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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 rop = Kip
fr’
42'_8"
14" (Overall Bridge Width) 14

-
(]
o}
D T
©

‘ FIB-36 (TYP) ‘

3._4“' 4 @ 9._0u = 36"0" 3._4..

Lbeam

*‘ L PadWidth

] -

N |
BearingDistance Span BearingDistance

(FDOT Design example
LRFDPBeamV5.2-CFRP)

8
Span := (87 + E)-ft = 87.667-ft Clear span
BearingDistance := 9in
= Span + 2-BearingDistance = 89.167-ft

Lpeam

PadWidth := 10in
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Ovelrhang BeamSpacing

de

! tsiab
sia
Thpgildup |

4
Overhang = (3 + E)ft = 3.333-ft

BeamSpacing := 9ft
NumberOfBeam := 5
TotalBridgeWidth := BeamSpacing:(NumberOfBeam — 1) + 2-Overhang = 42.667-ft

de .= 2ft
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2.2 FIB-36 Girder
Apeam = 806.58in2 Cross section area
Perimetery ., . = 206.57in Perimeter of beam section

) .4 Moment of inertia
Lix beam = 127545in
I = 81070in"
yy.beam = m
Ybeam.top = 19-51in Distance from top of beam to N.A.
Ybeam.bot = 16-49in Distance from bottom of beam to N.A.

bpe am.top.flange = 48in Top flange width

hye am.top.flange = 3.5in Top flange thickness
bpeam.bot..flange = 38in Bottom flange width
Mpeam.bot.flange = 710 Bottom flange thickness
Taperbeam.bot.ﬂange = 15.5in Bottom flange taper
hpeam = 36in Depth

byep = 7in Web width

hyeb = Dpeam — hbeam.top.ﬂange — 1.5in — 7in — 7.5in = 16.5-in

Web depth
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£ beam = 8-5ksi Concrete strength
£ beam = 0ksi Concrete strength, at release
P 0.5 ‘
c.beam ) ) Modulus of rupture
fr.beam = 024[Tj ksi = 0.7-ksi (SDG 1418)
Yeoncrete = 0-15kef Unit weight of reinforced concrete
Ypeam = Yeoncrete = 0-15-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

w2/ 033
- 120000-K1-(—Cj ( C'beamj ksi = 5112-ksi

E :
c.beam kef ksi
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

tslab = 8.5in
Dpuildup = 1in
b, := BeamSpacing = 9-ft

.2
Aslab = be'tslab = 918-in

.2
Abuildup = bbeam.bot..ﬂange'hbuildup = 38in

f = 5.5ksi

c.slab*

Yslab ‘= Yeoncrete = 0-15-kef

WC 2
E = 120000-K;{ — | -
c.slab 1 kef

b
.= —220 154
Ec.slab
E
c.slab
be.tr = be = 7.796-ft
c.beam

fc.slab

ksi

Effective slab width, for interior beam
(LRFD 4.6.2.6)

Area of slab

Area of buildup

Concrete strength

Unit weight of reinforced deck concrete

0.33
J -ksi = 4428-ksi

Elastic modulus of deck concrete
(LRFD 5.4.2.4-1)

Effective slab width, transformed , for
interior beam

(LRFD 4.6.2.6)

For Training Purposes Only, NOT To Be Used For Construction




FDOT)

CFRP -PC TRAINING COURSE
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2.4 GFRP Reinforcing Bar

GFRPBarSize := 5

GFRPBarSize . .
dGFRP = Tm = 0.625-in

2 .2

1
A, = —
GFRP -~

29.1kip

GFRP

Cg.Grrp = 0.7

ffu.GFRP = CE.GFRP I fu.GFRP = 00-396 ks

r
(l)bend = ffu(()ll + 0.05 d—j
b

Ppend.GFRP = 0-6

Size of GFRP bar

Nominal diameter of GFRP bar

Area of one GFRP bar

Tensile strength of GFRP bar
(FDOT Standard Specifications,
Section 932, Table 3-1)

Environmental reduction factor for GFRP
(AASHTO-GFRP Table 2.6.1.2-1)

Here assume "concrete exposed to earth
and weather"

Design tensile strength

Elastic modulus of GFRP bar
(No less than 6500 ksi per FDOT Standard
Specifications, Section 932)

Strength reduction for bent FRP stirrup
(AClI4404R 5.4)

take 0.6 in this design example
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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

= 341 -ksi

Cg.crrp =1

fpll = CECFRpru = 341 -ksi

fpu
€., = — = 0.015
pu
Ep
fpi.limit = 0.70-fpu if StrandTypecprp = |
0.65~fpu if StrandTypecprp = 2

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 , 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

= 238.5-ksi
Jacking stress limit
(AASHTO CFRP Table 1.9.1.1)

Jacking stress

Jacking force

is defined later
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foe limit =

0.60-f,,

Ligansfer = 30-D), = 30-in

2.6 Other Inputs

Environment := "Extremely"

RH := 75

Afyrp =0

td =120
tp = 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 Propertiy - Non-Composite Section (I-girder)

hg = hpeam = 36:In Depth
by, = byep = 7in Web thickness
A=A = 806.58-1 2 Area

g -~ Sbeam T -20-11

I =1.275 % 105-in4 Moment inertia

g~ Iyx.beam

Yg.top = Ybeam.top = 19.51-in Distance from top fiber (beam) to N.A

Yg bot = Ybeam.bot = 16:49-in Distance from bottom fiber (beam) to N.A

I

g 3.3
S = = 6.537 x 10" -in
.to
£op Yg.top
Iy 3.3
Sg.bot = ——— =7.735x 10"-in
Yg bot
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3.2 Section Propertiy - Composite Section (I-girder+Deck)

hg'comp = tglab + Npuil dup * hpeam = 45.5-in Overall height of the section

.2
Adeck.comp = tslab Pe.tr = 795-159-in

) E¢ stab
Abuildup.comp = hbuildup'bbeam.top.ﬂange' E
c.beam

= 41.577-in2

3.2
Ag comp = Abeam T Adeck.comp T Abuildup.comp = 1:643 x 107-in

Area

A Ih B tslab

deck.comp’| "g.comp >

Dpuildup

+Abui1dup.comp' hg.comp ~ tslab ~ T, )

+ A .

beam'Yg.bot .
Yg.comp.bot ‘= = 28.977-in

Ag.comp
Distance from bottom fiber (beam) to N.A
h = 16.523-in Distance from top fiber (slab) to N.A

Yg.comp.top = "g.comp ~ ¥Yg.comp.bot

Yg.comp.topbeam = hpeam — Yg.comp.bot = 7.023-in Distance from top fiber (beam) to N.A

2
E t
1 c.slab 3 slab 5.4
Ig.cornp = E'[be' E ]'t51ab + AdeCk-COmp'(yg.comp.top - —2 ] .. =4333 x 10" -in

c.beam

N 1 b E¢ slab b 3

75 | "beam.top.flange’ Pbuildup -+

12 P £ E¢ beam P

2
hbuildup
+Abui1dup.comp' hg.comp ~ Lslab ~ 5
2 . .

+ Ig + Ag(chompbo‘[ - ng()t) Moment inertia

For Training Purposes Only, NOT To Be Used For Construction
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I
__geomp 50w 10tin®

yg.comp.top

Sg comp.top *

B Ig.comp
.comp.bot *~
£ Yg.comp.bot

— 1.495 x 10%in°

Ig.comp

S 6169 x 10*in°

.comp.topbeam =
£ Yg.comp.topbeam

_ b tslab 2476 Distance between the c.g. of the basic
g = Ygtop ¥ Mbuildup ¥ T, T 76-in beam and deck

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 Vbeam = 0'840'? Self weight of beam
. 1p
Wslab = Aslab Yslab = 0-936- == Seff weight of slab
. kip
Whuildup = Abuildup™slab = 0-040-— Seffweight of buildup
- _ 0.996.XIP.
Wslab.buildup = Wslab * Wouildup = V- ry Sum of self weight of slab and buildup
0430 kip Traffic railing barrier DL,
Wharrier.each == V- ey "SR 687/4th Street, NB bridge"
_ 2 Wharrier.each 01 kip For purpose of this design example, all
Wharrier -~ NumberOfBeam — ft barrier loads are equally distributed to the

total number of beams

kip
w := 20psf-(BeamSpacing — b =0.100-—
forms p ( pacing beam‘top.ﬂange) ft

Stay-in-place forms, 20 psf
"SR 687/4th Street, NB bridge"

Weys = 0 % Future wearing surface
t
— 0 kip
Wutility = ¥ " Utility dead load
for interior beams DC Dead load

(LRFD 3.3.2)

For Training Purposes Only, NOT To Be Used For Construction
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2
Wheam'SPan Wbeam X Self weight of beam

5 X > (x distance from support)

Mgt beam(X) =

Span
~ Wheam'X

Wheam'

Vstbeam(X) = )

2
Wslab.buildup SPan Wslab.buildup *
X —

2 2

M (1ab(X) = Self weight of deck and buildup

Wslab.buildup  SPan

Vsfslab(*) = 5 ~ Wslab.buildup ¥
w Span w x2
forms’ forms’ .
Mgorms(X) = 5 X = 5 Stay-in-place forms
Wforms'Span
Vorms(X) = ) Weorms X
\ Span A% x2
barrier’ barrier’ .
Mparrier(X) = ) X = 5 Barriers
_ Wbarrier’ Span
Vbarrier(®) = ) ~ Wharrier ¥

Total DC dead load

Kip

WDC = Wheam t Wslab.buildup * Wforms * Wharrier = 2-108- ft

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

V™ = Vgt beam™®) + Vsfsiab(®) + Viorms®) + Vparrier(®)
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DW Dead load
(LRFD 3.3.2)
2
) Wiy Span Wews X Future wearing surface
Miys(%) = ) XU, (x distance from support)
Weys' Span
Viws(X) = 5 T Wiws™
2
Wutility'SPan Wygjlity'X .y
Mygility(X) = . X — Utility

Wautility' SPan

Vautility(X) = 5

~ Wutility X

WDW = Wy + Wlltility = O% Total DW dead load
t

Mpw (%) = Mpyge(%) + Mygifigy (%)

VDW= Vigs(X) + Vigiligy(X)

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

Span/2 e Span/2

Maximum Live Load Moment

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

32
) HL-93 Truck load, axle loads and spacing
P:=| 32 |-kip
p (LRFD 3.6.1.2.2)
0
XL:=| 14 |-ft
14
Py XL, + 131~(XL0 + XLI) + PZ-(XLO + XL, + XL )
Xeg = =9.333 ft
P +P +P
0 1 2 Center of gravity for axle loads
XL1 ~ Xcg
z:= —— = 2.333.ft Distance from c.g. of axle loads to
2 centerline of span
Span

Xleft = T - Z— ng = 32.167ft

X
left 32.167
X = Xjeft + XL, = | 46.167 |ft Distance from left support to axle loads

Xjefp + XL, + XL, 60.167

Live load moments and shear - One HL-93 truck

Case 1 X

Span/2 | Span/2

CASE 1

(FDOT design examples)
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N o Span-xx .(Span —x- XL1)~X L '(Span - x - XL, - XL2)~X
truck1\?) -~ T Span 1 Span 2 Span
y o (Span-x) | (Span— X — XLI) - (Span— x = XL, - XLZ)
x):=P - . .
truckl 0 Span 1 Span 2 Span
Case 2
X
PO P1 P2
L xu x2 |
Span/2 | Span/2 |
| 1
CASE 2
(FDOT design examples)
" P (Span — x)-(x - XLI) o (Span — x)-x o (Span - X - XLz)-X
X) = . . .
truck2 0 Span 1 Span 2 Span
y o —(x - XLI) o Spnox) (Span - XL2>
truck2™ = o Span 1 Span 2 Span
M ek(X) = maX(Mtruckl(X)’MtruckZ(X)) Moment and shear introduced by Truck
HL-93
Viruck(X) = max(vtruckl(x) ’ Vtruck2(x))
My 1 M) = Mipuek () IM + My (x) Live load (truck and lane) moment and

shear, including impact (IM is for limit
states other than fatigue)

VLL.IM®) = Vi () IM + Vig6(x)

For Training Purposes Only, NOT To Be Used For Construction
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M (%) = My + Mpgpe(x) Live load (truck and lane) moment and

shear, excluding impact

VLL®) = Ve (X)) + Viane(X)

------------_[ jve Load for fatigue limit state -------------

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

Pp XLe +Pp (XLe + XLp )+ Pp (XLe + XL + XL
fo ™o " 7 ( fo fl) f ( fo fy fz)
Xeg f = P Y— = 18.222ft
fo o 7T T

Center of gravity for axle loads

XLf — XC f

- Cee ,

zp = ————— = 5.880-ft Distance from c.g. of axle loads to
2 centerline of span

Span

Xleft.f = T - Zf - ng.f = 19.722 ft

Xeft.f
Xleft.f + XLf1

19.722

Xp = =149.722 |ft Distance from left support to axle loads

Xjeff + XLp + XLg | 03722

Live load moments and shear - One HL-93 truck

Case 1
Span — x — XL¢ )-x Span — x — XLe — XL¢ }-x
X) = . . .
truck1.f fO Span f1 Span f2 Span
Span — x — XL Span — x — XL¢ — XL
R R (5 f1)+P (5 X
X) .= . —_— . .
truckl £ 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)X .

(Span -x - XLg )-x
2

M X) := P¢ -
truck2.£(*) f0 Span 1 Span f2 Span

(Span - X - Xsz)

\Y (Span — x)
X) = Pg - + Pe - + Pp -
L fo Span £y Span £y Span
Mk £(X) = maX(Mtruckl.f(X) sMiruck2. f(x)) Moment and shear introduced by Truck

HL-93, for fatigue limit state

Viruck £3) = max(Virekp £0 Viryeko £(x))

ML ML) = Mgyl £09) Mpaigye ;z?(teigLrle Live load (truck) moment and

VLLIM.F®) = Viruck £ Magioye

at midspan

Span )
MLL.IM.f(T) = 1198-kip-ft

Span .
VLL.IM.f(_z j = 24-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

E
Kg = C'beam-(lg + Ag~eg2) = 7.181 x 105.1114 Longitudinal stiffness parameter
E
c.slab (LRFD 4.6.2.2.1)
Type k cross-section in LRFD Table 4.6.2.2.1
Moment distribution factor for interior beams
When one design lane loaded
0.1
. 104 £ g1\03 Kq
8m.] T V00 F 14) \L) 3 (LRFD Table 4.6.2.2.2b-1)
12.0-L-tg
0.1
g 1= 0.06 + BeamSpacing 0'4_ BeamSpacing 0'3' Kg _ 0488
) 14-ft Span in 3
12.0-E~Span-tslab
Distribution factor for moment in interior
beams when one lane is loaded
When two or more design lane loaded
0.1
s 06 /(102 Ky
gm2 = Y * 95) L) 3 (LRFD Table 4.6.2.2.2b-1)
' 12.0-L-tg

For Training Purposes Only, NOT To Be Used For Construction
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0.1
. 0.6 . \02 K
g 5= 0.075 + BeamSpacing _ BeamSpacing ) g — 0.696
‘ 9.5-ft Span in 3
12.0-E-Span-tslab
Distribution factor for moment in interior
beams when two or more lanes are loaded
g = ma"(gm 1:8m 2) = 0.696 Distribution factor for moment in interior

beams

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

8m.check = |S « 3.5ft < BeamSpacing < 16ft = "OK"

tS < 4.5in < tslab < 12in

L <« 20ft < Span < 2401t
Nb < NumberOfBeam > 4

Kg “«— 10000in4 < Kg < 7000000in4

"OK" if (S-tS~L-Nb~Kg) =1

"NG" otherwise

8m.check = OK"

Shear distribution factor  for interior beams

When one design lane loaded

S

gy 1=036+— (LRFD Table 4.6.2.2.3a-1)
Ve 25.0
— 036 BeamSpacing 072 Distribution factor for shear in interior
Ey.1= P20 25.0-ft beams when one lane is loaded

When two or more design lane loaded

S S 2.0
&m2 =02+ 7 - (gj (LRFD Table 4.6.2.2.3a-1)
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BeamSpacin BeamSpacin 2.0
gy 0= 02+ ¢ _ P8 )~ 0.884
: 12-ft 35-ft

Distribution factor for shear in interior
beams when two or more lanes are loaded

g, = maX(gv,lagv.z) = 0.884 Distribution factor for shear in interior

beams

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

gy check = |S « 3.5ft < BeamSpacing < 16ft = "OK"

tS <~ 4.5in < tslab < 12in

L « 20ft < Span < 2401t
Nb < NumberOfBeam > 4

"OK" if (StgL-Ny) =1

"NG" otherwise

8y check = "OK"

Summary of live load distribution factors, interior beams

gm = 0.696 Distribution factor for moment in interior
beams

g, = 0.884 Distribution factor for shear in interior
beams

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

VELIMEX) = 8y VLLIM®™X) states other than fatigue)
Consider LL distribution factor

M) = gm My () Re-define
Live load (truck and lane) moment and
) shear, excluding impact
MLLSX) = gy VLX) Consider LL distribution factor
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state

MIAAMAESX) ©

AARBAMALX)

€m
= > MLLimr(®) Re-define
1.2 Live load (truck) moment and shear,
including impact (IM is for fatigue)
=15 VLLIME®) 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 factor used for the fatigue limit

For Training Purposes Only, NOT To Be Used For Construction
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4.4 Summary of Moments and Shear Forces

Strengthl = 1.25DC + 1.5DW + 1.75LL
Servicel = 1.0DC + 1.0DW + 1.0LL
Service3 = 1.0DC + 1.0DW + 0.8LL

Fatiguel =1 '75LLfatigue

Mfatigue(®) = L75-Mp 1hp (%)

Viatigue™®) = LTSV v £ (%)

at mispan

Span
2

Mpc.mid = MDC( j = 2025-kip-ft

Span .
MDW mid = MDW( 5 j = 0-kip-ft

Strength | limit state

Service | limit state

Service Il limit state

Fatigue | limit state

Strength | limit state

Service | limit state

Service Il limit state

Fatigue | limit state

Strength | limit state

Service | limit state

Service Il limit state

Fatigue | limit state

Due to DC

Due to DW
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M1 1 IM.mid = MLL.IM(%) = 1628-kip-ft Dueto LL
S .
ML L.IM.fatigue.mid = MLL.IM.f(%j = 695-kip-ft DuetolLL

Mstr1.mid = 1-25Mpcmid + 1-5Mpw mid * 175 MLL 1M.mid = 3381 kip-ft

Strength | limit state

Mgrvimid = 1OMpe mid + 1.0Mpw mig + 1-0-ML 1M mig = 3654-kip-ft

Service | limit state

Mgrv3.mid = 1OMpe mid + 1.0-Mpw mig + 0-8 ML 1M miq = 3328-kip-ft

Service Il limit state

Mfatigue.mid = 175" MLL.IM.fatigue.mid = 1216-kip-ft

Fatigue | limit state
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5. STRAND PATTERN

for FIB-36 Beam The paFtern of s-trands need to be adjusted
according to limit states

support debond1 debond2 midspan

™~
©
-
\ / 60
3" 1 6 @ 2" 3"
- e
support := 0ft Distance from left support
debond1 := 10ft Debond place1, "0" if no need debonding
debond2 := 20ft Debond place2, "0" if no need debonding

S
midspan := % - 43.833 1t
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Max number of
strands in each row,
from bottom up

max -

i=0
3.043
3.043
0.895
0
Ap=mApr=|
0
0
0
rows(n)—1

17

S O O O O W

.2
Ay total = Z Ap, = 6981-n
i=0

hg — 3in

hg — 5in

hg — 7in

. hg—91n
p- hg — 1lin

hg — 13in

hg — 15in

hg — 17in

33
31
29
27
25
23
21
19

-in

Number of strands in each row, from
bottom up

Adjust the numbers to satisfy Service
lll and Strength I limit states
(Sections 9 and 11 in this example)

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

example)

Total number of strands

Total area of strands in each row

Total area of strands

Distance from top beam
section to the center of
each strand row
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rows(n)—1
2. (" %))
i=0 . .
d = = 31.615-in Distance from top beam section to the
pstrands.c.g Ap total gravity center of strand group
d h,—d = 4.385-in

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

p.strands.c.g.bot = Mg ~ Yp.strands.c.g
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6. TRANSFORMED SECTION PROPERTIES

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

n, = 4.397 Elastic modulus ratio, Ep/Ec
.2
Agr = Ag + (1) = 1)Ap fota] = 830.295-in Area
rows(n)—1
i=0 .
Yg.tr.top = A = 19.856-in
g.tr

Distance from top fiber (beam) to N.A

Yg tr.bot = Mg = Yo tr.top = 16-144-in Distance from bottom fiber (beam) to N.A
) rows(n)—1 5 s 4
lggp=1Ig+ Ag'(yg.tr.top - yg.top) + Z [(np - 1)'Api(dpi - yg.tr.top) :| = 1.31x 107in
i=0
Ig o 3 3 Moment inertia
Sg.irtop = ~ 6.596 x 10™-in
Yg.tr.top
. Ig.tr 3.3
Sg.irbot = ~ 8112 x 10™-in
Yg.tr.bot

Cg tr.cg.strands ‘= Yg.tr.bot ~ dp.strands.c.g.bot = 11.76-in
eccentricity of strand group
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6.2 Transformed Section Properties - Composite Section
(Girder+Deck+Strands+Bars)

Assume #5 GFRP bar at 12" spacing, longitudinal direction, in both top and bottom of the
deck slab

ny = 1.271 Elastic modulus ratio, Egfrp/Ec

be

2
A = —A -2 =5.522-in
deck.rebar 12in GFRP

—h. +h tslab 34371 Distance from c.g. of rebar group (in deck
Yrebar -~ Mg * Mbuildup © 75 T t slab) to bottom of girder section

3.2
Ag comp.tr = Ag.comp * (np - I)Ap,tot;ﬂ + (nb - 1>'Adeck.rebar =1.669 x 10”-in

Area
rows(n)—1
Ag.compYg.comp.top * Z [Api'(np - 1)'dpJ
i=0
t
slab
+ (nb - 1)'Adeck.rebar'T
Yg.comp.tr.top = A = 16.726-in
g.comp.tr

Distance from top fiber (deck) to N.A

Yg.comp.tr.bot = hg.comp ~ Yg.comp.tr.top = 28.774-in Distance from bottom fiber (beam) to N.A

Yg.comp.tr.topbeam = Yg.comp.tr.top ~ tslab ~ hbuildup =7.226:in

Distance from top fiber of the beam to N.A

2 5.4
Ig comp.tr = Lg.comp * Ag.comp'(yg.comp.tr.top - yg.comp.top) e = 4.389 x 10"-in
rows(n)—1 5
+ Z [(np - 1>'Api'(dpi - yg.comp.tr.top) }
i=0
¢ 2
slab I
+ (nb - 1)'Adeck.rebar'(T - yg.comp.tr.topj Moment nertia
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1
Sg comp.tr.top = —LmPT 2.624 % 10"in’
yg.comp.tr.top
1
g.comp.tr 4.3
S = ——————— =1.525 x 10 -in
g.comp.tr.bot Yg comp.tr.bot
s BCOMPIT (0 1]

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

€g comp.tr.cg.strands = Yg.comp.tr.bot ~ dp.strands.c.g.bot = 24-389-in

Eccentricity of strand group
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7. PRESTRESS LOSSES

AprS: prestress loss due to elastic shortening

Total prestress loss
(AASHTO CFRP 1.9.2.1)

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

Eg

AprS = E_thcgp

£ = 239-ksi

3.
Foi = Ap total fyi = 1:665 x 10" kip

Cg tr.cg.strands — 11.76-in

Span )
Msf.beam.midspan = Msf.beam(Tj = 807.152 -kip-ft

Prestress loss due to elastic shortening
(AASHTO CFRP 1.4.2)

Jacking stress

Total jacking force

Eccentricity of strand group to N.A. of the
transformed non-composite section

Moment at midspan due to self weight of
beam

= 2.894 ksi

Concrete stress at gravity center of the
prestressing force at transfer

Prestress loss due to elastic shortening

F F 2 M
£ pi pi €g.tr.cg.strands sf.beam.midspan’€g.tr.cg.strands
cep Ty I I

g.tr g.tr g.tr

EP
AprS = chgp = 14.277 ksi
cl.beam (AASHTO CFRP 1.4.2)

fpt = fpi - AprS = 224.27-ksi

Prestress stress at transfer
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7.2 Long-Term Time-Dependent Prestress Losses (Refined Estimation)

Afyp 1 = (AfygR + Afycp + Aprl)i a7 (Afysp + Afyep + Afyry — Afgg) i

Total long-term time-dependent losses

id - time between transfer and deck
placement

df - ime between deck placement and the
final time

(LRFD 5.9.34.1-1)

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

Shrinkage of girder concrete (i->d)
Afpsr = €pid EpKig

Ag
kS = max| 1.45 - 0.13

Kpg == 2.00 — 0.014RH = 0.950

Kpe = 1.56 — 0.008RH = 0.960

Perimeterb cam’ i

,1.0| = 1.000
n

kg = =0.714
f.
ci.beam
1+
ksi
ty —t
1 0
ktd(to,tl) = e
100 — 4- Cl'k cam
si
12 +(t; —t
1710
f‘ci.beam ( )
20
ksi

keg(tj-tg) = 0.772

keg(tj- tg) = 0.997

(LRFD 5.9.34)

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

Time development factor
Time from transfer to final time
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ktd(td»tf> = 0.996 Time development factor

Time from deck placement to final time

Ebid = ks.khs.kf.ktd(ti,td)~0.48~10_ 3 _os16x 107 Shrinkage strain of girder
(LRFD 5.4.2.3.3)
-0.118 ;
\Ifb(tl ,to) = 1.9-ks-khc~kf-ktd(t0,tl)-to Creep coefficient
(LRFD 5.4.2.3.2)
\Ifb(td,ti) = 1.006 Time development factor
Time from transfer to deck placement
\Ifb(tf,ti) =1.298 Time development factor
Time from transfer to final time
\Ifb(tf,td> =0.738 Time development factor
Time from deck placement to final time
1
Kiq = 5 =0.871
E A, e
.total A %g.tr.cg.strand
1+ p Ap otal 1+ g.tr ~g.tr.cg.strands '(1+0~7"I’b(tfat'))
E_. A I !
ci.beam g.tr g.tr
Transformed section coefficient
(LRFD 5.9.34.2)
Af,QR = EpidEpKjq = 4924 ksi Prestress loss due to
Shrinkage of girder concrete
(LRFD 5.9.34)
Creep of girder concrete (i->d)
EP
A =Y Wty t:)K = 12.508 ksi Prestress 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 = 224-ksi Prestressing stress at transfer
t
AfpR(to-t) = [0.019% - 0.0066j-log[24-(t1 - to)]-fpu} if StrandTypecprp = |
u
- fpt
0.013 == ~ 0.006 |-log[ 24-(t} — to}]]-fy, | if StrandTypecprp =2
fpu
Prestress loss due to relaxation
(AASHTO CFRP 1.9.2.5.2)
AfyR) = Apr(ti,td) = 6.953-ksi Prestress loss due to relaxation

Time from transfer to deck placement

Total time-depedent prestress loss betweem transfer and deck placement

AforTid = Afpgr + Afycp + Afyp| = 24.385ksi

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

Shrinkage of girder concrete (d->f)

= kokpokek 0.48-10 ° = 3246 x 10
Ebdf = Kg'Khg K¢ td(td’tf)' 48 = 3.240 x
Shrinkage strain of girder
(LRFD 5.4.2.3.3)
943801 Eccentricity of prestressing force with
Cg.comp.tr.cg.strands = <7271 respect to composite section
(LRFD 5.9.34.3)
I — 4389 x 10™-in"
g.comp.tr — ™ x mn Moment inertia for transformed composite
section
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A = 1.669 103 in’
g.comp.tr — +-007 X 1Y 1M 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))
Eci.beam Ag.comp.tr Ig.comp.tr
Transformed section coefficient
(LRFD 5.9.34.3)
AfpSD = €bdf'Ep'de = 6.465ksi Prestress loss due to
Shrinkage of girder concrete
(LRFD 5.9.3.4.3)
Creep of girder concrete (d->f)
PpLT.i 4= AprT.i It Ap.total = 170.229-kip Prestress force loss between transfer to
deck placement

Span Span 3.
Mp[ ne = Msf.slab( ) j + Mforms( ) j = 1.053 x 10" -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 = 165.237 kip-ft

Permanent dead load moment at midspan
acting on composite section

2
PoLT.id . PpLT.id'(eg.tr.cg.strands)

Af 3= (-1
cd()A I

= —1.629-ksi
g.tr g.tr

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

Ig.tr Ig.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

For Training Purposes Only, NOT To Be Used For Construction

40




FDOT)

CFRP -PC TRAINING COURSE
DESIGN EXAMPLE: FIB-36

E

Eci.beam

Relaxation of prestressing CFRP (d->f)

f = 341-ksi
£ = 224-ksi

AfyRo = Afyp(tg.te) = 10.814-ksi

Shrinkage of deck concrete (d->f)

2-be-1n

A,
slab
K deck = max(1.45 -0.13 —, 1.0} = 1.000

kg = 0.950
kpe = 0.960
) 5
Kf deck = . = 0.769
c.slab
ksi
t; — t
1%
kid deck(f0-t1) =
fc.slab
100 — 4 o~
12 ~— |+ (11— to)
fc.slalb
20
ksi

E

AprD = —pfcgp(\l’b(tf’tJ - ‘I’b(td,tl»de + E—pAde\I’b(tf,td>de = —0.99-ksi

c.beam

Prestress loss due to
Creep of girder concrete
(LRFD 5.9.3.4.3)

Design tensile strength

Prestress stress at transfer

Prestress loss due to relaxation

Time from transfer to deck placement

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)
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ktd.deck(td°tf) = 0.996 Time development factor

Time from deck placement to final ime

3 4

€qdf = Ks.deck Khs Kt deck Ktd deck(1ds tf) 0-48-10 ~ = 3.495 x 10
Shrinkage strain of deck
(LRFD 5.4.2.3.3)

~0.118
T deck(t1:10) = 19K deck Khe ke deck Ktd.deck(t0+t1) 10

Creep coefficient
(LRFD 5.4.2.3.2)

o 3 Time development factor
b.deck(tf ’ td) = 0.795 Time from deck placement to final time

t
_slab = 12.476-in Eccentricity of deck with respect to N.A. of

Cdeck.comp ‘= Yg.comp.tr.top ~
P 8 P P transformed composite section

€ddf Aslab Ec.slab 1 Cg tr.cg.strands ®deck.comp
Adef . . —

= = 0.242-ksi
1+ O7‘I’bdeck(tf,td) I

Ag.comp.tr g.comp.tr

Change in concrete stress at centroid of
prestressing strands due to shrinkage of
deck concrete

Afygg = Ei-Afcdf-de-(l +0.7-Ty(tg,tg)) = 1.43-ksi

Prestress loss due to shrinkage of deck
concrete
(LRFD 5.9.34.3)

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

Afprr.df = Afpsp + Alfpep + Afpro — Afgg = 14.86-ksi
Total time-depedent prestress loss between deck placement and final time
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7.3 Summary -Prestress Loss

A
— =224%

1

Loss% :

Afypg = 14277 ksi

|
(o)

AfyrH =

Afyp 7 = 39.245ksi

Afyp 7id = 24.385ksi

Afyp 7 g = 14.86-ksi

£ = 239-ksi
£ = 224-ksi

fpe = fpi - Afp = 185-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 -)

f

compressive.allow.before.loss = 0.65-f

ci.beam = 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

' f‘ci.beam
ftensile.allow.15%.before.loss =-0.24: ksi

0.5
j ksi = —0.588-ksi
Tensile stress limit for concrete in outer
15% regions
(FDOT SDG 4.3.1)

ci.beam

N 0.5
fiensile.allow.70%.bond.before.loss = _0'24'( si j 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)

L beam

0.5
ksi, 0.2ksi| = —0.2-ksi
ksi

fiensile.allow.70%.unbond.before.loss = ~Mi 0'0948'(

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

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

3.
Ppi = Ap.total'fpi = 1.665 x 10™-kip Total prestress force at release
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8.1 At Mid-Span Section

midspan = 43.833 ft

pi pi Cg.tr.cg.strands

P_. N Mt beam(midspan) — P

fc topbeam.midspan = A

g.tr Sg.tr.top

= 0.505 ksi

Concrete stress at top fiber of the beam at

mid-span

) Ppi M peam(midspan) — Ppi'eg.tr.cg.strands .
fc.botbeam.midspan TA = 3.226-ksi

g.tr Sg.tr.bot

Concrete stress at bottom fiber of the

f beam at mid-span

compressive.allow.before.loss ~ 3.900-ksi

f

tensile.allow.70%.bond.before.loss ~ —0.588 ksi in the pretensioned beams, at the

midspan, "bonded reinforcements"

CheCk‘top.midspan = |if fc.topbeam.midspan 2 Oksi

orn fC.tOpbeam,midSpan < fcornpressive.allow.before.loss
"NG" otherwise
if fc.topbeam.midspan < Oksi
"OK"if _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 fc.botbeam.midspan = fcornpressive.allow.before.loss

"NG" otherwise

if fe botbeam.midspan < 0Ksi

"OK" if _fc.botbeam.midspan < fiensile.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 pacy = Support + Ly oeor = 2.5 1t

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

c.topbeam.at.release2 *= A S = —0.801 ksi
g.tr

g.tr.top

Concrete stress at top fiber of the beam at
support

) Ppi Msf.beam(supportcheck) - Ppi'eg.tr.cg.strands .
fe botbeam.at.release2 = N = 4.287-ksi

g.tr Sg.tr.bot
Concrete stress at bottom fiber of the
beam at support
fcompressive.allow.before.loss = 3.9-ksi
ftensile.allow.15%.before.loss = ~0-588 ksi
f
) o~ . c.topbeam.at.release2
CheCksp.top = |"OK" if fc.topbeam.at.releaseZ 2 Oksi A <1
compressive.allow.before.loss
—f
o~ . c.topbeam.at.release2
OK" if f; topbeam.at.release2 < Oksi A — . <1
compressive.allow.before.loss
"NG" otherwise
in the pretensioned beams, at the
support, "bonded reinforcements"
CheCkSp i — "OK" check concrete stress limits at top fiber
: of beam
f
o~ . c.botbeam.at.release2
Ched(sp.bot = |"OK" if £ potbeam.at.release2 = Oksi A <1
compressive.allow.before.loss
—f
o~ . c.botbeam.at.release2
OK" if f; potbeam.at.release2 < Oksi A — . <1
compressive.allow.before.loss
"NG" otherwise
in the pretensioned beams, at the
CheckSp bot = NG" support, "bonded reinforcements"
: check concrete stress limits at bot fiber
of beam
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-
Check gy, := | "No Need to Debond Strands"  if CheCksp.top ="OK" A CheCksp.bot = "OK"

"Need to Debond Strand" otherwise

Checkdb = "Need to Debond Strand" Need to debond strands?
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Debond some strands at support to satisfy concrete stress limites (if necessary)

v 6.8
1 6.8
> 2
) 0
ne 0 Npax debond = N-40% = 0
0 0
0 0
’ 0

Adjust

s -=

S O O O o o b~ O

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.)

11

13
5
0
Dafter.dbs = 0 ~ Ndbs = 0
0
0
0
rows(n)—1
Dafter.dbs.total = Z Nafter.dbs, = 29
i=0

Check30% = "OK"

HNGH

Check3 0% = "OK"

Check40% = "NG"

"OK"

Check40% = "OK"

¢ Ototal ~ Mafter.dbs.total
i
Diotal

otherwise

if for ie 0..rows(n) — 1

ndbsi > 40(‘%)'1’1i

break

otherwise

<30%

Number of bonded strands in each row
after debonding at support dbs
bottomup, 0...8

Remaining total number of debonded
strands after debonding support

Check if total debonded strands exceed
30% of total strands (SDG 4.3.1)

Check if debonded strands in each row
exceed 40% of total strands in that row
(LRFD 5.9.4.3.3)

For Training Purposes Only, NOT To Be Used For Construction

48




CFRP -PC TRAINING COURSE
FDOT DESIGN EXAMPLE: FIB-36
—— -
3.
Ppi.dbs ‘= Nyfter.dbs.total’ Apf-fpi = 1.238 x 10”-kip Total prgstress force atrelease, after
debonding support
1.969
2.327
0.895
0.000 | -
Ap.dbs = Dafter.dbs Apf = 0.000 | ™ Total area of strands in each row, after
debonding support
0.000
0.000
0.000
. rows(m)-1 2 Total area of strands, after debonding
Ap.total.dbs = z A‘p.dbsi =5.191"in support
i=0
rows(n)—1
-d
Z (A‘p.dbsi pi)
d i=0 31.414-in
.strands.c.g.dbs = =LAl
P £ Ap.total.dbs

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

d h,-d = 4.586-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 = 824.215-in Area

rows(n)—1
i=0 .
Yo tr.top.dbs = = 19.765-in
£ P Ag.tr.dbs

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

Yg.tr.bot.dbs = g = Yg tr.top.dbs = 16-235:in Distance from bottom fiber (beam) to N.A
after debonding support
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—
Ig tr.dbs = Ig + Ag'(yg.tr.top.dbs - yg.top)2 = 13 % 107"
rows(n)—1
+ Z |:(np - 1)'Ap.dbsi'(dpi - yg.tr.top.dbs)z}
i=0

Moment inertia, after debonding support

I
.tr.db
Sg,tr.top.dbs = L = 6.579 x 1031113
Yg tr.top.dbs
Ig.tr.dbs 3 3
Sg tr-bot.dbs =~ = 8:009 x 10™in
Yg tr.bot.dbs

Cg tr.cg.strands.dbs = Yg.tr.bot.dbs ~ dp.stralnds.c.g.bot.dbs = 11.649-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 = —0.527 -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
it = 3.17-ksi

fc.botbeam.suppo beam at support
fcompressive.allow.before.loss = 3.9ksi
ftensile.allow.15%.before.loss = ~0-88-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

debondl = 101t debond distance, defined at strand pattern
debondl_ 1, 4.0 Check if the debond distance is within 15%
Span Adjust span range to beam ends

17 6 2 15

17 4 0 17

> 0 0 > Number of bonded

0 0 10 _ 0 strands in each row
n= 0 Ndps = 0 b1 = 0 Dafter.dbl = 0~ Odbl = 0 after debond 1 (db1)

bottomup, 0...8

0 0 0 0

0 0 0 0

0 0 0 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.)

rows(n)—1
n = n =37 Number of bonded strands after debond 1
after.dbl.total Z after.dbl ;
i=0
3
P =n . £ .= 1.58x 107-ki Total prestress force at release, after
i.dbl after.db1.total Spf p
P otal Apf pi debond
2.685
3.043
0.895
0.000 | -
Ap.dbl = Nafter.dbl Apf = 0.000 | " Total area of strands in each row, after
debond1
0.000
0.000
0.000
rows(n)—1

Total area of strands, after debond1

.2
Aptotaldbl = Y Apdp1, = 6:623in
i=0

rows(n)—1
> (Ap.dbl .'dp.) _ _
0 L Distance from top beam section to the
dp strands.c.g.dbl = — =31.541-in  gravity center of strand group, after
Ap.total.dbl debond1
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d h,-d 1= 4.459-in

p.strands.c.g.bot.dbl = g = Yp strands.c.g.db
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

. 2
Ag.tr.dbl = Ag + (np - I)Ap.total.dbl = 829.079-in Area

rows(n)—1
Ag¥gtop * D, [Ap-dbli'(“p - 1)'dpi]
i=0
Yg.tr.top.dbl = = 1.653 ft
£ P Ag.tr.dbl

Distance from top fiber (beam) to N.A
after debond1

Ygtrbotdbl = g ~ Ygtrtop.dbl = 13471t Distance from bottom fiber (beam) to N.A
after debond1

2 5.4
Lo trdb1 = Ig+ Ag'(yg.tr.top.dbl - yg.top) = 1.308 x 10"-in

rows(n)—1 ;
i Z |:(np B 1)'Ap-db1i'(dpi - yg.tr.top.dbl) :|
i=0
I Moment inertia
: g.tr.dbl 3.3 after debond1
Sg tr.top.dbl = T = 6.592x 107-in
Yg.tr.top.dbl
) Ig.tr.dbl 3.3
Sg.trbot.dbl = T = 8.09x 107in
Yg tr.bot.dbl

€g tr.cg.strands.dbl = Yg.tr.bot.dbl ~ Yp.strands.c.g.bot.dbl = 11.704in

eccentricity of strand group
after debond1
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Check concrete stress limits at debond1 section, after debond1

Ppi.dbl . M peam(debondl) — Ppi.dbl'eg.tr.cg.strands.dbl

fc.topbeam.debondl = A S = —0.306-ksi
g.tr.dbl g.tr.top.dbl
Concrete stress at top fiber of the beam at
debond1 section
) Ppi.dbl M peam(debondl) — Ppi.dbl'eg.tr.cg.strands.dbl .
fe botbeam.debond1 = A - S = 3.707ksi
g.tr.dbl g.tr.bot.dbl
Concrete stress at bottom fiber of the
beam at debond1 section
fcompressive.allow.before.loss = 3.9-ksi
... debondl .
fiensile.allow.debond1 = | ftensile.allow.15%.before.loss if Span < 15% = —0.588 ksi
.. debondl

ftensile.allow.70%.b0nd.before.loss

if > 15%

Span

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
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Checky ot db1 =

if fc.botbeam.debondl > Oksi

if

I‘OK"

HNGH

HOKH

I‘NG"

Checkpo,gp1 = "OK”

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

otherwise

fe botbeam.debond1 < 0ksi

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

otherwise

Check concrete stress limits at the
debond1 section, bottom fiber, at release
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8.4 At Debond2 Section

debond2 = 20 ft

—de;’:;fz = 22.8%
17 6 2
17 4 0
5 0 0
0 0 0

n=l fdbs = |, b1 = |,
0 0 0
0 0 0
0 0 0

debond distance, defined at strand pattern

Adjust

0

0

0

0 make all 0,

Ngpo = means no debonding after

0 debond2

0

0

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.)

17
17
5
0
Dafter.db2 == 0 ~ Ndb2 = 0
0
0
0
rows(n)—1
Nafier.db2.total = Mafter.db2, = 39

i=0

3.
Ppi.db2 = Nafter.db2.total Apf Tpi = 1665 x 107-kip

3.043
3.043
0.895
0.000 | o
Ap.db2 = Mafter.db2 Apf = | 100 | ™
0.000
0.000

0.000

Number of bonded strands in each row
after debond 2 (db2)
bottomup, 0...8

Number of bonded strands after debond 2

Total prestress force at release, after
debond2

Total area of strands in each row, after
debond2
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rows(n)—1

Ap.total.db2 = Z Ap.dbz, = 6-981- in’

Total area of strands, after debond2

rows(n)—1
Z (Ap.de.'dp.)
1 1
i=0 .
dp strands.c.g.db2 = =31.615-in
Ap.total.db2
Distance from top beam section to the
gravity center of strand group, after
debond2
dp.strands.c.g.bot.dbz = hg - dp.strands.c.g.dbz = 4.385-in

Distance from bottom beam section to the
gravity center of strand group,after debond?2

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

. 2
Ag.tr.de = Ag + (np - I)Ap.total.db2 = 830.295-in Area

rows(n)—1

Ag¥gtop t Z |:Apdb2 (n - l)d ]

Yg.tr.top.db2 = = 19.856-in
g.tr.de
Distance from top fiber (beam) to N.A
after debond?2
Yg.trbot.db2 = hg ~ Yg.tr.top.db2 = 16.144-in Distance from bottom fiber (beam) to N.A
after debond?2
2 5.4
Lo trdb2 = Ig + Ag'(yg.tr.top.dbz - yg.top) = 131x 10"in
rows(n)—1 5
+ |:(n - I)Ap db2 ~(d —y Moment inertia
p .db2.( “p. g.tr.top.db2
Z AN after debond2

i=0
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I
Sy ¢ =202 (506 % 10%in’
grtop.db2 Yg tr.top.db2
I
Sg.rbot.db2 = 2?1 x10bin®
Yg tr.bot.db2

Cg tr.cg.strands.db2 ‘= Yg.tr.bot.db2 ~ Clp.strands.c‘g.bot.de = 11.76-in

eccentricity of strand group
after debond2

Check concrete stress limits at debond2 section, after debond2

Ppi.db2 . M peam(debond2) — Ppi.de'eg.tr.cg.strands.de

fc.topbeam.debondZ = A S = 0.071-ksi
g.tr.db2 g.tr.top.db2
Concrete stress at top fiber of the beam at
debond2 section
) Ppi.db2 M peam(debond2) — Ppi.dbl'eg.tr.cg.strands.de .
fe botbeam.debond2 = A - S = 3.455-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 if Span < 15% = —0.588 ksi
... debond2

f

tensile.allow.70%.bond.before.loss > 15%

i
Span

in the pretensioned beams, at the
debond2 section, "bonded
reinforcements”
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Ch“k‘top.db2 = |if fc.topbeam.debondZ 2 Oksi

"OK" if f <f,

.topbeam.debond?2 ompressive.allow.before.loss

"NG" otherwise
if f. topbeam.debond2 < Oksi

"OK" if _fc.topbeam.debondZ < ~fiensile.allow.debond2
"NG" otherwise

Checktop db2 = "OK" Check concrete stress limits at the
: debond2 section, top fiber, at release

Checky ot gb2 = |if fc botbeam.debond2 = 0ksi

"OK" if £ potheam.debond2 = fcornpressive.allow.before.loss

"NG" otherwise
if T potbeam.debond2 < Oksi

"OK" if _fc.botbeam.debondZ < _ftensile.allow.debond2
"NG" otherwise

Checky ot qpp = "OK" Check concrete stress limits at the
: debond2 section, bottom fiber, at release
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8.5 Summary
at midspan midspan = 43.833 ft

at support 251t

Liransfer =

Need to debond strands?

at debond1 debondl = 10 ft

at debond2 debond2 = 20 ft

Strand pattern

without debond number debond number debond number
debond at support atdebond1 atdebond2
17 6 2 0
17 4 0 0
5 0 0 0
0 0 0 0
n= 0 Ndbs = 0 Ngb1 = 0 Ngb2 = 0
0 0 0 0
0 0 0 0
0 0 0 0
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9. STRESS LIMITS FOR CONCRETE
STRESSES AT SERVICE LIMIT STATE (AFTERALL LOSSES)
(LRFD 5.9.2.3.2)

(Compression +, Tension -)

for stresses after all losses

3. .
Ppe = Ap.total'fp o= 1.292 x 10”-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¢ gqp = 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)

f

compressive.allow.after.loss2.beam = 0.60-f,

c.beam = 5.1-ksi

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

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

ftensile.allow.afttﬂr.loss.beam =

0.5
f .
b
—min| 0.24{%} ksi,0.6ksiﬂ if Environment = "Extremely"
si

. 0.5
—min| 0.0948-(@] ksi,0.3ksi|| otherwise
si
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f —0.588-ksi

tensile.allow.after.loss.beam = Tensile stress limit for concrete, after all

losses (LRFD 5.9.2.3.2b) (Service IlI)

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)

f

compressive.allow.after.loss1.deck ~ 2.475-ksi

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

MpermanentZ = Mutility(midSpan) + Mgy g(midspan) + My, i (midspan) = 165.237-kip-ft

M
) permanent2 .
f, deck topl = S— = 0.076-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)

M

Compressive stress limit for deck concrete

. . . 3..
permanent] = Mgf beam(midspan) + Mgy (1 (midspan) + Mg, o (midspan) = 1.86 x 107 -kip-ft
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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

£, beam. topl = 2.669-ksi Concrete stress at the top fiber of beam
ChGCk‘topbeaml = |"OK" if fc.bealrn.topl = fcornpressive.allow.after.loss1.bealrn

"NG" otherwise
ChGthOPbeaml 5 s 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

M L IM.mid = 1.628 x 103~kip-ft Moment due to Live Loads (truck and lane)

My [ IM.mid

f, deck.top2 = f, 4 eck.topl * S = (.82-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
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Checkyndeck2 = "OK” Concrete stress at the top fiber of deck

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 = 2.991 -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

Critical section: mid span

for beam, check tensile limit at the bottom fiber

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

ftensile.allow.after.loss.beam =

P

pe Ppe €g tr.cg.strands

fe beam.bot == N S = —0.478 ksi
g.tr g.tr.bot
-M -M -M :
permanent] . permanent2 +(08) LL.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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Checkpogbeam = |"OK" if —f,

Checkyiheam = "OK"

9.4 Summary

Checkyndeck1 = "OK"

Checkynpeam = "OK"

Checkyndeck1 = "OK"

Checkynpeam = "OK"

CheCkbotbeam = "OK"

beam.bot = _ftensile.allow.after.loss.beam

"NG" otherwise

Concrete stress at the bottom fiber of

beam
fc.deck.topl
= 0.031
fcornpressive.allow.after.loss1.deck Service |
fc.beam.top 1
=0.698
fcornpressive.allow.after.loss1.bearn Service |
fc.deck.topZ 0,249
f . o Service |
compressive.allow.after.loss2.deck
fc.beam.tOpZ
=0.586 Seni
f . ervice |
compressive.allow.after.loss2.beam
~f¢ beam.bot .
- : =0.813 Service lll

_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 = - + + = 2.669 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 = 0.956-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

Ppe =1.292 x 103-kip Total prestress force, at service, after all
losses
3. . .
M,, == Mgr1 mid = 5-381 x 10™-kip-ft Strength | limit state moment at midspan
S moment = 0-75 Reduction factor for CFRP prestressed

girder - Moment

fc.beam — 10ksi
O beam = min| max| 0.85 — O.OZ-T,O]S ,0.85|=0.85
’ si

fc beam — 4ksi
B1 beam = min| max| 0.85 — O.OS-T,O.& ,0.85 | =0.65
’ si

B1 = B1.beam = 0-65

f

— 10ksi
slab
O glab = min[max(O.SS Y ak : ,O.75j,0.85j - 0.85
' si

S1

fe slab — 4ksi
B1 glap = min| max 0.85 — 0.05-———,0.65 |,0.85 | = 0.775

Concrete stress block factor

(LRFD 5.6.2.2)
Epu = 0015 Rupture strain of CFRP strand
foe -3 . .
€pe’= = = 8.231 x 10 Effective prestress strain of CFRP
p
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€oy = 0.003

pf -

3.043
3.043
0.895

-in

S O O O

for ie 0..rows(n) — 1
dpf ; < dpi + lab + hbuildup

dpf

42.5
40.5
38.5
36.5
345
325
30.5
28.5

11.1 Compression-Controlled Section

ceo = 9.032-in

aaC =

By-ccc = 5.871-in

€ee.C = Ecy = 0.003

Erc=

for ie 0..rows(n) — 1

EfC ¢ Enn T E .
f.Ci pe " “cc.C e

EfC

dpfl — CCC

Concrete crushing strain

Area of strands in each row
bottomup, 0...8

Distance from top slab section
(composite section) to the center of each
strand row

bottomup, 0...8

-in

Concrete compression depth
This number is defined later to satisfy C=T

0.019
0.019
0.018

0.017
CFRP strain in each row

0.017 | bottomup, 0...8
0.016

0.015
0.015
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fro= | for ie 0. rows(n) - 1
fee, < ercBp

frc

Checkfp.c := | "CFRP Rupture Before Concrete Crushing, Assumption Not Satisfied" if ff.CO > fpu

435
420
405

390
~ 1375 ks CFRP stress in each row
bottom up, 0...8

360
345

330

"Compression Controlled Section, Assumption Satisfied" otherwise

Checkfp.c = "CFRP Rupture Before Concrete Crushing, Assumption Not Satisfied"

Tgo:= |for ie 0..rows(n) — 1
Trc, < fre;Ap,

Trc

rows(n)—1

T = Tee = 2.
CFRPC= Y £.C,

i=0

1323

1278

363
0 .

| o ‘kip CFRP tension force in each row
0 bottomup, 0...8
0
0
964 x 103~kip Total tension force in all CFRP strands

Define differnt depth of compression zone

ttl = tslab = 8.5-in

tt2 = ttl + hbulldup =9.5in

13 := 2 + hpeam top. flange = 130

hif = Npeam.top.flange

B¢ = bheam.top. flange

Beam, top flange thickness

Beam, top flange width
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Ceoncrete.C = |1 slab fe.slab3dc be 1f aac <ttl

(al.slab'fc.slab'tslab'b ) if ttl < aaC <tt2
+[ o slab e stab (33C = 1) byg
(0‘1.slab'fc.slab'tslab'be) if tt2 < aac <tt3

+ (0‘1 .slab'fc.slab'hbuildup'btf)
+[0‘1.beam'fc.beam'(aac - tt2)'btf:l

(0‘1.slab'f‘c.slab'tslab'b ) if aac >3
+ (o1 slab e slab Mbuildup btf) -

+ (0‘1 .beam'fc.beam'htf'btf)
+[0‘1.beam'fc.beam'(aac - tt3)'bweb]

Compression force from concrete

Note: here FIB 36 section dimensions are
simplified

C C = 2.964 x 103~kip

concrete.
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rows(n)—1
M, = Z (Tf'c,dpf,) if aac <ttl
i=0
aaC
+ (1| (2 slab Te slab32C be) =Y
rows(n)—1
Z (Tf,c.'dpf) if tt] <aac <2
i=0

ttl
+(—1)‘(0‘1.slab'fc.slab'tslab'b )(T)

aa~ — ttl
+ (—1)‘[al.slab'fc.slab'(aac - ttl)'btf]'[ttl + Tj

rows(n)—1

Z (Tf.Ci'dpfi> if 2 <aac < tt3
i=0
ttl
+ (_1)'(OLI.slab'fc.slab'%lab"’e)'(?)
hi..:
buildup
+ (D(0_slab Fe.slab Pouildupber )| 11 + Tj

aa~ — tt2
+ (—1)'I:al.beam'fc.beam'(aac - ttz)'btf]' t2 + T)

rows(n)—1

i=0

ttl
+ (—1)'(0‘1.slab'fc.slab'tslab'be)'(T)

+(=1)(o) g1ab fe slab Mbuildup Pef) | 1 +

Npuildup
— -

h
tf
+ (_1)'(0‘1.beam'fc.beam'htf'btf)'(tt2 + Tj

aac — tt2
+ (_1)'[0‘1.beam'fc.beam'(aaC - tt3)'bweb:|' 3+ 2

M, ¢ = 9439 x 103~kip-ft Moment capacity (with respect to top fiber
' of the composite section)

Checker.c = Ceoncrete.c ~ TeFrp.C = 0-kip Tension = Compression
Checkfp.c = "CFRP Rupture Before Concrete Crushing, Assumption Not Satisfied"

ccc = 9.032in Adjust cc until C-T~0

For Training Purposes Only, NOT To Be Used For Construction

7




FDOT)

CFRP -PC TRAINING COURSE
DESIGN EXAMPLE: FIB-36

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

"Compression Controlled Section"

SectionControl = "Tension Controlled Section"

11.2 Tension-Controlled Section

cer = 7.12-in

aaT = (By-ccp = 4.628-in

Epf.T = Epu = 0.0152

€ee.T = (Epu~ Epe)’ W
0

Checkcc.T =

CCT

~ 1394 10 °

"OK" if g < Egy

otherwise

Concrete compression depth
This number is defined later to satisfy C=T

CFRP strain in bottom row is rupture
strain

Concrete strain at the top fiber of the
section (deck)

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

Check,, 1 = "OK"

EfT =

for ie 0..rows(n) — 1

€f'Ti — €

€T

p

e+€

cc. T

dpfi - cep

CCT

0.0152
0.0148

0.0144
0.0140 CFRP strain in each row

bottom up, 0...8
0.0136

0.0132
0.0128
0.0124
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fep= |for ie 0.rows(n) -1 =
fe, < err Ep
fer
Checkfp‘T =

"OK" otherwise

Checkp, 1 = "OK"

for ie 0..rows(n) -1 =

Ter, < frrAp,

Tep =

Ter

rows(n)—1

341
332
323
314
306
297
288
279

1037
1010
289

S O O o O

-kip

3
TeprpT= . Tgr, = 2336 x 107kip
1

i=0

CFRP stress in each row
bottomup, 0...8

"CFRP Rupture, Assumption Not Satisfied" if ff'TO > fpu

CFRP not rupture

CFRP tension force in each row
bottomup, 0...8

Total tension force in all CFRP strands
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Ceoncrete. T = |1 slab fc.slab a1 be if aap <ttl
(O‘l.slab'fc.slab'tslab'b ) if ttl < aap < tt2
+[O‘l.slab'fc.slab'(aaT - tslab)'bbeam.bot..ﬂangeil
(0‘1.slab'fc.slab'tslab'be) if tt2 < aaT < tt3

+ (0‘1 .slab'fc.slab'hbuildup'bbeam.bot..ﬂange)
+[OLI.beam'fc.beam'(aaT - t‘[2)'bbeam.bot..ﬂange]

(0‘1.slab'f‘c.slab'tslab'b ) if aa >3
+ (0‘1.slab'fc.slab'hbuildup'bbeam.bot..ﬂange)

+ (0‘1 .beam'fc.beam'hbeam.top.ﬂange'bbeam.bot..ﬂange)
+[0‘1.beam'fc.beam'(aaT - tt3)'bweb]

Compression force from concrete
Note: here FIB 36 section dimensions are
simplified

C T = 2337 x 103~kip

concrete.
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R
rows(n)—1
M, = Z (Tf.T..dpf) if aap <ttl
i=0
aaT
+(=1) (al.slab'fc.slab'aaT'b ) 5
rows(n)—1
Z (Tf.T.'dpf.) if ttl < aap < tt2
i=0

ttl
+(—1)‘(0‘1.slab'fc.slab'tslab'b )(7)

aa — ttl
+ D[ gtab Te stab (38T — 1) by ]| tl + ———

rows(n)—1

Z (Tf.Ti'dpfi) if 12 < aap < 3

i=0
ttl
+ (—1)‘(0‘1.slab'fc.slab'tslab'be)'(7)

h .
buildup
+ (—1)'(‘11.slab'fc.slab'hbuildup'btf)'(“1 + —J

aat — tt2
+ (—1)'[0‘1.beam'fc.beam'(aaT - ttz)"’tf]' t2 + T]

rows(n)—1

> (TflT{dpfi) if aa > tt3
i=0

ttl
+ (—1)'(0‘1.slab'fc.slab'tslab'be)'(7)

hio:
buildup
+(=1)(o) g1ab fe slab Mbuildup Pef) | 11 + —j

h
tf
+ (—1)'(0‘1.beam'fc.beam'htf'btf)'(tt2 + 7)

aaT — tt2
+ (—1)'[0‘1.beam'fc.beam'(aaT - tB)'bweb]'(tt3 + 5 j

M, 1= 7.56 x 103~kip-ft Moment capacity (with respect to top fiber
' of the composite section)

Checker 1= Cooncrete.T ~ TCFRp.T = 0°KiP Equilbrium check
CheCk‘fp.T = "OK" CFRP strain limits check
Check = "OK" Concrete strain limits check

ccp = 7.12in Adjust cc until C-T~0
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11.3 Summary

SectionControl = "Tension Controlled Section"

cc:= |cep if SectionControl = "Tension Controlled Section" =17.12-in

cco if SectionControl = "Compression Controlled Section”

Compression Depth

M, = M, 1 if SectionControl = "Tension Controlled Section" =7.56 x 103-kip-ft

M, ¢ if SectionControl = "Compression Controlled Section"

Moment capacity
M, = dhoment Mp = 5670-kip-ft
M,, = 5381-kip-ft
CheckM = |"OK" if M, =M,
"NG" if M, <M,
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'|:('Yl'fr + WZ'fcpe)'SC - Mdnc'(s_ - lﬂ
nc

f: beam = 0-7-ksi

= 1.6

Yy = 1.1

3= 1.0

fcpe _ jpe N Ppe'ei.tr.cg.strands 3 498.ksi
g.tr g.tr.bot

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

M =3 (“fl'fr.beam + '72'fcpe>'sg,c0mp.tr.b0t

(AASHTO CFRP 1.7.3.3.1)

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

.. = 1.86 x 103~kip-ft

Total unfactored dead load moment acting
on the noncomposite section

S

S
. .tr.bot
i Md[& i lﬂ 4579 10 ki

g.tr.bot

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

req cr

SectionCT :=

1'33Mu) = 4.579 x 103-kip~ft Required minimum amount of CFRP shall

develop the moment capacity Mreq

"C" if SectionControl = "Compression Controlled Section"

"T" if SectionControl = "Tension Controlled Section"

Check incrrp = | "Compression Controlled Section, Not Applicable” if SectionCT = "C"

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

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

Check pincrrp = "OK"

q

q

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 stirrup, 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 =41.115-in Effective depth from the extreme
.sh . .strands.c.g.bot
e-sheat g-comp P-SHANES.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 = 38.801-in
Effective shear depth
(LRFD 5.7.2.8)
shearcheck := d, + PadWidth = 3.651t Critical shear section, from left support
2
b,:=b =7-in Width of web
b
voowe (LRFD5.7.2.7)
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13.2 Contribution by Prestressing CFRP

p- Straight strands, no draped, Vp=0

13.3 Contribution by Concrete, Vc

Vg = 0.0316-B- [T; peam by dy (LRFD5.7.3.3-3)

Determine paremeters 3 and 6

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

|Mu|+05N Ve = V| - Apety
! u- ~ Spf 0
dy P Net longitudinal tensile strain
g -
f.shear AASHTO CFRP 1.8.3.2
Ny.shear = 0 Factored axial force at shear critical
section
Vishear = Vstr] (shearcheck) = 271.846-kip Factored shear at shear critical section

Mgy, (shearcheck) = 885.949-kip-ft

M

wshear = max(MStrl(shearcheck), |vu_Shear - Vp| -dv) = 885.949-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)
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Apf.shear = Ap.total.dbs if shearcheck < debondl
Ap.total. dbl if debondl < shearcheck < debond2

Ap.total.de if shearcheck > debond2

Ap £ shear = 5-191 ~in2 Area of prestressing CFRP on the flextual

tension side of the member, exclude
debonded strands
M
| u.shear|
+ 0.5Ny shear * |Vu.shear - Vp| - Apf.shear'fp0.shear

Ep'A‘pf.shear

v

€f shear] = Min €pus

-3
€f.shearl =-4418 x 10

. .2
Actshear = Ag = bp-(hp + 1.5i) = ey (hg = 0.5 e, = hyg) = Ap ora1 = 389.849-in
Area of concrete on the flexural tenson
side of the member (LRFD B5.2)

Approximate
M
| u.shear|
+ 05Ny shear * | Vu.shear ~ Vp| - Apf.shear'fp0.shear
. v
€f.shear2 = M Epy»
P Act.shear Ec.beam * Ep'Apf.shear
—4
Ef.shearZ =-2.444 x 10
= if >0 = 2444 %107
€f.shear = |Ef.shearl ! Efshearl = = Taaaax
maX(_O'OOM’Ef.shearZ) if €fghear1 <0
B:= _ 48deg 5.9-deg (LRFD 5.7.3.4.2-1)
L+ 750-€¢ ghear
0:= (29 + 3500-€¢ gheqy)-deg = 28.1-deg (LRFD 5.7.3.4.2-3)

f b, d
S} c.beam °v Yv )
V., = 0.0316-— [———=.—. T kip = 147.064-k
¢ deg / ki i P (LRFD57.33-3)
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13.4 Required Shear Reinforcement

CheckVf := | "Need Shear Reinforcement" if V|| (paar > O'S'd)shear'(vc + Vp)

"Shear Reinforcement Not Needed" if V|, shear < O'S'q)shear'(\/c + Vp)

CheckVf = "Need Shear Reinforcement”

dy shear = dGgFrp = 0-625-in Diameter of GFRP stirrup

Ay shear = AGFRP = O.307~in2 Area of each GFRP bar

Ey shear = EGFRp = 65 % 103-ksi Elastic modulus of GFRP stirrup
£ shear = ffu.GFRp = 06-396-ksi Tensile strength of GFRP stirrup
®bend.GFRP = 0-6 take 0.6 in this design example

\%

. u.shear )

V= minf ————,0.25-f o, by-dy, + Vp = 302.052-kip
shear

VFRP_req = max(O,Vn -V, - Vp) = 154.987 kip Required shear provided by FRP stirrup

_ ffVAv.shear.total'dV

VERP.req = (AASHTO GFRP 2.10.3.2.2)

Sshear

fy = 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

legstirrup = 2 Number of legs of stirrup

A A = 0.614-in2

v.shear.total = 18stirrup Av.shear
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Sshear.req = | 1000in if VERp req =0

ffv' Av shear.total’ dv .
otherwise

VFRP.req

= 3.38-in

Required FRP stirrup spacing from

calculation

(if not needed, output 1000 inch spacing)

. . SN < fe.beam . .
Sshear.max ‘= m1n(0.75~hg,241n) if VFRP.req <4.0- = ‘by-dyksi = 24-in

’f
. . . c.beam .
m1n(0.375~hg, 121n) if VFRP.req > 4.0 o 'bv'dv'kSI

s-b
w
Av.min = 0.05- :
fv
ffV
A

v.shear.total' ] .
kst _ 38.569-in

Sshear.minAf =
0.05-by o,

Sshear = mm(

—q Sshear | . 34
Sshear.provide = 1001 in = S-n

) ffV'Av.shear.total'dv .
VFRP = = 175k1p

Sshear.provide

Sshear.req’ Sshear.max Sshear.minAf )

Maximum FRP stirrup spacing
(ACI440.4R 5.3)

Minimum GFRP transverse reinforcement
(AASHTO GFRP 2.10.2.2.1)

Max spacing corresponding to minimum
GFRP transverse reinforcement

= 3.38-in

Provided transverse reinforcement spacing

Provided shear resistance from FRP
transverse reinforcement
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13.5 Summary

Vv

w.shear = 272-kip

V, = 147-kip

Vp:O

d = 0.625-in

v.shear

legstirrup =2

Sshear.provide ~ 3-in

Vn.provide :

CheckShearCapacity := | "OK"

HNGH

CheckShearCapacity = "OK"

Diameter of GFRP stirrup

Number of legs of GFRP stirrup

Spacing of GFRP stirrup

= VC + VFRP + Vp = 322k1p

v

. . u.shear

if Vn.provide 2 mm[ :0.25-F; peamby-dy + ij
shear

otherwise

Transverse shear capacity
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14. INTERFACE SHEAR DESIGN

Vi1 = Vgyy (shearcheck) = 271.846-kip Factored interface shear force
Vi = Oghear Vi = Vyi (LRFD 5.7.4.3)
Pshear = 0-9

Assumed numbers:

Cyj = 0.28ksi Cohesion factor
Hyi =1 Friction factor
K;yi=03 Fraction of concrete strength available to

resist interface shear

Ky vi = 1.8ksi Limiting interface shear reistance

Factored interface shear force, per ft

t
slab .
dyj = hg.comp - dp.stlrands.c‘g.bot.dbs - if shearcheck < debondl
tslab
hg.comp - dp.strands.c‘g.bot.db 1 - — if debondl < shearcheck < debond2
tslab
hg comp ~ dp.strands.c.g.bot.db2 ~ if shearcheck > debond2
Distance between the centriod of the
d,; = 36.664-in tension strands and the mid-thickness of
the slab
Vul kip .
Vi = d_ = 88_975.T Factored interface shear force, per ft
t

V.= _ 98.861.5P (LRFD 5.7.4.3)
f
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Required interface shear reinforcement, per ft

Vi = ¢ Ay + p~(Avf~fy + PC)
bVi = btf = 481n
in
ACV = bVi = 576'?
Peyvi=0
Vi — CvitAcy P
~ tewi

Ayppg e —— - 28370

vireq ™~ fr, : ft

Minimum interface shear reinforcement, per ft

Ayfminl = 0.05.? _ 1'309_%
fv
ksi
133V = ¢yi-Agy ~P. .
C.V1
| ffV i

. 1 2
Ay min = MIN(Ayf min 1> Ay ming) = 1354 e

Nonimal interface shear resistance
(LRFD 5.7.4.3)

Interface width considered to be engaged in
shear transfer

Area of concrete considered to be engaged
in shear transfer, per 1-ft length

Permanent net compression force normal
to the shear plane

Required interface shear reinforcement

Minimum interface shear reinforcemen
(LRFD 5.7.4.2)
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Design interface shear reinforcement, per ft

A

in . .
vEdesign.need = max(A freq: Avf.min’0> =0-— Design interface reinforcement need to

v ft provide

Ay shear.total Interface shear reinforcement already

in2
A = = 2454.—

vi.provide -~ . ft provided by GFRP stirrup
shear.provide
Checkjy == |"OK" if AVf.provide = AVf.design.need
"NG" otherwise
ch _ "OK" Interface shear reinforcement,
eckjy = Provided > Required
Maximum interface shear resistance, per ft
) kip
Vni.provide = Cyi Ay t p‘vi'(AVf.perVide'ffV + Pc.vi) = 215'?
Provided nominal interface shear
resistance (LRFD 5.7.4.3)
: kip
Vhimax = mm<K1.Vi'fc.beam'ACV’K2.Vi'ACV> = 1037'?

Design interface shear resistance

3 kip o
K| vi-Te beam Acy = 1469 x 10 ? limitation (LRFD 5.7.4.3)
3 kip
KZ.Vi.ACV: 1.037 X 10 ?
Checkjy max = |"OK" if Vni.provide < min<K1.Vi'fc.beam'Acv’K2.Vi'ACV>
"NG" otherwise
Check;y, max = "OK" Maximum interface shear resistance
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Summary
kip Lo .
Vni.provi de = 215.276~? Nominal interface shear resistance
_ 88.975.KIP
Vhi = 88. 75'? Factored interface shear force, per ft
Ched(vi.capacity = |"OK" if d)shear'Vni.provide = Vi

"NG" otherwise

Checky; capacity = "OK" Check capacity

Checkjy max = "OK Check max nominal resistance
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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 |M | N v, |
£ )2 + 05—+ | |— -V | - 05V |

Z (APX px) bp . v p f 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 = 28.145-deg Angle of inclination of diagonal
compressive stresses

dy = 38.801-in Effective shear depth

Vp =0 Shear capacity contribution by
prestressing CFRP

fpe = 185-ksi Effective prestressing stress

At the support location

support = 0

. Vsitrl (support) '
Vsupport = Min| VERps oo = 174.594kip (AASHTO CFRP 1.8.3.3)
snear

Vgir1(support)

right =

| Mgy¢,1 (support) | [
+ Vp

dv' ¢moment

1
- 0.5V ——— =442 ki
f. P
q)shear supportj tan(®)
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the crack plane crosses the c.g of the strand group at a distance

Xcrackplane = BearingDistance + dp.strands.c.g.bot.dbs' = 17.573:in
tan(0)

Can Transfer length of prestressing CFRP

Lirangfer = 30-in (AASHTO CFRP 1.9.3.2)
Xcrackplane . .
fpx =f o Approximate prestressing stress at the
Liransfer crack plane
rows(n)—1

left= ) (Ap.dbsi-ﬁpx) = 563-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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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

= -3.258-in
ci.beam'Ig

2
_ {(Ap.total.dbl - Ap.total.dbs)'fpt]‘eg.tr.cg.strands'(Span — 2-debondl) — _0.535-in

A
2
P 8-E¢i beam’ Ig

2
B {(Ap,total.de _ Ap,total.dbl)'fpt:l'eg.tr.cg.strands'(Span — 2-debond2) 0066

3
P 8-E¢i beam’ Ig

A

Ap = Apl + Apz + Ap:)) = -3.86-in

Deflection due to self weight of beam

4
5-Wheam' Span

sf.beam =
3’84'Eci.beam'lg

A =1.921'in

Deflection due to self weight of slab, buildup, and permanent forms
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4
5 '(Wslab * Whuildup * Wforms)'Span

A = = 2.233-in
ermanent]

P 3’84'Ec.beam'lg

Deflection due to barrier, future wearing surface, and utility
S 4
5 '(Wbarrier + Whws * Wutility)' pan )

A = = 0.103-in

permanent?2 384-F

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

All "Check"

7. PRESTRESS LOSSES

7.3 Summary

CheCkpe.limit ="OK" Service stress limit (after all losses)

8. STRESS LIMITS FOR CONCRETE
-TEMPORARY STRESSES BEFORE LOSSES

8.1 At Mid-Span Section

Checktop midspan = "OK" Check concrete stress limits at the
: midspan, at release
Checky, ¢ midspan = "OK" Check concrete stress limits at the
: midspan, at release
8.2 At Support Section
R Check concrete stress limits at the
Checkgy, 1op = "OK support, top fiber, at release
R Check concrete stress limits at the
Checkgp pot = "NG support, bottom fiber, at release
Check 4, = "Need to Debond Strand" Need to debond strands?

Check _ "OK" Total debonded strands shall not exceed

€eX30% = 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)

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

ChCCk40% = "OK"

Checky ot qhs = "OK" Check concrete stress limits at the
support after debond, bottom fiber, at
release

8.3 At Debond1 Section

Checktop db] = "OK" Check concrete stress limits at the
: debond1 section, top fiber, at release
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CheCkbO db] = "OK" Check concrete stress limits at the

: debond1 section, bottom fiber, at release
8.4 At Debond2 Section
Chethop dba = "OK" Check concrete stress limits at the

: debond2 section, top fiber, at release
CheCkbO ¢ db2 = "OK" Check concrete stress limits at the

: debond2 section, bottom fiber, at release
8.5 Summary

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" Concrete stress at the bottom fiber of
beam
9.4 Summary

10. FATIGUE LIMIT STATE

CheCkfatigue = "No Need to Check Fatigue"
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11. STRENGTH LIMIT STATE -MOMENT CAPACITY

11.1 Compression-Controlled Section

Checkfp.C = "CFRP Rupture Before Concrete Crushing, Assumption Not Satisfied"

11.2 Tension-Controlled Section

Checkg, 1 = "OK"
Check, 1 = "OK"

11.3 Summary

SectionControl = "Tension Controlled Section"

CheckM = "OK"

Equilibrium

CFRP not rupture
Concrete strain limits

Equilibrium

Strength |, moment capacity

12. MINIMUM REINFORCEMENT -PRESTRESSING CFRP

Checkmincrrp = "OK”

13. TRANSVERSE SHEAR DESIGN

13.5 Summary

CheckShearCapacity = "OK"

14. INTERFACE SHEAR DESIGN

Checkivo = "OK"

CheCkiv.max = "OK"

CheCkvi.capacity = "OK"

Minimum amount of prestressing CFRP

Transverse shear capacity

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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