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Given the document "Bent Cap Analysis and Design with GFRP
Reinforcement " developed by Florida Department of Transportation
(FDOT), the work of University of Miami, Department of

Civil, Architectural and Environmental Engineering (CAE), is to:

¢ Edit the given example to account for properties of Glass Fiber
Reinforced Polymer (GFRP) bars.

e Update the given example according to AASHTO LRFD BRIDGE
DESIGN SPECIFICATIONS, 8th Edition, 2017

¢ Improve the given example with notes, comments and drawings.
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Bent-Cap Analysis & Design

State Structures Design Office

Run the appropriate worksheets by double clicking the icons below. Modify the input data as required &
execute <calculate worksheet> (Ctrl + F9) twice to savelview information. When finished, close the worksheet
window without saving to return to this screen. Project information is stored in the Project Data File (.dat file),
so Mathcad worksheets should not be saved, unless permanent modifications are intended.

PART 1: LOAD GENERATOR

L A ®
PART 2: FRAME ANALYSIS
‘;I:,il*l ‘\.Tj*-* KT:;” ‘ '\_T;L - ndi.d.f—:!

Pirreed or Fizged ]
Conneciion
P
Bent Cap Analysis Model

PART 3: DESIGN & AASHTO BDS CHECKS

Steel Rebar

PART 4: CONNECTION DESIGN

i e ]
< R 5
i = i e rama e
I 1= 1 I
5
>
Grouted Duct Pile Pocket Pile Pocket w/ CMP

For a list of assumptions/limitations of the current program, click on...... Program Assumptions
For alist of recent changes to the program, click on...... Program Changes

w
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Intermediate Bent-Cap Analysis & Design

Part 1. Load Generator

Project =
FDOT
Checked By =

ﬁ-__ N Back Checked By =

State Structures Design Office

Data Files Folder
Change Folder

D:\PhD-Nafis\2-Spring-2020\Research\FDOT Course\Bent Cap\HRB\Mathcad-01\BentCapV1.0-NK\

Open Existing Data File (optional)

Bent Cap Example - Trial 1.dat Refresh List
Halls River Phase lll.dat
Load Data
testsdf.dat

US90 DS.dat
US90 Pile.dat

Input Data

Superstructure (Ssymmetrical)

Girder type For steel or custom beams not shown

E:S:gi under Girder type, input the beam properties

FIB-63 under the Loads collapsed region.

FIB-72

FIB-78

FIB-84

FIB-96
CaP SKEW. - e e e e e e e e e e e 0 Degrees
Average Haunch Thickness. .. ....cceeeeennn.. 1.14 inches
Barrier Helight. . . ..o eeeee s 32 inches
Barrier weight per SDG Table 2.2-1......... 420 Ib/ft
Slab Thickness (including sacrificial ’857 inches

wearing surface). ... ..o ii i
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Length of back station span..

Length of ahead station span.

Total Number of Beams in Typical Section...

Centerline-to-centerline beam spacing......

Curb-to-curb roadway width...

Distance from coping to roadway edge.......

Dead load of Wearing Surfaces and Utilities

per beam line................

Additional dead load of structural
components and nonstructural attachments

per beam line(i.e. SIP forms)

Substructure (Symmetrical about CL of Superstructure)

BT feet
BT feet

’r feet
40 feet
10.56 feet
Exterior Beam

165 Ib/ft

Exterior Beam

20 lo/ft

Interior Beam
150 Ib/ft

Interior Beam

20 lo/ft

Owverhang  Column Spacing Overhang
Yoy
L&) O ! | &)
““‘R\//ﬂ )
Pinned or Fixed
Connection
Ground Line
Point of Fixity
V. V77 Vi )
Bent Cap Model

Effective Length of Column

Number of columns, minimum of 2 required...

Effective length of columns..
Collumn spacing.-....c.ccooo...

8/3/2020

6
33.7 feet

10.38 feet
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See bent cap model
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1 =Round
Column type -------------------------------- 2 2= Square

Collumn Diameter/Width. .. ... ... ._...... ’187 inches
Cap Helight. . ... . ’367 inches
Cap Width. .. ’487 inches
Cap Length. . ..o i ie i ’W feet

Average pedestal height. ... ... ... ........ 4 inches

Pedestal Width. ... ... ..o iieaann-. 30 inches In direction of cap width
Pedestal Length. .. ... ooeeooe i eaaaan-. 34 inches In direction of cap length
Beam bearing pad Length .................. 22 inches In direction of cap length
Min.28-day compressive strength for cap.... 5.5 ksi

Min.28-day compressive strength for cols... 6 ksi

Correction factor for source of aggregate.. 1 [SDG 1.4.1]
Concrete unit weight for calculating Ec.... 0.145 kef

Concrete unit weight for calculating

dead 10adS. - - oo ie e e 0.150 kef [SDG Table 2.2-1]

Additional Input for Centrifugal Force (CE)

Radius of curvature of traffic lane........ 0 feet

If the highway design speed is not specified, it should be conservatively taken as the maximum specified in the AASHTO
publication, A Policy on Geometric Design of Highways and Streets (70 mph).

Highway design speed. ... ..o aa.. 50 mph

The total CE load shall be distributed to bent caps based on the superstructure continuity and the relative stiffness of the
bent caps in the direction of CE load.

Distribution Factor for CE load to 1 Minimum O
intermediate bent cap ... ... ... .. ..... Maximum 1

Additional Input for Braking Force (BR)

The total BR load shall be distributed to bent caps based on the superstructure continuity and the relative stiffness of the
bent caps in the direction of BR load.

Distribution Factor for BR load to 1 Minimum 0
intermediate bent cap ......iiiiiiiian.. Maximum 1
Length of bridge for BR load calculation 185.83 feet (typically length of

(length of lane load) ... ... ... .. ........ continuous deck)
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Input a Radius of 0 for bridges
with no horizontal curve.

Part1-3



Additional Input for Wind on Structure (WS)

Low Member elevation. ... ..o oeeeeeen.. 8.10 feet

Elevation of low ground or water level..... 0.06 feet
Design Wind Speed (mph) per SDG 2.4.1...... 130 mph
Total depth of superstructure (barrier, ’5247 feet

deck, haunch, beam and superelevation).....

Additional Input for Water Load (WA)

NOTES:
e  Current version of Load Generator focuses on design and analysis of Bent-Cap, which is typically controlled by
Strength | and Service I, 111 limit states with water load of 100 year Basic Flood. The flood elevation is typically

below the bottom of cap. Thus, calculation of WA is omitted in current version.
e To consider WA load (e.g. existing bridges with flood elevation above the bottom of cap), directly input the WA load
acting on the bent-cap that is under consideration.

100 year event: parallel to the bent-cap... ’07 lip
100 year event: perpendicular to the ’70 .
bent-cap .. ccciii e kip
500 year event: parallel to the bent-cap... 0 kip
500 year event: perpendicular to the ’70 .
bent-cap .. ccciii e kip

Additional Input for Force Effect due to Uniform Temperature (TU)

NOTES:

e TU load is typically perpendicular to the plane of bent-cap and thus resisted by cantilever columns. Calculation of
TU is omitted in current version.

e Toconsider TU load (e.g. bridges with big skew), directly input the TU load acting on the bent-cap that is under
consideration.

TU load in the longitudinal direction of .
0
the bridge ..o oo kip
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[¥] Set Output Data

Save Data File (optional)

File Name HRB-NK.dat

Note: You can specify an output folder location by using the Change Folder feature above.

[*] Initialize Data

Intermediate Precast Bent Cap - Part 1 - Load Generator

This worksheet computes all the loads on the bent cap from the beam reactions. Live loads are generated for each beam

using the lever rule and tributary area methods.

Initialize Program Data

Superstructure:

BeamType = inpBeamType = 9

Skew := str2num(inpSkew)-deg = 0-deg

thaunch = str2num(inpthaunch)-in = 1.14-in
hparrier = str2num(inphbarrier)-in = 32-in
Wharrier = Str2num(inpWwh,yier) plf = 420-plf
toab = str2num(inptslab)~in = 8.5in

WDW ext == str2num(inwaW_eXt)-plf = 165-plf

WDW int -= str2num(inwaW'im)~plf = 150-plf

Wadd ext == SU2num(inpw, g4 ex¢)plf = 20-plf

Wadd.int = str2num(inpwadd.int)-plf = 20-plf

Lpack.span = str2num(ianback.Span) ft=37.171t

= str2num(ian ft =37.17ft

Lahead.span : ahead.span)

#Beams := str2num(inp#Beams) = 9

Spacingpap = str2num(inpSpacingbeam)-ft = 6.6ft

W - Stlrznum(inpwcurb.to.curb)'ft = 40ft

curb.to.curb -

Girder type

Cap skew

Average Haunch Thickness

Barrier Height

Barrier weight per SDG Table 2.2-1

Slab Thickness (including sacrificial wearing
surface)

Additonal DL due to wearing surface and utilities

Additional DL structural components and
non-structural attachments

Length of back station span

Length of ahead station span

Total Number of Beams in Typical Section

Centerline-to-centerline beam spacing

Curb-to-curb roadway width
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d = str2num(inpd =10.56 ft

coping.to.curb coping.to.curb)'ft

Substructure:

#Cols := str2num(inp#Cols) = 6

Lool = str2num(iancol)~ft =33.7ft

Spacing | = stanum(inpSpacingcol)ft = 1038 ft

ColType := str2num(inpColType) = 2

Weol = str2num(iancol)~in = 18-in
Hcap = sﬁZnum(iancap)-in = 36-in

Wcap = str2num<iancap)~in = 48-in
Lcap = stanum(iancap)~ft =599f1t

Hpedestal = Stanum(ianpedestal).in = 4.in

Wpedestal = str2num(ian )~in = 30-in

pedestal

Lpedestal = Strznum(ianpedestal)'in = 34-in

Lpad = sﬁZnum(ianpad)-in = 22:in
fc.cap = str2num(inpfc'cap) ksi = 5.5-ksi
fo col = str2num<inpfc.col) ksi = 6.0-ksi

K= stanum(inpKl) =1

W, = str2num(inpwc)'1000pcf = 145-pcf
Yeone = str2num(inpf\{conc)'IOOOpcf = 150-pcf
Additional Input for Centrifugal Force (CE)

Radius := str2num(inpRadius)-ft = 0 ft

. ft
Vdesign.speed = Strznum(mPVdesign.speed)'mph =73.33 N

DFcg = sﬁZnum(inpDFCE) =1

8/3/2020

Distance from coping to roadway edge

Number of columns, minimum of two required
Column effective length

Column spacing

Column type: 1-round, 2-square

Column Diameter/Width

Cap Height

Cap Width

Cap Length

Pedestal Height

Pedestal Width

Pedestal Length

Beam Bearing Pad Length along length of cap

Min.28-day compressive strength for cap

Min.28-day compressive strength for columns
Correction factor when claculating Ec

Unit weight of concrete for calculating Ec

Unit weight of concrete for calculating dead loads

Radius of curvature of traffic lane (ft)

Highway design speed (ft/s)

Distribution Factor for CE load to intermediate
bent cap

1-BentCap-LoadGenerator.xmcd
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Additional Input for Braking Force (BR)

DFppR = stanum(inpDFBR) =1 Distribution Factor for BR load to intermediate
bent cap
Loridge.BR = Strznum<ianbridge-BR)'ﬁ = 185831t Length of bridge for BR load calculation

Additional Input for Wind on Structure (WS)

Elevy = str2num(ianlevLM)~ft = 8.1t Low Member Elevation

Elev ground = stanum(ianlev groun. d) ft = 0.06 ft Elevation of low ground or water level

Vinax := str2num(inpVy, . }-mph = 130-mph Maximum Wind Speed (mph) per SDG 2.4.1-2
Depthsuper = str2num(inpDepthsuper)~ft = 5241t Total depth of superstructure

Additional Input for Water Load (WA)

PwA x.100 = Strznum<iinWA-X~100)'kip = 0-kip 100 year event: parallel (x-direction) to the cap

PWA 2100 = str2num(iinW Az 100)-kip = 0-kip 100 year event: perpendicular (z-direction) to the cap
PWAXSOO = str2num<iinWA'X.500 klp = Oklp 500 year event: parallel (X‘direction) to the cap

PWA 2500 = str2num(iinW Az 500)-kip = 0-kip 500 year event: perpendicular (z-direction) to the cap

Additional Input for Force Effect due to Uniform Temperature (TU)
Pry= stanurn(iinTU)~kip = 0-kip TU load in the longitudinal direaction of bridge

[+] Initialize Data

[+] Loads: DC&DW, LL, CE, BR, WS, WL, WA, TU

2 0.33
We fe cap .
E.,p = 120000K; - . - -ksi = 4428-ksi Bent cap modulus of elasticity [LRFD 5.4.2.4]
P 1000pcf ksi
2 0.33
We fe.col .
E.o1 = 120000K - . - -ksi = 4557-ksi Column modulus of elasticity
1000pcf ksi
L + L
Lspan = back.span 5 ahead span =37.17ft Tributary Span Length

Wtrans.bridge = dcoping.to.curb'2 + Weurb.to.curb = 01-12 ft Total bridge width

Wtrans.bridge - (#Beams — 1)-Spacingpea

ddeck oh = 5 = 4.04ft Distance from coping to centerline of first beam

Lcap

— (#Cols — 1)-Spacing
Leap.oh = 5 =

4 ft Length of cap overhang - See Bent Cap Model
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Beam Properties

For steel or custom beams, input beam height hpeam = 21.3in

For steel or custom beams, input beam top flange width tfheam = 24.38in

For steel or custom beams, input beam self weight Wheam = 181pIf

"Beam" "Height" "top flange" "Self weight"

"AASHTO II" 36 12 384.4

"FIB 36" 36 48 840.2

"FIB 45" 45 48 905.8

"FIB 54" 54 48 971.4

"FIB 63" 63 48 1037.1
Properties :=

"FIB 72" 72 48 1102.7

"FIB 78" 78 48 1146.4

"FIB 84" 84 48 1190.2

"FIB 96" 96 48 1277.7

. . Npeam theam Wheam

Custom

in in plf

Hoeam= Pmper‘[lesianeamType-kZ,2'ln hpeam = 21.3-in
MHhoam= PmpemesianeamType+2,3'ln tfy g = 24-38-in
Wooana, = PropertlesianeamType+2’ 4~plf Wheam = 181-plf
Dead Loads at Each Beam Reaction (DC) [LRFD 3.5.1]
Yeone = 150-pef Concrete density (SDG Table 2.2-1)

Interior girders:

WDC.int.beam = (Spacmgbeam'tslab + thaunch'tfbeam)'wconc + Wheam = 914-plf

Exterior girders:

WDC.ext.beam = [(ddeck.oh + Spacmgbeam'o's)'(tslab) + thaunch'tfbeam]"\fconc + Wheam = 991-pIf

assign DC loads into a per girder vector

1:= 1..#Beams
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P DC.beam, = Lspan'[WDC.ext.beam +

Lspan’ [WDC.int.beam +

2-Wharrier
#Beams
2 Wharrier

#Beams

+ Wadd.ext] if i=1 v i=#Beams

+ Wadd.intj otherwise

Dead Load Reactions of structural components and non-structural attachments at each beam.

T .
PhC beam = (41.06 382 382 382 382 382 382 38.2 41.06)kip

Dead Loads at Each Beam Reaction (DW) [LRFED 3.5.1]

PDW.beami = Lspan'WDW.ext if i=1vi=#Beams

Lspan'WDW.int otherwise

Dead load Reaction of Wearing Surfaces and Utilities at each beam

T .
PDOW beam = (6-13 5.58 5.58 5.58 5.58 5.58 558 558 6.13)-kip

Dead Load of Substructure (DC) [LRFD 3.5.1]

W

Capgelf.weight = Yconc Heap Weap Leap

Pedestalsgef weight = Veone” Wpedestal Lpedestal Hpedestal #Beams = 3.19-kip

Capgelf weight T Pedestalsgeje weight

WDC.cap =
P Leap

Live Loads (LL) [LRFD 3.6.1]

Impact := 1.33

Wiane = 0.64-klIf

Plane = Wlane Lspan = 23.79-kip

Lohort = min(Lahead.spanJ“back.span) =37.17ft

= max( =37.17ft

Llong : Lahead.span ’ Lback.span)

. . Llong - 4ft ]
Piandem = 25kip + 25kip-max| | ——— |, 0| = 47.31-kip

Llong

= 107.82-kip

= 1.85-kIf

Bent cap self weight

Pedestals self weight

Total substructure dead load

Dynamic Load Allowance

Design lane load

Total lane load on bent cap
Shorter span length

Longer span length

Load on the bent cap due to one design tandem

For maximum reaction of one design truck at an interior bent cap, place design truck at the following two locations

8/3/2020
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l 8k
X A
O @
Lshoﬁ Llong
32k 32k
8k
v 4
@) A O
Lshort LlOﬂg

Load on the cap due to one design truck

L — 14ft L — 28ft L - 14ft
. . long . long short .
Pone.truck = 32kip + 32kip-ma —L ,0] + 8kip-ma 5 , n ,0| = 56.93-kip
long long short

For maximum reaction of truck train at an interior bent cap, place design trucks at the following location

32k 32k 32k 32k
R e e I I
© Lhort A Liong ©

Load on the cap due to two design trucks

L — 14ft L — 28ft
hort hort
Piwo.trucks = 32kip + 32kip-ma e ,0| + 8kip-ma LR ,01 ... = 53.9
Lshort Lshor’[

L. — 50ft Ly — 64ft L. — 78ft
1 I 1
+ 8kip-max| | ——2— |, 0| + 32kip-max| | ——2——— |, 0/ + 32kip-max | ——=2—— |0
Llong Llong Llong

Live load + impact per lane of traffic loaded. May be design tandem with lane load, one truck load with lane load or
two trucks load with lane load, whichever controls. This load multiplied by the distribution and multiple presence
factors will determine the live load from each beam to the bent cap..

+ Impact-P

tandem = 36-71-kip

Ptandem.and.lane = Plane

Pone.truck.and.lane = Plane + IMpact-Pone qrycx = 99.51-kip

Piwo.trucks.and.lane = 0'9'(Plane + Impac‘['tho.trucks) = 85.95-kip

= max( P P

Pliveload.per.lane: Ptandem.and.lane’ Pone.truck .and.lane two.trucks.and.lane)

Pliveload.per.lane =99.51-kip
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Xpeam = | X < ddeck.oh
for ie 2..#Beams

X X, Spacingpaam
XbeamT:(4'O4 10.67 17.3 23.93 30.56 37.19 43.82 50.45 57.08)ft

w
#Lanes := ﬂoo{Mj =3 Number of design lanes (LRFD 3.6.2)
12-ft

LRFD 3.6.1.2 The loads shall be assumed to occupy 10.0-ft transversely within a design lane

LRFD 3.6.1.2.4 The design lane load shall consist of a load of 0.64-kIf uniformly distributed in the longitudinal
direction. Transversely, the design lane load shall be assumed to be uniformly distributed over a 10.0-ft width..
LRFD 3.6.1.3.1 The design truck or tandem shall be positioned transversely such that the center of any wheel
load is not closer than 2.0-ft from the edge of the design lane.

When one lane is loaded, the distance the left wheel can travel W 4ft — 61t = 301t

curb.to.curb ~

For 0.5ft station increments, the required number of increments is

— 10ft
b.to.curb
curb.to.cur ,2]:60

W
#Increments;: := Ceil
liveload ( 0.5ft

To reduce computing time for really wide bridges, limit #Incrementsy;, o10aq {0 @ Max of 80. And a min of 10 for really narrow bridges.

#Increments]-m] oads= min(max(#Incrementshveload, 10), 80) =60

w — 10ft
Station increment Ax] = curb.to.curb =051ft

#Incrementslivel oad — 1

When two lanes are loaded, first place the second truck in the left most position of the 2nd lane (wheel load 2 ft from the
lane left edge) and move the 1st truck from the left most to the right most position within the 1st lane at 0.5ft increments
(4 stations at 0, 0.5, 1, 1.5ft). Then move the two trucks together across the bridge. Similarly at the right end of the
bridge.

When two lanes are loaded, the distance the two trucks travel together is Y% 2-12ft = 16t

curb.to.curb —

W — 2-12ft
Station increment AX2 = curb.to.curb =031ft

#Incrementsliveload -8 -

When three lanes are loaded, place the 1st truck in the right most position of 1st lane, 2nd truck in the left most postion
of 2nd lane and 3rd truck in the left position of 3rd lane while traveling across the bridge with half of the total number of
increments. Then place the 2nd truck in the right most position of 2nd lane (1st truck right most and 3rd truck left most)
while travelling across the bridge.

When three lanes are loaded, the distance the three trucks can travel together is W — 3. 12ft=4ft

curb.to.curb

W — 3-12ft
Station increment AX3 = curb.to.curb =0.141t

O.S#Incrementsliveload -1

Four or more lanes loaded generally does not control due to a lower multipresence factor. Thus NOT considered.
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#Lanesy 1 = min(3,#Lanes) = 3

Function below creates a matrix of wheel load point distances
(referenced from the left coping), for each case of loaded lanes (rows).

location of each truck wheel measured from the bridge coping

Max number of design lanes considered for LL

i = Index number = increment

Kiive.loadD) =

if

j = Lanes Loaded = row number

if #LanesLL >3

I[«1ifi< O.S#Incrementshveload
[«1i- O.S#Incrementshveload otherwise

X, < d + 4ft + Ax3-(I-1)

3,1 coping.to.curb

X33 “«— dcoping.to.curb + 12ft + 2ft + Ax3-(I - 1) if i < 0.5#Incrementsyjyeload
X33 “«— dcoping.to.curb + 12ft + 4ft + Ax3-(I—- 1) otherwise

X35 “«— dcoping.to.curb + 24ft + 2ft + Ax3-(I-1)

for jel.3

x3’2.j <«— X3,2~j—1 + 6ft

#LanesLL >2
if i<4
1€ dcoping.to.curb +2ft+ 0.5ft-(1 - 1)

«~—d b+12ft+2ft

%23 coping.to.cur

if 4<i< #Incrementshveload -4

X2,2~j « X, 2.i-1 + 6ft

b}

if #LanesLL >1
SRR dcoping.to.curb +2ft + Ax1-(i- 1)
X1,2 <« XL1 + 6ft

X

12.56 1856 0 0 0 0

Kiive.load(1) = | 12

.56 18.56 24.56 3056 O 0 ft

14.56 20.56 24.56 30.56 36.56 42.56

8/3/2020
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*2,1 deoping.to.curb T 4t + Ax2:(i =4 1)
x2,3 <« dcoping.to.curb + 12ft + 2ft + Ax2-(i—4 - 1)
otherwise
X5 1< deoping.to.curb T Weurb.to.curb — 24ft + 4-ft
%5 3 < dooping to.curb + Weurb.to.curb — 12ft + 2ft + 0.5t — (#incrementsjiycjoaq — 4)]
for jel.2
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4256 4856 0 0 0 0
X ive load(#InCrementsyyejoaq) = | 3056 36.56 42.56 48.56 0 0 |ft
18.56 2456 30.56 36.56 40.56 46.56

Function below creates a matrix of distribution factors for a given increment i given the number of lanes loaded and
beam number. The size of the matrix is number of lanes loaded (rows) by number of beams (columns).

DF yheel.loadD = | X < Xjiye.loadD
for j e 1. #Lanesy

for k € 1..#Beams

df

0071 L1019 0 0 0 00
fDF peelload() = 0 071 1.1 11 L1 0 0 0 0
0 041 L1 1.4 119 1.1 081 0 0

Multiple Presence Load Intensity Reduction Factor (LRFD 3.12.1

MPy, o) = |12 if =1
10 if i=2
0.85 if i=3
0.65 if i >4

Function below computes the service load for each beam (columns) and number of lanes loaded (row) for a given live

8/3/2020 1-BentCap-LoadGenerator.xmcd

dfj X <0
for me 1..j-2
if k=1
dfj,k <« dfj,k + 1.0 if Xj,m < Xbeamk
X - X.
df. , «df.  + beamk“ ol if X <X <X
. . i . <
Ik j.k Spacingpegm beam, =% m = “beam;
if 2 <k < #Beams
Xj ,m Xbeamk_1
df. , «df.  + if X <X <X
j.k j.k Spacingy o beam, _, j,m "~ “beamy
X - X.
df. <« df.  + i SR if X, <X, <X
. . i <X.
Ik j.k Spacingp ey, beamy = % m = “beam;
if k = #Beams
Xj ,m Xbeamk_1
df.  «df.  + if X <X <X
Ik j.k Spacingp ey, beamy | = %j m ™ “beamy
dfj,k <« dfj,k + 1.0 if Xj,m > Xbeamk
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load increment i.

Pservicel(l) = | DF <= DFpeel 10ad(D)

for j e 1..#Lanesy |

for k € 1..#Beams

DF;

P i,k < 1'O'ﬂ\/IPfactor(j)'Pliveload.per.lane' 5

p

0 42.69 6538 1135 0 0 0 00
fPgervicer(l) =| 0 35.57 54.48 54.48 5448 0 0 0 O |kip
0 1748 4631 59.07 5033 46.31 3425 0 0

Function below finds the maximum service loads per beam with the corresponding increment and number of lanes loaded

Maxliveload.beam = | for ke 1..#Beams

Ml’k<—k

maxP « 1-kip

for ie 1. #Increments;yaload
P fPgervicer(V)
for j e 1..#Lanesyy

if Pj X > maxP

maxP « Pj X

o bk
2,k kip
M3,k<_1

M4’k(—_]

M

1 2 3 4 5 6 7 8 9

" 0 427 654 73.6 73.9 73.6 654 42.7 0
axXi;: =
liveloadbeam ™| | | 16 37 45 51 60 0

o 1 1 2 2 2 1 1 0

Matrix of Live Loads at each girder

mPLL.beam = |Pservice < fPServicel(l)

for ie 2. #Incrementsy;yojoad

Pservice <~ Sta°k<pservice’ fPServiceI(i))

Pservice

8/3/2020 1-BentCap-LoadGenerator.xmcd
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mP[ | peam = BigMatrix {180,9} Ibf

Fatigue Loads (FatLL) [LRFD 3.6.1]

ImpactFat := 1.15

Dynamic Load Allowance

For maximum reaction of one fatigue truck at an interior bent cap, place truck at the following three locations

32k 32k
Lo
¥
@] A 0
Lshart Llang
32k 32k
vl
4
O A O
Lshort Llong
32k 32k
Lo
¥
O A O
Lshcrt Llong
Load on the cap due to one fatigue truck
(L., —30ft) | (L, — 44ft
1 1
Po rruck] = 32Kip + 32kip-max| | ——e—— | 0| + 8kip-max | ——e—— | 0| = 38.17-kip
Llong i Llong
(L., —30ft) | (L — 14ft) ]
1 hort
P rrucl = 32Kip + 32kip-max| | ——e——— | 0| + 8kip-max | ——— |,0| = 43.16-kip
Llong | Lshort ]
(L — 30ft Ly — 14ft) ]
hort 1
P rrucl3 = 32Kip + 32kip-max| | ——t——— |0 + 8kip-max| | ——=—— | 0| = 43.16-kip
| Lshort Llong ]

Pfat truck = max(Pfat.truckl’Pfat.truckZ’Pfat.tmck3) = 43.16-kip

Pliveload.fat = Pfat truck ImpactFat = 49.63-kip

Location of each truck wheel measured from the bridge coping

8/3/2020
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HKiive load. fatl) = | X1 < dcoping.to.curb +2ft + AxI(i - 1)

X, < X, + 6ft

2 1
X
Xjive.load.fat(1) = 18.56 ft leive.load.fat(#lncrementsliveload) = 48.56 ft

Function below creates a matrix of distribution factors for a given increment i given the number of lanes loaded and
beam number. The size of the matrix is number of lanes loaded (rows) by number of beams (columns).

DF yheel.load.fat() = | X < Xjiye load.fat()
for ke 1..#Beams
df, 0

for me1..2
if k=1
dfk<—dfk+ 1.0 if XmSXbeamk

df. « df, + —Xbeamk“ " if X <X <X
1 s
k k Spacin %heam bealrnk m beamk ‘1

if 2 <k < #Beams

X -X
m  “beamy ,

df, <« df + ———— if X <X <X
k k Spacingpeam beamk_ 1 m beamk
Xbeamk +1 - Xm

df, <« df, + ——— if X <X <X
k k Spacingpeam beamk m beamk+ 1

if k = #Beams

df, « df +Xm_lemk_1 if X, <X <X
—_— i <
k k Spacingy . beam, _, m  “beamy

dfy < dfy + 10 0 X > Xpeon

df
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Function below computes the fatigue load on each beam for a given live load increment i.

fPRatigue()) = | DF < fDFypeel 1oad. fat()
for ke 1..#Beams
DF

k
Py < I'O'Pliveload.fat' 5

p

Matrix of Fatigue Live Loads at each girder

. T
MPpat 1L beam = |Pservice < fPFatigue(!)

for ie 2. #Increments;;yqload

N
Pservice <~ StaCk(pservice’fPFatig,rue(l) )

Pservice

Centrifugal Forces (CE) [LRFD 3.6.3]

The centrifugal force acts in the transverse (X) direction.

4
fonstant = E Factor per LRFD 3.6.3

f Vo 2
Cactor = if| Radius = 0-ft,0, constant desllgn'Speed -0 Centrifugal factor

g-Radius

PeE = Cpactor (8Kip + 32kip + 32kip)-#Lanes-fMPyg, ;. (#Lanes) = 0-kip Total Centrifugal force
Pcg , = Pop DF op-sin(Skew) = 0-kip Centrifugal force perpendicular (z-direction) to the cap length
Pcg x = Pog DF g -cos(Skew) = 0-kip Centrifugal force parallel (x-direction) to the cap length

Lateral loads on the superstructure create moments in the substructure due to moment arms. Moments caused by
longitudinal forces along the bridge (perpendicular to the cap for small skews) are resolved into beam vertical reactions
that are relatively small for long spans. Additionally, the beam reactions from ahead span and back span on intermediate
bent caps are in opposite directions and may cancel out for continuouse loading resulting in a net torsional effect on the

cap. Thus, vertical reactions due to moments caused by lateral force components that are perpendicular

to the cap are ignored for cap design.

armeg = 6-ft + tslab + thaunch + hbeam = 8.58 ft Moment Arm

McE x = Pcg x armcg = 0-kip-ft Moment parallel to cap

The following function computes beam vertical reactions due to moments caused by lateral force components that are

8/3/2020 1-BentCap-LoadGenerator.xmcd
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parallel to the cap length (x-direction), assuming a rigid deck.

fPpeam(M) := | for ke 1..#Beams

for k € 1..#Beams

P M 4
beamk<_ 2' k

P beam

PCE beam = beeam(MCE.x)

T .
PCEbeam =(0 0 0 0 0 0 0 0 0)kip

Braking Force (BR) [LRFD 3.6.4]

Force per Lane:

PBR truck = -25-(32kip + 32kip + 8kip) = 18-kip

dk <« Xbearnk - O'S(Xbeam1 + Xpeam

Beam reactions due to moment of CE force
component that is parallel to the cap length
(x-direction)

PBR truck.and.lane = .05~[(32kip + 32kip + 8kip) + Wlane'Lbridge.BR] =9.55kip

PBR tandem = -25(25kip + 25kip) = 12.5-kip

PBR tandem.and.lane = .05'[(25kip + 25kip) + 2Wlane'LSpan] = 4.88-kip

Total Braking force

PR = max(PBR.truck’P BR.truck.and.lane’PBR.tandem’PBR.tandem.and.lane)'#Lanes'ﬂ\/lpfactor(#l‘anes) = 45.9-kip

The braking force is transferred to the pier by the bearing pads. The braking forces need to be resolved along

the direction of the skew for design of the cap.

PR 2= PRr'DFpgR-cos(Skew) = 45.9-kip

PRR x = Pgr-DFgR-sin(Skew) = 0-kip

armpp = 6-ft + tgap + thaunch T Mheam = 898 ft
MBR x = PBR xampR = 0-kip-ft

PBR beam = ﬂ)beam(MBR.x)

T .
PBR beam =(0 0 0 0 0 0 0 0 0)kip

Total Braking force perpendicular (z-direction) to
the cap

Total Braking force parallel (x-direction) to the
cap

Moment Arm

Moment parallel to cap

Beam reactions due to moment of CE force
component that is parallel to the cap
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Wind Load on Structure (WS) LRFD 3.8

Structure must be checked for aeroelastic stability per LRFD 3.8.3:

Llong Llong

CheckAeroelasticStability := if| {maxli } < 30,"Okay" ,"Re-analyze"

Wtrans.bridge (hbeam * thaunch * tslab)

CheckAeroelasticStability = "Okay"

DepthSuper = 5.24ft Depth of superstructure

2 .
Area ;4= LSpan-DepthSuper = 194.77 ft Area of the superstructure exposed to wind

Design 3-second gust wind speed for different load combinations [LRFD Table 3.8.1.1.2-1]

Vinax 130 "Strength III"
80mph 80 "Strength V"

V= = -mph ]
i 70mph 70 "Service I"

0.75V hax 97.5 "Service IV"
h = Elevy \p - Elevground = 8.04 1t Height to bottom of girder
z==h+ .5~(Depthsuper) = 10.66 ft Height to centroid of area

) assumes wind above Flood Plain
max(E , 33)

2.51n _\ft ) + 735 \elocity Pressure Exposure Cogfficient - Strength

K - 0.0984 _ 11l 'and Service IV
z 478.4

K, 1 "Strength III"
K 1.0 1 "Strength V"
M0 |l "Service I"

K, 1 "Service IV"
Zgyp =z = 10.66 ft Height for substructure Kz

2
V4
max( ft ’33j \elocity Pressure Exposure Coefficient for
2.51n 0.00%4 + 7.35 substructure - Strength 111 and Service IV
K = : =1
zsub 478.4
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K sub 1 "Strength I1I"

1.0 1 "Strength V"
T T "Service I"
Kz.sub 1 "Service IV"
G:=0.85 Gust Effect factor
MWV
Cp'Sup =13 Pressure Coefficient, superstructure
Cp.sub =1.6 Pressure Coefficient, substructure

WS Loads from Superstructure:

wi=1.4
VW 2
Pzsup = 0.00256.szl(m_ph] ‘G-Cpy gupPst Wind pressure
47.88 "Strength I1I"
P _ 18.1 ot "Strength V"
zsup = | 1356 | "Service I"
26.93 "Service I[V"
WSsupW =P z.supW'Depthsuper Wind load
0.25 "Strength I1I"
WS, = 0.09 f "Strength V"
P 0.07 "Service I"
0.14 "Service IV"

The wind pressure on the superstructure consists of transverse (x-direction) and longitudinal (z-direction) components.

0 1.0 00 For prestressed beam bridges, the following
wind pressures factors are given to account
15 0.88 0.12 for the angle of attack [SDG Table 2.4.1-3]
Windgyow = | 30 Windp, or = | 0.82 0.24
45 0.66 0.32
60 0.34 0.38

Conservatively apply the max transverse and longitudinal components concurrently.

0.25

0.
r<1>): 9|

WS 0.07 Transverse wind load on superstructure

sup.trans ‘= Wssup'maX(WindFacto

0.14
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0.1

_ N | 0.04
Wssup.long = Wssup~max(WlndFaC,[Or ) = 0.03 KkIf
0.05

9.32

353 |
PwS.sup.trans = WSsup.trans Lspan = 27 kip

5.25

3.54

134 |
Pws.sup.long = WSsup.long Lspan = 1.03 ‘kip

1.99

Pws.sup.x = PWS.sup.trans'COS(SkeW) + Pws sup.long Sin(Skew) =

PwS.sup.z = PWS.sup.long COS(SKeW) + Pyyg gy trans Sin(Skew) =

Vertical wind load

20 "Strength III"
P 0 c "Strength V"
-ps
vert 0 P "Service I"
10 "Service IV"
45.44
O .
Pws.vert = Pvert'Lspan'Wtrans.bridge = -kip
22.72
DepthSu W. .
) per trans.bridge
Mws.sup.z = PWS.sup.x’ + Pwsyert T, -cos(Skew)
718.7
9.24 )
MWS.sup.z = ft-kip
360.88
8/3/2020 1-BentCap-LoadGenerator.xmcd

Longitudinal wind load on superstructure

Total transverse superstructure WS load at int. cap

Total longitunidal superstructure WS load at int. cap

9.32
3.53
2.7
5.25

-kip

3.54
1.34
1.03
1.99

-kip

Total vertical wind load at int. cap

Moment of WS force component
that is parallel to the cap
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Pws.beam_ = beeam(MWS.sup.z )
w W

T
PWS beam, = (723 542

T
PWS.beam2 =(-0.09 -0.07
P T (2007 005
WS.beam3 = (0. —0.

T
PWS.beam4 =(-3.63 -2.72

Loads on Substructure:

P,ub, = 0.00256 KZ_SubW-(
58.92
228

Pasub=| 17 g6 | P
33.14

15

-3.61 -1.81 -1.59x 10 1.81 3.61 5.42 7.23)-kip

-0.05 -0.02 0 0.02 0.05 0.07 0.09)-kip
-0.04 -0.02 0 0.02 0.04 0.05 0.07)-kip

-1.81 =091 0 091 1.81 2.72 3.63)-kip

A%
v Wind pressure on substructure

2
mphj 'G'Cp.sub'pSf

"Strength III"
"Strength V"
"Service I"

"Service IV"

Conservatively apply the max transverse and longitudinal components concurrently.

Beam reactions due to moment of WS force
component that is parallel to the cap

58.92
( , <1>) 22.28
Pz.sub.trans = Pzsubmax\ Windp,eqor -~ ) = 17.06 psf Transverse wind presure on substructure
33.14
22.39
. ©) 8.47 Lo
P2 sub.long = PZ.Sub~max(WmdFaC,[Or ) = 648 -psf Longitudinal wind presure on substructure
12.59
58.92
22.28 ;
Pz sub.x = Pz .sub.trans COS(Skew) + pz.sub.long'Sin(SkeW) = 17.06 pst Max wind presure parallel to cap
33.14
22.39
8.47 . .
Pysubz = pz.sub.long'COS(SkeW) + Py sub trans Sin(Skew) = 6.48 -psf Max wind presure perpendicular to cap
12.59

8/3/2020
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0.71

0.27

Weap = -kip

Pws.sub.x.cap = Pz.sub.x Heap Weap 02 WS force on cap: parallel (x-direction) to the cap

0.4

4.02

1.52

cap = - -kip WS force on cap: perpendicular (z-direction) to the cap

PWS.sub.z.cap = pz.sub.z'Hcap'L

2.26

0.45

_ 0.17 | WS force on one column:
Pws.sub.x.col = 1[’z.sub.x'Wcol'(EleVLM — Heap - Elevground) “1oas kip parallel (x-direction) to the cap

0.25

0.17

_ | 0.06 . WS force on one column:
Pws.sub.z.col = 1[’z.sub.z'Wcol'(E evpm ~ Heap — Elevground) 1005 | 1p perpendicular (z-direction) to the cap

0.1

Total substructure WS force parallel (x-direction) to the cap (Half of the WS on columns is to be applied at cap)

2.04

0.77
PWS.sub.x = PWS.sub.x.cap + O‘SPWS.sub.x,col'#COIS = 0.5 -kip

1.15

Total substructure WS force perpendicular (z-direction) to the cap (Half of the WS on columns is to be applied at cap)

4.53
1.71 |
Pws.sub.z = PWS.sub.z.cap * 0-5Pws sub.z.col #Cols = 131 kip
2.55
Summary of WS Loads
Total WS force parallel (x-direction) to the cap
11.37 "Strength III"
43 ) "Strength V"
Pywsx = PWS.sup.x + Pws.subx = 329 kip "Service I
6.39 "Service IV"

Total WS force perpendicular (z-direction) to the cap
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8.07 "Strength III"

P P P 3.05 W "Strength V"
= + = ki
WS.z WS.sup.z T "WS.subz T | 5 34 p "Service I"
4.54 "Service IV"

Wind on Live Load (WL) [LRFD 3.8.1.3]
The LRFD specifies that wind load should be applied to vehicles on the bridge..

0 100 0
15 088 .012

. . , kip

Skewyying = | 30 Wind| ppp = | 082 .024 e
45 066 .032
60 034 .038

Conservatively apply the max transverse and longitudinal components concurrently.

: w
WLirans = max(WmdLRFD ) = 0.1-kIf Transverse WL
WL = Wind @) _ 0.04-kIf Longitudinal WL
long = max\ Windj pepy = 0.04- 9
PwL trans = Wlirans Lspan = 3-72°kip Total transverse WL load at int. cap
PWL.long = Wliong Lspan = 1-41-kip Total longitunidal WL load at int. cap

PwL.x = PWL trans €0S(Skew) + PWL.long'Sin(SkeW) = 3.72-kip Total WL force parallel (x-direction) to the cap

Pwi ;= PWL.long'Cos(SkeW) + Py trans Sin(Skew) = 1.41-kip Total WL force perpendicular (z-direction) to the cap

armWL = 6-ft + tslab + thaunch + hbeam = 8.58ft Moment Arm

Myy1 = Py x-armyy, = 31.89-kip-ft Moment f WL force component that is parallel to the
cap

PWL beam = beeam(MWLZ) Beam reactions due to moment of WL force

component that is parallel to the cap

T .
PWL beam = (-0.32 —0.24 —0.16 -0.08 0 0.08 0.16 0.24 0.32)-kip

Water Load on Structure (WA) [LRFD 3.7]

Pywa x 100 = 0-kip Total WA force on cap, 100 year event: parallel (x-direction) to the cap
Pwa 2100 = 0-kip Total WA force on cap, 100 year event: perpendicular (z-direction) to the cap
Pwa x 500 = 0-kip Total WA force on cap, 500 year event: parallel (x-direction) to the cap
Pwa 2500 = 0-kip Total WA force on cap, 500 year event: perpendicular (z-direction) to the cap
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Force Effect due to Uniform Temperature (TU) [LRFD 3.12]

Ppyy = 0-kip Total TU force on cap
Py x = Pryysin(Skew) = 0-kip Total TU force on cap: parallel (x-direction) to the cap
Py 4 = Ppyycos(Skew) = 0-kip Total TU force on cap: perpendicular (z-direction) to the cap

[] Loads: DC&DW, LL, CE, BR, WS, WL, WA, TU

[+] Strength, Service and Extreme Event Limit States

Load factors per LRFD Table 3.4.1-1 and SDG Table 2.4.1-1:

DC DW LL CE BR WA WS WL TU

1.25 1.5 1.75 1.75 1.75 1.0 0.0 0.0 1.2 "Strength I max vertical"
125 1.5 00 00 0.0 1.0 1.0 0.0 1.2 "Strength III max vertical"
1.25 1.5 135 135 135 1.0 1.0 1.0 1.2 "Strength V max vertical"
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.2 "Service I"
1.0 1.0 0.8 08 0.8 1.0 0.0 0.0 1.2 "Service 111"

e 1.0 1.0 02 0 0 0 0 0 O "Sustained load: DL+0.2LL"
09 1.5 1.75 1.75 1.75 1.0 0.0 0.0 1.2 "Strength I min vertical"
09 15 00 00 0.0 1.0 1.0 0.0 1.2 "Strength III min vertical"
09 1.5 1.35 135 135 1.0 1.0 1.0 1.2 "Strength V min vertical"
1.0 1.0 1.5 0 0 0 0 0 O "DL+Fatigue I"

#LimitStates := rows(~ys) = 10
LS := 1..#LimitStates

Factored total load: parallel to cap

P for LS e 1..#LimitStates

cap.x =

PWS <« PWS.Xl if LS=2vILS=8

Pl s« 815 4 PCEx + W15 sPBRX * 515 6 PWA X100 * V5.5 7PWS
* AstS, 8'PWL.x + ﬁsts, 9'PTU.x

Pl Round(P 0.01kip>

LS’
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p.T_

cap.x (0 11.37 8.02 7.01 0 0 0 11.37 8.02 0)-kip

Factored total load: perpendicular to cap

Pcap.z := | for LS e 1..#LimitStates
Pyws < PWS.22 if LS=3vLS=9
PLS < ﬁ{SLS,4'PCE.Z + PYSLs,s'PBR.Z + ﬁ{SLS,6'PWA.Z.IOO + ﬁ{SLS,7'PWS
TS, gPwrL.z* Mg, oPTUZ
PLS <« Round(PLS,O.Olkip)
P
Pcap.zT = (80.32 8.07 66.43 49.65 36.72 0 80.32 8.07 66.43 0)-kip

Factored cap uniform self weight

Weap.y; g7 "°Ls, 1""DC.cap

Weap.y = Round(wcap.y,0.00Iklf)
Wcap.yT:(2'32 232 232 1.85 1.85 1.85 1.67 1.67 1.67 1.85)-kIf

Function for Limit State Vertical Superstructure Loads per Beam Line (Column)
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(Lo
vt

P imitState(LS) =
#rows «— 1 if LS=2vLS=8
#rows <«— rows(mPFat.LL.beam) if LS=10
#rows <« rOWS(mPLL.beam) otherwise
mPpp < MPEae L beam f LS =10
mPLL <« mPLLbeam OtherWise
PWSbl’l’l < PWS.beam2 if LS=3vLS=9
Pws.bm < PWS.beam3 if LS=4
for j € 1..#Beams otherwise
P WS.bm; 0
for 1€ 1..#rows
for j € 1..#Beams
Pbeami j < ’71'(PDC.beam.) + ’YQ(PDW.beam.) + 73'<mPLLi j) + 74'(PCE.beamj)
+75'(PBR.beamj) + Af7'(PWS.bmj> + Afg'PWL.beamj
Pbeami ; <« Round(Pbeami j,O.Ol-kip)
W
T
(Pbeam )
Pheam
1 2 3 4 5 6 7 8
1 60.53| 130.81 170.53 75.97 56.11 56.11 56.11 56.11
2 60.53| 118.36 151.46 151.46 151.46 56.11 56.11 56.11
3 60.53 86.7 137.16 159.48 144.19 137.16 116.06 56.11
fPLimitstate(1) =| 4 60.53| 122.8| 170.53| 83.98| 56.11| 56.11| 56.11| 56.11| ‘kip
5 60.53 111.8 151.46 158.03 151.46 56.11 56.11 56.11
6 60.53 85.16 137.16 159.48 142.65 138.7 117.6 56.11
7 60.53( 114.79 170.53 92 56.11 56.11 56.11 56.11
8 60.53( 105.23 151.46 164.59 151.46 56.11 56.11

Matrix for all Limit States Vertical Superstructure Loads per Beam Line (Column)

Peap.beam =

for ie 1. .rows(~s)

LoadCasei <« fPLimitState(i)

LoadCase

8/3/2020
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Pcap.beam =

{180,9}
{1,9}
{180,9}
{180,9}
{180,9}
{180,9}
{180,9}
(1.9}
{180,9}
(60,9}

-kip

"Strength I max vertical"
"Strength 11T max vertical"
"Strength V max vertical"
"Service I"
"Service III"
"Sustained load: DL+0.2LL"
"Strength I min vertical"
"Strength III min vertical"
"Strength V min vertical"
"DL+Fatigue I"

[+] Strength, Service and Extreme Event Limit States

[+] Coordinates for Bridge Superstructure and Substructure Section

XY coordinates for superstructure cross section view
(origin at left coping of deck, X-direction parallel to bridge transverse direction)

tdeck = tslab = 8.5-in

Xdeckl = 0-in

Xdeck2 = dcoping.to.curb'2 + Weurb.to.curb

X =X
deck3 deck2

Xdeck 4 = Xdeck3 - dcoping.to.curb

X =X
deck 5 deck 4

Xdeck6 = Xdeck 4 = Weurb.to.curb

X =X
deck7 deck 6

Xdeck8 = Xdeck1

X =X
deck9 deck 1

Dpeqm = 21.3+in

Ydeck1 = Dpeam *+ thaunch

Y =Y

deck2 deck 1
Ydeck3 = Ydeck | + tdeck + Dbarrier
Y =Y

deck 4 deck3
Ydeck5 = Ydeck 4 = Dparrier
Y =Y

deck6 deck5
Ydeck7 = Ydeck5 + Dparrier
Y =Y

deck8 deck7

Y =Y
deck9 deck 1

Xpeam = (404 10.67 173 23.93 3056 37.19 43.82 5045 57.08)ft

k:=1..#Beams

Ybeamk = Dpeam

Xy coordinates for substructure section view (origin at left fascia of cap, x-direction parallel to cap)

dx tox == 0.5L

8/3/2020

cap

0.5 Wtrans.bridge
cos(Skew)

=-0.61ft
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Xdeck N v
X = — =
deck = " S(Skew) X.to.x Ydeck deck

Xbeam

o Ybeam = Ybeam
X = +
beam cos(Skew) X.to.x

ip:= 1..#Cols
XColip = Lcap,oh + (ip — 1)-Spacing

T
Xcol

0-ft
Xcap = ( } ot
Leap Yeap = | .5

[«] Coordinates for Bridge Superstructure and Substructure Section

= (4 1438 2476 35.14 4552 559)ft Yeol. = ~Leol

[*] Write data out

Write Data out
Xdeck Xbeam X Xcol
DataOut, = c DataOut,, := DataOut, = P DataOut, = =
1 ft 2 ft 3 ft 4 ft
Ydeck Ybeam y Yeol
DataOut, := c DataOut_ = DataOut,, := —op DataOut,, = =
5 ft 6 ft 7 ft 8 ft
H W W
_ ‘@ ._ __‘ap ._ _col o
DataOut9 =T DataOut10 S DataOut11 i DataOut1 5 ColType
destal Lpad
DataOut_ , := M DataOut, , := _pad
13 in 14 in
f fe col
DataOut  _ = ——2 DataOut, 1= ——>
15 ksi 167 ksi
DataOut_ . := % DataOut. , := co DataOut._ , := cone
17 ksi 18 ksi 19 pef
DataOut20 := OutputDataFile

PRNPRECISION := 6

Data := WRITEPRN("data\BentGeometry.txt" , DataOut)
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Pcap.beam

kip
Weap.y
kIf

Pcap.x

Data := WRITEPRN]| "data\CapLoads.txt" ,
MWW
kip

Pcap.z

kip

[+] Write data out
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Calculate Worksheet

Bridge Cross Section
i
e
0 20 40 60
=101
D
]
=201
=301
| | | | |
feet
Deck
B Beam
® Column
@ Cap
Summary of unfactored cap loads
Summary of unfactored \értical loads from Superstructure at each girder:
PDCbeam = (4106 382 382 382 382 382 382 382 41.06)-kip
POW beam = (6.13 5.58 5.58 5.58 558 558 558 558 6.13)-kip
2 3 4 5 6 7 8 9
1 0 42.69 65.38 11.35 0 0 0 0 0
P | 2 0| 35.57 54.48 54.48 54.48 0 0 0 0 i
MET T beam = "K1p
3 0 17.48| 46.31 59.07 50.33( 46.31 34.25 0 0
4 0| 38.11| 65.38| 15.93 0 0 0 0 0
5 0| 31.82 54.48 58.24 54.48 0 0 0
1 2 3 4 5 6 7 8 9 "Beam number"
0 427 654 73.6 73.9 73.6 654 427 0 "Max beam LL (kip)"
Max|iveload.beam =
: 0 1 1 16 37 45 51 60 O "Increment"
0 1 1 2 2 2 1 1 0 "number of lanes loaded"
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1 2 3 4 5 6 7 8 9
1 o 17.74| 27.17| 472 0 0 0 0 0
e F 0| 15.84| 27.17| 662 0 0 0 0 0] ip
at.LL.beam = 73 ol 1394| 27.17| 852 0 0 0 0 0
4 0| 12.03] 27.17| 1043 0 0 0 0 0
5 0| 10.13] 27.17| 12.33 0 0 0 0
T .
PCE beam =(0 0 0 0 0 0 0 0 0)kip
T .
PBR beam = (0 0 0 0 0 0 0 0 0)-kip
P T_ (723 542 -361 181 ~159x 1075 181 3.61 542 7.23 ki for Strength 111
WS.beaml =\—/. —J. —J. —1. —1. X . . . . *K1p g
T .
PWSbeam, = (-0.09 007 ~0.05 002 0 002 0.05 007 0.09)-kip for Strength V
T . .
PWS.beam, = (-0.07 ~0.05 ~0.04 002 0 002 0.04 005 0.07)-kip for Service |
T . .
PWS.beam4 =(-3.63 -2.72 -1.81 -091 0 091 1.81 2.72 3.63)-kip for Service IV

T .
PWL beam = (-032 —0.24 —0.16 —0.08 0 0.08 0.16 0.24 0.32)-kip

Self weight of cap and pedestals:

WDC.cap = 1 -85-KIf

Summary of unfactored lateral loads on cap:

Parallel to cap: Perpendicular to cap:
11.37 8.07
P 4.3 y P 3.05 y
= K1 = <K1
WSx ™| 359 [*F WS.z7 1534 |°P
6.39 4.54
Pwa x.100 = 0-kip Pwa.z.100 = 0-kip
Pywa x.500 = 0-kip Pwa.z500 = 0-kip
Py x = 0-kip Py, = 0-kip
8/3/2020

for Strength 111
for Strength V
for Service |

for Service IV
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Summary of factored cap loads

{180,9} 2.32 "Strength I max vertical"
{1,9} 2.32 "Strength III max vertical"
{180,9} 2.32 "Strength V max vertical"
{180,9} 1.85 "Service I"
P _ {180,9} " _ 1.85 i "Service 111"
cap.beam ~ | (g0 gy P Weap.y = | 1 g5 "Sustained load: DL+0.2LL"
{180,9} 1.67 "Strength I min vertical"
{1,9} 1.67 "Strength III min vertical"
{180,9} 1.67 "Strength V min vertical"
{60,9} 1.85 "DL+Fatigue I"
0 80.32 "Strength I max vertical"
11.37 8.07 "Strength I1I max vertical”
8.02 66.43 "Strength V max vertical"
7.01 49.65 "Service I"
P _ 0 ip P _ 36.72 ip "Service III"
cap-x 0 cap-z 0 "Sustained load: DL+0.2LL"
0 80.32 "Strength I min vertical"
11.37 8.07 "Strength III min vertical"
8.02 66.43 "Strength V min vertical"
0 0 "DL+Fatigue I"

Graphical Display of Wheel Loads

Choose a specific location (increment) to display the wheel load locations

Increment = 24

Choose the number of lanes loaded to display (up to 3 loaded lanes)

\ |J | | #LanesLoaded = 1

[¥] Set Variables to Display LL
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feet

20

10

Bridge Cross Section with Live Load Locations

Deck
¥ Beam

EEBE Wheel Load

feet

Beam forces for chosen increment and number of lanes loaded

T .
PLL beam = (0.0 0.0 0.0 59.5 59.9 0.0 0.0 0.0 0.0)kip

8/3/2020
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Intermediate Bent-Cap Analysis & Design

Part 2. Frame Analysis

Project =
FDOT

Checked By =
fﬁ N Back Checked By =

State Structures Design Office

[»]—Read In Geometry and Loads From Bent Cap Load Generator
DataFile = "HRB-NK.dat"

LEGEND: input data is gray results and warnings are yellow

TopCol := - Fixed or Pinned connection of columns to bent cap
Ileed v

Typically for cap design, the beam loads are treated as concentrated loads for
simplicity and conservatism. When the center line of beam is close to face of
support, the shear demand is overly conservative. Thus, a distributed option is
given that treats the beam load as a line load over a width of (bearing pad width
+ 2 * pedestal height). When the concentrated loading case is selected, the
program assumes a small positve number (3 in) for the distributed width.

Distributed width of beam load

BeamlLoad :=

| Distributed | v|

Wioad := | (3in) if BeamLoad = "Concentrated"

max(3in,Lpad + 2-Hpedestal) otherwise

Wload = 301n
Bridge Cross Section
—M—
0 20 40 60
— 107
]
&
=201
=301
[ | [ | [ | [ | [ | [ |
feet
Deck
® Beam
! Column
@S Cap
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Model

Leapon =4 ft Spacing., = 10.38 ft Leapon =4 ft

A

B B

|
@? K%—}' @*didi‘-l

N = 0 -
Pinned or Fixed
Connection
Lo = 33.7ft
V4 Vot 7 B
Bent Cap Analysis Model

#Beams = 9

Spacingpe,m = 6.63 ft

#Cols = 6
Spacing., = 10.38 ft

Lcap =599t
Lcap.oh =41t

focap = 5.5ksi

Egop = 4428 ksi
Wegp = 41t
Hegp = 3 ft
Agp = 1728-in”

. 4
Lap = 186624-in
£, .ol = 6.0-ksi
Eq = 4557-ksi
Wcol = 18-in

ColType = 2

Avt = 324-in”
Too = 8748-in”

Number of beams

Spacing of beams (along length of cap)

A minimum of two columns required

Spacing of columns

Length of cap

See Bent Cap Model (minimum length is half of column width)
Min.28-day compressive strength for cap

Modulus of elasticity of cap
Width of cap
Height of cap

Cross sectional area of cap beam

Moment of inertia of cap

Min.28-day compressive strength for columns
Modulus of elasticity of columns
Width/Diameter of the column

Column type: 1-round, 2-square

Cross sectional area of column

Moment of inertia of column

[*] Develop Stiffness Matrix, Member Force Matrix and Solve for Cap Moment & Shear Forces

Define Member Stiffness Matrix
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nm ;= #Cols+ 1 =7 Number of members
MW

ndf ;= (nm + 1)-3 = 24 Number of degree of freedom
K(m) = |L < Legpon if m=1vm=nm
L <« Spacing,, otherwise
for iel..6
for jel..6
k.. <0
1,]
if 1 <m<nm
Ecap'Acap in
k,  «—m—™—™—
L1 L kip
Kiae &,
12]_:‘cap'lcap in
k,  «—— —
2,2 3 kip
6Ecap'Icap 1
ky yoo ————
2,3 L2 kip
Ky s
K6 k3
4Ecap'lcap 1
k & - - . .
3.3 L Kkip-in
ky 57k 3
2Ecap'Icap 1
k, < ——
3,6 L kip-in
Ky a <k
ks sk
ks 63
Koo < K33
k<« k+ kT
for jel.6
k. .
k. .« )
Js] 2
k

Define Structure Stiffness Matrix
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for ie 1. ndf
for je 1. ndf
S..«0
1’.]

for me l..nm
for ie 1..6
for jel..6
S (mo1)-3+i, (m-1)-3+j
for me l.nm—- 1

if TopCol = "Pinned"

3-m+1,3m+1

S3m—1—2 ,3m+2

3m+2,3m+3

S3m43.3m+2 < S3me2. 3me3

col

S3m43.3me1 € S3me1, 3me3

Member Fixed-end Force Vector due to Partial Uniform Loads (Beam Vertical Loads)

<« K(m)i i

<—K(m)5 5+K(m+ 1)2 )t

6Ecol'Icol 1
S -
3m+1,3m+3 L 2 kip

3Ecol' Icol in

S <—K(m)44+K(m+1)11+——

3 ki
Lcol P

Ecol' Acol £
Lcol kip

S (—K(rn)5 6+K(rn+ 1)2 3

S3me3,3me3 & Km)g o+ K(m+ 1), o
otherwise
12Ecol'lcol in
S3met,3me1 € KMy 4+ Km+ 1), -+ T3 kip
Lcol
Ecol'Acol in
S3me2, 3me2 < K5 s+ Km+ 1), )+ Loy Kkip
S3mi2,3me3 & Km)g o+ Km+ 1), 4
S3me3.3m+2 < S3me2, 3me3
4Ecol'Icol 1
S3me3,3me3 € Kmlg o+ K(m+ D)5 5+ L  kipin

T
Ff.py(LS:m) = |P« Pcap.beamLS
if m=1
xl <0

X2 < Lean ah

8/3/2020
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1 vap.un

if 1 <m<nm
X1 « Leap.oh + (m — 2)Spacing,,

x2 « x1 + Spacing

otherwise

X1 « Leap.oh + (m — 2)Spacing,,

X2 « x1 + Lcap.oh

L« x2-x1

#LoadCases «<— #LLCases

#LoadCases <« #FatLLCases if LS =10
#LoadCases «— 1 if LS=2vILS=28
for lce 1..#LoadCases

for 1ie1..6
Q <«0
i,lc
for ne 1. #Beams
a < maX(Xl »Xpeam 05W]O&d) - x1
n
b« min(xzsxbeam + 0~5W10ad) - xl
n
if a<b
- Pn,lc
q
Wload
rb
q 2
Q. «Q +—| x(L-x)dx:—
3,lc 3,lc 2 ) kip-in
L° “a
rb
2
T B
Lle ,le L2 Ja kip-in
rb
q 2 !
Q Q| L-0"Cx+L-x)dx—
2,1 2,1c 3 kip
L’ “a
rb
2 1
Q. «Q + 4. X «(x + 3L - 3x)dx-—
5,1c 5,1c 3 ) kip
L “a

Qr

Fepy(1,1) = BigMatrix {6,180}

Member Fixed-end Force Vector due to Uniform Loads
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Few(LS,m) := |w« Wcap'yLS

L < Legpon if m=1v m=nm
L « Spacing., if 1 <m <nm

L < 0 otherwise
Qfl «~0

4.63
37.07
Fro(1,1) =
4.63
-37.07

Member Fixed-end Force Vector

F(LS,m) := |F1 « Fg, (LS, m)
F2 < F¢ (LS, m)

#LoadCases «— #LLCases

#LoadCases «— #FatLLCases if LS = 10
#LoadCases «— 1 if LS=2vILS=8
for Ice 1..#LoadCases

Ff(lc) - F1<lc> 2
F

F«(1,1) = BigMatrix {6,180}

Structure Fixed-end Force Vector
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P«(LS):= | for me 1..nm
F o« F¢(LS,m)

#LoadCases «— #LLCases

#LoadCases «— #FatLLCases if LS = 10
#LoadCases «— 1 if LS=2vILS=8
for Ice 1..#LoadCases

P <« (F
fl 1 ( 1)
P <« (F
e ( 1)
P <« (F
lc3,lc ( l)
for mel.nm-1

P; <—(F ) +(F )
3m+1,lc m 4. Ic m+1 1.lc

Plimeze < (Fn) )
3m+2, lc m/s | m+1 2.1

1,lc

2,1lc

3,Ic

W
=
=]
7
&
—_
i
=]
2
N

P¢

P«(1) = BigMatrix {24,180}

Form the Joint Load Vector

Peanx g
kip
#LoadCases «<— #LLCases
#LoadCases < #FatLLCases if LS =10
#LoadCases «— 1 if LS=2vILS=28
for ie .. ndf
for Ice 1..#LoadCases

P(LS) = |X «

P. <« 0
i,lc

for mel.nm-1
for Ice 1..#LoadCases

p X
3m+,le < Zcols
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P(1) = BigMatrix {24,180}

Solve for Joint Displacements

D(LS) =S~ 1-(P(LS) - P{LS))

D(1) = BigMatrix {24,180}

Member End Displacements

U(LS,m) := |DD <« D(LS)
#LoadCases <« #LLCases

for ie1..6
for Ice 1..#LoadCases
U. ., «

i,lc DD3(m—1)+i,lc

U

U(1,1) = BigMatrix {6,180}

Compute Member End Forces

F(LS,m) := K(m)-U(LS,m) + Fe(LS,m)

F(1,1) = BigMatrix {6,180}

Matrix to store Member End Forces

MEF := | for LS e 1..#LimitStates
for me 1..nm

MEF ¢« F(LS,m)

MEF

#LoadCases «— #FatLLCases if LS =10
#LoadCases «— 1 if LS=2 v LS=38

Compute Forces Transferred to Columns

Function to compute the forces transferred to columns
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fCOL(LS) := |#LoadCases < #LLCases
#LoadCases «— #FatLLCases if LS =10
#LoadCases < 1 if LS=2vLS=38§
for ne 1..#Cols

for Ice 1..#LoadCases

ColP |« (MEFL&H)5 1c~k1p + (MEFLS’HH)Z lc-klp
ColM, 1. < (MEFLS,H)6 1C~k1p-1n + (MEFLS,nH)s lc~k1p~1n
ColP  ColM \'
kip  kip-in
Axial Force at Top of Column Bending Moment at Top of Column
ColP := | for LS e 1..#LimitStates ColM := | for LS e I..#LimitStates
ColPLS <« fCOL(LS)l-klp ColMLS <« fCOL(LS)z-klp-m
ColP ColM
Compute Bent Cap Shear and Moment Diagrams
Critical sections for max negative bending: center of colunms (left and right)
Critical sections for max positive bending: center of beams
Critical sections for max shear: face of columns (left and right)
#Sections := 4-#Cols + 3-#Beams = 51 Number of sections along the cap

X:= | for i€ 1..#Beams

X3-i—2 <~ Xbeami - 0-S\NI()ad

X,. , <X
3.i—1 beami

X31 < Xb‘;_:ami + O‘5W10ad

n < 3-#Beams
for j e 1..#Cols

Xn+4~j—3 < Xcolj — 0.5W001

Xppjoy € Xeol — 001R

X . XL + 0.011t
n+4-j—1 o

Xn+4~j < Xcolj + O'SWCOI

X « sort(X)
X
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%VI = max(X1 s 0)

X#Sections = mm(X#SectionS’ Lcap)
XT:(2.18 325 343 399 4.01 4.68 4.75 8.81 10.06 11.31 13.63 1437 1439 15.13 1544 16.69 17.94 22.

Function to compute shear and moment demand at cap sections

T
LS

fVM(LS) := |P« P

cap.beam
W < wcap_yLS
#LoadCases «— #LLCases

#LoadCases «— #FatLLCases if LS =10
#LoadCases <~ 1 if LS=2vILS=38

for se 1..#Sections

m 1 if X< Legpon

XS - Lcap.oh

m ¢ ceill ———— [+ 1 if Legpon<X <L

- L
. cay cap.oh
Spacing.; i i

m < nm otherwise
X< 0 if m=1
Xjeft = Leap.oh + (m — 2)-Spacing, otherwise
T)<2>

Vleft < (MEFLS, m klp

T 3
Mleft < (MEFLS m ) klpln
Xfs « X
S S

"Redefine section coordinates to be at face of support if the section falls within faces of supports"
for ie 1..#Cols

stS < Xeol ~ 0.5Wq if Xeol, 0.5Wq < XS < Xeol,
stS “«— Xool, + 0.5W, if Xcol, < XS < Xool, + 0.5W¢,
for Ice 1..#LoadCases
Viie € Viery — W'(XS - Xleft)
Vs 1o € Vier, - w-(stS — xleft)

w

2
MS’ e < —Mleftlc - E(Xs - Xleft) + Vleftlc'(Xs - Xleft)

w 2
Mfss,lc <« —Mleftlc - 3.(sts - Xleft) + Vleftlc.(XfSS _ Xleft)

for n e 1. #Beams

n,lc

Wload

a< max(xleft’xbeamn - O~5Wload)

h 2 minlY . Ln&aw. .\
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(V2 uuukxxs, Apeam ' VY- 'Y]oad
n )

bfs « min(sts,xbeam + 0.5W103d)
n

if a<b
Vs,lc < Vs,lc —a(-a)
a+b
Ms,lc < Ms,lc - (- a)'(Xs - 2 j
if a < bfs
V’fsS < sts,lc — q-(bfs — a)

b}

a + bfs
Mfss,lc <« Mfss,lc — q-(bfs — a)-(stS - 5 )

voves Mo s Y
kip kip kip-in Kkip-in
Matrix to store shear and moment demands for all limit states

VM = | for LS e 1..#LimitStates
VMLS « fVM(LS)

VM
Shear Diagram Shear Diagram on the basis of shear at faces of support
A}/N:: for LS e 1..#LimitStates Vfs:= | for LS e 1..#LimitStates
Vg« (VMLS)I-klp Vs, ¢ (VMLS)Z-klp
\Y Vfs
Moment Diagram Moment Diagram on the basis of moment at faces of support
M := | for LS e 1..#LimitStates Mfs := | for LS e 1..#LimitStates
MLS <« (VMLS>3-klp~m MstS <« (VMLS)4-k1p-1n
M Mfs

Function to compute shear and moment envelopes along cap sections, and the correponding controlling load case
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Envelope(A,LS) :=

#LoadCases < #LLCases
#LoadCases «— #FatLLCases if LS =10
#LoadCases «<— 1 if LS=2vILS=8

for se 1..#Sections

max <« A
S s, 1

rnax_lcS « 1
min <« A
s s, 1

minﬁlcS « 1

for Ice 2..#LoadCases

if A > max
s, lc S

max <« A
S s, lc

rnax_lcS «lc
if A < min
s, lc s

min < A
s s, lc

min_lcS «lc

(max max_lc min min_lc )T

if #LoadCases > 1

Matrices of shear and moment envelopes along cap sections, and the corresponding cotrolling load case

All matrices: #LimitStates x #Sections

maxV = | for LS e 1..#LimitStates

\%
LS

max<LS> < Envelopel —,LS |;
kip

maxT -kip

minV := | for LS e 1..#LimitStates

\Y%
LS

min<LS> <« Envelope] —,LS |3
kip

minT -kip

8/3/2020

maxV _lc:= | for LS e 1..#LimitStates

\%
LS
maxilc<LS> <« Envelope(r , LSJz

1p

T
max_Ic

minV _lc:= | for LS e 1..#LimitStates

\%
LS
minilc<LS> < Envelopel —,LS |4
kip

. T
min_lc

2-BentCap-FrameAnalysis.xmcd
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for LS e 1..#LimitStates maxVfs lc:= | for LS e 1..#LimitStates

maxVfs =
Vis Vis
LS
max<Ls> < Envelope —,LS |1 maxilc<LS> < Envelope —,LS |
kip kip
maxT-kip maxilcT
minVfs := | for LS e 1..#LimitStates minVfs Ic:= | for LS e 1..#LimitStates
Vfs Vfs
LS
min<LS> < Envelope —,LS |3 minﬁlc<LS> < Envelope —,LS |4
kip kip
min" -Kip minilcT

maxM := | for LS e 1..#LimitStates maxM Ic:= | for LS e 1..#LimitStates

M M
LS LS
max<Ls> <« Envelopel ——,LS |3 maxilc<LS> < Envelope] ——,LS |»
kip-in kip-in
maxT -kip-in maxilcT
minM := | for LS e I ..#LimitStates minM_Ic := | for LS e 1..#LimitStates
M M
LS LS
min<LS> <« Envelopel ——,LS |3 min71C<LS> <« Envelopel ——,LS |4
kip-in kip-in
minT -kip-in minﬁlcT

maxMfs:= | for LS e 1..#LimitStates maxMfs _Ic:= | for LS e 1..#LimitStates

Mfs Mfs
LS LS
LSjl maxilc<LS> «— Envelope( - ,LSJ 2

max<LS> <« Envelope(

. . > .

kip-in kip-in

maxT -kip-in maxilcT
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minMfs := | for LS e 1..#LimitStates minMfs_lc:= | for LS e 1..#LimitStates

Mfs Mfs
LS LS
min<LS> < Envelope ,LS |3 min71C<LS> < Envelope ,LS |4
kip-in kip-in

minT -kip-in minﬁlcT

[«] Develop Stiffness Matrix, Member Force Matrix and Solve for Cap Moment & Shear Forces

[*] Summary Results

Coordinates used to sketch the columns

XX := | for j e 1. #Cols YY := | for j e 1. #Cols
XX4(j_1)+1 <« Xcolj — 0.5Wq YY4(j—1)+1 «~0
XX4(j_1)+2 <« Xcolj - 0.5Wq YY4(j—1)+2 <« -=5000
XXy (j-1)43 < Xeol, + 0-5Weol YY yi-1)43 < 7000
I YY i p)g 0

XX YY

Summary Results

Limit State Strength | (max vertical load)

Strength I Moment Envelope (including CL of Support)
400r
3001
2001
1001
e g 93\ R ol TS 59.9
- 100- N N ,’ N L
— 2007 N A\ v v
— 3001
— 400"
Max Moment (kip-ft)
=== Min Moment (kip-ft)
—— Face of Supports
Maximum Moment (inlcuding CL of support) Minimum Moment (inlcuding CL of support)
Moment value
T (1 T (1)
Strl_ maxM := ma (maxM ) = 356.35-kip-ft Strl_ minM := mi (minM ) = —217.25-kip-ft
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Section #

o\ V] (23
Strl_ maxM_s# := match StrI_maxM,(maxM ) =(26) Strl minM_s# := match| StrI_minM,(minM ) = ( )

29
Location
Strl maxM_loc := X( Strl_maxM_s #1) =29951t Strl minM_loc := X( Strl_minM_s #1) =24.771t
Load case
[ o 17"
Strl maxM_lc := | \maxM_lc (Strl_maxM_s #1) =71 Strl minM_Ic := | \minM_Ic (StrI_minM_s #1) = 167
Strength I Moment Envelope (at Face of Support)
4001
3001
2001
1001
0 ’l—‘ ‘\\ ,o~~~~~ //3315&\ "'_'~§ ,,’ ~~~~ 5=99
— 1007 oL SR S, N
-— - - LY
— 2001
- 3001
— 400~
Max Moment (kip-ft)
=== Min Moment (kip-ft)
—— Face of Supports
Maximum Moment (at face of support) Minimum Moment (at face of support)
Moment value
Y o\
Strl_maxMfs := ma (mafos ) = 356.35-kip-ft Strl_minMfs := mi (mians ) = —164.87-kip-ft
Section #
Y r o\
Strl_maxMfs_s# := match| Strl_maxMfs, (mafos ) I1Y) Strl minMfs, (mians )
= 12
Strl_ maxMfs_s# = (26) Strl_minMfs_s# =
Location ..
Strl_maxMfs_loc = X( Strl_maxMfs_s #1) =29951t Strl_minMfs_loc := X( Strl_minMfs_s #1) = 13.63 ft
Load case
(s )] i)
Strl_ maxMfs_lc := | \maxMfs_Ic (Strl_maxM f5 s #1) Strl_ minMfs_lc := | \minMfs_lc (Strl_minM fs s #1)
Strl_maxMfs lc = 71 Strl_ minMfs_lc = 104
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Strength I Shear Envelope (at Face of Support)

2001
1501
1001

501

- 501
— 1001
— 1501
- 200"

Max Shear (kip)
=== Min Shear (kip)
—— Face of Supports

Maximum Shear (at face of support) Minimum Shear (at face of support)
Shear value
T (1) - (1)
Strl_ maxVfs := ma (mafos ) = 161.97-kip Strl_ minVfs := mi (mians ) = -161.97-kip
Section #

AT 13 V]38
Strl_maxVfs_s# := match| StrI_mafos,(mafos ) = " Strl_ minVfs_s# := match| StrI_mians,(mians ) = 39
y

/
Location

Strl_maxVfs_loc := X( ) = 1439 ft Strl_ minVfs_loc := X( ) = 4477 ft

Strl_maxVfs_s#; Strl_minVfs_s#;

Load case

[ - <1>} [ T <1>J
Strl_maxVfs_lc = (mafos_lc ) ( ): 28 Strl minVfs lc:= (mians_lc ) ( ): 151

Strl_maxVfs_s#; Strl_minV{s_s#

Limit State Strength 11l (max vertical load)

Maximum Shear (including CL of support) Minimum Shear (including CL of support)

T (2 T (2
Strlll_maxV := ma (maxV ) = 71.49-kip Strlll._minV := mi (minV ) = —74.47 kip
Maximum Shear (at face of support) Minimum Shear (at face of support)

T () T ()
Strlll_maxVfs ;= ma (mafos ) = 56.8-kip Strlll_ minVfs := mi (mians ) = —68.45 kip
Maximum Moment (including CL of support) Minimum Moment (including CL of support)
T () T ()

Strlll_maxM := ma (maxM ) = 77.76-kip-ft Strlll_minM := mi (minM ) =—119.1-kip-ft
Maximum Moment (at face of support) Minimum Moment (at face of support)
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2
Strlll_maxMfs := ma (mafos ) = 77.76 -kip-ft

Limit State Strength V (max vertical load)

Maximum Shear (including CL of support)

I\
StrV_maxV := ma (maxV ) = 162.89-kip

Maximum Shear (at face of support)

T 3
StrV_maxVfs := ma (max\/fs ) = 136.32-kip

Maximum Moment (including CL of support)

T 3
StrV_maxM := ma (maxM ) = 289.39-kip-ft

Maximum Moment (at face of support)

T (3)
StrV_maxMfs := ma (mafos ) = 289.39-kip-ft

2
Strlll_minMfs := mi (mians ) = —81.46-kip-ft

Minimum Shear (including CL of support)

7\
StrV_minV = mi (minV ) = —167.66-kip

Minimum Shear (at face of support)

T 3
StrV_minVfs := mi (min\/fs ) = —141.7-kip

Minimum Moment (including CL of support)

el
StrV_minM := mi (minM ) = -201.51-kip-ft

Minimum Moment (at face of support)

I\
StrV_minMfs := mi (mians ) = —146.03-kip-ft

Max/Min Factored Shear and Moment of Strength |, Ill and V at Bent Cap Sections

s := 1 .. #Sections
W

Including CL of support

maxVu_clS = max(max\/1 & maXV27 $ maxV3 ) s)
maXMu.ClS = max(male , S,maxsz § maxM3) s)

At face of support

maxV, g = max(max\/fs1
S

s

maXMufSS = max(mafos1 S,mafos2 s’maXMfSS,s)

i b}

,maxVfs, ,maxVfs
S 2,8 3,s

mm\/u_clS = mm(man1 ’ S,mm\/zy S,mmVS,, s)

mmMu_clS = mln(mli ) s’mmMZ,s’mmMS, s)

mm\/u_fSS = mm(manfs1 , S,mme52 S,mmes37 s)

s

mmMu_fss = mln(mmeS1 s’mmeSZ, S,mmeS37 s)

b}

Factored Moment of Service | at Bent Cap Sections

Including CL of support

maxMgeq o = maxM
s 4,s

At face of support

maxMge g = maxMfs 4
S

i

minMge ¢ = minM
Cly 4,s

b}

minMge s = minMfs
s 4,s

Factored Moment of Service lll at Bent Cap Sections

Including CL of support

maXMSerHI_ClS = maxM 56

At face of support

maxMge f5_:= maxMfsg
S

s

8/3/2020 2-BentCap-FrameAnalysis.xmcd

minMgeqyp = minM
-Gl 5,s

b}

minMgeq g = mians5 o
S b}
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Moment of Sustained Load:

DL+0.2LL at Bent Cap Sections

Including CL of support

maxMgy = maxM6
S

S

At face of support

maxMgy g = mafos6 s
S

b}

Moment of DL+Fatigue | at Bent Cap Sections

Including CL of support

maxM = maxM
FatI.clS 10.s

s

At face of support

maxMpg ¢ = maxMfs
A9 10,s

s

Factored Design Forces at Top of Columns

Maximum Axial Load at top of columns

maxColP :=

Col #:

maxColP =

for ne 1..#Cols
for LSe1..3

for LSe 7..9

T
maxColPLS_3 n <« maxI:(COIPLS

maxColP

1 2
141.06 236.72 267.86 267.86 236.72

87.84 105.84 111.19 11498 117.9
128.57 208.2 232.65 232.32 208.17
116.07 209.08 2399 239.9 209.08
62.84 782 83.22 87.02 90.26
103.56 180.56 204.69 204.36 180.53

Minimum Axial Load at top of columns

8/3/2020

T (v
maXCOlPLS,n < ma (COIPLS )

)<n>}

141.06
114.89
135.42
116.07
89.88

110.42

minMg ¢
S

minMg_ g
S

mmNIFaLtI.clS

mmNIFaLtI.fsS

-kip

= mliO

= minMfs 10

= m1nM6,S

= m1ans6, ¢

"Strength I max vertical"
"Strength III max vertical"
"Strength V max vertical"
"Strength I min vertical"
"Strength I1I min vertical"

"Strength V min vertical"

2-BentCap-FrameAnalysis.xmcd
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minColP :=

Col #:

minColP =

1
90.52

87.84
89.57
65.53
62.84
64.57

for ne 1..#Cols
for LSe 1.3

T (W
mmCOlPLS,n <~ mi (COIPLS )

for LSe 7..9

T (n
mmCOlPLS—3,n < mi (ColPLS )

minColP

2 ..
107.42 117.52

105.84 111.19
108.45 116.68
79.77  89.56
782 83.22
80.81 88.71

117.52 107.42 90.52
11498 1179 114.89
116.35 108.42 96.43
89.56 79.77 65.53
87.02 90.26 89.88
88.38 80.78 71.43

Maximum Moment at top of columns (in the plane of bent-cap)

maxColM :=

Col #:

maxColM =

for

1

10
-30
-14

10
=30
-14

ne 1. #Cols
for LSe 1.3

T (w
maXCOlMLS,n < ma (COIMLS )

for LSe 7..9

T (W
maXCOlMLS—3,n < ma (COIMLS )

maxColM

2

&8 8 6
=32 32 -32
-16 -17 -18
8 8 6
-32 32 32
-16 -17 -18

ft-kip

Maximum Moment at top of columns (in the plane of bent-cap)

8/3/2020

-kip

"Strength I max vertical"
"Strength I1I max vertical"
"Strength V max vertical"

"Strength I min vertical"
"Strength III min vertical"

"Strength V min vertical"

"Strength I max vertical"
"Strength I1I max vertical"
"Strength V max vertical"
"Strength I min vertical"
"Strength III min vertical"

"Strength V min vertical"

2-BentCap-FrameAnalysis.xmcd
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minColM := | for ne 1..#Cols
for LSe 1.3
. : n[ N
mmCOIMLS,n <~ mi (COIMLS )
for LSe 7.9
minColMLS_3 n <« min|:(ColMLS
minColM
Col#: 1 2 .
1 0o -6 -8 -8 -10
-30 -32 -32 -32 32 -33
inColM — 21 -22 -28 =29 -29 -30 fkip
1 0 -6 -8 -8 -10
-30 -32 -32 -32 -32 -32
-21 22 -28 -29 -29 -30

Factored Shear Force at top of columns (in the plane of bent-cap)

ColV,:= | for ne 1..#Cols
for LSe 1.3

Col#:. 1
0

1.89
1.34
ColV, =
1.89
1.34

Factored Shear Force at top of columns (perpendicular to bent-cap)

8/3/2020

ColV,

LS,n

Pcap.x
(_

LS

#Cols

for LSe 7..9

ColV.

ColV,

2 ..
0

1.89
1.34

1.89
1.34

*LS-3,n

0
1.89
1.34

1.89
1.34

0
1.89
1.34

1.89
1.34

P
cap.x; ¢

#Cols

0 0
1.89 1.89
1.34 1.34

1.89 1.89
1.34 1.34

-kip

"Strength I max vertical"
"Strength I1I max vertical"
"Strength V max vertical"
"Strength I min vertical"
"Strength III min vertical"

"Strength V min vertical"

"Strength I max vertical"
"Strength I1I max vertical"
"Strength V max vertical"
"Strength I min vertical"
"Strength III min vertical"
"Strength V min vertical"

2-BentCap-FrameAnalysis.xmcd
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ColV, =

Col #:

ColV, =

Factored Column Net Axial Force (for pile pocket connection punching shear check)

ColV,

ColV.

ColV,

1 2

13.39 13.39
134 134
11.07 11.07
13.39 13.39
134 134
11.07 11.07

for ne 1..#Cols
for LSe1..3

<«

LS,n

for LSe 7..9

*LS-3,n

13.39
1.34
11.07
13.39
1.34
11.07

Pcap.z

Pcap.z

LS
#Cols

LS

#Cols

13.39
1.34
11.07
13.39
1.34
11.07

13.39
1.34
11.07
13.39
1.34
11.07

13.39
1.34
11.07
13.39
1.34
11.07

-kip

"Strength I max vertical"
"Strength I1I max vertical"
"Strength V max vertical"
"Strength I min vertical"
"Strength III min vertical"

"Strength V min vertical"

Net column axial force for punching shear check (column axial force subtract what is directly on top of column)

8/3/2020
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PunchingV = |j < 0

for LSe 1,2,3,7,8,9

#LoadCases «— #LLCases

#LoadCases «— 1 if LS=2vILS=6vLS=8§
for lce 1..#LoadCases

"V is the shear diagram along all cap sections"

VV (VLS)<1C>

for ne 1..#Cols

Xleft <~ Xcoln - 0-vacol
Xright <~ Xcoln + O'chol

"find the shear at left and right of column"
Viest < lookup( Xy, X, VV)
Viight < lookup(Xigni, X, VV)

P -
Vlc,n <« Vrlght1 Vleftl

j«<j+1
for ne 1..#Cols

Punchinng n < max(PV<n>)

PunchingV

Col#: 1 2
102.96 233.24 224.05 224.05 233.24 102.96 "Strength I max vertical"
99.24 233.24 224.05 224.05 233.24 102.96 "Strength III max vertical"
90.7 204.73 19521 194.83 204.7 97.08 "Strength V max vertical"

PunchingV = -kip

87.16 206.58 200.05 200.05 206.58 87.16 "Strength I min vertical"
83.44 206.58 200.05 200.05 206.58 87.16 "Strength Il min vertical"
74.89 178.06 171.21 170.84 178.03 81.28 "Strength V min vertical"

[+] Summary Results

[¥]— Write Design Forces Out
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Choose a Limit State to Display the Shear and Moment Envelops

Calculate Worksheet

Choose a Design Limit State
LS := LS=1
|Strength | max Vertical  |v|

Shear Envelope
2007

1501

1001

L 1

— 1007 -

— 1501

- 200"

Max Shear including CL of Support (kip)
Min Shear including CL of Support (kip)
=== Max Shear at Face of Support (kip)

=== Min Shear at Face of Support (kip

—— Face of Supports

Moment Envelope

400r

3001

2001

1001

A\

o N 99 NV~ 99
20V Y Yy

— 3001

—400-

Max Moment including CL of Support (kip-ft)
Min Moment including CL of Support (kip-ft)
=== Max Moment at Face of Support (kip-ft)

=== Min Moment at Face of Support (kip-ft)

—— Face of Supports
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Choose a Specific Load Case to Display the Shear and Moment Diagrams

#LoadCases := if (LS = 10,#FatLLCases,if (LS =2 v LS = §,1,#LLCases)) = 180

Choose a Live Load Case

| J LoadCase = 95 LS=1

Factored beam loads {LoadCase)
(Pcap,beamLsT) = (60.53 122.8 170.53 83.98 56.11 56.11 56.11 56.11 60.53

Factored Lateral Load Peapx . = 0-kip
on Bent Cap L
Shear Diagram for Selected Limit State & Load Case
2007
1501
100[

—\ N N N
SN\ S I N e

— 1001

— 1501

- 200"

— Shear Including CL of Support (kip)
=== Shear at Face of Support (kip))
—— Face of Support

Moment Diagram for Selected Limit State & Load Case
4001

3001
2001

1001

0 N N 29.9 ~—N i N 599
— 100 Y \%/\ / V/ M

— 2001

=1

- 3001

—400-

Moment Including CL of Support (kip-ft)
=== Moment at Face of Support (kip-ft))
—— Face of Supports
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Intermediate Bent-Cap Analysis & Design

Part 3. Code Checks (GFRP)

Project =
FDOT

Checked By =

ﬁ_—‘ N Back Checked By =

State Structures Design Office

[»]—Read In Geometry and Design Loads

DataFile = "HRB-NK.dat" Load Data

GFRP Design References

e FDOT Structures Manual, Volume 4, 2018
e  FDOT Specifications Section 932-3, July 2018
AASHTO Bridge Design Specifications for GFRP Reinforced Concrete, 2nd Edition

Bent Cap and Column Properties

Hegp = 3 1t

Weqp = 41t

Leap = 59.9ft

Leap.on = 4 ft

Weo = 151t
ColType = 2

#Cols = 6
Spacing., = 10.38 ft
fe.cap = 5-5-ksi
Eqp = 4428 ksi
£, col = 6.0-ksi
Eq = 4557-ksi

Neone = 150-pcf

8/4/2020

Height of bent cap

Width of bent cap

Length of bent cap

Length of cap overhang

Column diameter/width

Column type: 1-round; 2-square

Number of columns

Spacing of columns

Minimum 28-day compressive strength for substructure
Modulus of elasticity for concrete substructure
Minimum 28-day compressive strength for substructure
Modulus of elasticity for concrete substructure

Unit weight of reinforced concrete

3b-BentCap-CodeChecks-GFRP.xmcd
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Tapered Ends/Voids in Bent Cap (input O if not applicable)

Height of taper...... ... ... ...... ’07 ft
Length of taper..... ... ... ...... ’07 ft
Height of void....... ... ... .... ’07 ft
Width of void. .. .oooomoeeeeoo.. ot
Length of void..... ... ........... ’07 ft

[¥] Tapered ends/Voids inputs

Check tapered ends geometry

ChGthaperGeo = if(Htaper < Hcap A Ltaper £ Lcap.oh — .5W¢op, "OK", "NG") = "OK"

Check voids geometry

Checkygideo = if (Hyoia < Hoap — 1.5t A Wygig € Wegp = L5t A Lygig < Spacingge — Weop — 12in,"OK" ,"NG" ) = "OK"

Leapon = 41t Spacing., = 10.38 ft SECTION A-A
(a) (b)
[ ] T r- __"‘I I"__"l [l i
. Lol ] Ll T = ot
Hiper = 0ft 4=~ — 1]
| M l— G" min —_| LL_L Lli 0.5 Woga
I 'Lir \ | s
Ltaper =0ft Lyoig = O ft Wioig = 0 ft

2-Point Support/Pickup Locations (for Precast Bent Cap only, input O if not applicable)

Distance of support/pick-up ’70
location to cap end............... f

Design Loads - Moments and Shears (Torques not considered)
Critical section for shear should be at face of support.

Conservatively take design negative moment at the CL of support; Except for bent caps built integrally with supports
(full moment connection), design may be based on the moments at face of support.

o - - 1 - at center line of support
2
Critical section for flexural design.. 2 - at face of support
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Reinforcement (Symmetrical to CL of Bent Cap)
A few recommendations on bar size and spacing are available to minimize problems during casting.

e Use the same size and spacing of reinforcing for both the negative and positive moment regions. This
minimizes construction errors where the top steel is mistakenly placed at the bottom or vice versa.

e Ifthis arrangement is not possible, give preference to maintaining the same spacing between the top and
bottom reinforcement. Same grid pattern allows grouted ducts placement and the concrete vibrator to be
more effective in reaching the full depth of the cap, especially for multi-layer reinforcing.

GFRP Material and Design Properties

Cg = Environmental reduction factor ... ’077 [AASHTO Table 2.4-1]

E¢ = Tensile modulus of elasticity..... 6500 ksi  [FDOT Specs 932]
Nominal Area of GFRP reinforcing bars Minimum Guaranteed Tensile Load of GFRP reinforcing bars
[FDOT Spec 932-3] [FDOT Spec 932-3]

A(Bar) = O.O49in2 if Bar =2 Pr(Bar) := |6.1kip if Bar =2

13.2kip if Bar =3
21.6kip if Bar =4
29.1kip if Bar=5
O.31in2 if Bar =5 40.9kip if Bar =6
54.1kip if Bar=7

5 66.8kip if Bar =8
0.60in" if Bar=7 82.0kip if Bar=9

O.llin2 if Bar=3

0.20in2 if Bar =4

O.44in2 if Bar=6

0.79in2 if Bar =8 98.2kip if Bar =10

2 0 otherwise
1.00in" if Bar=9
Tensile Strength of GFRP reinforcing bars

1.27in2 if Bar =10

. Pr(Bar)
0 otherwise fy,(Bar) :=
A(Bar)
Diameter of GFRP reinforcing bars Bend radius of GFRP reinforcing bars [FDOT
[FDOT Specs 932] Developmental Standards D21310]
d(Bar) := |1.128-in if Bar=9 r(Bar) := |1.5in if Bar =2
1.27-in if Bar = 10 2.25in if Bar =3
Bar 2.25in if Bar=4

——-in otherwise
8 2.25in if Bar=5

2.25in if Bar =6
3in if Bar=7
3in if Bar =8
4.5in if Bar=9
S5in if Bar =10

0 otherwise
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Flexural reinforcement

| dp | de | de | |
. N | Bars C Vi v2, V3 V2 V1| V4 VS
[Bm_%.;mg | | ‘ ‘ ‘ ‘ | ‘
4 ! ] I ! ||||||||i||||||||| 1 |||||||||I|||||||'il'
“ R N R
| I e 8::::::::!::::::::: | :::::::::!::::::::::i
| . | R R e
| | | |
Bar: D \\_ BasE [ [ [
L.y e
dg dg Lyy L Loz Ly Lan
Shear Stirrups
SECTION A-A
Flexural reinforcement can be placed up to 2 layers in current version.
Top Reinforcement (Negative Moment)
|8 Size of top reinforcing bars (A, B & C), Bar#,,
Distance from c.g. of 1st layer bars to Distance from c.g. of 2nd layer bars to
|4 IO
cap top face (in), t1 c.g. of 1st layer bars (in.), t2
Bottom Reinforcement (Positive Moment)
|8 Size of bottom reinforcing bars (D & E), Bar#,,
Distance from c.g. of 1st layer bars to Distance from c.g. of 2nd layer bars to
|4 IO )
cap bottom face (in.), bl c.g. of 1st layer bars (in.), b2
Bars A: Continuous Top Reinforcement
8/4/2020 3b-BentCap-CodeChecks-GFRP.xmcd Part3 -4



Bars A placed in 1st Layer Bars A placed in 2nd Layer

Number of bars, #Barsy IO Number of bars, #Bars,,

]

Bars B: Supplemental Top Reinforcement over Exterior Columns

E‘

Length of Bars B beyond CL of Exterior Column (in.), dg

Development Length not considered in current version, input length of portion that is cosidered fully developed.

o
QD
=

s B placed in 1st Layer Bars B placed in 2nd Layer

Number of bars, #Barsg; IO Number of bars, #Barsg,

-

Bars C: Supplemental Top Reinforcement Centered on CL of Interior Columns

E‘

Length of Bars C beyond CL of Interior Column (in.), dc

Development Length not considered in current version, input length of portion that is cosidered fully developed.

Bars C placed in 1st Layer Bars C placed in 2nd Layer

Number of bars, #Barsc; IO Number of bars, #Barsc,

i

Bars D: Continuous Bottom Reinforcement

Bars D placed in 1st Layer Bars D placed in 2nd Layer

Number of bars, #Barsp, IO Number of bars, #Barsp),

]

Bars E: Supplemental Bottom Reinforcement Centered on Interior Spans

ﬂ

Distance from CL of column to end of Bars E (in.), dg

Development Length not considered in current version, input distance to portion that is considered fully
developed.

Bars E placed in 1st Layer Bars E placed in 2nd Layer

Number of bars, #Barsg; |0 Number of bars, #Barsg,

i

Spacing of Flexural Reinforcement

For crack control check, the bar spacing is calculated assuming a uniform distribution of bars on the 1st layer.
Designer/user to calculate the actual spacing of bars if bars are not evenly distributed or bundled together. The
maximum allowable spacing is plotted along the cap under the “"Crack Control* section and the maximum allowable
spacing at the most critical cap section is reported at the end of the program.

Concrete cover on the two sides (in.)

i

Shear Reinforcement

In order to maintain a level of flexibility for modeling and to allow for multiple spacings for shear reinforcement along

8/4/2020 3b-BentCap-CodeChecks-GFRP.xmcd
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the cap, the spacing of the stirrups over the pile (non-critical fo shear) is assumed to be the same as the first zone beyond

the face of the pile.

| I
i . s i Bars ¢ i'i.'l ITII Vi ITEITI| Vd i Vs
[Bars_-!c. iBa.TsE : : ‘ ‘ ‘ : ‘
I ! ! I ! ||||||||i|||||||| o ||||||||i|||||||;il'
“ ! ! R HI R ::::::::!::::::::::i
! ! e ellllllll!llllllll R I
! . ! R R R
I I I I
Buanm \..Eug].; i m i
Ly P
Lyt Lo Lz Lay Loy
Zone V1 Zone V2 Zone V3

Size of stirrup bar, Bar#y
No. of bar legs, #Legsy

Spacing (in.), Spay

AR

N
o
=
@D
S
—~
(@)
QD
o
Q
&
=
o
«
=

Size of stirrup bar, Bar#y 4
No. of bar legs, #Legsy4

Spacing (in.), Spay4

AR

Skin Reinforcement

Size of bar, Bar#ty;,

CIFT

Length of Zone V1 (in.), Ly,

Length of Zone V1 (in.), Ly,

AR

Size of stirrup bar, Bar#y,
No. of bar legs, #Legsy,
Spacing (in.), Spay,

Length of Zone V2 (in.), Ly,

Zone V5 (Cap overhang)

A0

Number of bars on each side face, #Barsq;,

Spacing of skin reinforcement (in.), Spagin

Size of stirrup bar, Bar#y 5
No. of bar legs, #Legsys

Spacing (in.), Spays;

AL

Size of stirrup bar, Bar#y3
No. of bar legs, #Legsy3

Spacing (in.), Spay;

Calculate Worksheet

[*] Reinforcement inputs

8/4/2020
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I

Vd
I

1

1

1

1

1

1

1
I

L el

L'-r'l

L'\Cl

1.25ft
|
/‘, Barz C
¥
0-in

g
0
g [ £ g
IS &8 o«
I ~ 2
3 ot - I
o —
= Q =4 =n © o
ST, S A — M
Q — M I = ij h
[8a)
ﬂ S o
O [51] m
© i
3 w
- -
F 3 '/'Jlll
& \
w iy
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— v
I N
—

dp

}

|

| Barz B

i

i

:—J
dg =

Shear Stirrups
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increment := 0.5ft

SECTION A-A

Cap Design Sections at

[*] LRFD Moment, Shear, Min & Max Reinforcement, and Lifting Moment Checks

Design Sections
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X1 := X11<—0

. Lcap.oh - 0'vacol
n « ceil| — [ -1

increment
for iel..n if n>1

X1, . <« increment-i
1+

. Spacinggo; — Weo
m<«ceill ——— | -1
increment
for je 1. #Cols -1
for kel.m

X1n+1+m. (i-1)+k < Lcap.on + Spacinggor(j — 1) + 0.5W¢, + increment-k

for iel..n if n>1

1n+1+m~j+i < Leap.on + Spacinggq-(#Cols — 1) + 0.5W + increment-i

Xl2n+2+m~j < Laap

X1

Combine Cap Design Sections based on increments with Critical Sections based on demands

Xesign := stack(X1,X)

Xdesign = Sort(Xdesign)

#AllSections := rows(XdeSign) =150

Function to convert design forces at critical sections to be at all design sections based on interpolation

AllDesignSections(V) := | for ie 1..#AllSections
VVi «~0

s < rows(X)

i1 %

VV. <V if |xdesigni - XS| <0.0001ft

vV
VVi <~ —'(Lcap - Xdesigni) if Xdesigni > XS

VVi <« X—I'Xdegigni if Xdesigni <X

1

\'A%
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maxV, .= AllDesignSections(maxVu) Max Shear - Strength I, 111, &V

minV, = AllDesignSections(minVu) Min Shear - Strength I, 111, &V

maxM, := AllDesignSectionS(maxMu) Max Positive Moment (+M) - Strength 1, 111, & V
minM,, = AllDesignSectionS(minMu) Max Negative Moment (-M) - Strength I, 111, &V
maxMeen = AllDesignSections(masterI) Max Moment (+M) - Service |

minMseq = AllDesignSections(minMserI) Max Negative Moment (-M) - Service |

maxMey = AllDesignSections(maxMSL) Max Positive Moment of Sustained Load - DL+0.2LL
minMsg; ;= AllDesignSectionS(minMSL) Max Negative Moment of Sustained Load - DL+0.2LL
maxMeoq = AllDesignSections(maxMFaﬂ) Max Moment (+M) - DL+Fatigue | LL

minMeoq = AllDesignSections(minMFatI) Max Negative Moment (-M) - DL+Fatigue | LL

Depth of Cap

deap = | for i€ 1..#AllSections

Htaper .
dcapA <« Hcap - Htaper + Xdesign.' if XdesignA < Ltaper
! taper !
Htaper .
dcapi <~ Hcap - (Xdesigni - Lcap + Ltaper)' if Xdesigni 2 Lcap - Ltaper
taper

dcapi < Hgqp otherwise

dcap
Width of the web
by.cap = | for ie 1..#AllSections
bw.capi <« Wcap
for je 1..#Cols — 1
VOidstart <« Lcap.oh + (J - 1)'SpaCingcol + O‘S(Spacmgcol - Lvoid)
VOidend <~ Lcap.oh + j'spacmgcol - O'S(SpaCingcol - Lvoid)
bw.capi <~ Wcap - Wvoid if VOidstart < Xdesigni < VOidend
bw.cap

Flexural Design

Flexural Resistance [AASHTO BDS for GFRP 2.6]

With multiple layers of reinforcement, because FRP materials have no plastic strain region, the stress in each
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reinforcement layer will vary depending on its distance from the neutral axis. The analysis of the flexural capacity should

be based on a strain compatibility approach.

For failure mode of concrete crushing For failure mode of FRP rupture
C= O‘l'fc.cap'vvcap'Bl'c C= O‘l'fc.cap'vvcap'Bl'cb
— €Cu —
T] = Aﬂ'Ef’T'(dcap - bl - C) T] = Aﬂ'ffu
€ deap — b1 = b2 — ¢y,
T, = ApEr—(degpy — b1 — b2 — ¢) T, = Aﬂ-ffu-( P )
c (deap — b1 — cp)
focap = 5.5ksi
. cap — 10Ksi
o := min| max{ 0.85 — 0.02- — ,0.75],0.85| = 0.85 Stress block factor
S1
fe.cap — 4ksi
B3, := min max| 0.85 — 0.05- — ,0.65(,0.85| = 0.78  Stress block factor
S1
Eeu = 0.003 Ultimate strain in concrete
Design tensile strength of GFRP
frd pos = Cr-fru( Barfior) = 59.19-ksi frdneg = Cr-fru( Barfhop) = 59.19-ksi

Design tensile strain at rupture of GFRP

Distance from extreme compression fiber to neutral axis at balanced strain condition

€cu Ecu
Ch.pos = —(dcap - bl) Ch.neg = —(dcap - tl)
€t efd.pos €t efd.neg

Area of GFRP bars

8/4/2020 3b-BentCap-CodeChecks-GFRP.xmcd
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Afpor =

Af,top =

8/4/2020

for 1€ 1..#AllSections
Afl.boti « A(Bar#bot)-#Barle

Apbor, ¢ A(Bartho)-#Barspy,

for je 1..#Cols - 1
BarEstart <— Legp oh + (j — 1)-Spacing,, + dg
BarEend « Leap.oh + j-Spacing., — dg

if BarEstart < Xegign < BarEend
1
Afl pot. A(Bar#bot)~#BarsD1 + A(Bar#bot)-#BarsE 1
1
Apypor, < A(Bar#yy)-#Barsp, + A(Bar,)- #Barsg,
1

(Afl bot Af2.bot )

for 1€ 1..#AllSections
Afl.topi <« A(Bar#top).#BarSAl

Afzvtopi <« A(Bar#mp)-#BarsAz

for j e 1..#Cols
if j=1
BarBstart <— 0

BarBend «— L¢gp on + dp

if BarBstart < X o0, < BarBend
1
Aﬂ_topi <~ A(Bar#top)#BarsAl + A(Bar#mp)-#BarsBl
AQmpi «— A(Bar#top)-#BarsAz + A(Bar#mp)#BarsBz

if j = #Cols
BarBstart <« Lcap - Lcap.oh - dB
BarBend <« Ly,

if BarBstart < Xje;0n < BarBend
1
At op, A(Bart,) #Barsy; + A(Bart,)-#Barsg,
Afz_topi <~ A(Bar#top)#BarsAz + A(Bar#mp)-#BarsBz

otherwise
BarCstart <= Ly on + (j — 1)-Spacingq — dc

BarCend « Leap.oh + (j — 1)-Spacing,, + d¢

if BarCstart < Xegion. < BarCend
1
Afl_topi “«— A(Bar#top)-#BarsAl + A(Bar#top)#Barsc 1

Apztop, A(Bart,) #Barsy, + A(Bart,,,)-#Barsc)

(Afl.top Af2.top )

3b-BentCap-CodeChecks-GFRP.xmcd
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Area of GFRP bars provided on 1st layer Area of GFRPbars provided on 2nd layer

Afl pot = Af.botl Af pot = Af.botl 5

1

Afl.top = Af.top1 | AfZ.top = Af.top1 5

Function to solve for distance of extreme compression fiber to the neutral axis

Guess value Sn= 5in
Given
- Eeu Ceu ; i lled
o fe cap Weap Br-¢ = Agy- Ef.T.(d —bl-0)|+ Ap Ef.T.(d —-bl-b2-c) or compression controlled case

func(Ag, A, d,bl,b2) := Find(c)

Cpos := | for ie 1..#AllSections Cpeg := | for ie 1..#AllSections
cpOSi <« func(Afl.bOti,Aﬂ.boti,dcapi,bl ,b2) cnegi <« func(Afl.topi,Aﬂ.mpi,dcapi,tl ,t2)
Cposi <~ cb.posi if Cposi < Cb.posi Cnegi <~ cb.negi if Cnegi < Cb.negi
Cpos Cheg

i:= 1..#AllSections

. - €cu
Tl.pos. = Af pot, Min| Ef'_'(dcap. - bl - Cpos.)affd.pos
i i Cpos i i
' - (dcapi —bl—b2- cposi)
T2.pos. = Ap pot, Min| Ef'_'(dcap. - bl -b2 - Cpo&)’ffd.pos'
! ! Cpos ! ! (dcapi - bl - Cposi)

Nln.posi = Tl.posi'(dcapi - bl - 0~561'Cposi) + ’-l—‘Z.posi'(dcapi - bl —b2- 0~561'Cposi)

. €cu
Tl.neg. = Afl.top.'rnln Ep : dcap. —tl - Cheg, ’ffd.neg
i i i i
Cnegi
. - (dcapi —tl -2 - C“egi)
T2.neg. = Aﬂ.top.'mln Ep : dcap. —tl -2 - Cneg, »ffd.neg'
i i c i 1 d —-tl—-c¢
neg, cap, neg,

Nln.negi = ’l—‘l.negi'(dcapi —tl - O-SBI'Cnegi) + T24negi'(dcapi —tl -2 - 0~SBI'Cnegi)

Tensile strain in extreme tension GFRP at nominal resistance

eap, = BT = Cpos, ey, — 11 =
Eft.posi = = Eft.negi = ‘Ecu

C C
pos, neg,

Cnegi
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Strength reduction factor for flexure

fd)(sﬁ,sfd) = 10.55 if Egt > €

€ft | .
1.55 - — if O.8'€fd <Ef<Egy
€fd
0.75 otherwise
(bposi = f(')(Eft.posi’&:fd.pos) (bnegi = fd)(sft.negi’sfd.neg)
Factored flexural resistance

NIrAposi = d)posi'Mn.posi Mrnegi = d)negi'Mn.negi

Check M, > M,

Checkyp . pos := | Check «— "OK" Checkyfrpeg == | Check < "OK"
for ie 1..#AllSections for ie 1..#AllSections
Check <~ "NG" if M, o < maxM, Check «~ "NG" if M, ¢p <-minM,,
1 1 1 1
Check Check
Checkyp . pos = "OK" Checkyf.peg = "OK"
Demand to capacity ratio
maxM,, —minM,,
1 1
DCRM.pos. = DCRM.neg. =
! 1.pos, ! N[r.negi

Maximum demand to capacity ratio

max(DCRyj pos) = 0.48 max(DCRyj peg) = 0.24
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Flexural Design
10001

soo—r> | u/ U/ U/ | W

——— | | ey ) o ‘--! ‘--' [ S
— 1000~
feet (along cap)
Envelope of Moment Demand - Maximum
=== Positive Moment Resistance
=== Envelope of Moment Demad - Minimum
== Negative Moment Resistance
Cracking Moment
f = 7.5~,/fc_cap-psi = 556-psi Modulus of Rupture
Scap = | for ie 1..#AllSections Section modulus of cap
1 2
Scapi <~ chap'(dcapi)
for je 1..#Cols — 1
VOidstart <« Lcap.oh + (J - 1)'SpaCingcol + 0~5<Spacmgcol - Lvoid)
VOidend <~ Lcap.oh + J 'Spacmgcol - O-S(Spacmgcol - Lvoid)
1 2 1 31 . . .
Sc:api <~ chap'(dcapi) - ngoid'Hvoid — if Vmdstart < Xdesigni < VOIdend
cap,
Scap
Mg, = firScap Cracking moment
maX(Mcr) = 480.57-kip-ft Maximum cracking moment along the cap

Minimum GFRP Reinforcement [AASHTO BDS for GFRP 2.6.3.3]

Required flexural resistance for minimum reinforcement

MinAfbot. == min(l.33-maXMu', 1.6-Mcr,) M ninAftop, = min(—l.33~minMu', 1.6-Mcr,)
1 1 1 1 1 1
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max(Mpinator) = 473.94-kip-ft

Check minimum GFRP reinforcement

Checkinarbot := | Check < "OK"
for ie 1..#AllSections
Check < "NG" if Mr.pos. < MminAf.bot.
1 1

Check

CheCkminAf.bot = "OK"

Crack Control [AASHTO BDS for GFRP 2.6.7]

CrackLimit := 0.028in

Cp:=0.83
d)Mcr = 0.25
E¢
n.=——=147
Ecap

max(Mpinafiop) = 219.27-kip-ft

Checkpinafiop := | Check < "OK"
for ie 1..#AllSections
Check <~ "NG" if M

Check

Checkpinaftop = "OK"

limiting crack width
the bond reduction factor
cracking moment coefficient

Modular ratio

8/4/2020 3b-BentCap-CodeChecks-GFRP.xmcd
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Function to calculate reinforcing stress under service loads

Note: In lieu of the requirements of [AASHTO BDS for GFRP 2.6.7] or [ACI 440.1.8.3.1], the stress in the tension
reinforcing should be derived based on gross section properties when the moment due to Service | loading conditions is
less than 1/4 of the cracking moment. The cracking moment is calculated based on the modulus of rupture, as specified
in Article 5.4.2.6 of the AASHTO LRFD Bridge Design Specifications.

Commentary: Given that this is a serviceability check, the probability of cracking is extremely remote when the service
loads is less than a 1/4 of the cracking load.

if moment is negative, stress is set to 0;
if moment is less than 1/4 of the cracking
moment, stress is calculated based on
uncracked section.

For GFRP reinforcement stress under service load, lump sum mutiple layers of reinforcement at their centroid of gravity

‘(\f‘l.boti'(dcapi - bl) + AfZ.boti'(dcapi - bl - bZ) ‘(\f‘l.topi'(dcapi - tl) + Af2.t0pi'(dcapi —tl - t2)

df.pos‘ = df.neg =

! Afl.boti + Aﬂ.boti ! Afl.topi + Af2.topi
Reinforcement ratio

Afl .boti + Af2.b0ti Afl .topi + Af2.t0pi

Ppos. = " Pneg == "

! Wcap' df.posi ! Wcap' df.negi

. 2 . 2
kposi = \/Z'pposi'n + (pposi'n) - pposi'n knegi = \/Z'pnegi'n + (pnegi'n) - pnegi'n

The cracked moment of inertia

L»Jl»—t

Icr.posi :

chap'(df.posi)3 (kposi)3 + n'(Afl.boti + Aﬂ.boti)'(df.posi)z(l - kposi)2

Icr.negi :

chap'(df.negi)3 (knegi)3 + n'(Afl.topi + Aﬂ.topi)'(df.negi)z(l - knegi)2

w|>—

Stress in the bottom reinforcing due to Service | limit state moment

ff.SerI.boti = ffi”(maXMSerIi’ df.posi’ dcapi’ Scapi’kposia Icr.posi’ Mcri)

max(ffseﬂ_bot) = 8.96-ksi

Stress in the top reinforcing due to Service | limit state moment
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ff.SerI.topl. = fff(_minMSerli P df,negi > dcapi B Scapi P knegi P Icr.negi > Mcri)

max(ff.SerI.tOp) = 0.15-ksi

Distance from extreme tension fiber to center of closest bar

depot = bl = 4-in deop := t1 = 4-in

Ratio of distance between n.a. and tension face to distance between n.a. and centroid of reinforcement

dcapi - kposi'df.posi

dcapi - knegi'df.negi

Cpos, =
pOS. —
i d -k -d Qne =
f.pos. 0s. Yf.pos. g
Pos; POs; TLPOs; ! dfnegi - knegi'df.negi

Limiton d.c

CypE¢ CrackLimit ) ~ CyEgCrackLimit
d'c.top.maxi = if ff.SerI.topi =0, 100in,

dc.bot.maxi = if ff.SerI.boti = 0,100in,

2 ff.SerI.boti' Cposi : ff.SerI.topi' Cnegi

min(de potmax) = 7.37-in min(d op.max) = 100-in

Checkge ot == 1f (de ot < Min(de potmay), "OK" ,"NG" ) Checkge top = if (de.top < Min(de sop.may)"OK" ,"NG" )
Check g por = "OK" Checkye top = "OK"

clear cover

Cemot = epor = 0.5-d(Barthyy) = 3.5-in Cetop = derop = 0.5-d(Barkp) = 3.54in

CyE¢ CrackLimit CyE¢ CrackLimit . .
Smax.bot. := min( 1.15- — — 2.5C; pot», 0.92- - maximum spacing for
i (ff.SerI.boti + 0-0001k51) (ffASerI.boti + 0-0001k51) crack control
Min(Syax por) = 10.63-in
CyE¢ CrackLimit CyE¢ CrackLimit . .
Smax.top, = min 1.15- ~ — 2.5C¢ tp, 0.92- - maximum spacing for
i (ff.SerI.topi + 0-0001k51) (ffASerI.topi + 0-0001k51) crack control

Min(Syax 10p) = 941.82+in

For crack control check here, the bar spacing is calculated assuming a uniform distribution of bars on the 1st layer.
Designer to calculate the actual spacing if bars are not evenly distributed or bundled together.

StirrupSize := max(Bar#Vl,Bar#vz,Bar#w,Bar#w,Bar#VS) =4
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Spaparbot := | for i€ 1..#AllSections
Weap — 2-SideCover — 2-d(StirrupSize) — d(Bar#bot)
#Barle -1

Spabar.boti <~

for je 1..#Cols - 1
BarEstart < Lcap.oh + (j — 1)-Spacing., + dg
BarEend < Ly, o + j-Spacing ., — dgg

Weap — 2-SideCover — 2-d(StirrupSize) — d(Bar#bot)

Spabar.boti <~ if BarEstart < Xdesigni < BarEend

#Barsp; + #Barsg; — 1

Spapar.bot

Spapar.iop = | for ie 1..#AllSections
Weap — 2-SideCover — 2-d(StirrupSize) — d(Bar#tOp)

Spa «—
P bar.topi #BarSAl -1

for j e 1..#Cols
if j=1
BarBstart < 0

BarBend < Ly on + dp

Woap — 2-SideCover — 2-d(StirrupSize) — d(Bar#,,)

Spabar.topi < if BarBstart < Xdesigni < BarE

#Barsp| + #Barsg; — 1
if j = #Cols

BarBstart <~ Ly, — Leapoh — dB

BarBend < L

cap

Woap — 2-SideCover — 2-d(StirrupSize) — d(Barf,,)

Spabar.topi < if BarBstart < Xdesigni < BarE

#Barsp| + #Barsg; — 1

otherwise
BarCstart <— Lypon + (j — 1)-Spacing., — dc¢

BarCend « Leap.oh + (j — 1)-Spacing,, + d¢

Woap — 2-SideCover — 2-d(StirrupSize) — d(Barf,)

Spabar.topi < if BarCstart < Xdesigni < BarC

#Barss + #Barscy — 1

Spabar.top
Checkypax bot = | Check < "OK" Checkgmax top == | Check < "OK"
for ie 1..#AllSections for ie 1..#AllSections
Check < "NG" if Spapa; ot > Smax.bot. Check <= "NG" if Spapariop. > Sma
1 1 1
Check Check
Checkgmax ot = "OK" Che(:ksmax.top = "OK"
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CheCkcrackcontrol.bot = |"OK"

"NG, bar spacing exceeds maximum" if Checkgy oy pot = "NG"

"NG, additional reinforcement required”" if Checkyc ot = "NG"

CheCkcrackAControl.bot = "OK"

Check, "OK"

crack.control.top +=

"NG, bar spacing exceeds maximum" if Checkgyay 1op = "NG"

"NG, additional reinforcement required" if Checkgc top = "NG"

Check, "OK"

crack.control.top —

Estimated Service | crack width

fi Spa 2 2
f.Serl.bot. bar.bot.
2 i fr.ser Spayg
CrackW =2 —1 -|d + | — ~SerLopy 2 ar-top;
SerI.boti Cb'Ef Cposi cbo [ 2 ] CraCkWSerI.top. =2 'Cneg.' dc.top +
1 Cb'Ef 1 2
Maximum Service | crack width
max(CrackWSerLbot) = 0.017-in max(CrackWSerLtop) = 0.000-in
Service I Crack Control
0.021
0.015T
£0.01T
0.005T
0 30 60
feet (along cap bottom)
—— Estimated Crack Width along Cap Bottom
= = FEstimated Crack Width along Cap Top
Creep Rupture Limit State [AASHTO BDS for GFRP 2.5.3]
To avoid creep ruptureof the FRP reinforcement under sustained stresses or failure due to cyclic stresses and fatigue of the
FRP reinforcement, the stress levels in the FRP under these stress conditions should be limited.
C.:=0.30 Creep rupture reduction factor
Creep rupture stress limit of GFRP
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CreepLimitpOSi = Ce g pos CreepLimitnegi = Ce fig neg

max(CreepLimitpos) = 17.76-ksi max(CreepLimitneg) = 17.76-ksi

Stress in the bottom reinforcing due to sustained load (DL+0.2LL)
ffSL.boti = fff(ma?d\/ISLi’ df.posi» dcapi’ Scapi’kposi: Icnposi»Mcri)

max(frsp pot) = 0.11-ksi

Stress in the top reinforcing due to sustained load (DL+0.2LL)
ffSL.topi = fff(_rninMSLi > df.negi > dcapi > Scapi > knegi > Icr.negi > Mcri)

max(frsp top) = 0.08-ksi

Checkereep ot = | Check «— "OK" Checkereep.top = | Check «— "OK"
for ie 1..#AllSections for ie 1..#AllSections
Check «= "NG" if frsr pot. > Cofrapos Check «= "NG" if frgp jop. > Cofie
1 1
Check Check
CheckcmpbOt = "OK" Checkcreeptop = "OK"

Checkreep == | "OK"

"NG, sustained tensile stress in bottom reinforcing exceeds limit" if (Checkcreep.bot = "NG" )-(Checkcreep_top
"NG, sustained tensile stress in top reinforcing exceeds limit" if (Checkcreep_]30t = "OK" )-(Checkcreepitop ="

"NG, sustained tensile stress in top and bottom reinforcing exceeds limit" if (Checkcreel[,_bOt = "NG" )~(Check

Checkipeep = "OK"
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Creep Rupture Limit State

207
15
2 1ot
il

0 30 60

feet (along cap bottom)

— Creep Rupture Stress in GFRP Closest to Bottom Surface

= = (Creep Rupture Stress in GFRP Closest to Top Surface

= Creep Rupture Stress Limit in GFRP Closest to Bottom Surface
=== Creep Rupture Stress Limit in GFRP Closest to Top Surface

Fatigue Limit State [AASHTO BDS for GFRP 2.5.4]

Cs:= 025 Fatigue rupture reduction factor

Fatigue rupture stress limit of GFRP
FatigueLimit,os := Cpfrg pos FatigueLimit,ey := Cgfig peg
1 1

max(FatigueLimitpos) = 14.8-ksi max(FatigueLimitneg) = 14.8-ksi

Stress in the bottom reinforcing due to sustained load (DL+1.5Fatiguel_L)
ff.Fat.boti = fff(m"“Xl\/IFatli > df.posi > dcapi > Sca]oi > k1005i > Icr.posi > Mcri)

max(ff_Fat'bot) = 5.94-ksi

Stress in the top reinforcing due to sustained load (DL+1.5Fatiguel_L)
ff.Fat.topi = fff(_minl\/IFatIi B df.negi P dcapi > Scapi B knegi > Icr.negi P Mcri)

max(f gy top) = 0.11-ksi

Checkfaﬁgue'bot = | Check < "OK" Checkfaﬁgue,mp = | Check < "OK"
for ie 1..#AllSections for ie 1..#AllSections
Check « "NG" if frpipor > Cf’ffd.pos Check < "NG" if ff_Fat‘top‘ > Cpf
1 1
Check Check
CheCkfatigue.bot = "OK" CheCkfatigue.top = "OK"
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Checkgygigye = | "OK"

"NG, tensile stress in bottom reinforcing exceeds limit" if (Checkfatigue_bot = "NG" )-(Checkfatigue_mp ="OK
"NG, tensile stress in top reinforcing exceeds limit" if (Checkfaﬁgue.bot = "OK" )-(Checkfatigue_top ="NG" )

"NG, tensile stress in top and bottom reinforcing exceeds limit" if (Checkfaﬁgue‘bot = "NG" )~(Checkfaﬁgue_to]

Checkiygigye = "OK”

Fatigue Rupture Limit State
15

ksi

] -
. 1

0 ' 30 60

feet (along cap bottom)

Fatigue Rupture Stress in GFRP Closest to Bottom Surface

= = Fatigue Rupture Stress in GFRP Closest to Top Surface

Fatigue Rupture Stress Limit in GFRP Closest to Bottom Surface
=== Fatigue Rupture Stress Limit in GFRP Closest to Top Surface

Skin Reinforcement [LRFD 5.7.3.4]

dipos 1= Hegp — bl = 2.671t Distance from the extreme compression fiber to the

centroid of extreme tension steel element
dineg = Hegp — t1 = 2.67ft

Checkgyin reinfireqd = if (dl.pos 2 3ft v djpeg 2 3ft, "Skin Reinf Required" , "Skin Reinf Not Required" )
Checkgyin reinfreqd = "Skin Reinf Not Required"
Bar#gy;, = 5 Size of bar

#Barsg;, = 2 Number of bars on each side face

A(Barty,)-#Barsgg,

Agin = =031 ~in2 Area of skin reinforcement to one side face of the
2 flexural tension side of the section (assume bars placed
through full depth of section)
d
hgin pos = —bos _ 1.33-ft Depth of the member on the flexural tension side of

the section over which the skin reinforcement should
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be applied
dl.neg PP

2

h

= 1.33-ft

skin.neg *~

Area of skin reinforcement required on each side face of the flexural tension side of the section

Agkinreqd = [0 1f Checkyin reinfreqd = "Skin Reinf Not Required"

. dl.pos in2 dLneg in2 Af14t0p + Af24t0p Agy pot + Aﬂ.bot
minf| 0.012-) —— — 30 |-— |-hgkin pos»| 0-012:| —— = 30 [-— |*hgyin neg> ,
in ft in ft 4 4 )

.2
Askin.reqd = 0-in
) Agkin.reqd Area Ratio of Shrinkage Reinforcement -
AreaRyp = - 57 0.00 Required to Provided
Askin + 0.0001in
CheckareaskinReint == [ 1f Checkgin reinfreqd = "Skin Reinf Required"

"NG" if AreaRy;, > 1.005

"OK" otherwise

"Skin Reinf Not Required" otherwise

Checka reaskinreint = "Skin Reinf Not Required"

Spagiinreqd = [0 if Checkgyin reinfreqd = "Skin Reinf Not Required"”

dipos di
min(ﬂ, geg,12in] otherwise

Spaskin.reqd = 0-in Required maximum spacing of skin reinforcement
Spagyin, = 8-in Actual spacing of skin reinforcement
Spaskin . . . .
SpaRi, = — = 8000.00 Spacing Ratio of Shrinkage Reinforcement -
Spagkin.reqd + 0-001in Provided to Required
Checkgpaskinreinf = |1f Checkgyin reinfreqd = "Skin Reinf Required"”

"NG" if SpaRy;, > 1.005

"OK" otherwise

"Skin Reinf Not Required" otherwise

Checkgpaskinreint = "Skin Reinf Not Required”

Shear Design [AASHTO BDS for GFRP 2.7]

Nominal Shear Resistance of the Concrete

The nominal shear resistance of the concrete shall be calculated as Eq. 2.7.3.4-1
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V. = 0.0316-B,[Tb,d,

Where B = 5.0-k for concrete sections not subjected to axial tension and containing at least the minimum amount of
transverse reinforcement specified in Aticale 2.7.2.4 using the simplified procedure

Critical section of shear is typically at face of support, where the moment is negative. Use k and d values calculated based on the negative
bending case.

B, = 5.0kneg

1

d, = max(dfmgi - o.sBl'cnegi,0.9-df,negi,0.7z.dcapi)

b, = | for ie 1..#AllSections
by, <« W,
1

Width of the web
ap

for je 1. #Cols — 1
VOidstart <~ Lcap.oh + (J - 1)'Spa0ingcol + O'S(SpaCingcol - Lvoid)

VOidend <~ Lcap.oh + J 'SpaCingcol - O'S(Spacmgcol - Lvoid)

bwi <« Wcap - Wioid if VOidstart < Xdesigni < VOidend

by,

Ve = 003166, [ focap ksichy -d,.

max(V,) = 64.75-kip

min(V,) = 53.52-kip

Shear Resistance by Transverse Reinforcement

fr4(Bar) := Cg-f(Bar) Design tensile strength of GFRP
. r(Bar) . .
fr(Bar) := min| 0.05-————= + 0.3,1 |-fyy(Bar) Design tensile strength of the bend of GFRP
d(Bar)
fr(Bar) = min(0.004Ef, ffb(Bar)) Tensile strength of GFRP for shear design
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VS := | for ie 1..#AllSections
AV4 < A(Bar#VI)-#LegsVl
1

Spav. <~ SpaVl
1
fvi < ffV(Bar#V]>

for je 1..#Cols -1

ZoneV2,) < Legpon + (J — 1)-Spacing o + Ly
ZoneV2engy < Legpon + (7 — 1)-Spacingg + Lyy + Ly
ZoneV2u < Leapon + j-Spacingeo — Ly; — Ly,
ZoneV2e,qp < Leap on + j-Spacingg, — Ly,

if (ZOnevzStartl < Xyesign, < ZoneV2end1) v (ZoneVZStartz < Xqosign, < ZoneVZendz)
AVi <« A(Bar#v2)~#LegsV2

Spavi < Spay,

f, < fr(Barfhy)

if ZoneV2,,41 < Xdesigni < ZoneV2y,n

AVi “«— A(Bar#v3)~#LegsV3

Spa, <« Spay;
1

f, < fr(Barfhy3)
if (O < Xdesigni < Lcap.oh - LV4) Vv (Lcap - Lcap.oh + LV4 < Xdesigni < Lcap)
A, « A(Bar#VS)'#Legsvs

i
Spay < Spays

i

fV. < ffV(Bar#V5)

1
if (Lcap.oh - LV4 < de:signi < Lcap.oh) Vv (Lcap - Lcap.oh < de:signi < Lcap - Lcap.oh + LV4)
A, « A(Bar#w)'#Legsw

i

Spa, <« Spay,
1

fy ¢ fr(Bar#y,)

AV..fV..dVA

v in| ————,0.25[f; capksicb, -d
fi<—m1n Spa.. s c.cap ksl vodv,

1

AV Spav fV Vf

in2 in  ksi kip

.2
Ap = VS ,m Area of shear reinforcement per location
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Spag, := VS1 2~in Spacing of shear reinforcement per location

o= Vsl 3 ksi Tensile strength of FRP in shear design
Vi= VS, , 4Kip Shear resistance provided by FRP
Vo=V, + Vg Shear strength
by = 0.75 Resistance factor for shear & torsion
Vri = q)V-Vrli Factored resistance
: Shear demand
V, = max( |maxVu. , |mmV, )
1 1 1
Checky , := [ Check < "OK" Check V. >V,

for ie 1..#AllSections
Check «— "NG" if V., <V,
1 1

Check
Checky , = "NG"
VIL
DCRy = — Demand to capacity ratio
! VI‘.
1
max(DCRV) = 1.00 The maximum demand to capacity ratio
Shear Design
2001
100]
(=7
£
— 100
- 200"
feet (along cap bottom)
maxVu
=== minVu
Vr
--- Vr

Check Spacing of stirrups
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0.05-b,, -Spag,
1 1

Apymin, = ——————— Minimum transverse reinforcement
S fy,
!
ksi
Checkp y min == | Check < "OK" Check A, 2 A, i

for ie 1..#AllSections
Check «— "NG" if Ap, < Apmin A Vi > 0.50, V.
1 1 1 1

Check

Checky y min = "NG"

dy.
Spamax. = min(Tl ,24inj Maximum transverse reinforcement spacing
1

CriticalSpaeqq shear = min(SpamaX) = 14.46-in The most critical spacing along cap sections

Checkgpearspa == | Check «— "OK"

for ic 1. #AllSections Check shear reinforcement spacing

Check «— "NG" if Spap, > Spapa.x.
1 1
Check

Check, "OK"

shear.spa =

Check Longitudinal Reinforcement [AASHTO BDS for GFRP 2.7.3.7]

The check is applicable at the end bearing support areas. Therefore, this check is ignored.

Shrinkage and Temperature Reinforcement [AASHTO BDS for GFRP 2.9.6]

For conservatism, use the lowest fg;, for the calculation of the minimum shrinkage and temperature reinforcement ratio

ffd.pos = 59-19-ksi Strength of Positive Reinforcement

ffdneg = 59-19-ksi Strength of Negative Reinforcement

frdskin == ffd(Bar#Skm) = 65.71-ksi Strength of Skin Reinforcement

maxVbar := max(Bar#Vl,Bar#Vz, Bar#V3,Bar#V4,Bar#V5) =4 Maximum bar size of Shear Reinforcement
frg.shear := frg(maxVbar) = 75.6-ksi Lowest Strength of Shear Reinforcement

] . i Design strength for calculation of Shrinkage and
ffa.s = mm(ffdpos’ ffd-neg’ffd-skiﬂ’ffd-shear) = 39.19-ksi Temperature Reinforcement Ratio (Lowest Strength
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of All Reinforcement for conservatism)

60ksi 29000ksi
Pris = 0.0018- —— - ——= = 0.0081

fra 1 E¢

Russs= max(0.0014, min(pg,0.0036)) = 0.0036

Area of required minimum shrinkage and

Ptts Wcap' Hcap in
A hrink.reqd = 7eer o\ — 0.44.-— :
shrink.req 2(W +H ) ft temperature reinforcement per foot
cap - e [LRFD 5.10.8]
2
Al|Bar#,,, )-#Bars i
Agurink ton = (Barfiop) Al sg 0 Area of reinforcement near top surface
P W, ft
cap
2
AlBa -#Bars i
Agrink bot \= ( r#bm) bl _ 1.58~£ Area of reinforcement near bottom surface
' Weap ft
A(Bar#skin)-#BarsSkin + A(Bar#top) + A(Bar#bot) in . .
Agprink side = =0.73-— Area of reinforcement near side surface
Heap ft
Agprinkv == | for ie 1..#AllSections Area of shear reinforcement near surface
(in"2/ft)

AV. < A(Bar#v1)
1
Spa,_ <« Spay;
1
for j e 1. #Cols — 1
Zonevzstartl <~ Lcap.oh + (.] - 1)'SpaCingcol + LVl
ZOnevzendl <~ Lcap.oh + (J - 1)'Spacmgcol + LVI + LV2
ZoneV2pn < Lcap.oh + j-Spacingco — Ly; — Ly,
ZoneV2,,qp < Lcap.oh + j-Spacing., — Ly
if (ZoneVZStam < Xdesign, < ZoneVZendl) v (ZoneVZstartz < Xdesign, S ZoneVZendz)
1 1
Ay < A(Bar#vz)
1
Spay_ < Spay,
1
if ZoneV2qpq1 < Xgesign, S ZoneV2po
1

Ay, A(Bar#y;)

Spa, < Spay;
1
if (0 < Xdesigni < Lcap.oh - LV4) v (Lcap - Lcap.oh + LV4 < Xdesigni < Lcap)
A, « A(Bartys)
i

Spa, <« Spays
1

if (Lcap.oh - LV4 < Xdesigni < Lcap.oh) Vv (Lcap - Lcap.oh < Xdesigni < Lcap - Lcap.oh + LV4)

Avi < A(Bar#v4)
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Spa, < Spayy
1
Ay
1
Ashrink.v. <~
i Spa,
1
Ashrink.v
i in Least amount of shear reinforcement
mm(Ashrink.V) = O'Z'Tt along the cap near surface (in"2/ft)
#AllSecti . .
cctions The area ratio of shrinkage

Z [Ashrink-vi'(Xdesigni - Xdesigni_l)] reinforcement uses the cummulative

i=2 inz average area of reinforcment for all
Ashrink.v.avg = L = 0-47'T sections along the cap.

cap t
. in2 Least amount of provided shrinkage
Asprink = M0 Aghrink top » Ashrink bot» Ashrink side> Ashrink v.ave) = 0-47'? reinforcement of all surfaces both
directions
A
AreaRgpink = —shrinkread _ 0.94 Area Ratio of Shrinkage Reinforcement -
Ashrink Required to Provided

CheCkAreaShrinkReinf = |"NG" if AreaRshrink >1.005

"OK" otherwise

CheCkAreaShrinkReinf = "OK"

Maximum spacing of shrinkage and

SPashrink reqd = 12in temperature reinforcement
Wcap . " .
SPashrink top = = 6-in Spacing of reinforcement near top surface
#Bars Al
Wcap . " .
SPAgprink bot = = 6-in Spacing of reinforcement near bottom surface
#BarsD 1
SPaghrink side := SPAgkin = 8-in Spacing of reinforcement near side surface

. Spacing of shear reinforcement (max along the cap)
SPashrink shear = maX(SpafV) =12-in

Spaghrink = maX( Spashrink.top » SPAshrink.bot » SPAshrink side » Spashrink.shear) = 12:in  Critical spacing

Spashrink . i0 of Shrinka inf
SpaRgyrink = ——— = 1.00 Spacing Ratio of Shrinkage Reinforcement -

SPaghrink reqd Provided to Required

CheckspashrinkReinf := | "NG" if SpaRgpn > 1.005

"OK" otherwise
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CheckspashrinkReinf = "OK"

Mass Concrete Provisions [SDG 3.9]

Surface gy = 2-Weap Hoap + (2Weap + 2Heap) Leap = 862.6 2 Surface area of bent cap
3
Volumey, := Weap Heap Leap = 718.8-f Volume of bent cap
.. . . VOlumecap ..
Mass concrete provisions apply if the volume to surface area ratio, = 0.83ft , exceeds 1 ft and the minimum
Surface ,,

dimension exceeds 3 feet

Volume,,
SDG3 g := | "Use mass concrete provisions" if ————— > 1.0-ft A W, > 3t A He,, > 31t

Surfaceyy,

"Use regular concrete provisions" otherwise
SDGj; g = "Use regular concrete provisions"”
Lifting

Distyop := Dist Distyjgp := Dist 2-point Support/pick-up locations
Moment & Stress Calculations
Leap = 59.9 1t Length of cap

DiStb = Lcap - DiStleft - DiStright = 5991t

Dead load due to cap self weight

WDC.cap = Veone Weap Heap = 1.8'KIf (To be conservative, voids not considered)

A -L
Rl = ——2 % _ 53 9] kip Reactions
2

R2:= R1 = 53.91-kip

Mpc:= | for n e 1..#AllSections
Xdesignn

distr « (—w . ion |°
n ( DC.cap Xdemgnﬂ) 5

mliftingn <« distrn if Xgesign < Distyegy
n

mlifting < distr_+ Rl-(xdesign - Distleft) if (Xdesign > Distleft)~(Xdesign < Distyep + Distb)
n n n

mlifting

8/4/2020 3b-BentCap-CodeChecks-GFRP.xmcd
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Mpc = if(Dist = O,O,MDC.)
1 1

IM:=1.25

Miifiing == IM-Mpc

Mu.lifting = 1.25 'IM'MDC

max(M, jiging) = 0-Kip-ft
min(My jifiing) = 0-kip-ft

Checkyp y lifting =

otherwise
Check <~ "OK"

Check < "NG"

Check
Checkyp y ifiing = "Not Applicable"
Cracking Moment

max(M,,) = 480.57 kip- ft

Crack Control Calculations (if cracked)

Check « "Not Applicable"

Set lifting moment to be O if input Dist =0
Dynamic impact allowance

Service | moment demand with dynamic impact allowance

Strength | moment demand with dynamic impact
allowance

Maximum Strength I liting moment along the cap

Minimum Strength | lifting moment along the cap

if Dist=0

for 1€ 1..#AllSections

if Nlr.posi < Nlu.liftingi Vv Mrnegi < _Mu.liftingi

Stress in the bottom reinforcing due to Service | limit state moment
fflifting.boti = fff(lv[liftingi > df.posi P dcapi P Scapi > kposi p Icr.posi P Mcri)
max(ff.lifting.bot) = 0-ksi

Stress in the top reinforcing due to Service | limit state moment

fflifting.topi = fff(_lvlliftingi > df.negi P dcapi P Scapi > knegi p Icr.negi P Mcri)

max(ff.lifting.top) = 0-ksi

Estimated crack width at lifting

fores
f.hftmg.boti 2

CraCleiftingiboti =2 'Cposi' dc.bot +

CyEy

8/4/2020
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max(Cracleifﬁng_bot) = 0.000-in max(Cracleifﬁng_top) = 0.000-in

Check crack width against the max allowable of 0.028in recommended by AASHTO
CrackLimit = 0.028-in

Checkerack control lifting = | Check < "Not Applicable" if' Dist = 0

otherwise
Check « "OK"
for ie 1..#AllSections
Check « "NG" if CraCleifting_boti > CrackLimit v CraCleifting_topi > CrackLimit

Check

CheCkcrack.control.lifting = "Not Applicable"

[«] LRFD Moment, Shear, Min & Max Reinforcement, and Lifting Moment Checks
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Summary of LRFD and SDG Checks

Positive Moment

Checky pos = "OK"

max(DCRyj pos) = 0.48
Checkpinafpot = "OK"

CheCkcrack.control.bot = "OK"

max(Crack W po) = 0.017-in

Checkreep ot = "OK"

maX(ff_SvaOt) = 0.11-ksi

CheCkfatigue.bot = "OK"
max(ff_Fat'bot) = 5.94-ksi

Cf' ffd.pOS = 14.8-ksi

Shear Checks

Checky , = "NG"
max(DCRy) = 1.00

Checky y min = "NG"

Checkgpear spa = "OK"

CriticalSpa eqq shear = 14-5-1n

Skin Reinforcement

Check reaskinReint = " Skin Reinf Not Required"

.2
Askin.reqd = 0.00-in
ChGCkSpaSkinReinf = "Skin Reinf Not Required"

Spaskin.reqd = 0.00-in

Lifting Checks

Checky  lifiing = "Not Applicable"

8/4/2020
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Negative Moment Save Data

Checkyypeg = "OK"

The maximum demand

maX(DCRM-neg) =024 to capacity ratio

ChGCkminAf.top = "OK"

ChGCkcrack.control.top = "OK"

maX(CrackWSerLtop) = 0.000-in The maximum crack width

Checkereep.top = "OK"

The maximum stress under

max(fispop) = 0.08-ksi sustained load (DL+0.2LL)

CheCkfatigue.top = "OK"

The maximum stress under

max(fi pyg op) = 0.11-ksi fatigue (DL+L1.5LL fatigue)

Cyfrgpeg = 14.8-ksi Fatigue stress limit

The maximum demand to capacity ratio

The allowable spacing for shear reinforcement at the
most critical cap section

Shrinkage and Temperature Reinforcement

CheCkAreaShrinkReinf = "OK"

in
Ashrink.reqd = 0.44-?
ChGCkSpaShrinkReinf — HOK,,

Spashrink.reqd = 12.00-in

Mass concrete requirements

SDGj; g = "Use regular concrete provisions"
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ChGCkcrack.control.lifting = "Not Applicable"

Moment Design
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— 80
feet (along cap)
Envelope of Moment Demand - Maximum
=== Envelope of Moment Demand - Minimum
= Positive Moment Resistance
= = Negative Moment Resistance
Factored Lifting Moment (r=1.25)
—— Face of Supports
Shear Design
20
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\
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- 20
feet (along cap)
Envelope of Shear Demand - Maximum
=== Envelope of Shear Demand - Minimum
== Shear Resistance
= = Shear Resistance
—— Face of Supports
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