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1.1 Research Implication 
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1.2 Glass Fiber Reinforced Polymer: Components, Use and Production 
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Rebar size 
designation 

Nominal 
diameter Nominal area

# in. mm in2 mm2
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Rebar size 
designation 

Minimum Tensile 
Strength 

# psi MPa
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1.3 Objectives: The Use of GRFP 
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1.5 State of the Art: GFRP RC Railings and Barriers 
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1.6 Thesis Outline
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2.1 Assumptions 
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2.2 General Design Steps



www.manaraa.com

2.3 Input Data and Geometry
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2.4 Development Length 
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2.5 Design Methods with Two Independent Structural Models
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2.6 Design Methods with Two Combined Structural Models 
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2.7 Flexural Verification 
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2.8 Shear Verification 
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3.1 F-Shape 32” Traffic Barrier with Continuous Closed GFRP Stirrups
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3.2 F-Shape 32” of Halls River Bridge 
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3.3 Single Slope 36”  
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4.1 Remarks 

4.2 Geometry, Concrete and GFRP Rebar Characteristics 
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  4.3 Development Length and Reinforcement Splices 
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4.4 Design Loads 

4.5 Flexural Verification  
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4.6 Shear Verification 
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CALCULATIONS TO SUPPORT GFRP RC TRAFFIC RAILING DESIGN

HALLS RIVER BRIDGE REPLACEMENT PROJECT

FEBRUARY 23rd 2017

UNIVERSITY OF MIAMI
College of Civil Architectural & Environmental Engineering

Paolo Rocchetti
Guillermo Claure
Antonio Nanni
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height of parapet 32 in

width of parapet top 10.75 in
width of parapet
bottom 16.75 in
effective distance
stirrups bottom 10.3 in

Clear cover 2.5 in

fc' 5.5 ksi

cu 0.003

lime rock 0.9
Ec 3841 ksi

TRAFFIC RAILING DESIGN

AASHTO LRFD 2009 for GFRP RC Bridge Design Table 4.5.4 1
Designation of GFRP Round bars

AASHTO LRFD 2009 for GFRP RC Bridge Design Table 4.6.1 1
Minimum Tensile Strength for GFRP Bars

Geometry and concrete

Input data in green cells
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Name/numb
diameter

(in)
Area

section (in2)
ffu (ksi) ffd (ksi) fu fd

5A bent (or 5D) 0.625 0.31 95 66.5 0.0146 0.010

5P; 5V 0.625 0.31 95 66.5 0.0146 0.010
5S longitudinal
back 0.625 0.31 95 66.5 0.0146 0.010
5L longitudinal
front 0.625 0.31 95 66.5 0.0146 0.010

Ef 6500.0 ksi

Ce 0.7
Environ.
Reduction

ffv 26.00 ksi

type number
total
number

diameter
(in)

Area section
(in2)

D (in)
height of
section (in)

5S longitudinal b 5 10 0.625 0.307 7.938 10.750

type number Spacing (in)
diameter
(in)

Area section
(in2)

D (in)
height of
section (in)

5P; 5V 2.67 4.50 0.63 0.31 10.30 16.75
5A bent (or 5D) 1.33 9.00 0.63 0.31 13.94 16.50

type
number of
legs

number
rebars

spacing
(in)

diameter
(in)

Area section
(in2)

D (in) height of
section (in)

5P; 5V 1 2.67 4.50 0.63 0.31 9.07 11.00

type
number of
legs

number
rebar
s

spacing
(in)

diameter
(in)

Area section
(in2)

D (in)
height of
section (in)

5P; 5V 2 2.67 4.50 0.63 0.31 10.30 16.75
5A bent (or 5D) 1 1.33 9.00 0.63 0.31 13.94 16.50

Rebars working for shear: Mechanism 2

Input data in green cells
GFRP Reinforcement

Rebars working in flexion: Mechanism 2 (Cantilever section with load at impact location)

Rebars working in flexion: Mechanism 1 (Simply supported with load distributed in a span of
3.5 ft. )

Rebars working for shear:
Mechanism 1
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Lreq/L
Lreq 19.20 in
L provided 20.00 in

0.96

Af/Afmin 1.07

Mreq/Mr
0.46

Mreq/Mr
0.94

Vfreq/Vf
0.999

Vfreq/Vf
1.03

Vfreq/Vf
0.83

Mechanism 2 including Bent bar
VERIFIED

VERIFIED

Verified if
Ratio<1

Flexural Strength Mechanism 2
VERIFIED

Shear Verification

Flexural Verification

Development Length

Flexural Strength Mechanism 1

Limits for reinforcement
VERIFIED

Check

VERIFIED

Results & Verifications

Mechanism 1

Mechanism 2
NOT VERIFIED (ADD Bent Bar)

Shear resistance with shear reinforcement

VERIFIED

Shear resistance only concrete
NOT VERIFIED (Shear Reinforcement Required)
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Gv 27 in
Wv 4.5 kips
B 6.5 ft.
Ftr 54 kips
He 23.75 in
Ltl 3.5 ft.

Mu 15.75 kip*ft.
Vu 27 kips

Design Load and Failure Mechanisms

AASHTO LRFD 2014 A13.7.2 (crash test)
Mechanism 1

Design Loads (TL 4)

Mechanism 1 (Simply supported with load
distributed in a span of 3.5 ft. )
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Vu 15.4 kips/ft.
Mu 30.5 Kips*ft./ft.

Mechanism 2 (Cantilever section
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height parapet 32 in Name/numb
diameter
(in)

Area
section

ffu
(ksi)

ffd
(ksi)

Cc 2.5 in
5A bent (or
5D)

0.625 0.307 95 66.5

fc'super 5.5 ksi 5P; 5V 0.625 0.307 95 66.5

cu 0.003
5S
longitudinal
back

0.625 0.307 95 66.5

Ec 3841 ksi
5L
longitudinal
front

0.625 0.31 95 95

ffv 26.00 ksi

Mechanism
1

fl 0.55

Mechanism
2

fl 0.55

Shear factor sh 0.75

1 0.775
fc'super 5.5 ksi
Ef 6500.0 ksi
cu 0.003

ffd 66.50 ksi
Ce 0.7 envi. Red
ffu 95.0 ksi
fb 1.24 %

coefficient 1.4
1.4* f b 1.73 %

1
ff 66.5 ksi
C 2.8125 in
Ntot bars 10
f mechanism 1 1.21 %
f mechanism 2 1.22 %

L 19.20 in

Development Length and Strength Reduction Factors

AASHTO GFRP 2009 2.12.2.1
Development Length

Safety factors

Geometry and concrete proprierty

AASHTO LRFD 2009 for GFRP RC Bridge Design,
2009

Gfrp Reinforcement

AASHTO LRFD 2009 for GFRP RC Bridge Design,
2009
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D 7.94 in
B 32 In
ffd 66.5 ksi
Af, min 1.4 in2
Af, provided 1.54 in2

Afmin/Af 1.07

D (in) 7.94 in
ff 66.5 ksi

afl 0.68 in
Mn 65 kips*ft
fl 0.55

Mr 35.5 kips*ft
Mu 15.75 kip*ft

fd 0.010
cu 0.003
cb 1.80
1 0.775

ffd 66.50 ksi
Mn 61.59 kips*ft
fl 0.55

Mr 33.9 kips*ft
Mu 15.75 kip*ft

Mr 33.9 Kip*ft
Mu/Mr 0.46

Flexural Strenght: Mechanism 1

VERIFIED

VERIFIED

Mr in current case

Limits for reinforcement
Flexural verification

If failure is governed by rupture of concrete

If failure is governed by rupture of gfrp
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AASHTO LRFD 2009 for GFRP RC Bridge Design, 2009

Flexural Verification
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Vu 15.428571 Kips/ft
He 1.98 ft
B 12 in
Area 2.05 in2
D 13.94 in
f 1.22

If failure is governed by rupture of concrete
ff 66.5 ksi
fl 0.55

numb of bars 1.333
Af, provided 0.41 in2
D 13.94 in
afl 1.46 in
Mn 29.96
Mr 16.48

ff* 49.1 ksi
D 10.30 in
numb of bars 2.667
Af, provided 0.82 in2
Mn 32.09 Kips*ft/ft
Mr 17.65 Kips*ft/ft
Mr total 34.13 Kips*ft/ft
Mu/Mr 0.89

If failure is governed by rupture of gfrp
fl 0.55

D 13.94 in
f 1.33

Af 0.409 in2
cb 3.16 in

0.775
ffd 66.50 ksi
Mn 28.8 Kips*ft/ft
Mr 15.86 Kips*ft/ft
ff* 49.1 ksi
D 10.30 in
Af, provided 0.82 in2
Mn 30.43 Kips*ft/ft
Mr 16.74 Kips*ft/ft
Mr total 32.60 Kips*ft/ft
Mu / Mr tot 0.94

Mr 32.6 Kip*ft
Mu/Mr 0.94

VERIFIED

Mr in current case

Contribution
of close 5V

Contribution
of 5A bent
rebars

Contribution
of 5A bent
rebars

Contribution
of stirrups

5V

Flexural Strenght: Mechanism 2
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B 32 in B 12 in
f 0.0121 f 0.0121

limerock 0.9 Vu 15.4 kips/ft

Ec 3841.5 ksi limerock 0.9

Ef 6500.0 ksi Ec 3841.5 ksi

nf 1.69 Ef 6500.0 ksi

k 0.1828 nf 1.69

D 9.07 in k 0.1828

C 1.66 in D 13.94 in

Vc 19.92 kips C 2.55 in

sh 0.75 Vc 7.74 kips

sh*Vc 14.94 sh 0.75

Vu 27 sh*Vc 5.8 kips
Vf requ. 3.67 kips/ft
S 4.5 in
N° 5V per foot 2.67 n per foot
n. of legs 2

Vf requ. 16.08 kips rebar per foot 5.3

Afv 0.28 in2 Area 0.307 in2
area tot 1.64 in2

B 32 in ffv 26.00 ksi

Area section 0.307 in2 Vf 3.55 kips/ft

n. of legs 1
Af 0.307 in2 Vfreq/vf 1.03

ffv 26.00 ksi
d 9.07 in S 9 in

Spacing 4.5 in bent bar 1.3 n per foot

Vf 16.10 kips Area 0.307 in2
area tot 0.41 in2
ffv 26.00 ksi

Vf tot 16.10 kips Vf 0.89 kips/ft
Vf tot 4.43

Vfreq/Vf 0.9991 VERIFIED
Vfreq/vf 0.83

Shear Verification

AASHTO LRFD 2009 for GFRP RC Bridge Design, 2009

VERIFIED

Shear resistance by bent bar

NOT VERIFIED (ADD Bent Bar)

Shear verification Mechanism 2

Shear resistance 5P and 5V

Shear verification Mechanism 1

5P; 5V

NOT VERIFIED (Shear Reinforcement Required)
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Appendix C

Mathcad Design Calculations for Traffic Railing 

F-Shape 32”

May 7th 2017

UNIVERSITY OF MIAMI
College of Civil Architectural & Environmental Engineering

Paolo Rocchetti
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A.  Type, Geometry and Concrete  
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cc

cc

ρ

ρ

β =

B.  Development Length and Reinforcement Splices

ρ β
ε

ε

ρ β
ε

ε

ρ ρ

ρ ρ

α
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ε β

ρ
ε ε

cc

α

C.  Design Loads



www.manaraa.com

D.  Flexural Verification

D1. Limits for Reinforcement 

cc
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D2. Flexural Strength Structural model 1

ε

ε

ρ

ε

ε ε

ρ ρ

β
ρ ρ

Φ ρ ρ

ρ

ρ
ρ ρ ρ

ρ ρ

Φ

Φ
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D3. Flexural Strength Structural Model 2

The effective strength in the reinforcement 5V close when 
failure is initiated by crushing of the concrete.

ε

ε

ε

ε ε

ρ ρ
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ρ ρ

β β
ρ ρ

Φ ρ ρ

ρ

ρ
ρ ρ ρ

ρ ρ

Φ

Φ

E.  Shear Verification

E1.  Concrete shear strength structural model 1

ρ

Φ

ρ ρ ρ
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Φ

Φ

Φ

E2.  Shear reinforcement strength structural model 1

Φ



www.manaraa.com

E3.  Concrete shear strength structural model 2

ρ

Φ

ρ ρ ρ
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Φ

Φ

Φ

E4.  Shear reinforcement strength structural model 2

Φ
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Appendix D 

FINAL DRAWINGS OF F-32” GFRP-RC TRAFFIC RAILING DESIGN

HALLS RIVER BRIDGE REPLACEMENT PROJECT

FEBRUARY 24th 2017

UNIVERSITY OF MIAMI
College of Civil Architectural & Environmental Engineering

Paolo Rocchetti
Guillermo Claure
Antonio Nanni
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Appendix E 

CALCULATIONS TO SUPPORT GFRP-RC TRAFFIC RAILING DESIGN

Single Slope 36”

March 6th 2017 

UNIVERSITY OF MIAMI
College of Civil Architectural & Environmental Engineering 

Paolo Rocchetti 
Guillermo Claure 
Antonio Nanni 
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height of parapet 36 in

width of parapet - top 9 in
width of parapet - 
bottom 14.5 in
effective distance 
bent bar - bottom 10 in

12 in

Clear cover 2 in

fc' 5.5 ksi

cu 0.003

limerock 0.9
Ec 3841 ksi

AASHTO LRFD 2009 for GFRP-RC Bridge Design Table 4.5.4-1 
Designation of GFRP Round bars

AASHTO LRFD 2009 for GFRP-RC Bridge Design Table 4.6.1-1 

Geometry and concrete 

Input data in green cells as needed
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Name/numb diameter (in) Area section (iffu  (ksi) ffd (ksi) fu  fd

5 D bent 0.625 0.31 95 66.5 0.0146 0.010

5 C 0.625 0.31 95 66.5 0.0146 0.010

5 L longitudina 0.625 0.31 95 66.5 0.0146 0.010

5 L longitudina 0.625 0.31 95 66.5 0.0146 0.010

Ef 6500.0 ksi

Ce 0.7

ffv 26.00 ksi

type number total number diameter (in)
Area section 
(in2) D (in)

5 L longitudina 5 10 0.625 0.307 6.69

type number Spacing (in) diameter (in)
Area section 
(in2) D (in)

5 C 1.50 8.0 0.625 0.307 12.00
5 D bent 1.50 8.0 0.625 0.307 10.00

type
number of 
legs

number  
rebars spacing (in) diameter (in)

Area 
section 
(in2) D (in)

Height of
section 
(in)

5 C 1 1.50 8.0 0.625 0.307 8.50 11

type
number of 
legs

number  
rebars spacing (in) diameter (in)

Area 
section 
(in2) D (in)

height of 
section 
(in)

5 C 2 1.50 8.0 0.625 0.307 12.00 14.5
5 D bent 1 1.50 8.0 0.625 0.307 10.00 16.5

Rebars working in flexion: Mech. 1 (Simply supported with load distributed in a span of 3.5 ft. )

Rebars working in flexion: Mechanism 2 (Cantilever section with load at impact location)

height of section (in)

height of section (in)

9

14.5
16.5

rebars working for shear: Mechanis 2

Rebars working for shear: Mechanism 1

Gfrp Reinforcement

Input data in green cells as needed

envi. Reduction
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Lreq/L
Lreq 19.51 in
L provided 22.00 in

0.89

Af/Afmin 1.13

Mreq/Mr
0.52

Mreq/Mr
0.58

Vfreq/Vf
-0.847

Vfreq/Vf
0.80

Vfreq/Vf
0.53

 Shear resistance with shear reinforcement

VERIFIED

Shear resistance only concrete
VERIFIED

VERIFIED

VERIFIED

Verified if Ratio<1

Flexural Strenght Mechanism 2
VERIFIED

Shear verification

Flexural verification

Development Length

Flexural Strenght Mechanism 1

Limits for reinforcement
VERIFIED

Results

VERIFIED

Mechanism 1

Mechanism 2
VERIFIED without bent bar

Mechanism 2 including Bent bar
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Mechanism 1
Gv 27 in
Wv 4.5 kips
B 6.5 ft
Ftr 54 kips
He 23.75 in
Ltl 3.5 ft

Base 42 in
height 36 in
He inpact 23.75 in
div. slab 6 n°
vertical base 7 in
horiz base 6 in
 tickness 12 in

Inertia 864 in3
C1 46.9 in/E***

inertia 1008 in3
C2 31.01038

Design Loads (TL - 4)
AASHTO LRFD 2014 A13.7.2 (crash test)

Mechanism 1+ mechanism 2

Beam V

Dimension

Beam H
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q1/q2 0.66
qtot 1.66 *q2
qtot 15.43 kip/ft
q1 6.14 (kip/ft)
R1 10.75 kips
q2 (kip/ft 9.29 (kip/ft)
R2 32.51 kips

total reaction 54 kips
Ftr to beam V 32.5

Vu 9.3 kips/ft
Mu 18.4 Kips*ft/ft

Ftr to beam H 21.5

Vu 10.7474645 kips
Mu 15.75 kip*ft

V1=V2

Mechanism 2 (Cantilever section with load at impact 
location)

Mechanism 1 (Simply supported with load distributed 
in a span of 3.5 ft. )
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height parapet 36 in
Cc 2 in
fc'super 5.5 ksi

cu 0.003
Ec 3841 ksi

AASHTO LRFD 2009 for GFRP-RC Bridge Design, 2009

Name/numb diameter (in) Area section ffu  (ksi) ffd (ksi)
5 D bent 0.625 0.307 95 66.5
5 C 0.625 0.307 95 66.5
5 L longitudinal back 0.625 0.307 95 66.5
5 L longitudinal front 0.625 0.31 95 95

ffv 26.00 ksi

Geometry and concrete proprierty

Gfrp Reinforcement

AASHTO LRFD 2009 for GFRP-RC Bridge Design, 2009
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Mechanism 1 fl 0.56
Mechanism 2 fl 0.55

Shear factor sh 0.75

1 0.775
fc'super 5.5 ksi
Ef 6500.0 ksi

cu 0.003

ffd 66.50 ksi
Ce 0.7 envi. Red
ffu 95.0 ksi

fb 1.24 %
coefficient 1.4
1.4* f b 1.73 %

1
ff 65.3 ksi
C 2.3125 in
Ntot bars 10

f  mechanism 1 1.28 %
f  mechanism 2 1.15 %

L 19.51 in

AASHTO GFRP 2009 2.12.2.1
Development Length 

Safety factors
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D 6.69 in
B 36 In
ffd 66.5 ksi
Af, min 1.4 in2
Af, provided 1.54 in2

Afmin/Af 1.13

D (in) 6.69 in
ff 66.5 ksi

afl 0.61 in
Mn 54 kips*ft

fl 0.56
Mr 30.3 kips*ft
Mu 15.75 kip*ft

fd 0.010
cu 0.003

cb 1.52
1 0.775

ffd 66.50 ksi
Mn 51.89 kips*ft

fl 0.56
Mr 29.0 kips*ft
Mu 15.75 kip*ft

Mr 30.3 Kip*ft
Mu/Mr 0.52

Vu 9.287163142 Kips/ft
He 1.98 ft

B 12 in
Area 1.38 in2
D 10.00 in

f 1.15

VERIFIED

Mr in current case

Limits for reinforcement
Flexural verification

If failure is governed by rupture of concrete

If failure is governed by rupture of gfrp

Flexural Strenght: mechanism 1

VERIFIED

Flexural Strenght: mechanism 2
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ff 66.5 ksi
fl 0.55

numb of bars 1.500
Af, provided 0.46 in2
D 10.00 in
afl 1.09 in
Mn 24.13
Mr 13.46

ff* 79.8 ksi
D 12.00 in
numb of bars 1.500
Af, provided 0.46 in2
Mn 35.08 Kips*ft/ft
Mr 19.29 Kips*ft/ft

Mr total 32.76 Kips*ft/ft
Mu/Mr 0.56

fl 0.55
D 10.00 in

f 1.49
Af 0.461 in2
cb 2.27 in

0.775
ffd 66.50 ksi
Mn 23.3 Kips*ft/ft
Mr 12.80 Kips*ft/ft
ff* 79.8 ksi
D 12.00 in
Af, provided 0.46 in2
Mn 34.06 Kips*ft/ft
Mr 18.73 Kips*ft/ft

Mr total 31.53 Kips*ft/ft
Mu / Mr tot 0.58

Mr 31.5 Kip*ft
Mu/Mr 0.58

If failure is governed by rupture of concrete

If failure is governed by rupture of gfrp

VERIFIED

Mr in current case

Contribute 
of close 5V

Contribute 
of 5A bent 

rebars

Contribute 
of 5A bent 

rebars

Contribute 
of  stirrups 

5V
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AASHTO LRFD 2009 for GFRP-RC Bridge Design, 2009
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B 36 in B 12 in
f 0.0128 f 0.0128
limerock 0.9 Vu 9.3 kips/ft

Ec 3841.5 ksi limerock 0.9
Ef 6500.0 ksi Ec 3841.5 ksi
nf 1.69 Ef 6500.0 ksi
k 0.1873 nf 1.69
D 8.50 in k 0.1873
C 1.59 in D 12.00 in
Vc 21.51 kips C 2.25 in

sh 0.75 Vc 6.82 kips
sh*Vc 16.14 sh 0.75

Vu 10.74746 sh*Vc 5.1 kips

Vf requ. 1.59 kips/ft
S 8 in
N° 5V per foot 1.50 n per foot

Vf requ. -7.18 kips numb of legs 2
Afv 0.55 in2 rebar per foot 3.0

Area 0.307 in2
B 36 in area tot 0.92 in2
Area section 0.307 in2 ffv 26.00 ksi
numb leg 1 Vf 2.00 kips/ft
Af 0.307 in2
ffv 26.00 ksi Vfreq/vf 0.80
d 8.50 in
Spacing 8 in
Vf 8.48 kips S 8 in

bent bar 1.5 n per foot
Area 0.307 in2

Vf tot 8.48 kips area tot 0.46 in2
ffv 26.00 ksi

Vfreq/Vf -0.8466 Vf 1.00 kips/ft
Vf tot 2.99

VERIFIED
Vfreq/vf 0.53

VERIFIED

Shear resistance by bent bar

VERIFIED without bent bar

Shear verification Mechanism 2

Shear resistance 5P and 5V

Shear verification Mechanism 1

5 C

VERIFIED
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Appendix F 

FINAL DRAWINGS RC SS36” TRAFFIC RAILING 

PENDULUM TEST SPECEMEN

MARCH 6th 2017

UNIVERSITY OF MIAMI
College of Civil Architectural & Environmental Engineering

Paolo Rocchetti
Guillermo Claure
Antonio Nanni
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