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1. REFERENCES

LRFD: AASHTO LRFD Bridge Design Specifications, 8th Edition, 2017

AASHTO CFRP: Guide Specifications for the Design of Concrete Bridge Beams
Prestressed with Carbon Fiber-Reinforced Polymer (CFRP) Systems, 1st Edition, 2018

AASHTO GFRP: AASHTO LRFD Bridge Design Guide Specifications for GFRP-Reinforced
Concrete, 2nd Edition, 2018

SDG: FDOT Structures Manual, Volume 1 -Structures Design Guidelines

FRPG: FDOT Structures Manual, Volume 4 -Fiber Reinforced Polymer Guidelines

FDOT Standard Specifications For Road and Bridge Construction, January 2020

ACI 440.1R: Guide for the Design and Construction of Structural Concrete Reinforced with FRP
Bars, 2015

ACI 440.4R: Prestressing Concrete Structures with FRP Tendons, 2011
NCHRP Report 907: Design of Concrete Bridge Beams Prestressed with CFRP systems

FDOT Design Example: LRFD Design Example #1, Prestressed Precast Concrete Beam Bridge
Design

FDOT Design Example: LRFDPBeamV5.2 (MathCAD)
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2. GEOMETRY AND MATERIAL INPUTS

2.1 Bridge Layout and Dimensions kef = k_if
ft
IA 43!_3" ‘I
(Overall Bridge Width)
FSB-12x57 (TYP)
2.4 5" 8 @ 4'-9.75" = 38'-6" 2.4 5"
| L beam
—-I |-— PadWidth
“‘ L |
BearingDistance Span BearingDistance

(FDOT Design example
LRFDPBeamV5.2-CFRP)

Span := 467in = 38.917-ft Clear span

BearingDistance := 6.5in

Lpeam = Span + 2-BearingDistance = 40-ft

PadWidth := 8in
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d BeamSpacing
| | |

T tsiab

_ 1 hbeam

Gap " Dbeam

Gap := 0.75in

BeamSpacing := 4ft + 9.75in = 57.75-in

NumberOfBeam := 9

TotalBridgeWidth := BeamSpacing-NumberOfBeam — Gap = 43.25-ft

de := 9.5in = 0.792 ft
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2.2 FSB 12-57 Beam
Apeam = 581.76in2 Cross section area
Perimetery,, ., := 132.33in Perimeter of beam section
4 Moment of inertia
Lix beam = 7084in
I - . 4
yy.beam = 18622in
Ybeam.top = 6.35in Distance from top of beam to N.A.
Ybeam.bot = 5-65in Distance from bottom of beam to N.A.
hyeam = 12in Depth, thickness of beam
hbeam.top = 8in Depth of upper part of beam

hpeam.bot == 4in Depth of lower part of beam

bpeam = 57in Width of the beam

bpeam.bot ‘= Pbeam = 37in Width of lower part of beam

bbeam.top = (bbeam - 6in-2) = 45.in Width of upper part of beam

- ' _ F 2
Apeam.top = Mbeam.top Pbeam.top = 360-in Area of upper part of beam

.2
Apeam.bot = Nbeam.bot Pbeam.bot = 228-in Area of lower part of beam
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f = 8.5ksi

c.beam *

f = 6ksi

ci.beam *

fc.beam

ksi

f

r.beam = 0'24'(

Yeoncrete = 0-15kef

Ybeam = Yeoncrete = 01

Concrete strength

Concrete strength, at release

Modulus of rupture

0.5
j ksi = 0.7-ksi (SDG 14.1B)

Unit weight of reinforced concrete

5-kef Unit weight of reinforced deck concrete

K;=1.0 Correction factor for aggregate
(SDG 1.4.1A)
W := 0.145kef Unit weight of concrete
W 2 p 0.33
¢ c.beam
E = 120000-K;-f — | - -ksi = 5112-ksi
c.beam 1 (kcfj ( ksi j
Elastic modulus of beam concrete
(LRFD 5.4.2.4-1)
w 2 N 0.33
c ci.beam
E .. = 120000-K;+| — | | ——— -ksi = 4557-ksi
ci.beam 1 (kcfj ( ksi j

Elastic modulus of beam concrete, at
release

(LRFD 5.4.2.4-1)
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2.3 Cast in Place Deck

tolap = 6in Thickness of slab

t5lab.top = tslab = O°In Thickness of slab, top
bslab.top := BeamSpacing + Gap = 58.5-in Slab width

tslab bot = hbeam.top = 8-in Thickness of slab, bottom part

Dglab.bot = Pbeam.bot ~ bbeam.top + Gap = 12.75-in Slab width, bottom part

.2
Aslab.top = bslab.top'tslab.top = 351-in Area of slab, top part

.2
Aslab.bot = Dslab.bot tslab.bot = 102+in Area of slab, bottom part

5 Area of slab, total
Aslab = Aslab.top T Aslab.bot = 453-in

£ glab = 5-5ksi Concrete strength

Yslab = Yeoncrete = 0-15-kef Unit weight of reinforced deck concrete

W 2 P 0.33
c c.slab
E = 120000-K;{ — | - -ksi = 4428-ksi
c.slab 1 (kcf} ( ksi J

Elastic modulus of deck concrete
(LRFD 5.4.2.4-1)
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—
tslab.top tslab.bot
Aslab.top'T + Aglab.bot tslab.top t
Yslab.top = = 4.576-in

Aslab

Distance between top fiber of slab to the
c.g of the slab

Yslab.bot = Islab.top * Islab.bot ~ Yslab.top = 9.424-in  Distance between bottom fiber of slab to
the c.g of the slab
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-
2.4 GFRP Reinforcing Bar
GFRPBarSize := 4 Size of GFRP bar
dGERp = Gp%arsmin = 0.5-in Nominal diameter of GFRP bar s
A = L donn? = 0.196-in2 Area of one GFRP bar
GFRP = Z'“' GFRp = Y.170-1n
_ 21.6kip . Tensile strength of GFRP bar

™. GFRP = = 110.008ksi (FDOT Standard Specifications,

GFRP Section 932, Table 3-1)

Environmental reduction factor for GFRP
Cg.GFrp = 07 (AASHTO-GFRP Table 2.6.1.2-1)

Here assume "concrete exposed to earth

and weather"

ftu. GFRP = CE.GFRP T fu.GFRP = 77-006-ksi Design tensile strength
E := 6500ksi Elastic modulus of GFRP bar
orRe e B (No less than 6500 ksi per FDOT Standard

Specifications, Section 932)

dpend = fry| 0-11 + 0.05 L Strength reduction for bent FRP stirrup
dy, (ACl 440.4R 5.4)
Ppend. GFRP = 0-6 take 0.6 in this design example
E
ny, = GFRP =1.271
E¢ beam
dglab rebar = 2-5in Distance from top of slab to centroid of the

slab reinforcement (longitudinal)
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2.5 Prestressing CFRP Strand

[Assume 0.6in diameter CFRP Cable; Propetrties refer to FDOT Standard Specification Section
933 Table 1-2, 7-strand-15.2mm CFRP prestressing strand]

StrandTypecprp = |

Dp = 0.6in

Apf = 0.179in2

Ep := 22480ksi

P, = 61kip

P
f::u

pu A‘pf

Cg.crrp =1

fpll = CECFRpru = 341 -ksi

€ = @ = 0.015

pu
Ep

f

pilimit = | 0-70-f

0.65~fpu if StrandTypecprp = 2

foi = Tpilimit =

= 341 -ksi

u

239-ksi

CFRP strand type: 1 for Cable; 2 for Bar
Diameter of CFRP prestressing tendon

Effective cross-sectional area of each
tendon

Elastic modulus of prestressing tendon

Ultimate tensile force for each tendon

Ultimate tensile strength

Design tensile strength , is defined later

fpu,
in "other inputs"|

Environmental reduction factor for CFRP
(AASHTO CFRP Table 1.4.1.2-1)

Design tensile strength of CFRP tendon

Design tensile strain

if StrandTypecppp =1 = 238.5-ksi

Jacking stress limit
(AASHTO CFRP Table 1.9.1.1)

Jacking stress

Jacking force
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foe limit =

0.60-f,,

L = 50-Dp = 30-in

transfer -

2.6 Other Inputs

Environment := "Extremely"

RH := 75

Afyrp =0

td =120

t¢ == 10000

Pmoment = 0-75

Pshear = 09

ift StrandTypecprp = 2

0'65'fpu if StrandTypecpgp =1 = 221.5-ksi

Service stress limit (after all losses)
(AASHTO CFRP Table 1.9.1.1)

Transfer length
(AASHTO CFRP 1.9.3.2)

Ambient relative humidity
(SDG 4.6.6)

Prestress loss due to temperature
change. Not considered in this example

Age at transfer (day)

Age at deck placement (day)

Final ime (day)

Reduction factor for CFRP prestressed
girder - Moment
(AASHTO CFRP 1.5.3.2)

Reduction factor for CFRP prestressed
girder - Shear
(AASHTO CFRP 1.8.2.1,LRFD 5.5.4.2)
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3. SECTION PROPERTIES

3.1 Section Properties - Non-Composite Section (FSB)

hg = hpeam = 12+in Overall depth

bg.top = bbeam.top = 45-in Beam width, top

bg.bot = bpeam.bot = 37-in Beam width, bottom

Ag = Apeam = 581.76-in2 Total beam area

Ig = Ly peam = 7-084 x 103-in4 Moment inertia

Yg top = Ybeam.top = 6.35-in Distance from top fiber (beam) to N.A

Yg bot *= Ybeam.bot = >-05-in

Sg.top =

g

Yg.top

Distance from bottom fiber (beam) to N.A

= 1.116 x 103'in3

—— = 1.254 x 103'in3

For Training Purposes Only, NOT To Be Used For Construction
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3.2 Section Properties - Composite Section (FSB+Deck)

E
c.slab . e .
blab.top.comp = bslab.tOp'E— = 50.672-in Transformed slab width, in composite
c.beam section, top part
: Ceslab i Transformed slab width, i it
bslab.bot.comp = biabbot = = 11.044-in ransformed slab width, in composite
c.beam section, bottom part

A

Aslab.bot.comp ‘= Pslab.bot.comp tslab.bo

A

Ag.comp = Apeam + A

hg.comp = tgjab + Npeam = 18-

slab.top.comp = bslab.top.comp'tslab.top

slab.comp = Aslab.top.comp * A

slab.comp ~

= 304.031 ~in2 Transformed slab area, in composite
section, top part

.2
¢ = 88:351n" rransformed slab area, in composite

section, bottom part

.2
slab.bot.comp = 392.383-in

Total area of slab, in composite section

974.143 ~in2 Area

Overall height of the section

tslab.top
Aslab.top.comp' hg.ComP a 2
tslab.bot
* Aglab.bot.comp’| Mg.comp ~ Islab.top ~ 2
+ A :
beam Y g.bot i
Y gcompbot ~ = 8.781-in
g.comp
Distance from bottom fiber (beam) to N.A
Y .comp.top = Ng.comp ~ Ye.comp.bot = 9-219-in Distance from top fiber (slab) to N.A

Yg.comp.topbeam = Npeam ~ Yg.comp.bot =

3.219-in Distance from top fiber (beam) to N.A

For Training Purposes Only, NOT To Be Used For Construction
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1 3 4.4
Ig comp = E'bslab.top.comp'tslab.top = 2598 x 10 +in
2
'slab.t
+Aslab.top.comp'(yg.comp.top - %}
1 3
+E'bslab.bot.comp'tslab.bot
tslab.bot ?
+Aslab.bot.comp' Yg.comp.top ~ tslab.‘[op - T

2
tlg* Ag'(yg.comp.bot - yg.bot)

Moment inertia

I

g.comp 3.3
S = —=——— =2819x 107in
.comp.to
¢ PP yg.comp.top
Ig.comp 3 3
Sg.comp.bot =——— =2959x 10"-in
Yg.comp.bot
Ig.comp 3 3
S = 8.072 x 10™-in

g.comp.topbeam =
Yg.comp.topbeam

= 7.774-in Distance between the c.g. of the basic

o= Ygtop T Islab.top ~ Yslab.to
& £op P P beam and c.g of the slab

For Training Purposes Only, NOT To Be Used For Construction
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4. LOAD AND LOAD DISTRIBUTION

4.1 Dead Load

kip
Wheam ‘= Ag”\{beam = 0606?
kip
Wslab = Aslab Vslab = 0-472:=~
kip
Wharrier.each ‘= 0-408 S
2ewr .
barrier.each ki
Whartier = —— k. = 0,091~
NumberOfBeam ft
Worms = 0
kip
w. = 0.015—
fws ft
kip
Wutility = 0.142 ?
for interior beams
~ Wbeam' Span Wheam'*
Mgt beam(X) = 5 RO )
~ Wbeam' Span
Vstbeam(X) = ) ~ Wpeam'*
2
_ Wslab® Span Wslab X
Mgt s1ab(¥) = ) R )
. Wslab'Span
Vstslab®) = ) ~ Wslab'X

Self weight of beam

Self weight of slab

Traffic railing barrier DL, average of two ,
"rehabilitation of Bridges over Cow Key
Channel, Bridge 900086"

For purpose of this design example, all
barrier loads are equally distributed to the
total number of beams

Stay-in-place forms

Future wearing surface

Utility and sidewalk DL, "rehabilitation of
Bridges over Cow Key Channel, Bridge
900086"

DC Dead load
(LRFD 3.3.2)

Self weight of beam
(x distance from support)

Self weight of slab

For Training Purposes Only, NOT To Be Used For Construction
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—
w -Span w -x2
Morms(X) = fonnzs X — fonzns Stay-in-place forms
Wforms'Span
Vorms®) = ) Wforms X
Wharrier SPan Wharrier’ X2 .
Mbarrier(x) = 5 X — 5 Barriers
Wharrier SPan
Vbarrier®) = -5 " Wharrier X

Total DC dead load

kip
WDC = Wheam T Wslab ¥ Wforms T Wbarrier = 1'169'?

Mp (%) = Mg peam(X) + Mgt 51ab(X) + Mgorm(X) + Mpaprier(X)

V™ = Vgt beam™®) + Vsfsiab(®) + Viorms®) + Vparrier(®)

DW Dead load
(LRFD 3.322)
2
_ Whys Span Wews X Future wearing surface
Miys(X) = ) X 2 (x distance from support)
Wiys Span
Viys(X) = ) ~ Wiws'X
Wutility SPaD Wyglity X .
Mytility(%) = 5 X Utility
Wutility' SPan
Vautility®) 7=~ = Wutility *
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= 0.157-@ Total DW dead load

WDW = Wiws T Watility f

Mpw (%) = Mpygg(%) + Mygifigy (X)

VDW= Vigs(X) + Vigiligy (%)

For Training Purposes Only, NOT To Be Used For Construction
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4.2 Live Load

Impact factor (dynamic load effects) for
fatigue limit states

(LRFD Table 3.6.2.1-1)

IMfatigue =1.15

Impact factor (dynamic load effects) for
limit states other than fatigue and fracture

(LRFD Table 3.6.2.1-1)

IM:=133

_ 064 kip Uniformly distributed design lane load

ft (LRFD 3.6.1.2.4)

Wlane -

Wiane' Span Wlane'X

X — Moment and shear introduced by design
2 2 lane load
x distance from left support

Migne(x) =

Wlane' Span

Viane(X) = ~ Wane'X

X1 |

X0

Xcag. Z|Z
I

Span/2 e Span/2
o

Maximum Live Load Moment

(FDOT design examples)
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------------_| jve Load (except for fatique limit state) -========-=--

32 0 HL-93 Truck load, axle loads and spacing
P:=| 32 |-kip XL:=| 14 |-ft (LRFD 3.6.1.2.2)
8 14

Py XL, + 131~(XL0 + XLI) + PZ-(XLO + XL, + XL )

Xeg = =9.333 ft
Po + P1 + P2 Center of gravity for axle loads
XL1 - X g
z:= —— = 2.333.ft Distance from c.g. of axle loads to

centerline of span

Span
Xleft = —Z— ng =7.792 ft
Xleft 7.792
X = Xjeft + XL, =121.792 |t Distance from left support to axle loads

Xjefp + XL, + XL, 35.792

Live load moments and shear - One HL-93 truck

Case 1 .4
PO P1 P2
xwi | ox2 |
Span/2 i Span/2 |
] 1
CASE 1
(FDOT design examples)
v P (Span — x)-x o (Span - X - XL1)~x o (Span - X — XL1 - XL2)~X
x):=P . . .
truckl 0 Span 1 Span 2 Span
v P (Span — x) o (Span - X — XLI) o (Span - X — XL1 - XLZ)
x):=P . .
truckl 0 Span 1 Span 2 Span

For Training Purposes Only, NOT To Be Used For Construction
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Case 2 &
PO P1 P2
XL1 XL2
Span/2 | Span/2 |
1 1
CASE 2
(FDOT design examples)
v P (Span — x)~(x - XLI) o (Span — X)-x o (Span - X - XL2)~x
x):=P . . )
truck2 0 Span 1 Span 2 Span
y - —(x - XLI) o (S (Span —x - XL2>
x):= P . .
truck2 0 Span 1 Span 2 Span

Mipuck®) = max(Mtruckl(x)’MtruckZ(x))

Viruck(X) = max(vtruckl(x) ’ VtruckZ(X))

M L M%) 1= M (3)-IM + Mpg0(%)

VLLIM®) = Vigek () IM + V()

My [ (%) = Myye(X) + Mgpe(X)

VLL®) = Ve (X)) + Viane(X)

Moment and shear introduced by Truck
HL-93

Live load (truck and lane) moment and
shear, including impact (IM is for limit
states other than fatigue)

Live load (truck and lane) moment and
shear, excluding impact

For Training Purposes Only, NOT To Be Used For Construction
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-—--—-—--_Live Load for fatigue limit state -------------

32 0
i HL-93 Truck load, axle loads and spacing
Pp:=1 32 |-kip XLg = 30 |-ft
3 14 (LRFD 3.6.1.2.2)

P - XLe +Pe (XLe + XLe |\ +Pe -(XLe + XLe + XL
fo fo fl( fO fl) f2< fO f1 f)

Xep £ 7= = 18.222 ft
0 1 2 Center of gravity for axle loads
XLfl ~ Xegf
zp = ———— = 5.880-ft Distance from c.g. of axle loads to

centerline of span

Span
Xleft.f = T - Zf - XCgf = —4.653 ft

Xeft.f

—4.653 Distance from left support to axle loads
Kiefef + XLg

X = = | 25.347 |ft

Xleft.f + XLf1 + Xsz 39.347

Live load moments and shear - One HL-93 truck

Case 1

Span — x — XL¢ |-Xx Span — x — XLy — XLg }-x
M (x) = P (Span—x)-x+P 1 + P 1 2
X) = . : :
truckl £ f0 Span f1 Span f2 Span
Span — x — XL Span — x — XL — XL
Ve S0 (5 f1)+P (5 D)
X) = —_— . .
truckl.f f0 Span f1 Span f2 Span

For Training Purposes Only, NOT To Be Used For Construction
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Case 2

(Span — X)-(X - XLfl) (Span - X - Xsz)-x

S —x).
.( pan x)x+

M X) := P - 4 p. .
ruck2.£0) fo Span fy Span fy Span
-(x - XL Span — x — XL
v (x):=P ( fl) + P (Span - x) L p ( P fz)
X) = . . .
ekt fo Span fy Span fy Span
Miryck.£(X) = maX(thCkl'f(x) , thckz'f(x)) Moment and shear introduced by Truck

HL-93, for fatigue limit state

Viruck.£(X) = max(Vthkl £, Vtruck2.f(x))

Mp M) = Miuek. f(x)'IMfatigue Fstigue Live load (truck) moment and
shear

VLL.IM.£®) = Viruck £ Matioye

at midspan
Span .
Span .
VLL.IM.f( 5 j= 30-kip

For Training Purposes Only, NOT To Be Used For Construction
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4.3 Live Load Distribution Factors (LRFD 4.6.2.2)

Live load on the deck must be distributed to the precast prestressed beams. AASHTO provides
factors for the distribution of live load into the beams. The factors can be used if the following
criteria is met:

(1) Width of deck is constant

(2) Number of beams is not less than four

(3) Beams are parallel and have approximately the same stiffness

(4) The overhang minus the barrier width does not exceed 3.0 feet

(5) Curvature in plan is less than the limit specified in LRFD 4.6.1.2.4

(6) Cross-section is consistent with one of the cross-sections shown in Table 4.6.2.2.1-1

In this example, all the conditions are satisfied

gy = max( 1.5, 2.5 NumberOfBeam ?) = 1611 (LRFD Table 46.2.22b-1)
bdist = Pheam = 570
ddist = Npeam * tslab = 18-1n

Lgist == Span = 38.917 ft

3
b gist ddist

4.4
Ly = ————— =277 x 10 -in
dist 12
4
ba:da:
Tgist = (Cais i) = 9.068 x 10"in”
3 3
40 b gist ddist . d it Pdist
= = (LRFD C4.6.2.2.1-3)

Type f cross-section in LRFD Table 4.6.2.2.1

Moment distribution factor for interior beams

When one design lane loaded

b 0.5 0.25
&m.1 = k’(—33_3Lj (3) (LRFD Table 4.6.2.2.2b-1)
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bt ) 025
in lgist |
gm.1 = Kdist Lo '[J . J =0.251
133 dist dist

ft
Distribution factor for moment in interior

beams when one lane is loaded

When two or more design lane loaded

b 0.6 b 0.2 I 0.06
gm2 = k(%) ( 2.0 L) (}j (LRFD Table 4.6.2.2.2b-1)
bgisc (bt ) 0.06
- - L :
8m.2 = Kdist 31(;15 ' deiSt (JZS:J = 0.360
12.0-

Distribution factor for moment in interior

beams when two or more lanes are loaded

g = max(gm.l’gm.Z) =0.36 E;s::iﬁ:tion factor for moment in interior

Verify if the distribution factor satisfies LRFD criteria for "Range of Applicability"

2m.check = b « 35in < bdist < 60in = "OK"
L « 20ft < LdiSt < 120f1t
Nb < 5 < NumberOfBeam < 20

"OK" if (b-L-Nb) =1

"NG" otherwise

8m.check = OK"

Shear distribution factor  for interior beams

b 0.4 b 0.1 I 0.05 b
g, =|— . | = -min| 1,— (LRFD Table 4.6.2.2.3a-1)
156 12.0-L J 48
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e
baist 04 bdist o 0.05 bdist
N 5 L : 5
g, = 115'16 : mL -[Jdm] min 1,;—‘; = 0.511
12.0. dist dist
fit
Distribution factor for shear in interior
g, = 0511 beams

Verify if the distribution factor satisfies LRFD criteria for "Range of Applicability”

£y check = |b < 35in <bg;g < 60in = "OK"
L < 20ft < L gig, < 120ft

Nb < 5 < NumberOfBeam < 20
.4 . 4
J «=40000-in " <J 3i¢¢ < 610000-in

I 25000-in” < Iy;e, < 610000-in”
"OK" if (b-L-NyJ1) =1

"NG" otherwise

8y check = "OK"

Summary of live load distribution factors, interior beams

gy = 0.36 Distribution factor for moment in interior
beams

g, = 0511 Distribution factor for shear in interior
beams

MI I I'D 4! X) = gmMLLIM(X) Re'deﬂne

Live load (truck and lane) moment and
shear, including impact (IM is for limit

VELaviX) = gy VL M) states other than fatigue)
v Consider LL distribution factor
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M%) = g My (%)

VLX) = 8y VLX)

ML BIMLESX) =

VLB AMAX) =

Re-define

Live load (truck and lane) moment and
shear, excluding impact

Consider LL distribution factor

m
1.2 Live load (truck) moment and shear,
v including impact (IM is for fatigue)
) VLM FX) Consider LL distribution factor

Noted that the distribution factor calculated in LRFD 4.6.2.2 for a single lane loaded already
includes the 1.2 "multiple presence factor" for a single lane, therefore, this value may be used for
the service and strength limit states. However, multiple presence factors should not be used for
the fatigue limit state. Therefore, the multiple presence factor of 1.2 for the single lane is required
to be removed from the value calculated above to determine the factors used for the fatigue limit

state
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4.4 Summary of Moments and Shear Forces

Strengthl = 1.25DC + 1.5DW + 1.75LL Strength | limit state
Servicel = 1.0DC + 1.0DW + 1.0LL Service | limit state
Service3 = 1.0DC + 1.0DW + 0.8LL Service Il limit state

Fatiguel =1 '75LLfatigue

Fatigue | limit state

MSI’VI(X) = IOMDC(X) + IOMDW(X) + IOMLLIM(X) Service | limit state

Mfatigue(X) = L75-Mp [ v (%) Fatigue | limit state

Vg1 (%) = LO-Vpe(x) + LO-Vpw(x) + 1OV | (%) Service | limit state
Vgry3(x) = 1.0-Vp(x) + 1.0-Vpyw(x) + 0.8V 1 (%) Service Il limit state
Viatigue™) = 175V pv.£(%) Fatigue | limit state
at mispan

Mpc mid = MDC(

Mpw mid = MDW(

Span

j = 221 -kip-ft Due to DC

j = 29.722-kip-ft Due to DW
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MLL IM.mid = MLL.IM( Szan) = 245-kip-ft Due to LL
ML L IM.fatigue.mid = MLL.IM.f(Szanj = 57-kip-ft DuetoLL

Mgir1.mid = 1-2°Mpc mid + 1-5Mpw mid = 175MLL 1M.mid = 750-kip-ft

Strength | limit state

Mgyl mid = 1.0Mpc mid * 1O-Mpw mid + 1O-ML[ 1M mid = 496-kip-ft

Service | limit state

Mgv3.mid = 1-0-Mpc mid * 1-0-Mpw mid + 0-8-ML[ 1M mid = 447 -kip-ft
Service Il limit state

Mfatigue.mid = 1'75'MLL.IM.fa‘tigue.mid = 99-kip-ft

Fatigue | limit state
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5. STRAND PATTERN

The pattern of strands need to be adjusted

for FSB 12x57 Beam accordina to limit states
] |
I I i i % %
| | I I
! ! ! !
] L
i i i i
support debond1 debond2 midspan
™
0000000000000 — 1
-
™
‘ 8.5" ‘ 20@ 2" ‘ 8.5" |
I 1 | I
support := 0ft Distance from left support
debond1 := 0Oft Debond place1, "0" if no need debonding
debond2 := 0ft Debond place2, "0" if no need debonding
Span

midspan := T = 19.458 ft

Max number of
strands in each row,
from bottom up

Number of strands in each row, from
bottom up

Adjust Adjust the numbers to satisfy Service Il

1 18 and Strength | limit states (Sections 9

and 11 in this example)

Note: Service | can be satisfied by
debonding (Section 8 in this example)

21

rows(n)—1
Niota] = Z n. =18 Total number of strands

i=0
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Apim - (3?)22)“12

rows(n)—1

.2
Ay total = Z Ap =32224n
i=0

hg — 3in 9 ‘
dp = b - s = ; -in
g~ Sin

rows(n)—1
-d
2 (M%)
i=0 .
dp.strands.c.g = =9in
Ap.total
d h, —-d 3.in

p.strands.c.g.bot ‘= g = Yp strands.c.g =

Total area of strands in each row

Total area of strands

Distance from top beam section to the
center of each strand row

Distance from top beam section to the
gravity center of strand group

Distance from bottom beam section to the
gravity center of strand group
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6. TRANSFORMED SECTION PROPERTIES

6.1 Transformed Section Properties - Non-Composite Section
(FSB+Strands)

n, = 4.397 Elastic modulus ratio, Ep/Ec
Agir= Ag+ (0 — 1)Ag (o1 = 392.706-in” Area
rows(n)—1
Ag'yg.tOp + Z |:Api.(np - 1)'dpi:|
Yg.tr.top = 1:[2 = 6.399-in
g.tr

Distance from top fiber (beam) to N.A

Ye tr.bot = Mg = Yg tr.top = 5-601-in Distance from bottom fiber (beam) to N.A

rows(n)—1

2 2 3.4
Iy r = g + Ag(Ya trtop ~ Yetop) * Z |:(np - 1)-Api~<dpi - yg'tr'top) } = 7.159 x 10”-in

i=0

Ig.tr 3 3 Moment inertia
Sg.tr.top =————=1.119%x 10"in
Yg.tr.top
Ig.tr 3.3
Sg.tr.bot = ——— =1.278 x 10™-in
Yg.tr.bot

Cg tr.cg.strands ‘= Yg.tr.bot ~ dp.strands.c.g.bot = 2.601-in

eccentricity of strand group

6.2 Transformed Section Properties - Composite Section
(FSB+Slab+Strands+Bars)

Assume #4 GFRP bar at 12" spacing, longitudinal direction in the slab

dglab rebar = 2-5-in Distan(?e from top of slap to F:entroid ofthe
slab reinforcement (longitudinal)

ny = 1.271 Elastic modulus ratio, Egfrp/Ec

bslab.top

12in

Total area of longitudinal reinforcement in

.2
"AGpRrp = 0.957-in slab in the section

Aslab.rebar =
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) ) Distance from c.g. of rebar group (in deck
Yrebar -~ hg.comp ~ dglab.rebar = 15-5-in slab) to bottom of girder section

.2
Ag.comp.tr = Ag.comp * (np - 1)Ap.total + (nb - 1)'Aslab.rebar = 985.348-in

Area
rows(n)—1
Ag.compYg.comp.top * Z [Api'(np - 1)'dpJ
i=0
' +(nb - 1)'Aslab.rebar'dslab.rebar )
Yg.comp.tr.top = A =9.215-in
g.comp.tr

Distance from top fiber (deck) to N.A

Yg.comp.tr.bot = Pg.comp ~ Yg.comp.tr.top = 87851 pigtance from bottom fiber (beam) to N.A

Yg.comp.tr.topbeam = Yg.comp.tr.top ~ Islab.top = 3.215-in

Distance from top fiber of the beam to N.A

2 4.4
Lg comp.tr = Lg.comp * Ag.comp'(yg.cornp.tr.top - yg.comp.top) we = 2.6x 10 +in

rows(n)—1

+ Z |:(np - 1)'Api'(dpi - yg.comp.tr.top)ﬂ
i=0
+ (nb - 1)'Aslab.rebar'(dslab.rebar - yg.comp.tr.top)2

Moment inertia

1
. g.comp.tr 3.3
Sg.comp.tr.top =———=2.821x10"-in
yg.comp.tr.top
. Ig.comp.tr 3.3
Sg.comp.tr.bot =————=2959 x 10"-in
yg.comp.tr.bot
Ig.comp.tlr 3.3
S — 8.087 x 10°-in

g.comp.tr.topbeam =
Yg.comp.tr.topbeam

d (= 5.785-in

g comp.tr.cg.strands -~ Yg.comp.tr.bot ~ ®p.strands.c.g.bo

Eccentricity of strand group
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7. PRESTRESS LOSSES

Afp = AprS + AprT + AprH Total prestress loss
(AASHTO CFRP 1.9.2.1)

AprS: prestress loss due to elastic shortening
AprT: long-term time-dependent prestress losses, due to shrinkage, creep, and relaxation

AprH: prestress losses due to temperature change (Not considered in this example)

7.1 Prestress Loss due to Elastic Shortening

Afp _ Eg ¢ Prestress loss due to elastic shortening
ES =
Egy °8P (AASHTO CFRP 1.4.2)
fpi = 239-ksi Jacking stress
Fpi = Ap.total'fpi = 768.6-kip Total jacking force
= 2601 Eccentricity of strand group to N.A. of the
Cg.tregstrands = <PV transformed non-composite section

Span . . .
Msf.beam.midspan = Msf.beam(Tj = 114.724kip-ft Moment at midspan due to self weight of

beam
F F 2 M
pi pi €g.tr.cg.strands sf.beam.midspan’€g.tr.cg.strands .
fcgp = + - = 1.523 ksi
Ag.tr Ig.tr Ig.tr
Concrete stress at gravity center of the
prestressing force at transfer
EP
AprS = ———f, . = 7.512-ksi Prestress loss due to elastic shortening
E¢ibeam °ep
et (AASHTO CFRP 1.4.2)
fot = fpi = Afppg = 231.035 ks Prestress stress at transfer
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7.2 Long-Term Time-Dependent Prestress Losses (Refined Estimation)

Afyr = (AfygR + Afycp + Aprl)i o (Afysp + Afyep + Afyro — Afygg) i

Total long-term time-dependent losses

id - time between transfer and deck
placement

df - time between deck placement and the
final ime

(LRFD 5.9.3.4.1-1)

--------Time-Dependent losses between transfer and deck placement--------

Shrinkage of girder concrete (i->d)

Af,SR = €pid EpKid

Ag

kg = max| 1.45 - 0.13 — -
Perlmeterb eam’ 11!

, I.Oj = 1.000

kpg == 2.00 — 0.014RH = 0.950

kpe == 1.56 — 0.008RH = 0.960

5
kpi= —— =0.714
fci.beam
1+ ——
ksi
t; — t
1%
ktd(to,tl> = o .
100 — 4-—01'k cam
12 - > + (tl - to)
ci.beam 4+ 20
ksi

kyg(ti-tq) = 0.772

(LRFD 5.9.3.4)

Factor for the effect of the
volume-to-surface ratio of the component

(LRFD 5.4.2.3.2)

Humidiy factor for shrinkage
(LRFD 5.4.2.3.3)

Humidiy factor for creep
(LRFD 5.4.2.3.2)

Factor for the effect of concrete strength
(LRFD 5.4.2.3.2)

Time development factor
(LRFD 5.4.2.3.2)

Time development factor
Time from transfer to deck placement
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ktd(ti,tf) = 0.997 Time development factor

Time from transfer to final time

ktd(td,tf) =0.996 Time development factor
Time from deck placement to final time

€hid = ks'khs'kf'ktd(ti’td)'0'48' 10 3. 2516 x 10 4 Shrinkage strain of girder

(LRFD 5.4.2.3.3)
-0.118 .

‘Ilb(tl ,to) = 19kSthkfktd(t0’t1)tO Creep coefficient
(LRFD 5.4.2.3.2)

\Ilb(td,ti) = 1.006 Time development factor
Time from transfer to deck placement

\Ilb(tf,ti) =1.298 Time development factor
Time from transfer to final time

\Ilb(tf,td) =0.738 Time development factor
Time from deck placement to final ime

1
Kq:= > =0.926
E Ap A, ..e
P .total g.tr'¥g.tr.cg.strands
1+ E . N 11+ I (1 + 07‘I’b(tf’tl))
ci.beam g.tr g.tr

Transformed section coefficient
(LRFD 5.9.34.2)

AfpsR = Epig EpKig = 5237 ksi Prestress loss due to
Shrinkage of girder concrete
(LRFD 5.9.34)

Creep of girder concrete (i->d)

B P loss due t
A . f Uy (tq.t:) K 3= 7ksi restress loss due to
CR* bltd-ti) Kid
fp E¢i beam cep ( 1) Creep of girder concrete

(LRFD 5.9.34)
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Relaxation of prestressing CFRP (i->d)

fpu = 341-ksi Design tensile strength
fpt = 231-ksi Prestressing stress at transfer

AfpR(to-t) = [0.019% - 0.0066j-log[24-(t1 - to)]-fpu} if StrandTypecprp = |

u

£
pt : =
[0.013 g - 0.006}-10g[24-(t1 - to)]-fpu} if StrandTypecprp = 2

Prestress loss due to relaxation
(AASHTO CFRP 1.9.25.2)

AfyR) = Apr(ti,td) = 7.397-ksi Prestress loss due to relaxation
Time from transfer to deck placement

Total time-depedent prestress loss betweem transfer and deck placement

Afypig= Afpgr + Afycr + Afppy = 19.634-ksi

-------- Time-Dependent losses between deck placement to final time--------

Shrinkage of girder concrete (d->f)

3 4

Epdf = Ky kng'Kpkg(tg,tf) 0.48-10 ~ = 3.246 x 10
Shrinkage strain of girder

(LRFD 5.4.2.3.3)

Eccentricity of prestressing force with
respect to composite section

(LRFD 5.9.3.4.3)

g comp.tr.cg.strands = 5.785-in
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I =26 104 in*

g.comp.tr — <0 > 1V Moment inertia for transformed composite
section

A = 985.348-i 2

g.comp.tr — 25010 Area for transformed composite section
) 1
E A -e
1+ P Aptota 114 g.comp.tr’ “g.comp.tr.cg.strands '(1 N 0-7"I’b(tf:ti))
E¢i beam A I
. g.comp.tr g.comp.tr

Transformed section coefficient
(LRFD 5.9.34.3)

AfpSD = €bdf'Ep'de = 6.82-ksi Prestress loss due to
Shrinkage of girder concrete
(LRFD 5.9.34.3)

Creep of girder concrete (d->f)

PpLT.i 4= AprT.i It Ap.total = 63.261-kip Prestress force loss between transfer to
deck placement

Span Span )
MpL .ne = Msf.slab(Tj + MfomS(Tj = 89.332-kip-ft

Permanent dead load moment at midspan
(exclude self weight of beam) acting on
non-composite section

Span Span Span .
MpL comp = Mbarrier( 2 ) + MfWS(Tj + Mutility(T = 46.887 kip-ft

Permanent dead load moment at midspan
acting on composite section
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PpLT.id . PpLT.id'(eg.tr.cg.strands)

2

Af, = (-1)
cd
Ag.tr Ig.tr

N MDL.nc'eg.tr.cg.strands N MDL.comp'eg.comp.tr.cg.strands

= —0.681 ksi

L Ig.tr

E

AprD = E—pfcgp(\yb(tf’tl) - ‘I’b(td,tl»de +

ci.beam

Relaxation of prestressing CFRP (d->f)

f = 341-ksi
i = 231-ksi

AfyRo = Afyp(tg.te) = 11.505ksi

Shrinkage of deck concrete (d->f)

Aslab

I

ks.deck = max|:1.45 -0.13 (

kpg = 0.950

2bslab.‘[op + 2'tslab.bot)'in

g.comp.tr

Change in concrete stress at centroid of
prestressing strands due to long-term
losses between transfer and deck
placement, combined with deck weight
and superimposed loads

E
Ade \I’b(tf . td) de = —0.015-ksi

c.beam

Prestress loss due to
Creep of girder concrete
(LRFD 5.9.34.3)

Design tensile strength
Prestress stress at transfer

Prestress loss due to relaxation

Time from transfer to deck placement

,1.0:| = 1.007

Factor for the effect of the
volume-to-surface ratio of the component

(LRFD 5.4.2.3.2)

Humidiy factor for shrinkage
(LRFD 5.4.2.3.3)
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kpe = 0.960
) 5
Kf deck = f‘— =0.769
c.slab
ksi
. ‘171
ke deck(t0:t1) = .
c.slab
100 — 4- "
12 i + (tl — to)
fvc.slab
+ 20
ksi

Ked deck(td: tf) = 0996

€qdf = Ks.deck Khs Kt deck Ktd deck(td> ) 0-48-10

T, deck(t1:10) = 19K deck Khe Kt deck Ktd.deck(t0+t1) 10

T deck(tfstd) = 08

Cdeck.comp = Yg.comp.tr.top ~ Yslab.top = 4.638-in

=3.520x 10

Humidiy factor for creep
(LRFD 5.4.2.3.2)

Factor for the effect of concrete strength
(LRFD 5.4.2.3.2)

Time development factor
(LRFD 5.4.2.3.2)

Time development factor
Time from deck placement to final ime

4

Shrinkage strain of deck
(LRFD 5.4.2.3.3)

-0.118

Creep coefficient
(LRFD 5.4.2.3.2)

Time development factor
Time from deck placement to final ime

Eccentricity of deck with respect to N.A. of
transformed composite section
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Af e = €ddf Aslab Ec slab _ 1 B Cg tr.cg.strands ®deck.comp — 0249 ksi
1+ 0'7'\Pb.deck(tf’td) Ag.comp.tr Ig.cornp.tr
Change in concrete stress at centroid of
prestressing strands due to shrinkage of
deck concrete
Ep .
c.beam

Prestress loss due to shrinkage of deck
concrete

(LRFD 5.9.3.4.3)

Total time-depedent prestress loss between deck placement and final time

AfypT.df = Afpsp + Afyep + Afjpy — Afgg = 16.756-ksi
Total time-depedent prestress loss between deck placement and final time
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7.3 Summary -Prestress Loss

A
Loss% .= —— = 18.4-%

Afyry =0

Afyp 7 = 36.39-ksi

Afyp 7id = 19.634-ksi

Afyp 7 gf = 16.756-ksi

£ = 239-ksi
£ = 231 ksi

fpe = fpi - Afp = 195-ksi

Checkpe limit = |"OK" if fhe < foe limit
"NG" - if fpe > fpe.limit

Checkpye fimit = "OK"

Total prestress loss
(AASHTO CFRP 1.9.2.1)

Total prestress loss percentage

Prestress loss due to elastic shortening

Prestress loss due to temperature
change (not considered)

Total long-term time-dependent prestess
loss

Long-term time-dependent prestess loss
between transfer and deck placement

Long-term time-dependent prestess loss
between deck placement and final time

Jacking stress

Prestressing stress at transfer

Effect prestressing stress after all losses

Service stress limit (after all losses)

(AASHTO CFRP Table 1.9.1.1)
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8. STRESS LIMITS FOR CONCRETE
-TEMPORARY STRESSES BEFORE LOSSES (LRFD 5.9.2.3.1)

for temporary stresses before losses (at release) (Compression +, Tension -)
fcompressive.allow.before.loss = 0.65-f¢j peam = 3-900-ksi

Compressive stress limit for concrete
(LRFD 5.9.2.3.1a)

Note: assume minimum tension reinforcement satisfy SDG 4.3.1-1 and LRFD 5.9.2.3.1

ci.beam

£ 0.5
fiensile.allow. 15%.before.loss == _0'24'( ksi ] ksi = ~0.588-ksi

Tensile stress limit for concrete in outer
15% regions
(FDOT SDG 4.3.1)

N 0.5
ci.beam . .
fiensile.allow.70%.bond.before.loss = _0'24'( Ksi ] ksi = —0.588 ksi

Tensile stress limit for concrete in middle
70% regions, for bonded reinforcements
(FDOT SDG 4.3.1, LRFD 5.9.2.3.1b)

0.5
. ci.beam . . .
fiensile.allow.70%.unbond.before.loss = —m1n|:0.0948~( ksi J k51’0'2k51:| = ~0.2:ksi

Tensile stress limit for concrete in middle
70% regions, for bonded reinforcements
(FDOT SDG 4.3.1, LRFD 5.9.2.3.1b)

Atrelease, loads include self-weight of beam and the prestressing force

o= Ap.total'fpi = 768.6-kip Total prestress force at release
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8.1 At Mid-Span Section

midspan = 19.458 ft

pi Cg.tr.cg.strands

Ppi Mt beam(midspan) — P
+

f¢ topbeam.midspan = A 3 = 0.74-ksi
g.tr g.tr.top
Concrete stress at top fiber of the beam at
mid-span
_ Ppi M peam(midspan) — Ppi'eg.tr.cg.strands 3 .
fe botbeam.midspan = N 3 = 1.784 ksi
g.tr g.tr.bot
Concrete stress at bottom fiber of the
beam at mid-span
fcompressive.allow.before.loss = 3.900-ksi
fiensile.allow.70%.bond.before.loss = ~0-388-ksi n .the pret‘c'ansmned b.e ams, at the "
midspan, "bonded reinforcements
CheCk‘top.midspan = |if fc.topbeam.midspan 2 Oksi

oRT fC.tOpbeam,midSpan < fcornpressive.allow.before.loss
"NG" otherwise
if fc.topbeam.midspan < Oksi
oKt _fC.tOpbeam,midspan < ~fiensile.allow.70%.bond.before. loss

"NG" otherwise

Chethop.midspan = "OK" Check concrete stress limits at the
midspan, at release

CheCkbot.rnidspan = |if fc.botbeam.midspan 2 Oksi

"OK" if f, <f

.botbeam.midspan = ‘compressive.allow.before.loss

"NG" otherwise

if f¢ botbeam.midspan < 0Ksi

"OK" if —f, -,

.botbearn.midspalnS tensile.allow.70%.bond.before.loss

"NG" otherwise

CheCkbot.midspan = "OK" Check concrete stress limits at the
midspan, at release
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8.2 At Support (transfer length) Section

After transfer length, the prestressing forces are transfered to concrete, so the section that
needs to check is located at transfer length distance from the support

support,pocy = SUpport + Ly oo = 2.5 1t

' Ppi Msf.beam(supportcheck) = Ppir®g tr.cg.strands ,
fc.topbeam.at.releasez N + 3 = —0.194-ksi
g.tr g.tr.top
Concrete stress at top fiber of the beam at
support
' Ppi Msf.beam(supportcheck) = Ppir®g tr.cg.strands ,
fe botbeam.at.release2 = A 3 = 2.602-ksi
g.tr g.tr.bot

Concrete stress at bottom fiber of the

. beam at support
fcompressive.allow.before.loss = 3.9-ksi
ftensile.allow.15%.before.loss = ~0-88-ksi in the pretensioned beams, at the

support, "bonded reinforcements”

Checkgy top = |1 fe topbeam.at.release2 = OkSi
"OK" if fc.topbeam.at.releasez < fcompressive.allow.before.loss
"NG" otherwise
if fc topbeam.at.release2 < 0ksi
"OK" if _fc.topbeam.at.releaSGZ < iensile.allow.15%.before.loss
"NG" otherwise in the pretensioned beams, at the
Checlip op = "OK" ok conerets sress ki at op fer
of beam
Checkgp pot = |1 T botbeam.at.release2 = OkSi
"OK" if £ potbeam.at.release2 = fcompressive.allow.before.loss
"NG" otherwise
if fc botbeam.at.release2 < 0ksi
"OK" if 1 potbeam.at.release2 < ~ftensile.allow.15%.before.loss
"NG" otherwise in the pretensioned beams, at the
support, "bonded reinforcements”
Checksp_bOt ="OK" check concrete stress limits at bot fiber

of beam
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— HOKH

"No Need to Debond Strands" if Check ="OK" A CheCksp.bot =

Checkgp, := sp.top

"Need to Debond Strand" otherwise

Check gy, = "No Need to Debond Strands" Need to debond strands?

Debond some strands at support to satisfy concrete stress limites (if necessary)

Adjust

18 . 7.2 0
n= 0 N max.debond ‘= 1"40% = 0 s -= 0

Note: the number of partially debonded strands should NOT exceed 30% of the total number of strands
(SDG 4.3.1); in any horizontal row, the number of debonded strands should NOT exceed 40% of the
total strands in that row (LRFD 5.9.4.3.3))

Number of bonded strands in each row
_ 18 after debonding at support dbs
Nafter.dbs = 0~ Ndps = 0 bottom up, 0...8

rows(n)—1
N, fier dbs.total = Z N, fter dbs. = 18 Remaining total number of bonded strands
R — B after debonding support
n —n
Check30% - ok if total after.dbs.total <30%
n
total Check if total debonded strands exceed
"NG" otherwise 30% of total strands (SDG 4.3.1)

Check3 0% = "OK"

Checkygo, = |"NG" if for ie 0..rows(n) — 1

o/,
ndbsi > 40%-n, Check if debonded strands in each row
break exceed 40% of total strands in that row

rea (LRFD 5.9.4.3.3)

"OK" otherwise

Check40% = "OK"
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P.. =n . £.. = 768.6-ki Total prestress force at release, after
.db fter.dbs.total “*pf p
p1L.abs atter.cbs.tota Ap fpl debonding support
3222
Ap.dbs = Dafter.dbs Apf = 0.000 ‘mn Total area of strands in each row, after
debonding support
rows(m)-1 2 Total area of strands, after debonding
Ap total.dbs = z A‘p.dbsi =3.222-in support
i=0

rows(n)—1
-d
z (A‘p.dbsi pi)
_ i=0 .
dp.strands.c.g.dbs = = 9in
Ap.total.dbs

Distance from top beam section to the
gravity center of strand group, after
debonding support

d h, -d 3-in

p.strands.c.g.bot.dbs = g = %p.strands.c.g.dbs =
Distance from bottom beam section to the
gravity center of strand group,after
debonding support

Need to recalculate transformed section properties - Non-Composite (Girder+Strands), at
support section, after debonding support

.2
Ag.tr.dbs = Ag + (np - I)A‘p.total.dbs = 592.706-in Area

rows(n)—1
i=0 .
Yg tr.top.dbs == = 6.399-in
£ P Ag.tr.dbs

Distance from top fiber (beam) to N.A
after debonding support

Yg tr.bot.dbs = Mg = Yg tr.top.dbs = 5:601-in Distance from bottom fiber (beam) to N.A
after debonding support
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2 3.4
lotrdbs=Ig+ Ag'(yg.tr.top.dbs - yg.top) = 7.159 x 10™-in
rows(n)—1 5
* Z |:(np - 1)'Ap.dbsi'(dpi - yg.tr.top.dbs) }
i=0
Moment inertia, after debonding support

I
.tr.db
Sg.tr.top.dbs = 8T 119 103-in3
Yg tr.top.dbs
Ig.tr.dbs 3 3
Sg tr-bot.dbs =~ = 1.278 x 10™in
Yg tr.bot.dbs

Cg tr.cg.strands.dbs = Yg.tr.bot.dbs ~ dp.stralnds.c.g.bot.dbs = 2.601-in

eccentricity of strand group
after debonding support

Check concrete stress limits at support section, after debonding support

Ppi.dbs . Msf.beam(supportcheck) - Ppi.dbs'eg.tr.cg.strands.dbs

f =
c.topbeam.support
P pp Ag.tr.dbs Sg.tr.top.dbs
f, topbeam.support = —0.194-ksi Sl?;:;ite stress at top fiber of the beam at

Ppi.dbs B Msf.beam(supportcheck) - Ppi.dbs'eg.tr.cg.strands.dbs

f =
c.botbeam.support
pp Ag.tr.dbs Sg.tr.bot.dbs

. Concrete stress at bottom fiber of the
fc.botbeam.support = 2.602-ksi beam at support

f

compressive.allow.before.loss ~ 3.9ksi

f

tensile.allow.15%.before.loss ~ —0.588-ksi in the pretensioned beams, at the

support, "bonded reinforcements"
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CheCk‘[op.dbs = |if fc.topbeam.support 2 Oksi

"OK" if fc.topbeam.support = compressive.allow.before.loss
"NG" otherwise

if £ topbeam.support < OKsi
"OK" if _fc.topbeam.support < ~fiensile.allow.15%.before.loss

"NG" otherwise

Chethop. dbs = "OK" Check concrete stress limits at the
support, top fiber, at release

Checkyot dbs = [if fc.botbeam.support 2 Oksi

"OK" if fc.botbeam.support = compressive.allow.before.loss
"NG" otherwise

if £ botbeam.support < OKsi
"OK" if _fc.botbeam.support < ~fiensile.allow.15%.before. loss

"NG" otherwise

Checky ot qps = "OK" Check concrete stress limits at the
: support, bottom fiber, at release
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8.3 At Debond1 Section (if necessary)

debondl = 0 debond distance, defined at strand pattern
debondl 0.0-% Check if this debond distance is within
Span T 15% span range to beam ends

Adjust Number of bonded
strands in each row

18 0 (0 _ 18 after debond 1
n= 0 Nbs = 0 Ndb1 = 0 Nafter.dbl = ™ = 'dbl = { bottom up, 0...8

Note: the number of partially debonded strands should NOT exceed 30% of the total number of strands
(SDG 4.3.1); in any horizontal row, the number of debonded strands should NOT exceed 40% of the
total strands in that row (LRFD 5.9.4.3.3))

rows(n)—1
N fer dbl total = 0 for db]. = 18 Remaining total number of bonded strands
atet ;0 1 after debond 1
Ppi. db1 = Mafier.db]l total’ Apf.fpi = 768.6-kip Total prestress force at release, after

debond1

3.222] )

Ap.dbl = Nafter.dbl Apf = (0'000 mn Total area of strands in each row, after

debond1

rows(n)—1

.2
Aptotaldbl = Y Apdp1, = 3222+n
i=0

Total area of strands, after debond1

rows(n)—1

> (Ap.dbli'dpi)

i=0
Ap total.dbl

d =9in

p.strands.c.g.dbl =

Distance from top beam section to the
gravity center of strand group, after
debond1

dp.strands.c.g.bot.dbl = hg - dp.strands.c‘g,dbl = 3-in

Distance from bottom beam section to the
gravity center of strand group,after debond1

Need to recalculate transformed section properties - Non-Composite (Girder+Strands), in
debond 1 region
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. 2
Ag.tr.dbl = Ag + (np - I)Ap.total.dbl = 592.706-in Area

rows(n)—1
Ag¥gtop * D, [Ap-dbli'(“p - 1)'dpi]
i=0
Yg tr.top.dbl = =0.533 ft
¢ P Ag.tr.dbl
Distance from top fiber (beam) to N.A
after debond1
Yg.trbotdbl = Mg = Ygrtop.db1 = 0-467 1t Distance from bottom fiber (beam) to N.A
after debond1
2 3.4
lotrdb1 = Ig+ Ag'(yg.tr.top.dbl - yg.top) =7.159 x 10™-in
rows(n)—1 5
oy |:(np - 1)'Ap.db1i'(dpi - Yg.tr.top.dbl) }
i=0
| Moment inertia
_ g.tr.dbl 3.3 after debond1
Sgtrtop.dbl = T = L.119x 10"in
Yg tr.top.dbl
) Ig.tr.dbl 3.3
Sg.tr.bo‘[.dbl = - =1.278 x 10"-in
Yg tr.bot.dbl

Cg tr.cg.strands.dbl = Yg.tr.bot.dbl ~ dp.strands.c.g.bot.dbl = 2.601-in

eccentricity of strand group
after debond1

Check concrete stress limits at debond1 section, after debond1

Phi.dbl . Mt heam(debondl) = Ppi 4 1€ 1 co strands.dbl

f =
c.topbeam.debond]1 -
Ag.tr.dbl Sg.tlr.top.dbl

= —0.49-ksi

Concrete stress at top fiber of the beam at
debond1 section
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Ppi.dbl B M peam(debondl) — Ppi.dbl'eg.tr.cg.strands.dbl

fe botbeam.debond1 = A S
g.tr.dbl g.tr.bot.dbl

= 2.861ksi

Concrete stress at bottom fiber of the
beam at debond1 section

fcompressive.allow.before.loss = 3.9-ksi
.. debondl .
fiensile.allow.debondl = | ftensile.allow.15% before.loss 1 Span < 15% = —0.588-ksi
.. debondl o
ftensile.allow.70%.b0nd.before.loss if Span > 15%

in the pretensioned beams, at the
debond1 section, "bonded
reinforcements”

CheCk‘[op.dbl = |if fc.topbeam.debondl 2 Oksi
"OK" if fc.topbeam.debondl = fcornpressive.allow.before.loss
"NG" otherwise

if f

c.topbeam.debond1 < OKsi

"OK" if _fc.topbeam.debondl < fiensile.allow.debond 1

"NG" otherwise

Chethop db1 = "OK" Check concrete stress limits at the
: debond1 section, top fiber, at release

Checky ot gb1 = |if fc botbeam.debond1 = 0ksi

"OK" if £ potheam.debondl = fcornpressive.allow.before.loss

"NG" otherwise
if T potbeam.debond1 < Oksi

"OK" if _fc.botbeam.debondl < _ftensile.allow.debondl

"NG" otherwise

Checky ot gp1 = "OK" Check concrete stress limits at the
: debond1 section, bottom fiber, at release
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8.4 At Debond2 Section (if necessary)

debond2 = 0 debond distance, defined at strand pattern
2
debond 0.0%
Span
Adjust
18 0 0 0 make all 0, .
n= s = ngp1 = ngpo = means no debonding after
0 0 0 0 debond2

Note: the number of partially debonded strands should NOT exceed 30% of the total number of strands
(SDG 4.3.1); in any honizontal row, the number of debonded strands should NOT exceed 40% of the
total strands in that row (LRFD 5.9.4.3.3.)
Number of bonded strands in each row
18 after debond 2
Nafter.db2 == 0~ Ndp2 = [ 0 j bottom up, 0...8

rows(n)—1
Nafter.db2.total -~ Z Nafter.db2. = 18 Remaining total number of bonded strands
o Zo St after debond 2
Ppi_dbz = nafter_dbzltotal'A—pf'fpi = 768.6-kip Total prestress force at release, after
debond2
3222\ o
Ap.db2 = Mafter.db2 Apf = 0.000 ) " Total area of strands in each row, after
debond2
. o .2 Total area of strands, after debond2
Aptotaldb2 = ) Apdpp, = 3222in
i=0
rows(n)—1
-d
> (Ap.dei pi)
d i=0 9:in
.strands.c.g.db2 = =9
b ¢ Ap total.db2

Distance from top beam section to the
gravity center of strand group, after
debond2
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dp.strands.c.g.bot.de = hg - Clp.strands.c‘g.de =3in

Distance from bottom beam section to the
gravity center of strand group,after debond2

Need to recalculate transformed section properties - Non-Composite (Girder+Strands), in
debond 2 region

2
Agirdb2 = Ag + ("p = T)Apsotal.dbg = 592.706-in"  Area

rows(n)—1

Ag¥gtop t Z [Apde n _1) ]

Yg trtop.db2 = = 6.399-in
g.tr.db2
Distance from top fiber (beam) to N.A
after debond2
Yg.trbot.db2 = g = Yg tr.top.db2 = 3-601-in Distance from bottom fiber (beam) to N.A

after debond2

2 3.4
lord2=1g+ Ag'(yg.tr.top.de - yg.top) = 7.159 x 10"+in

rows(n)—1 5
* z [(np - 1)'Ap.dei'(dpi - yg.tr.top.db2) }

i=0

Moment inertia

I
tr.db2 after debond?2
_&r®E 19 10%n°

S =
tr.top.db2
¢ P Yg tr.top.db2
Ig.tr.de 3.3
Sg trbotdb2 = —————— = 1.278 x 107-in
Yg tr.bot.db2

Cg tr.cg.strands.db2 ‘= Yg.tr.bot.db2 ~ Clp.strands.c‘g.bot.de = 2.601-in

eccentricity of strand group
after debond2
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Check concrete stress limits at debond2 section, after debond2

Poi.db2 . Mt heam(debond2) — P q1p-€g i1 co strands.db2

f¢ topbeam.debond2 = A 3 = —0.49-ksi
g.tr.db2 g.tr.top.db2
Concrete stress at top fiber of the beam at
debond?2 section
. Poidb2  Msfbeam(debond2) — P q1-€g 1 co strands.db2 .
fe botbeam.debond2 = A - S = 2.861 ksi
g.tr.db2 g.tr.bot.db2
Concrete stress at bottom fiber of the
beam at debond2 section
fcompressive.allow.before.loss = 3.9-ksi
.. debond2 )
fiensile.allow.debond2 = | ftensile.allow.15% before.loss 1 Span < 15% = —0.588-ksi
.. debond2
fiensile.allow.70%.bond.before.loss if Span > 15%

in the pretensioned beams, at the
debond2 section, "bonded
reinforcements”

Checkyy, qbo = |if e topbeam.debond2 = Oksi

"OK" if fc.topbeam.debond2 < fcompressive.allow.before.1oss
"NG" otherwise
if fc topbeam.debond2 < Oksi
"OK" if _fc.topbeam.debondZ < ~fensile.allow.debond?2
"NG" otherwise
Chethop. db2 = "OK" Check concrete stress limits at the

debond2 section, top fiber, at release
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Checky ot g2 =

if fc.botbeam.debondZ > Oksi

if

I‘OK"

HNGH

HOKH

I‘NG"

CheCkbOt.de = "OK"

if f¢ botbeam.debond2 = fcornpressive.allow.before.loss

otherwise

fe botbeam.debond2 < 0ksi

if _fc.botbeam.debondZ < _ftensile.allow.debond2

otherwise

Check concrete stress limits at the
debond2 section, bottom fiber, at release
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8.5 Summa

|

at midspan

at support

atdebond1 (if necessary)

atdebond2 (if necessary)

Strand pattern

debond number
at support

0
n =
dbs 0

without
debond

(5)

debond number
at debond1

Ndp1 = (

0
0

)

midspan = 19.458 ft

Liransfer = 2-3 ft

Need to debond strands?
debondl = 0

debond2 = 0

debond number
at debond?2

0
n =
db2 0
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9. STRESS LIMITS FOR CONCRETE
STRESSES AT SERVICE LIMIT STATE (AFTERALL LOSSES)
(LRFD 5.9.2.3.2)

for stresses after all losses (Compression +, Tension -)

Ppe = Ap.total'fpe = 627.147 kip Total prestress force, at service, after all
losses

fcompressive.allow.after.loss1‘deck 1= 0.45-f gJap = 2475 kst

Compressive stress limit for deck concrete
due to (Service 1)

the sum of effective prestress and
permanent loads (LRFD 5.9.2.3.2a)

fcompressive.allow.after.loss1‘beam = 0.45-f peam = 3-825 ksi
Compressive stress limit for beam
concrete due to (Service )
the sum of effective prestress and
permanent loads (LRFD 5.9.2.3.2a)
fcompressive.allow.aftelr.lossldeck = 0.60-f¢ gap = 3.3 ksi
Compressive stress limit for deck concrete
due to (Service I)
the sum of effective prestress, permanent
loads, and transient loads (LRFD
5.9.2.3.2a)
fcompressive.allow.aftelr.losslbeam = 0.60-f¢ peam = 5-1°ksi

Compressive stress limit for beam
concrete due to (Service 1)

the sum of effective prestress, permanent
loads, and transient loads (LRFD
5.9.2.3.2a)

f

0.5
. fci.beam . Al . " "
tensile.allow.after.loss.beam = || —min 0.24-| ———— | ksi,0.6ksi|| if Environment = "Extremely

ksi

. 0.5
—min| 0.0948-(@] ksi,0.3ksi|| otherwise
si

f

tensile.allow.after.loss.beam ~ —0.588-ksi

Tensile stress limit for concrete, after all
losses (LRFD 5.9.2.3.2b) (Service lll)
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9.1 Service | Limit State:under Effective Prestress and Permanent Loads

Critical section: mid span

for deck, check compression limit

Note : slab under load of utility, wearing surface, and barriers (due to construction stages)

fcompressive.allow.after.loss1.deck = 2475 ksi due to (Service 1)
the sum of effective prestress and
permanent loads (LRFD 5.9.2.3.2a)
MpermanentZ = Mutility(midSpan) + Mgy q(midspan) + My, 60 (midspan) = 46.887-kip-ft

M
) permanent2 .
f, deck topl = S— = 0.199-ksi Concrete stress at the top fiber of deck
g.comp.tr.top
Ched(topdeckl = |"OK" if fc.deck.topl < fcompressive.allow.after.loss1.deck

"NG" otherwise

Checkyndeck1 = "OK” Concrete stress at the top fiber of deck

for beam, check compression limit

f

compressive.allow.after.loss1.beam = 3.825-ksi Compressive sfress imit for beam

concrete due to (Service 1)
the sum of effective prestress and
permanent loads (LRFD 5.9.2.3.2a)

Mpermanentl = Mgf peam(Mmidspan) + Mgy (1 (midspan) + Mg, (midspan) = 204.056-kip-ft

Compressive stress limit for deck concrete
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Ppe Ppe'eg.tr.cg.strands Mpermanentl MpermanentZ
fe beam.top1 = N S + S + 3
g.tr g.tr.top g.tr.top g.comp.tr.topbeam

M.permanent1 (self weight of beam, slab,
and forms) was applied to non-composite
section; M.permanent2 (utility, wearding
surface, and barriers) was applied to
composite section

fc.beam.topl = 1.858-ksi Concrete stress at the top fiber of beam

<f

ChGCk‘topbeaml = |"OK" if £, compressive.allow.after.loss1.beam

.beam.top1
"NG" otherwise

Checkynpeam = "OK" Concrete stress at the top fiber of beam

9.2 Service | Limit State:under Effective Prestress, Permanent Loads, and
Transient Loads

Note: loading during shipping and handling is not included in this example

Critical section: mid span

for deck, check compression limit

= 3.3-ksi Compressive stress limit for deck concrete
due to (Service 1)
the sum of effective prestress, permanent
loads, and transient loads (LRFD
5.9.2.3.2a)

fcompressive.allow.aftelr.lossldeck

ML IM.mid = 245035 kip-ft Moment due to Live Loads (truck and lane)

My [ IM.mid

f, deck.top2 = f, 4 eck.topl * S = 1.242-ksi Concrete stress at the top fiber of deck

g.comp.tr.top

ChethopdeckZ = |"OK" if fc.deck.topZ = fcompressive.allow.after.losSZ.deck
"NG" otherwise

Checkyndeck2 = "OK" Concrete stress at the top fiber of deck
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for beam, check compression limit

= 5.1-ksi Compressive stress limit for beam
concrete due to (Service )
the sum of effective prestress, permanent
loads, and transient loads (LRFD
5.9.2.3.2a)

fcompressive.allow.after.lossZ.beam

M :
LL.IM.m
id = 2.222-ksi

fe beam.top2 = fc.beam.top1 + 3
g.comp.tr.topbeam

Concrete stress at the top fiber of beam

Ched(topbeam2 = ["OK" if fc.bearn.‘[opz < fcornpressive.allow.after.lossZ.beam

"NG" otherwise

Checkypheam2 = "OK" Concrete stress at the top fiber of beam

9.3 Service lll Limit State

Note: loading during shipping and handling is not included in this example

for beam, check tensile limit at the bottom fiber

Critical section: mid span

—0.588ksi Tensile stress limit for concrete, after all
losses (LRFD 5.9.2.3.2b) (Service Ill)

ftensile.allow.after.loss.beam =

P P_.e
.tr.cg.strand
fo beam.bot == T + e = —0.567 ksi
Ag.tr Sg.tr.bot
_Mpermanentl . _Mpermanentz +(08) ML IM.mid
Sg.tr.bot Sg.comp.tr.bot Sg.comp.tr.bot

Concrete stress at the bottom fiber of
beam
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Checkpotbeam = | "OK" if ~f beam.bot = ~Ttensile.allow.after.loss.beam

"NG" otherwise

Checky o ipeam = "OK" Concrete stress at the bottom fiber of
beam
9.4 Summary
fc.deck.topl
Checkygp ekl = "OK" = 0.081
fcornpressive.allow.after.loss1.deck Service |
fc.beam.top 1
Checkynpeam = "OK" = 0.486
fcornpressive.allow.after.loss1.bearn Service |
Ch — "OK" fc.deck.topZ 0376
eKropdeck] = £ . - Service |
compressive.allow.after.loss2.deck
Ch _ "OK" fc.beam.tOpZ 0436
eKtopbeam! = £ . v Service |
compressive.allow.after.loss2.beam
—_n n _f
Checkpotheam = "OK ¢-beam. bot = 0.964 Service Il

_ftensile. allow.after.]loss.beam
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10. FATIGUE LIMIT STATE

Acoording to AASHTO CFRP 1.5.2,

In regions of compressive stress due to unfactored loads and prestress in reinforced concrete
componentss, fatigue shall be checked only if this stress compressive strength is less than the
maximum tensile live load stress resulting from the Fatigue | load combination.

Fatigue of the reinforcement need not be checked for prestressed components designed to have
extreme fiber tensile stress due to the Service Ill Limit State within the stress limit specified in
LRFD Table 5.9.2.3.2b-1

at midspan
Ppe Ppe'eg.tr.cg.strands Mpermanentl MpermanentZ .
f. topb = - + + = 1.858 ksi
-opbeam = o S S S
g.tr g.tr.top g.tr.top g.comp.tr.topbeam
compressive stress at top fiber of
the beam due to unfactored loads
M (midspan) and prestress
fatiguel M1ASpan .
ft.bot.fatigue = S = 0.403-ksi
g.comp.tr.bot
fc.topbeam
Checkpyiioye = | "Need to Check Fatigue"  if —————— <1
gue
ft.bot.fatigue

"No Need to Check Fatigue" otherwise

CheCkfatigue = "No Need to Check Fatigue"

Fatigue of the reinforcement need not be checked since the prestressed beam is designed to
have extreme fiber tensile stress due to the Service Ill Limit State within the stress limit specified
in LRFD Table 5.9.2.3.2b-1 (shown in section 9.3 of this example)
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11. STRENGTH LIMIT STATE -MOMENT CAPACITY

Note: for strength calculations, deck reinforcement is conservatively ignored

Poe = 627.147 kip Total prestress force, at service, after all
losses

M, == Mgt] mid = 749-92-kip-ft Strength | limit state moment at midspan

S moment = 0-75 Reduction factor for CFRP prestressed

girder - Moment

f — 10ksi
b
O peam = min(max(O.SS _0>am earlr: : ,0.75j,0.85j - 0285
’ si

f — 4ksi
b
B beam = min(max(O.SS ~ 005 >2m ealrf. ,0.65}0.85] = 0.65
’ si

B1 = B1 peam = 0-65

f — 10ksi
.slab
O glab = min(max(o.tgs - 0.02~—C S ak . ,0.75}0_85] =0.85
’ si

f — 4ksi
.slab
:= min| max| 0.85 — 0.05~—C 34 ,0.651,0.85|=0.775
' S1

Concrete stress block factor

(LRFD 5.6.2.2)
€pu = 0.015 Rupture strain of CFRP strand
Epe = E =8.659x 10 3 Effective prestress strain of CFRP
Ep
€cy = 0.003 Concrete crushing strain
= (3'222)1112 Area of strands in each row
0 bottom up, 0...rows(n) — 1
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d 13 ) section) to the center of each strand row

bottom up, O...rows(n) — 1

of = for ie 0..tows(n) -1 = (

15) . Distance from top slab section (composite
m
dpfi <~ dpi +t

slab.top

dpf

For Training Purposes Only, NOT To Be Used For Construction

66




CFRP -PC TRAINING COURSE
FD Oﬁ DESIGN EXAMPLE: FSB 12x57
——

11.1 Compression-Controlled Section

5588 Concrete compression depth
cec = 3.588-in This number is defined later to satisfy C=T

aac = By-cco = 3.632-in

€ee.C = Ecy = 0.003

egci= |for i€ 0.rows(n) — 1
dpfl - CCC
€ «—€E. .+€ | ——
f.Ci pe " “cc.C e
&f.C
0.0137 CFRP strain in each row
&fCc= 00126 bottom up, O...rows(n) — 1

£ for ic0 () - 1 0 i
= or 1e ..rows(n) — = +KS1
f.C 284
frc, < erc Fp

frc
308 .
fro= ksi CFRP stress in each row
: 284 bottom up, O...rows(n) — 1
Checkfp‘c := | "CFRP Rupture Before Concrete Crushing, Assumption Not Satisfied" if ff'CO > fpu

"Compression Controlled Section, Assumption Satisfied" otherwise

Checkfp.c = "Compression Controlled Section, Assumption Satisfied"
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) 993\
Teo= |for ie O..rows(n) -1 = 0 -kip
Trc, < fre Ap,

Trc
993 . .
fC= ( )-kip CFRP tension force in each row
: 0 bottom up, 0...rows(n) — 1
rows(n)—1
TCERP.C = Z Tf'Ci = 993.136-kip Total tension force in all CFRP strands
i=0

Define differnt depth of compression zone

ttl = tslab.top = 6-in

tt2 = ttl + tslab.bot = 14-in

3 == 2 + hyeam pot = 180

Ceoncrete.C = |1 slab fe.slab 3C Pslab.top 1f 22 =t

O‘l.slab'fc.slab'ttl'bslab.top if ttl < aaC <tt2
+0 slab e slab (33¢ — tt1)Dglab bot -
+0‘1.beam'fc.beam'(%lc - ttl)'bbeam.top

O‘l.slab'fc.slab'ttl'bslab.top if tt2 < aaC < tt3
+0‘l.slab'fc.slab'(tt2 - tﬂ)'bslab.bot

+ 1 peam fe.beam (12 — ttl)'bbeam.top
+0‘l.beam'fc.beam'(%lc - tt2)'bbeam.bot

Compression force from concrete

C c = 993.361-kip

concrete.
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rows(n)—1
M, = Z (Tf'c.-dp@ if aac <ttl
i=0
aaC
+(=1) (0‘1.slab'fc.slab'aaC'bslab.top)' IS
rows(n)—1
Z (Tf.C.'dpf) if tt] <aac < tt2
i: 0 1 1
ttl
+ (—1)‘(al.slab'fc.slab'ttl'bslab.top)'(z)

aac — ttl
+ (_1)'[al.slab'fc.slab'(aac - ttl)'bslab.bot]' ttl + )

aa~ — ttl
+ (—1)‘[al.beam'fc.beam'(aaC - m)'bbeam.‘top]'(tt1 + ) j

rows(n)—1
>, (Tf.Ci'dpr if 12 < aac <13
i=0
ttl
+ (_1)'(0‘1.slab'fc.slab'ttl'bslab.top)'(7)

tt2 — ttl
+ (—1)'[@1.slab'fc.slab'(tt2 - ttl)'bSlab-bOt].(m ' 2 j

t2 — ttl
+ (_1)'[OLI.beam'fc.beam'(tt2 - ttl)'bbeammp].(ttl " 2 )

aa~ — tt2
+ (—1)‘[al.beam'fc.beam'(aaC - ttz)'bbeam.bot]'(tt2 + ) j

M, c = 1.091 x 103~kip-ft Moment capacity (with respect to top fiber
' of the composite section)

Checker ¢ = Cooncrete.C ~ TcFRP.C = 0°kip Tension = Compression

Checkfp.c = "Compression Controlled Section, Assumption Satisfied"
cce = 5.588in Adjust cc until C-T~0

SectionControl := | "Tension Controlled Section" if ff'CO > fpu

"Compression Controlled Section" otherwise

SectionControl = "Compression Controlled Section"
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11.2 Tension-Controlled Section

Concrete compression depth

cer = 6.178-in This number is defined later to satisfy C=T

aat = By-ccy = 4.016-in

CFRP strain in bottom row is rupture

Epf.T = Epy = 0.0152 strain

CcC
€ = (g —€ ) T |- 4552 x 10 3 Concrete strain at the top fiber of the
cc.T pu pe| 4 _ e .
pf, T section (deck)
Checky, 7= |"OK" if e, T <€y

"NG, Concrete Strain Exceeds ecu. Compression-Controlled Section" otherwise

Check . T = "NG, Concrete Strain Exceeds ecu. Compression-Controlled Section"

€g = |for i€ 0..rows(n) — 1
dpfi - cop
€ «—E. . +E€ | —
f.Ti pe " “cc.T cop
EfT
0.0152 .
EfT = ( j CFRP strain in each row
: 0.0137 bottom up, O...rows(n) — 1

f, for ie 0 (n) - 1 ) i
= or 1e ..rows(n) — = +KS1
£T 308

fe, < err Ep

341 ) CFRP stress in each row
ksi bottom up, O...rows(n) — 1
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Checkfp.T := | "CFRP Rupture, Assumption Not Satisfied" if ff'TO > fpu

"OK" otherwise

Checkfp.T ="OK" CFRP not rupture

Tgp:= | for ie 0..rows(n) — 1
Ter, < fe1,Ap,

Ter
1098 CFRP tension force in each row
T~ kip bottomup, O...rows(n) — 1
rows(n)—1 3
TCRRP.T = Z Tf'Ti = 1.098 x 10”-kip Total tension force in all CFRP strands

i=0

Ceoncrete. T = |1 slab fc.slab 23T bslab.top 1f 23T < ttl
al.slab'fc.slab'ttl'bslab.top if ttl < aaT <tt2

+0‘1.slab'fc.slab'(aaT - ttl)'bslab.bot
+0‘1.beam'fc.beam'(aaT - ttl)'bbeam.top

O‘l.slab'fc.slab'ttl'bslab.top if tt2 < aaT < tt3
+ 0 glab Te slab (2 = tt1)-bgjap pot -

+ 1 peam Fc.beam (12 — ttl)'bbeam.top
+0‘1.beam'fc.beam'(aaT - ttz)'bbeam.bot

Compression force from concrete

C — 1.098 x 10°-kip

concrete. T
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rows(n)—1
M, = Z (Tf.T..dpf) if aap <ttl
i=0
aaT
+(=1) (0‘1.slab'fc.slab'aaT'bslab.top)' BN
rows(n)—1
Z (Tf.T.-dpf) if ttl < aap < tt2
i=0

ttl
+ (—1)‘(0‘1.slab'fc.slab'ttl'bslab.top)'(j)
aa — ttl
+ (_1)'[al.slab'fc.slab'(aaT - ttl)'bslab.bot]' ttl + 5

aaT — ttl
+ (—1)‘[al.beam'fc.beam'(aaT - ttl)'bbeam.top]'(ttl + ) j

rows(n)—1

i=0
ttl
+ (—1)'(0‘1.slab'fc.slab'ttl'bslab.top)'(7)

tt2 — ttl
+ (—1)'[0‘1.slab'fc.slab'(tt2 - ttl)'bSlab-bOJ(m ' 2 j

tt2 — ttl
+ (_1)'[OLI.beam'fc.beam'(tt2 - ttl)'bbeam'mp].(ttl " 2 )

aa — tt2
+ (—1)‘[al.beam'fc.beam'(aaT - ttz)'bbeam.bot]'(ttz + ) j

M, 1= 1.189 x 103-kip-ft Moment capacity (with respect to top fiber
' of the composite section)

ChGCkCT.T = CCOIlCI'GtG.T - TCFRP.T = 0-kip Equilibrium check

Checkfp T = "OK" CFRP strain limits check

Check . T = "NG, Concrete Strain Exceeds ecu. Compression-Controlled Section"

Concrete strain limits check

ceT = 6.178in Adjust cc until C-T~0

> (Tf.Ti'dpfi) if 12 < aa < 3
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11.3 Summary

SectionControl = "Compression Controlled Section"

cc:= |cep if SectionControl = "Tension Controlled Section" = 5.588-in

cco if SectionControl = "Compression Controlled Section”

Compression Depth

M, = M, 1 if SectionControl = "Tension Controlled Section" = 1.091 x 103-kip-ft

M, ¢ if SectionControl = "Compression Controlled Section"

Moment capacity
M, = dphoment Mp = 818-kip-ft
M,, = 750-kip-ft
Checkyy == ["OK" if M >M, Smoment Mn oo
"NG" if M, <M, u
Checky; = "OK" Strength I, moment capacity
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12. MINIMUM REINFORCEMENT -PRESTRESSING CFRP

For tension-controlled beams,

the minimum reinforcement requirements ensure the factored moment capacity provided is at
least equal to the lesser of the cracking moment Mcr and 1.33 times the factored moment
required by the applicable strength load combinations (Mu).

Sc

M =3 (’\{l'fr+ WZ'fcpe)'SC ~ Mgne S_ -1
nc

f: beam = 0-7-ksi

'\{1 = 1.6

'\{2 = 1.1

'\{3 =1.0

£ Ppe N Ppe'eg.tr.cg.strands 2 334.ksi

pe A S

g.tr g.tr.bot

Mne = Mgt beam(midspan) + Mg 1o (midspan)
+ My rms(midspan)

(AASHTO CFRP 1.7.3.3.1)

ﬂ Cracking moment

(AASHTO CFRP 1.7.3.3.1-1)

Modulus of rupture of beam concrete
(SDG 1.4.1B)

flexural cracking vaiability factor

Prestress variability factor
1.1 for bonded prestressing CFRP
1.0 for unbonded prestressing CFRP

(AASHTO CFRP 1.7.3.3.1)

Compressive stress in concrete due to
effective prestress forces only (after all
losses) at extreme fiber of section where
tensile stress is caused by externally
applied loads

... = 204.056-kip-ft

Total unfactored dead load moment acting
on the noncomposite section

S
) g.comp.tr.bot .
M =13 ('\{l'fr.beam + '72'fcpe)'sg.comp.tr.bot - Mdnc'[s— - lj:| = 640.881-kip-ft

g.tr.bot

Cracking moment
(AASHTO CFRP 1.7.3.3.1-1)
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M = min(M

req cr

"C"
HTII

SectionCT :=

CheckyinCFRP =

1'33Mu) = 640.881-kip-ft Required minimum amount of CFRP shall

develop the moment capacity Mreq

if SectionControl = "Compression Controlled Section"

if SectionControl = "Tension Controlled Section"

"Compression Controlled Section, Not Applicable" if SectionCT = "C"

"OK" if SectionCT ="T" A Mn > Mreq

"NG" if SectionCT ="T" A M, < Mreq

Check incrrp = "Compression Controlled Section, Not Applicable”

minimum amount of prestressing CFRP
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13. TRANSVERSE SHEAR DESIGN

Vy £V, = dghear Vi (AASHTO CFRP 1.8.2.1)

Dghear = 0-9 Reduction factor for CFRP prestressed
girder - Shear
(AASHTO CFRP 1.8.2.1, LRFD 5.5.4.2)

Vp = min(Vyp, Vi)
Ve, Vf, Vp are shear resistance

contribution by concrete, FRP stirrups, and
CFRP prestressing strands

Va1 =VC+Vf+Vp
Vi = 025 -by-dy, + V.

p

Vy > 0.5~¢Shear~(Vc + Vp) Transverse reinforcement should be
provided in this case (LRFD 5.7.3.2-1)

13.1 Critical Section for Shear

critical section for shear shall be taken as dv from the internal face of support

d =h -d = 15-in Effective depth from the extreme
.sh . .strands.c.g.bot
e-sheat £:COmp p.SHANGS.C.8.50 compression fiber to the centroid of the
tensile force in the tensile reinforcements
Bq-cc

dV ‘= max de.shear - T’0'9'de.shear’0'72'hg.comp = 13.5-in
Effective shear depth
(LRFD 5.7.2.8)

shearcheck := d, + PadWidth = 1.458 ft Critical shear section, from left support

2

b, = bpeam. top = 45-in Width of shear web, take b.beam.top
conservatively
(LRFD 5.7.2.7)
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13.2 Contribution by Prestressing CFRP

p Straight strands, no draped, Vp=0

13.3 Contribution by Concrete, Vc

b -d (LRFD 5.7.3.3-3)

V, = 0.0316-8- [T vdy

c.beam’

Determine paremeters 3 and 6

Note: assume the section containing at least the minimum amount of transverse reinforcement

—|M”|+05N Ve = V| = Ape,
~Nu u- — Dpf T p0
_ dy P P Net longitudinal tensile strain
€fshear = E. (AASHTO CFRP 1.8.3.2)
£ Apf
N, =0 Factored axial force at shear critical
u.shear ‘
section
Vishear = Vsir](shearcheck) = 102.651 kip Factored shear at shear critical section

Mgy, (shearcheck) = 120.948-kip-ft

M, shear = max(Mgy| (shearcheck), |Vu.shear - Vp| -dy) = 120.948-kip-ft
Factored moment at shear critical section
(AASHTO CFRP 1.8.3.2)

pr.shear = O.6-fpu = 204.469-ksi (AASHTO CFRP 1.8.3.2)

Apf.shear = Ap.total.dbs if shearcheck < debondl
A‘p.total. dbl if debondl < shearcheck < debond2

Ap.total.de if shearcheck > debond2
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Ap £ shear = 3.222~in2 Area of prestressing CFRP on the flextual

tension side of the member, exclude
debonded strands

| M

u.shear|
—— + 05N}, chear t |Vu_shear - Vp| - Apf_shear'pr.shear
) v
€ = min| €
f.shearl pu’
Ep'Apf.shear
_ -3
€f shear] = ~0-194x 10
h Area of concrete on the flexural tenson
: beam in” side of the member (LRFD B5.2)
Act.shear = bbeam.top' =270-in Approximate '
Xi
M
| u.shear|
— *+ 05Ny ghear T | Vu.shear ~ Vp| - Apf.shear'pr.shear
. v
€ = min| €
f.shear2 w
P Act.shear Ec.beam * Ep'Apf.shear
—4
Efshear2 = —3:088 x 10
o if > = -4
Efshear = |Cfshearl I Efshear] =0 = —3.088 x 10
max(_0'0004’€f.shear2) if €fghear1 <0
o A8deg o deg (LRFD 5.7.3.4.2-1)
1+ 750 ¢ ghear
0 := (29 + 3500-€p gheqy)-deg = 27.9-deg (LRFD 5.7.3.4.2-3)

S} fe beam v dy )
V.:=0.0316— - | ————.—.—.kip = 349.625-k
c deg\ ksi in in D P (LRFD5.7.3.3-3)

For Training Purposes Only, NOT To Be Used For Construction

78




CFRP -PC TRAINING COURSE
FD Oﬁ DESIGN EXAMPLE: FSB 12x57
——

13.4 Required Shear Reinforcement

CheckVf := | '"Need Shear Reinforcement” if V|, (paar 2 O'S'q)shear'(vc +V )

p
"Shear Reinforcement Not Needed" if V|, (hoqr < O'S'q)shear'(vc + Vp)

CheckVf = "Shear Reinforcement Not Needed"

dy shear = dGFrp = 0-5:in Diameter of GFRP stirrup

Ay shear = AGrRp = 0.196-in” Area of each GFRP bar

Ey shear = EGERp = 65 % 103-ksi Elastic modulus of GFRP stirrup
£, shear = ffu.GERP = 77-006-ksi Tensile strength of GFRP stirrup
Ppend. GFRP = 0-6 take 0.6 in this design example

Vv

. u.shear :

vV, = mm[ ,0.25-F . peamby-dy + VPJ = 114.057 kip
shear

VFRP.req = max(O,Vn -V, - Vp) = 0-kip Required shear provided by FRP stirrup

ffV'Av.shear.total'dv

VFRP.req = (AASHTO GFRP 2.10.3.2.2)

Sshear

fry = min(0'004'EV.shear’d)bend.GFRP'fV.shear’22k5i) = 22:ksi
Max bended FRP tensile stress
(AASHTO GFRP 2.10.3.2.2), modifed with
FDOT Material Spec 932-3, which limits
the shear strength to 22 ksi

leggtirrup = 4 Number of legs of stirrup

A = 0.785-in2

v.shear.total = legstirrup'A

v.shear
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Sshear.req = 1000in if VFRP.req =0 = 1000-in
v Av sheartotal Iy otherwise Required FRP stirrup spacing from
VFRP.req calculation

(if not needed, output 1000 inch spacing)

’ f
. . . c.beam . .
Sshear.max ‘= m1n(0.75-hg,241n) if VFRP.req < 4.0 ol ~bv-dv-ks1 = 9-in

f‘c.beam
ksi

min(0.375-hy, 12in) if Vppp roq > 4.0 ‘by-dy ksi

Maximum FRP stirrup spacing
(ACl440.4R 5.3)

A _ sby, Minimum GFRP transverse reinforcement
v.min = 0-05- f (AASHTO GFRP 2.10.2.2.1)
v
fry
Ay shear.total k_s1
s . = = 7.679-in Max spacing corresponding to minimum
shear.minAf 0.05-b .
2" Pbeam.top GFRP transverse reinforcement

Sshear = min(sshear.req’Sshear.max’sshear.minAf) = 7.679-in
Sshear . . .
Sshear.provide = floor| — ‘in= 7-in Provided transverse reinforcement spacing
) n
fr A -d
VERP = fv 7v.sheartotal v _ 33.323-kip Provided shear resistance from FRP
Sshear.provide transverse reinforcement
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13.5 Summary
Vu.shear = 103-kip
V, = 350-kip
Vp =0
dy ghear = 0-5-in Diameter of GFRP stirrup
legstirrup =4 Number of legs of GFRP stirrup
7-in Spacing of GFRP stirrup

Sshear.provide ~

\Y

n.provide = Ve + VFRrp + Vp = 383 kip

Vu.shear

CheckShearCapacity := |"OK" if Vn.provide > min[ ,0.25-F . peam'by-dy + ij

shear

"NG" otherwise

CheckShearCapacity = "OK" Transverse shear capacity
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14. INTERFACE SHEAR DESIGN

Vv

ul = Vgir1(shearcheck) = 102.651-kip

Vri = q)shear' Vni = Vui
d)shear =09

Assumed numbers:

Cyi = 0.28Kksi

KZ.Vi = 1.8ksi

Factored interface shear force, per ft

dyj = hg.comp - dp.stlrands.c‘g.bot.dbs -
t
h -d -
g.comp p.strands.c.g.bot.dbl
h -d -
g.comp p.strands.c.g.bot.db2
dy; = 12-in
\V4 .
1 k
Vi= —— = 102,651~
d,; ft

t
E if shearcheck < debondl

ﬂ if debondl < shearcheck < debond2

t
1
s_ab if shearcheck > debond2

Factored interface shear force

(LRFD 5.7.4.3)

Cohesion factor

Friction factor

Fraction of concrete strength available to
resist interface shear

Limiting interface shear reistance

Distance between the centriod of the
tension strands and the mid-thickness of
the slab

Factored interface shear force, per ft
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Reguired nominal interface shear resistance, per ft

V.. .
hi _14057.K0 (LRFD 5.7.4.3)
ft

ni-
shear

Regquired interface shear reinforcement, per ft

Vpi = CAgy + p,( AVf.fy + Pc) Nonimal interface shear resistance
(LRFD 5.7.4.3)

byi= bslab.top = 58.5-in Interface width considered to be engaged in
shear transfer

Agy=byi= 702-— Area of concrete considered to be engaged

ft in shear transfer, per 1-t length
P..=0 Permanent net compression force normal
C.Vl1

to the shear plane

A =-3.75— Required interface shear reinforcement

vireq =

Minimum interface shear reinforcement, per ft

A .
cv in
A - 1:=0.05—— = 1.595-—
vi.minl
ksi
133V1’ll — cVi'ACV
Hyi ~ Pevi )
i in
Ayt min2 = = -2.039.—
vi.min2
ffv ft

3 . . . 2
AvEmin = mm<AVf.minl’Avf.min2) if mm<AVf.minl’Avf.min2) 20 =0in

0 otherwise

Minimum interface shear reinforcemen
(LRFD 5.7.4.2)
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——

Design interface shear reinforcement, per ft

in

Ay design.need = max( Avf.req’ Avf.minﬂo) = o.? De3|gn interface reinforcement need to
provide
_ Ay shear.total _ 1346 in” Interface shear reinforcement already
Aviprovide = T — = 13467~ provided by GFRP stirrup
shear.provide
Checkjyg == |"OK" if Ayfprovide = Avf.design.need
"NG" otherwise
AT Interface shear reinforcement,
Checkjyg = "OK Provided > Required

Maximum interface shear resistance, per ft

kip
Vhi.provide = SviAcy + Mvi'(Avf.provide'ffv + Pc.vi) = 226'?
Provided nominal interface shear
resistance (LRFD 5.7 .4.3)
. . kip
Vhi.max = mm(KI.vi'fC.beam'Acv’KZ.vi'Acv) = 1264'?
Design interface shear resistance
limitation (LRFD 5.7.4.3)
Checkiy max = |"OK" if Vi srovide < min(KI.vi'fC.beam'Acv’KZ.vi'Acv)
"NG" otherwise
Checkyy, oy = "OK" Maximum interface shear resistance

For Training Purposes Only, NOT To Be Used For Construction

84




"NG" otherwise

Checky; capacity = "OK" Check capacity

Checkjy max = "OK Check max nominal resistance

CFRP -PC TRAINING COURSE
FDOT DESIGN EXAMPLE: FSB 12x57
— -
Summary
Vni.provi e = 226.181 % Nominal interface shear resistance
Vi = 10265152
hi~ : ? Factored interface shear force, per ft
Ched(vi.capacity = |"OK" if d)shear'Vni.provide = Vi
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FD Oﬁ DESIGN EXAMPLE: FSB 12x57
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15. MINIMUM LONGITUDINAL REINFORCEMENT

At each section, the tensile capacity of the longitudinal reinforcement on the flexural tension side
of the member shall be proportioned to satisfy

n
> (Apx) 2 [Mul costu [y 0.5V [-—
p dy-df b, v p tan(0)

x=1
(AASHTO CFRP 1.8.3.3)

N,=0
Axial load

S moment = 0-75 Resistance factor for bending

Oehear = 0-9 Resistance factor for shear

0 =27.919-deg Angle of inclination of diagonal
compressive stresses

dy = 13.5in Effective shear depth

VP =0 Shear capacity contribution by
prestressing CFRP

fpe = 195ksi Effective prestressing stress

At the support location

support = 0

Vgir1(support)

q)shear

Vgir1(support)

right =

| Mgy,1 (support) | [
+ Vp

dv' ¢moment

1
- 05V ——— = 197-ki
f. p
Oghear supportj tan(®)

the crack plane crosses the c.g of the strand group at a distance

Xcrackplane = BearingDistance + dp.strands.c.g.bot.dbs'm = 12.161-in
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Transfer length of prestressing CFRP

Liransfer = 30-in (AASHTO CFRP 1.9.3.2)
Xcrackplane . .
fpx = fpe.— Approximate prestressing stress at the
Liransfer crack plane
rows(n)—1
left= ) (A_p_ dbsi-fpx) = 254-kip
i=0
ChGCklong.rebar = | "OK, No Additional Longitudinal Reinforcement is Required" if left > right

"NG, Additional Longitudinal Reinforcement is Required" otherwise

CheCklong.rebar = "OK, No Additional Longitudinal Reinforcement is Required"
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CFRP -PC TRAINING COURSE
FDOﬁ DESIGN EXAMPLE: FSB 12x57
——

16. DEFLECTION AND CAMBER

Immediate deflection, due to prestressing force and DL downward -> positive

Deflection due to prestressing force at transfer

2

ML
A= ——
8-E-I

2
_ _(Ap.total.dbs'fpt)'eg.tr.cg.strands'(Span)

Apl' e

= -1.635'in

ci.beam’ Ig

2
_ {(Ap.total.dbl - Ap.total.dbs)'fpt]‘eg.tr.cg.strands'(Span — 2-debondl) — 0-in

A
2
P 8-E¢i beam’ Ig

2
_ {(Ap.total.dbz - Ap.total.dbl)'fpt:l'eg.tr.cg.strands'(Span — 2-debond2) — 0in

3
P 8-E¢i beam’ Ig

A

Ap = Apl + Apz + Ap:)) =-1.635-in

Deflection due to self weight of beam

5-w-L
384-E-1

4
5-Wheam' Span

= = 0.969-in
sfbeam 50, p

ci.beam'lg
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Deflection due to self weight of slab, buildup, and permanent forms

4
) 5 '(Wslab + Wforms)'Span
permanentl -~ 384.F

A = 0.672-in

c.beam'Ig
Deflection due to barrier, future wearing surface, and utility

4
5 '(Wbarrier + Whws * Wutility)'Span

A =
permanent?2 384-F

= 0.096-in

c.beam'Ig.comp
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17. SUMMARY OF ALL CHECKS

Al "Check"

7. PRESTRESS LOSSES

7.3 Summary

Checkpye fimit = "OK"

8. STRESS LIMITS FOR CONCRETE

Service stress limit (after all losses)

-TEMPORARY STRESSES BEFORE LOSSES

8.1 At Mid-Span Section

Checkyyn midspan = "OK"

Checkpot midspan = "OK"

8.2 At Support Section

CheCksp.top = "OK"
CheCksp.bot = "OK"

Checkdb = "No Need to Debond Strands"

_ Ay (Not necessary
Checksy, = "OK in this exmaple)
_ Ay (Not necessary
Checkyggy, = "OK in this exmaple)
T (Not necessary
Checkiop.dps = "OK in this exmaple)
(Not necessary

Checky, ¢ gpps = "OK" in this exmaple)

Check concrete stress limits at the
midspan, at release

Check concrete stress limits at the
midspan, at release

Check concrete stress limits at the
support, top fiber, at release

Check concrete stress limits at the
support, bottom fiber, at release

Need to debond strands?

Total debonded strands shall not exceed
30% of total strands (SDG 4.3.1)

Debonded strands in each row shall not
exceed 40% of total strands in that row
(LRFD 5.9.4.3.3)

Check concrete stress limits at the
support, top fiber, at release

Check concrete stress limits at the
support, bottom fiber, at release
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8.3 At Debond1 Section (if necessary)

(Not necessary
in this exmaple)

Check concrete stress limits at the

Cheth dbl = "OK"
Sl debond1 section, top fiber, at release

(Not necessary

S Check concrete stress limits at the
in this exmaple)

Checkb t.dbl = "OK"
ok debond1 section, bottom fiber, at release

8.4 At Debond?2 Section (if necessary)

Chethop. db2 = "OK" (Not necessary Check concrete stress limits at the
in this exmaple) debond2 section, top fiber, at release

Checky ot gpp = "OK" (Not necessary Check concrete stress limits at the
: in this exmaple) debond2 section, bottom fiber, at release

9. STRESS LIMITS FOR CONCRETE
-STRESSES AT SERVICE LIMIT STATE

9.1 Service | Limit State:under Effective Prestress and Permanent Loads

Checkyndeck1 = "OK" Concrete stress at the top fiber of deck
Checkynpeam = "OK" Concrete stress at the top fiber of beam

9.2 Service | Limit State:under Effective Prestress, Permanent loads, and
Transient loads

Checkyndeck2 = "OK" Concrete stress at the top fiber of deck

Checkynheam2 = "OK" Concrete stress at the top fiber of beam

9.3 Service lll Limit State

CheCkbOtbeam = "OK" goncrete stress at the bottom fiber of
eam

10. FATIGUE LIMIT STATE

CheCkfatigue = "No Need to Check Fatigue"
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CFRP -PC TRAINING COURSE
DESIGN EXAMPLE: FSB 12x57

11. STRENGTH LIMIT STATE -MOMENT CAPACITY

11.1 Compression-Controlled Section

Checkfp.C = "Compression Controlled Section, Assumption Satisfied"

Equilibrium

11.2 Tension-Controlled Section

Checkg, 1 = "OK"

CFRP not rupture

Check . T = "NG, Concrete Strain Exceeds ecu. Compression-Controlled Section"

11.3 Summary

Equilibrium

SectionControl = "Compression Controlled Section"

CheckM = "OK"

Strength |, moment capacity

12. MINIMUM REINFORCEMENT -PRESTRESSING CFRP

Check incrrp = "Compression Controlled Section, Not Applicable”

Minimum amount of prestressing CFRP

13. TRANSVERSE SHEAR DESIGN

13.5 Summary

CheckShearCapacity = "OK"

Transverse shear capacity

14. INTERFACE SHEAR DESIGN

Checkivo = "OK"

CheCkiv.max = "OK"

Checky; capacity = "OK"

Interface shear reinforcement,
Provided > Required

Maximum interface shear resistance

Check interface shear capacity

15. MINIMUM LONGITUDINAL REINFORCEMENT

CheCklong.rebar = "OK, No Additional Longitudinal Reinforcement is Required"
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