
846e+03
068e+03
819e+03
030e+03
430e+03

.430e+03

429e+03
789e+03
653e+03
335e+03
378e+03

.328e+03

717e+03
075e+03
956e+03
441e+03

.297e+03
.898e+03

275e+03
747e+03
718e+03

441e+03 2
105e+03 1
.908e+03 46.
.528e+03 45.
573e+03 41.
727e+03 35.
518e+03 29.
678e+03 23.
893e+03 17.
844e+03 11
214e+03 6
713e+03 2
943e+03 1
131e+03 47 .
133e+03 44 .
.901e+03 40.
098e+03 35.
675e+03 31.
578e+03 25.
757e+03 20.
162e+03 14.
736e+03 11.
.440e+03 11
211e+03 11.

(Per
FxMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

12

.133e+03
.131e+03

929e+03
713e+03
214e+03
844e+03
893e+03
678e+03
518e+03

.727e+03
.573e+03
.528e+03
.908e+03

324e+03
441e+03
335e+03
840e+03
005e+03
883e+03
525e+03
985e+03
975e+03

.975e+03

975e+03

Lane)
FyMin (1bs)
-11.975e+03
-3.040e+03
-3.040e+03
-11.975e+03

(Per Lane)
Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)
57.
49,
41.
33.
26.
19.
13.

8.

4.

2.

1.
67.
63.
55.
47 .
38.
29.
20.
.789e+03

6.

2.

2.
61.
55.
49.
41.
34.
26.

669e+03
449%e+03
438e+03
719e+03
365e+03
718e+03
747e+03
275e+03
898e+03
297e+03
441e+03
155e+03
075e+03
717e+03
328e+03
378e+03
335e+03
653e+03

429e+03
430e+03
430e+03
143e+03
819e+03
068e+03
846e+03
236e+03
831le+03

-546

-607.
-607.
-266.
-120.

-98.

-75.

-53.

-75.

-98.
-120.
-266.
-607.
-607.
-546.
-486.
-425.
-364.
-303.
-243.
-182.
-121.

-60.

0.
-87.
-174.
-261.
-348.
-435.
-522.
-6009.
-697.
-784.
-871.
-871.
-374.
-153.
-125.
-96.
-68.
-96.
-125.
-153.
-374.
-871.
-871.
-784.
-697.
-609.
-522.
-435.

.985e+03
761e+03
761e+03
528e+03
438e+03
204e+03
970e+03
736e+03
970e+03
204e+03
438e+03
528e+03
761e+03
761e+03
985e+03
209e+03
433e+03
657e+03
880e+03
104e+03
328e+03
552e+03
776e+03
.000e+00

FyMax (1lbs)
47.211e+03
52.551e+03
52.551e+03
47.211e+03

000e+00
126e+03
253e+03
379e+03
506e+03
632e+03
759e+03
885e+03
012e+03
138e+03
265e+03
265e+03
500e+03
408e+03
087e+03
767e+03
446e+03
767e+03
087e+03
408e+03
500e+03
265e+03
265e+03
138e+03
012e+03
885e+03
759e+03
632e+03

131.
57.
57.

190.

439.

652.

792.

837.

792.

652.

439.

190.
57.
57.

131.

272.

386.

464.

500.

502.

459.

362.

210.

.000e+00

0.
250.
420.
513.
556.
547.
516.
427.
292.
110.

73.
73.
150.
488.
795.
991.

1.
991.
795.
488.
150.

73.

73.
110.
292.
427.
516.
547.

764e+03
433e+03
433e+03
269e+03
547e+03
643e+03
032e+03
417e+03
032e+03
643e+03
547e+03
269e+03
433e+03
433e+03
764e+03
996e+03
411e+03
511e+03
837e+03
585e+03
219e+03
722e+03
309e+03

000e+00

000e+00

000e+00
954e+03
604e+03
372e+03
203e+03
460e+03
240e+03
070e+03
296e+03
641e+03
156e+03
156e+03
903e+03
826e+03
763e+03
611e+03
047e+06
611e+03
763e+03
826e+03
903e+03
156e+03
156e+03
641e+03
296e+03
070e+03
240e+03
460e+03

0.
0.000e+00
0.

0.000e+00

MzMin (ft-1bs) MzMax (ft-1lbs)
0.
0.000e+00
0.

0.000e+00

000e+00

000e+00
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-26.
-33.
-41.
-49.
-57.

Design Truck + Lane
FxMin (1lbs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

365e+03
719e+03
438e+03
449e+03
669e+03

19.
17.
17.
.167e+03
17.

17

579e+03
167e+03
167e+03

167e+03

Envelopes (Per Lane)

FxMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Dual Truck Train + Lane Envelopes
Span Point

1
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Min Shear (lbs)

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

[eNeoNololoNoloNololeoloNoloNoloNoNolNololoNolololololNoNolNololelNo ol

000e+00

Dual Truck Train + Lane Envelopes
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

Dual Tandem
Span Point

1
1
1

0
1
2

000e+00

000e+00

FxMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

FyMin (1bs)
-17.167e+03
-3.872e+03
-3.872e+03
-17.167e+03

(Per Lane)

[eNeoNololoNeoloNololeoleoNoloNoloNoNolNololBoNolololololNoNolNololelNo ol

000e+00

(Per Lane)

Train + Lane Envelopes

Min Shear (lbs)
0.
0.
0.

000e+00
000e+00
000e+00

0
0
0

FyMin (1bs)
0.000e+00
-3.485e+03
-3.485e+03
0.000e+00

(Per Lane)

-348.506e+03
-261.379%9e+03
-174.253e+03
-87.126e+03
0.000e+00

FyMax (1bs)
57.669%9e+03
76.138e+03
76.138e+03
57.669%9e+03

0.000e+00

0.000e+00

0.000e+00
-247.164e+03
-329.553e+03
-411.941e+03
-494.32%e+03
-576.718e+03
-659.106e+03
-741.494e+03
-947.507e+03
-947.507e+03
-497.935e+03

0.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

0.000e+00
-497.935e+03
-947.507e+03
-947.507e+03
-741.494e+03
-659.106e+03
-576.718e+03
-494.329e+03
-411.941e+03
-329.553e+03
-247.164e+03

0.000e+00

0.000e+00

0.000e+00

O O O oo

FyMax (1lbs)
0.000e+00

[ 94.589e+03]
94.589e+03
0.000e+00

0.000e+00
0.000e+00
0.000e+00

556.
513.
420.
250.

203e+03
372e+03
604e+03
954e+03

.000e+00

MzMin (ft-1bs) MzMax (ft-1lbs)

0.

0
0.
0

0.

[eNeoNeololoNoNolNololeoNoNoloNoloNoNolNololoNolNololololNoNolNololoNo ol

MzMin

O O O o

0.
0.
0.

000e+00

.000e+00

000e+00

.000e+00

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)
0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

000e+00

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

Max Shear (lbs)Min Moment (ft-1bs)Max Moment (ft-1lbs)
.000e+00
.000e+00
.000e+00

000e+00
000e+00
000e+00

0.

0
0.
0

000e+00
.000e+00
000e+00
.000e+00

Dual Tuck Axle
Rxn — No Impact
and No Lane

0.

0
0.
0

ft-1lbs) MzMax (ft-1bs)
.000e+00
.000e+00
.000e+00
.000e+00

000e+00
.000e+00
000e+00
.000e+00
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Dual Tandem Train +
FxMin (1lbs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

Lane Envelopes

FxMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Fatigue Truck Envelopes (Per Lane)
Span Point

1
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Min Shear (lbs)

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

eNeoNeololoNoNoNoNoleoNoloNolNoNoNoNoNo o Ne Noj

000e+00

[eNeoNoRoloNoloNololeoNolBololoNoNololololoNolololelNelNolNolNololNo]

eNeoNeololoNoNolNoNoleoNoloNolNoNoNoNoNo o Ne Noj

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

(Per Lane)

FyMin (1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

000e+00

[eNeoNoRoloNololololeolNolBololoNoNololololoNolololelNelNolNolNelolNo]

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

eNeoNeololoNoNoNoNoloNoloNoloNoNoNoNo o Ne Noj

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

FyMax (1lbs)

0.000e+00
0.000e+00
0.000e+00
0.000e+00

000e+00

[eNeoNoRoloNololololeolNoBololoNoNololololoNolololelNelNolNolNololNo]

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

eNeoNololoNoNoNoNeoloNoloNolNoNoNoNoNo oo Noj

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

MzMin (ft-1bs)
0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)
0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

000e+00

000e+00
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Fatigue Truck Envelopes

Pier
1

2
3
4
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FxMin (1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

O OO OO0 OO oOo

(Per Lane)

FxMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Strength I Limit State Envelopes
Min Shear (lbs)

Span Point

1
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-24
-28.
-34.
-40.
-52.
-70.
-89.
-1009.
-128.
-146.
-163.
48.
37.
19.
-1.
-25.
-51.
-81.
-111.
-141
-168.
-193.
37.
31.
20.

-4,
-17.
-33.
-51.
-69.
-88.

-109.

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

FyMin (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

OO O OO0 OooOooo

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

FyMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

O OO OO0 OO oOo

MzMin
0

0
0
0

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

(ft-1bs)
.000e+00
.000e+00
.000e+00
.000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)

Strength I Limit State Envelopes
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

.034e+03 1009.
602e+03 88.
385e+03 69.
728e+03 51.
948e+03 33.
328e+03 17.
631e+03 4
292e+03 -8.
273e+03 -20.
431e+03 -31.
645e+03 -37.
170e+03 190.
514e+03 168.
950e+03 141.
411e+03 111.
657e+03 81.
337e+03 51.
725e+03 25.
950e+03 1.

.192e+03 -19.
632e+03 -37.
486e+03 -48.
143e+03 162.
078e+03 146.
203e+03 128.

.290e+03 1009.
285e+03 89.
679e+03 70.
878e+03 52.
314e+03 40.
392e+03 34.
538e+03 28.
267e+03 24,

FxMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

267e+03
538e+03
392e+03
314e+03
878e+03
679e+03

.285e+03

290e+03
203e+03
078e+03
143e+03
335e+03
632e+03
192e+03
950e+03
725e+03
337e+03
657e+03
411e+03
950e+03
514e+03
170e+03
093e+03
431e+03
273e+03
292e+03
631e+03
328e+03
948e+03
728e+03
385e+03
602e+03
034e+03

FyMin (1bs)
-24.034e+03
85.314e+03
85.314e+03
-24.034e+03

0.
-133.
-290.
-475.
-698.
-953.

-1

-1.
-1.
-2.
-2.
-2.

-1

-145.
2009.
442.
553.
442.
2009.

-145.

-1.
-2.
-2.
-2.
-1.

-1

-1.
-953.
-698.
-475.
-290.
-133.

1
2
2
1

000e+00
565e+03
310e+03
221e+03
018e+03
009%e+03
.240e+06
559e+06
911le+06
294e+06
844e+06
844e+06
.294e+06
303e+03
633e+03
419e+03
055e+03
419e+03
633e+03
303e+03
294e+06
844e+06
844e+06
294e+06
91le+06
.559%e+06
240e+06
009%e+03
018e+03
221e+03
310e+03
565e+03
.000e+00

FyMax (1lbs)
09.267e+03
93.434e+03
93.434e+03
09.267e+03

0.
465.
756.
885.
909.
820.
669.
392.

13.
-433.
-726.
-726.

28.

1.

P NN DND -

28.
-726.
-726.
-433.

13.

392.
669.
820.
9009.
885.
756.
465.

MzMin

0.

0
0.
0

000e+00
429e+03
380e+03
581e+03
900e+03
786e+03
157e+03
935e+03
727e+03
737e+03
01l6e+03
016e+03
608e+03
026e+06
.987e+06
.584e+06
.768e+06
.584e+06
.987e+06
.026e+06
608e+03
016e+03
016e+03
737e+03
727e+03
935e+03
157e+03
786e+03
900e+03
581e+03
380e+03
429e+03
.000e+00

(ft-1bs)
000e+00
.000e+00
000e+00
.000e+00

000e+00

000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00



Service I Limit State Envelopes
Span Point Min Shear (lbs) Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)

1 0 -10.490e+03 64.346e+03 0.000e+00 0.000e+00
1 1 -15.565e+03 51.051e+03 -66.119e+03 271.961e+03
1 2 -20.640e+03 37.965e+03 -157.994e+03 436.862e+03
1 3 -25.715e+03 25.170e+03 -275.625e+03 499.126e+03
1 4 -34.148e+03 12.742e+03 -419.012e+03 485.697e+03
1 5 -45.530e+03 1.020e+03 -588.154e+03 394.939%e+03
1 6 -58.010e+03 -9.098e+03 -783.052e+03 255.947e+03
1 7 -70.695e+03 -18.749e+03 -1.003e+06 33.250e+03
1 8 -82.991e+03 -28.021e+03 -1.250e+06 -260.805e+03
1 9 -94.817e+03 -36.700e+03 -1.522e+06 -606.375e+03
1 10 -106.103e+03 -42.631e+03 -1.896e+06 -875.777e+03
2 0 55.819e+03 125.405e+03 -1.896e+06 -875.777e+03
2 1 44.071e+03 109.675e+03 -836.118e+03 -147.912e+03
2 2 28.376e+03 90.667e+03 -16.562e+03 625.671e+03
2 3 10.510e+03 70.628e+03 351.064e+03 1.271e+06
2 4 -9.003e+03 50.028e+03 582.968e+03 1.671e+06
2 5 -29.335e+03 29.335e+03 679.150e+03 1.795e+06
2 6 -50.028e+03 9.003e+03 582.968e+03 1.671e+06
2 7 -70.628e+03 -10.510e+03 351.064e+03 1.271e+06
2 8 -90.667e+03 -28.376e+03 -16.562e+03 625.671e+03
2 9 -109.675e+03 -44.071e+03 -836.118e+03 -147.912e+03
2 10 -127.206e+03 -55.819e+03 -1.896e+06 -875.777e+03
3 0 42.631e+03 105.217e+03 -1.896e+06 -875.777e+03
3 1 36.700e+03 94.817e+03 -1.522e+06 -606.375e+03
3 2 28.021e+03 82.991e+03 -1.250e+06 -260.805e+03
3 3 18.749e+03 70.695e+03 -1.003e+06 33.250e+03
3 4 9.098e+03 58.010e+03 -783.052e+03 255.947e+03
3 5 -1.020e+03 45.530e+03 -588.154e+03 394.939%e+03
3 6 -12.742e+03 34.148e+03 -419.012e+03 485.697e+03
3 7 -25.170e+03 25.715e+03 -275.625e+03 499.126e+03
3 8 -37.965e+03 20.640e+03 -157.994e+03 436.862e+03
3 9 -51.051e+03 15.565e+03 -66.119e+03 271.961e+03
3 10 -64.346e+03 10.490e+03 0.000e+00 0.000e+00

Service I Limit State Envelopes

Pier FxMin (1bs) FxMax (1bs) FyMin (1bs) FyMax (1lbs) MzMin (ft-1bs) MzMax (ft-1bs)
1 0.000e+00 0.000e+00 -10.490e+03 64.346e+03 0.000e+00 0.000e+00
2 0.000e+00 0.000e+00 98.450e+03 196.912e+03 0.000e+00 0.000e+00
3 0.000e+00 0.000e+00 98.450e+03 196.912e+03 0.000e+00 0.000e+00
4 0.000e+00 0.000e+00 -10.490e+03 64.346e+03 0.000e+00 0.000e+00

Service II Limit State Envelopes
Span Point Min Shear (lbs) Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)

1 0 -15.641e+03 81.647e+03 0.000e+00 0.000e+00
1 1 -20.716e+03 65.885e+03 -92.257e+03 347.248e+03
1 2 -25.791e+03 50.397e+03 -210.270e+03 563.043e+03
1 3 -30.866e+03 35.286e+03 -354.039e+03 653.138e+03
1 4 -40.306e+03 20.652e+03 -523.564e+03 652.558e+03
1 5 -53.579e+03 6.936e+03 -718.844e+03 559.177e+03
1 6 -68.281e+03 -4.695e+03 -939.879%e+03 410.820e+03
1 7 -83.249e+03 -15.719e+03 -1.186e+06 161.371e+03
1 8 -97.712e+03 -26.251e+03 -1.459%e+06 -173.116e+03
1 9 -111.563e+03 -36.011e+03 -1.757e+06 -566.845e+03
1 10 -124.712e+03 -42.199%e+03 -2.180e+06 -853.830e+03
2 0 55.089%e+03 145.552e+03 -2.180e+06 -853.830e+03
2 1 43.312e+03 128.598e+03 -985.498e+03 -90.831e+03
2 2 26.403e+03 107.382e+03 -62.584e+03 772.319e+03
2 3 6.673e+03 84.827e+03 313.538e+03 1.510e+06
2 4 -15.199e+03 61.542e+03 553.938e+03 1.968e+06
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-38.
-61.
-84.
-107.
-128.
-147.
42.
36.
26.
15.

-6.
-20.
-35.
-50.
-65.
-81.

Service II Limit State Envelopes
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

Service III
Span Point

1
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000e+00

000e+00

Limit State Envelopes
Min Shear (lbs)

-7

-41

.057e+03
-12.
-17.
-22.
-30.
-40.
-51.
-62.
-73.
-83.
-93.

56.
44,
29.
13.
-4.
-23.
-42.
-61.
-79.
-97.
-113.
42.
37.
29.
20.
12.
2.
=7.
-18.
-29.
.161e+03
-52.

132e+03
207e+03
282e+03
043e+03
163e+03
162e+03
325e+03
177e+03
653e+03
697e+03
305e+03
577e+03
690e+03
068e+03
872e+03
468e+03
353e+03
163e+03
523e+03
060e+03
415e+03
920e+03
160e+03
202e+03
769e+03
033e+03
923e+03
469e+03
427e+03
677e+03

812e+03

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)
812e+03
161e+03
677e+03
427e+03
469e+03
923e+03

52.
41.
29.
18.

7.
-2.

-12

-20.
-29.
-37.
-42.
111.
97.
79.
61.
42.
23.
4.
-13.
-29.
-44.
-56.
92.
83.
73.
62.
51.
40.
30.
22.

17
12

7.

136e+03 38.136e+03
542e+03 15.199e+03
827e+03 -6.673e+03
382e+03 -26.403e+03
598e+03 -43.312e+03
893e+03 -55.089%e+03
199e+03 123.560e+03
011le+03 111.563e+03
251e+03 97.712e+03
719e+03 83.249e+03
.695e+03 68.281e+03
936e+03 53.579e+03
652e+03 40.306e+03
286e+03 30.866e+03
397e+03 25.791e+03
885e+03 20.716e+03
647e+03 15.641e+03
FxMax (1bs) FyMin (1bs)
0.000e+00 -15.641e+03
0.000e+00 97.289e+03
0.000e+00 97.289e+03
0.000e+00 -15.641e+03

.033e+03

769e+03
202e+03
160e+03
920e+03
974e+03
060e+03
523e+03
163e+03
353e+03
468e+03
872e+03
068e+03
690e+03
577e+03
305e+03
988e+03
653e+03
177e+03
325e+03
162e+03
163e+03
043e+03
282e+03

.207e+03
.132e+03

057e+03

658.
553.
313.
-62.
-985.
-2.
-2.
-1.

-1

-939.
-718.
-523.
-354.
-210.

-92.

2
2

0.
-48.
-123.
-223.
-349.
-501.
-678.
-881.
-1.
-1.
-1.
-1.
-736.

14

376.
602.
692.
602.
376.

14

-736.
-1.
-1.
-1.

-1

-881.
-678.
-501.
-349.
-223.
-123.
-48.
0.

616e+03
938e+03
538e+03
584e+03
498e+03
180e+06
180e+06
757e+06
.459%e+06
.186e+06
879e+03
844e+03
564e+03
03%e+03
270e+03
257e+03
.000e+00

FyMax (1bs)
81.647e+03
25.288e+03
25.288e+03
81.647e+03

000e+00
694e+03
144e+03
349e+03
310e+03
027e+03
500e+03
728e+03
110e+06
365e+06
706e+06
706e+06
531e+03
.119e+03
081le+03
322e+03
839e+03
322e+03
081le+03
.119e+03
531e+03
706e+06
706e+06
365e+06
.110e+06
728e+03
500e+03
027e+03
310e+03
349e+03
144e+03
694e+03
000e+00

2.
1.
1.
.319e+03
-90.
-853.
-853.
-566.
-173.
161.
410.
559.
652.
653.
563.
347.
0.

772

0.
221.
352.
396.
374.
285.
152.
-52.
-319.
-632.
-890.
-890.
-185.

527.

1.

1.

1.

1.

1.
527.

-185.
-890.
-890.
-632.
-319.
-52.
152.
285.
374.
396.
352.
.770e+03
0.

221

109e+06
968e+06
510e+06

831e+03
830e+03
830e+03
845e+03
116e+03
371e+03
820e+03
177e+03
558e+03
138e+03
043e+03
248e+03
000e+00

000e+00

000e+00

000e+00
770e+03
741e+03
452e+03
456e+03
446e+03
699e+03
163e+03
264e+03
728e+03
408e+03
408e+03
966e+03
906e+03
112e+06
473e+06
585e+06
473e+06
112e+06
906e+03
966e+03
408e+03
408e+03
728e+03
264e+03
163e+03
699e+03
446e+03
456e+03
452e+03
741e+03

000e+00

0.
0.000e+00
0.

0.000e+00

MzMin (ft-1bs) MzMax (ft-1bs)
0.
0.000e+00
0.

0.000e+00

000e+00

000e+00



Service III Limit State Envelopes
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

FxMax (1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

Fatigue Limit State Envelopes
Span Point

1
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Min Shear (lbs)

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

OO OO OO ODODODODODODODODODIODODODODIODODODODOIODOOOOOoOo

Fatigue Limit State
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

000e+00

Envelopes
FxMax (1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

OO OO OO ODODODODODIODODODODODODODODIODODODODOIODOOOOOOoOo

FyMin (1bs)

=7.
99.
99.
=7.

057e+03
225e+03
225e+03
057e+03

000e+00

FyMin (1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

1
1

0.

OO OO OO ODODODODODIODODODODODODODODIODIODIDODODOIODOOOOOOoOo

FyMax (1lbs)
52.812e+03
77.994e+03
77.994e+03
52.812e+03

000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

FyMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

OO OO OO ODODODODODODODODODODODODODODODIODODOIODOOOOOOoOo

000e+00

000e+00

000e+00

MzMin (ft-1bs)
0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

0.
0.000e+00
0.

0.000e+00

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)
0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

MzMin (ft-1bs) MzMax (ft-1bs)
0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00



Washington State Department of Transporation .

Bridge and Structures Office QConBridge

QConBridge Version 1.0 Run 3 Output

Code: LRFD First Edition 1994 Dual Lane AXIe Rxn = 59754 k NO |mpaCt
No Truck

Span Data

Span 1 Length: 50.750 ft

Section Properties

Location Ax Iz Mod. E Unit Wgt
(ft) (in"2) (inn4) (psi) (pcf)
0.000 1.000e+00 999.999e-03 1.000e+03 999.997e-03

Live Load Distribution Factors

Location Str/Serv Limit States Fatigue Limit State
(ft) gM qv gM qv
0.000 1.000 1.000 1.000 1.000

Strength Limit State Factors: Ductility 1.00 Redundancy 1.00
Service Limit State Factors: Ductility 1.00 Redundancy 1.00

Span 2 Length: 116.500 ft

Section Properties

Location Ax Iz Mod. E Unit Wgt
(ft) (in”2) (in"4) (psi) (pct)
0.000 1.000e+00 999.999e-03 1.000e+03 999.997e-03

Live Load Distribution Factors

Location Str/Serv Limit States Fatigue Limit State
(ft) gM gv gM gv
0.000 1.000 1.000 1.000 1.000

Strength Limit State Factors: Ductility 1.00 Redundancy 1.00
Service Limit State Factors: Ductility 1.00 Redundancy 1.00

Span 3 Length: 50.750 ft

Section Properties

Location Ax Iz Mod. E Unit Wgt
(ft) (in*2) (in”4) (psi) (pcf)
0.000 1.000e+00 999.999e-03 1.000e+03 999.997e-03

Live Load Distribution Factors

Location Str/Serv Limit States Fatigue Limit State
(ft) gM gv aM qv
0.000 1.000 1.000 1.000 1.000

Strength Limit State Factors: Ductility 1.00 Redundancy 1.00

Service Limit State Factors: Ductility 1.00 Redundancy 1.00

Support Data

Support 1 Roller

Importance 1.00
Importance 1.00

Importance 1.00
Importance 1.00

Importance 1.00
Importance 1.00




Support 2 Pinned

Support 3 Pinned

Support 4 Roller

Loading Data

DC Loads
Self Weight Generation Disabled
Traffic Barrier Load 999.999e+00 plf

DW Loads
Utility Load Disabled
Wearing Surface Load Disabled

Live Load Data
Live Load Generation Parameters
Design Tandem : Enabled
Design Truck : 17 rear axle spacing increments
Dual Truck Train : Headway Spacing varies from 50.000 ft to 218.000 ft using 168 increments
Dual Tandem Train: Disabled
Fatigue Truck : Disabled

Live Load Impact
Truck Loads -100.000%
Lane Loads 0.000% <4— Impact
Fatigue Truck 15.000%

Pedestrian Live Load 0.000e+00 plf

Load Factors

Strength I DC min 0.900 DC max 1.250 DW min 0.650 DW max 1.500 LL 1.750
Service I DC 1.000 DwW 1.000 LL 1.000
Service II DC 1.000 Dw 1.000 LL 1.300
Service IITI DC 1.000 DwW 1.000 LL 0.800
Fatigue DC 0.000 Dw 0.000 LL 0.750
Analysis Results
DC Dead Load
Span Point Shear (1lbs) Moment (ft-1bs)
1 0 6.676e+03 0.000e+00
1 1 1.601e+03 21.006e+03
1 2 -3.473e+03 16.258e+03
1 3 -8.548e+03 -14.246e+03
1 4 -13.623e+03 -70.506e+03
1 5 -18.698e+03 -152.521e+03
1 6 -23.773e+03 -260.292e+03
1 7 -28.848e+03 -393.819e+03
1 8 -33.923e+03 -553.102e+03
1 9 -38.998e+03 -738.140e+03
1 10 -44.073e+03 -948.933e+03
2 0 58.249e+03 -948.933e+03
2 1 46.599e+03 -338.182e+03
2 2 34.949e+03 136.846e+03
2 3 23.300e+03 476.152e+03



2 4 11.650e+03 679.735e+03
2 5 0.000e+00 747.597e+03
2 6 -11.650e+03 679.735e+03
2 7 -23.300e+03 476.152e+03
2 8 -34.949e+03 136.846e+03
2 9 -46.599e+03 -338.182e+03
2 10 -58.249e+03 -948.933e+03
3 0 44.073e+03 -948.933e+03
3 1 38.998e+03 -738.140e+03
3 2 33.923e+03 -553.102e+03
3 3 28.848e+03 -393.819e+03
3 4 23.773e+03 -260.292e+03
3 5 18.698e+03 -152.521e+03
3 6 13.623e+03 -70.506e+03
3 7 8.548e+03 -14.246e+03
3 8 3.473e+03 16.258e+03
3 9 -1.601e+03 21.006e+03
3 10 -6.676e+03 0.000e+00
DC Dead Load

Pier Fx (1lbs) Fy (1lbs) Mz (ft-1bs)
1 0.000e+00 6.676e+03 0.000e+00
2 0.000e+00 102.323e+03 0.000e+00
3 0.000e+00 102.323e+03 0.000e+00
4 0.000e+00 6.676e+03 0.000e+00

DW Dead Load

Span Point Shear (lbs) Moment (ft-1bs)
1 0 0.000e+00 0.000e+00
1 1 0.000e+00 0.000e+00
1 2 0.000e+00 0.000e+00
1 3 0.000e+00 0.000e+00
1 4 0.000e+00 0.000e+00
1 5 0.000e+00 0.000e+00
1 6 0.000e+00 0.000e+00
1 7 0.000e+00 0.000e+00
1 8 0.000e+00 0.000e+00
1 9 0.000e+00 0.000e+00
1 10 0.000e+00 0.000e+00
2 0 0.000e+00 0.000e+00
2 1 0.000e+00 0.000e+00
2 2 0.000e+00 0.000e+00
2 3 0.000e+00 0.000e+00
2 4 0.000e+00 0.000e+00
2 5 0.000e+00 0.000e+00
2 6 0.000e+00 0.000e+00
2 7 0.000e+00 0.000e+00
2 8 0.000e+00 0.000e+00
2 9 0.000e+00 0.000e+00
2 10 0.000e+00 0.000e+00
3 0 0.000e+00 0.000e+00
3 1 0.000e+00 0.000e+00
3 2 0.000e+00 0.000e+00
3 3 0.000e+00 0.000e+00
3 4 0.000e+00 0.000e+00
3 5 0.000e+00 0.000e+00
3 6 0.000e+00 0.000e+00
3 7 0.000e+00 0.000e+00
3 8 0.000e+00 0.000e+00
3 9 0.000e+00 0.000e+00
3 10 0.000e+00 0.000e+00



DW Dead Load

Pier Fx (1lbs) Fy (1lbs) Mz (ft-1bs)
1 0.000e+00 0.000e+00 0.000e+00
2 0.000e+00 0.000e+00 0.000e+00
3 0.000e+00 0.000e+00 0.000e+00
4 0.000e+00 0.000e+00 0.000e+00

Live Load Envelopes (Per Lane)
Span Point Min Shear (lbs) Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)

1 0 ~10.909e+03 15.269e+03 0.000e+00 0.000e+00

1 1 ~11.098e+03 12.224e403 -55.363e+03 69.284e+03

1 2 ~11.664e+03 9.556e+03 ~110.728e+03 122.157e+03

1 3 ~12.603e+03 7.261e+03 ~166.092e+03 158.616c+03

1 4 ~13.905e+03 5.329e+03 ~221.456e+03 178.662e+03

1 5 ~15.559e+03 3.749e+03 ~276.820e+03 182.296e+03

1 6 -17.550e+03 2.505e+03 ~332.184e+03 169.517e+03

1 7 ~19.859e+03 1.580e+03 ~387.548c+03 140.325¢+03

1 8 ~22.464e+03 952.436+00 ~442.912e+03 94.720e+03

1 9 ~25.341e+03 595.481e+00 ~506.173e+03 40.600e403

1 10 ~28.462e+03 481.522e+00 ~623.805e+03 24.437e+03

2 0 ~812.039e+00 37.931e+403 ~623.805e+03 24.437e+03

2 1 ~1.040e+03 30.736e+03 ~257.763e+03 47.598e+03

2 2 ~1.812e+03 24.084e+03 ~70.453e403 163.001e+03

2 3 ~3.311e+03 18.159¢+03 -45.728e+03 354.499e+03

2 4 _5.647e+03 13.071e+03 _45.728e403 484.234e+03

2 5 -8.893e+03 8.893e+03 ~45.728e+03 527.478e+03

2 6 ~13.071e+03 5.647e+03 _45.728e403 484.2340+03

2 7 ~18.159e+03 3.311e+03 ~45.728e+03 354.499¢+03

2 8 ~24.084e+03 1.812e+03 ~70.453e403 163.001e+03

2 9 ~30.736e+03 1.040e+03 ~257.763e+03 47.598¢+03

2 10 ~37.931e+03 812.039e+00 ~623.805e+03 24.437e+03

3 0 ~481.522e+400 28.462e+03 ~623.805e+03 24.437¢+03

3 1 ~595.481e+00 25.341e+03 ~506.173e+03 40.600e403

3 2 ~952.436e+00 22.464e+03 ~442.912e+03 94.720e+03

3 3 ~1.580e+03 19.859¢+03 ~387.548e+03 140.325e+03

3 4 ~2.505e+03 17.550e+03 ~332.184e+03 169.517e+03

3 5 ~3.749e+03 15.559¢+403 ~276.820e+03 182.296e+03

3 6 ~5.329¢+03 13.905e+03 ~221.456e+03 178.662e+03

3 7 ~7.261e+03 12.603e+03 ~166.092e+03 158.616e+03

3 8 ~9.556e+03 11.664e403 ~110.728e+03 122.157e+03 Not interested

3 9 ~12.224e+03 11.098e+03 ~55.363e+03 69.284e+03 .

3 10 ~15.269e+03 10.909e+03 0.000e+00 0.000e+00 in the overall
envelope.

Live Load Envelopes (Per Lane)

Pier FxMin (1lbs) FxMax (1bs) FyMin (1bs) FyMax (lbs) MzMipAgTt-1bs) MzMax (ft-1bs)
1 0.000e+00 0.000e+00  -10.909e+03 15.269e+03 0.000e+00 0.000e+00
2 0.000e+00 0.000e+00 -1.293e+03 0.000e+00 0.000e+00
3 0.000e+00 0.000e+00 -1.293e+03 66.394e+03 0.000e+00 0.000e+00
4 0.000e+00 0.000e+00  -10.909e+03 15.269e+03 0.000e+00 0.000e+00

Design Tandem + Lane Envelopes (Per Lane)
Span Point Min Shear (lbs) Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)

1 0 -10.909e+03 15.269e+03 0.000e+00 0.000e+00
1 1 -11.098e+03 12.224e+03 -55.363e+03 69.284e+03
1 2 -11.664e+03 9.556e+03 -110.728e+03 122.157e+03
1 3 -12.603e+03 7.261e+03 -166.092e+03 158.616e+03
1 4 -13.905e+03 5.329%e+03 -221.456e+03 178.662e+03
1 5 -15.559e+03 3.749e+03 -276.820e+03 182.296e+03
1 6 -17.550e+03 2.505e+03 -332.184e+03 169.517e+03
1 7 -19.859e+03 1.580e+03 -387.548e+03 140.325e+03
1 8 -22.464e+03 952.436e+00 -442.912e+03 94.720e+03
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Design Tandem + Lane Envelopes

Pier
1

2
3
4

Design Truck + Lane Envelopes
Min Shear (lbs)

[
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-25.
-28.
-812.
.040e+03
-1.
-3.
-5.
-8.
-13.
-18.
-24.
-30.
-37.
-481.
-595.
-952.
.580e+03
-2.
-3.
-5.
=7.
.556e+03
.224e+03
-15.

-1

-1

-12

FxMin (1lbs)

0.
0.000e+00
0.

0.000e+00

Span Point

1
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000e+00

000e+00

-10.
-11.
-11.
-12.
-13.
-15.
.550e+03
-19.
-22.
-25.
-28.
-812.
.040e+03
-1.
-3.
-5.
-8.
-13.
-18.
-24.
-30.
-37.
-481.
-595.
-952.
-1.
-2.
-3.

-17

-1

341e+03 5
462e+03 4
039e+00

812e+03
311e+03
647e+03
893e+03
071e+03
15%e+03
084e+03
736e+03
931e+03 8
522e+00
481e+00
436e+00

505e+03
749e+03
329e+03
261e+03

269e+03

FxMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

909e+03
098e+03
664e+03
603e+03
905e+03
559e+03

859e+03
464e+03 9
341e+03 5
462e+03 4
039e+00

812e+03
311e+03
647e+03
893e+03
071e+03
159e+03
084e+03
736e+03
931e+03 8
522e+00
481e+00
436e+00
580e+03
505e+03
749e+03

95
81

(Per

15.
12.
9.

N w o

52.
95.
81.

.481e+00
.522e+00
.931e+03
.736e+03
.084e+03
.159e+03
.071e+03
.893e+03
.647e+03
.311e+03
.812e+03
.040e+03
.039%e+00
.462e+03
.341e+03
.464e+03
.859%9e+03
.550e+03
.559%9e+03
.905e+03
.603e+03
.664e+03
.098e+03
.909%e+03

Lane)
FyMin (1bs)

-10.
-1.
-1.

-10.

(Per Lane)
Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)
269e+03
224e+03
556e+03

909e+03
293e+03
293e+03
909e+03

.261e+03
.329e+03
.749e+03
.505e+03
.580e+03

436e+00
481e+00
522e+00

.931e+03
.736e+03
.084e+03
.159e+03
.071e+03
.893e+03
.647e+03
.311e+03
.812e+03
.040e+03
.039e+00
.462e+03
.341e+03
.464e+03
.859e+03
.550e+03
.559e+03

-506.173e+03
-623.805e+03
-623.805e+03
-257.763e+03
-70.453e+03
-45.728e+03
-45.728e+03
-45.728e+03
-45.728e+03
-45.728e+03
-70.453e+03
-257.763e+03
-623.805e+03
-623.805e+03
-506.173e+03
-442.912e+03
-387.548e+03
-332.184e+03
-276.820e+03
-221.456e+03
-166.092e+03
-110.728e+03
-55.363e+03
0.000e+00

FyMax (1lbs)
15.269e+03
66.394e+03
66.394e+03
15.269e+03

0.000e+00
-55.363e+03
-110.728e+03
-166.092e+03
-221.456e+03
-276.820e+03
-332.184e+03
-387.548e+03
-442.912e+03
-506.173e+03
-623.805e+03
-623.805e+03
-257.763e+03
-70.453e+03
-45.728e+03
-45.728e+03
-45.728e+03
-45.728e+03
-45.728e+03
-70.453e+03
-257.763e+03
-623.805e+03
-623.805e+03
-506.173e+03
-442.912e+03
-387.548e+03
-332.184e+03
-276.820e+03

40.
24.
24.
.598e+03
163.
354.
484.
527.
484.
354.
163.

47.

24.

24.

40.

94.
140.
169.
182.
178.
158.
122.

69.
.000e+00

47

600e+03
437e+03
437e+03

001e+03
499e+03
234e+03
478e+03
234e+03
499e+03
001e+03
598e+03
437e+03
437e+03
600e+03
720e+03
325e+03
517e+03
296e+03
662e+03
616e+03
157e+03
284e+03

MzMin (ft-1bs) MzMax (ft-1lbs)

0.
0.000e+00
0.

0.000e+00

0.
69.
122.
158.
178.
182.
169.
140.
94.
40.
24.
24.
.598e+03
163.
354.
484.
527.
484.
354.
163.
47.
24.
24.
40.
94.
140.
169.
182.

47

000e+00

000e+00

000e+00
284e+03
157e+03
616e+03
662e+03
296e+03
517e+03
325e+03
720e+03
600e+03
437e+03
437e+03

001e+03
499e+03
234e+03
478e+03
234e+03
499e+03
001le+03
598e+03
437e+03
437e+03
600e+03
720e+03
325e+03
517e+03
296e+03

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00
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-5.
=7.
.556e+03
.224e+03
-15.

-12

Design Truck + Lane
FxMin (1lbs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

329e+03
261e+03

269e+03

13.
12.
11.
.098e+03
10.

11

905e+03
603e+03
664e+03

909e+03

Envelopes (Per Lane)

FxMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Dual Truck Train + Lane Envelopes
Span Point

1
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Min Shear (lbs)

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

[eNeoNololoNoloNololeoleoNoloNoloNoNolNololBoNolNololololNoNolNololelNoe ol

000e+00

Dual Truck Train + Lane Envelopes
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

Dual Tandem
Span Point

1
1
1

0
1
2

000e+00

000e+00

FxMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

FyMin (1bs)
-10.909%e+03
-1.293e+03
-1.293e+03
-10.909e+03

(Per Lane)

[eNeoNololoNeololNololeoleoNoloNoloNoNolNololoNolololololNoNolNololeNo ol

000e+00

(Per Lane)

Train + Lane Envelopes

Min Shear (lbs)
0.
0.
0.

000e+00
000e+00
000e+00

0
0
0

FyMin (1bs)
0.000e+00
-1.164e+03
-1.164e+03
0.000e+00

(Per Lane)

-221.456e+03
-166.092e+03
-110.728e+03
-55.363e+03
0.000e+00

FyMax (1bs)
15.269e+03
66.394e+03
66.394e+03
15.269e+03

0.000e+00

0.000e+00

0.000e+00
-149.482e+03
-199.310e+03
-249.138e+03
-298.965e+03
-348.793e+03
-398.620e+03
-455.556e+03
-561.424e+03
-561.424e+03
-231.987e+03

0.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

0.000e+00
-231.987e+03
-561.424e+03
-561.424e+03
-455.556e+03
-398.620e+03
-348.793e+03
-298.965e+03
-249.138e+03
-199.310e+03
-149.482e+03

0.000e+00

0.000e+00

0.000e+00

O O O oo

FyMax (1lbs)
0.000e+00

[ 59.754e+03]
59.754e+03
0.000e+00

0.000e+00
0.000e+00
0.000e+00

178.
158.
122.

69.
.000e+00

662e+03
616e+03
157e+03
284e+03

MzMin (ft-1bs) MzMax (ft-1lbs)

0.
0.000e+00
0.

0.000e+00

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

[eNeoNeololoNoNoNololeoNoNoNoNoloNoNolNololBoNolNololololNoNolNololoNo ol

MzMin

O O O o

0.
0.
0.

000e+00

000e+00

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)
0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

000e+00

Max Shear (lbs)Min Moment (ft-1bs)Max Moment (ft-1lbs)
.000e+00
.000e+00
.000e+00

000e+00
000e+00
000e+00

0.

0
0.
0

000e+00
.000e+00
000e+00
.000e+00

Dual Tuck Axle
Rxn — No Impact
and No Lane

0.

0
0.
0

ft-1lbs) MzMax (ft-1bs)
.000e+00
.000e+00
.000e+00
.000e+00

000e+00
.000e+00
000e+00
.000e+00
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Dual Tandem Train +
FxMin (1lbs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

Lane Envelopes

FxMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Fatigue Truck Envelopes (Per Lane)
Span Point

1
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Min Shear (lbs)

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

eNeoNeololoNoNoNoNoleoNoloNolNoNoNoNoNo o Ne Noj

000e+00

[eNeoNoRoloNololNololeoNoBololoNoNololololoNolololelNelNololNolNo o]

eNeoNeololoNoNolNoNoleoNoloNolNoNoNoNoNo o Ne Noj

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

(Per Lane)

FyMin (1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

000e+00

[eNeoNoRoloNololololNeoNolBololoNoNololololoNolololelNelNolNolNolNo o]

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

eNeoNeololoNoNoNoNoloNoloNoloNoNoNoNo o Ne Noj

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

FyMax (1lbs)

0.000e+00
0.000e+00
0.000e+00
0.000e+00

000e+00

[eNeoNoRoloNololololeoloBololoNoNololololoNolololelNelNolNolNolNo o]

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

eNeoNololoNoNoNoNeoloNoloNolNoNoNoNoNo oo Noj

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

MzMin (ft-1bs)
0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)
0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

000e+00

000e+00
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.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

Fatigue Truck Envelopes (Per Lane
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

FxMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Strength I Limit State Envelopes
Span Point

1
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Min Shear (lbs)
-13.
-17.
-24.
-32.
-41.
-50.
-60.
-70.
-81.
-93.

-104.
51.
40.
28.
15.

601.
-15.
-37.
-60.
-85.

-112.

-139.
38.
34.
28.
23.
17.
10.

2.
-5.
-13.
-23.
-35.

08le+03
980e+03
755e+03
741e+03
363e+03
601e+03 -
429e+03 -
813e+03 -
717e+03 -
096e+03 -
900e+03 -
003e+03 1
11%e+03 1
283e+03
175e+03
250e+00
563e+03
438e+03 -6
903e+03 -
835e+03 -
038e+03 -
193e+03 -
823e+03 1
056e+03
864e+03
196e+03
010e+03
267e+03
934e+03
014e+03
598e+03
395e+03
067e+03

Strength I Limit State Envelopes
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

FxMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

O OO OO0 OO oOo

)

17

12

24
17

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

FyMin (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

067e+03
395e+03
598e+03
014e+03
934e+03
267e+03

196e+03
864e+03
056e+03
823e+03
193e+03

835e+03
903e+03
438e+03
563e+03
250e+00
175e+03
283e+03
119e+03
003e+03
900e+03
096e+03
717e+03
813e+03
429e+03
601e+03
363e+03
741e+03

081le+03

FyMin (1bs)
-13.081e+03
89.827e+03
89.827e+03
-13.081e+03

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

OO O OO0 OooOooo

FyMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

0.000e+00
-77.980e+03
-179.141e+03
-308.468e+03
-475.680e+03
-675.087e+03
-906.688e+03
-1.170e+06
-1.466e+06
-1.808e+06
-2.277e+06
-2.277e+06
-873.814e+03
-132.041e+00
348.512e+03
531.738e+03
592.813e+03
531.738e+03
348.512e+03
-132.041e+00
-873.814e+03
-2.277e+06
-2.277e+06
-1.808e+06
-1.466e+06
-1.170e+06
-906.688e+03
-675.087e+03
-475.680e+03
-308.468e+03
-179.141e+03
-77.980e+03
0.000e+00

FyMax (1lbs)
35.067e+03
244.093e+03
244.093e+03
35.067e+03

O OO OO0 OO oOo

MzMin
0

0
0
0

0.
147.
234.
264.
249.
181.

62.
-108.
-332.
-593.
-811.
-811.

=221

456.

MzMin

0.

0
0.
0

.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

(ft-1bs)
.000e+00
.000e+00
.000e+00
.000e+00

000e+00
507e+03
097e+03
757e+03
204e+03
749e+03
391e+03
868e+03
031e+03
275e+03
275e+03
275e+03
.067e+03
309e+03
.215e+06
.697e+06
.857e+06
.697e+06
.215e+06
.309e+03
.067e+03
.275e+03
.275e+03
.275e+03
.031e+03
.868e+03
.391e+03
.749e+03
.204e+03
.757e+03
.097e+03
.507e+03
.000e+00

(ft-1bs)
000e+00
.000e+00
000e+00
.000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)
35.
23.
13.
5.
-2.
10.
.010e+03
23.
28.
34.
38.
39.
.038e+03
85.
60.
37.
15.
01.
15.
28.
40.
51.
04.
93.
81.
70.
60.
50.
41.
32.
.755e+03
.980e+03
13.

000e+00

000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00



Service I Limit State Envelopes
Span Point Min Shear (lbs) Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)

1 0 -4.232e+03 21.946e+03 0.000e+00 0.000e+00
1 1 -9.496e+03 13.826e+03 -34.357e+03 90.291e+03
1 2 -15.138e+03 6.083e+03 -94.469e+03 138.415e+03
1 3 -21.151e+03 -1.286e+03 -180.338e+03 144.370e+03
1 4 -27.528e+03 -8.293e+03 -291.962e+03 108.156e+03
1 5 -34.257e+03 -14.948e+03 -429.341e+03 29.774e+03
1 6 -41.323e+03 -21.267e+03 -592.476e+03 -90.775e+03
1 7 -48.707e+03 -27.267e+03 -781.367e+03 -253.494e+03
1 8 -56.388e+03 -32.970e+03 -996.014e+03 -458.381e+03
1 9 -64.340e+03 -38.402e+03 -1.244e+06 -697.540e+03
1 10 -72.535e+03 -43.591e+03 -1.572e+06 -924.496e+03
2 0 57.437e+03 96.181e+03 -1.572e+06 -924.496e+03
2 1 45.559e+03 77.336e+03 -595.946e+03 -290.584e+03
2 2 33.137e+03 59.034e+03 66.392e+03 299.847e+03
2 3 19.988e+03 41.459e+03 430.424e+03 830.651e+03
2 4 6.002e+03 24.721e+03 634.007e+03 1.163e+06
2 5 -8.893e+03 8.893e+03 701.869e+03 1.275e+06
2 6 -24.721e+03 -6.002e+03 634.007e+03 1.163e+06
2 7 -41.459e+03 -19.988e+03 430.424e+03 830.651e+03
2 8 -59.034e+03 -33.137e+03 66.392e+03 299.847e+03
2 9 -77.336e+03 -45.559%9e+03 -595.946e+03 -290.584e+03
2 10 -96.181e+03 -57.437e+03 -1.572e+06 -924.496e+03
3 0 43.591e+03 72.535e+03 -1.572e+06 -924.496e+03
3 1 38.402e+03 64.340e+03 -1.244e+06 -697.540e+03
3 2 32.970e+03 56.388e+03 -996.014e+03 -458.381e+03
3 3 27.267e+03 48.707e+03 -781.367e+03 -253.494e+03
3 4 21.267e+03 41.323e+03 -592.476e+03 -90.775e+03
3 5 14.948e+03 34.257e+03 -429.341e+03 29.774e+03
3 6 8.293e+03 27.528e+03 -291.962e+03 108.156e+03
3 7 1.286e+03 21.151e+03 -180.338e+03 144.370e+03
3 8 -6.083e+03 15.138e+03 -94.469%e+03 138.415e+03
3 9 -13.826e+03 9.496e+03 -34.357e+03 90.291e+03
3 10 -21.946e+03 4.232e+03 0.000e+00 0.000e+00

Service I Limit State Envelopes

Pier FxMin (1bs) FxMax (1bs) FyMin (1bs) FyMax (1lbs) MzMin (ft-1bs) MzMax (ft-1bs)
1 0.000e+00 0.000e+00 -4.232e+03 21.946e+03 0.000e+00 0.000e+00
2 0.000e+00 0.000e+00 101.029e+03 168.717e+03 0.000e+00 0.000e+00
3 0.000e+00 0.000e+00 101.029e+03 168.717e+03 0.000e+00 0.000e+00
4 0.000e+00 0.000e+00 -4.232e+03 21.946e+03 0.000e+00 0.000e+00

Service II Limit State Envelopes
Span Point Min Shear (lbs) Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)

1 0 -7.505e+03 26.526e+03 0.000e+00 0.000e+00
1 1 -12.826e+03 17.493e+03 -50.966e+03 111.077e+03
1 2 -18.637e+03 8.950e+03 -127.688e+03 175.062e+03
1 3 -24.933e+03 891.916e+00 -230.165e+03 191.955e+03
1 4 -31.700e+03 -6.694e+03 -358.398e+03 161.755e+03
1 5 -38.925e+03 -13.824e+03 -512.387e+03 84.463e+03
1 6 -46.588e+03 -20.515e+03 -692.132e+03 -39.920e+03
1 7 -54.665e+03 -26.793e+03 -897.632e+03 -211.397e+03
1 8 -63.127e+03 -32.685e+03 -1.128e+06 -429.965e+03
1 9 -71.942e+03 -38.224e+03 -1.396e+06 -685.359e+03
1 10 -81.073e+03 -43.447e+03 -1.759%e+06 -917.165e+03
2 0 57.194e+03 107.561e+03 -1.759%e+06 -917.165e+03
2 1 45.247e+03 86.557e+03 -673.275e+03 -276.304e+03
2 2 32.593e+03 66.259e+03 45.256e+03 348.747e+03
2 3 18.995e+03 46.907e+03 416.705e+03 937.001e+03
2 4 4.307e+03 28.643e+03 620.289e+03 1.309e+06
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-66.
-86.
-107.
43.
38.
32.
26.
20.
13.

-891.
-8.
-17.
-26.

Service II Limit State Envelopes
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

Service III
Span Point
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000e+00

000e+00

561e+03 11.
643e+03 -4.
907e+03 -18.
259e+03 -32.
557e+03 -45.
561e+03 -57.
447e+03 81.
224e+03 71.
685e+03 63.
793e+03 54.
515e+03 46.
824e+03 38.
.694e+03 31.
916e+00 24.
950e+03 18.
493e+03 12.
526e+03 7
FxMax (1lbs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

Limit State Envelopes
Min Shear (lbs)

-2

27

-4
-11

.050e+03
=7.
-12.
-18.
-24.
-31.
-37.
-44 .
-51.
-59.
-66.
57.
45,
33.
20.

7.
=7.
-22.
-37.
-54.
=-71.
-88.
43.
38.
33.
.583e+03
21.
15.
9.
2.
.172e+03
.381e+03
-18.

277e+03
805e+03
631e+03
747e+03
145e+03
813e+03
735e+03
895e+03
271e+03
842e+03
600e+03
767e+03
500e+03
650e+03
131e+03
114e+03
107e+03
827e+03
217e+03
189e+03
595e+03
687e+03
521e+03
161e+03

768e+03
698e+03
359e+03
738e+03

892e+03

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1bs)
18.

11.

4.

-2.

-9.
-15.
.768e+03
-27.
-33.
-38.
-43.
88.
71.
54.
37.
22.
7.
-7.
-20.
-33.
-45.
-57.
66.
59.
51.
.735e+03
37.
31.
24,
18.
.805e+03
.277e+03
2.

-21

44

12
7

561e+03
307e+03
995e+03
593e+03
247e+03
194e+03
073e+03
942e+03
127e+03
665e+03
588e+03
925e+03
700e+03
933e+03
637e+03
826e+03

.505e+03

FyMin (1bs)
-7.505e+03
100.641e+03
100.641e+03
-7.505e+03

892e+03
381e+03
172e+03
738e+03
359e+03
698e+03

583e+03
161e+03
521e+03
687e+03
595e+03
189e+03
217e+03
827e+03
107e+03
114e+03
131e+03
650e+03
500e+03
767e+03
600e+03
842e+03
271e+03
895e+03

813e+03
145e+03
747e+03
631e+03

050e+03

688.
620.
416.
45.
-673.
-1.
-1.
-1.

-897.
-692.
-512.
-358.
-230.
-127.

-50.

1
1

0.
-23.
-72.

-147.
-247.
-373.
-526.
-703.
-907.
-1.
-1.
-1.
-544.
80.
439.
643.
711.
643.
439.
80.
-544.
-1.
-1.
-1.
-907.
-703.
-526.
-373.
-247.
-147.

=72

-23.

150e+03
289e+03
705e+03
256e+03
275e+03
759e+06
759e+06
396e+06
.128e+06
632e+03
132e+03
387e+03
398e+03
165e+03
688e+03
966e+03
.000e+00

FyMax (1bs)
26.526e+03
88.635e+03
88.635e+03
26.526e+03

000e+00
284e+03
324e+03
119e+03
670e+03
977e+03
040e+03
858e+03
431e+03
143e+06
447e+06
447e+06
393e+03
483e+03
569e+03
153e+03
014e+03
153e+03
569e+03
483e+03
393e+03
447e+06
447e+06
143e+06
431e+03
858e+03
040e+03
977e+03
670e+03
119e+03
.324e+03
284e+03
.000e+00

1.
937.
348.

-276.
-917.
-917.
-685.
-429.
-211
-39.
84.
l61.
191.
175.
111.

0.

0
0.
0

0.
76.
113.
112.
72.
-6.
-124
-281.
-477.
-705.
-929.
-929.
-300.
267.
759.
1.

1.

1.
759.
267.
-300.
-929.
-929.
-705.
=477
-281.
-124.
-6.
72.
112.
113.
76.

.433e+06

309e+06
001e+03
747e+03
304e+03
165e+03
165e+03
359e+03
965e+03

.397e+03

920e+03
463e+03
755e+03
955e+03
062e+03
077e+03

.000e+00

000e+00

.000e+00

000e+00

.000e+00

000e+00
434e+03
983e+03
646e+03
424e+03
684e+03

.679e+03

559e+03
325e+03
660e+03
384e+03
384e+03
104e+03
247e+03
751e+03
067e+06
169e+06
067e+06
751e+03
247e+03
104e+03
384e+03
384e+03
660e+03

.325e+03

559e+03
679e+03
684e+03
424e+03
646e+03
983e+03
434e+03

.000e+00

MzMin (ft-1bs) MzMax (ft-1bs)
0.
0.000e+00
0.

0.000e+00

000e+00

000e+00



Service III Limit State Envelopes
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

FxMax (1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

Fatigue Limit State Envelopes
Span Point

1
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Min Shear (lbs)

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
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Fatigue Limit State
FxMin (1bs)

Pier
1

2
3
4

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

000e+00

Envelopes
FxMax (1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

[eNoNeoRoBoNeolNoNololeoNoNololoNoNoNololoNolNololololNoNolololNoleNolol

FyMin (1bs)

-2.
101.
101.

-2.

050e+03
288e+03
288e+03
050e+03

000e+00

FyMin (1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

1
1

0.

[eNoNeoloBoNeolNoNololeoNoNololoNoNolNololoNeoNololololNoNolololNolelNoelNol

FyMax (1lbs)
18.892e+03
55.438e+03
55.438e+03
18.892e+03

000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

FyMax (1bs)
0.000e+00
0.000e+00
0.000e+00
0.000e+00

MzMin (ft-1bs) MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

[eNeoNeololoNolNoNololeoNoNololoNoNoNolololNeoNolololNolNoNololeolNolNeNoelNol

000e+00

000e+00

000e+00

MzMin (ft-1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00

0.
0.000e+00
0.

0.000e+00

Max Shear (lbs)Min Moment (ft-1lbs)Max Moment (ft-1lbs)
0.
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00
.000e+00

000e+00

000e+00

MzMax (ft-1bs)

0.
0.000e+00
0.

0.000e+00

000e+00

000e+00



[LRFD Pier Live Load Distribution | Developed on 12/09/2006
DOT refers to the lowa Department of Transportation. Last Medified on 8/26/2010
OBS refers to the lowa DOT Office of Bridges and Structures

Disclaimer: This software is intended for use by lowa DOT personnel and consultants working for the OBS in their
development of projects for the lowa DOT. Any other use is at the sole discretion of the user. The lowa DOT makes the
software available "AS 15" and assumes no liability nor makes any warranty of any kind, including warranties of
neninfringement, fitness or merchantability whether expressed or implied, to the accuracy or functionality of this software.
By downloading or using this file, you are agreeing to this disclaimer.

The 0BS5S will only support those persons using this software in connection with lowa DOT related business.
Please report any spreadsheet errors to the lowa DOT OBS.

This spreadsheet was developed to aid the design of typical lowa DOT piers. The lowa DOT Bridge Design Manual (BDM)
should be consulted for the most up-to-date policies.

Description:
This spreadsheet allows the user to determine live load beam reactions to a pier cap for varying transverse live load positions and varying numbers

of lanes loaded. The distribution of live load through the slab to the beams is based on the assumption that the slab between beams is simply
supported. Office practice is to distribute the live load to the exterior beam with the assumption that all of the live load on the slab overhang is transferred
to the exterior beam. [However. provision is made in the spreadsheet to distribute live load on the slab overhang to the exterior and first interior beam
based on slab continuity over the simple exterior beam support.] This spreadsheet is designed to facilitate input into the LEAP® RC-PIER® (RC-Pier)
program.

RC-Pier Import Feature:
The loads generated by this spreadsheet can be exported to a text file that can be imported directly into RC-Pier.

Steps:

1.) The user must determine the HL-93 live load axle pier reaction from a software such as QConBridge™. The truck and lane axle reactions must be
determined separately. Impact should be removed from the live load truck reation. Multiple Presence Factors should be excluded as well.

2.) The user should fill in the cell input entries on the Geometry tab. Cell input entries are typically shown in bold blue text as: [ Input |
Cells with calculated output are typically shown in bold red text as:

3.) The Placement tab allows the user to place lanes of live load in different positions along the slab. The resulting beam reactions are based on unit
load influence values of 1.000 kip for the lane and truck axle live loads (see the Geometry tab). Each load case can be stored, recalled, and/or
deleted using the buttons on the Placement tab. (The calculated beam reactions include the Multiple Presence Factors.)

4.) The PierResults tab allows the user to scale the unit load influence beam reactions by the actual truck and lane axle reactions for up to four
piers (i.e. four different live load pier reactions). These live load reactions can be exported to a text file which can be imported directly into RC-Pier.

5.) The LoadGraphs tab allows the user to print a copy of the graphs showing the live load arrangements for each load case.

Limitations:

1.) Up to 10 beam lines can be entered.

2.)Up to 8 lanes of live load can be present in a load case.

3.) Up to 20 load cases can be stored.

4.) Beam reactions, based on the same unit load influence values, can be stored for up to 4 piers.

INotes:

1.) The user must manually place the live loads in order to create a suitable envelope of loads for a pier design. On the Geometry tab the user has
the option to enter some of the pier geometry. Entering this geometry allows the pier to be graphed on the Placement tab. The intent is to help the
user to visualize how the live loads should be placed in order to generate the live load envelopes needed for pier design.

2.) On the Placement tab, you must enter both the traffic location and the distributed lane location in order for the graph to plot the new load and for
the beam reactions to be recalculated for the new load.

3.) Atruck axle load is placed on the slab as two concentrated wheel loads spaced 6 apart. The lane axle load is placed as a 10" wide uniformly
distributed load. The truck load is always centered about the lane load.

4.} If you change something on the Geometry tab you should recall each saved load case and resave to overwrite the previous one. The spreadshest doas
not automatically update the beam reactions for changes.

5.) The unitLoadResults, calcGraph, and calcBeamRxn tabs contain most of the calculations needed for the spreadsheet to work.



|Specify Bridge Geometry and Live Load

Roadway dimensions and beam spacing

Blue text is for user input

Note: should be taken as perpendicular to roadway. Note: Red text is typ. calculated
Out to Out Slab Width (\DOS) 43.160] # | [Graph Pier 1=Yes, 0=No (vGP) | 1 | |
Roadway Width (vRW) 40.000] ft MNote: Fill out information below if you want to graph the pier.
Left Curb Width (WLCW): Slab Edge to Gutterline 1.580] ft [Skew, always positive (VSKW) 23.000] deg |
Beam Height (vBH) 4.500| f Pier dimensions should be based on
Mumber of Beams [(viNB) 6 distances along the skewed cap.
Left Slab Edge to Beam 1 (vBMO1) 3.080( ft Cap Length (vCL) 45.000] ft
Beam 1 to Beam 2 (vBM12) 7.400( ft Left Cap Edge to Beam 1 (WLCEB1) 2.402| ft
Beam 2 to Beam 3 (vBM23) 7.400] ft Cap Height (vCH) 4.000] ft
Beam 3 to Beam 4 (vBM34) 7.400( ft Round Column: 1=Yes, 0 =No (WRCOL) 1
Beam 4 to Beam 5 (vBM45) 7.400( ft Column Diameter or Width [vCWV) 2.500( ft
Beam 5 to Beam 6 (vBM5E) 7.400] ft Number of Columns (vNC) 3
Beam 6 to Beam 7 (vBMET) ft Left Cap Edge to Column 1 (vCOL01) 6.500( ft
Beam 7 to Beam 8 (vBMT8) ft Column 1 to Column 2 (vCOL12) 16.000]| ft
Beam 8 to Beam 9 (vBMB39) ft Column 2 to Column 3 (WCOL23) 16.000| ft
Beam 9 to Beam 10 (vBM310) ft Column 3 to Column 4 (vCOL34) ft
Column 4 to Column & (vCOL445) ft
[Overhang: 1= Continuous, 0 = Hinged (vOHG) | 0 | | < Office practice is to use Hinged.
RC-Pier uses Continuous for auto-generation of LL
[Traffic Lane Width for Placement (\TLWP) | 12.000] | <- Office practice is to use 12" [Number of Lanes MPF
RC-Pier uses 10", 1 Lane (WMPF1) 1.20
Unit Truck Axle Reaction (VTAR) 1.000| k <-- Unit loads for truck and 2 Lanes (WMPF2) 1.00
Unit Lane Axle Reaction (WLAR) 1.000| k lane. 3 Lanes (vMPF3) 0.85
= 3 Lanes (vIMPF4) 0.65
Traffic Lane Width for Max # of Lanes 12.000] ft
Mazx. Number of Possible Lanes (vMNPL) 3
Transv. Wheel Spacing (WWS) 6.000] ft
Transv. Lane Distribution Width (vVLDW) 10.000| ft

different live load positions.

locations.

* The truck and lane axle reactions will be treated as influence values first. Thus piers with similar
geometry, but different live load reactions may be scaled from the same set of influence values for

# Graphing the pier allows the user to better visualize the column locations with respect to the beam

|P|ace Traffic Lane Loads | |Numher of Load Cases Stored (20 Max ) = | 13 | M 13 Delete Case 2
Recall Case #
|Roadway Width | 40.00000] ft | Uniform Lane Load 0.100] kit
Conc Truck Load 0.5000 Beam Reactions |MPF = 0.85
One wheel Line ) Truck Lane Total
Traffic Lane Location - ft Distributed Lane Location - ft Beam # Rxn (k) Rxn (k) Rxn (k)
(based on left gutterling) (based on left lane edge) 1 0.167 0.138 0.304
Lane # Min Max Actual Lane # Min Max Actual 2 0.505 0.572 1.078
Lane 1 0.00000 28.00000 2.00000 Lane 1 0.00000 2.00000 2.00000 3 0.603 0.565 1.168
Lane 2 14.00000 28.00000 | 14.00000 Lane 2 0.00000 2.00000 1.00000 4 0.603 0.565 1.168
Lane 3 26.00000 28.00000 | 26.00000 Lane 3 0.00000 2.00000 0.00000 5 0.505 0.572 1.078
6 0.167 0.138 0.304

[}

MNumber of Lanes Occupied

Total

2.550 2.550 5.100

Looking Perpendicular to Roadway

Live Load Placement Screen showing the 13" live load case.

These are influence values.




Unit Load Results

For RC-Pier live load input:
1.} Impact should be excluded from the (truck) reactions.
2.) Multiple Presence Factors (MPF) are included in the reactions.
3.) Beam reactions for truck and lane loads should be entered separately.
4.) Truck load results should be entered first, followed by lane load results.
5.) Auto-generation of live load in RC-Pier assumes the overhang is continuous over the exterior beam.
6.) Auto-generation of live load in RC-Pier assumes 10" traffic lanes.

These are the pier 1 LL reactions from QConBridge (no impact). This button allows the user to export
Pier 1 A/ Export Pier 1 Loads | €—— these loads to a text file that may be
Enter Truck Axle Rxn at Pier | 94.580 |k UERLIEESAL imported into RC-Pier.
Enter Lane Axle Rxn at Pier 59.754 | k
Truck Axle Rxn Used 04589 | k Unit Truck Axle Rxn Influence Value 1.000
Lane Axle Rxn Used 59754 | k Unit Lane Axle Rxn Influence Value 1.000
Beam Reactions (Kips)

Case Number Beam1 Beam?2 Beam3 Beamd4 Beam5 Beam6 Beam7 Beam8 Beam8 Beam 10
1 Truck 59.821 53.686 0.000 0.000 0.000 0.000
Lane 37.286 33.832 0.586 0.000 0.000 0.000
5 Truck 0.000 0.000 0.000 0.000 53.686 h9.821
Lane 0.000 0.000 0.000 0.586 33.832 37.286
3 Truck 0.000 RG. 753  BB.7R3 0.000 0.000 0.000
Lane 0.819 35034  35.034 0.819 0.000 0.000
4 Truck 0.000 0.000 0.000 56.753  BG.753 0.000
Lane 0.000 0.000 0.819 35.034  35.034 0.819
5 Truck 49,851 59438 A6.242  23.647 0.000 0.000
Lane 31.072 35659 39.660 13118 0.000 0.000
6 Truck .37 70842 63272 23.647 0.000 0.000
Lane 19222 44117 43.001 13.118 0.000 0.000
7 Truck 0.000 0.000 23.647  B6.242 59.43% 4935
Lane 0.000 0.000 13118 39660 35659  31.072
8 Truck 0.000 0.000 23.647 63272 70,942 31317
Lane 0.000 0.000 13118 43051 44117 19,222
9 Truck 0.000 27482 67107 67107 27.482 0.000
Lane 0.000 16.025 43,729 43,729 16.025 0.000
10 Truck 49,851 44738 0.000 0.000 44,738 49.851
Lane 31.072 28193 0.489 0.439 28193 31072
1 Truck 42,373 H0522 47806 47806  47.806 4,889
Lane 26.411 30310 33711 28.450  30.605 2.886
12 Truck 4,889 47806 47806 47.806 50622 42373
Lane 2.886 30605 28450 330711 30,310 26411
13 Truck 15754 47806  57.041 57.041 47806 15754
Lane 8.240 34205 33742 33742 34.205 8.240
14 Truck
Lane
15 Truck
Lane
16 Truck
Lane
17 Truck
Lane
18 Truck
Lane
19 Truck
Lane
Truck
20 Lane

These loads may be entered or imported directly into RC-Pier. As required by RC-Pier: impact is
not included, but multiple presence factors (MPFs) are included.




Location of Live Loads (ft)

Case Number Lane 1 lane?2 laned Laned Lane5 Laneb LaneiV Laned
1 Traffic Lane Location 0.000
Distributed Lane Location 0.000
2 Traffic Lane Location 28.000
Distributed Lane Location 2.000
3 Traffic Lane Location 6.600
Distributed Lane Location 1.000
4 Traffic Lane Location 21.400
Distributed Lane Location 1.000
5 Traffic Lane Location 0.000 12.000
Distributed Lane Location 0.000 0.000
6 Traffic Lane Location 0.000 12.000
Distributed Lane Location 2.000 0.000
7 Traffic Lane Location 16.000 28.000
Distributed Lane Location 2.000 2.000
8 Traffic Lane Location 16.000 28.000
Distributed Lane Location 2.000 0.000
9 Traffic Lane Location 8.000 20.000
Distributed Lane Location 2.000 0.000
10 Traffic Lane Location 0.000 28.000
Distributed Lane Location 0.000 2.000
1 Traffic Lane Location 0.000 12.000 24.000
Distributed Lane Location 0.000 0.000 0.000
12 Traffic Lane Location 4.000 16.000 28.000
Distributed Lane Location 2.000 2.000 2.000
13 Traffic Lane Location 2.000 14.000 26.000
Distributed Lane Location 2.000 1.000 0.000
14 Traffic Lane Location
Distributed Lane Location
15 Traffic Lane Location
Distributed Lane Location
16 Traffic Lane Location
Distributed Lane Location
17 Traffic Lane Location
Distributed Lane Location
18 Traffic Lane Location
Distributed Lane Location
19 Traffic Lane Location
Distributed Lane Location
20 Traffic Lane Location
Distributed Lane Location

Describes the location of each live load for each load case with respect to the left gutterline.




Load Casze 1

Graphs depict live load locations for each load case.

|_?

Looking Perpendicular io Rosdway

Load Case 2

Looking Perpendicular io Rosdway

Load Case 3

[ v ]
Looking Ferpandicular io Rosdway
Load Case 4
H v/ v ]
Looking Ferpandicular io Rosdway
Load Case 5
R v, v,

Looking Perpendicular io Rosdway




Load Case &

L

Looking Perpendicular io Roadway

Load Case 7

Looking Perpendicular io Roadway

Load Case &

Looking Perpendicular io Roadway

Load Case 9

Looking Perpendicular io Roadway

Load Case 10

,—!v

Looking Perpendicular io Roadway




Load Case 11

,—!v

Looking Perpendicular o Rosdway

Load Case 12

Looking Perpendicular o Rosdway

Load Case 13

Looking Perpendicular o Rosdway




Geometrical Considerations for VVarious Loadings

Average span length is used for superstructure wind loading and braking forces.

Avg Span Length = (0.5)*(50.75” + 116.5”) = 83.625’
Typically average step height, bearing pad height, and average haunch are used for determining
exposed wind areas and distances from lateral superstructure loads to the top of the pier cap. RC-Pier is
not really able to accommodate this in its load auto-generation procedure. Since these additional depths
are relatively small for this bridge they will be ignored.

Avg Step Hgt = [(811.01 + 811.15 + 811.30 + 811.36 + 811.22 + 811.06)/(6 Beams)] - 811.01
=0.173" -- Ignored

Bearing Pad Hgt = 1” = 0.083” -- Ignored
Avg Haunch =17 = 0.083 -- Ignored

Superstructure Wind Area = (2.833° SBC Hgt) + (8 Slab Thk)/(12 in/ft) + (4.5’ Beam Hgt)
=8.00°

Center of Gravity of Superstructure Wind Area to Top of Pier Cap = (0.5)*(8.00”) = 4.00°
Dist from Slab Top to Top of Pier Cap = (8” Slab Thk)/(12 in/ft) + (4.5’ Beam Hgt) =5.17’

Earth cover on top of footing is used not only for the fill weight on the footing, but also figures into the
exposed wind area of the substructure.

Depth of Earth Cover over Top of Footing = 4’



In-Plane Shrinkage and Temperature Considerations

1.) Superstructure Temperature Movement

Piers 1 and 2 have fixed bearings and the abutments are integral. The temperature change is 50
degrees each way from 50 degrees F. The coefficient of thermal expansion is . = 6x10° per degree
F.

A=(0.5)*(1 16.5’)”‘(6){10'6 per degree F)*(50 degrees F) =0.0175" =0.210”

Az = A*c0sO = (0.0175)*(cos(23 deg)) = 0.01611°
AX = A*sind = (0.0175°)*(sin(23 deg)) = 0.00684°

23 deg RA

AZ : fo

A=0.0175

2.) Internal Shrinkage of Pier = 0.0002 in/in
3.) In-Plane Pier Temperature Change = £ 50 degrees F

This can be converted into a strain in order to facilitate input into RC-Pier
(6x10° per degree F)*( + 50 degrees F) = + 0.0003 in/in

Load Factors for Temperature and Shrinkage Loads

Aashto Lrfd 3.4.1, 5 Edition, Top of Page 3-12

For substructure design lowa typically uses gross inertia for the pier components. This means we will
use the smaller load factors in Aashto Lrfd Load Tables 3.4.1-1 and 3.4.1-3 for TU and SH when
calculating force effects.



|PIER TEMPERATURE FORCES | Developed on 6/27/2006
DOT refers to the lowa Department of Transportation. Last Modified on 8/26/2010
OBS refers to the lowa DOT Office of Bridges and Structures

Disclaimer: This software is intended for use by lowa DOT personnel and consultants working for the OBS in their
development of projects for the lowa DOT. Any other use is at the sole discretion of the user. The lowa DOT makes the
software available "AS 15" and assumes no liability nor makes any warranty of any kind, including warranties of
noninfringement, fitness or merchantability whether expressed or implied, to the accuracy or functionality of this
software. By downloading or using this file, you are agreeing to this disclaimer.

The OBS will only support those persons using this software in connection with lowa DOT related business.
Please report any spreadsheet errors to the lowa DOT OBS.

This spreadsheet was developed to aid the design of typical lowa DOT piers. The lowa DOT Bridge Design Manual (BDM)
should be consulted for the most up-to-date policies.

Description:
This spreadsheet will determine the lateral forces that must be applied to the top of a pier in order to produce the corresponding lateral

deflections that are typically induced by the superstructure temperature movements. The spreadsheet can also generate a STAAD
input file for verification. There are a number of simplifying assumptions made in the spreadsheet. The user is responsible for
understanding those assumptions and for determining their appropriateness for their design.

The "Description”, “Input”, and "Output” worksheets are the only worksheets the user needs to consider. Some intermediate calculations
are perfarmed on the "Input” warksheet. The worksheet area where these are done is clearly marked.

Assumptions & Limitations
1.) Bearing pad flexibility can be considered.

2.) The pier cap stiffness is not considered for single column piers. The cantilevers if present use the average cross-sectional dimension
of the cap height at end and cap height at center. The cap can be considered "infinitely” stiff (the cap area and inertia are set to 10,000
ft*2 and 100.000 ft*2 respectively if this option is used).

3.) One to five columns can be input. Each column can be of a different height and cross-sectional dimension. Columns can be round or
rectangular, and if rectangular they can also be tapered in one or both directions. Columns are split into five segments and the average
cross-sectional dimensions of the individual segments are used for member properties. Column height input by the user is used in both
directions. The column height is not adjusted by the spreadsheet (ie. column height is not adjusted by one-half of the cap height.)

4.) The rotational flexibilty of the pile footings due to axial pile shortening can be input. Up to 50 piles per footing can be entered. Each footing
can have a different pile arrangement and pile type. Pile arrangements must be symmetrical about the centerline of the column.

5.) The Direct Stiffness Method is used to solve the problem.

6.) The pier is assumed to move as a unit in the weak-axis direction (all columns deflect the same amount). The cap does not contribute to
the model in the weak-axis direction. In the strong-axis direction, the average deflection of the pier at the top of the columns due to a
unit lateral force is used to establish the pier stifiness. This stifness combined with the actual superstructure deflection due to temperature
is then used to determine the actual temperature force.

7.) The action and response of the pier in the X and Z axes directions are treated independently of one another.

|Pier Stiffness and Temperature Forces

This spreadsheet is designed to determine the forces induced in the pier by temperature movemnents from the superstructure. The
temperature movement along the c | of the bridge roadway should be broken down into components transverse and parallel to the
pier (always use positive displacements). Once these have been input and the geometry of the pier including any pads and piling

have been defined then the program will determine the forces needed to produce those movements. These forces can be entered

into RC-Pier as a temperature load. The user must ensure that the sign of the forces enterd into RC-Pier are correct.



[ ¥Dirn ft [ ZDirn. ft_|

[Temperature Mavement | 0.00684 [ 0.01611 |
Number of Elastomeric Pads 0 0 if no pads
Pad Shear Modulus, G 130.000 psi
Thickness of Neoprene Only 1.000 in

Area of One Pad 200.000 in*2

[fc [ 3500.000 Jpsi

Cap Height at Center () 4.000 ft

Cap Height at End () 3.000 ft

Cap Depth (Z) 3.250 ft

[Treat Cap as Infinitely Rigid? | N [ [V)es or (M)o]
Left Cverhang Length (X) 6.500 ft

Right QOverhang Length (X} 6.500 ft

[Number of Columns | 3 [Maxof 6|

See previous page for calculation
of temperature movements.

Fixed Pier

:27 :Z

X

Treat Pier Cap Axial
Stiffness as Infinitely Rigid?

Y [ [¥)es or (Mo

Just axial stifness not bending.

[ Column 1-2 T Column 2-3 | Column 34 | Column 4-5 |

[Distance Between Columns (X) [ 16000 [ 16.000 | [# |
All Columns the Same? Y (Y)es or (M)o | If yes then only enter information for column 1.
Column Dimensions Column 1. ft | Column 2. ft | Column 3. ft | Column 4. ft | Column &, ft
Column Width at Top () 2.500 Enter column diameter for round columns.
Column Width at Bottomn (X) 0.000 Enter 0 if column is round.
Column Depth at Top (2) 0.000 Enter 0 if column is round.
Column Depth at Bottomn (Z) 0.000 Enter 0 if column is round.
Column Height (YY) 20.000 Column Height:
Frame Pier: Top of ftg to ctr of cap.
[Include Piling? | Y [ [Y)es or (M)o] T-Pier: Top of ftg to top of cap.
[All Piling the Same? [ Y | [¥)es or (M) ] If yes then only enter information for footing 1.
Piling Information Footing 1. ft Footing 2. ft | Footing 3. ft | Footing 4. ft Footing 5. ft
Pile: 1=5teel,2=\Wood,3=Conc 1 I I
e 3500 4—— HP10x57 Friction Pile = (0.5)*(70' pile length)
Area of One Pile, ft*2 0.117
Pile Location X, ft Zft X, ft Zft X, ft Z ft X, ft Zft X ft Zft
1 -3.000 -3.000
2 0.000 -3.000
3 3.000 -3.000 R L.
4 0.000 0.000 Pile arrangement based on existing plans.
5 -3.000 3.000
6 0.000 3.000
7 3.000 3.000
i

Typically the designer does not take pile flexibility into account since the pile arrangement is unknown and it is conservative to
neglect it. We will assume pile flexibility for illustrative purposes.




|Results

[Mumber of Columns | 3 |
Are Pads Present? N
Is Cap Infinitely Rigid? N
Is Piling Considered? Y
#-Dir'n, ft Z-Dir'n, ft
[Temperature Movement 0.00684 0.016M
#-0irn, kit Z-0irn, kit
|Pier Stiffness 3355.162 930.316
X Dirn. & £Dirn. k& These forces are typicall
[Temperature Force 22.949 14.987 1 . yp y
divided among the beams
and applied to the top of the
pier cap in RC-Pier.
Y
X
Z
Z
*

Fx =-22.949 k

\,/Fz — 14.987 k

Fz =-14.987 V\

Fx =22.949 k
Per Beam \

Z: (14.987 k) / (6 beams) = 2.50 k X
X: (22.949 k) / (6 beams) = 3.82 k




Auto-generated Temperature Loads in RC-Pier

Auto Load generation: Temperature load

Bearing data
Stifnezs elaztomer

{* Fized bearings . J

" Expanzion bearings

Area of bearing, A: in"z2

J Shear moduluz of Elastomer: ki
Total elastomer thickness: in
Superstiuctune data Pier data

(+ Auto compute

Contributing length: |58.25 ft

" Uszer input:
Change in temperature: |5|:I F K eals: kipsin
Coeff Thermal
E=panzion, alpha: |E-E":":IE &F

Cancel |

Direction of thermal force [£] 1 & +ZF] T 2]

RC-Pier does not auto-generate temperature loads for skewed piers according to lowa DOT policy.
First, the program calculates a thermal movement based on user input in the figure above. This
thermal movement is assumed to act along the Z-axis of the pier. RC-Pier then calculates a thermal
force based on the pier’s stiffness about the weak axis (i.e. stiffness about the X-axis). The
calculated thermal force is then inconsistently assumed to act along the C.L. of the roadway. Based
on that inconsistent assumption, RC-Pier breaks the thermal force into component forces (and
subsequently component beam forces) along the X- and Z-axes.

The lowa DOT assumes the original thermal movement acts along the C.L. of the roadway. This
movement is broken down into components along the X- and Z- axes. These component movements
are used with the pier’s stiffness about the strong and weak axes, respectively, in order to determine
the thermal forces in each direction. RC-Pier will only determine the correct thermal forces for piers
that are not skewed or for piers that have the same stiffness about both axes.

One additional note is that RC-Pier bases pier stiffness on column heights measured from the
bottom of the column to the top of the pier cap. | would typically recommend that designers use the
column member height from the structural model.

The temperature loads per beam that RC-Pier would auto-generate for this example based on the
input in the figure above are:

Fz =-2.2441 k Fx =0.9526 k

These may be compared to the values calculated per beam on the previous page.



|Applicalion to Determine Pile Footing Stiffness Coefficients Developed on 1/8/2006

DOT refers to the lowa Department of Transportation. Last Modified on 8/26/2010
0BS refers to the lowa DOT Office of Bridges and Structures

Disclaimer: This software is intended for use by lowa DOT personnel and consultants working for the OBS in their
development of projects for the lowa DOT. Any other use is at the sole discretion of the user. The lowa DOT makes the
software available "AS |5" and assumes no liability nor makes any warranty of any kind, including warranties of
noninfringement, fitness or merchantability whether expressed or implied, to the accuracy or functionality of this
software. By downloading or using this file, you are agreeing to this disclaimer.

The OBS will only support those persons using this software in connection with lowa DOT related business.
Please report any spreadsheet errors to the lowa DOT OBS.

This spreadsheet was developed to aid the design of typical lowa DOT piers. The lowa DOT Bridge Design Manual (BDM)
should be consulted for the most up-to-date policies.

Description:
The purpose of this spreadsheet is to calculate pile footing stifness coefficients for input into RC-Pier.

In RC-Pier, on the "Geometry” tab under the "Column” button there is a "Spring!” Button. Clicking on

this button brings up the window below which can be used to modify the fixity at the base of the columns.
This spreadsheet can be used to calculate spring stifnesses for RxRx and RzRz based upon the
rotational stifness of a pile footing. The Upstation or Downstation Pier View coordinate systems do not
affect the values calculated in this spreadsheet. The units for RxRx and RzRz are k*ft/rad.

Spring Stiffness at Column Base rz|
I atri
v Included &
+ Diagonal
K K Kz Rx R Rz -
| / 4 C Ful
Ke (0O 1] 0 0 1]
Ky |0 0 0 0 1]
Kz 10 0 0 0 0 Modly |
R 943950 -
Ry |0 1] 0 0 1]
Rz | 1] 0 0 520136
Motes
Temsz are based on Kips, Feet and radians Cancel |

Notes: \— These are illustrative values only.

1.) Piling is assumed to be symmetrical about the centerline of the column.

2.) The rotational stiffness of a pile footing that this spreadsheet develops is based on axial
shortening/lengthening of the piles due to rotation of the rigid concrete pile cap.

3.) For typical piers the user may generally assume a pier is fixed at its base. This is typically a conservative
assumption for pier design and does not require an iterative process.



|F'i|E Footing Stiffness Coefficients The rotational stiffness of the pile footing is based solely on the differential change in pile length.

Effective Pile Length. Lp 35] ft § [Total Number of Footing Piles | 7 |

Area of One Pile, Ap 16.8] in"2

Pile Modulus Of Elasticity 29000 ksi [l Pile Ingrtia [ 6.30000 [ ftnd |
[iz. Pile Ingrtia [ 4.20000 [ fna |

Only the pile locations in the positive quadrant should be entered since the pile
footing is assumed to be symmetrical. The user should include any piles located
on the +X and + 7 axes and the pile at the center of the footing f present.

The values below can be used in RC-Pier to model foundation
stiffness. All other terms should be setto 0 ( 0 = fixed ).

[ 751680.000 k*ft/rad

| 501120.000 k*ft/rad

§ For friction piles. such as
wood or steel piles not driven
to bedrock, use 50% of the
actual length. For end bearing
piles, such as steel piles
driven to bedrock, use 75% of
the actual length.

These values will be
input into RC-Pier.

. Paositive | Positive Plotted Locations of All Piles Entered [RxRx, Pile Rotat?onal St?ﬁness
Pile x-coord | z-coord . |[RzRz, Pile Rotational Stiffness
Mumber (feet) (feet)
1 3 3 ] 3 u
0 3 2

3 0 0 ]

4 R H Pile Area
5 ' " ) T j ' i X Size in"2
6 e HP 1042 | 124
7 -2 HP 10x57 16.8
8 - 3 - HP 12x53 15.5
9 HP 12x74 218
10 - HP 12x84 | 246
1 +Z HP 14x73 214
12 HP 14x89 261
13 Iy Length N HP 14x117 34.4
14 ™ | "

15 r'Yy

16

17 I P L +X Width

18 : Ope—

19 | Positive Quadrant 1 z-coord

20 | |

Pl : !

22

23

24

25

26

27

28

29

30

illustrative purposes.

Typically the designer will assume column bases are fully fixed since the pile arrangement is
unknown and it is conservative to make that assumption. We will assume partial fixity for




M =J*¢ where J is the flexural stiffness coefficient

J = (Ep)*(Ipite group)/(Lp) HP10x57
N A, =16.8in
b= At % Ep = 29,000 ksi
N L, =35
= (6 piles)*[(16.8 in%)/(144 in*/ft?)]*(3")? 3 3
= 6.3 ft*

A
A 4
A
A 4

N
=3 Ap* X

= (4 piles)*[(16.8 in%)/(144 in’/ft?)]*(3°)* & T
=42 ft —
3’
5 — > X
T L Ix, JX
3’
v 1 T T
Iz,Jz‘/\

vZ7
3= RyRy = E,* /L, = (29,000 ksi)*( 144 in%/ft?)*(6.3 ft*)/(35 ft) = 751,680 k*ft/rad

3 = RR, = E;*,/L, = (29,000 ksi)*( 144 in?/ft?)*(4.2 ft*)/(35 ft) = 501,120 k*ft/rad



|BR & CE Pier Forces Developed on 12/15/2005
DOT refers to the lowa Department of Transportation. Last Modified on 8/26/2010
OBS refers to the lowa DOT Office of Bridges and Structures

Disclaimer: This software is intended for use by lowa DOT personnel and consultants working for the OBS in their
development of projects for the lowa DOT. Any other use is at the sole discretion of the user. The lowa DOT makes the
software available "AS 15" and assumes no liability nor makes any warranty of any kind, including warranties of
noninfringement, fitness or merchantability whether expressed or implied, to the accuracy or functionality of this
software. By downloading or using this file, you are agreeing to this disclaimer.

The OBS will only support those persons using this software in connection with lowa DOT related business.
Please report any spreadsheet errors to the lowa DOT OBS.

This spreadsheet was developed to aid the design of typical lowa DOT piers. The lowa DOT Bridge Design Manual (BDM)
should be consulted for the most up-to-date policies.

General Input Tab:

1.) The axes and direction of skew angle match the sign convention used in RC-Pier.

2.} The spreadsheet can handle up to 10 beam lines. The beam spacings can be constant or variable.

3.) Slab and beam dimensions should be entered perpendicular to the centerline of the roadway. Do not enter them along the skew of the pier.

4.) RC-Pier does not have an option to enter haunch thickness, bearing device thickness, or average step height on its Superstructure Parameters screen.
This means the auto-generated loads for BR and CE will not be based on these additional dimensions.

RC-Pier Import Feature:
The loads generated by this spreadsheet can be exported to a text file that can be imported directly into RC-Pier.

BER Force Tab:

1.) If you auto-generate the BR loads in RC-Pier. then the entire truck portion of the BR load is applied to the pier. In RC-Pier, the truck portion of the BR load
is not distributed proportionally to the pier of interest based on total number of bents, average span length, or bearing types. This contradicts office practice.

2.) If you auto-generate the BR loads in RC-Fier, then a torsional moment (Mx) will be generated about the pier cap. Office practice is to exclude such a moment
about the pier's weak axis because we assume there is not a sufficient mechansim to transmit a moment from the superstructure to the substructure about
this axis.

3.) Do not use the "Two Design Trucks + Lane Load" or "Two Design Tandem + Lane Load" options for auto-generating BR. loads. These options use 90% of the
axle weight for two trucks/tandems. This would contradict office practice.

4.) Office practice is to base the BR forces on the maximum number of lanes for all load combinations regardless of the number of lanes used for vertical live load.
That is, we treat the BR load case (singular) independantly from the vertical live load cases.

CE Force Tab:

1.) The total calculated CE force should, in its entirety, be applied to the pier of interest. The CE force is not distributed among the bents.

2.) If you auto-generate the CE loads in RC-Pier for a skewed bridge. then a torsional moment (Mx) will be generated about the pier cap. Office practice is to
exclude such a moment about the pier's weak axis because we assume there is not a sufficient mechansim to transmit a moment fram the superstructure
to the substructure about this axis.

3.) Do not use the "Two Design Trucks + Lane Load" or "Two Design Tandem + Lane Load” options for auto-generating CE loads. These options use 90% of the
axle weight for two trucks/tandems. This would contradict office practice.

4.) Office practice is to base the number of lanes for the CE force on the number of loaded lanes for vertical live load. That is, the CE load cases (plural) and the
vertical live load cases are dependant on each other.

5.) The sign of the CE load depends upon the Pier View Direction. A +CE load in the downstation view is a -CE load in the Upstation View.
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+ I is out of the plane of the screen towards you.




++

[Distribution of BR and CE through Beams |
BR = Braking Force CE = Centrifugal Force

Aashto Lrfd 3.6.4 & 3.6.3

Important |Roadway dimensions and beam spacing should Note: Blue text is for user input
Mote: be taken as perpendicular to roadway. Red text is typ. calculated
Pier View Direction (WIEW), Dorl u D is downstation, U is upstation
Skew (vSKW), R4is "+" LAis """ 23.000{ deg
Number of Lanes MPF
Slab Thickness (vST) 8.000( in 1Lane (WMPF1) 1.20
Haunch Thickness (vHT) 0.000( in * 2 Lanes (WMPF2) 1.00
Beam Height (vBH) 54.000( in 3 Lanes (vMPF3) 0.85
Bearing Device Thickness (vBDT) 0.000] in * = 3 Lanes (WMPF4) 0.65
Average Step Height  (wASH) 0.000{ in *
* RC-Pier does not provide the option to enter these dimensions for
Out to Out Slab Width  (vOOS) 43.160| ft its auto-generate features on the Superstructure Parameters
Roadway Width (vRW) 40.000] ft screen, so you may want to set them to 0.
Left Curb Width  (WLCWW) 1.580| &t
Left Right

Mumber of Beams  [(vNB) B I|_| |_|I

Left Slab Edge to Beam 1 (vBMO01) 3.080( ft

Beam 1to Beam 2 (vBM12) 7.400] ft H H H

Beamn 2 to Beam 3 (vBM23) 7.400( Beam 1 Beam 3

Beamn 3 to Beam 4 (vBM34) 7.400(

Beamn 4 to Beam 5 (vBM45) 7.400(

Beam & to Beam 6 (vBMSE) 7.400( ft

Beam 6 to Beam 7 (vBMET) ft

Beamn 7 to Beam 8 (vBMT78) ft

Beamn 8 to Beam 9 (vBME9) ft

Beam 9 to Beam 10 (vBM910) ft

Last Beam to Right Slab Edge 3.080( ft

Tot. Distance bet. Ext. Beams (WVTBD) 37.000{ ft
[Distribution of BR through Beams Aashto Lrfd 3.5.4
Total Truck Axle Weight (72 kips) or * Enter the tandem weight if the tandem controls the live load pier reaction. Enter
Total Tandem Axle Weight (50 kips) 72.000| k = the truck weight if the truck or double truck controls the live load pier reaction.
(Do not include impact.)
Uniformty Distr. Lane Load (0.640 kif) 0.640) kIf # For some piers it may be necessary to use a different length than the average
Average Span Length 83.625| ft # length (ex. bridges with friction-acting bearings require special conzideration].
Total Bridge Length 218.000) ft %
Number of Traffic Lanes Loaded 2 % This could alzo be the distance between superstructure expanszion joints.
BR: 25% of TruckiTandem 13810 k + + Loads include the number of lanes loaded and the appropriate MPF.
BR: 5% of Design TruckiTandem + Lane 8.114[ k
Enter BR Force to be Used (vBRF) 13.810] k Allows the user to override the calculated valuss. Enter positive valus.
[Height of BR above Top of Slab_(vHTS) [ 6.000] ft | = * BR ig typically azssumed to act 6’ above top of slab.
How ig Mz Transferred to the Pier? #4# The overturning memsnt, Mz, is transferred to the pier by equal and opposite

Enter 1 if by Exterior Beams Only 1 i Exgarli Lo_ads Fy forces acting through the beams. RC-Pier azzumes that only the exterior

Enter 2 if All Beams Participate Ve Alks beams are involved.

BR Loads to the Pier (kips)
Beam# BR acts in +Stationing Dir'n BR acts in -Stationing Dir'n
Fx Fy Fz Fx Fy Fz
1 0.699 1.499 -2.118 -0.599 -1.49% 2118
2 0.599 0.000 -2.118 -0.599 0.000 2,118
3 0.899 0.000 -2.118 -0.899 0.000 2,119
4 0.699 0.000 -2.118 -0.599 0.000 2118
5 0.599 0.000 -2.118 -0.599 0.000 2,118
[ 0.899 -1.499 -2.119 -0.599 1.499 2119
i
3
9
10
hix (k*ft) -141.949 | %% hix (k*ft) 141.949

%% Bridge office practice is to 2et the everturning mement Mx to 0.00 even
theugh RC-Pier does not. Mx iz provided here for information only.

++ Typically 25% of the truck will control for short to
medium bridge lengths.

+ ¥ direction

’;5@';}'

Downstation Pier View

+Stationing Direction
- .

Face pier in this
direction { - Z ).

. — . -
+ £ direction
The + Y direction is upward.

%% Upstation Pier View
+ Z direction - Skew
Face pier in this - +Stationing Direction
- - - —_—
direction (- Z ). Left =
Beam 1 ’_‘ e [

The + Y direction is upward,
+ X direction



Braking Example Sample Calculations

Use 2 lanes for all vertical LL cases, MPF = 1.0.

Total Truck Axle Weight =8k +32k +32k =72k
Average Span Length = (0.5)*(50.75” + 116.5”) = 83.625°
Total Bridge Length = 50.75" + 116.5° + 50.75" = 218’

BR Load = (0.25)*(72 k)*(2 lanes)*[(83.625°)/(218)]*(1.0) = 13.810 k & Controls
OR
= (0.05)*[72 k + (0.640 k/ft)*(218°)]*(2 lanes)*[(83.625°)/(218)]*(1.0) = 8.114 k

F total = (13.810 k)*(cos(23 deg)) =-12.712 k
Fx_total = (13.810 k)*(sin(23 deg)) = 5.396 k

F, per beam = (-12.712 k)/(6 Beams) = -2.119 k
Fx per beam = (5.396 k)/(6 Beams) = 0.899 k

M, = (5.396 k)*[6° + (8)/(12 in/ft) + (54)/(12 in/ft)] = 60.254 k*ft
Fy = (60.254 k*t)/[(5 Beam Spa)*(7.4’)/(cos(23 deg))] = 1.499 k

Beam 1, Fy = 1.499 k
Beam 6, F, =-1.499 k

My = (12.712 K)*[6” + (87 + 547)/(12 in/ft)] = 141.949 k*ft & Office Policy is to ignore

23 deg RA




[LRFD simplified Wind Loading for Usual Girder Bridges | Developed on 12/20/2005
DOT refers to the lowa Department of Transportation. Last Modified on 8/26/2010
0OBS refers to the lowa DOT Office of Bridges and Structures

Disclaimer: This software is intended for use by lowa DOT personnel and consultants working for the OBS in their
development of projects for the lowa DOT. Any other use is at the sole discretion of the user. The lowa DOT makes the
software available "AS IS" and assumes no liability nor makes any warranty of any kind, including warranties of
noninfringement, fitness or merchantability whether expressed or implied, to the accuracy or functionality of this software.
By downloading or using this file, you are agreeing to this disclaimer.

The OBS will only support those persons using this software in connection with lowa DOT related business.
Please report any spreadsheet errors to the lowa DOT OBS.

This spreadsheet was developed to aid the design of typical lowa DOT piers. The lowa DOT Bridge Design Manual (BDM)
should be consulted for the most up-to-date policies.

Description:
This spreadsheet is designed to generate the wind loads used as input into RC-Pier. Specifically, it generates the wind loads for the simplified wind loading case.

The definition of "usual girder bridge” in AASHTO Lrfd 3.8.1.2.2 and 3.8.1.3 has been modified by the lowa DOT in order to extend the range of applicabilty. The
individual span length has been extended from 125" to 160" in order to allow this loading to be used for the BTE1555. The maximum height of 30" above low ground
or water level has been increased to 100"

RC-Pier Import Feature:
The loads generated by this spreadsheet can be exported to a text file that can be imported directly into RC-Pier.

General Input Tab:
1.) The axes and direction of skew angle match the sign convention used in RC-Pier.

2.) Axes may be based on Downstation or Upstation Pier View.

3.) The spreadsheet can handle up to 10 beam lines. The beam spacings can be constant or variable.

4.} Slab and beam dimensions should be entered perpendicular to the centerline of the roadway. Do not enter them along the skew of the pier.

5.) RC-Pier does not have an option to enter haunch thickness, bearing device thickness, or average step height on its Superstructure Parameters screen.
This means the auto-generated loads for VW and WL will not be based on these additional dimensions.

6.) The spreadsheet can handle up to 5 columns. The column spacing input is not required.

W Force Tab:

1.} If the top of barrier rail is less than or equal to 100" above the ground or water surface then office practice is to use the simplified wind pressure values from
Aashto Lrfd 3.8.1.2.2. If the top of barrier rail is above the 100" mark then the user should adjust the wind pressures upward.

2.} If the top of the pier cap is less than or equal to 100" above the ground or water surface then office practice is to use a 0.040 ksf wind pressure (Aashto Lrfd
3.8.1.2.3) in both orthogonal directions at the same time. If the top of the pier cap is above the 100" mark then the user should adjust the wind pressure upward.

3.) Currently RC-Pier's auto-generate feature for WS loads does not handle uplift forces correctly when they are reversible, nor does it restrict uplift to Strength 3
loading. Aashto Lrfd 3.8.2 also restricts vertical wind pressure to a 0 degree wind skew angle. Uplitt will be used in conjuction with Strength 3 loading and the
simplified wind loading. Typical piers should use a set of wind load cases both with and without uplift.

WL Force Tab:
1.) This spreadsheet uses the wind pressure values from Aashto Lrid 3.8.1.3. The user may adjust these pressures.



Downstation Pier View Upstation Pier View
+ X dirn +Z dirn Bearing
Bearing—g. / 4—Bearing . 4—Linel
Left Right Line 2 Line 1 Left Right o
= /~ Beam 3 Bearing “"Beam 1
I|_| |_|I I|-| |_|I Line 2
H H _ _ Beam1 H H __Beam3

Beam 1 Beam 3 ey +Zdim Beam 1 Beam 3 + X dirn I 4

-Skew (LA) -Skew (LA)

Shown 4 +Xdirection Face pier in this + 7 dimn Shown
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Beam3 /e -
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[Spant ] [5pan2 ] /tace pierin this
Beam1,/ | _ ] direction | -Z ).
Left ~
+ 2 direction
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|\ +Wind Force Shown +Wind Force Shown
+Wind Angle +Wind Angle
Shown Shown
Downstation or Upstation Pier View
Left Right Left Right
Elealm'I Elee||m3 Beamn 1 Beam 3
. *r'cnr.K //J + Y dir.
T VCLW vCLH I U
—* _ - ~ -
+ X dir, + X dir.

+ 7 is out ofthe plane of the screen towards you.

Sign Conventions for Wind Loading

cl. rdwy

+ WA

+WF

-WF

c.l. rdwy

cl. rdwy
cwr T
-WF + ::.f/.\\'_._
— c.l. rdwy

WF =Wind Force
WA =Wind Angle




|General Input |

Note: Blue text is for user input

Red text is typ. calculated

Pier View Direction (WIEW), Dorl

u

Skew (vBKW), RAis"+" LAis""

23.000

deg

Important |Roadway dimensions and beam spacing should

Mote: be taken as perpendicular to roadway.
Out to Qut Slab Width (vOOS) 43.160| ft
Roadway Width (vRW) 40.000] ft
Left Curb Width (vLCW} 1.580] ft
Barrier Rail Height (vBRH) 34.000| in
Slab Thickness (vST) 8.000| in
Haunch Thickness (vHT) 0.000{ in
Beam Height (vBH) 54.000 in
Bearing Device Thickness (vBOT) 0.000| in
Average Step Height (vASH) 0.000] in
Number of Beams (viNB) 6
Left Slab Edge to Beam 1 (vVBMO1) 3.080| ft
Beam 1 to Beam 2 (vBM12) 7.400| ft
Beam 2 to Beam 3 (vBMZ23) 7.400] ft
Beam 3 to Beam 4 (vBM34) 7.400] ft
Beam 4 to Beam 5 (vBM45) 7.400| ft
Beam 5 to Beam 6 (vBMA5G) 7.400] ft
Beam 6 to Beam 7 (vBMGT) ft
Beam 7 to Beam § (vBMT78) ft
Beam & to Beam 9 (vBM33) ft
Beam 9 to Beam 10 (vBM310} ft
Last Beam to Right Slab Edge 3.080( ft
Tot. Distance bet. Ext. Beams (WTBD) 37.000| ft

Important |Cap length and column spacing should be taken

Note: along the skew (| X axis ).
Cap Length (WCPL) 45.000] ft
Length of Non-Tapered Segment (vCPT) 35.000] ft
Cap Min. Height (vCPMN) 36.000 in
Cap Max. Height (vCPMX) 48.000| in
Cap Depth (vCPD) 39.000{ in
Colurnn Width or Diameter (WCLWW) 30.000( in
Col. Depth - enter 0 for round col. (vCLD) 0.000] in
Col. Height (vCLH) 18.000] ft
Mumber of Columns (viC) 3
Left Cap Edge to Col. 1 (vCLO1) 6.500] ft
Col_ 1to Col. 2 (wCL12) 16.000] ft
Col. 2 to Col. 3 (vCL23) 16.000] ft
Col. 3 to Col. 4 (vCL34) ft
Col_4 to Col. 5 (vCL45) ft
Last Column to Right Cap Edge 6.500] ft

D is downstation, U is upstation

# # RC-Pier does not provide the option to enter these
dimensions, so you may want to set them to 0.

#

#

It is assumed to be centered.

Bottom of column to bottom of cap.



Distribution of W to Pier Aashto Lrfd 3.8

Aashto Lrfd Table 3.8.1.11

Vs, wind velocity at 30° height 80.000| mph Office policy is to use Vi = 80 mph Upstream| Open User
Vg, base wind velocity of 100 mph at 30" hat 100.000( mph Surface | Country [Suburban City Option
Condition 1 2 3 4
Enter Upstream Surface Condition (1 to 4) 1 Office policy is to use Cpen Country Vo (mph)| 8.20 10.90 12.00 0.00
Vo, friction velocity 2.200| mph Zo (ft) 0.23 3.28 8.20 0.00
Zo, friction length of upstream fetch 0.23( ft
|Hgt above col. base to ground /water surf. | 4.UUU| ft | This height is used to establish Z and is also used in determining the exposed column area

for wind loading. RC-Fier always bases Z on the bottom of the column.
Aashto Lrfd Eqn 3.8.1.1-1 and 3.8.1.2.11

Voz=258*Vo* (Vyp/Ve)*In2/Z0) — where Vg is the wind design velocity at elevation Z
Po=Pe*(Voz Ve —= where P is the base wind pressure

Aashto Lrfd 3.8.1.2.2 Based on User's Factor

[superstructure wind | Skew Simplified Adiusted Simplified
Angle of Superstr. Wind Superstr. Wind

[Calc.Z (top of curb to groundiwatersurf.) | 26.000] ft | Wind Press. for Girders Press. for Girders

[Users Z | 100.000] ft | Lateral | Longit Lateral | Longit
Degrees kst kst kst kst

Vaz, calculated design velocity at Users Z 99.627| mph A 0.050 0.012 0.050 0.012

Users Vzz 100.000( mph

[calc. wind Press. Factor dueto Users Vs | 1.000] See Aashto Lid Eqn 2.8.1.2.1-1

|Users Factor [ 1.000] Downstation Pier View

Office practice is to use the simplified wind pressures given in Aashto Lrfd - Skew (LA)

3.8.1.2.2when individual span lengths are 160" orless and when 2 is 100° Shown A+ X direction

or less. In other words, the Factor will typically be 1.000. Do not use a
Factor less than 1.000. Minimum wind pressures should be 0.050 ksf
lateral and 0.012 ksf longitudinal.

Above 100" pressures are to be adjusted based on V30 = 80 mph for individual

span lengths less than 160°. In other words, the Factor will be greater than 1.000. Face pierin this

direction (-2 ).

RC-Pier's auto-generate feature uses adjusted wind pressures if Z is greater -
than 30" and if the adjusted pressures are higher than those in Aashto Lrfd + £ direction The + Y dir.
Table 3.8.1.2.2-1. is upward.

+Wind Force Shown

The user needs to ensure that the transverse wind loading requirement of

0.300 kif in Aashto Lrid 3.8.1.2.1 is met. If the superstructure height {includes rail} is +Wind Angle

greater than 6.00° then this requirementis met because (0.050ksf)*(8") = 0.300 KIf. Shown

Enter positive wind pressures to be used on the superstructure below. Upstation Pier View

[Users Lateral Spstr. Wind Pressure | 0.050] kst | - Skew (LA)

|User's Longit. Spstr. Wind Pressure [ 0.012] kst | Face pierinthis ~ +Z direction Shown
direction (- Z ).

According to Aashto the vertical wind pressure or uplift force should only
be applied when the wind skew angle is 0 degrees. Also, it should only Beam 1
be included in W combinations which do not invalve WL (ie. Strength 3).

See Aashto Lrfd 3.8.2. Office practice is to apply upliftin the Strength 3

combination for simplified wind loading. Vertical wind pressure is not to Beam 3

he adjusted for height or velocity.

[vertical Wind Pressure | 0.020] kst |

The + ¥ dir.
is upward.

¥
[Average Span Length [ 83.625[# | + X direction

+\Wind Force Shown

Uplift Moment Arm | Pastin-house pier programs based moment
Enter 1 for In-House | arm on length along pier cap which will
Enter 2 for RC-Pier | be greater for skewed bridges. RC-Fier

a uses perpendicular distance.

+Wind Angle
Shown

The overturning moment, Mz, is transferred to the pier by equal and
opposite Fy forces acting through the beams. RC-Pier assumes that only
the exterior beams are involved. User can involve all beams if desired.

Wind forces with and without uplift will
conservatively be applied to all loading

How is Mz Transferred to the Pier? combinations. This is in lieu of doing
Enter 1 if by Exterior Beams Only 1 . .
Enter 2 if All Beams Parficipate separate RC-Pier runs in order to keep the

proper wind loading with the proper load
combinations.




The results shown in the tables helow are splitinto 4 groups hased on combinations of the = wind force and + wind angle. In RC-Pier the user can vary the
wind angle magnitude and sign. The wind force direction is typically varied automatically because the load, by default, is treated as a reversible load. In
RC-Pier the vertical wind load, if used, is reversed as well which is undesirable. This spreadsheet always assumes vertical wind acts upward.

Wind Uplift Not Included

W Loads to the Pier (kips)
Beam # +Wind Force, + Wind Angle + Wind Force, - Wind Angle - Wind Force, + Wind Angle - Wind Force, - Wind Angle
Fx Fy Fz Fx Fy Fz Fx Fy Fz Fx Fy Fz

1 -5.655 -3.376 -0.947 -4.609 -2.752 -3.410 5.655 3.376 0.947 4.609 2.752 3.410

2 -5.655 0.000 0.947 -4.609 0.000 3410 5.655 0.000 0.947 4.609 0.000 3.410

3 5,655 0.000 0.947 -4.609 0.000 3410 5.655 0.000 0.947 4,609 0.000 3410

4 -5.655 0.000 -0.947 -4.609 0.000 3410 5.655 0.000 0.947 4,609 0.000 3410

5 -5.655 0.000 -0.947 -4.609 0.000 3410 5.655 0.000 0.947 4,609 0.000 3410

B -5.655 3.376 -0.947 -4.609 2.752 3.410 5.655 -3.376 0.947 4.609 -2.752 3.410
7
g
g
10

My (k*ft) 22721 My (k*ft) -81.839 Wi (k*ft) 22721 Mx (k) 81.839

Bridge office practice is to setthe overturning moment Mx to 0.00. Currently, RC-Pier does not calculate an Mx for W, however,
Leap’s plans are to include itin a future version (probably as an option).

Wind Uplift Included
W Loads to the Pier (kips)
Beam # +Wind Force, + Wind Angle +Wind Force, - Wind Angle - Wind Force, + Wind Angle - \Wind Force, - Wind Angle
Fx Fy Fz Fix Fy Fz Fx Fy Fz Fx Fy Fz
1 -5.655 | 10723 -0.947 -4.609 | -10.098 -3.410 5.655 34.784 0.947 4.609 34.160 3.410
2 -5.655 12.031 -0.947 -4.609 12.031 3410 5.655 12.031 0.947 4.609 12.031 3.410
3 -5.655 12.031 -0.947 -4.609 12.031 3410 5.655 12.031 0.947 4.609 12.031 3.410
4 -5.655 12.031 -0.947 -4.609 12.01 -3.410 5.655 12,0 0.947 4,609 12.031 3410
5 -5.655 12.031 -0.947 -4.609 12,031 -3.410 5.655 12.01 0.947 4,609 12.031 3410
] -5.655 34.784 -0.947 -4.609 34.160 -3.410 5.655 10.723 0.947 4,509 | 10,098 | 3410
7
g
g
10
Wi (k*ft) -22.721 M (k) -81.839 W (k1) 22721 M (k) 81.839

Bridge office practice is to setthe overturning moment Mx to 0.00. Currently, RC-Pier does not calculate an Mx for W, however,
Leap's plans are to include itin a future version (probably as an option).



[ substructure Wind |

[Calc. Z (pier cap top to groundiwater surf) [ 18.000] ft |

[Users Z | 100.000] f |

Woz, calculated design velocity at Users 99.627| mph

Users Vzz 100.000( mph

[calc. wind Press. Factor dueto Users Vo | 1.000| See Aashto Lifd Eqn 3.8.1.2.1-1
|Users Factor [ 1.000]

Aashto Lrfd 3.8.1.2.3 Based on User's Factor
Skew Simplified Adjusted Simplified
Angle of Substr. Wind Substr. Wind
Wind Press. for Piers Press. for Piers
Farallel | Perpend. Farallel | Perpend.
Degrees kst kst kst kst
MIA 0.040 0.040 0.040 0.040

Office practice is to use simplified wind pressures for substructure when individual span lengths are 160" or less and when 2 is 100" or less. In other words, the
Factor will typically be 1.000. Do not use a Factor less than 1.000. Minimum wind pressures should be 0.040 ksf parallel (X dir.) and 0.040 ksf perpendicular
(Z dir.) to the pier. This loading is unique to lowa and cannot be found in the Aashto Specifications.

Above 100" pressures are to be adjusted based on W30 = 80 mph for individual span lengths less than 160°. In other words, the Factor will be greater than 1.000.

RC_Pier will only use the adjusted wind pressures if Z is greater than 30" and if the adjusted pressures are higher 0.040 ksf(see Aashto Lid 3.8.1.2.3).

Enter positive wind pressures to be used on the substructure below.

E xport Super- and Sub-structure Wind

Loacds to Text Files

[Users Parallel Wind Press. (X dir.) | 0.040] kst |

|Users Perpendicular Wind Press. (Z dir.) | 0.040] kst |

Cap Loads

Exposed +WF +WF -WF -WF Start End
Pier Cap | Type of + WA - WA + WA - WA Fraction | Fraction

Area (ft"2)] Load Direction | Magnitude [Magnitude|Magnitude| Magnitude | x1/L ¥2/L
13.000 |Force (k) X -0.520 -0.520 0.520 0.520 0500 |
175.000 |UDL (kift) z -0.156 -0.156 0.156 0.156 0.000 1.000

The sign of the substr. wind loads depends on the sign ofthe superstr. wind loads.

Column Loads (apply loads to all columns in pier)

Exposed +WF +WF - WF -WF Start End
Pier Col. | Type of +WA - WA + WA - WA Fraction | Fraction

Area (ft'2)| Load Direction | Magnitude |Magnitude [Magnitude| Magnitude | y1/L y2I/L
35.000 |UDL (kift) X -0.100 -0.100 0.100 0.100 0.195 0.878
35.000 |UDL (kift) z -0.100 -0.100 0.100 0.100 0.195 0.878

The sign of the substr. wind loads depends on the sign of the superstr. wind loads.

Mote: UDL stands for unformly distributed load.
The total load in the Z direction is averaged
over the length of the pier cap.

Mote: UDL stands for unformly distributed load.
The start and end fractions are based on a
column height that extends to the middle of
ofthe minimum cap height.



|wind on Live Load Aashto Lrfd 2.8.13

[Height of WL above Top of Slab [ 6.000] ft | Typically, WL is assumed to act & above the top of the slab.
Enter positive wind loads to be used on the supertstructure below. Aashto Lrfd 3.8.1.3
[Users Normal WL [ 0.100] kIf | WL is notvaried based on elevation or wind speed. Skew Simplified
|Users Parallel WL [ 0.040] kIf | Angle of | Wind Components
Wind on Live Load
[Average Span Length [ 83625 | Normal [ Parallel
Degrees klf kIt
The overturning moement, Mz, is transferred to the pier by equal and MNIA 0.100 0.040
opposite Fy forces acting through the beams. RC-Pier assumes that
only the ext. beams are involved. User can involve all beams if desired.
How is Mz Transferred to the Pier?
Enter 1 if by Exterior Beams Only 1
Enter 2 if All Beams Participate
Downstation Pier View Upstation Pier View
- Skew (LA) - Skew (LA)
Shown 4 + X direction Face pierin this + Z direction Shown
ol direction (-Z ). s
¥ S Beam 1 e
[pan2]
[~ Face pier in this Beam3/ _ " ___
direction { - Z ). The + Y dir.
Left is upward.
+ 7 direction The + Y dir. ¥
is upward. + ¥ direction
+Wind Force Shown +Wind Force Shown
+Wind Angle E xport Wind on Live Load +Wind Angle
Shown to Text Files Shown

The results shown in the tables below are splitinto 4 groups based on combinations of the + wind force and + wind angle. In RC-Fier the user can vary the
wind angle magnitude and sign. The wind force direction is typically varied automatically because the load, by default, is treated as a reversible load.

For Strength 5 and Service 1 Loading

WL Loads to the Pier (kips)
Beam # +Wind Force, + \Wind Angle +Wind Force, - Wind Angle -Wind Force, + Wind Angle -'Wind Force, - Wind Angle
Fx Fy Fz Fx Fy Fz Fx Fy Fz Fx Fy Fz

1 -1.501 -2.502 -0.031 -1.065 1.775 -1.058 1.501 2.502 0.031 1.065 1.775 1.058

2 -1.501 0.000 -0.031 -1.065 0.000 -1.058 1.501 0.000 0.031 1.065 0.000 1.058

3 1.501 0.000 -0.031 -1.065 0.000 -1.058 1.501 0.000 0.031 1.065 0.000 1.058

4 -1.501 0.000 0.031 -1.065 0.000 -1.058 1.501 0.000 0.031 1.065 0.000 1.058

5 -1.501 0.000 -0.031 -1.065 0.000 -1.058 1.501 0.000 0.031 1.065 0.000 1.058

6 1.501 2,502 -0.031 -1.065 1.775 -1.058 1.501 -2.502 0.031 1.065 A.775 1.058
7
8
9
10

W (k) -2.104 Mx (k) | -70.870 I (k*ft) 2104 Wi (k) 70.870

Bridge office practice is to setthe overturning moment Mx to 0.00. Currently, RC-Pier does not calculate an Mx for WL, however,
Leap's plans are to include it in a future version (probahbly as an option).

These loads will have to be used twice in
RC-Pier. WL is dependent on WS and WS is
applied with and without uplift.




Wind on Superstructure Sample Calculations
Uplift = 20 psf

Lateral Pressure = 50 psf

Longitudinal Pressure = 12 psf

Superstructure Wind Area

SBC Height 34”

Slab Thickness 8”

Beam Height 54”

Total 96” = 8.00’

Average Span Length = (0.5)*(50.75> + 116.5”) = 83.625°

Fy
F

(-0.050 ksf)*(8°)*(83.625") = -33.450 K
(0.012 Ksf)*(8)*(83.625") = -8.028 k

v

\ 4

A 4

A 4

A 4

[
P

[
»

Fx = (-33.450 k)*(cos(23 deq)) - (8.028 k)*(sin(23 deg)) = -33.958 k
F, = (-33.450 K)*(sin(23 deg)) + (8.028 k)*(cos(23 deg)) = -5.680 k

Fx per beam = (-33.928 k)/(6 Beams) = -5.655 k
F, per beam = (-5.680 k)/(6 Beams) = -0.947 k

Uplift = (0.02 ksf)*(43.16)*(83.625") = 72.185 k

Fy for Beams 2-5 = (72.185 k)/(6 Beams) = 12.031 k

Assigning the sign to the results is
done by observation.

M, = (33.928 k)*(0.5)*(8") + (72.185 K)*(0.25)*(43.16°) = 914.587 k*ft

Fy for Beams 1 and 6 = £(914.587 k*ft)/[(5 Beam Spa)*(7.4’)/(cos(23 deg))] + 12.03 k

Beam 1, F, =-10.723 k
Beam 6, Fy = 34.784 k

My = (-5.680 k)*(0.5)*(8*) = -22.721 k*ft < Office Policy is to ignore

23 deg RA

Z’




Wind on Substructure Sample Calculations

23 deg RA
i 45, |-
A
Yy | T 3
] | | |
‘5"| Ll 35 | ! |‘5"
1 : . (AR
; ; 20.5’
18 2.5 —&» : :
polo
| | i i
v A4 X . . v

Dashed lines represent structural stick model

The signs for simplified substructure wind loads are made to correspond with the sign for the
superstructure wind loads.

Acapy = (4)*(3.257) = 13 ft?
Acap, = (45°)*(4") — (57)*(1") =175 f°
Acol = (2.5°)%(18” — 4’ fill) = 35 ft” per column (exposed)

Fcapy = (0.04 ksf)*(13 ft?) = -0.52 k Signs based on 1 case sign convention
Fcap, = (0.04 ksf)*(175 ft?) = -7.00 k for superstructure wind loads.

Fcoly = (0.04 ksf)*(35 ft?) = -1.40 k
Fcol, = (0.04 ksf)*(35 ft?) = -1.40 k

Cap Loads Fx =-0.52 k applied at midpoint of cap
UDL, = (-7.00 k)/(45*) = -0.156 kIf applied along cap length

Column Load UDLy = (-1.40 k)/(14’) =-0.100 kIf from (4°)/(20.5’)=0.195
UDL, = (-1.40 k)/(14”) = -0.100 kIf to (187)/(20.5°) = 0.878
Loads are applied to each column.



Cap and Column Design



Beam Cap Check Points

24 8.04 | 8.04 804 | 8.04 8.04’ |24
Dist. to Solid Lines
0 576" 724 9.17°| 1183 14.50° 17.17°| 19.83° 21.76° 23.24’ 25.17°| 27.83° 30.50° 33.17° |35.83°37.76" 39.24° 45
| | | | | | | | | | |
| | | | | | | | | | |
: Colo | : : : | Vol :
o | Vo | : : : : Vol :
' | : | : : | | | | ! 45
2.4 o | : | : 42.6
Dist. to Dashed Lines | 50 | 65 10.44’ 18.48’ 2.5 26.52° 34.56 385 |40
2.5 « >
5 5’
X >
6.5 16’ 16’ 6.5

A

A

A\ 4

A

Y
A

45’

A\ 4
A

Y

\ 4

Dashed lines are automatically set up as cap nodal points by RC-Pier.

The solid lines are additional check points that have been added. These include 6™ points between c.l. columns. The critical
section points at W/3 from the c.l. of the columns have also been included by using “Offset from C.L. of the column” in RC-

Pier.

W = [2#(0.5%2.5°)°]°° = 2.216°

W/3=0.74’
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Proiect] x5 Geometry] = SuperStucture TM0 SubStucture l Heports]

BCFIER \
but/Pier List \ Substructure tab
-
Design Spec: Undefined \
RC-Pier button

Elexvation

Top Left: 0.000 ft
Top Right: |0.000 it

Currently RC-Pier must be accessed
E;nt:_'ew through Leap Bridge. Once in Leap
ge_ction\;iew Bridge go to the Substructure tab (as
N shown). Click on the RC-Pier button.
-
¥ File

Section Offset

J—
0+00.000 ft
oo |

RCPier process has finished with return code 0. -ﬁtUpdates

EMGLISH

LEAPBridge X]

' RCPier cannak make any chanae if there is no selected pier or abukment!
L] Conkinue anyway'?

Cancel |

\ Click OK when this warning appears.
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Project Information

Project Name:

9’ Project ]rﬂ Geomelrﬂ 4 | oads ] Ana\ysis] ﬂ Cap I ., Culumn] b Footimg]

305 wapela

User Job Nurber:  [Pizr 1 on'wB Bridoe

Description:

State: |\owa State Job Mumber: ‘Example
Date: |8-24-2010 By |Mike Map
Date Checked |3-242010 Checked By: |Mike Map

CAF and COLUMN DESIGH
218'%40° PPCE Bridge
50.75'- 116.5'- 50.75"

23 Degree RA Skew
Integral Abutments

Structure bype

* Pier

" Abutment

3 Column Fixed Frame Fier on Stesl HP Filing

\

This will be the primary run for cap and
column design. A separate run will be
made for the footing design due to a
change in the structural model.

Dresign 5 pecifications

Units
State
™ AASHTO Standard Specifications & 1.5 Units
* AASHTO LRFD MNone - 51 Units [Metric]
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¥ RCPier VBi (SELECTseries 1) - W:\Highway\BridgeYA utomation\DevelopmentM RFD_Frame_Pier\305 WapelloY0fficial ExampleM RFD RC-Pier Final 201..

OE“E Show  Lbraries LEAF Bridge Help

P G

Mew Open Save Save s Print | Image Model

O 4

Results  Diagrams
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(& Project =% Geometry ]ﬁ Loads ] Anal_l,lsis] 1 Cap ] [N Cnlumnl e Footing]

Pier

Supetstr,

1 Cap
l Column

Strut

i

&

"% Brng/Grdr

i

= Material

El o

Str. Madlel

Z-axis is out

L Hammer
ﬂ of the page
o towards you.

B i D

Even though footing and pile information have been
entered, they will not be designed on the basis of this
run. They are not part of the structural model in RC-Pier.

4 Updates | IB:S: Mot Connected | 1B5: Manual | Fier Yiew-Upstation
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! Calumn -

Strut

Q’ Brng/Erdr

= Material

45 ft

-+

-+
=

.04t " 804t LEAT

BRG Linel

=y

g

51t
221t
0.5 ft
2051t
205 ft

Str. Model

Hammer

Sl _— 2D View
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& 2D Yiew

Side Yiew
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35
35#
35#

Section Wiew
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Pier Configuration

3

Fier Type Column Shape
* Hull Columns
" Hammer head |H':"-‘”':I ﬂ
" Inteqral
Typical frame piers in lowa
_ have round columns and
Cap Shape Strut and Tie Model for LRFD tapered pier caps.
" Straight
* Tapered - ;
| recommend using the
£ Wariable “Upstation” pier view option.
& Sl [ STM far lzalated Pile Cap
~
Fier wigw
" Downztation {+ |Jpstation
ok LCancel




X)

Superstructure Parameters

—

A4, i
G38.75 e
214974 04
W in”4
2437 i

MHurber of Lanes:

ok

LCancel

Beam Height;

Bear Section Area:

Beam Inertia [lx=]:

Bearn [nertia [[uy]:

Beam C.G [v'cg):

34 i

B arier/R alling Height:

This screen only needs to be filled out
if you intend to auto-generate loads.

These entries are only important for
auto-generation of EQ loads.

Cepth of Slak: 2. i <
Span Mumber Bear o |1
Current Pier :

There are no entries for haunch
thickness, pad thickness, or step height.
This means auto-generated wind area
excludes haunch. Also, lateral
superstructure loads can’t be elevated
further above top of pier cap.

Curb ta Curb Diztance: 40. ft -

Gutter to Gutter

v Auto compute geometry by girders <

Not sure what this check box does.

5
pan Span Lengthi it Bridge ‘width ft
Span B0.750 43,160 <
Add

2 116.500 43160
3 A0.750 43160 todify
End Eridoe 43160

Delete

Tapered Cap Parameters

Cap Length (] 45, ft Start Elevation: 22, ft <
Length of Non-tapered 5 . 7
Segment [X] . ft End Elewation: ' ft

3

Bridge width was added to allow
for flared girders.

Recommend setting bottom of
column elevation at 0’. This way
the (top of) cap elevation will
simply be the height from the
bottom of the column to the top
of the cap.

<

Right ahead skews are positive.

Cap Min Height [7] :

36. i
43. in
A i

Factor of Reduced Maoment of [nertia:

Skew Angle [deg): [23.
Cap Max Height [ :
Cap Depth [£] :

. -

<

The skew angle only needs to be
input if you intend to auto-
generate loads.

This factor may be used to reduce
member stiffness in the structural
model (i.e. simulate a cracked
section). The lowa DOT will
typically use gross inertia.




Rounded Column

Loc. from left of cap: Bat. Elew: Diameter:  Factor aof quymn
ft f i Reduced Ml: Fiity:
Nod |B5 \0. 130, . | Spring | <«

Crilled Shaft ?

The bottom of column may
have spring supports. This

may be used to model pile
Typically set This factor may be used Delete y - P
. flexibility.
bottom of column to reduce column M adify
elevations to 0’. stiffness in the structural .
If spring supports are

. . . included we would
typically use gross inertia.

‘ ‘ model. The lowa DOT will

Cancel typically only input

R

rotational stiffness.

Spring 5tiffness at Column Base
This needs to be checked for the

< . . b atriz
< program to consider the spring supports.

A1) K.z Rs Fiy Rz

{* Diagonal | < ‘
" Full

ks
ST 1] ] 0 ] 0
Kz |o 0 0 0 0 0 Muadify
Rx |0 1] ] 751680 1] 0 -
Ry |0 0 0 0 [0 0
Rz |0 0 0 0 o4 501120
Mates RxRx RzRz Ok |
Terms are based on Kipz, Feet and radianz Cancel

A value of 0 on the diagonal means that degree-of-freedom is fixed. This a bit counter-intuitive
because entering extremely large values produces a condition that is nearly fixed while entering
extremely small values essentially releases the restraint.

As stated earlier the designer should generally assume a fully-fixed condition, but we will
illustrate a partially fixed condition in this example.




Bearing f Girders

Configuration
Bearing Line:

* Single D

Eccentricity fram CL of Cap

First Line; |0.

Line B

* First

ft Second Line: ft

iztance From
+ Cap Left End
" Last Paint

0. ft

Bearing lines will typically be modeled as
“Single” for both steel and prestressed
bridges. Exceptions may include situations

ouble

that yield a significant unsymmetrical loading
about the c.l. of the cap such as would be
caused by unbalanced spans or actual
eccentric bearing lines. Variable width
bridges that drop a beam line at a pier is
another example.

A

Concrete Strength
pzi

3500,
Colurnn: | 3500,
Footing:  |3500.

Cap:

Steel Yield Strength

1 2.4/2.4 Add
5 Left | 10.44/10.44
3 Left | 16.48/15.45 Delete
4 Left | 26.52/26.52 _
5 Left | 34.56/3456 Modify
g Left  |42.6/426
Cancel
Materials

Concrete Density

Concrete Modulus of Elasticity

pcf
Cap: 150, Cap:
Column: {150, Coalurnr;
Footing: — |{50, Footing:

Concrete Type

Enter beam spacing along the skew of the
pier cap.

X

ksi

358662
358662
258662

ki
Cap [flex] |60 Cap: |N|:urma|
Cap [ shear]: (B0 Colurmm: |N|:|rmal
Colurmnn: G0, Foot |N|:urmal
aating:
Footing: B0

Lol L L]

Cancel




Blank entries indicate a default check point generated automatically by RC-
Pier. “F/S” of “f” indicates face of support points which may be generated

“uxn

using the option buttons under “Cap design”. Entries with an indicate

“Additional Check Points” that have been entered directly by the user.

Structure Model

Objects: Cap i

g Node 17 is an 0 2 E0 6.50" overhang
B 3 Additional R.00 // M

7 | Checkpoint Fés 5.76 - 5.76
7 17 P 1 ms o s
Additional Check Pointz Hinge

=

Lacal Direction:

|5-?E ft Fram Left:

Flaztic Hinge locations
Mear Column Top

=
~

Beszet all

et |

(" ft

=
s

IW ft <

Mear Column Bottam

=

{ | ft

Cancel

0.74 ft

cantilever.

| have placed additional check points at the sixth points
between c.l. columns in order to allow for a more complete
design of the pier cap. There is a plot of nodal points on the
next page. | didn’t add additional points on the cantilever since
that design is typically done by spreadsheet. However, the user
could do a separate RC-Pier run for the cantilever with the
special loading requirements and with additional points on the

[

e Cap design This 3" option allows
=24 ACTIVE = Flesure Shear us to create additional
9'1? ACTIVE Delete 7~ Centerling of 7~ Centerling of check points on each
11 a3 ACTIVE Wodiy - colimry . el side of each.cF)Iumn to
14 50 ACTIVE Face of support Face of support act as the critical
17.17 ACTIVE  w Deactivate & Diffset from CL & DOffsetfrom CL | section or new “Face

of the colurmn of the column of support”. So here
f Fezet to Baze Structure

we may enter the W/3
distance.

One short-coming of
this 3" option is that
the c.l. of the column is
still used for a cap
design point when
designing cap R/l on
the “Cap” tab. The 2™
option, “Face of
Support”, suppresses
the c.l. of the column
point when doing cap
design. It would be
nice if the 3™ option
followed the pattern of
the 2™ option.




7 ] ERE R ER i CAATT AE AR AR T AT ] I R ] (e ) 1a

1.5

\

Nodes

20.5

4 o Y‘IT 12 13718 18 18 18 19 20 2T 22 cTRY S . T il

Members

The c.l. of the cap for the structural model is placed at the midpoint of the minimum cap
height. The minimum cap height is the end cap taper height.
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[£4 PIU\EElI % Geomety 2 Loads I =] Analysis] 1 Cap I ., Cu\umn] - Fuulwng]

Load Type: Selected Loads:
- DC1 8 ad Edit
“lowt - Q
D' Wearing Sufaces and Utilities LL1
EH: Harizontal E atth Pressure (e M
EV: Y. Pressure from Dead Load of Earth Fil LL3
ES: Earth Surcharge Load LL4 N | | h . | . %
LL: Wehicular Live Load + IM LLE
CE: Yehicular Centrifugal Forces LLE orma y t IS ISt Sta rts Delete Al
BR: Braking Force LL?
PL: Pedestian Loads L out empty, but | have
L5: Live Load Surcharge LL3
Wit Water and Stream Pressure Lo
"W'S: Wind Laad on Structure L already entered a” the
WL "wind Load on Live Lz
FR: Friction Forces Lz
TU: Unifarm temperature BR1 : Ioad data .
CR: Creep WSl :
SH: Shrinkage W52
EL: Locked-in Effect W53
TG: Temperature Gradient 3 WS4 "
SF- Setlement WISR
Available Groups: Selected Groups:
STREMGTH GROUP | A STH
STRENGTH GROURII 185TR 3
STREMGTH GROUP Il 1A STR &
STREMGTH GROUP Iv I4SER1

STREMGTH GROUPY
ExTREME EVENT GROUF |

EXTREME EVENT GROUFII
SERYICE GROUP|
SERVICE GROUPII
SERYICE GROUP I

SERVICE GROUP IV
FATIGLE

EXTREME EVENT SEISMIC GROUP |
14 STR1
I4STR 3

See the next page for
the screen CaptureS —> Combinations:
related to this button.

i

I45TR 4
I45TR G
14 SER 1
I EXT 2

il L

B Updates | IB:5: Mot Connected | IBS: Manusl | Pier View:Upstatian

- The lowa load groups correspond with the default
This example uses .

o ) load groups except that the reversible feature for
simplified wind loads. i e
the wind loads has been set to uni-directional.

These loads will be

] This was done because wind uplift is uni-
er?tered tV\fICE B o.nce directional and should not be reversed as will be
without wind uplift
(WS1 to WS4) and once
with wind uplift (WS5

to WS8). Technically

done in RC-Pier if the setting is not changed.

wind uplift only needs Selected Loads:
to be applied for the wg; : »
Strength 3 combination W53
. . WS4
when the wind angle is \WEE
0 degrees. However, it WSE
L WST
is simpler and W
conservative to check WL
. WwiL2
eéCh group‘\Nlth‘and wﬁ : Here | am simply displaying
without uplift. Since the wls the other loadings that did
WS loads are repeated wtg not get displayed on the
the WL loads are also WwiLB screen capture above.
repeated due to the T
TUz
dependency between SH1  : Ewpansion
them. SHZ  : Contraction 3




M | oad Combinations |:|@E]

LClose

Do |
[
I
HEE
==
e
[ e |

Add

Edit

Delete

Delete all

Default Comb

Parameters

LOAD COMEIMNATIONS - RASHTO LEFD

first open it.

This is the screen you get
when you click on the
“Combinations” button
shown on the previous page.
It may be blank when you

v

Compbination parameters

X

Use “Dependent Load Case
Combinations” since it will reduce
the number of load cases by
maintaining load dependencies.

CE: “Yehicular Centrifugal Forces

BR: Braking Force

PL: Pedestrian Loadz

LS: Live Load Surcharge

WA Water and Stream Pressure
WS Wind Load on Structure
WL Wind Load on Live

FR: Friction Forces

TU: Uniform temperature

Drefault

Load Cornbinations
(o Dependent Load Case —
Cormbinati
CrMRINEHens |Dependency kable |
(" Cross combinations
(04 | Cancel |
v
Loads dependency table
Load Caze Depends on;
| |N|:|ne ﬂ
LL: Yehicular Live Load + [k Mone ~

LL: “ehicular Live Load + Ik
Maone
Mone
LL: Wehicular Live Load + [M
Mone
MNone
WS Wind Load on Structure
Mone
Mone

Cancel | ] |

X]

RC-Pier defaults with a
dependency of BR on LL.
Often we set this to “None”
because we typically use only
the worst BR load irrespective
of how many lanes of LL are
on the bridge.

The only dependent loads we
typically use for frame piers
are:

CEto LL

WL to WS
This means that if we have 8
WS cases then we must have
8 WL cases. Thus, WL1 is
always and only associated
with WS1, and WL2 is always
and only associated with WS2,
and so on.




CAUTION: Clicking “Print” sends ALL the load

combination equations immediately to a printer.

M | oad Combinations

>  Fiint LOAD COMEINATIONS - AASHTO LEFD ~
Comb # 1 (Ii 3TR 1 y = 1.00 { 1.25 DCl + 1.50 DWL + 1.75 LLL + 1.75 BRL
Close + 0.50 TUL + 0.50 SHL )
Comb # z (Ia STR 1 v = 1.00 { 1.25 DCl + 1.50 DWL + 1.75 LLZ + 1.7§ BRL
Add + 0.50 TUL + 0.50 SHL 3}
Coub # 3 (I STR 1 y =100 { 1.25 DC1 + 1.50 DWL + 1.75 LL® + 1.75 ERL . «
+ 0.50 TUL + 0.50 SHL } Click on “Default
Edit Comb # 4 (Ii STR 1 v = 1.00 { 1.25 DCl + 1.50 DWL + 1.75 LL4 + 1.75 BRL Comb” to
+ 0.50 TUL + 0.50 SHL }
Delets Coub § E {Ii STR 1 y = 1.00 { 1.25 DCl + 1.50 DWL + 1.75 LLE + 1.7§ BRL generate all the
+ 0.50 TUL + 0.50 SHL 3
Comb # & (IL STE 1 } o= 1.00 ¢ 1.25 DC1 + 1.50 DWL + 1.75 LLE + 1.75 BRL default load
Delete Al + 0.50 TUL + 0.50 SHL )
Comb # 7 (IA STR 1 ¥ = 1.00 { 1.25 DCl + 1.50 DWL + 1.75 LL7 + 1.7§ BRL combinations.
+ 0.50 TUL + 0.50 SHL 3}
Default Comb | |-y ¢ & {Ia STR 1 y =100 { 1.25 DC1 + 1.50 DWL + 1.75 LLE + 1.75 ERL
+ 0.50 TUL + 0.50 SHL 3
- Comb # 3 (IA STR 1 p = 1.00 { 1.5 DCl + 1.50 DWL + 1.75 LL3 + 1.75 BRL
+ 0.50 TUL + 0.50 SHL }
Coub § 10 (Ia TR 1 ' = 1.00 { 1.25 DCl + 1.50 DWL + 1.75 LLlO0 + 1.7§ BR1
+ 0.50 TUL + 0.50 SHL 3
Coub 11 {I& TR 1 ¥ = 1.00 { 1.25 DCl + 1.50 DWL + 1.75 LL1l + 1.75 EER1
+ 0.50 TUL + 0.50 SHL j
Comb # 1z (I TR 1 ' = 1.00 { 1.25 DCl + 1.50 DWL + 1.7§ LLlZ + 1.7§ BRL
+ 0.50 TUL + 0.50 SHL 3 v
< >

M | oad Combinations

A different set of

Print Comwb § 4701 (IA SER 1 ) = 1.00 { 1.00DC1 + 1.00 DWL + 1.00 LL1O - 1.00 ER1 combinations is
— +0.30 WSE + 1.00 WLE + 1.00 TUZ + 1.00 SHZ )
Comb § 4702 (T4 SER 1 y = 1.00 ¢ 1.00 DCL 4 1.00 DWL 4 1.00 LLLL - 1.00 BRI used for the
Close + 0.30 Ws8 + 1.00 WLS + 1.00 TUZ + 1.00 SHZ ) |
Comb # 4703 (IA SER 1 y = 1.00 { 1.00 DCL + 1.00 DWL + 1.00 LLLZ - 1.00 ERL column and cap.
Add + 0.30 W88 + 1.00 WLS + 1.00 TUZ + 1.00 SHZ )
Comb # 4704 (IA SER 1 y = 1.00 ¢ 1.00 DCl + 1.00 DW1 + 1.00 LLL3 - 1.00 ERL
+0.30 WSE + 1.00 WLE + 1.00 TUZ + 1.00 SHZ ) Not sure the two
Edit
Q sets are necessary
Delete Load Combinations for Columns only: for. LRFD It iS
Comb £ 1C (T4 STR 1 » = 1.00 { 1.25 DCL + 1.50 DWL + 1.75 LLL + 1.75 EEL probably a hold-
Delete Al + 0.50 TUL + 0.50 SHL )
Coub # 20 (Ih BTR 1 ' = 1.00 { 1.25 DCl + 1.50 DWL + 1.75 LLZ + 1.75 BEL over from the
+ 0.50 TUL + 0.50 SHL )
el R 30 (T4 STR 1 } = 1.00 { 1.25 DC1 + 180 DWL + 1.7§ LL® + 1_75 BRL Aashto Std. Spec.
+ 0.50 TUL + 0.50 SHL )
R — Comb # 40 (T4 2TR 1 ' = 1.00 { 1.25 DCl + 1.50 DWL 4+ 1.75 LL4 + 1.75 EEL since there was a
+ 0.50 TUL + 0.50 SHL )
Coub # 5C (I& STE 1 y = 1.00 ¢ 1.25 DOl + 1.50 DW1 + 1.75 LLS + 1.75 ERL separate Bd factor
+ 0.50 TUL + 0.50 SHL )
Comb # 6C (IA STR 1 y = 1.00 { 1.25DCL + 1.50 DWL + 1.75 LLE + 1.75 EBREL of 0.75 and 1.00
+ 0.50 TUL + 0.50 SHL )
Comb # 7C (IA STE 1 y = 1.00 { 1.25 DCL + 1.50 DWL + 1.75 LL7 + 1.75 BRL for columns.
+ 0.50 TUL + 0.50 SHL )
< >

Note: There are a number of features on this screen that will not be demonstrated in this example.
For instance, you can

e delete combinations

e edit combinations

e add your own combinations
These features are particularly useful for testing loading scenarios and trouble-shooting problems.




Library Pathnames Setup

COMSPAM - GEOMATH Shared Libraries
Crozz Section

COMSPAM Libraries

Tendan |

COMBD Libraries This is the Library Setup
Tendan screen from Leap Bridge.

COMSPAM - COMBOX Shared Libranes |

Rehar
LLAYehicle LRFD
LLAvehicls LFD

RCFIER Libraries
Wehicle LRFD
Wehicle LFD
Load Groups LRFD <
Load Groups LFD
Faating Configs
Pilez Pattem

......................... EI K Careel

This library contains the

lowa Load Groups.

This is the Library Setup
screen from RC-Pier.

Library Setup rz|
Select |
LRFD Truck LifdTrk.rpd
Cloze
Footing Footing.rp3 \
Filez Pattem FilePatterns.rpd Not sure why these
Bundled Bars BundledB ars.rph libraries are not included

Filez Section Type  |lowa_HP_PileS ection. ipk in the Leap Bridge library

setup screen above.




Library: Load Group/Limit States @

Load Groups:

EXTREME EVENT GROLUF 1| d4d
SERVICE GROUF |
SERVICE GROUF |1 —
SERVICE GROUP I MadityAfiew
SERVICE GROUR IV
FATIGLIE Delste
EXTREME EVENT SEISMIC G
FATIGLE | (infinite life]

& ST 1
15 STR 3
15 STR 4
14 5TR 5 Save
I SER 1

I EXT 2 W Save bz

OF. | Cancel |

The lowa Load Groups

ddlids

Library: Edit Limit State {LRFD) X
Mame of Limit State: |14 STR 1
Appplicable to L abek
* Strength
4 5TR 1
" Extreme Event
£ Service Eta Mutiplier:
" Fatigue 1
" Extreme Event Seismic
Notice that the wind loads have
) EEe Facmrs_‘ been switched from “Reversible” to
Sigr: M & bir; Load ID: / “Uni-di . ®
Uni.  «||05 os | / Uni-directiona
I, ] ] WS A
H”' 5' 1':' E‘;L Muodify In general lowa will use the smaller
$_ 05 U < values for the TU and SH load factors
Uni. 05 05 CR Copy along with gross inertia of the pier
Uﬂ?- 05 0.5 SEEN 2 < members. See Aashto Lrfd 3.4.1, the
first paragraph on page 3-12 of the 5"
k. Lancel | edition (2010).




The “1” in “DC1” refers to the 1st load case number in the generic DC

DC1

Loads: Load data

load type numbering sequence. So, the “DC1” load data includes DC1
loads (e.g. slab, beams, etc.) and DC2 loads (SBC).

— Bearing / Girder loads

 Column Loads / Settlement

Bearing
Pointi

Bearing
Lire

[kips]

-

Col Mr Load Type Dir Magl w1AL tag2 w2l

Common mistakes to avoid when entering

DC (and DW) load data manually are:
e Forgetting to change the “Bearing

Point #” to the correct beam line.

— Cap Loads~—~
Load Ty

Forgetting to change the “Dir” to

the proper global axis direction.

These loads can be
auto-generated, but
the magnitude of the
load will typically be
too small since RC-
Pier is not able to
capture all the dead
load involved (e.g.
pier and intermediate

Copy | Delete | Deletel Getting the sign on the load diaphragms,
~ Strain Load wrong. haunches, slab
ut o overhang thickening).
+ Erpansion - Contraction Delete I Deth |
Factars Auto Generation A Import Loads
Marme: |DC1 | /
Description: I / tultiplier for Loads: |1- Generate | Impaort |

*

Mote: Wertically dowrward loads be

added as negative loads in % direction. e |

Cancel |

The spreadsheet that was setup to calculate
DC1 loads will not generate standardized text
files in order to import the loads. The DC (and
DW) input is relatively minor for this load case.

DW1

Loads: Load data

— Bearing / Girder loads

 Column Loads / Settlement

LCopy I Delete

Drelete Al

: : : These loads can
Bearing | Bearing | Dir | Load ColMi | LoadTwpe | Dir Magl Wil Mag2 y2/L
Line Painkt [kipz) be auto-
generated, but
the load is

Inzert | Copy Delete Delete Al
—Cap Loads We normally
Load Type | Dir Arm Magl w1/l Mag2 w2/l B .
] distribute the
’ FWS equally

distributed based
on tributary area.

among all the

~ Strain Load beams
Unit ID.
+ Expansion - Contraction Irzert | Delete I
Factars Auto Generation Import Loads
MName: IDW'I
el . |1.
Description: I ultiplier for Loads: Generate | Import |

Mote: Vertically downward loads be
added az negative loads in Y direction.

oK Cancel |




LL1 Impact is excluded. Multiple
/| presence factors are included.
Loads: Load data
Bearing / Girder loads Colurmn Loads / Settliement
Bearing | Bearing Dir Load - P
Line Pointt (kis] Col Mr | Load Type | Dir | Magl w1AL tag2 w2l | Units |
Y 1w 1+ v~ -59.821[\\_’
e 2 w| ¥ «| B3B8
. 3.l vl oo f Truck portion There are 13
= 4 | ¥ «| 00000
T 1. Bow| ¥ | 0.0000 LL cases, but |
= | ¥ +| 00000/ will only show
——] ~
1 1 Y -37. 2860
| & & =~ . LCopy Delete Delete A H
To| 2| Vo ®ea | ool Lane portion the first one.
e 3. v | D53 £ : .
| /| Load Type | Dir Arm ttagi w1/l Mag2 #2/L Units
1« 4 «| ¥ | 00000, L/ )
< > M
Inzert | Copy | Delete | Deleteéll|
Strain Load
Unit 0.
+ Expansion - Contraction Insert | Copy Delete | Delete Al
Factars Auto Generation Impart Loads
Marne; |
el | Multiplier for Loads: |1 Generate ‘ Import
Mote: Wertically dowrward loads be T
added as negative loads in % direction. % Coned ‘
Live loads are imported

from the text files
generated by the in-
house spreadsheet for
bridge pier live loads.

Select the import loads from file

Laok jr: | 2 LRFD RC-Pier Final 2010-08-24 | £¥ E-

|L2)05-27-2010 Iovea DOT Bridge Consulkant Seminar @I LLPier1Loads012.bxt
[C5)08-24-2010 Tawa DOT Bridge Pier Design Seminar (=) LLPier1Loads01 3, bxt

B

My Recent | (2] BRLoads0O1 bxt [Z] wiLoads0o1 bxt
Documents |12 by gadsniz bt [Z] wiLLoadsn0z bxt
Fs ] <k [Z] WiLoads003 bxt
=| LLPier1Loads00z, kx [Z] wiLoads004 bxt

Desktop [Z] LLPier 1L nads0n3.kxt [Z] WL oadsMaliplFtont bt

7,

My Documents

[Z] LLPier1Loads004.kxt
[£] LLPier1Laads00S. bxt
[Z] LLPier1Loads00s.kxt
[Z] LLPier1Loads007.kxt

[Z] weLoadshalpliftooz. bt
[£] weLoadshalpliF003. bxt
[Z] waLoadshalpliftond.txt
[Z] weLoadstesUpliftoot . bxt

1, 1
- [Z] LLPier 1Loads008. bxt [Z] wsLoadsvesUplftooz.txt o
' 1, 2,
_J)J_g [£] LLPier1Loads009, bxt [Z] wsLoadstesUplift003.txt 1, 2,
My Computer [Z] LLPier 1Loads010.kxt [£] weLoadsvesUplifto04. txt i’ E’
[Z] LLPieriLoads01t.bxt 1 e
. 1 A
_} < b3 1, 1,

Z 1, 2
— ! !
by Metwark, File narne: |LLF'ier1 Loads007 bt j Open i ’ i *
Flaces 1 ! 5 ’
Files of type: |Im|:u:|rt Inads frarn file [* tat) ﬂ Cancel 1 : . :

This is the content of
“LLPier1Loads001.txt” which is
imported into RC-Pier for LL1.

Ty
Ty
At
e

N
A
W
N
A
N
A
W

Eearing Loads

-L3.821
-LI.E86



BR1

Loads: Load data

 Bearing / Girder loads ———————— - Column Loads / Settlement

Bearing | Bearing Dir Load | o] - P
Line Pointt fins] | Col Mr Load Type Dir Magl w1AL tag2 w2l Units
» 1w 1 »| % | 08390
1 T| ¥~ 14990 Braking force is set as a
1B 1T« 2« -217190| = . .
e e e Ty reversible load in the load
i~ Z2~| ¥ ~| 0000 library. This means | only
1 - 2wl 2 | 21190 — |
Te| 34| %| 0830 neert_| = - need to enter one BR load
Twl 3w Y] DO000F e pads because the program will
1 - 3w 24| 21190 =
Load T D Al agi 1/L ] :
T 44| x| oEm R B B = " reverse it for me.
T - 4 w| ¥ | 0.0000)4 »
Copy I Delete Dielete Al
— Strain Load
Unit ID.
+ Expansion - Confraction Inzert | LCopy Delete I Delete Al
Factars Auto Generation Impart Loads

Mame: |BF|1

el I ultiplier for Loads: |1- Generate | Import |

Mote: Wertically dowrward loads be oK Cancel | 4

added as negative loads in % direction.

Braking can be auto-generated. We
typically distribute the concentrated truck
portion of this force among the
contributing bents; however, RC-Pier puts
the entire load on the pier being analyzed. These loads were imported
from text file “BRLoads001.txt”

/ generated by the spreadsheet
for BR loads.

Bearing Loads

1, 1, #, 0.599
1, 1, ¥, 1.43%
1, 1, 2, -2.113
1, 2, ¥, 0.83%

1, 2, ¥, 0
1, 2, Z, -2.11%
1, 3, ¥, 0.839
1, 2, ¥, O

1, 2, Z, -2.11%
1, 4, ¥, 0.839
1, 4, ¥, 0O

1, 4, Z, -z.113
1, &, ¥, 0.839
1, 5, ¥, 0O

1, 5, Z, -z.11%
1, &, ¥, 0.539
1, &, ¥, -1l.493
1, &, 2, -z.113



WS1
Loads: Load data
Bearing / Girder loads Colurmn Loads / Settliement
Bearng | Bear Dir | Load |a . .
Ear:::g P'E‘?:&'—:’ r [EES] Col Mr | Load Type | Dir | Magl w1AL tag2 w2 | Units "
N I e 1 v| LDL v| B3 v| -0.1000 0.1950 0.0000 0.8780
— e R B UL w| Z | 07000) 01980 00000 08780 There are 8 WS
e e | el e v v cases (4 cases
- 2| ¥ | 56550 | s h s =~ : : - i i
— s ubL .| % | 01000 01350 0,000 05780 with uplift and 4
1« 2| ¥ | 0.0000 — = i e — i e e e e cases Wlthout)
T T+ z<|z+| owm < . ,
| 1 - 3 w| ® ~| 5ESS0 Inzert | LCopy Delete Delete Al bUt I WI” Only
| 1. Ee| v | ooom Eop Londs show the first
1. 3wl Z | 0.3470 -
_ Load T D ) Magl 141 Mag? 2/
= t .| ¥ o| 5650 e i) = * = * one.
T 1. 4 w| ¥ | 0.0000]w »| Foce +| X - f.0000 05200 15000 0.0000 00000
jroet | Cooy | Dekte | Deteat || | DL | 2 - 0.0000 01560 0.0000 0.0000 1.0000 Remember that
. ad the reversible
Strain Load .
feature for wind
Unit - J0 loads was turned
+ Expansion - Contraction Inzert | Copy Delete | Delete Al | off in the libra ry
Factors Auta Generation Irnpart Loads
Marne; |
el | Multiplier for Loads: |1 Generate ‘ Import
A A
Mote: Wertically dowrward loads be
added as negative loads in % direction. % Coned ‘
Wind loads can be auto-
Eearing Loads generated, but generating
1, 1, ¥, -5.&55 simplified wind loads requires a
1, 1, v, -3.376 P q
1, 1, Z, -0.5947 few tricks and some editing of
1, 2, ¥, -5.&55
1, 2, v, 0 the load results.
1, 2, 2, -0.947
1, 2, #, -5.&GE
1, 3, ¥, 0O
1, 2, 2, -0.347
%, :, ﬁ; 55 «B55 The wind loads above were imported
E] L] L] . .
1, 4, 2, -0.547 from text file “WSLoadsNoUplift001.txt”
1, &, ®, -5.&GS < ) )
1, 5, ¥, O which was generated from the in-house
1, &, Z, -0.947 .
1, &, ¥, -5.&6GE spreadsheet for wind loads.
1, &, v, 2.327&
1, &, Z, -0.947

A 1
Cap Loads
Force, #, 0, -0.52, 0.5
uoL, £, -0.1%&, o0, 1
Column Loads
1, UoL, *, -0.1, 0.1%5, 0.878
1, uoL, Z, -0.1, 0.1%5, 0.878
z, UoL, ®, -0.1, 0.1%5, 0.878
Z, UOL, Z, -0.1, 0.1%5%, 0.878
3, uUoL, ¥, -0.1, 0.1%%5, 0.878
2, uoL, 2, -0.1, 0.1%5, 0.875



WL1
Loads: Load data
—Bearing / Girder lopads———  Column Loads / Settlement
Bearna | Bearbg | Dir | Lood 188 Cati | Leadlwme | Ov | el | oL | Wem | | |hereare8WL cases,
N T W e but | will only show
T« 14| ¥+ 25020 the first one.
T - 1 - £ - -0.0310) =
1T - 2 w| W | 1500
o 2o v < oo Remember that the
1. 24| 2| 0ozl WL cases are
T+l 34 %] 15000 Insert | Copy peete | | dependent on the WS
T - 3 w| Y | 0.0000 o Load .
; T = = oo P cases. This means
= bl Bt B Load T Di A M 1L Mag2 2/ .
Te| 44| %[ 500 St R ) ag * - *1 that WL1 is the only
Txl 4] Y| OO0y WL load that can
Inzert | Copy I Delete Dielete Al appear in the same
~ Strain Load combination with
Uit ID. WSl
+ Expansion - Contraction Insert | Copy Delete I Delete Al I |
Factars Auto Generation Impart Loads
Mame: |W’L1
Description: I tultiplier for Loads: |1- Generate | Impaort
A A
Mote: Wertically dowrward loads be |
added as negative loads in % direction. % Coned

Wind loads can be auto-
Eearing Loads .
1, 1, ﬂ, l.col generated, but generating
%: 1: \2(: Tarane simplified wind loads requires
1= S! §= 51'5':'1 some editing of the load results.
1, 2, 2, -0.031
1, 3, ®, -1.501
1, 3, v, O
1: i: >2<: :E;E;i The wind loads above were imported
o0 < from text file “WLLoads001.txt” which
1 1 1 - il
%, E’ ﬁs 51-5'3'1 was generated from the in-house
a L L
1, %, 2, -0.031 spreadsheet for wind loads.
1, &, ¥, -1.501
1, &, ¥, z.50z2
1, &, Z, -0.031



TUl

Loads: Load data

 Bearing / Girder loads ———————— - Column Loads / Settlement

Bearing | Bearing Dir Load | - P
Line Pointt fins] | Col Mr Load Type Dir Magl w1AL tag2 w2l Units
YR T+ %+ 38200 P
T 1 | £ | -25000
T~ 2| x| 3820 By default this
1T - 2 w| 2 | -2.3000) .
T 3| % o| 2820 load is not
x| 3+ Z~|-25000 reversible in the
e I B 222l |oad library so |
1« 4 | Z +| 25000 Cap Loads Yy
1 5| % .| 382000 — ,
Load Type | Diir Arm tagl w1 tag? %2/ need to enter
1« 5| 2 | -25000 )
To| 6| %] 38200y [ two load cases:
Copy I Delete | Delete All TU1l and TU2.
— Strain Load
Uit ID.
+ Ewpansion - Contraction Delete | Delete Al
Factars Auto Generation Impart Loads

Mame: |TU1

el I ultiplier for Loads: |1- Generate | Import |

Mote: Wertically dowrward loads be oK Cancel | ?

added as negative loads in % direction. Th

e spreadsheet that was

These loads can be auto-
generated, but the procedure
is not according to DOT policy.

setup to calculate TU loads
will not generate
standardized text files in

TU2 order to import the loads.
Loads: Load data
 Bearing / Girder loads —————— - Column Loads / Settlement
Bearing | Bearing Dir Load || - P
Line Pointdt fkis) Col Mr Load Type Dir Magl wldL tag2 y2iL Units
» 1« 1 | ® | -3.8200
1T - 1 | £ | 25000
1T - 2 »| ¥ 4| -3.8200
1« 2w 2 | 25000
= 3| % +| a80|
1T« 3| £ | 25000
1+ 4 - ® - -38200 Inzert | Copy Delete Delete Al
1T - 4 »| 2 | 25000 ~Cap Loads
' ol - Ball - RS Load Type | Dir Amm pagl w1/l tag? w2/ Units
1T - 5 -l 2 | 25000 ft)
1T - 6 w| | -3.8200) 4
LCopy I Delete Drelete Al
— Strain Load
Unit ID.
+ Expansion - Contraction Inzert | LCopy Delete I Delete Al
Factars Auto Generation Import Loads
MName: ITU2
inli . |1.
Description: I ultiplier for Loads: Generate | Import |
Mote: Vertically downward loads be |
added az negative loads in Y direction. Ok Cancel




SH1

SH1 and SH2 have not been made
Loads: Load data dependent on TU1 and TU2 even
Colurmn Loads / Settlement though the SH loads are partially
ColMi | LoadTyps | Dii | Magl Wil based on temperature induced
loading. Allowing the cross-
combinations between these
loads is conservative.

— Bearing / Girder loads

Bearing | Bearing Dir Load
Line Paintt [kips)

SH1 is used to model the in-

plane pier expansion due to Additionally, the in-plane
temperature effects can be
modeled with shrinkage effects in
the SH load case because the load

factors for both loads are the

a temperature increase of
50 degrees F. This is done in
RC-Pier through the use of a

Inset | C Delete | Deletes] Strain load. In order to be .
Iroot_|_Corw | _Delste | Delsed . ' same and the loads occur in the
_ Strain Load conservative, we typically same combinations. [One
Unit [0.0003 < ignore shrinkage when exception is Extreme Event 2, but
+ Evpansion - Contraction considering temperature p— 5| we are not using that load case in
expansion. ato Gond  LNVIS design.]
Mame: |SH1 Expanzion
Description: I tultiplier for Loads: |1- Generate | Impaort |

Mote: Wertically dowrward loads be I |
added as negative loads in % direction. % Coned

SH2

Loads: Load data

— Bearing / Girder loads — Column Loads / Settlement

Bearing | Bearing Dir Load

Line Pointdt (ki3] Col Mr Load Type Dir Magl wldL tag2 y2iL Units

Copy Delete Dielate Al
SH2 is used to model the in-
plane pier contraction due K1 o2 AL Ui
to shrinkage and a
Copy | Deete | Delledl temperature decrease of 50
StrEnlead degrees F. This is done in
unt [oooos €= RC-Pier through the use of a
+ Expansion - Contraction strain load. opy Delte | Deletedl
Factars Auto Generation Import Loads
Mame: J5H2 Corntraction
Besaalfi I tultiplier for Loads: |1— Generate | Irnpart |
Note: Vertically downward lnads be K Cancel |

added az negative loads in Y direction.




Run the Analysis
7 RCPier VBi [SELECTseries 1) - W:\Highway\Bridge\Automation\Development\.RFD_Frame_Pier\305 Wapello\Official Example\LRFD RC-Pier Final 2010-0... [2](8][X]
O File Show Lbraries LEAP Bridge Help -8 X
1 1 4 3 -_ ~ — Fi ~ R _
o @ m gy @ O B @& £ @ W 2 ¢ Wse R
Mew | Open Save Save Bz Print | Image Model | Resuls Diagrams | Wehicle Library Load Groups Footing Library  Pile Groups | Help  Bentley Site About  E-mal  Manual  Tutorials
[£4 PIU\EElI Lo Geumetly] 12 Loads @ Analysis wﬂ Cap I ., Cu\umn] - Fuulwng]
Run Analysis... Type: |Lnad Caze j Item: |DE1' j Uk'?"s
r ips
_|'|'> A/D Parameters Effect: |Fnr:es & Moment ﬂ Farmat: |Genelal Right ﬂ kips-ft
A
Type of Analysis: & Frame Coord. Spstem: ¢ Local @ Global Frint ...
| Memb [Hads [ Fx | Ry Fz| M| My | A Mz
1 1 08516 3052 0 i 0 4871 ~
1 2 0.8516 3052 0 Fil 0 1259
2 3 0 2822 0 Fil 0 0
2 4 0 2822 0 0 0 0
3052 0
3052 . 0
See screen on the next @ The filter allows you 2| Recommend
0 0
page for the analysis 1427 to specify what o| viewing results in
1427 0
and design parameter a7 members and nodes 2| global coordinates.
. 1427 0
settings. I you want to see as q S
1625 . 0 5726
g 13 08515 1625 well as which forces. il -452.3
E] 18 08516 1625 0 4523
9 19 0.8516 -162.5 o o 0 138.7
10 19 -0.8516 1625 o o 0 1387
10 10 0.8516 -162.5 o o 0 E7.E5
11 10 -0.8516 10.63 o o 0 -67.65
11 20 0.8516 -10.69 o o 0 8251
12 20 08516 1063 0 0 0 8251
12 21 0.8516 1063 0 0 0 111
13 21 08516 1068 0 0 0 111.1
13 22 0.8516 1063 0 0 0 1396
14 22 08516 1068 0 0 0 1396
14 7 0.8516 1063 0 0 0 1536
15 1 08516 411 0 0 0 1535 ¥
Fieady JitUpdates IES: Mot Connected | IBS: Manual | Pier View:Upstation

This screen is useful for checking reasonableness
of results and for resolving differences among
designers and checkers since you can look at load
cases, load combinations, and envelopes.




Typically fatigue is
Analysis and Design Parameters not considered.

z-check

Analysis/Design Parameters (LRFD)

Resistance Factor, phi Dynamic Load Allowance, |M (Ereel: Bl e Clear Concrete Cover, it
+ Phi az per 2006 classificatior Truck  Lame  Fatigue Cap
_ : - " LRFD 2004 top/bottom: |2
" Phi az per clazsic aproach Cap: |D.33 |D. |D.15 (¢ LRFD 2005 Interims <+ Use
. v
Tenzion Controlled: 0.3 Ul |D'33 |D' |D'1 5 Fatigue : ,2—
Footing: ||j_ ||j_ |u_ T |_24 Cap side: .
Shear and torsion: og
[normal weight] Multiple: Presence Factors Exposure Factors
i Calumi: 2.
Shear and torlsmn: . ,r Lanett 1: ,T Cap: 1
[lightweight]
Campression Contralled: Lanet 2 1. Focting

Colurnn: |1 topbattom: 3 Not of

interest

Footing: 1. for cap
Footing side: |2 and

Seismic Design column
design.

[ties]

Lanett 3 |05
Lane# 4 0.65

Maduluz of rupture

MNarmal: 0.37 w zqrfc)

Compression Controlled:
[spiral)

EWENE

Compression in STh:

Seizmic Dezign Parameters .. |

Shear and Torsion Calculations Sandlightweight: |0.2 eeilie

Cap method Footing method &ll-ightweight: 017 w zqrfc) Column Slendemesz Consideration )

¢ Simplfied || Simplified effective length
(5.8.34.1) (5.8.3.4.1) Design cap/footing for magnified moments [ Pedelta Method factars. K

~ Geheral & Gz I Design cap for magnified moments \ Number of iteralions: l—_| ’r
[5-8.-3-4-2] [5-8..3.4-2] I Design facting for magnified moments Don’t use o Bt by S e e

B R ® el Ve toment M agnification 5.
(i A3 (5.834.3) c/dt ratio C K for braced col

(" Beta-Theta  Beta-Theta r ompute K for braced columng as per

y

[.8.34.2] (5.8.24.2) Comp-> |06 <- Transition -» |0.373 ¢ Tension Intsrim 2006
A A

Ok | Caricel |

We will use “Phi as per 2006 We typically use moment
classification”. This means we look at magnification for column design. The
sections as being Tension Controlled, In- parameters we use can be entered
Transition, or Compression Controlled. on the column design screen.

See Aashto Lrfd Fig. C5.5.4.2.1-1 for
information on how the “c/dt ratio”
used in the calculation of the flexural
resistance factors in transition.

The Bridge Manual does not specify which shear method to use for cap design. A general
recommendation is to base shear design for the cap on the “Simplified” method or the “Beta-Theta”
method. The “Beta-Theta” method is actually the procedure listed in Aashto Lrfd 5.8.3.4.2 (General
Procedure with closed form solution) rather than that found in Aahto Lrfd Appendix B5 (General
Procedure with tables). The “General” method listed on the screen above is the one found in Aashto
Lrfd Appendix B5.

RC-Pier does not check column shear. Designers may want to verify that column shear is OK.




Pier Cap Design: RC-Pier

Design status report is

printed out a few pages over.

OEiIe Show Libraries LEAP Bridge Help

Yt @ 4@

MNew | Open Save Save Az Print | Image Model

O &d @& &

Resulks  Diagrams

& w2

‘ehicle Library Load Groups  Footing Library  Pile Groups

Help EBentley Site  About  E-mal Manual  Tutorials

v il % = B

[£4 PIU\EElI Lo Geumetly] 12 Loads ] B tnalysis 1 Cap ] ., Cu\umn] - Fuulwng]

Selection:

|Cap =

Auto Design

Design Status

Edit/iew
' Main bars
" Stirups

Show Cap End
Results

<l

?

Lacation Bar Size:  HBars

From: ft To: ft Bardist. in  Hook:
We’'ll include [tor =] [z~ =] [0 o o [ [Mone =]
this, but there Top #3 8 016 1484 319 Nane
. Top #3 & 016 4484 719 Nane
really isn’t a Ecttom #5 3 016 658 313 Mone
Bcttam #3 & 516 29,84 313 Nane |7 Beam cap R/l can be automaticall
need to do so. Bcttam #8 & |42 |4434 313 Mane PR/ \

generated if desired. More than
likely the generated reinforcement
will need to be modified. | manually

| lapped the #6 bottom bars
with the #8 bottom bars.

Modify

entered the flexure and shear
reinforcement.

Delete

Delete 8l

il

Sketch

Fieady B Updates | IB:5: Mot Connected | IBS: Manusl | Pier View:Upstatian
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(e g PID\EElI £ Eenmetl_l,l] 158 Loads ] B Analysis 4 Cap ] ., En\umm] = anhng]

Selection:

Cap -

1
Auto Design
Design Status

Edit/iew
" Main bars

(¥ Stimups

Show Cap End
Results
Stirup Size n legs Awdssindft From: ft Ta: ft Spacing, in
s =] =] o o 0
#5 4 1.430 0oa 1.58 10,00
#5 4 2.980 1.58 367 5.00 . .
#5 4 2480 |37 1175 00 The stirrup spacing does not need to
#5 4 0.902 11.75 17.25 1650 .. . .
e a 1 em s e divide exactly into the distance covered
#5 4 0.902 2775 3325 16.50 “« ” “ ” H
= 4 o |mm  |mes 8 between the “From” and “To” entries.
#5 4 2.980 41.33 4342 5.00 H 4 ’
u . e prps 1000 For instance, double #5s at 10” doesn’t

divide evenly into 1.58’. RC-Pier just
assumes the stirrup area of the double

#5s at 10” applies over the first 1.58" of
the pier cap.

T The shear reinforcement is
modified somewhat from that
shown in the plan set.

Sketch T T

Delete

Delete Al

fhppr

Ready
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STRENGTH ENVELOPE

‘ Cap Diagram: Moments L = 45.00ft (Max: 1037, Min: -2535 k-]

Mr+ is not necessarily based solely on the reinforcement provided, but also on the reinforcement required. Just above this box you’ll
notice that the maximum “Cap Diagram Moment” is listed as 1037 k*ft. This value is an Mr+ moment based on 1.2*Mcr, not the area
of steel entered. This is shown in some hand calculations a little later. So don’t assume that the pier cap is okay based on this graph.

1200 Mr+

£00

-B00

R

Mmin

a0

2400

3000

2280 3860 45.00
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Cap = [m - - & Desion
STRENGTH ENVELOPE
Cap Diagram: Shear L= 4500 [Max: B14.6, Min: -614.5 kips]
0o
4 Ve + V. Vmax .
S S A N S - + F LT S I
580 : " <4 S C ; :
i E50 2250 2850 45.00
Ready
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CAP DESIGN

CAP DESIGN
Code: AASHTO LRFD 2007 fwith Ierims)

Lintz: LIS

Pier Wiew: Upstation.

I’'ve included some
portions of RC-Pier’s
output for the cap design.

DESIGN PARAMETERS

fo = 35000 pai

Fy flez = BO000 0 pai Fy shear = BO000.0 pi
phi tens = 0.90

phi comp = 0,74 phi shear = 0.90

Tenz below = [.375 Corap Ahove = (LA
Ec = 3586 5 k=i Es = 290000 ki

Crack check az per 2005 Interims

Crack cordral Expozure = 1.0

Concrete Type @ Monmal Wieight.

Dezign of cap at certeding of colurn.

|CAP GEOMETRY

Tapered Cap : Length(#) = 45 00 ft Depth () = 39.00 in

|Cap Section Properties
- Area b Izz
ft"?  in™ in ™
11300 35942400 237276 00

5

MAIN REINFORCEMENT

.. Bardist Astotal From To

Bar size Cuantity o - it it Hook
TOP
#1 G 319 4000 016 4484 Mone
#1 k 719 B000 016 4484 Mone
BOTTOM
#h k I3 2R 016 BAR Mone
#0 ] 313 470 516 3984 Mone
#6 ] 313 2640 3542 484 Mone
STIRRUPS
From To Stirmu Spacing Aprris
ft ft Sizep n legs pin ’ inl']‘ZHt
0o 1458 #4 4 1000 1.44
158 3K #4 4 4.0 298
IET 1175 #4 4 B0 248
176 1725 #5 4 TRAN .40
172 1T #4 4 8.0 1.86
2175 1125 #5 4 kAl 0.0
312 N33 #h 4 f.00 2.4
433 4242 #5 4 4.0 298
4342 4500 #4 4 1000 1.44




|FLE}{URE DESIGN

Bottom R/I

Top R/I

|Span 1: From 0.00 #t To .50 ft

Mmax

lowa has special loading
requirements for the pier cap
overhang design which were
not included in this RC-Pier run.
Further on in this example is a

Loc Absloc H Himin .I'rlr Comb CL P.?h-req P.?h-pnr P..sh-eff P..st-req P.:'it-pn: P:st-el’f spreadsheet design addresses
ft ft in hips-ft hips 4t in™? in? "2 | in"? n"? " these requirements.
nn 0.0 36 nn 0 0T GG 00F 00| 0GF 0O0F O0F <
no 400 nT N6 o00F o000 066 00F O0F The cap end results could
24 2448 B 87317 M7 01 264 2R4) 071 1400 1400 have been excluded if we
204 003 49T 071 264 264 071 1400 R0 had left the “Show Cap End
5.0 50 48 0o Ra7 2 0T 076 264 264 0T 1400 1400 Results” check box
0865 25205 14T (.76 264 2h4] 580 1400 1400 unchecked.
5.0 540 43 00 6244 0T 0.76 T 252 07 1400 1400
14038 25240 147 0.7k TR 3400 VAR 1400 1400| Ideally the C.L. of the
b5 b5 48 nn 624 0T 0.7k T 255 07h 1400 1400 - lumn would be excluded
742 253110 147 0.7k T38| 384 936 1400 1400 | < o
when the user specifies
< offsets from the C.L. of
Span2: From 6.50 ft To 22.50 ft columns as we did.
Kmax
L:: Hh:th: II;: Iﬁ!min ﬁ:l:.ft Comb CL H?:éeq F'?::ém H:nhn-;ff .P.i::gq H?:‘l:zw P;:tn_;“ This is where the two sets of
hips 4t bars lap each other:
0.0 .5 43 00 6294 0T (.76 T3] 253 076 1400 1400 L | 5
T8 20 T | 076 | 73] 3ed] 45 1400 1400 2.64+4.74=7.381n
07 7.2 43 0o #h 0T 0.7k 474 37| 076 1400 14.00
14239 26348 LN 0.7k A74 A7 TI0 1400 14.00
27 92 48 3738 1073 34T ] A7 A3 076 1400 14.00 | will show some hand
4090 M348 YT 0.7k 474 474 429 1400 14.00 calculations for the bottom
39 M4 48 8226 10366 M 830 4% 48 0Th 1400 1400 | «— reinforcement at this
1969 25348 AN T (.76 474 474 136 1400 14.00 location (3.9') a little later in
5.3 M54 W74 10366 gT 230 47 4@ 076 1400 1400 the example.
1293 25548 AT 0.7k 474 474 089 1400 14.00
all 145 48 7942 10366 alT 230 4F 47| 0FR 1400 1400
S40 25348 M T 0.7k 474 A7 076 1400 14.00
0T 17248 TR 10293 MT 213 4F 4xr| 0TF 1400 1400
G50 M348 36T 0.7k 474 474 076 1400 14.00
1210 195 48 187 10293 827 a08  4F 4dr| 0TR 1400 1400
A5 M348 WA T (.76 474 A4 0 1400 14.00
13.3 195 45 M40 10293 3T 1.4 474 474 0T 1400 1400
2958 25344 0e T 0.7k 474 Ay 207 1400 14.00
153 MA 4 nn 10293 0T 0.7k 474 A¥ 07 1400 14.00
68 253448 NT 0.7k 474 A7 553 1400 14.00
16.0 MA 4 0o 10293 0T 0.7 474 A3 076 1400 14.00
12042 263478 Mmr 0.7k 474 474 BAR 1400 14.00




Span 3: From 22.50 ft To 38.50 f

Loc AbsLoc H ::?: -I'.'Ir Comb CL H.:?h-req P.?h-pnr P.-sh-efff .P..st-req P.?t-pnr P:st—efﬁ
ft ft in . hipst in2 in" in™% | in™? n" in"2
hipst

0.0 25 1 00 10293 0T 076 474 474 07 1400 1400
12042 25348 T (.76 47 474 Ba6 1400 1400
07 22 4 00 10293 0T 0.76 41 434 07 140 1400
6.8 25548 82T 0.7k 474 474 553 1400 1400
X 228 M40 1093 AT 142 474 474 076 1400 1400
-M38 253448 27 0.7k 474 A4 207 1400 1400
40 QA A8 TRT 10293 0d T a0 48 43| 07 1400 1400
A5 M8 3BT 0.7k 474 A0 07 1400 1400
5.3 21048 TAR1 10293 T 813 48 4| 07 1400 1400
359 253408 H0T (.76 41 404 07 1400 1400
] 05 45 7942 1036k 27 30 47 4F| 0 1400 1400
40 29348 /N T 0.7k 474 474 076 1400 1400
07 3[2 4 MT4 10566 5T 230 48 4@ 076 1400 1400
293 25348 AT T 0.7k 474 474 068 1400 1400
12.1 B 43 8226 10366 LE) 230 48 43| 07R 1400 1400
1969 24348 7T 0.7k 474 A4 136 1400 1400
133 W84 3738 10293 MM T 240 474 A% 07 1400 1400
4090 25348 14T (.76 41 4704 429 1400 1400
153 A4 00 A 0T 0.76 41 33| 07 140 1400
14239 245448 54 T 0.7k 474 474 T 1400 1400
16.0 05 M 00 G304 0T 0.7k T3 25 076 1400 1400
17456 24311 8T 0.7k T3 39 95 1400 1400

Span4: From 38.50 ft To 45.00 ft
Loc AbslLoc H ::?: .I'rlr Comb CL P.?h-req P.?h-pnr P..:ih-eff P..st-req P.?t-pnr P:st—el’f
ft ft in Kips it hipst in2 in™ in™ | in® % in"2
0 365 48 00 604 0T 0.76 T3 285 0Th 1400 1400
11142 25311 T 0.7k 736 395 936 1400 1400
07 92 M 00 G254 0T 0.7k 736 253 076 1400 1400
10368 25240 T 0.7k 738 3M| TAR 1400 1400
15 00 43 00 6472 0T 0.7k 264 2R4] 076 1400 1400
0865 25205 81T 0.7k 264 2h4[ 560 1400 1400
41 26582 ME 5731 MT 0.1 264 2R4[ 071 1400 1400
204 0603 AT T 0.7 264 2R4[ 07 1400 B0
b5 451 3k 0 1IN 0T 066 O 000 06k 00F (00K
00 40 0T 0BG 0OF O00F 068 O00F O0F

Flexure Design : Notes
CL: Section clazsificaion az per LRFD 2006 irterimsz for provided reirforcement.

C = Cornpression cortralled, | = Ih-Tranztion, T= Tensioh cortralled.

* The provided reinforcement iz not adequate, ether less than required or larger than masdirmum allowed.




| SHEAR AND TORSION DESIGN

Required Shear R/I

Provided Shear R/I

|Span 1: From 0.00 #t To6.50 ft

v

\4

Loc AbsLoc Pos ¥u Comb Tu Comb phi*¥c Tdim Avsh 2tsls Avds Aprvds Alx
ft ft hips hips it kips  hipsdt in®Mt in®Mt in"Aft in*MMt in"2
ono 0 R 1] 0ol 0 1435 56 000 00 o000 143 000
240 2L a7 1 00 0 1459 720 000 000 000 285 000

R A7 14 98 GR2 1458 720 1RS 000 1hE 293 000
5.0 all L A6k 14 98 1000 1640 &85 142 000 142 243 000

R MGk 14 898 GBR2 TRA0 8R3 142 000 142 243 000
5.7k ATh L MBS 14 98 1000 1640 883 143 000 145 243 000

R M85 14 98  GR2 TR40  BB3 143 000 143 243 000
b Al Bal L 4203 14 98 1000 1640 833 144 000 144 243 000

Additional longitudinal
reinforcement required
based on Aashto Lrfd
5.8.3.5. As of the printing of
this example the lowa DOT
Bridge Design Manual
requires that this provision
be met all along the cap for
pier cap design.

Span2: From 6.50 ft To 22.50 ft

Loc Absloc Yu Comb .Tu Comb

phi*¥c Tdim Avsks 2Atsls Auvls Aprubs Alx

™ hips-t hips kipst in"2Nt in"2Mt in"2Mt in"Mt in™?
000 650 R 4957 19 893 1005 1640 8a3 185 000 165 248 000
074 724 L 4969 19 83 667 1640 8a3 187 000 187 243 000
R 499 19 93 1005 1640 883 187 000 187 248 000
261 917 L 4922 19 93 B6r 1640 883 185 000 185 248 000
Ro4922 19 93 1005 1640 983 185 000 185 243 000
I8 1044 L 4891 19 93 BRY OTM3 883 18 000 17 243 340
R 647 731 05 G66 1713 663 000 000 000 245 000
535 1183 L 614 731 05 1004 1713 8a3 000 000 000 090 000
R B4 731 05 G66 1713 863 000 000 000 080 000
500 1450 L 548 73l 05 1004 1113 8s3 000 000 000 080 000
R 548 731 05 GG 1713 883 000 000 000 080 000
6T 1717 L 483 731 05 1004 1713 @83 000 000 000 080 0.00
FRo4#3 ™ 05 BRE 1713 883 000 000 000 080 000
11598 1543 L $H1 T 05 1004 1713 883 000 000 000 186 000
R 491 &4 03 a5 1713 663 144 000 144 156 39
1335 1983 L 24 84 103 1213 1713 @63 146 000 146 186 140
R 424 84 03 a5 1713 663 146 000 146 186 140
1526 2176 L 471 84 103 1213 1640 @83 159 000 153 186 0.00
R 4471 84 103 875 1640 883 159 000 1459 186 000
1600 2250 L 4489 84 103 1213 1640 @83 160 000 160 186 0.00

|

T

appropriate for their design.

Torsion is usually not a factor for a typical frame pier design.
There are essentially two reasons for this. The first reason is
that we often use a single line of bearings centered on the pier
cap. Modeling the pier this way reduces Mx cap moments. The
second reason is that we generally assume lateral
superstructure loading does not generate Mx cap moments
between the superstructure and the top of the cap. The user
needs to determine if these modeling assumptions are




Span 3: From 22.50 ft To 38.50 ft

Loc AbsLoc Pos Yu Comb Tu Comb phi*¥c Tdim Avsk 2Atsls Avds Aprwds Alx
ft ft hips hipst hips  hipsdt in™28t in"2ft in®™2t in"2t in™2
0o 22480 R 4439 A 03 115 1640 83 160 000 160 186 0.0
N4 23241 4471 4 103 &7 1640 883 159 000 1A% 186 0.0
R447 4 103 115 1640 883 159 000 1459 186 0.0
2RT BT L A A 13 &7 113 883 146 000 146 186 152
o444 4 13 115 113 83 14 000 146 186 1.40
a0 %52 L 4390 4 13 &7 113 883 14 000 140 186 398
BR81 119 04 1006 173 833 000 000 000 186 0.0
533 783 L #/3 1My 05 20 M3 883 000 000 000 080 000
BRO#3 19 04 1006 1713 @83 000 000 000 080 000
a0n 3080 L a8 1M 05 20 13 &3 000 000 000 040 000
Roo548 1019 05 1006 173 833 000 000 000 080 0.0
MET 3347 L B4 19 05 20 113 &3 000 000 000 040 000
EOBIA 119 04 1006 173 833 000 000 000 080 0.0
1206 3456 L BAT 1M 05 A0 13 @3 000 000 000 248 000
R 4891 Bl 93 BRG O1T3 BRI 1#M 000 17 243 338
1333 /A3 L 4922 B0 93 1007 1640 883 185 000 185 243 0.0
R4322 G0 93  GBRY Te40 @83 185 000 185 243 0
1926 3T7H L 499 Bl 93 1007 1640 833 187 000 187 243 0.0
R 494 Bl 93 GBR 1R40  8R3  187T 000 187 243 0.0
1600 3550 L 4957 Bl 93 1007 1640 833 185 000 183 243 0.0

Spand: From 38.490 ft To 45.00 ft

Loc AbsLoc Pos Yu Comb Tu Comb phi*¥c Tdim Avsh 2Atsls Avd Aprvds Alx
ft ft hips hipst hips  hipsdt in®2t in™2t in "2t in "2t in"2
000 3340 R 4203 98 100 140 B3 144 000 144 243 000
074 M4 L 485 50 98 TS5 1R40 683 143 000 143 243 0.0

R 41a5 50 98 101 k40 683 143 000 143 24F 0.0
150 4000 L 466 50 98 TS MR40 683 142 000 142 24F 0.0

R HER 50 98 101 R40 BR3 142 000 142 243 000
41m L2260 L 407 5 98 TE 1488 A0 163 000 1RR 293 0.0

R a7 1 00 0 1459 720 000 000 000 293 000
bA0 4500 L 0.0 n 0o 0 1495 576 000 000 000 149 000

Shearand Torsion Design : Notes
- Pos is the design postion. L suggests the calculation is done at immediate left of "Loc" and R, suggests at immediate nght of it.

- THim is the limifing walue of torsion for the concrete section. K actual tarsion is higher than this walue, forsional steel has to be provided.

- Puests iz the required area of steel per unit lenogth for shear force.

- 2A=tz is the required area of teel per unit length for tua legs of torzional reinforcernert.

- Py is the total required area of steel per unit lenigth due to shear plus torsion.

- Porvals iz the fofal provided area of steel per unit lenath due to shear (zinups).

- Al iz the EFFECTIVE longiudinal steel required in addiion to the PROWIDED EFFECTIVE flexural steel.




|CRACHIHGIFATIGUE CHECK

|Span 1: From 0.00 # To6.50 ft
Cracking Crackin Cracking Cracking Fatigue

Loc Absloc H Cracking fat de s Srqt Sprt fat :l{i'::uf:ft Fatigue
ft ft in GComb fs-b . Srgb Sprb fs-b . Comb
. in . q . matiofah
hsi in in hsi
240 24 48 4003 049 32 30 47 0.0 0.00 0
4404 049 31 30 bk 0.0 0.00 0
5.0 50 430 4055 16.7 32 WA 47 0.0 0.00 0
] 0.0 31 .0 bk 0.0 0.00 0
576 58 430 4055 215 32 232 47 0.0 0.00 0
] 00 11 A0 3l 0.0 0.0 0
b.A0 6.A 450 4055 22 32 174 47 1] 0.0 1
] 00 31 30 3l 0.0 0.00 0
Span2: From6.50 ft To22.50 ft
Craching . CGracking Cracking Fatigue .
Loc Absloc H Cracking fs4 Em;:.mg Sqt Sprt fat ;1.1;“;1 Fatigue
ft ft in  Comb fsb . Srgb Sprth f5h . Comb
. in . . . matio fsb
hsi in in hsi

0.0 BA 480 4055 301 32 147 47 0.0 0.00

0 0. 31 30 il 0.0 0.0

.74 12 430 4055 243 32 19.1 47 0.0 0.00

0 0 31 30 bk 0.0 0.00

267 42 480 055 1.7 32 30 47 0.0 0.00

4551 141 31 201 bk 0.0 0.00

M 04 480 55 33 32 30 47 0.0 0.00

4551 3k 31 18 bk 0.0 0.00

533 118 480 A58 2.2 32 30 47 0.0 0.00

4551 360 31 10.5 bk 0.0 0.0

gon 145 480 4055 04 32 3.0 47 0.0 0.00

4541 343 31 123 bk 0.0 0.00

e 172 40 0 0 32 30 47 0.0 0.00
4655 0.0 31 150 bk 0.0 0.00
118 185 40 0 0. 32 30 47 0.0 0.00

4213 30.2 31 143 bk 0.0 0.00

1333 198 40 4500 44 32 30 47 0.0 0.00

4005 8.1 31 30 bk 0.0 0.0

1526 MG 480 4503 143 32 3.3 47 0.0 0.00

0 0 31 30 bk 0.0 0.00

600 235 40 4509 133 32 235 47 0.0 0.00

[ e e e ) e e Y e Y e ) | o e Y (Y o B e e e e Y e o e Y (o e Y e Y e )

0 0.0 31 340 bk 0.0 0.00




Span 3: From 22.50 f To38.50 ft
Cracking Crackin

Cracking Cracking Fatigue

Loc Absloc H Cracking fs4 de Sqt Sprt fat ;Eg;: Fatigue
ft ft in Comb fs-b . Srgb Sprb fs-b ) Comb
. in . . . ratio fs-b
hsi in in hsi
0.00 225 40 23 199 3.2 2.5 47 0.0 0.00 ]
0 0.0 3.1 39.0 b.h 0.0 0.00 ]
n.r4 232 450 4273 144 32 363 47 0 (.00 ]
0 0 3l 390 bh 0 (.00 ]
27 A2 450 A3 L 32 3.0 47 0 (.00 ]
4292 a1 31 3.0 bk 0 (.00 ]
402 B5 480 0 0 312 10 47 0 (.00 1]
4500 nz 11 144 bk 0 (.00 ]
5.33 28 a0 1] 0.0 3.2 9.0 47 0.0 0.00 ]
4162 ann 3.1 151 b.h 0.0 0.00 ]
a.00 05 450 4343 04 32 3.0 47 0 (.00 ]
4266 33 3l 123 bh 0 (.00 ]
067 332 450 4343 217 32 3.0 47 0 (.00 ]
A266 30 31 104 bk 0 (.00 ]
12106 M6 480 4342 33 312 10 47 0 (.00 1]
A266 REN 11 93 bk 0 (.00 ]
13.33 358 480 H42 1ni 3.2 9.0 47 0.0 0.00 ]
4266 19.1 3.1 211 b.h 0.0 0.00 ]
19.26 W8 4E0 4342 244 32 19.1 47 0 (.00 ]
0 0 3l 390 bh 0 (.00 ]
16.00 5 450 4342 01 32 147 47 0 (.00 ]
0 nn 31 3.0 3l 0 (.00 ]
Spand: From 38.50 ft To45.00 ft
Cracking . Cracking Crachking Fatigue N
Loc Absloc H Cracking fat Em;:m Srqt Sprt fat ;T;:uf:i Fatigue
ft ft in GComb fs-b . Srgb Sprb fs-b . Comb
. in . - . matiofsh
hsi in in hsi
(.00 305 450 4342 2 32 174 47 0 (.00 ]
] nn 31 30 il 0 .00 ]
074 392 450 4342 M5 32 232 47 0 (.00 ]
] nn 31 30 3l nn .00 ]
150 a0 450 4342 16T 32 Nk 47 0 .00 1]
] nn 31 1n bk nn .00 ]
410 25 45 4204 049 3.2 1.0 47 0.0 0.00 0
4003 09 31 9.0 b.h 0.0 0.00 0




Hand Calculations for Bottom Reinforcement in Span 2 at Location 3.9’

Monax = 822.6 k*ft

p=A/(b*d)=(4.74 inz)/[(39”)*(44.875")] =0.0027084

Py = [(0.85*B*f'()/f,1*[87/(87+f,)] = [(0.85*0.85*(3.5 ksi))/(60 ksi)]*[87/(87 + 60 ksi)] = 0.02494345
Pmax = 0.634*p, =0.0158141  (See derivation below.)

Pmax > P Which means the section is tension-controlled: f; = f, and ¢ = 0.90

a = A*f,/[(0.85)*(f)*(b)] = (4.74 in®)*(60 ksi)/[(0.85)*(3.5 ksi)*(39”)] = 2.4512”
OM, = OAXf,*(d — a/2) = (0.9)*(4.74 in®)*(60 ksi)*[(44.875”) — (2.4512”)/2]/(12 in/ft) = 931.04 k*ft

f. = 0.37*(f )% = 0.37%(3.5 ksi)®> = 0.692207 ksi
M, = f.*1/c = [(0.692207 ksi)*(1/12)*(39”)*(48”)%1/[(0.5)*(48”)*(12 in/ft)] = 863.87 k*ft

1.2M,, = (1.2)*(863.87 k*ft) = 1036.65 k*ft > ¢Mn = 931.04 k*ft
1.2M = 1036.65 k*ft < (4/3)*Mmax = (4/3)*(822.6 k*ft) = 1096.8 k*ft

So 1.2M,, = 1036.65 k*ft controls the design — Find required A based on 1.2*M,,
Rn = Ru/$ = My/(0*b*d?) = (1036.65 k*ft)*(12 in/ft)/[(0.9)*(39”)*(44.875")%] = 0.176 ksi

p = (0.85*F /f,)*[1 - (1 — (2*R,)/(0.85*F ))*°]
= [(0.85)*(3.5 ksi)/(60 ksi)]*[1 — [1 — ((2)*(0.176 ksi))/((0.85)*(3.5 ksi))]°*] = 0.003026

39//
Required A, = p*b*d = (0.003026)*(39”)*(44.875”) = 5.295 in> €& Matches RC-Pier A "
A A
Derivation of pma = 0.634*p,, [Ensuring tension controlled sections for
singly-reinforced concrete beams.] 44.875"
Compression Tension 48"
Controlled Transition Controlled
0.75 <= ¢ =0.65+0.15%(d/c—-1) <= 0.90 x ‘
€ <= 0.002 € >= 0.005 v 3.125%
di/c <=1.667 di/c >=2.667
c/d; >=0.600 c/d, <= 0.375 6 - #8s
A,=4.74in*
To get ¢ = 0.90 the &, >= 0.005 and ¢/d; <= 0.375 Note: c/d; = &,/(g, + &)
At yield: Py = [(0.85*B,*f'()/f,1*[87/(87+f,)] = [(0.85*B*f'.)/f,]*[e./(e, + &,)]

= [(0.85*B,*f')/f,]*[0.003/(0.003 +(60 ksi)/(29,000 ksi))] &, = 0.00207 in/in
= [(0.85*B,*f".)/f,]*(0.5918367)
= [(0.85*B*f')/f,]1*(3/5) approximately

At g;=0.005: Pmax = [(0.85*B;*f'()/f,]*[0.003/(0.003 + 0.005)]
= [(0.85*B,*f")/f,]*(0.375)
= [(0.85*B*f")/f,]*(3/8) approximately

SO Pmax = Ci¥*pp & {-(-0:85@;}&-)#&*(0.375) = Cl*{-(-9785iB;ifie-)7Lfy}*(0.5918367)
C,=0.375/0.5918367 = 0.634 which is approximately [(3/8)/(3/5)] = 5/8 = 0.625

So in order to ensure ¢ = 0.90 the value of p must be less than the new py. = 0.634*p,



Spreadsheet for Pier Cap Flexure Design — Consider Discrete Point along Cap

Enter Moments from RC-Pier

| DISCRETE FLEXURE DESIGH
Design Top and Bottom RJl for One Discrete Location

| Aashto Lrfd 5.7

|Cﬁ|:| Depth (E‘.-

Cap Height (v)

Cap Depth (£)

Concrete Strength, fo

Reinforcement Yigld Strength, fy

Reinforcement Modulus of Elasticity, Es

Flexure Resigtance PhiFactor, i

Shear Resistance Phi Factor, ¢,

4.000] ft 8 ® 08
3.250/ ft Cap
3.500| ksi Aashto Lrfd 5.4.2.1 Height
60,000 ksi Aashto Lrfd 5.4.3.1 ) o0 00
29000.000) ksi Aashto Lrfd 5.4.3.2
0.900| Begin by assuming a tension-controlled =ection, f= 0.5 — Aashto Lrid 5.5.4.2.
0.900( ¢, = 0.9 — Aashte Lrfd 5.5.4.2.

|Design Bottom Cap Reinforcement |

|Design Top Cap Reinforcement |

|Fﬁdured Applied Positive Moment, Mu, |

822600 k°ft |

|Fﬂ ctored Applied Negative Moment, Mu, |

1423.900] kit

Note: Use positive valug for negative moments.

Factored applied =hear wil be used in calculation of additional longitudinal reinforcement. WVu would typically be concurrent with Mu.
489100 k Factored Applied Shear, Vu |

|Fﬁdured Applied Shear, Wu |

496.900] k |
Note: Use positive value for shears. Note: Use positive value for shears.
Rough Estimate of A, required 4.162| in*2 | Rough Estimate of A, required 7.341] in"2 |
Estimate of the number of bars #7 T Estimate of the number of bars #7 13
required for bar sizes: #3 6 required for bar sizes: #2 10
#9 5 #3 ]
#10 4 #10 6
#11 3 #11 5
|Bar Size for Flexural Reinforcement | 8 | |F.lar Size for Flexural Reinforcement | 9 |
d' (in} by Layer, No. of d (in} by Layer, No. of
Reinforcemsnt Meazured from | Bars per d, (in} by Reinforcement Meazured from | Bars per | d; (in) by
Layer Bottom of Cap| Layer Layer Layer Top of Cap Layer Layer
1 3.125 3 44,575 1 3.1875 3 44,8125
2 7.125 40,875 2 7.1875 3 40,8125
3 11.125 36,875 3 11.1875 36,8125
4 15.125 J2.875 4 1561875 32,8125
Total Bar Area Input, A, provided 4.740| in*2 Total Bar Area Input, A; provided 14,000 in*2
Distance from Top of Cap to C.G. of Bar Group, d; 44,875( in Distance from Bottom of Cap to C.G. of Bar Group, d 43,098 in
Note: Total bar area iz lumped at itz center of gravity. MNote: Total bar area is lumped at its center of gravity.
Flexural Capacity Check Aashto Lrfd 5.7.3.2
Factored Applied Moment, Mu; 822,600 k=ft Factered Applied Mement, Mu, 1423.900] k*ft
Depth of Equivalent Stress Block, a 2.451] in Depth of Equivalent Stress Block, a 7.240] in
Factored Flexural Resistance, Mr, = flin, 931.042] k=ft Factered Flexural Resistance, Mr, = gin, 2487133 k*ft
Is Mu, <= Mr, ? Yes Is Mu, <= Mr, ? Yes
Minimum Reinforcement Check Aashto Lrfd 5.4.2.6 and 5.7.3.3.2
Modulus of Rupture, f; 0.692| ksi Maodulus of Rupture, f. 0.692| ksi
Section Modulus of Cap. S; 8.667| ft"3 Section Modulus of Cap, S; 8.667| ft"3
120% of the Cracking Moment. 1.2*Mcr, 1036.649| k*t 120% of the Cracking Moment. 1.2*"Mcry 1036.649| k*t
—— |Is 1.2*Mcr, <= Mr, ? No Is 1.2*Mcr, <= Mr, ? Yes
- OR e OR
A required ‘ 4.174‘ in*2 A required | 7.59?‘ int2
— [Is A; prov'd == 1.33"A, req'd 2 \ No \ [1s A prov'd >= 1.33°A, req'd ? [ Yes

Matches RC-Pier results on previous page.

Continued on next page.




Maximum Reinforcement Check Aashto Lrfd 5542 5721 and5733

Stress Block Factor, 31 0.850 Stress Block Factor, £1 0.850
Location of Neutral Axis, ¢ 2.8584]in | Location of Neutral Axis, ¢ 8.517]in
Net Tensile Strain in the Extreme Tension Steel, s 0.044( infin | Met Tensile Strain in the Extreme Tension Steel, s 0.013| infin
Is Section Tension Controlled? =, == 0.005 Yes Is Section Tension Controlled? 2, >= 0.005 Yes

Is Section Compression Controlled? e; <= 0.002 No Is Section Compression Controlled? e; <= 0.002 No

Is Section in Transition? 0.005 > = = 0.002 No Is Section in Transition? 0.005 > e, = 0.002 Na

Flexure Phi Factor, ¢, for Design 0.900 Flexure Phi Factor, ¢, for Design 0.300

NOTE: If section is in Transition, then the user must adjust the Flexural Phi Factor, ¢, in cell G7.
If section is Compression Controlled, then the user can not use this spreadsheet, but must do a strain compatability analysis.

Additional Longit. R/l Check Aashto Lrid 5.5.3.5

Stirrup Bar Size (i.e #4, #5, etc ) 5 Stirrup Bar Size {i.e_ #4, #5, etc ) 5

Number of Stirrup Legs (Typ. 4 legs for double hoops) 4 Number of Stirrup Legs (Typ. 4 legs for double hoops) 4

Stirrup Spacing at Location of Interest (i.e. at Mu) 6.000] in | Stirrup Spacing at Location of Interest (i.e. at Mu) 6.000] in
See Aashto Lrid 5.58.3.4.1 for Simplified Shear Procedure or 5.5.3.4.2 for the General Modified Compression Field Theary

[Beta i I 2.000] [Beta, & | 2.000]
[Theta, # | 45.000] deg | [Theta, # [ 45.000] deg
|Eﬁectlve Shear Depth, dv \ 43.EdB| in | |Eﬁect|ve Shear Depth, dv | 39.478\ in
Concrete Shear Resistance, V, 201.277 | k Concrete Shear Resistance, V, 182.043| k
Stirrup Shear Resistance, Ve 541.253| k Stirrup Shear Resistance, V: 489.531| k
Vnee=Vec+ Vs 742.530| k Vne: = Ve + Vs 671.574| k
MNmax = 0.25°Fc bv"dv 1489.536| k VNmax = 0.25°Fcbv*dv 1347.197| k
W = minimum of Vng; and Wnqpa, 742.530| k Vn = minimum of Vn .z and Vngz, 671.574| k
[V [ 668.277] k | [ [ 604417k
|Factored Applied Shear, Vu | 489.100] k | |Factored Applied Shear, Vu [ 496.900] k
|I5 Shear Design Adequate? ¢,*Vn = Vu ‘ Yes | |Is Shear Design Adequate? ¢,*Vn = Vu | Yes ‘
MNote: Shear design must be adequate to continue. MNote: Shear design must be adequate to continue

[Total Longitudinal Reinforcement Meeded I 8.735] in*2 | [Total Longitudinal Reinforcement Needed | 13.138] in"2
|Additional Longitudinal Reinforcement Needed | 3.995] in*2 | |Additional Longitudinal Reinforcement Meeded [ 0.862] in"2
If value for additional longitudinal reinforcement is zero or negative it means that this provision of the code is satisfied.

|Is Additional Longitudinal R/l Requirement Met? \ No | |Is Additional Longitudinal R/l Requirement Met? | Yes \
MNote: Flexural and/or shear R/l should be increased until this requirement is met. Mote: Flexural and/or shear R/l should be increased until this requirement is met.
[Is Flexural R/l Adequate? [ NO, More Rl is Required. [Is Flexural Ril Adequate? | YES, Flexural Ril is Adequate.

Current policy is that this requirement must be met.

Continued on next page.




Crack Control: Flexure R/l Aashto Lrfd 5.7.3.4. Spacing should also comply with Aashto Lrfd 5.10.3.1 and 5.10.3.2.

|Expusure Factor, v=  (Typically 1.00) | 1.000 |
Class 1 and 2 exposure factors are 1.00 and 0.75 respectively.

|Cmncrete Cover Thickness to R/l Center, d, | 3.125| in
|8s | 1.099]
|User Value for Positive Service M, | E.‘)1.5I}D| ket
See Aashto Lifd 5.4.24 and 5.7 1forE; and n

Reinforcment Ratio, p 0.00271
Concrete Modulus of Elasticity, E. 3586.616( ksi
Modular Ratio, n 8.000
Factor for Distance to Meutral Axis, k 0.188
Reinforcement Stress at Service Level 39.207] ksi
[Max. Spacing of Bot Layer of Pos. Flexural Ril, s | 9.989] in

Crack Control: Skin R/l

[Is Skin R/ Required 2 (Is d. = d. = 3.00'?) [ Yes |

|Area of Skin R/l Required per Face, Ax |

0.179] in*2 per ft|

|Max Spacing of Skin R/l Required | 7.479] in

|Expc|sure Factor, v=  (Typically 1.00) | 1.000 ‘
Class 1 and 2 exposure factors are 1.00 and 0.75 respectively.

|Cnncrete Caver Thickness to R/l Center, d, | 31 EB‘ in |
|8s | 1.102]
|User Value for Megative Service M, | 1141.000‘ kKt |

Note: Use positive value for negative moments.

Reinforcment Ratio, p 0.00833
Concrete Modulus of Elasticity, Ez 3586.616| ksi |
Modular Ratio, n 8.000
Factor for Distance to Neutral Axis, k 0.304
Reinforcement Stress at Service Level 25.255| ksi |
[Max. Spacing of Top Layer of Neg. Flexural R/l s | 18.785[ in |

Aashto Lrfd 5.7.3.4. Spacing should also comply with Aashto Lrfd 5.10.3.1 and 5.10.3.2.

[Is Skin R/l Required 2 {Is d. = d, = 3.00'?) [ Yes |

|Area of Skin R/l Required per Face, Ax |

0.157] in*2 per ft|

|Max Spacing of Skin R/l Required | 7.183]in

Shrinkage and Temp. R/l

|Area of Skin R/l Required per Face, A,y |

0.233] in*2 per ft|

[Max Spacing of Skin R/l Required | 12.000] in

Aashto Lrfd 5.10.8. Spacing should also comply with Aashto Lrd 5.10.3.1 and 5.10.3.2.

|Area of Skin R/l Required per Face, A, |

0.233] in*2 per fi|

[Max Spacing of Skin R/l Required | 12.000] in

Eatigue in R/l Aashto Lrfd 5.5.3

Office policy is to neglect checking fatigue.



Spreadsheet for Pier Cap Shear Design — Multiple Points along Cap

Enter Forces from RC-Pier

[SIMPLIFIED SHEAR AND TORSION DESIGN

Enter the basic pier cap dimensions in order to handle geometric variations.

[Cap Depth (Z) 3.250] ft |
Cap Height at Center 4.000) ft

Cap Height at Left End 3.000) ft

Cap Height at Right End 3.000) ft

Cap Length (X dirn) 45.000] ft

Length of Left Cap Taper 5.000) ft

Length of Right Cap Taper 5.000) ft

Length of Non-Tapered Segment 35.000( ft

Concrete Strength, fc 3.500| ksi
Reinforcemnent Yield Strength, fy 60.000( ksi
Reinforcement Modulus of Elasticity, Es 29000.000] ksi

Shear and Torsion Phi Factor. ¢, 0.900

Modulus of Rupture, f, 0.692 ksi |
Bar Size for Shear Stirrups 5

MNumber of Stirrup Legs 4

Total Area of Shear Stirups 1.240| in"2

[Bars in Top of Cap |

[Bar Size for Flexural R/ (i.e_#9. #10_ etc ) [ 9 |

Reinforcement Layer
Layers go from the
top to the bottom

d' {in) by Layer
Measured from cap top
to each individual layer

No. of Bars per Layer

1 3.1875 8

2 7.1875 6

3 11.1875

4 15.1875
Total Bar Area Input, A provided 14.000| in®
Dist. from Top of Cap to C.G. of Bar Group, d' 4.902] in

Continued on the next page.

Cap Height
at Left End

T
Length of Left Cap Taper Length of Non-Tapered Segment

Top R/

I

» X

| See Aashto Lrfd 5.8 and specifically 5.8.3.4.1, 3= 2.0 and £ = 45 degrees

Cap Length

Cap Height at Center

Cap Height at
Right End

|
Length of Right Cap Taper

Mote: 1.} Aashto Lrfd 5.10.8 limits spacing of temperature and shrinkage R/l to 12" for components greater than 36" thick - this will be the case

for all pier caps. thus this spreadshest limits the maximum stirrup spacing to 12"

2.) Final stirrup spacing is rounded down to the nearest 0.5" increment.
3.) The requirement for considering torsion is checked: however, torsion is not considered in this spreadsheet even when it is required.
4.}3=2.0 and & = 45 degrees according to Aashto Lrfd 5.8.3.4.1. Since the cap must have at least the minimum reinforcement specified

in Aashto Lrfd 5.8.2.5, then Aashto Lrid 5.8.2.4 does not need to be considered.

Cap Width

Bottom R/l

ds

CC 0000
o 00 o

Q0 0SS

1

Total bar area is lumped
at its center of gravity.

f

[Bars in Bottom of Cap

|Bar Size for Flexural R/ (ie. 29, #10, etc )

8 |

Reinforcement Layer
Layers go from the
bottom to the top

d' (in) by Layer
Measured from cap bottom
to each individual layer

No. of Bars per Layer

1 3.125 6
2 7.125
3 11.125
4 15.125
Total Bar Area Input, A. provided 4.740| i
Dist. from Bottom of Cap to C.G. of Bar Group, d' 3.125]in

Total bar area is lumped
at its center of gravity.



Dist. From Cap

Left End Height
of Pier Cap, | at Section,

X H

Sequence (ft) (ft)
1 2.400 3.480
2 5.000 4.000
3 5.760 4.000
4 7.240 4.000
5 9.170 4.000
6 10.440 4.000
7 11.830 4.000
8 14.500 4.000
9 17.170 4.000
10 18.480 4.000
1" 19.830 4.000
12 21.760 4.000

* If desired the user can reduce As provided by red'n factor, R,
in order to account for bars not fully developed: Ase = R*As

** This factor will typically be 0.900 for tension-controlled sections
This spreadsheet is not valid for compression-controlled sections.
*** This is for information only.

Calculate Factored Flexural Resistance for Effective Bar Area

& The effective shear depth, dv, is based on the maximum

of: 0.9%ds, 0.72%h, ds - a/2

§
Eff. Shear

Depth Used,
dv

(in)

33.238
39.478
39.478
39.478
39.478
43.649
43.649
43.649
43649
43.649
39.478

39.478

Total * Reduction Effective Depth of ** Flexure *** Factored
Max Abs | Max Abs Max Abs Flex. R/I: Bar Area Factor Bar Area Equiv. Stress Phi Flexural
Moment Shear, Tarsion T=Top Provided, for As, Provided, Block, Factar, Resistance,
Mu, Vu Tu, B = Bottom d’ ds As R Ase = R*As a b Mr = g:Mn
(k) k) (k) in} (in} (in*2) (in"2) {in} (k=)
20.400 410.700 9.800 T 4.902 36.858 14.000 1.000 14.000 7.240 0.900 2094.013
1086.500 | 416.600 9.800 T 4.902 43.098 14.000 1.000 14.000 7.240 0.900 2487133
1403.800 | 418.500 9.800 T 4.902 43.098 14.000 1.000 14.000 7.240 0.900 2487133
1423.900 | 496.900 9.300 T 4.902 43.098 14.000 1.000 14.000 7.240 0.900 2487133
609.000 492.200 9.300 T 4.902 43.098 14.000 1.000 14.000 7.240 0.900 2487133
§22.600 489.100 9.300 B 3125 44 875 4.740 1.000 4.740 243 0.900 931.042
817.400 61.400 0.500 B 3125 44 875 4.740 1.000 4.740 2451 0.900 931.042
794.200 54.800 0.500 B 3125 44 875 4.740 1.000 4.740 2451 0.900 931.042
756.100 48.300 0.500 B 3125 44 875 4.740 1.000 4.740 2451 0.900 931.042
748.700 439.100 10.300 B 3125 44 875 4.740 1.000 4.740 2451 0.900 931.042
298.800 442.400 10.300 T 4.902 43.098 14.000 1.000 14.000 7.240 0.900 2487133
886.800 447.100 10.300 T 4.902 43.098 14.000 1.000 14.000 7.240 0.900 2487133
Continued
- see Aashto Lrfd 5.5.2.9
Check if Torsion Must Be Considered:  Aashto Lrfd 5.8.2.1
Torsional Consider
Cap Cap Cracking Limnit for Torsion?
Area, Perimeter, Moment, | Consideration Tu =
Acp pc Ter 0.25%¢*Tcr | 0.25%¢*Ter
(in"2) (in) (k') (k') (Y or N)
1628.640 161.520 320.027 72.006 N
16872.000 174.000 392 487 88.310 N
1672.000 174.000 392.487 86.310 N
1872.000 174.000 392.487 858.310 N
1872.000 174.000 392 487 88.310 N
1672.000 174.000 392 487 86.310 N
16872.000 174.000 392 487 88.310 N
1672.000 174.000 392.487 86.310 N
1872.000 174.000 392.487 858.310 N
1872.000 174.000 392 487 88.310 N
1672.000 174.000 392 487 86.310 N
16872.000 174.000 392 487 88.310 N

Continued on the next page.




| If this limiting condition fails then the required stirrup spacing will read, "Increase Cap Size". Il This spacing is used for checking

Determine Stirrup Spacing: additional long. R/l requirements.
I Aashto Lrfd Aashto Lrid
Eq. 5.8.3.3-2 Eq. 5.8.3.3-3 Required Aashto Lrfd Aashto Lrfd
Max. Perm’ble Factored Factored Equation Equation Aashto Lrfd Check Additional Longit. R/l Requirements, Eq. 5.8.3.5-1
Factored Shear Concrete Reinforcerment 58334 58251 Equation Il User Total Additional
Resistance, Shear Shear Spacing, s = Spacing. s = 582718 Required Entered Longit. Longit.
Ve = ¢*Wn = | Resistance, Resistance, Avyrdv® | Avgd(0.0316% . N Stirrup Stirrup Reinf., Reinf.,
+"0.25"Fc v ¢V FVs =Vu-¢Ve | . cotl@Vs | bvfcr0 ) Spacing. s | Spacing. s | Spacing, s Mu/(dvigs)| Vulg, | 05%Vs As™y As As
(k) (k) (k) (in) (in) (in) (in) (in) (k) (3] (k) (k) (in"2) (¥ or M)
1020.831 137.942 272.758 8.160 32.269 24.000 8.000 5.000 8.163 | 456.333 | 228167 | 236.350 3.939 0.000
1212477 163.639 252.761 10.458 32.269 24.000 10.000 6.000 366.953 | 462.889 | 231.444 | 598.397 9.973 0.000
1212477 163.839 254 661 10.380 32.269 24.000 10.000 6.000 474117 | 465.000 | 232,500 | T06.617 M.I7r 0.000
1212477 163.639 333.061 7.937 32.269 24.000 7.500 6.000 480.905 | 552111 | 244765 | 785.251 13.138 0.000
1212477 163.639 328.361 8.050 32.269 24.000 8.000 6.000 205.683 | 546.689 | 244.765 | 507.606 8.463 0.000
1340.582 161.149 307.951 9.491 32.269 24.000 9.000 6.000 251.275 | 543444 | 270.626 | 524.093 8.735 3.995
1340.582 161.149 0.000 MNYA 32.269 24.000 12.000 16.500 249,687 | 68.222 | 34111 263.798 4730 0.000
1340.582 181.149 0.000 MIA 32.269 24.000 12.000 16.500 242,600 | 60.889 | 30.444 273.044 4.551 0.000
1340.582 151.149 0.000 MIA 32.269 24.000 12.000 16.500 230.962 | 53.667 | 26.833 257.795 4.297 0.000
1340.582 181.149 257.951 11.331 32.269 24.000 11.000 8.000 228.701 | 487.889 | 202.970 | 513.620 5.560 3.820
1212477 163.6839 278.561 9.490 32.269 24.000 9.000 8.000 100.916 | 491.556 | 183.574 | 408.698 6.6815 0.000
1212477 163.639 263.261 9.332 32.269 24.000 9.000 8.000 299.506 | 496.778 | 183.574 | 612710 10.212 0.000




Pier Cantilever Design

DC Loads

Beam

Slab

Haunch

Intermediate Diaphragm
Pier Diaphragm

Pier Steps

SBC

DW Loads

FWS

Live Load
Max. LL+I Reaction = 185.558 k

Interior Beam Spacing = 7.401’
Slab Overhang = 3.083’

There is only one beam on the cantilever.

Exterior Beam Loads were calculated earlier in example.

55.558 k
60.525 k
1.740 k
1.574 k
8.799 k

43.590 k One entire SBC distributed to exterior beam.
Exterior Beam

13.643 k

Dual Truck Train + Lane Controls

Perpendicular to C.L. roadway

Since the slab overhang is less than half of the interior beam spacing, then the shear distribution factor
should be based on the interior beam shear distribution factor according to Bridge Design Manual

5.4.2.2.2.

Shear Distribution Factor =0.821

With skew correction factor

Live Load on Exterior Beam = (185.558 k)*(0.821) = 152.343 k



Spreadsheet for Pier Cap Overhang Design

[PIER CAP OVERHANG DESIGN | includes T-Piers or Frame Piers with either one or twe beams on the overhang.
Sections checked include pointz A, B, C and Sth points along taper.

H1

X
C.L. Column —, P1 P2
Radiuz | X1 X2 X3
-~ L L}
R=
.I Ma f B ) A5
Effective : - | I H2
Column — S 0.5
> i |
Face ! I i I
| P
A H3
: \
1

|General Input

ds

B
o0 Q000
o] 00 0

I Note: X1, H3, and Rs are calculated based on other dimensions

Alldimensions are along skew of pier cap

Iz thiz a T-Pier? ¥ or N

N This entry only affectz the calculation of Rz

Edge Dist. bt. Column and Cap Taper, L1 (Typ. 3"} 3.000] in

Taper Length, L2 5.000] ft

Column Radius, R 1.250] ft

Cap Height, H1 4.000] ft

|Cap Height at End, H2 3.000| ft

Beam Spa, X2 — Enter 0 if only one beam on overha 0.000] ft

Distance bt. Exterior Beam and Cap End, X3 2401 ft

Pier Cap Depth, B 3.250] ft

Estimated Dist. from Cap Topto C.G. of Top R/, d° 5.000] in

Concentrated Beam Loads Unfactored Loads Hover for
Enter 0 kipz for all Int. Beam Load= (P1 Loads) if Interior Exterior | extended
only one beam is on the overhang. Beam, P1 | Beam PZ | comment

DC Load (DC1 and DC2) 0.000 171.786 | k

DWW Load 0.000 13643 |k

LL+IM Load (Truck with Impact and Laneg} 0,000 152,343 |k

Total Load 0.000 337772 |k

Unfactored Load

[Distributed Pier Diaphragm Weight [ 0.001] Wit |

[Bar Size for the Side Reinforcing Hars [ 5 | currently not used

Concrete Sirength, fc 3.500] ksi

Reinforcement Yield Strength, fy GO.000] ksi

Reinforcement Modulus of Elasticity, Es 29000.000| k=i

Flexure Resistance Factor, i

Load
Factors

1.250

1.500

1.750

Load
Factors

1.250

Note: Input items P1 and X2 shall be set to 0 if there iz only one beam
on the overhang. [P1 =hall only be considersd to be on the
overhang if it falls to the right of the effective column face.]

Factored Loads

Interier Exterior

Beam, P1 | Beam P2

0.000 214733 |k
0.000 20.465 k
0.000 266,600 |k
0.000 B01.797 |k
[ o001 Jwit ]

0.900| Begin by az=suming a tension-controlled section, ¢ = 0.9 — Aashto Lrid 5.5.4.2

Shear Resistance Factor, g,

Exposure Factor, v.  (Typically 1.00})

1.000] Class 1 and 2 exposure facters are 1.00 and 0.75 rezpectively

Concrete Unit Weight, ¢

0.150| kef




|Intermediate Calculations

Maodular Ratio, n 8.000
Height of Tapered Section, H3 1.000( ft
Digtance from C.L. Column to Interior Beam, X1 4.099( # If onby one beam iz on the overhang then this iz the distance to the exterior beam
Digt. from C.L. Column to Effective Column Face, Rs 0.730( ft Calculation iz slighthy different depending on pier type
Critical Pointz Fifth Peints Along Taper
A B J5 0 1 2z 3 4 5
Dist. from C.L. Column to Point of Interest, X 0.739 4.099 4.099 1.500 2.500 3.500 4.500 5.500 6.500 | ft
Dist. from Cap End to Point of Interest, X1+X2+X3-X 5,761 2.401 2.401 5.000 4.000 3.000 2.000 1.000 0.000 | ft
Section Height, Hx 4.000 3.450 3.480 4.000 3.800 3.600 3.400 3.200 3.000 | ft
Estimat'd Dist. from Cap Bot. to C.G. of Bar Group, d,| 3.583 3.064 3.064 3.583 3.383 3.183 2,983 2,783 2,583 | ft
Factored Shear, Vu, due to P1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 k
Factored Shear, Vu, due to P2 501.50 501.50 501.50 501.50 501.50 501.50 0.00 0.00 0.00 k
Factored Shear, Vu, due to Diaphragm 0. 0.00 0.00 0.0 0.01 0.00 0.00 0.00 0.00 k
Factored Shear, Vu, due to Pier Cap 12.52 4.74 4.74 10.66 8.29 6.03 3.90 1.89 0.00 k
Total Factored Shear, Vu 514.32 506.54 506.54 51247 510.09 507.83 3.90 1.89 0.00 k
Factored Moment, Mu due to P1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 k*ft
Factored Moment, Mu due to P2 1686.28 0.00 0.00 130447 802.37 300.58 0.00 0.00 0.00 kit
Factored Moment, Mu due to Diaphragm 0.02 0.00 0.00 0,02 0.0 0.0 0.00 0.00 0.00 kit
Factored Moment, Mu due to Pier Cap 34.22 5.55 5.55 25,39 15.93 8.78 3.82 0.93 0.00 ki
Total Factored Moment, Mu 1720.52 5.56 5.55 1328.58 818,31 308,36 3.62 0.94 0.00 kKt
|E5timate Flexural R/l Required
Critical Points Fifth Pointz Along Taper
A B 5 0 1 2 3 4 5
|F{uugh Eztimate of &, required at each =ection 9,426 0.034 0.034 7181 4,615 1.822 0.024 0,006 0.00 in*
Rough Estimate of Maximum A; required 9.426| in*2
Estimate of the number of bars #7 16 Note: The flexural reinforcement information on the left iz an
required for bar sizes: #3 12 estimate of what iz required for the overhang. In the next
#3 10 section of the spreadzheet the user can enter the actual
#10 ki reinforcement to be used in the design checks.
#11 7
|Enter Flexural and Shear R/l for Design Checks |
Stirrup Bar Size (i.e. #4, #5 efc.) 5
Number of Stirrup Legs (Typ. 4 legs for double hoop
Total Area of Shear Stirrups 1.240 in* Stirrup spacing iz entered later.
[Bar Size for Flexural Reinforcemant (ic. 3, #10.&td 9
Layer d' (in) by Layer | Mo. of Bars per Layel
1 3.1875 ki
2 7.1875 6
3 11.1875
4 15.1875
[Total Bar Area Input, A, provided | 14000
[Diztance from Top of Cap to C.G. of Bar Group, d__| 4.902] in | Total bar area is lumped at its center of gravity.




|Enter Flexural R/l Development Lengths

| Aashio Lrfd 5.11.2

Available Cap Length for # 9 Development Length | 67.138[in
Straight Bar Development Length (Non-Epoxy Coated R}

Bazic Development Length for a # 9 Bar 40.088] in
Development Length for a # 9 Bar 37.787]in
Enter Develop Length Used for a # 9 Bar 38,000 in
Iz Cap Long Enough for Develop Length? YES

Standard Hook Development Length (Mon-Epoxy Coated R/}

Basic Development Length for a # 9 Bar 22.912] in
Development Length for & # 9 Bar 10.798] in
Enter Develop Length Used for a # 9 Bar 11.000] in
Iz Cap Long Enough for Develop Length? YES
Enter Bar End Type for Development 5

(5 = straight, H = hook)
Development Length Used for a # 9 Bar 38,0001 in

|Check Flexural RII

Flexural Capacity Check Aashto Lrfd 5.7.3.2

| Meagured from critical 2xn and azzumes 2" end clearance.

The 0.8 factor from Aashte Lrfd 5.11.2.1.3 is not applied.
The ratio of A= required to Az provided iz applied to the
develop length as G%1/G113 — 2ee Aazhto Lrfd 5.11.21.3.

The 0.7 factor from Aashto Lrfd 5.11.2.4.2 iz applied.

The 0.8 factor from Aashte Lrfd 5.11.2.4.2 iz not applied.
The ratio of A= required to Az provided is applied to the
develop length as G%1/G113 — 2ee Aashto Lrfd 5.11.2.4.2,

| Thiz iz used to determine effective area of flexural R

Critical Points:

Fifth Points Along Taper

A B 5 0 1 2 3 4 5
Bar Area Provided, A, 14.000 14.000 14.000 14.000 14.000 14.000 14.000 14,000 0.000 |in®
Fraction of Bar Area that is Effective 1.000 0.706 0.706 1.000 1.000 0.895 0.579 0.263 0.000
Effective Bar Area Provided, A,, 14.000 9.875 9.875 14.000 14.000 12.526 8.105 3.684 0.000 |in*
Factored Applied Mement, Mu, 1720517 5.554 5.554 1329.577 818.309 309.357 3821 0.935 0.000 | k*t
Depth of Equivalent Stress Block, a 7.240 5.108 5.108 7.240 7.240 6.475 4.191 1.905 0.000 |in
Distance from Cap Bottom to C.G. of Bar Group, d, 43.098 36.561 36.561 43.098 40.698 38.298 35.898 33.498 31.098 |in
Factored Flexural Resistance, Mr; = gMn, 2487133 1524974 1524974 | 2487133 2335933 1976240 1232901  539.572 0.000 | k*t
Is Mr,>= Mu_ ? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Minimum Reinforcement Check Aashto Lrfd 5426 and 5.7.3.3.2
Modulus of Rupture, f 0.692| k=i
Critical Points: Fifth Pointz Along Taper
A B 5 0 1 2 3 4 5
Factored Flexural Resistance, Mr; = ghng 2487133 1524974 1524.974 | 2487133 2335933 1976240 1232901  539.572 0.000 | k*t
Section Modulus of Cap, 5; &.667 6.561 6.561 8.667 7822 7.020 6.262 5.547 4375 |
120% of the Cracking Moment, 1.2*Mcr, 1036.649 784730 784730 | 1036.649 935.575 839.685 748.979 663455 583115 | k*ft
Ig Mr,>=1.2*Mrc, ? Yes Yes Yes Yes Yes Yes Yes No No
— OR —
Critical Points: Fifth Pointz Along Taper
A B C 0 1 2 3 4 5
Effective A,. provided 14.000 9.873 9.875 14.000 14.000 12.526 8.105 3.684 0.000 | in*
A, required 9.402 0.033 0.033 7.163 4603 1.817 0.024 0.006 0000 |in®
1.33*A, required 12.504 0.045 0.045 9.527 G.122 2417 0.031 0.005 0.000 |in®
Is Effective A,, prov'd >=1.33A; req'd ? Yes Yes Yes Yes Yes Yes Yes Yes Yes
Maximum Reinforcement Check Aashto Lrid 5.5.4.2, 57.2.1, and 5.7.3.3
If 2ection iz in Transitien, then the uger may adjust the Flexural Phi Factor, ¢, in cell G54, If the section iz compression-contrelled then do not use thiz shest.
Critical Points: Fifth Pointz Along Taper
A B £ 0 1 2 3 4 5
Stress Block Factor, 81 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850 0.850
Location of Neutral Axis, ¢ 8.517 6.010 6.010 8.517 8.517 7621 4.931 2.241 0.000 |in
Net Tenzile Strain in the Extreme Tenzion Steel, £, 0.013 0.016 0.016 0.013 0.012 0.013 0.020 0.044 0.000 in¥in
Is Section Tension Controlled? g, >= 0.005 Yes Yes Yes Yes Yes Yes Yes Yes nia
Is Section Compression Controlled? g; <= 0.00] No No No No No No No No nia
Iz Section in Transition? 0,005 > g, > 0.002 No No No No No No No No nia
Flexure Phi Factor, ¢, for Design 0.900 0.900 0.900 0.900 0.900 0.900 0.900 0.900 0.900
Critical Points: Fifth Pointz Along Taper
A B & 0 1 2 3 4 5
[1s Flexural RiI Adequate? YES YES YES YES YES YES YES YES YES




|Check Shear Ril

Simplified Shear Design

I To increase size of ghear reinforcement bars go to cell G101,

IMaxirum stirrup 2pacing iz 12" bazed on the Bridge Dezign Manual.

Aashto Lrid 5.8 and specifically 5.8.3.4.1, #=2.0 and ¢ = 45 degrees

Critical Points

Fifth Pointz Along Taper

A B C 0 1 pd 5] 4 5
Total Factored Shear, Vu 514,325 506.541 506.541 | 512,468 510,090 507524 3.903 1.890 0.000 |k
Effective Shear Depth, dv 39.473 34.306 34.306 39478 37.078 35.059 33.802 32.546 31.098 |in
Max. Permizszible Factored Shear Resistance, Wi, | 1212477 1063.638 1053.638 | 1212477 1138767 1076.760 1038159  999.557 955,104 | k
Factored Concrete Shear Resistance, g\c 163.839 142,375 142375 | 163.839 153,879 145.500 140.284 136.067  129.061 |k
Req'd Factored Shear Reinforcement Resistance, ¢y 350.486 364166 364166 | 348.629 356.211 362,334 0.000 0.000 0.000 |k
Stirrup Spacing, s, Aashto Lrfd Eg. 5.8.3.3-4 7.542 6.208 6,308 7.582 6.970 6.479 HiA NiA HIA in
Stirrup Spacing, =, Aashto Lrfd Eg. 5.8.2.5-1 32.269 32.269 32.269 32.269 32.269 32.269 32.269 32.269 32269 |in
Stirrup Spacing, s, Aashto Lrfd Eg. 5.8.2.7-1&2 24.000 24.000 24.000 24,000 24.000 24.000 24,000 24.000 24.000 |in
Final Stirrup Spacing, s 7.500 6.000 6.000 7.500 6.500 6.000 12.000 12.000 12.000 | in
General Shear Design Aashto Lrid 5.8 and specifically 5.8.3.4 2, variable f and §
In Aashto Lrfd 5.8.3.4.2 there are a number of bulleted items that =hould be considerd when uging thiz method for shear design. Thiz spreadsheet does
reduce A, for the 2ection under consideration based on development length. This spreadsheet does not base £, on the calculated value at d, when the section
under consideration iz cloger than d, to the face of the support. Axial forces in the cap are not considered.

Critical Points Fifth Peints Aleng Taper

A B J5 0 1 Z 3 4 3
Total Factored Shear, Vu 514.325 506.541 506.541 | 512.468 510.090 507.534 3.903 1.890 0.000 |k
Total Factored Moment, Mu 1720.517 5.554 5.554 1329.577  818.309 309.357 3.8 0.935 0.000 | k*t
Effective Shear Depth, dv 39478 34.306 34.206 39478 37.078 35.059 33,802 32.546 31.098 |in
Max. Permiszible Factored Shear Resistance, W, | 1212477  1053.638 1053.638 | 1212477 1138.767 1076.760 1038159 999.557 955104 | k
Flexural R/l Strain, ,, Aashto Lrfd Eg. 5.8.3.4.2-4 0.00255  0.00354  0.00354 | 0.00252 0.00251 0.00280 0.00003 0.00004  0.00000 | infin
f=4.8/(1+750%,), Aashto Lrfd Eq. 5.8.3.4.21 1.646 1.314 1.314 1.659 1.664 1.5650 4,683 4,676 4.500
# = 29 + 3500%,;, Aashto Lrfd Eq. 5.8.3.4.2-3 37.942 41,378 41,378 37.836 37.795 38.786 29.116 29124 29.000 | deg
Factored Concrete Shear Resiztance, g\'c 134.838 93.556 93,566 135.902 128.029 112755 328.500 36781 309.745 |k
Req'd Factored Shear Reinforcement Resistance, ¢y 379.487 412,985 412,985 | 376.565 382,061 395.079 0.000 0.000 0.000 |k
Stirrup Spacing, =, Aashto Lrfd Eq. 5.8.3.3-4 8.934 6,314 6,314 9.038 8.379 7.394 HiA NiA HIA in
Stirrup Spacing, =, Aashto Lrfd Eg. 5.8.2.5-1 32.269 32.269 32.269 32.269 32.269 32.269 32.269 32.269 32,269 |in
Stirrup Spacing, s, Aashto Lrfd Eg. 5.8.2.7-1&2 24,000 24,000 24.000 24,000 24.000 24,000 24,000 24.000 24,000 |in
Final Stirrup Spacing, s 8.500 6.000 6.000 9.000 &.000 T7.000 12.000 12.000 12.000 | in
|Additional Longitudinal Reinforcement | To increase the amount of lengitudinal R/ go to cell G105 and fallowing.

Aashte Lrfd 5.8.3.5

|Bﬁse f off of Shear Method 1 or 2 1 | Method 1 = Simplified Shear, 2 = General Shear Design
The user has the opportunity te enter a stirrup =pacing. Critical Pointz Fifth Pointz Along Taper
The stirrup size and number of legs remain the same A B 5 0 1 2 3 4 5
Stirrup Spacing Used 6.000 5.000 5.000 6.000 6.000 5.000 5.000 10.000 10.000 |in
8 based on Shear Method 1 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 45.000 | deg
Mu/{dw*gy) 581.084 2.159 2,159 449.049 294.263 117.651 1.507 0.383 0000 |k
Yu 514,325 506,541 506,541 | 512.468 510.090 507.534 3.903 1.890 0,000 |k
Wul, 571472 562,823 562,823 | 569.408 566,766 564,260 4,336 2,100 0,000 |k
0.5"= 244,765 255,240 255240 | 244.7865 229,585 260.542 2,168 1.050 0000 |k
Astfy = Mul{dv*g) + (Vulg, - 0.5*Vs)*cotf 907.791 309.742  309.742 | 773.692 631,144 421.069 3.675 1.433 0000 |k
Total Az Needed 156,130 5.162 5,162 12.895 10.519 7.0138 0.061 0.024 0.000 | in?
Additional Longitudinal R/l Needed, Alx 1.130 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 |in®




|Crack Control and S&T Reinforcement |

Crack Control: Flexure R/l Aashte Lrfd 5.7.3 4. Spacing =hould alzo comply with Aazhto Lrfd 5.10.3.1 and 5.10.3.2.
See cell G55 to change the Exposure Factor, ., which is typically =et to 1.00 (Class 1) for pier caps.

Critical Points: Fifth Points Along Taper
A B C i 1 2 3 4 5

|Cuncrete Cowver Thickness to R/l Center, d. 3188 3188 3188 3188 3188 3188 3188 3188 3188 in
= 1.102 1.118 1.118 1.102 1.107 1.114 1421 1.129 1.139
Service Moment, Ms due to P1 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 | k*t
Service Moment, Mz due to P2 1136.075  0.000 0.000 B77.568  540.097  202.325 0.000 0.000 0.000 | k*t
Service Moment, Ms due to Diaphragm 0.017 0.003 0.003 0.013 0.008 0.005 0.002 0.001 0.000 | k*t
Service Moment, Ms due to Pier Cap 27.374 4440 4440 20.313 12.740 7.020 3.055 0.748 0.000 | k*t
Total Service Moment, Ms 1162466  4.443 1443 895.194 552,545  209.350 3.057 0.748 0.000 [kt
Reinforcment Ratio, g 0.00833  0.00974  0.00974 | 0.00833  0.00882  0.00937  0.01000  0.01072  0.01154

Factor for Distance to Neutral Axis, k 0.304 0.324 0.324 0.304 0.312 0.319 0.328 0.337 0.347
Reinforcement Stress at Service Level 26,731 0.116 0.116 19,881 12,993 5.244 0.082 0,022 0,000 ksi |
[Max. Spacing of Bot Layer of Pos. Flexural Ril,.§  18.3 5397.9 53979 | 756 42.3 1135 7643.0 287397 nla_ [in |
Crack Control: Skin R/l Aashte Lrid 5.7.3.4. Spacing should alzo comply with Aashto Lrfd 5.10.3.1 and 5.10.3.2.

Critical Points: Fifth Points Along Taper
A B C i 1 2 3 4 5

|Is Skin R/l Required 7 ls d,=d, > 3.00'7) Yes Yes Yes Yes Yes Yes No No No

|Area of Skin R/l Required per Face, A, | 0157 0.082 0.082 | 0157 0128 0.100 0.000 0.000 0.000 | in;.-'fti
|Max Spacing of Skin R/l Required [ 7483 6.143 6443 | 7483 6.783 6.383 5.983 5.583 51483 [in_|
Shrinkage and Temp. R Aashte Lrfd 5.10.8. Spacing =hould alzo comply with Aashto Lrfd 5.10.3.1 and 5.10.3.2.

[Area of Skin R/l Required per Face, A, [ 0233 0.218 0.218 | 0233 0.228 0.222 0.216 0.210 0.205 | inr]
Max Spacing of Skin R/l Required [ 12.000 12.000  12.000 | 12.000 12.000 12.000 12.000 12000 12.000 [in |
|Fatigue in Reinforcement | sashto Lrfd 5.5.3

QOffice pelicy is to neglect checking fatigue.
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Column R/I can be auto-
designed; however, | manually
entered the column R/I that was
specified on the plans.

A

The effective length factors
were entered manually.

RC-Pier calculates magnification
factors a little differently than
Aashto. For instance, only the
sidesway term is used for
unbraced frames.




Column Design

I've included
COLUMN DESIGN - Calumn: 1 Ve Incluced some.
Code: AASHTO LRFD 2007 portions of RC-Pier’s
Units: LIS output for the column

Pier View: Upstation.

DesigntPnalbyziz Method: Morment Magniication - Unbraced Column.

|Cu|umn Type: Round D= 30.00 in |

|Cu|un1n Section Properties |
firea I lzz
fi™2 in™4 in™4
1491 JWTED.TE 3376D.TE

Sec.

DESIGN PARAMETERS

o = 35000 p=i fy = BO000.0 psi

phi tenz = 0.90 phi corp = 0.75

Tenz helow = 1.375 Cormp Above = 0600
Ec = 3506 6 ksi Es = 29000 k=i

Concrete Type : Mormal Mizight.

|Rainfurcament |
Rehar Pattern: Circular
Febar Orentation: Face Parallel

|Rninfurcﬂmant5chadula |

Layver Dir Size Ho_ bars Bari:"“'

13X 4 11 3.0k

Reinforcement summary
Mlain bars summary

114 9 barz
Tatal number of bars in the column: 11
Tiez size: # 4




Moment Magnification calculation - Mx {global) |

Loc comb K  Cm Beta DelaB Delas P
ft hips
D00 6% 21000 10000 02468  — 21522 126846
050 68 21000 10000 05494  — 371849 102115
000 1010 21000 10000 01722  — 20043 134969
050 1010 21000 10000 05637  — 30941 99901

Moment Magnification calculation - Mz {global) |

Loc comb K  Cm Beta DelaB Delas P
ft hips
D00 6 12000 10000 03995  — 13767 346232
050 68 12000 10000 02636  — 12486 363402
000 1010 12000 10000 05832  — 12950 304127
050 1010 12000 10000 05637  — 12637 305947

rg = (1/A)%° = [(0.25*r*r*)/(n*r’)] = 0.5*r
=(0.5)*(30"/2) =7.5" Aashto Lrfd
5.7.4.3
KL/rg = [(2.1)*(20.5")*(12 in/ft)]/(7.5”) = 68.88 > 22
<100

T

< Magnification factors are fairly large. This
typically occurs when the slenderness ratio
approaches 70. See appendix for calculation of
moment magnification factors for bottom of
column 1. The Bridge Manual states that if
magnification factors exceed 1.25 then the
footing and piling shall be designed for
magnification as well. This won’t be done in this
example. Typically it may be better to increase
column diameter in order to reduce

magnification factors below 1.25.

Design values used after Moment Magnification { e-min effectincluded ). |

Loc Comb Fx Fy Fz Hx My Kz
ft om hips hips hips hipsft hipsft hips -t
n.oo A 6.2 T2 0.0 4703 045 1727
2050 i 162 T35 5 100 -300 4 045 25 b
n.aoo 1m0 212 Tk 145 B2T 8B 07 178
20450 1m0 17 1.1 141 -2 07 1141
COLUMN DESIGN
BotfTop Elev. Pu HMux Huz pHn Incl Column passes. The controlling
ft b kips kipsft hipsdt kipsft deg RRUURIRTIL

combination is plotted from RC-

000 0 FIXE BEATE NTA B3 I0ET 100 101962 €—

2050 60 TA55 3008 256 BAT2 3923 100 1.EGEGD

Pier a couple of pages over.

COLUMN DESIGN
BotTop Elev. As_min As_max As_req
ft Comb “omy  in® i
0.00 1010 5T BRAS 1100
2050 il a5 GRA5 100




|H values forall columns used in unbraced moment magnification

]

Column Kx Kz
1210120
2210120
3210 1.0

Column Design : Notes
Mlin reinforcement = 07879 96 of &g = 5.57 in"2.

For layer 1, direction : Minimum bar distance iz: 1.13 in. Effective bar diztance iz: 5.79 in.

— Walues do not excist ot that location as computaion is done at the top and botiom of clear lergth of colurnn.
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Objects: Components:  Type: Load Cambination ¥ i Print
Columns | |1 | |Bottom ~| [100 pasTRE -] & Design

]
pP [kips] Combination Mo. 1010 [IASTR 5] [Angle: 10.6deg] 4— ) .
2000 This was the controlling
combination for the
e bottom of column 1.
163811
433.33
] |
T T T
400—
FRieady 4 Updates | IES: Mot Connected | IBS: Manual | Pier ViewUpstation
Pu=727.6k

Mu = [(627.8 k*ft)? + (117.8 k*ft)?]*° = 638.8 k*ft

PR = ¢Mn/Mu = (651.3 k*ft)/(638.8 k*ft) = 1.0196




Column Design: spColumn v4.50

spColumn Input Screens

General Information

Labels
Projeck:

|3EIE Wapello Example

X]

olurnr; E ngineer;
Calurnn 1 Bot MM
Urits Run Option Material Properties E'
{* Englizh * |nvestigation Concrete Feinforcing Steel
£ Metric £ Design Stiength, f'c: |3.5 ki Strength, b |60 ki
P feds Dl gl aile Elasticity, Ec:  |33721 ksi | Elasticity, s 29000 ksi
7 Abaut #-fis (v ACI 318-08
f"" Al:":lut Y'.‘I:".His l:""' .":"-I:l 31 E'DE Ma:’: StrESS, fDZ 25?5 k.3|
{* Biawial " AC 31802 Beta[1]: 0.85

" CSAA233-04 ) )

~ CohAYI304 ltimate strain; {0,003

Conzider slenderness? © Yes * Mo
ok | LCancel ] LCancel
All Sides Equal X]
Bar Lapout

Circular Section

Diameter: |30 if
Ok |

3

Cancel |

Mo. aof bars: |1 1

Bar zize:

& Transverse bars

" Rectangular

#3 -

(+ Circular

Clear cover; |2 in

Cowver to

LCancel

" Longitudinal bars




spColumn Input Screens

Confinement

Confinerment; | Other bl | <

x]

Capacity Reduction Factorz, Phi

Aial compression [a]; 0.a
T engion-contralled failure [B]: 03

Compression-controlled failure (o] |0.75 <

Tie Sizes

#4 | heswith |#10 | bars ar smaller.
#t4 = | tiez with larger bars.

Confinement was set
to “Other” in order to
input modify the
default Compression-
controlled failure
value to 0.75 for
Aashto requirements.

ok Cancel |
Factored Loads [5__(|
Load #-hdoment -t oment
7276 278 [117.8
[kip] [k-ft) [k-ft)
Irnizert | Modify | Delete |
| Mo, P bl Py

ok Lancel

These are the loads as found in
Combination 1010 from RC-Pier.




spColumn Output Screens

STREUCTUREFOINT - spColumn wd. 50 (THM) Page 1
Licen=sed to: Towa Department of Transportation. License ID: E6461-10Z0268-4-Z962L5L-ZZF8Z 0205710
W:"Highway'Bridge'\ Automation\Development W LEFD Frame Pier’30E WapellobOfficial Exa. . WPierColOl.col 0zZ:Z3 PH
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spColumn w4.50 (TH)
Computer program for the Strength Design of Beinforced Concrete Sections
Copyright & 1388-Z005, STRUCTUREPOINT, LLC.
A1l rights reserwed

Licensee stated abhowe acknowledges that STREUCTUREPOINT (SP) i= not and carmot be responsible for either
the acouracy or adecquacy of the material supplied a= input for processing by the spColumn  computer
program. Furthermore, STRUCTUREPOINT neither makes ahy warranty expressed nor implied with respect to  the
correcthess of the output prepared by the spColumn program. Althowugh STRUCTUREPOINT has endeavored to
produce spColumn error free the program is not and canwnot be certified infallible. The final and only
responsibility  for analysis, design and engineering documents  is the licensee's. Accordingly,
STRUCTUREPOINT disclaims all responsibility in contract, negligence or other tort for any analysis, design
or engineering documents prepared in conhection with the use of the spColumn program.



spColumn Output Screens

STRUCTUREPOINT - =spColumn wd. 50 (TM) Paoge z
Licensed to: Iowa Department of Transportation. License ID: 56461-10Z0Z268-4-Z362ZL5-EZZF8E 0805710
W: Y Highway\Eridge\iutonation\Developnent  LRFD Frame Pier’305 WapellotOfficial Exa. ..\ PierCol0l.col 0Z:23 PM

General Information:

File Name: W:'\Highway\Bridgeh\Automation\Dewvelopmnent \LEFD Frame Pier’305 Wapello®Off. .. % PierCol0Ol.col
Project: 305 Wapello Example

Columr: Column 1 Bot Engineser: M

Code: ACTI 31&8-08 Tnits: English

Pun Option: Inwestigation Slenderness: Not considered
Pun Axis: Eiaxial Column Type: Structural

Material Properties:

f'eo = 3.8 k=i fy = &0 hksi
Ec = 337Z.17 ksi Es = E3000 ksi
Ultimate strain = 0.003 insin

Eetal = 0_8%8

Section:
Circular: Diameter = 30 in
Gross section area, Ag = TF06.858 in~E
Ix = 33760.8 in~d4 Iy = 33760.8 in~d
rx = 7.5 in ry = 7.8 in
¥o = 0 in To = 0 in
Ieinforcement:
Ear Set: AZTM A61E
Zize Diam (in) Area (in™Z) Zige Diam (in) Area (in™Z2) Zige Diam (in) Area (in™Z2)
¥ 3 0.38 0.11 5 4 0_E&d 0_Z0 # 5 0683 0.31
¥ 6 0.75 0. 44 i 7 0.88 0_&0 £ 5 1.00 0.73
¥ 3 1.13 1.00 # 10 1.27 1.27 ¥ 11 1.41 1._E8
¥ 14 1.83 Z.E5 # 15 Z_EB 4._00
Confinement: Other; #d4 ties with #10 bars, #d4 with larger bars.
rhifa) = 0.8, phiib) = 0.3, phil{c) = 0.78
Layout: Circular
Patterrn: A11 2ides Ecqual (Cowver to transwerse reinforcement)
Total steel area: As = 11.00 in™Z at rho = 1.5&%
Minimum clear spacing = 5.60 in
11 #=2 Cover = Z in
Factored Loads and Moments with Corresponding Capacities:
Pu Muax Muas M hiduiia g fMnMa NA depth Dt depth eps_t Phi
No. kip k-ft k-ft k-ft k-ft in in
1 TET_RO EE7._80 117.80 E48_87 121.7E 1.033 16.0% Z6.75 0.0012% O0_750

*** End of oubput ***

There is a good match
between the calculated
performance ratios from
spColumn and RC-Pier.




spColumn Interaction Diagram

5P spColumn - PierCol01.col E”E‘El
File Input Solve View ©Options Help

Z[RE[E] BE Oon [alE]els ] EETEEE] [EFs i EE EEE EE R Eln) [BlE]

30 in diam.
1.562% reinf.

Ag = 706.858 in"2
Ix =39760.8 in~4
Iy =39760.8 in"4
=0 =0in

11 #9 bars @ 1.556%

As =11 in"2

Confinement: Other

Clear Cover = 2.50in

Min Clear Spacing = 5.60 in

SLENDERNESS:

N 000 Lo e ] e

Biiaxial; AC| 318-08: Irwestigation P= 2267 kip b= B39 k-ft Ecc=3E6in

Aashto Lrfd 5.7.4.4 and 5.5.4.2

P.=0P,=¢0.P, where P, = 0.85*f' *(A; — Ag) + f,*Aq

P, = 0.80*[(0.85)*(3.5 ksi)*(706.858 in® — 11 in’) + (60 ksi)*(11 in?)] = 2184.142 k
op = 0.90 for tension-controlled

0. = 0.75 for compression-controlled

. = 0.80

Pr=¢.P,=(0.75)*(2184.142 k) = 1638.107 k




Footing Design



\_')Eile Show  Libraries LEAFP Bridge Help

vy M e o 9@ O 4 i .3 & w 2 % s e R

Mew | Open Save Savefs Print | Image Model | Resuls Diagrams | Wehicle Library  Load Groups  Footing Library  Pile Groups | Help  Bentley Site About  E-mal  Manual  Tutorials

g Project ]rﬂ Eenmetl_l,l] 158 Loads ] Q Analysls] ﬂ Cap I ., En\umm] ab anhng]

Project Information

Project Name: |305 ‘wiapello

User Job Number:  [Pier 1 on w8 Bridge

State: ||Dwa State Job Number: |Examp|e
Date: |B-2a-2m0 By: [Mike Nop
Date Checked |8-24-2010 Checked By: |Mike Mop
Description: FOOTING DESIGN

218%40" PPCE Bridge

5075 - 1165 -50.75' \
ipriabig This will be the primary run for footing

3 Column Fixed Frame Pier on Steel HP Piling

design. I’'m only going to show screens
that have been modified from the
cap/column run.

Structure type Diesign S pecifications Units
State
% Pier " ARSHTO Standard Specifications & 1.5 Units
" Abutment {+ AASHTO LRFD Hone - Sl Units [Metric]

4 Updates | IBS: Mot Connested | IES: Manual | Pier View:Upstation

| ¥ RCPier VBi (SELECTseries 1) - W:\Highway\BridgeM utomation\Development\LRFD_Frame_Pier\305 Wapello\Official ExampleM.RFD RC-Pier Final 201... Q@gl
0 File Show Lbraries LEAP Bridge Help =1

4y oM m 4l @ = =N o = w D % e e B

Mew  Open Save Save s Print | Image Model | Results Diagrams | Yehicle Library Load Groups Footing Library  Pile Groups | Help Bantle‘\fSlte About  E-mail  Manual  Tutorials

-8 x

(& Project =% Geometry ]E Loads ] =] Anal_l,lsis] 1 Cap ] [N Cnlumnl e Footing]

i Fier |
! Config. |
The columns have In RC-Pier, the footing
M been extended 3.5’ . :
: 5 and pile are not part of

| 6 to the bottom of 4 the structural model

1 coum the footing for this 4

S footing design run. n

\.:ﬁ Brng/Grdr -

| am primarily
= Msterisl
interested in

1) St Moclel

El

using RC-Pier to

Hammer
STI

i

get the maximum - —
Pile batter can be specified.

Piles can also be rotated
(compare 1° and 3™ footing).
These options do not affect

@ 30 View and minimum
2D View

pile design loads.

A

Bl i D

i the structural model.
=

z

| 4 Updates | IB:S: Mot Connected | 1B5: Manual | Fier Yiew-Upstation

| am going to look at maximum and minimum pile loads for the left most footing only. The footing and fill
weight will be placed on the bottom of the column from the “Loads” tab rather than through the entries
on the “Footing” tab. Handling loads this way allows me to include these loads in an analysis results file.




OEile Show  Libraries LEAFP Bridge Help

PRI

Mew | Open Save Save fs Print | Image Model

dJ &

Results

N

Diagrams | Vehicle Library Load Groups  Footing Library  File Groups

J

Help Eentley Site  About  E-mal Manual  Tutorials

W 4 = W

-
ik

(¥ Project =¥ Geometry I’_—’.’ Losds ] =] Analysls] 1 Cap I ., En\umm] = anhng]

45 ft

6.5

ft

16 ft " 16 fr

" 6.5 1

=y
—3

B.04 ft 1 B.04 ft 4 B.04 ft 1 B.04 ft

L2 ft

T o o

BRG Lnal

! Calumn

Strut

“*w  Brng/Grdr

= Materisl 3

&

v

20 ft

Str. Macel

¢ E &

Haniner
ST

30 View
& 20 View

f

L)

4 ft

s - —AI:

24 1

Side View

Section View

I Calumn
¥ Footing
¥ Pie

25t

i ft

4 Updates | IBS: Mot Connested | IES: Manual | Pier View:Upstation

Tapered Cap Parameters

Cap Length [=] 45,

Length of Maon-tapered |735
Segment [#] ; i

Cap Min Height ] : 36, i
Cap Max Height [] : 43, i
Cap Depth [£] : 39 i

Factor of Reduced Mament of [nertia:

X]

Start Elevation: 285 ft

End Elevation: 25.5 fr

Skew Angle [deql |23

—

Cancel

Notice that the
column length has
been increased by

3.5’ from 22’ to 25.5".




Materials

Concrete Strength
pzi

3500,
Column; | 3500,
Footing: | 3500,

Cap:

Steel Yield Strength
kzi

Concrete Density

Cap:
Colurnr:

Footing:

Concrete Type

pof

150,
150,
0am

X]

Concrete Modulus of Elasticity
kzi

3586.62
Columrn:  [3586.62
Footing:  |3586.52

\

Cap:

Set the footing
concrete density to a
small value so that the
self-weight calculated
by RC-Pier is negligible.

| removed all the
additional pier cap
check points. This
helps speed up the

program especially

Cap [ flex]: |&0. Cap: |N|:urma| ﬂ
Cap [ shear): |0 Colurnr: | Mormal |
Colurmn; B0, )
} Footing: | Marmal ﬂ
Footing: B0, Cancel
Structure Model E'
Objects: Cap b Compornemts: o b
tember Maode Hinge Check Paint | Distance [ft] | Elem Length [ft)
a 2.40 2.40
a] a 2.40 —
4 5,00 260
B 9 5.00
2 E.50 1.50
7 2 .50 3z
Additional Check. Paints Hinge
r Local Directior: | 2
0. ft  From Left:
Cap design
Flesure Shear

Rezet to Baze Structure

Plaztic Hinge locations
Mear Calurmn Top
{+

~

~

1l

Delete
M odify

[Delictivate

o |
iy |
Ooponae |

Rezet Al

Ressa|

ft

e Centerline of

re Centerling of
column

columi
" Face of suppart

¢~ Dftzet from CL
of the column

lift

" Face of suppart

¢~ Dffset from CL
of the column

Iift

MNear Colurmn Bottom

=

when printing
analysis results to a
text file.




T RCPier, VBi (SELECTseries 1)
OEile Show  Libraries LEAFP Bridge Help

MNew | Open Save SaveAs Print

v By @

Image Model

y\Bridge\Automation\DevelopmentM RED_Frame_Pier\305 Wapello\Official ExampleM RFD RC

Results

dJ &

Diagrams

s

A

‘ehicle Library  Load Groups

nal 2010-0...

2 % s e PR

Help Eentley Site  About  E-mal Manual  Tutorials

Footing Library  Pile Groups

18
—-—

@ Project| 0 Geomety

Load Type:

DD: Dowindiag

D' Wearing Sufaces and Utilities
EH: Horizontal Earth Pressure

E%: . Pressure from Dead Load of Earth Fill
ES: Earth Surcharge Load

LL: Wehicular Live Load + IM

CE: Yehicular Centrifugal Forees
BR: Braking Force

PL: Pedestian Loads

L5 Live Load Surcharge

‘Wi Water and Stream Pressure
W5 Wind Load on Stucture

WL wind Load on Live

FR: Friction Forces

TU: Uniform temperature

CR: Creep

SH: Shrinkage

EL: Locked-in Effect

TG: Temperature Gradient
CF- Satlernant

Awailable Groups:

H
STREMGTH GROURII

STRENGTH GROUF 11l

STREMGTH GROUP Iv

STREMGTH GROUPY

EXTREME EVENT GROUF |
EXTREME EVENT GROUFII
SERYICE GROUPI

SERYICE GROUP1I

SERVICE GROUP 11

SERVICE GROUP IV

FATIGLE

EXTREME EVENT SEISMIC GROUF |
I45TR1

I45TR 3
I45TR 4
ILSTRE
14 SER1
A EXT 2

Loads I =] Analysls] 1 Cap I w En\umm] = anhng]

i el

Selected Loads:

W52
W53
W54
WE5E
W5E
W57
W5E
WLl

w2
w3
wild

~ Edit.
LCopy
Lielet,

Delete &)l

LL[Er

. Expansion
: Cantraction

| added an EV1
load for the fill
weight on the

EV1 4

Selected Groups:

IASER1

footing.

Combinations:

|

iupdates IBS: Mot Connected | IES: Manual | Pier View:Upstation

M | pad Combinations

Brint LOAD COMBINATIONS
- N
Comb # 2 (IL
Add

Comb # 3 iIa

% Comb # 5 iIa
Comb # & (IA

Delete al

Comb # 7 (Th

Parameters Comb & 8 (Ia
Comb # 10 iIa

Comb # 11 iIa

Comb # lz (I

Comb # 13 (I

Comb # 14 (I

Comb # 15 (I

Comb # 16 (I

Comb # 17 (I

Comb § 18 {Ia

Comb # 13 (I

Comb § 20 (I

Comb # z1  iIa

Comb # zz (I

Comb # 23 (Ia

Comb # z4 (I

- ALSHTO LRFD

STR 1 ro= 1.
ST 1 Po= 1.
STR 1 yo=1.
ST 1 Po= 1.
STR 1 yo=1.
ETR 1 Po=1.
ATR 1 yo= 1
ETR 1 Po=1.
ATR 1 yo= 1
ETR 1 o= 1.
ATR 1 »o= 1
STR 1 yo=1.
ST 1 Po= 1.
STR 1 yo=1.
STR 1 Po= 1.
STR 1 yo=1.
ETR 1 Po=1.
ATR 1 yo= 1
ETR 1 Po=1.
ATR 1 yo= 1
ETR 1 o= 1.
ST 1 Po= 1.
STR 1 yo=1.
ST 1 Po= 1.

R e e e i ol el e e e e e i el e e e el e e Tl

23
75

&
23
75
zs
3
25
75
Z&
75
25
&
Z&
75
25
s
ZE
75
Z5
&
23
75
zs
&
23
75
Z&
3
25
75
Z&
75
25

Z&
75
25
s
ZE
75
zs
&
23
75
zs
7R

DCl
BR1
DCl1
BR1
DCl
BR1
DCl1
BR1
DCl
BR1
DCl1
BR1
oncl1
ER1
DCl1
BR1
oncl1
BR1
DCl
BR1
ncl1
BR1
DCl
BR1
DCl1
BR1
DCl
BR1
DLl
BR1
DCl
BR1
DCl1
BR1
oncl1
ER1
DCl1
BR1
oncl1
BR1
DCl
BR1
DCl1
BR1
DCl
BR1
DCl1
RR1

L i i i T e e i e i A i i e i o o S S R T e S

OFOFOKFOFROFROFOFOFROFROFOFOROROROROROROROROROROROROR

Dl
TH1

Tl
Dl
TH1
Dwl
Tl
Dl
Tl
Dwl
Tl
Dl
Tl
Dwl
Tl
Dl
Tl
Dl
Tl
Dl
Tl
Dl
TH1
Dwl
Tl
Dl
Tz
Dul
Tz
Dl
Tz
Dwl
iy
Dl

Dwl
iy
Dl
oz
Dl
i
Dwl
oz
Dl
Tz
Dwl
™z

* ~

+ 1.35 EV1 + 1.75 LL1
+ 050 3H1 |

+ 1.25 EV1 + 1.75 LLZ
+ 0.50 EH1

+ 1.35 EV1 + 1.75 LL3
+ 050 3H1 |

+ 1.25 EV1 + 1.75 LL4
+ 0.E0 EH1 )

+ 1.35 EV1 + 1.75 LLS
+ 050 SH1 |

+ 1L.25 EV1 + 1.7& LLe
+ 0.50 5H1 )

+ 1.35 EW1 + 1.75 LL7
+ 0.E50 SH1

+ 1L.2&5 EV1 + 1.7& LL®2
+ 0.50 5H1 )

+ 1.35 EW1 + 1.75 LL3
+ 0.E50 SH1

+ 1.23EF EV1 + 1.75 LL1O
+ 0.50 SH1 )

+ 1.35 EW1 + 1.75 LL11
+ 0.50 EH1

+ 1.35 EV1 + 1.75 LL1Z
+ 050 3H1 |

+ 1.25 EV1 + 1.75 LL13
+ 0.50 EH1

+ 1.35 EV1 + 1.75 LL1
+ 050 3H1 |

+ 1L.25 EV1 + 1.75 LLZ
+ 0.E0 EH1 )

+ 1.35 EV1 + 1.75 LL3
+ 050 SH1 |

+ L.25 EV1 + 1.7& LL4
+ 0.50 5H1 )

+ 1.35 EW1 + 1.75 LLS
+ 0.E50 SH1

+ 1L.25 EV1 + 1.7& LLe
+ 0.50 5H1 )

+ 1.35 EW1 + 1.75 LL7
+ 0.E50 SH1

+ 1.23E5 EV1 + 1.75 LL2
+ 0.50 SH1 )

+ 1.25 EV1 + 1.75 LL3
+ 0.50 EH1

+ 1.35 EV1 + 1.75 LL1O
+ 050 3H1 |

+ 1.25 EV1 + 1.75 LL11
4+ 0 BN RHT 4 bt




Added footing weight as a DC1 load, but also removed the weight

DC1 due to the 3.5’ column extension to counteract the addition of its
self-weight: [(9)*(9’) — (m)*(0.5*2.5’)%]*(3.5’)*(0.150 kcf) = 39.948 k

Loads: Load data

Bearing / Girder loads Colurmn Loads / Settliement
Bearing | Bearing Dir Load - -
Line | Ponti fkips) ED:N[ | LUadFT}IIJE | 3 3 239914;0” yE’Ele Manguzunu| szEuun' - ki
e To| ¥+ 427260 DR ace v V| B : : : e
— 5o v = 575040 z 4 Foce »| ¥ »| 339480 0.0010 0.0000 0.0000 k?ps
— s ol v o 575080 HEEE Fooe w| ¥ | 333480 0.0010 0.0000 0.0000 kips
1. 4. v +| 518040 |]
= §w| ¥ +| -1518040 | .
T Tl 84| v .| 14270 The footing
il Insert_| Loy | Delts pel=all  weight is placed
Cap Loads .
L : just above the
Load Type | Dir Arm Magl w1/l Mag2 w2/l
It bottom of the
3
o column so that

LCopy | Delete Drelete Al

the load will be

Strain Load i
reflected in the
Unit |0 )
. _ analysis results.
+ Expansion - Confraction Inzert | LCopy Delete | Delete Al |
Factars Auto Generation Import Loads
MName: |
inli SN
Description: | ultiplier for Loads: Generate ‘ Import ‘
Mote: Vertically downward loads be
added az negative loads in Y direction. Ok Cancel ‘

WS1
Loads: Load data
Bearing / Girder loads Colurmn Loads / Settliement
Bearing | Bearing Dir Load |~ - P
Line Painti (kips) ED'SN[ | LDE‘C‘SI:IJDI_E | >E)" | M?‘:DDD P1D“J|'_IS5D Mzgﬂzﬂﬂﬂ yzﬂﬂé?sﬂ £
N T+| % +| 5650 DR | ] : : . :
— . TR v N 3 v| uoL v| z v| 01000 0.1950 0.0000 0.87a0
— 1. TR e YT | 2 v| upL v| “ v| 01000 0.1950 0.0000 0.87a0
RS ke h o ] S R ) B I
T 1. 2 w| ¥ | 00000 1 '! — '! - '! B — p— o v
e 24| Z | 03470 < 5
| 1+ 3| ®~| 5E550 Inzert | Copy Delete Delete Al
N 1T - 3 | ¥ | 0.0000 Cep Lo
| T o - Load Tupe | Dir A Mag w1/l Mag2 w2/l Urits I
To| 4. x| 56580 ]
T 1. 4 ol ¥ «| 0.0000) »| Foce +| X - 0.0000 0.5200 0.5000 0.0000 0.0000 Since the
o | | UDL w| 2 & 0.0000 01560 0.0000 0.0000 1.0000
LCopy Delete Drelete Al Columns were
*
Strain Load I extended 3.5’
Unit [0 to the bottom
+ Ewpansion - Contraction Insert | Copy Delete | Delete Al of the footing,
| Factors Auta Generation Import Loads the Start and
Mame:
Description: | Multiplier for Loads: 1. Generate ‘ Impart End locations
of the wind
Mote: Vertically downward loads be
added as negative loads in Y direction. Ok ‘ Cancel ‘ IOadS on the
. . . . . . columns
| didn’t adjust the locations of the wind loads since the overall effect is hould b
. g . shou e
not that significant. However, if | had the new values would be:
Start: yl/L=7.5"/24' =0.313 modified.

End: y2/L=21.5/24'=0.896




EVl

Loads: Load data

— Bearing / Girder loads

Adding fill weight on top of footings:

 Column Loads / Settlement

[(9')%(9’) — (m)*(0.5*2.5)]*(4’)*(0.120 kcf) = 36.523 k

LCopy I Delete

Drelete Al

Inzert

Copy Delete

B'Elf'r:::g Bpi?r:it’;f Dir [nggg] CalMi | LoadTwpe | Dir Mag! Wil Mag2 y2/L Unis
1 Foce w| ¥ | 365230 00010 00000 0.0000 Kips
7. Foce w| ¥ -| 365230 00010 00000 0.0000 Kips
3. Foce w| ¥ »| 365230  00070] 00000 (0.0000
The fill weight is

placed just above
the bottom of the

Delete

column so that

— Cap Loads

Load Type

Doir

A
(ft)

Magl

w1/l Mag2

L the load will be

reflected in the

analysis results.

— Strain Load
Unit ID.
+ Ewpanszion - Contraction Insert | Delete I Delete Al
Factars Auto Generation Import Loads
MName: IEV'I
el - |1.
Description: I ultiplier for Loads: Generate | Import |

Mote: Vertically downward loads be

added az negative loads in Y direction.

Ok

Cancel |




3 RCPier VBi (SELECTseries 1) - W:\Highway\Bridge\Automation\Development\M RFED_Frame_Pier\305 Wapello\0fficial ExampleM RFD RC-Pier Final 2010-0...

EIBIX

) File show Lbraries LEAP Eridge Help
@ y y 5 -— = & — F ~ Y .
Ve B B ¢ @ a4 4 wh B 2 e ) € i 4 = W
Mew | Open Save Savefs Print | Image Model | Resuls Diagrams | Wehicle Library  Load Groups  Footing Library  Pile Groups | Help  Bentley Site About  E-mal  Manual  Tutorials
(e g PID\EElI £ Eenmetl_l,l] 25 Loads @ Analysis wﬂ Cap I ., En\umm] = anhng]
Unit
Bun dnaysis.. | Type: [Load Cane =] tem [oET =l i
r i
A0 B Effect: |Forces & Maoment j Farmnat: |Genelal Right j kips-ft
Type of &nalysis: @ Frame Coord. Spstem: ¢ Local Frint ...
| tfemb ‘Nuda | Fx ‘ Fy | le = | My | Mz
1 1 06629 3451 1} il 0 4548 A
1 2 0.B629 -305.1 ] -0 0 11.36
2 3 -0 3223 ] il 0 1}
2 4 -0 -282.4 ] il 0 1}
3 ® 0.B629 3481 ] -0 0 4,548
3 5 -0.E6629 -305.1 ] -0 0 11.36
4 7 ] ] ] ] 0 ]
4 a8 ] ] ] ] 0 1}
. 8 ] 1427 ] ] 0 1}
Click on 5 0 1427 0 0 0 A7
. g ] 1427 ] ] 0 A
this for 2 0 1427 0 0 0 5852
2 -0.6629 162.4 o o 0 5738
10 0.6629 162.4 o o 0 BE.11
screen 10 -0.6629 10.61 o o 0 -B6.11
b | 1 0.6629 10.61 o o 0 151.4
elow. 1 -0.6629 -141.2 o o 0 -151.4
4 06629 141.2 ] ] 0 4161
10 4 06629 141.2 ] ] 0 4161
10 12 06629 -141.2 ] ] 0 161.4
1 12 06629 1061 ] ] 0 -151.4
1 13 06629 10.61 1} 0 il EE11
12 13 06629 162.4 1} .
12 5 05623 162.4 0 All dynamlc load allowance factors
13 5 ] 1427 1}
13 1 g ik g were set to 0 so that when the
14 14 ] 1427 1}
14 15 ] 1427 1} H H
I - i f i / analysis results are written to a
i wn file we can be sure impact is

Analysis/Design Parameters (LRFD)

Resistance Factor, phi Dynamic Load Allowance, 1M Chaak Eamiel Citise
(% Phi az per 2005 classificatiors Truck Lame  Fatigue  LRFD 2004
£ Phi a3 per classic aproach Cap: |0 0. o f* LRFD 2005 Interims
Tenzion Controlled: [IR:] Gl |D' |D' |D- Fatigue
Foating: |U- |U- |D' ff term: 24,

Shear and tarzion:
[narmal weight)

e

Multiple Prezence Factors

Shear and torgion:
0 : 1.2
flightweight] Lane#t T
: ) Lanet 2 1
Compression Controlled:
: 0.wa
[tiez)
Laneft 2 085
Compression Controlled: ’W
: Lanett 4: 0.E5

[spiral]

Maoduluz of rupture

i

Compression in STH:

0.37 w aqrfc)

Sand-ightweight: [0.2 % sqrfc)

Mormal:

Shear and Torsion Calculations

Cap method Faooting method &l-ightweight; 017 w 3qrfc)
* Simplfied || Simplified
[5.8.3.41] (5.8.34.1] Deszign cap/footing for magnified moments
» Bl » Bere [ Design cap for magnified maoments
[B.8342 58342 ™ Design focting for magnified moments
T e, Wom Wi Vew
[5.8.3.4.3) [5.8.34.3) At ratio
" Beta-Theta| " Beta-Theta
(5.8.342) 582342 Comp-> |06 <- Tranzition -> |0.375 ¢ Tenzion

o]

Cancel |

excluded.

Clear Concrete Cover, in

Cap
top/battom: ’2—
Cap zide: 2
E=posure Factors
Caolurnn: 2
Cap: 1.
Footing
Calurnn: 11 top/battam: 3 <+
Faooting: 1. |
Footing side: 3. <

Seismic Degign

Seismic Dezign Parameters ... |

Calumn Slenderness Congideration
effective length
[~ P-delta Method factars, K

Murnber of iberations: 21

Degree of Fisity in Foundations for

Maoment M agnification L)

r Compute K for braced columns as per
Interim 2006

For this run I’'m not concerned
about cover requirements since

| am not designing footing
reinforcement in RC-Pier.




T RCPier, VBi (SELECTseries 1) - W:\Highway\Bridge\Automation\Deve lopmentM RED_Frame_Pierl305 WapelloMOfficial ExampleM RED RC-Pier Final 2010-0... [
f) File Show Lbraries LEAP Bridge Help

NEE
Yol ey @@ OHE @« & B W DO s e B
Mew | Open Save Savefs Print | Image Model | Results Diagrams

‘ehicle Library Load Groups  Footing Library  Pile Groups | Help  Bentley Site About  E-mail  Manual Tutorials

(e g PID\EElI = Eenmetl_l,l] i Loads ] =] Analysls] 1 Cap I ., Column  ebe Footing 1
Columns:

2@ 225
3@ 385

MName:  |FileFtgll
Type

" Spread Footing
{+ Pile/Shaft Cap

Copy Fram...

Footing thickness was set
to 1” in order to negate the
self-weight of the footing.

Dresign Design Status

Check Owerturning

4 Updates | IBS: Mot Connested | IES: Manual | Pier View:Upstation

Footing: Isolated PilefShaft Design

Footing Defintion l Piles Definition ] Footing Reinforcetyent ]
Pilefshaft Cap Configuration

I_ SpreadfCap  3Strap
9.t Depth (%) Depth ()
(g

— I_"i__ i 1. | |

- Footing surcharge No need to enter
rcharge her
—— (?Cnnstantln,iksf — surcharge here
ft since | included fill
I . (" Yariable & ("
{& User Inputs

weight in the EV1

: load group.
£ From Library |Spread 12Fx 12 ft J group
l— ’ P2 l—
Spread/Cap Position P
ksF “—

f* Cancentric under Calumn ¢ Eccentric under Column ksf

0] 4 | Cancel




This information is from a

library — see following pages.

This is used for
graphics display.

Footing: Isolated Pile/Shaft Design

Footing Defintion  Piles Definition l Footing Reinforcement

» —Pile Section Types Components
Pilefshaft Shape

(" User Inpuk

i+ Fram Library:

Description: it | in O
-
HP10x57 Ti | n T2 |
Pile Section Propetties
Area; Lxx: Izz:
ft~2 in ™4 in™4

Rokation

Not used in the structural model —

| keep the pile short so they don’t
take up the whole picture.

is simply used in the graphic display.

T

See below.

1
D

Round Square Chamfer H-Steel

Pilefshaft Configuration
Pile/Shaft  Max, Service  Max, Factored
Length Pile Capacity  Pile Capacu;i/
ft kips=
|5, | 100, | 145.8 Edit File

1

This value is arbitrary

since the lowa DOT
currently bases typical

See next page.

pile designs on the

o ]

Strength and Extreme

Cancel

Event Combinations.

HP10x57 Structural Resistance Level 1

Factored Resistance =

(6 ksi)*(0.1167 ft?)*(144 in*/ft*)*(1.45) =

BDM Table 6.2.6.1-1 shows (0.6)*(243 k) =

146.16 k

145.8 k




Edit: Pile Locations
Edit mode

" From Library

AL

o ™
w4
] o
Coordinates Eatter
X, o in Z. in deqgrees
Fie &  [1g, -36. 14.03
1 3600
2 54.00 36.00 14.03
3 90,00 -36.00 14.03
4 54.00 0.00 0.oo
5 18.00 36.00 -14.03
E 54.00 36.00 -14.03
7 90,00 36.00 -14.03
ak LCancel

x)

Print

Enter pile
coordinates. |
also entered a
1:4 pile batter.

M odify

Delete

Reszet all

(sl

no reduction for angle of the pile.

Aashto Lrfd 5.13.3.2 talks about piles being out of planned position by 6” or %
times the pile diameter and that the center of a group of piles may be 3” from its
planned position. This provision does not need to be considered for typical pier
designs. [Field construction errors are a separate issue from tolerances.]

According to the Bridge Design Manual a pile battered no more than 1:4 may be
assumed to carry the same vertical load as a pile driven vertically; there need be




Library Setup

Pile Type Library

Select
LRFD Truck, LrfdTrk.rpl
LRFD Load lowalfdL oad.ip2 Close
Foating Footing.rp3
Filez Pattern FilePatterns. rpd
Bundled Bars BundledB arz.ip5

ection Type

lowa_HP_PileS ection. rph

4l

Dialog

Awailable Shape:

Dimensions { in

Ed

Found
Square W |9.99 D |1EI.225 T1
Chamfer .
T1 |0.565 Tz |0.565 2
Section Properties W
O auko-Calculate {* User input T
Description: area; fb~z Iexi in™4 Izz in ™4 —
|HP10x57 |0.11667 294, 101,
H - Steel
| Description |Sha|:ue |Dimensinns

HP10x42 H-Steel W =17 0=10.075, T1=0. add
W=10,99, D =10,225, T =

HP12x53 H-5keel W =11.78,0=12.045 Tl = Delete
HP14x73 H-5keel W =13.61,0=14.585, Tl =
HP14x117 H-5keel W=14.21 D= 14,555, Tl = Madify

] b

Save
Sawe As

Zancel |




: Isolated PilefShaft Design

Foaoting Defintion ] Piles Definition  Footing Reinforcement ]
Footing Reinforcement Strut and Tie Model
Dir. Bar dist.in  Bar Size: Mum, Bars Hook
Al ~[[os  [# <] Ihone B3

#3 11
£ 0.5 #3 11 Mone

Ceesign pile reaction This button lets
f+ Computed maximun pile reaction Factared | s you review the
¢ User specified maximum pils reaction  ==rvice | Kips pile reactions.

Fatigue | kips

[+ Check for Cracking and Fatigue

(0] 4 | Cancel

There is not much point in entering footing reinforcement since my footing
is only 1” thick and | won’t be using RC-Pier for the design of the concrete
footing. However, RC-Pier requires the entry in order to get the pile
reactions.




ISOLATED FOOTING DESIGN

ISOLATED FOOTING DESIGN
Code: AASHTO LRFD 2007 fwith Interims)

Linttz: LIS

Pier View: Upstation.

GEOMETRY
Marne : PileFgll1

Shape : Rectangular, Trpe : PilesShatt Cap

BfC4) = 9.00 &, HiES) = 9.00 &, Thicknezs(v] = 1.00 in

Ay = B100R2, 1 = S400 £, 1z = 36.00 #*2

Foating conceric.

Colurng located on the footing:

Coluran Mo, 1 stz = 0004, Round D = 3000 in

Surcharge = 000 kzf

Piles: H-Steel Size: W= 999 m, 0 =10230n, T = 056, T2 = 056 n

Service Capacity: 100.00 kips Factored Capacity: 14580 kips

Filez Section Properfies: Area = 012 2 1 = 29400 in™ |z = 101.00 in"4

DESIGN PARAMETERS
fee = 350000 psi

Fy = B0000.00 pei

phi tens = 0.90

phi comp = 0.74

phi shear = 0.90

Tenz helow = (1375

Cornp Above = 1600

Ec = 3506 B kai

Ez = 290000 ksi

Crack check as per 2005 Irterimz

Crack corfrol Expozure = 1.00

Concrete Type : Mormal Wizight.

I’'ve included some portions of
RC-Pier’s output for the footing.

Not interested in the
Service capacity of
the piles at this time.

Pile Reactions, Service <
. Loc(¥) Loc X I Batter P Hxx Hzz Pile Reac. Php Plong PlongPh
HIG ftm ftm in in degree G i hips kit kit hips Ilipls: I|.i|1|:I Iti?m ’
1 a0 150 1800 360 14 8308 1000 65972 10997 15998 1136 2541 66 Hian
al19 1000 41164 10997 <197 .05 B2 906 066 972
2000 150 5400 360 14 8204 1000 £3933 36526 1032 6> 2TR9 204 ok |
2129 1000 43024 36526 1523 Nnar a2 128
3300 150 9000 360 14 82 1000 B3104 36526 10522 112 2979 209 A
TIT7 1000 43853 36526 T9GR W¥I2oam 2m 11014 #
4000 450 5400 00 0 T879 1.000 £71.41 19658 216.79 9992 000 106 1.06 ¢
a424 1000 39817 19655 242 34 G608 000 106 -1.06
5 a0 7501600 360 A4 TEI000 £71.41 19658 METY 1AMarE 1M 106 3015
ad22 1000 39995 -196 58 -253 45 X006 £26 -106 -1 .32
000 750 5400 360 A4 THRR 1000 B4816 36526 @161 11280 -0 204 2612
aa11 1000 43620 36526 10730 202 050 =20 1258
T30 A0 9000 360 A4 80741000 B3987 3REM 1328 12s 819 209 2610
a203 1000 44449 36526 -12.40 b B N 1314




These values appear because
| entered pile batter.

Pile Reactions, Factored
.+ Loc(Xy Loc X [ Batter P Mxx Mzz Pile Reac. | Php Plong PlongPh
Pile ﬂm ftm in in degree comb Ovs hips bt it hips hipI: hipsu I|.i!|lm ’
1 20 150180 360 14 1652 — 84294 23679 10478 142313550 138 Mg
076 — 30038 28804 241 3 BAD| 170 180 3a0#
2000 150 540 360 14 &7 — 89448 29316 4754 11853545 142 M3
1086 — -31058 41569 -156.16 M7 832 152 [ 5
3300 -1A0 400 360 14 83 — 89033 29316 10499 150000¢ | 37 45 -1 A2 X606 #
0m — 31472 41568 1087 093 773 282 1025 #
4 000 450 540 00 1] M — 9196 2316 97T 1138 000 142 142%
077 — -M9538 11198 27306 £20) 00 082 a2y
5 M A0 180 k0 4 1@ — 962 MIe W7 15380 |03 142 -36.96
15 — -345.00 15307 205243 f 40 685 183 4 il
000 -TA0 540 360 A4 1 — WH6E2 25306 97T /1115.44 GR3 14 34 9¢
1 — 38924 -3e143 2500 / 336 484 20 -10.43
T30 -TAD 00 360 A4 148 — 82690 36443 306k / 193 -352 210 3312
1064 — 4897 41568 13749 / 300 632 252 404

[ —

Footing Design : Notes

* Bervice Force in pile iz greater than zervice pile capacity .

* Factored Force in pile iz greater than factored pile capacity .

# = Pile needs to resist remaining lateral force.

Only rax. force in piles is considered for design.

Pile coordinates = and £ are from the most left edge of the focting.

This is greater than the factored
resistance of 145.80 k. So, |
should modify my pile

arrangement or add more piling.

| won’t do that at this time.

Plong= Lateral load in lonoiudinal direciion at the top of pile, Kips.

Php= Anvailable resizing honzardal component due to hatier= hatter * Yertical pile reaction, Kips.

Plahg-Php= Remaining lateral force required to resist by pile.

Max. Pile Reaction Used in Design: jwithout selfweightand surcharge) |

Factored pile reacton

153.59 kip: | €

Service pile reaction

12490 kipz

Reinforcement Schedule

Dir Quantity Size Bar.dlart A3 total Spacing Hook

in in™? in
i 11 #4§ nAn 6% 1010 Mone
il 11 #4§ nAn b9 1010 Mone

Note that the maximum
factored pile reaction is
still 153.59 kips in this
table. This is because the
footing and fill weight
were input as DC1 and EV1
loads rather than entered
on the footing tab.

I've included the rest of the footing output, but I'm
not really interested in the concrete footing design
portion since | entered a 1” thick footing. Footing
design is typically done using a spreadsheet.




Flexure

Dir d kmax

fsh req Asb_prr Asb_eff Ast req Ast_prv Ast_eff

£ i ok "™ um nm nm ™ ™ i
X 01 200 5812 T8 T 000 000 000 00 G966
X 101 200 5812 T8 T 000 000 000 003 669 649
Z 11 200 8118 T8 T 000 000 000 003 69 669
Z 111 200 6118 T8 T 000 000 000 008 663 669

Flexure Note

CL: Section clazsfication az per LRFD 2006 ivterirnz for provided reinforcerment.

= Corpression cortrolled, | = In-Tranztion, T = Tension cordrolled.

Fequired reirforcement i based on phi for tengion controlled sections .

|Craching check as per AASHTO LRFD 2007 with Interims {200%) |

|Craching.'Fatigua

 Loc d Gracking Cracking Cracking Cracking Cracking Fatigue Fatigue Fatigue Fatique
Dir & in Mmax Comb fa Sy Spr  Hmax Comb rafio fs

kdt hsi in in kit hsi

-1 -2 472 7 a7 (.00 108.0 nn nn 0 om0
2111 -2 LE T8 (.00 108.0 nn nn 0 0o o
2 -1 -2 a0 T8 0.0 108.0 nn nn 0 om0
Z 111 -2 9.0 e (.00 108.0 nn nn 1 1 1111

One VWay Shear (Simplified Method) |

. Dist dv  Yu phi‘¥c
Col Dir it Comb in  kips kips
1% AN 10 072 372* 8.1
17 18 072 3072+ 0.3
AT 10 072 4605* a3
Z 17 18 072 460%8* 0.3
|Dnn Vifay Shear Note
* Bhear resistance is lesz than applied shear force, You may increaze the footing depth or provide stirmups.
|Twu Vifay Shear
Be Ao Arg.dr Yu phi*¥c
# # 192 C°™ i kips  kips
Columns
1804 515 18 07 iy 147
Piles - max
1 357 040 18 072 1536 7]
Piles - min
1 3457 0.80 18 0.2 1536 7]
Two Vifay Shear Note

* Shear resistance is less than applied punching force.

T Ay SHEAR IMN FOOTING 15 NOT DESIGHMED AND STIRRUPS ARE NOT COMSIDERED.




Spreadsheet for Footing Design

|App|ication to Design Pile Footings based on RC-Pier Output | Developed on 10/16/2006
Last Updated on 8/30/2010

DOT refers to the lowa Department of Transportation.
OBS refers to the lowa DOT Office of Bridges and Structures

Disclaimer: This software is intended for use by lowa DOT personnel and consultants working for the OBS in their
development of projects for the lowa DOT. Any other use is at the sole discretion of the user. The lowa DOT makes the
software available "AS 15" and assumes no liability nor makes any warranty of any kind, including warranties of
noninfringement, fithess or merchantability whether expressed or implied, to the accuracy or functionality of this software.
By downloading or using this file, you are agreeing to this disclaimer.

The OBS will only support those persons using this software in connection with lowa DOT related business.
Please report any spreadsheet errors to the lowa DOT OBS.

This spreadsheet was developed to aid the design of typical lowa DOT piers. The lowa DOT Bridge Design Manual (BDM)
should be consulted for the most up-to-date policies.

Description:
This application is designed to read RC-Pier's analysis results and to use them for pile footing design.

Steps:
1.) Run RC-Pier.

2.) Print "Load combinations” and "Analysis results” from RC-Pier to a text file. See figure below.

[Be sure to set the dynamic load allowance, IM, to 0 for the cap, column, and footing (G

on the "A/D Parameters” screen before running the analysis. This will ensure impact s o R

is excluded from the results that are sent to the text file. You should only include M ra

Strength Combinations in the text file ] It may take awhile for RC-Pier to write all the 2 e M) I Powet ™ Smensaimote

infarmation to a file. = ‘:'M""'J ‘::‘;‘":"‘“’

3.) Fill out Input tab in this spreadshest. = _u::::m I Cortutnponhs sy
4.) Click "Load Input” button on the Input tab and select the RC-Pier text file just created. — I Dkt prmmatar :_“""“'“"

It may take awhile for this spreadsheet to read in the data from the text file. —re— " B st T Colmtoipuonts
5.) Pile footings can be designed on the "PileFtgDesign” tab. lr»-v-n- Racsti Dot Foa| | [ Lomt l_:‘a:;:l::
MNotes: T e ::-ﬂvm
1.) Loads peculiar to the footing such as footing weight, soil weight, and bouyancy on P ——— Bl

the footing and soil should be entered in RC-Pier at the base of the column on the F~ Foong e

"Loads" tab so that they will be included in the analysis results that are written to Pt

the text file. [Actually any point loads at the base of the column should be input — ==

just above the base in RC-Pier. If they are not, then those loads are excluded from

analysis results text file ]

2.) The user must include "Load combinations™ and "Analysis results” in the RC-Pier
text file.

3.) Only Strength combinations should be included in the RC-Pier text file. Fatigue,
Senice, and Extreme Event combinations should be excluded.

4.) To save time it is recommended that the user turn of all extra analysis points set up
in RC-Pier (e.g. any additional points on the cap) before saving data to a file.

5.) Footing pile arrangements must be symmetrical.

6.) The tabs labeled "Calc1". "Calc2", "Col1Bot” to "Col6Bot”, and "Keywords" are used
to store data and should not be altered.

The steps to export loads from RC-Pier and to
import them into this sheet are not shown.




[Pile Footing Design | Aashto Lifd 5.13.3

Only the pile locations in the positive quadrant should be entered since the pile
footing is assumed to be symmetrical. The user should include any piles located

Footing Length (X direction) 9.000) feet on the +X and + Z axes and the pile at the center of the footing if present.
Footing Width (Z direction) 9.000) feet
Footing Depth (Y direction) 3.500] feet Aashto Lrid 5.13.3.2 makes provision for Positive Positive
the tolerance of actual pile location. Pile x-coord z-coord
[Column Width or Diameter (X direction) [ 2.500] feet | Office policy is to ignore this provision in MNumber (feet) (feet)
[Column Depth (Z direction) [ 0.000] feet | footing design. 1 3 3
Enter column depth of 0 for round columns. 2 0 3
3 0 0
[Pile Diameter, dp [ 10[ inches | 4
5
[28 Day Concrete Strength, fc in psi [ 3500] psi | 6
7
[Footing Number to Consider [ 1] 8
Flotted Locations of All Files Entered 190
e Length N ‘ i
“- '| | ] 3 u 12
2 13
A 1 14
- r T T T & T T T . +X 1
[ ] tx Width \ 5 E 1 2 3 4 1?
| A .
\ | Positive Quadrant]; z-coord -2 18
i i 19
! 0 5 n -3 4 25
QO A b z
+Z ¥ x-coord Z 22
23
24
Total Number of Footing Piles 7 25
Sx, Pile Section Modulus 18.000 | ft | 26
Sz, Pile Section Modulus 12.000 | f | 27
28
29
30

Determine Pile Loads | If any input above the line or on previous tabs is changed, then you will need to re-click on "Determine Pile Loads”

Pile Loads Load -] Controling _ .
(kips) Combo Loads Pile Capacity Results: Is Pu, <=Rr?

Factd Pile Resist, R, = ¢R, 145.800 NO. Pile is NO GOOD.
Max Fact'd Pile Load, Pup, 153.586 +— match Puy, should be less than or equal to Rr = ¢Rn.
Max Fact'd Avg Pile Load, Pus 131.374 RC_Pier_
Min Fact'd Pile Load 6.800 1078 """ means uplift
User Loads for Footing Design | Used for: Mote: The user can, according to office policy,
Factored Pile Resistance, R, = ¢R, 145.800| kips One-way (beam) shear deduct the factored bouyant weight of the footing
Maximum Factored Pile Load, Puy, 153.586| kips Flexure reinforcement from the pile loads for flexure and shear design
Maximum Factored Average Pile Load, Pus 131.374| kips Two-way (punching) shear Be sure to deduct only the portion of the load

going to one pile. Soil load may not be deducted.




Flexural Capacity Check

Design Flexural R/ Parallel to X-axis (Mz moments)

Aashto Lfd5.7.3.2and 5.13.3.4

Design Flexural R/ Parallel to Z-axis (Mx moments)

Clearance to Flexural Rl from Bottom of Footing 13.000] in |
Mumber of Bars Required for R/ parallel to X-axis 7
Flexural R/l Bar Size for bars parallel to X-axis ]

Bar Diameterfor# 9 1.128]in
Bar Areafor#9 1.000] in*2
Total Bar Area 7.000] in"2
Effective Depth for bars parallel to X-axis, de, or ds, 28.436|in
Mote: de, corresponds with design for Mz

Flexure Phi Factor, ¢ 0.900
Factored Applied Moment, Muz 581.236| Kkt
Depth of Equivalent Stress Block, a 1.307]in
Factored Flexural Resistance, Mrz = ¢Mnz 875,146 k*t
Is Mu, <= Mr, ? Yes

Clearance to Flexural R/l from Bottom of Footing 14.128| in
Mumber of Bars Required for R/ parallel to Z-axis 10
Flexural R/l Bar Size for bars parallel to Z-axis ]

Bar Diameter for# 9 1.128]in
Bar Areafor#9 1.000] in*2
Total Bar Area 10.000] in*2
Effective Depth for bars parallel to Z-axis, de; or ds; 27.308| in
Mote: de; corresponds with design for M.

Flexure Phi Factor, ¢ 0.900
Factored Applied Moment, Mu, 871.854 | k*t
Depth of Equivalent Stress Block, a 1.867] in
Factored Flexural Resistance, Mr, = ¢hn, 1186.843( k*ft
Is Muy <= Mr; ? Yes

Minimum Reinforcement Check

Aashto Ld57.3.3.2and 5426

Enter: 1ifde + 2" is to be used to calculate Mcr 1 If 1, then de + 27 is used to calculate Mcr;
2 ifthe fig depth is to be used to calculate Mer otherwise, the footing depth is used.
Modulus of Rupture, fr 0.692| ksi |

Section Modulus of Concrete Footing, Sz 9.649| fi*3 | Section Modulus of Concrete Footing, Sx 8.947| "3
120% of the Cracking Moment, 1.2*Mcr; 1154.206| k*ft | 120% of the Cracking Moment, 1.2*Mcr, 1070.239| k*ft
Is 1.2*Mcry <= Mr; ? No Is 1.2*Mcry <= Mry ? Yes

— OR — — OR —
[As required 4.612[in"2 | [As required 7.276] in"2
[Is As provid >= 1.33*As req'd 7 Yes | [Is As prov'd >= 1.33*As req'd 7 Yes
Maximum Reinforcement Check Aashto Lrfd 5.5.4.2,57.21, and 5.7.3.3
Stress Block Factor, B1 0.850 Stress Block Factor, B1 0.850
Location of Neutral Axis, c 1.538]in | Location of Neutral Axis, c 2197]in
Met Tensile Strain in the Extreme Tension Steel, 5 0.052| infin | Met Tensile Strain in the Extreme Tension Steel, 5 0.034| infin
Is Section Tension Controlled? g >= 0.005 Yes Is Section Tension Controlled? g >= 0.005 Yes
Is Section Compression Controlled? g <= 0.002 No Is Section Compression Controlled? g <= 0.002 No
Is Section in Transition? 0.005 > g > 0.002 No Is Section in Transition? 0.005 > g > 0.002 No
Flexure Phi Factor, ¢, for Design 0.900 Flexure Phi Factor, ¢, for Design 0.900

NOTE: If section is in Transition, then the user must adjust the Flexural Phi Factor, ¢, in cell G73 or O73.
If section is Compression Controlled, then do not use this spreadsheet. The user must do a strain compatabilty analysis.

[Is Flexural R/l Adequate? [YES, Flexural R/l is Adequate.

[Is Flexural R/l Adequate? [YES, Flexural R/l is Adequate.




Crack Control: Flexure Ril Aashto Lrid 5.7.3.4.

The requirements of Aashto Lrfd 5.13.3.5 should be included. Spacing should also comply with Aashto Lrfd 5.10.3.1 and 5.10.3.2.
If upliftis present; then, as a minimum, add #5 bars at 12" to the top of the footing in both directions.

‘Enter: 1ifde + 2"is to be used to calculate cover ‘ 1 ‘ If 1, then de + 27 is to be used to calculate cover,;

2 ifthe ftg depth is to be used to calculate cover

|Exposure Factor, 7. | 1.000 |

[Concrete Cover Thickness to Ril Center, dc | 2.000]in ]
|Bs | 1.1DD|

[Maximumn Senvice Pile Load, Ps,, | 124900[kips |
|Fositive Service Mz | 472676 KR |
See Aashto Lrfd 5.4.2.4 and 5.7 1 forEcandn

Reinforcment Ratio, p 0.00228

Concrete Modulus of Elasticity, Ec 3586.616( ksi |
Modular Ratio, n 8.000
Factor for Distance to Neutral Axis, k 0.174
Reinforcement Stress at Service Level 30.246) ksi ]
[Max. Spacing of Bot Layer of Pos. Flex. RIl, s [ 17.031]in ]
Crack Control: Skin R/l Aashto Lrid 5.7.3.4

[Is Skin Rl Required ? __{Is de = ds > 3.00'7) [ No |

0.000] in*2 perft |

Area of Skin R/l Required per Face, Ask
Max Spacing of Skin R/l Required

4.739]in

otherwise, the footing depth is used.

|Exposure Factor, 7. | 1.000 |

[Concrete Cover Thickness to R/ Center, dc | 2.000]in |
|Bs | 1.105|

[Maximum Senice Pile Load, Psy, | 124000[kips |
|Positive Senvice Mz | 700.013] Kt |
See Aashto Lid 5.4.24 and 5.7 1forEcandn

Reinforcment Ratio, p 0.00338

Concrete Modulus of Elasticity, Ec J586.616| ksi |
Modular Ratio, n 8.000
Factor for Distance to MNeutral Axis, k 0.207
Reinforcement Stress at Service Level 33.470) ksi |
[Max. Spacing of Bot Layer of Pos. Flex. Ril, s [ 14.933]in |
[Is Skin Rl Required 7 {Is de = ds = 3.00'7) [ No |

0.000] in"2 per ft]

Area of Skin R/l Required per Face, Ask
Max Spacing of Skin R/l Required

4.551]in |

Shrinkage and Temp. R/l and Structural Mass Concrete

Aashto Lrfd 5.10.8

0.328]in"2 perft |

}&rea of Skin R/l Required per Face, Ask

0.328]in"2 perft]

}&rea of Skin R/l Required per Face, Ask

Max Spacing of Skin R/l Required [ 12.000] in | Max Spacing of Skin R/l Required [ 12.000] in |
Fatigue in R/l Aashto Lrfd 5.5.3

Office policy is to neglect checking fatigue.

Shear Capacity Check Aashto Lrfd 5.8.1.4,5.13.3.6 and 5.8.3

Enter 1to check dv=0.72*h. Enter 2 to exclude it. 2 See Aashto Lrid 5.8.2.9.

Calculated Effective Shear Depth, dv 26,374 in |

User Entry for Effective Shear Depth, dv 26.5374| in |
|One Way Shear or Beamn Shear Parallel to Z-axis | |One Way Shear or Beam Shear Parallel to ¥-axis |
|Distance from Column Center to Critical Section [ 3.306] ft | |Distance from Column Center to Critical Section [ 3.306] ft |
Foint of 0 Shear to Equivalent Column Face 2,300 ft | Foint of 0 Shear to Equivalent Column Face 2,300 ft |
Distance of 3*dv 6.504| ft | Distance of 3*dv 6.504| ft |
Is Point of 0 Shear to Equivalent Column Face = 3*dv? YES Is Point of 0 Shear to Equivalent Column Face = 3*dv YES

Ifthe above is YES then Aashto Lrfd 5.8.3.4.1 may be a

pplied with B =2.00.

[Factor for Tens Trans Diagonally Crack'd Concr, B [ 2.000]
Aashto Lrfd 5.8.3.3and 5.8.34

Factored Applied Shear, Vu, 38.850( k
Factored Shear Resistance, Vr, = ¢n, = ¢V, 303105 k
Is Beam Shear OK? Vu, ==V, YES.

Two Way Shear or Punching Shear

Distance from Column Center to Critical Section 2.207| it
Distance from Column Center to Critical Section 2.207| it
Perimeter of the Critical Section, bo 17.654| ft
Ratio of Long Side to Short Side, o 1.000
Factored Applied Shear, Vu, 788.244| k
Factored Shear Resistance, Vr, = ¢Vn, = ¢V, 1185.326| k
Is Punching Shear OK? Vu, <=Vr, YES.

If the ahove is YES then Aashto Lrfd 5.8.3.4.1 may be applied with § = 2.00.

[Factor for Tens Trans Diagonally Crackd Concr, B | 2.000]
Aashto Lrfd 5.8.3.3and 5.8.34

Factored Applied Shear, Vu; 58.288( k
Factored Shear Resistance, Vr; = ¢vnz = ¢V/c, 303105 k
Is Beam Shear OK? Vu; ==\Vr; YES.

Parallel to Z-axis
Parallel to X-axis
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