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Project: Rockingham VT Bridge
Contractor: Cold River Bridges

Value Engineering Design: Calderwood Engineering
Design ComputaƟons by:  Eric T. Calderwood, PE
Design Check ComputaƟons by: Gregory MacAlister, EIT

Project Notes:

VTrans Structural Design Manual

Calculate faƟgue distribuƟon factors similarly but with only one lane loaded.
5.1.1.1.1: Concrete, high performance class A for bridge decks placed on steel
5.1.2.6:  Minimum Concrete Cover
5.2.1.1.1: Cast in Place Concrete Minimum deck thickness, paved deck, 8.5" 
5.2.5: Minimum Reinforcement, #5 bars at 12" for reinforcing steel

Railing may be a TL‐2 railing based on traffic 
volume and other parameters per Vtrans 
standard, however we will use the TL‐4 loads for 
VerƟcal concrete parapet to check the overhang 
reinforcing

≔f 'c 4 ksi ≔tdeck 9 in ≔IM %33 Dynamic Load Allowance 3.6.2.1‐1

≔fy 60 ksi ≔A5 0.31 in
2

Area of a single #5 bar

≔εcmax 0.003 ―
in

in
≔A6 0.44 in

2
Area of a single #6 bar

≔εsmintc −0.005 ―
in

in
≔Sctoc =+10 ft 6 in 10.5 ft

≔Ctopbars 2.5 in ≔bminf 16 in Minimum flange width of supporƟng girders

≔Cbtmbars 1.5 in ≔OH =+2 ft 7 in 2.5833 ft

≔Bw 10 in Barrier or curb width ≔tpvt 3.25 in thickness of pavement (& membrane)

≔ωrailing =+⋅⋅Bw ⎛⎝ +2 ft tpvt⎞⎠ 150 pcf 25 plf 0.3089 klf

≔mp 1.20 MulƟ presence factor for one lane loaded per 3.6.1.1.2 ≔φtc 0.90 Tension controlled 
resistance factor for 
reinforced concrete 
secƟons 5.5.4.2.1≔Ec =⋅1820 ‾‾‾‾‾⋅f'c ksi 3640 ksi C5.4.2.4

≔Es 29000 ksi 5.4.3.2 ≔tw ―
7

16
in

≔n =―
Es
Ec

7.967
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≔S =Sctoc 10.5 ft
≔h =tdeck 9 in

≔γll 1.75 ≔γllmin 0.00

≔γdc 1.25 ≔γdcmin 0.90

≔γdw 1.50 ≔γdwmin 0.65

≔γsvc 1.00

CriƟcal secƟon for NegaƟve moments 4.6.2.1.6  
25% of the flange width from the centerline of 
girder.

=⋅%25 bminf 4 in

From Appendix A4 in the AASHTO LRFD Bridge Design SpecificaƟons: (includes 
Dynamic Load & mulƟ presence factors, live load only)

≔Pmll 7.17 ――
ft൉kip

ft
Max + moment

≔P3innll −7.64 ――
ft൉kip

ft

≔P6innll −6.77 ――
ft൉kip

ft
NegaƟve Design moment, interpolated 
between 3 in & 6 in for design secƟon 
at 4 in from cl web

≔Pnll =+P3innll ⋅――――――
⎛⎝ −P3innll P6innll⎞⎠

−3 in 6 in
(( −4 in 3 in)) −7.35 ――

ft൉kip

ft

≔Pnlloh ⋅⋅⋅−1 ――
kip

ft
⎛⎝ −−OH Bw 12 in⎞⎠ (( +%100 IM)) mp 3.6.1.3.4 Deck overhang load where 

conƟnuous barrier is in place and 
overhang is less than 6 Ō outside wheel 
loads may be replaced wiht a 1klf load 
placed 1 Ō from the barrier.

=Pnlloh −1.197 ――
ft൉kip

ft

=Pmll 7.17 ――
ft൉kip

ft

=Pnll −7.35 ――
ft൉kip

ft

=Pnlloh −1.197 ――
ft൉kip

ft

/ /
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For uniformly loaded condiƟon: (1k/lf/Ōwidth):

≔l =S 10.5 ft

≔ω 1 ―
klf

ft

≔Mupos =――
⋅ω l

2

12
9.1875 ――

ft൉kip

ft

≔Muneg =―――
⋅−ω l

2

10
−11.025 ――

ft൉kip

ft

≔Muoh =―――
⋅−ω OH

2

2
−3.3368 ――

ft൉kip

ft

DC & DW :

≔ωdc =⋅tdeck 150 pcf 0.1125 ―
klf

ft

≔ωdw =⋅tpvt 145 pcf 0.0393 ―
klf

ft

≔Mdcp =⋅――
ωdc

ω
Mupos 1.0336 ――

ft൉kip

ft

≔Mdwp =⋅――
ωdw

ω
Mupos 0.3608 ――

ft൉kip

ft

≔Mdcn =⋅――
ωdc

ω
Muneg −1.2403 ――

ft൉kip

ft

≔Mdwn =⋅――
ωdw

ω
Muneg −0.433 ――

ft൉kip

ft

≔Mdcnoh =⋅――
ωdc

ω
Muoh −0.3754 ――

ft൉kip

ft

≔Mdwnoh =⋅――
ωdw

ω
Muoh −0.131 ――

ft൉kip

ft
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≔Mrailnoh =⋅−ωrailing
⎛
⎜⎝

−OH ――
Bw
2

⎞
⎟⎠

−0.6692 ――
ft൉kip

ft

≔Mrailn =+⋅0.08 klf
⎛
⎜⎝

−S ――
bminf
4

⎞
⎟⎠

Mrailnoh 0.1441 ――
ft൉kip

ft

≔Mrailp =+⋅0.08 klf S Mrailnoh 0.1708 ――
ft൉kip

ft

Maximum PosiƟve & NegaƟve moments at strength I:

≔Mstr1pos =++⋅γll Pmll ⋅γdc ⎛⎝ +Mrailp Mdcp⎞⎠ ⋅γdw Mdwp 14.5942 ――
ft൉kip

ft

≔Mstr1neg =+++⋅γll Pnll ⋅γdcmin Mrailn ⋅γdc Mdcn ⋅γdw Mdwn −14.9326 ――
ft൉kip

ft

≔Mstr1oh =++⋅γll Pnlloh ⋅γdc ⎛⎝ +Mrailnoh Mdcnoh⎞⎠ ⋅γdw Mdwnoh −3.597 ――
ft൉kip

ft
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≔Astt 0.62 ――
in

2

ft
Area of steel transverse top ≔Aps 0 ――

in
2

ft
≔fpu 0 ksi ≔fs =fy 60 ksi

≔Astb 0.62 ――
in

2

ft
Area of steel transverse boƩom ≔A's 0 ――

in
2

ft
≔f's 0 ksi =f'c 4 ksi

≔φtopbars ―
5

8
in ≔φbtmbars ―

5

8
in ≔β1 =if

else

<f'c 4 ksi
‖
‖0.85

‖
‖
‖

−0.85 ⋅⋅⎛⎝ −f 'c 4 ksi⎞⎠ 0.05 ――
1

ksi

0.85

≔dstop =−−tdeck Ctopbars ―――
φtopbars

2
6.1875 in

≔dsbtm =−−tdeck Cbtmbars ―――
φbtmbars

2
7.1875 in

Flexural Capacity of 
posiƟve moment region:

≔b 12 ―
in

ft
≔k 0.28

Assume fs=fy, rectangular distribuƟon, 
and neglect compression reinforcing

≔dp 1 in dp set to 1in although Aps=0 in^2 as 
there is no prestressing steel

≔cbtm =―――――――――
−+⋅Aps fpu ⋅Astb fs ⋅A's f's

⎛
⎜
⎝

+⋅⋅⋅0.85 f'c β1 b ⋅⋅k Aps ―
fpu
dp

⎞
⎟
⎠

1.073 in

=εcmax 0.003 ―
in

in

≔εs =⋅
⎛
⎜
⎝
――
εcmax
cbtm

⎞
⎟
⎠

⎛⎝ −cbtm dsbtm⎞⎠ −0.0171 ―
in

in
tensile strain is > 0.005 therefor 
behavior is tensile controlled, and fs=fy

≔Mnpos =⋅⋅Astt fs
⎛
⎜⎝

−dsbtm ―――
⋅β1 cbtm
2

⎞
⎟⎠

20.868 ――
ft൉kip

ft
PosiƟve moment nominal capacity 

≔Mrpos =⋅φtc Mnpos 18.7812 ――
ft൉kip

ft
Moment Capacity is > Str I posiƟve 
moment therefor okay for str. I PosiƟve 
Moment

=Mstr1pos 14.5942 ――
ft൉kip

ft
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Flexural Capacity of 
negaƟve moment region:

Assume fs=fy, rectangular distribuƟon, 
and neglect compression reinforcing

≔ctop =―――――――――
−+⋅Aps fpu ⋅Astt fs ⋅A's f's

⎛
⎜
⎝

+⋅⋅⋅0.85 f'c β1 b ⋅⋅k Aps ―
fpu
dp

⎞
⎟
⎠

1.073 in

=εcmax 0.003 ―
in

in

≔εs =⋅
⎛
⎜
⎝
――
εcmax
ctop

⎞
⎟
⎠

⎛⎝ −ctop dstop⎞⎠ −0.0143 ―
in

in
tensile strain is > 0.005 therefor 
behavior is tensile controlled, and fs=fy

≔Mnneg =⋅⋅−Astt fs
⎛
⎜⎝

−dstop ―――
⋅β1 ctop
2

⎞
⎟⎠

−17.768 ――
ft൉kip

ft
NegaƟve moment nominal capacity 

Moment Capacity is > Str I negaƟve 
moment therefor okay for str. I 
NegaƟve moment & Str I overhang 
moment

≔Mrneg =⋅φtc Mnneg −15.9912 ――
ft൉kip

ft

=Mstr1neg −14.9326 ――
ft൉kip

ft

=Mstr1oh −3.597 ――
ft൉kip

ft
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Check Minimum Reinforcing 
requirements: per secƟon 5.7.3.3.2

≔Sc =―――――

⎛
⎜⎝

⋅tdeck
2
12 ―

in

ft

⎞
⎟⎠

6
162 ――

in
3

ft
SecƟon modulus of 12inch strip of deck (gross secƟon uncracked)

≔γ1 1.6 for other than precast segmental structures

≔γ2 1.0 for unbonded tendons (no prestressing force applied gamma 2x fcpe = 0

≔γ3 0.67 for A615 grade 60 reinforcing per 5.7.3.3.2

≔fcpe 0 ksi there is no prestressing force

≔Snc Sc non composite secƟon is the same as the composite secƟon

≔fr =⋅0.24 ‾‾‾‾‾⋅f'c ksi 0.48 ksi modulus of rupture per 5.4.2.6 

≔Mdnc 0 ――
ft൉kip

ft
all load is composite (ie there is no non 
composite secƟon)

≔Mcr =⋅γ3
⎛
⎜
⎝

−⋅⎛⎝ +⋅γ1 fr ⋅γ2 fcpe⎞⎠ Sc ⋅Mdnc
⎛
⎜
⎝

−――
Sc
Snc

1
⎞
⎟
⎠

⎞
⎟
⎠

6.9466 ――
ft൉kip

ft

=Mrpos 18.7812 ――
ft൉kip

ft

=Mrneg −15.9912 ――
ft൉kip

ft
ResisƟng moment posiƟve & NegaƟve is 
> Mcr therefor minimum reinforcement 
is adequate per secƟon 5.7.3.3.2 
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Check Crack Control 
Reinforcement per secƟon 5.7.3.4

Maximum PosiƟve & NegaƟve moment service loads:

≔Msvcpos =++⋅γsvc Pmll ⋅γsvc ⎛⎝ +Mrailp Mdcp⎞⎠ ⋅γsvc Mdwp 8.7352 ――
ft൉kip

ft

≔Msvcneg =+++⋅γsvc Pnll ⋅γsvc Mrailn ⋅γsvc Mdcn ⋅γsvc Mdwn −8.8791 ――
ft൉kip

ft

≔Msvcoh =++⋅γsvc Pnlloh ⋅γsvc ⎛⎝ +Mrailnoh Mdcnoh⎞⎠ ⋅γsvc Mdwnoh −2.3726 ――
ft൉kip

ft

Cracked Neutral Axis PosiƟve Flexure:

≔Asbtrans =⋅Astb n 4.9396 ――
in

2

ft
area of steel transformed to concrete

≔ccrpos 2.0555 in distance to cracked neutral axis 
(assumed)

≔ysb =+Cbtmbars ―――
φbtmbars

2
1.8125 in

≔yconcpos =−tdeck ――
ccrpos
2

7.9723 in

≔Aconcpos =⋅ccrpos 12 ―
in

ft
24.666 ――

in
2

ft

≔ybarpos =―――――――――
+⋅Aconcpos yconcpos ⋅Asbtrans ysb

+Aconcpos Asbtrans
6.9445 in

≔ccrpos =−tdeck ybarpos 2.0555 in

≔Icrpos =++―――――

⎛
⎜⎝

⋅ccrpos
3
12 ―

in

ft

⎞
⎟⎠

12
⋅Aconcpos ⎛⎝ −yconcpos ybarpos⎞⎠

2
⋅Asbtrans ⎛⎝ −ysb ybarpos⎞⎠

2
164.8336 ――

in
4

ft

≔Scrposstl =―――――
Icrpos

⋅⎛⎝ −ybarpos ysb⎞⎠ n
4.0314 ――

in
3

ft
≔Scrposconc =――――

Icrpos
−tdeck ybarpos

80.1924 ――
in

3

ft

≔fsspos =―――
Msvcpos

Scrposstl
26.0012 ksi

≔fconcpos =―――
Msvcpos

Scrposconc
1.3071 ksi
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≔γe 1.0 Exposure factor for Class I Exposure condiƟon

≔dcpos =ysb 1.8125 in

≔h =tdeck 9 in

≔βsb =+1 ―――――
dcpos

⋅0.7 ⎛⎝ −h dcpos⎞⎠
1.3602 5.7.3.4

≔smaxpos =−――――

⋅⋅700 γe ――
kip

in

⋅βsb fsspos
⋅2 dcpos 16.1668 in 5.7.3.4 for maximum reinforcing steel bar 

spacing based on class I exposure 
condiƟon.  6 inches per bar << 16.1668 in 
therefor okay
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Cracked Neutral Axis NegaƟve Flexure:

≔Asttrans =⋅Astt n 4.9396 ――
in

2

ft
area of steel transformed to concrete

≔ccrneg 1.8826 in distance to cracked neutral axis 
(assumed)

≔yst =+Ctopbars ―――
φtopbars

2
2.8125 in

≔yconcneg =−tdeck ――
ccrneg
2

8.0587 in

≔Aconcneg =⋅ccrneg 12 ―
in

ft
22.5912 ――

in
2

ft

≔ybarneg =―――――――――
+⋅Aconcneg yconcneg ⋅Asttrans yst

+Aconcneg Asttrans
7.1174 in

≔ccrneg =−tdeck ybarneg 1.8826 in

≔Icrneg =++―――――

⎛
⎜⎝

⋅ccrneg
3
12 ―

in

ft

⎞
⎟⎠

12
⋅Aconcneg ⎛⎝ −yconcneg ybarneg⎞⎠

2
⋅Asttrans ⎛⎝ −yst ybarneg⎞⎠

2
118.2296 ――

in
4

ft

≔Scrnegstl =―――――
Icrneg

⋅⎛⎝ −ybarneg yst⎞⎠ n
3.4472 ――

in
3

ft
≔Scrnegconc =――――

Icrneg
−tdeck ybarneg

62.8022 ――
in

3

ft

≔fssneg =―――
−Msvcneg

Scrnegstl
30.9092 ksi

≔fconcneg =―――
−Msvcneg

Scrnegconc
1.6966 ksi

≔dcneg =yst 2.8125 in

≔h =tdeck 9 in

≔βst =+1 ―――――
dcneg

⋅0.7 ⎛⎝ −h dcneg⎞⎠
1.6494 5.7.3.4

≔smaxneg =−――――

⋅⋅700 γe ――
kip

in

⋅βst fssneg
⋅2 dcneg 8.1058 in 5.7.3.4 for maximum reinforcing steel 

bar spacing based on class I exposure 
condiƟon 6 in spacing << 8.1058 in 
spacing therefor okay
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Longitudinal steel:

≔Sftofclr =−S bminf 9.1667 ft

≔Seff =+Sftofclr ―――
−bminf tw
2

9.8151 ft 9.7.2.3 EffecƟve span Length

for primary steel perpendicular to 
traffic:  9.7.3.2

=―――
%220 ft

‾‾‾‾‾⋅Seff ft
%70.2223 >67%  therefor use 67%

≔Asdistbtm =⋅%67 Astb 0.4154 ――
in

2

ft

=A5 0.31 in
2

≔Smax =――――

⋅A5 12 ―
in

ft

Asdistbtm
8.9552 in space bars at 8 in centers

≔Slbtm 8 in

≔Albtm =――――

⋅A5 12 ―
in

ft

Slbtm
0.465 ――

in
2

ft

≔Altop 0.31 ――
in

2

ft
space top longitudinal bars at 12in 
centers per Vtrans standard minimum 
reinforcement

Note: for negaƟve moment reinforcing steel required over interior supports reference steel calculaƟons.  Due 
to tensile stresses in concrete deck at svc II condiƟons over the piers being less than 90% modulus of rupture 
therefor 1% of the deck area requirement does not apply and the typical distribuƟon reinforcement may 
conƟnue through the negaƟve moment region
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Check Temp & Shrinkage Steel:

≔boa =+36 ft 8 in 440 in =h 9 in =fy 60 ksi

≔Ast&s =――――――

⋅⋅1.30 ――
kip

⋅in ft
boa h

⋅⋅2 ⎛⎝ +boa h⎞⎠ fy
0.09555 ――

in
2

ft
5.10.8‐1

<0.11 ――
2

≔Ast&s 0.11 ――
in

2

ft
5.10.8‐2  area of steel provided = 0.62 
square inches per foot each face 
transverse 0.31 square inches per foot 
minimum longitudinal top face and 
0.465 square inches per foot boƩom 
face therefor temp & shrinkage okay
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≔Astlbarhor =⋅3 0.2 in
2

0.6 in
2

≔ybbar =++2 in 0.5 in ――
0.5 in

2
2.75 in ≔bbarv =+24 in tpvt 27.25 in

≔dsbar =−Bw ybbar 7.25 in

≔cbar =――――――
⋅Astlbarhor fs

⎛⎝ ⋅⋅⋅0.85 f'c β1 bbarv⎞⎠
0.457 in

=εcmax 0.003 ―
in

in

≔εs =⋅
⎛
⎜
⎝
――
εcmax
cbar

⎞
⎟
⎠

⎛⎝ −cbar dsbar⎞⎠ −0.0446 ―
in

in
tensile strain is > 0.005 therefor 
behavior is tensile controlled, and fs=fy

≔Mw =⋅⋅Astlbarhor fs
⎛
⎜⎝

−dsbar ―――
⋅β1 cbar
2

⎞
⎟⎠

21.1672 ft൉kip Barrier wall moment capacity 

≔Zyhss4x3 3.12 in
3

≔Zyhss2x2 0.584 in
3

≔Zrail =+Zyhss4x3 Zyhss2x2 3.704 in
3

≔Fyrail 50 ksi

≔Mb =⋅Zrail Fyrail 15.4333 ft൉kip PlasƟc moment capacity of top railings.  (assuming the highest grade 
tube steel results in a higher plasƟc moment and a higher demand on 
the deck design, therefor is conservaƟve for purposes of deck design)

≔Astlbarver =―――――

⋅0.2 in
2
12 ―

in

ft

8 in
0.3 ――

in
2

ft
#4 bars at 8 inch spacing

≔ybbarv =+3 in ――
0.5 in

2
3.25 in =b 12 ―

in

ft
=εcmax 0.003 ―

in

in

≔dsbarv =−Bw ybbarv 6.75 in

≔cbarv =―――――
⋅Astlbarver fs

⎛⎝ ⋅⋅⋅0.85 f'c β1 b⎞⎠
0.519 in

≔εs =⋅
⎛
⎜
⎝
――
εcmax
cbarv

⎞
⎟
⎠

⎛⎝ −cbarv dsbarv⎞⎠ −0.036 ―
in

in
tensile strain is > 0.005 therefor 
behavior is tensile controlled, and fs=fy

Barrier wall horizontal 
canƟlevered moment capacity 
per linear foot

≔Mc =⋅⋅Astlbarver fs
⎛
⎜⎝

−dsbarv ―――
⋅β1 cbarv
2

⎞
⎟⎠

9.7941 ――
ft൉kip

ft
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≔Lt 3.5 ft From Table A13.2‐1 for TL‐4 Railing ≔Hw =bbarv 27.25 in

≔Lci =+―
Lt
2

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+

⎛
⎜⎝
―
Lt
2

⎞
⎟⎠

2

――――――
⋅⋅8 Hw ⎛⎝ +Mb Mw⎞⎠

Mc

10.1732 ft A13.3.1‐2 interior wall segments

≔Rwi =⋅―――
2

−⋅2 Lci Lt

⎛
⎜
⎝

+⋅8 ⎛⎝ +Mb Mw⎞⎠ ―――
⋅Mc Lci

2

Hw

⎞
⎟
⎠

87.7546 kip A13.3.1‐1 at interior wall segments

≔Lce =+―
Lt
2

‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
+

⎛
⎜⎝
―
Lt
2

⎞
⎟⎠

2

⋅Hw ―――
+Mb Mw

Mc

5.1483 ft A13.3.1‐4 at end panels or joints

≔Rwe =⋅――――
2

−⋅2 Lce Lt

⎛
⎜
⎝

++Mb Mw ―――
⋅Mc Lce

2

Hw

⎞
⎟
⎠

44.4095 kip A13.3.1‐3 at end panels or joints

≔Rw =max ⎛⎝ ,Rwe Rwi⎞⎠ 87.7546 kip

≔Lc =Lci 10.1732 ft

≔Tdeck =――――
Rw

+Lc ⋅2 Hw
5.9636 ――

kip

ft
=Mc 9.7941 ――

ft൉kip

ft

≔Mdcbarfob =⋅ωrailing ――
Bw
2

0.1287 ――
ft൉kip

ft

≔Mdeckfob =⋅⋅tdeck 150 pcf ――
Bw

2

2
0.0391 ――

ft൉kip

ft

≔Mfob =⋅−1
⎛
⎜⎝

++Mc ⋅Tdeck ――
tdeck
2

⋅1.25 ⎛⎝ +Mdcbarfob Mdeckfob⎞⎠
⎞
⎟⎠

−12.2402 ――
ft൉kip

ft
Collision force & 
moment at face of 
barrier
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=Astt 0.62 ――
in

2

ft
Area of steel in top straight bars transverse per foot with #5 bars 
at 6" spacing

≔Ahtt 0.62 ――
in

2

ft
AddiƟonal hooked bar #5 at 6" on center at overhang

Check Development length of #5 
straight bars:

≔ldb =max

⎛
⎜
⎜
⎜⎝

,――――

⋅⋅――
1.25

in
A5 fy

‾‾‾‾‾⋅f 'c ksi
⋅⋅⋅0.4 ――

in
2

kip
φtopbars fy

⎞
⎟
⎟
⎟⎠

15 in 5.11.2.1.1 Tension development length

ModificaƟon of development lengths:

≔mep 1.2 Epoxy Coated bars with adequate cover and 
spacing  (3d cvr & 6in spacing) 5.11.2.1.2

≔ld =⋅mep ldb 18 in

without hooks adjust the Area of Reinforcing steel to accomodate incomplete 
develolopment development length available = 10 in ‐ 2 in = 8in

≔lsoht 8 in

≔Asohtadj =⋅――
lsoht
ld

Astt 0.2756 ――
in

2

ft
Adjusted Area of steel to account for incomplete 
development

≔ATdeduct =―――
Tdeck
60 ksi

0.0994 ――
in

2

ft
ReducƟon of area of steel required to carry 
collision tension force Tdeck

Check Development length of #5 
hooked bars:

≔lhb =―――――
⋅⋅38 ksi φtopbars

‾‾‾‾‾⋅f'c ksi
11.875 in

≔lh =⋅lhb mep 14.25 in

≔lhoht 8 in

≔Ahohtadj =⋅――
lhoht
lh

Ahtt 0.3481 ――
in

2

ft
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≔Afob =+−Asohtadj ATdeduct Ahohtadj 0.5242 ――
in

2

ft

=dstop 6.1875 in =b 12 ―
in

ft
=εcmax 0.003 ―

in

in

≔csoh =―――――
⋅Afob fs

⎛⎝ ⋅⋅⋅0.85 f'c β1 b⎞⎠
0.907 in

≔εs =⋅
⎛
⎜
⎝
――
εcmax
csoh

⎞
⎟
⎠

⎛⎝ −csoh dstop⎞⎠ −0.0175 ―
in

in
tensile strain is > 0.005 therefor 
behavior is tensile controlled, and fs=fy

≔Mnfob =⋅⋅Afob fs
⎛
⎜⎝

−dstop ―――
⋅β1 csoh
2

⎞
⎟⎠

15.2081 ――
ft൉kip

ft

≔φee 1.0 Extreme event resistance factor = 1.0

≔Mrfob =⋅φee Mnfob 15.2081 ――
ft൉kip

ft
deck flexural resistance capacity at face of 
barrier with parƟally developed straight #5 
bars and parƟally developed #5 hooked bars 
both at 6" spacing > M at face of barrier 
therefor okay
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Check Moment due to overhang 
and due to collision force at 
centerline of exterior girder:

=Mstr1oh −3.597 ――
ft൉kip

ft

≔Moh =−−Mstr1oh ⋅Tdeck ――
tdeck
2

Mc −15.6275 ――
ft൉kip

ft

≔Asoh2 =+Astt Ahtt 1.24 ――
in

2

ft

≔csoh2 =―――――
⋅Asoh2 fs

⎛⎝ ⋅⋅⋅0.85 f'c β1 b⎞⎠
2.145 in

≔εs =⋅
⎛
⎜
⎝
――
εcmax
csoh2

⎞
⎟
⎠

⎛⎝ −csoh2 dstop⎞⎠ −0.0057 ―
in

in
tensile strain is > 0.005 therefor 
behavior is tensile controlled, and fs=fy

≔Mnoh =⋅⋅Asoh2 fs
⎛
⎜⎝

−dstop ―――
⋅β1 csoh2
2

⎞
⎟⎠

32.7096 ――
ft൉kip

ft

≔φee 1.0 Extreme event resistance factor = 1.0

≔Mroh =⋅φee Mnoh 32.7096 ――
ft൉kip

ft
deck flexural resistance capacity at face of 
barrier with fully developed straight #5 bars 
and fully developed #5 hooked bars both at 6" 
spacing > M at centerline of girder therefor 
okay

Use standard 180 degree hooks and ensure they project the development 
length beyond the center of the exterior girder

Lap Splice lengths: As provided is not twice As required 
and assume 100 percent of Area of steel is spliced at 
locaƟon (ie class C splice)  5.11.5.3.1

=ld 18 in

≔llap#5 =⋅1.7 ld 30.6 in Specify 36" lap splice length for all lap splices for #5 bars in the deck
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