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Project: Rockingham VT Bridge
Contractor: Cold River Bridges

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

Project Notes:

VTrans Structural Design Manual
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Calculate fatigue distribution 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
Vertical concrete parapet to check the overhang

reinforcing

f'.:=4 ksi
f,:=60 ksi

=0.003 L
in

Cmax

00052

in

€smintc *=

C :=2.51n

topbars

Chtmbars := 1.5 in

B,,:=10 in

tgeck =9 in IM:=33%  Dynamic Load Allowance 3.6.2.1-1
.2

A5:=0.31 in Area of a single #5 bar
.2

Ag:=0.44 in Area of a single #6 bar

Setoc'=10 ft+6 in=10.5 ft

binei= 16 in

OH:=2 ft+7 in=2.5833 ft

Barrier or curb width

tye:=3.25 in

Orailing = By * (2 ft+t,,;) + 150 pcf+ 25 plf=0.3089 kIf

m,,:=1.20
E.:=1820-\/f'.-ksi
E,:=29000 ksi

ES
n:=—=7.967
E

C

=3640 ksi

5.4.3.2

Multi presence factor for one lane loaded per 3.6.1.1.2

C5.4.2.4
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Minimum flange width of supporting girders

thickness of pavement (& membrane)

Tension controlled
resistance factor for
reinforced concrete
sections 5.5.4.2.1

Prei=0.90
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§:= Sy = 10.5 ft
h:= tdeck:9 in

Yi:i=1.75 Yiimin == 0.00
Yaci=1.25 Ydemin := 0.90

wi=1.50 Y dwmin := 0.65
Yeve:=1.00

Critical section for Negative moments 4.6.2.1.6
25% of the flange width from the centerline of
girder.

25% + b= 4 in

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

Pou:=7.17 fkip Max + moment
P3in,  i=—7.64 (L 1IP

ft
P6in, :=—6.77 (L XIP

ft

P3in,;; — P6in ki

Py :=P3inyy, + (P3iny, ) (4 in—3 in)=—7.35 ~tXP

3in—6 in
Phiton = — w— 12 in)+(100% +1IM) + m,,

Py =—1.197 JLKIP
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Negative Design moment, interpolated
between 3 in & 6 in for design section
at 4 in from cl web

3.6.1.3.4 Deck overhang load where
continuous barrier is in place and
overhang is less than 6 ft outside wheel
loads may be replaced wiht a 1kIf load
placed 1 ft from the barrier.

P =717 ft-kip
P =—7.35 (UKIP

ft
Py =—1.197 JKIP
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For uniformly loaded condition: (1k/If/ftwidth):

1:=5S=10.5 ft
w1 M
ft
w1 ft-kip
M, 0 = ———=9.1875
P12 ft
—w-1? fe-ki
Mneg =-11.025 — P
M,y o= —w-+0H — 33368 ft-kip
ft
DC & DW :
KIf

de= e+ 150 pef=01125 ——

+145 pcf=0.0393 g
t

pvt

® ft-ki
My =« Mypos = 1.0336 —— P
w
ft-kip
Mup = ——+ Mypos = 0.3608
w ft-ki
Mgen =2« Mo = —1.2403 — P
w
Mgy =T-Muneg:—0.433 -
ft-kip
Macenon == *Myop=—0.3754 ft
f-ki
denoh = * Muoh =-0.131 ft i

Page 3 of 17



'{“ z’z'zf't}v[m{oAb I TN \
/@/ PH. iza:fu 7312007 B mgas?n{cz/mé (€N
E Q12T EAX G 3
ANNEREZEZRG™Y AN

5" . _;2’-21__ 06" e fo'-6" e 10-6 —_2‘-2:_ - 5"
0.310 k7 O.31 k/FF

Y Y

A A A
0.39 kTt -0.08 k/TT -0.08 k7T 0.39 k/7T
REACTIONS DUE TO RAILING LOAD
O.31K
0.08K
0.08K |
-0.3/K
SHEAR DIAGRAM DUE TO RAILING LOAD
B . .
Mrailnoh = _wrailing ° (OH __W\l =-0.6692 It klp
\ 2)
M, == 0.08 Kf- (s _ “““f) M, =0.1441 TUKIP

ft-kip

Mrailp :=0.08 KkIf.S + Mrailnoh =0.1708

Maximum Positive & Negative moments at strength I:
M

Mstrlneg =Y * Pait+ Ydemin * Mrailn & Yac * Maen + Yaw * Mawn =

Miir1on *= Yii* Puiton + Yec * (Mraiinoh + Macnon) + Yaw * Mawnon = —3.597
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stripos ‘= Y1 * Pon+ Ve <Mrailp + Mdcp> +Yaw* dep =14.5942

—14.9326

ft-kip
ft

ft-kip
ft
ft-kip




2
m

Ay=0.62 —

stt ft

Area of steel transverse top

. 2

n
Ay, :=0.62 —
stb ft

Area of steel transverse bottom

QPtopbars = E n Pbtmbars ‘= E n

(Ptopbars

dstop =Tgeck — Ctopbars - =6.1875 in

Pbtmbars

dsbtm = tdeck — Cbtmbars — =7.1875 in

Flexural Capacity of
positive moment region:

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

Aps ° fpu + Astb ° fs N A's -f'

S o
Cpopr 1= =1.073 in
btm { fpu\
10.85+ '« By b+ ke Ay -2
\ dy )
Eemax = 0.003 E

{ cmax \

in
€= I* (Chtm — dspem) =—0.0171 —
\ btm ) in
fe-ki
anos = Agge fs * l(dsbtm = M\ =20.868 P
\ )
ft-ki
M s 1= Pre* Mypos = 18.7812 — 1
My 1pos = 14.5942 ft-kip
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T2
Api=0 % fui=0ksi  fi=f,= 60 ksi
in2
Ag=02  f:=0 ksi f'.=4 ki
ft
Bq:=if f'c<4 ksi =0.85
|0.85
else
l 1
0.85 — (f'
H AvAL: ksi
bi=12 2 k:=0.28
ft
dp :=1 in dp set to 1in although Aps=0 in"2 as

there is no prestressing steel

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

Positive moment nominal capacity

Moment Capacity is > Str | positive
moment therefor okay for str. | Positive
Moment
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Flexural Capacity of
negative moment region:

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

Aps r fpu + Astt 1 fs T A's ° I:'s

Crop = / £ =1.073 in
10.85.f".- Bl‘b+k‘Aps‘ pu I
\ d, )
Eemax = 0.003
mn
€ .
£yi= ./ m\| « (Crop — stop) =—0.0143 =
\ Ceop / in
( By * Ciop | ft-kip
Mnneg = —Agy fo '\dstop - %}l =—-17.768 =
f-ki
Mrneg:: (s Mnneg:_15-9912 p
Moy = —14.9326 JE19P
ft
ft-kip

Mstrloh = —3597
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tensile strain is > 0.005 therefor
behavior is tensile controlled, and fs=fy

Negative moment nominal capacity

Moment Capacity is > Str | negative
moment therefor okay for str. |
Negative moment & Str | overhang
moment
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Check Minimum Reinforcing
requirements: per section 5.7.3.3.2

in
./tdeck <12 — : \
t
SC = g =162 — Section modulus of 12inch strip of deck (gross section uncracked)
Y11= 1.6 for other than precast segmental structures
Y= 1.0 for unbonded tendons (no prestressing force applied gamma 2x fcpe = 0

Y3:i= 0.67 for A615 grade 60 reinforcing per 5.7.3.3.2

fcpe :=0 ksi thereisno prestressing force

SnC = SC non composite section is the same as the composite section
f.:=0.24 -\/f' - ksi =0.48 ksi modulus of rupture per 5.4.2.6
ft-ki
Mgpe:=0 P all load is composite (ie there is no non
ft composite section)
( (S ) ft-kip

Mg :=vys3e <Y1'fr+YZ'fcpe> *Sc—Mgne* | —11=6.9466

\ ) f

ft-kip
M;pos =18.7812 &
ft-ki
Mrneg =-15.9912 P Resisting moment positive & Negative is

> Mcr therefor minimum reinforcement
is adequate per section 5.7.3.3.2
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Check Crack Control
Reinforcement per section 5.7.3.4

Maximum Positive & Negative moment service loads:

ft-kip
Msvcpos =Ysvc*® P+ Ysve® <Mrailp + Mdcp> + Vsve® dep =8.7352

ft-kip
ft

Msvcneg =Ysve * Pait + Ysve * Mrain + Vsve * Maen + Yove * Mgwn =—8.8791

ft-kip
Msycon = Ysve * Pritoh + Vsve * <Mrailnoh + Mdcnoh) + Ysve * Mawnoh = —2.3726

Cracked Neutral Axis Positive Flexure:

Asbtrans = Astb -n=4.9396 f— area of steel transformed to concrete
t
Cerpos *= =2.0555 in distance to cracked neutral axis
(assumed)
Potmbars .
Ysbi= Cbtmbars + T =1.8125 in

C
Yeoncpos = Tdeck — crzpos =7.9723 in

A

concpos = crpos

«12 —:24 666 —
ft ft

Aconcpos * Yconcpos + Asbtrans *Ysb —6.9445 in

A

Ybarpos =

concpos + Asbtrans

Cerpos *= tdeck = Ybarpos = 2.0555 in

n
Icrpos = T + Aconcpos = <YConcpos - Ybarpos> + Asbtrans = <YSb — Ybarpos> =164.8336 T
I in’ [ in’
Scrposstl = — =4.0314 —  Sposconc'= — =% =80.1924 —
<Ybarpos - YSb> *n ft tdeck I Ybarpos ft

M
fospos i= ——2" = 26.0012 ksi

crposstl
M
o SvCpos .
feoncpos = —————=1.3071 ksi
crposconc

Page 8 of 17



A EN(,.};—_:;,:‘:\
&/ﬁ% ey W

)\ RICHMOND, AL;EBZ'J;SS?;{(/ i
PH. (Q7) 737-2007 FAX (.
Ao [N

Yei= 1.0 Exposure factor for Class | Exposure condition
depos = Yep = 1.8125 in

h:= tdeck =9 in

Bep:=1+ $= 1.3602 5.7.34
0.7+ (h—depos)
kip
700y, —
Smaxpos ‘= 711’1 —2 ClCpOS =16.1668 in 5.7.3.4 for maximum reinforcing steel bar
Bsb SSpos spacing based on class | exposure
condition. 6 inches per bar << 16.1668 in
therefor okay
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Cracked Neutral Axis Negative Flexure:

Agitrans = Agr N1 =4.9396 ? area of steel transformed to concrete
Cerneg = =1.8826 in distance to cracked neutral axis
(assumed)
(ptopbars

YSt = Ctopbars + = 28125 in

C
Yeoncneg *= tdeck = c;ueg =8.0587 in

Aconcneg: Cerneg* 12 F: 22. 5912 1

ft

A

*y + Agttrans * Vst .
ybarneg = COnCneg concneg sttrans S - 7.1174 in

A

concneg + Asttrans

Cerneg *= Ydeck — Ybarneg = 1.8826 in

in \
(Comes 12 ft) 2 2 in
Icrneg = 12 + Aconcneg * <YConcneg - Ybarneg> + Asttrans = <YSt - Ybarneg> =118.2296 T
I in® I in’
Scrnegstl = =34472 — Scrnegeonc = —62.8022 —
<Ybarneg - YS'[> *n ft Cdeck — Ybarneg ft
—M
fosneg = ——8 =30.9092 ksi
crnegstl
—-M
fooncneg = =t = 1.6966 ksi
crnegconc
Aeneg = Yot = 2.8125 in
h:= tdeck =9 in
d
Byi=1+—— 8 —16494 5.7.3.4
0.7 + (h —dpeg)
Ki
700 +y, - —P
Smaxneg = I I L 2+d.eg=8.1058 in 5.7.3.4 for maximum reinforcing steel
Bst * fssneg bar spacing based on class | exposure

condition 6 in spacing << 8.1058 in
spacing therefor okay
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Longitudinal steel:

Sftofclr =5— bminf: 9.1667 ft

bminf_tw

Seff = Sftofclr + =9.8151 ft 9.7.2.3 Effective span Length

for primary steel perpendicular to
traffic: 9.7.3.2

Z20B R 702223%  s67% thereforuse 67

V Seff - ft

.2
Asdistbtm =67%- Astb =0.4154 L

ft
.2
A;=0.31 in
in
As+12 —
Smax i=—— =8.9552in space bars at 8 in centers
sdistbtm
Slbtm = 8 in
Ag-12 2 )
ft in
Albtm == 0465 —_—
Sibtm ft
Altop :=0.31 — space top longitudinal bars at 12in
ft centers per Vtrans standard minimum

reinforcement

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

by,:=36 ft+8 in=440 in h=9 in f, =60 ksi
1.30 klr} boa .2
Aggyi=—°ft —0.09555 0 51081
2+ (bya+h)-f, ft

.2
Ages<0.11 % therefor
t

Ast&s =0.1 1 —_— 5.10.8-2 area of steel provided = 0.62
ft square inches per foot each face
transverse 0.31 square inches per foot
minimum longitudinal top face and
0.465 square inches per foot bottom
face therefor temp & shrinkage okay
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Astlbarhor:= 3-0.2 inz =0.6 inz

Vppari=2 in+0.5 in+ D5 in =2.75 in
dspar =By — Ypbar=7.25 in
A .f
Coar = stlt:arhor s —0.457 in
(0.85+f".+ B+ by,
€cmax = 0- 003 1
in
€
£ i= { cmax\ <Cbar dsbar> —0. 0446 —_—
\ Char } in
( Bl Ch \
My, = Agaparhor * fs * I\dsbar - Tar} =21.

.3

thss4x3 :=3.12 in
.3

Zrail = thss4x3 + thsstZ =3.704 in

My := Zyyi » Fyra = 15.4333 ft-kip

I
;'ﬁvljzn :(m\b i
)\ RICHMOND, ME 04357 4/
(207! 73? 2007 FAX (207)

37 ZODIB L /

Dpary = 24 in+t,,, =27.25 in

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

1672 ft-kip

Barrier wall moment capacity

Zynssaxo = 0.584 in”

i1:="50 ksi

yra1

Plastic moment capacity of top railings. (assuming the highest grade
tube steel results in a higher plastic moment and a higher demand on
the deck design, therefor is conservative for purposes of deck design)

in
02in° .12 = ,
ft in _ ‘
Astlbarver = 8 ] =0.3 T #4 bars at 8 inch spacing
mn
. 0.5 in . in
Ybbary =3 in+ =3.25in b=12 — Cmax_0()()3 s |
ft in
dsbarv =By — Ybparv = 6.75 in
A of,
Chary °= stlbal:ver s —0519 in
(0.85-f'.-B; - b)
{ Ecmax\ . Jd .
&= <Cbarv dsbaw) —0. 036 —— tensile strain is > 0.005 therefor
\ Charv } in behavior is tensile controlled, and fs=fy
( B \ feki Barrier wall horizontal
1° Coary “KIp cantilevered moment capacit
M := Asubarver * fs * |\dsbarv - } =9.7941 per linear foot pacty
Page 13 of 17
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L:=3.5 ft From Table A13.2-1 for TL-4 Railing H,, :=bp,w=27.25 in
2
L L 8-H,-(M,+M
L= —t—i— \/(—t\| + il < b W> =10.1732 ft A13.3.1-2 interior wall segments
2 ¥\(2) M,
2 { Mc ° Lci2 \ .
R,ji=——+|8- <Mb + MW> +—————|=87.7546 kip A13.3.1-1 at interior wall segments
2.Li—L | H, )
2
L L M, +M
Leet= I + \/l{—t\| +H,- N il =5.1483 ft A13.3.1-4 at end panels or joints
2 V\(2) M,
2 ( )
Ryei=——— | My + M,, + | =44.4095 kip A13.3.1-3 at end panels or joints
2eLe—Ly | HW )
R, :==max (Ry.,R,;) =87.7546 kip
L.:=L;=10.1732 ft
R ki ft-ki
Tyeaxi=—— 2 =5.9636 2. M, =9.7941 P
L.+2-H,
ft-kip

B,
Mgcbarfob = Wrajling * 7 =0.1287

2

ft-kip

B
Mgeckfob = taeck * 150 pcf+ % =0.0391

Check ft- klp

Collision force &
moment at face of
barrier

( )
Mgy iz =1- |\Mc + Tqeck +1.25« (Mycparfob + Mdeckfob)} =—12.2402
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Astt =0. 62 —_— Area of steel in top straight bars transverse per foot with #5 bars
t at 6" spacing
2
A =0.62 f— Additional hooked bar #5 at 6" on center at overhang
t

Check Development length of #5
straight bars:

[ 1.25 \
AS fy .2 |
in n .
=maxX|———,U.%- . . = mn 5.11.2.1.1 Tension development lengt

lab 0.4« —— Qroppars* fy | =15 2 jon devel length

| VFeeksi kip )
Modification of development lengths:
me, := 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

Lione:=8 in

1soht

AStt =0. 2756 —_— Adjusted Area of steel to account for incomplete

Asohtadj =
d t development

T i

deck n

Tdeduct i= —— = 0.0994 — Reduction of area of steel required to carry
60 Kksi t collision tension force Tdeck

Check Development length of #5
hooked bars:

38 . ksi-
Ly = L Popbars _ 1 875 ip

V. ksi
lh = lhb . mep =14.25 in

lhoh'( =8 in

2

l .
hoht | A, = 0.3481 %

Ahohtadj =
h

Page 15 of 17



_ 00D ENGos
- gﬁ'ﬂg?}v [m{f)p(:}b ¥

}3,1 )\ RICHMOND, ME 04357 4/ |1 6\
PH. (2a7! 737-2007 FAX (2071“/37 2008 \_\
AV = 1V 2aN

AN

Afob = Asohtad] - ATdeduct == Ahohtad] 0.5 242 ST

ft
dytop= 61875 in b=12 2 e =0.003 1
ft in
Agp* £,
Cson *= b s =0.907 in
(0.85+f';+ B, - D)
{ cmax\ in
£t <Csoh stop) =—0.0175 — tensile strain is > 0.005 therefor
\ Csoh } mn behavior is tensile controlled, and fs=fy
( B1* Cson ) ft-kip
Mitob = Aop * f * 'kdstop_TSO) =15.2081 ft
Pee = 1.0 Extreme event resistance factor = 1.0
ft-kip

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

M. fop i= @ee * Mpsop, = 15.2081
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Check Moment due to overhang )
and due to collision force at Mgip1on = —3.597 ft-kip
centerline of exterior girder:

td k ft'kl
Moh = Mgrioh — Tdeck * ;C —M,=-15.6275 L

. 2
n
Agonz = Age + Ape = 1.24 ft

Com etz 5 4510
h2 i= - =2
M (0.85+f".+By+b)
/ € \
£gi1= i <Csoh2 dstop> —0. 0057 — tensile strain is > 0.005 therefor
\ Csoh2 in behavior is tensile controlled, and fs=fy

( B1* Csonz | f-ki
Mhon ::Asohz'fs' 'kdstop_%) =32.7096 p

Pee = 1.0 Extreme event resistance factor = 1.0

ft-ki
Mroh = Peet noh_ 32.7096 .

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
location (ie class C splice) 5.11.5.3.1

ld: 18 in

llap#S =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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