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Andover, VT Bridge Superstructure Design
REV01

Prestressed, 9 plank solid rectangular sections, 3'-11.5" 44' CL bearing to CL bearing span, 46'-6" beam O.A.,
3 in bituminous surface, Bridge Railing Galvanized 2 rail box beam standard S-360A

Check: Strength 1, Service 1, Service 3, Fatigue 1
Notes: HS-20, truck tandem
Deck Superstructure type (g) AASHTO LRFD Table 4.6.2.2.1-1

Reference: AASHTO LRFD Bridge Design Specifications, Seventh Edition, 2014; PCI Design Handbook

and Checked for

Vermont Agency of Transportation

RECEIVED
ON:  May 14, 2015

CONFORMANCE

DRP DATE: 05/29/2015
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Span:
CL bearing to CL bearing
Beam length

Section Type:
Depth:

Width:

Number of beams

Total bridge width

Thickness of Shear Key

Solid Section Properties
Gross Area of Solid Section

Moment of Inertia of Solid Section
(interior beam, no curb)

Polar Moment of Inertia

St. Venant's Torsional Intertia,
for solid sections per C4.6.2.2.1-2
LRFD 2014

Extreme fiber to CG

Section Modulus Interior Beam
(no curb)

‘o/

i 22 ;ﬁw]z[m{om I

‘ RICHMOND, ME 04357

A

I
(207! 73? 2007 FAX (2071“/37 2003 :,, /

Liper i= 44.0 ft

Liotal := Lipear + 15 in+ 2=46.5 ft

h:=18 in
b:=47.5 in
Nb ::9

W:=b.Nb+<Nb_1>°%

47.5" Wide X 18" Deep Solid Slab

in=35.958 ft (2) 11.5'travel

lanes
t:shearkey :=0.75 in
Agi=h-b=855 in’
3 3
=21 23085 in* Iy= hib =160757.813 in"

I,=1,+1,=183842.813 in"

4

. '8
] 40-1,
Ypi= i
L)
Sh =_1*
Yb
I
st:_"
Yt
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—=72670.44 in"

S,=2565 in’ S:=S,

S,=2565 in’
Vermont Agency of Transportation

RECEIVED

May 14, 2015
and Checked for

CON FORMANCE

DRP DATE: 05/29/2015

ON:
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Concrete Properties @ Service Load:

28 day concrete compressive f'.:=6 ksi f' «ksi =2.449 ksi
strength
. . kip

normal weight concrete with Y.:=0.150 ——

rebar, unit weight ft

correction factor for source of K;:=1.0

aggregate, taken as 1 (5.4.2.4) 15)

. / ¢ ) 0 |
Concrete elastic modulus E.:=33000-K; - | | «\/ ' e ksi E.=4695.98 ksi
(5.4.2.4-1) | X | |
\fe ) ) E,=4695982.325 psi

Concrete Properties @ Prestress Transfer:

Concrete compressive strength at f':=4 ksi

release { \1_5\

Concrete modulus of elasticity at E;:=33000-K;- | | f'eksi E;=3834.25 ksi

realease | |

3
\ft )

Prestressing Tendons:
Prestressing method: pretensioning

Tendon Profile

0.6-in diameter strand dy:=0.6 in

Number of strands N =22

Area of prestressing steel Agrang :=0.217 in’ Aps = Agtrand * Nps = 4774 in’

Type of relaxation:
low relaxation strand

Specified tensile strength of fou:=270 ksi
tendon

Specified yield limit for strands

Vermont Agency of Transportation

Modulus of Elasticity Epg:= 28500 ksi RECE'VED

ON: May 14, 2015
and Checked for

CONFORMANCE

DRP DATE: 05/29/2015
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Self weight dead load (DC, DW)

Self weight dead load wyi= Ay, =0891 P
Superimposed dead load

3" bituminous wearing surface (VTrans Structures Design Manual kip .b=0.148 — & kip
5th Edition Table 3.3.1) i

Rail Weight (Bridge Rail Galvanized 2 Rail Box Beam Standard S-360A) Wi i=50 plf

50plf (without curb) Wy i= Ve (2 ft- 7 in) =175 plf
exterior beams carry 60%, interior beams carry 40%

0.40
Interior beams carry 40% Whint := 2+ (Wygi + Weyrp) * ——— ; =0.026 KIf
. 0.60
Exterior beams carry 60% Whext 1= 2+ (Wi + W, =0.135 kif
Unfactored Bending moment at mid-span
. Wg e Lbear .
Self Weight M, :=T M,=215.531 kip - ft
Wye * Liear
Wear Surface M,ys ::stbear M,,s=35.92 kip- ft
\% Lpear
Rail - Interior Beam Mpint : _% Myine=6.22 kip - ft
w, Lpear
Rail - Exterior Beam Mgy i= ot _bear Myt = 32.67 kip - ft

8

Vermont Agency of Transportation

RECEIVED

ON: May 14, 2015
and Checked for

CON FORMANCE

DRP DATE: 05/29/2015
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Unfactored Shear at Supports

Self Weight - Interior Beam

Wear Surface - Interior Beam

Rail - Interior Beam

Rail - Exterior Beam

see 048-br-15 Calculations/Dead Load

z/_ N
Wg e Lbear
=T 2 |
Vo= Wys ® Lbear
ws T T
v Whint * Lbear
bint ‘= f

Vbext T 2

Whext * Lbear

V,=19.594 kip

Vs =3.266 kip

Vpine = 0.566 kip

Viext = 2.97 kip

Vermont Agency of Transportation

RECEIVED

ON: May 14, 2015
and Checked for

CONFORI\/IANCE

DRP

Page 5 of 38

DATE: 05/29/2015
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Distribution Factor Method for Moment (AASHTO LRFD 4.6.2.2.2)

Table 4.6.2.2.2b-1 Distribution of Live Load for Moment, Interior Beams

concrete beams used in multibeam decks (g), two design lanes loaded

Two design lanes loaded: k:=2.5- Nb_o'2 =1.611 Checkk:=
Number of beams (Nb)
defined above
] =72670.444 in"
1,=23085 in"*
Lpear =44 ft
bear {{ b \ \0.6
Interior Moment Distribution Factor (gmint) mint =K |
per table 4.6.2.2.2b-1, type g, two design \ 305 }

lanes page 4-37 (LRFD 2014)

if k>1.5
“OK”
else
“k=1.5"
Checkk =“OK”
0.2 0.06
Jf_b-12 ) (I_"\. Gmint = 0.304
\120 Lbear} \]}

NOTE: factor of 12 included above to account for MATHCAD correcting units, AASHTO already accounts for difference in units

with included factor, e.g. b (inches), Lbear (feet)

Table 4.6.2.2.2d-1 Distribution of Live Load for Moment, Exterior Beams

concrete beams used in multibeam decks (g),
two 11'-6" lanes + 4'-6" shoulders => two 16' lanes + 2' curbs => 36' overall width

two design lanes loaded

Vermont Agency of Transportation

RECEIVED

overall width of the bridge W=35.958 ft ON: I\/Iay 14. 2015
i d width (inboard dist b 0.5 ft and Checked for
rail guard wi inboard distance rail = 0.
from center of beam) CON FORMANCE
DRP DATE: 05/29/2015
Exterior Moment Distribution Factor (gmext) &
Note: distance de shall be taken as positive if the exterior web is dei=——b d.=1.479 ft
inboard of the interior face of the traffic railing (4.6.2.2.2d- 2 for de< 2.0. OK
Exterior Beams) 17
For concrete box beams used in multibeam decks e, =104+ e,=1.099
(em >1.0) 25-ft
Bmext *= €m * mint Bmext = 0.335
Max. Moment Load Distribution factor &m = MaX (Emint » mext) g, =0.335

Page 6 of 38
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Distribution Factor Method for Shear (AASHTO LRFD 4.6.2.2.3)

Table 4.6.2.2.3a-1 Distribution of Live Load for Shear, Interior Beams
concrete beams used in multibeam decks (g), one design lane loaded

Interior Shear Distribution Factor

Based on 4.6.2.2.3a Interior beams, the values of b, L, Nb, J and | comply with the ranges of applicability
given in table 4.6.2.2.3a

b=47.5 in Vermont Agency of Transportation

Liear = 44 ft RECEIVED

Nb:9 |
ON:

J=72670.444 in" May 14, 2015

and Checked for

I, =23085 in* Therefore, Table 4.6.2.2.3a-1 is applicable CON FORMAN CE

0.4
|/ (b) \l o |/ (b) \l DRP  DATE: 05/29/2015
in b.12 in)
Bvint *= \ } ( \ ol | . | Svint= 0.456
\156} \120 Lbear} \]} \ }
Exterior Shear Distribution Factor
Table 4.6.2.2.3b-1, applicable cross section (g) d.=1.479 ft conservative
Note: distance de shall be taken as positive if the exterior web is
inboard of the interior face of the traffic railing (4.6.2.2.2d- 05
Exterior Beams) ( b \ ’
| de‘l‘E— 2.0 in |
For concrete box beams used in multibeam decks e,:=1.0+ I\ 20.F }I e,=1.203
s

8vext *= €y * Bvint * 1.0 Bvext = 0.549

{Lbear\
2.0 ——|
Skew correction for 06:=0° skewfactor:=1.0 +¢ +Vtan (6_)
Shear Table 4.6.2.2.3¢-1 90./1)
\'in
skewfactor=1.0
Buinti= Buing - Skewfactor gy =0.456
gvext = gvext ° skewfactor gvext =0. 549 gv *=max (gvint I gvext> gv = 0549
DISTRIBUTION FACTORS
Emine = 0.304 8yint = 0.456 USER NOTE: Input max distribution

factors to excel sheets for int. & ext.

Live Load Moment and Shear calcs.
gmext:0'335 gvext:()'szl'9
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Live Loads AASHTO LRFD 3.6:

3.6.1.2 Design Vehicular Live Load HL-93 consists of a combination of
- design truck or design tandem and
- design lane load

Design Truck: spacing between two 32kip axles varied between 14ft & 30ft to produce extreme force effects.
We calculate at 44 locations for 44ft span.

number of design lanes: 2
filepath to calculations: “\048-br-15_CALCULATIONS.xlsx”

HS-20 Load Results assume 2 design lanes loaded, multipresence factor = 1.0 for
two lanes loaded (AASHTO LRFD 3.6.1.1.2-1)

HS20 := READEXCEL (“\048-br-15_CALCULATIONS xIsx” , “HS-20 (Controls)!K8:K9")

[520.727]

HS20=| 56727

MHSZO = HSZOO 0 klp . ft: 520727 klp . ft VHSZO = HSZOl 0 klp = 56727 klp

Tandem Truck
Tandem := READEXCEL (“\048-br-15_CALCULATIONS.xlsx” , “Tandem !K8:K9")

[501.136]

Tandem = | 47.727]

Miang = Tamdem0 r kip«ft=501.14 kip - ft Viang = Tamdeml r kip=47.73 kip

HS-20 Design Truck controls for both shear and moment, before factors applied.

Lane Loads (3.6.1.2.4): Shall consist of a load of 0.64 kif uniformly distributed in longitudinal direction.
Transversely, design lane load shall be assumed uniformly distributed over a 10ft width.

Strength 1
Load Factors Per AASHTO LRFD

Y i=1.75 Ypc:i=1.25 Ypw:=1.5 LM.:=1.33
Vermont Agency of Transportation

RECEIVED

ON: May 14, 2015
and Checked for

CONFORMANCE

DRP DATE: 05/29/2015
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EXTERIOR BEAM MOMENTS

EXTERIOR BEAM
MO MENT Mg Mbext) _ Muws MLLHM] __ M[DC) M{WS) MLL+HM] Mtotal
Load Case v | (i) M (-5t} v | [ k-5t) v | (-5t} v | [i-ft) v | (-5t} | [k-Ft)2 v | (-5t} v |
Strength 1 2659.41 27.23 53.88 496.82 296.64 53.88 496.82 B247.34
Service 1 215.53 21.78 35.92 283.89 237.31 35.92 283.89 557.13
Service 3 215.53 21.78 35.92 227.12 237.31 35.92 227.12 EDD'EEQ
Mrai]Sl=21'78 klp’ft Mg51:215.53 klp'ft MWSS].:35'92 klp‘ft
MLLIMSl = 28389 klp . ft MTS3 = 50035 klp . ft MuSTRl = 84’734’ klp . ft

Mg, :=557.13 kip - ft

INTERIOR BEAM MOMENTS

INTERIOR
BEAM Mg Mrail [int] __ Mws _ MLLHM] __ M[DC} __ M[WS5) __ M[LLHM] __ Mtotal

Load Case Rl {k-Ft) v | (-t v | [k-t) v | (K-t | {-Ft) v | [k-Ft) v | [k-Ft}2 v | [k-Ft) v
Strength 1 269.41 40.84 53.88 450.84) 31025 £3.28 45084 81493
Service 1 215.53 32.67 3592 357.62  248.20 35.92 257.62| 54175
Service 3 215.53 32.67 3592 206.10, 24820 35.92 20610 49023

EXTERIOR BEAM SHEAR

EXTERIORBEAMSHEAR Ve Vrail{ext] Vws  VILIHM]  W[DC)  W[WS)  V[LLHM]  Vtotal

Load Case BoBo HEwow Bw Eo EHBo BHwowe B

Strength 1 24 4% 245 490 36.01 26.97 490 86.01 117.88

Service 1 19.59 1.98 3.27 49 15 21.57 3.27 4915 73.99

Service 3 19.59 198 3.27 39.32 2157 3.27 3932 54.1%
Vuext: 11788 klp VTSl = 7399 klp

INTERIOR BEAM SHEAR

INTERIOR BEAM SHEAR Ve Vrail(intl  Vws  V[LLHM]  V[DC]  VIWS]  V[LLHM]  Viotal

Load Case BMoMw Bow Mw B Bow Bw B

Strength 1 24 .45 3.71 490 71.44 28.20 490 71.44 104 55
Service 1 1955 2.97 3.27 40.82 22 .56 3.27 40 .82 BE.6B5
Zervice 2 19.59 2.97 3.27 32,66 22.56 3.27 32.66 52.48

Vi = 104.55 kip

Exterior Beams Control & the Interior Beams have a smaller section, Therefore check the maximum
Exterior loads on the Interior beams.

Page 9 of 38



Prestress Losses:

Min Concrete Cover per VTrans Structures Design Manual 5.1.2.6,
strands located 2.5" from bottom

Total number of prestressing strands N,s=22 d,=0.6 in
Number of Strands in 1st Row Ngtrands1 == 18

Location of strands x1:=2.51in i

Clear Cover (to stirrups) clr:=x;—0.5 in— =1.7 in
Number of Strands in 2nd Row Ngtrands2 = Nps — Nstranas1 —4 =0

X,i=X;+2 in=4.5 in
TOp Strands Nstrands3 = Nps - Nstrandsl - Nstrandsz =4

X3:=Xp,+2+5in=14.5 in

<Nstrandsl X+ Nstrandsz X+ NstrandsB 9

X
Voo i= ) 4682 in

Nps

e =y, —Yps=4318 in
.2 .2 . 4
A,s=4774 in A,=855in [,=23085 in

E,:=28500 ksi M, =215.531 kip - ft E.=3834.254 ksi

Table 5.9.3.1: Stress limit for Low-Relax Strands fope:=0.75« £, =202.5 ksi
immediately prior to transfer (fpbt)

Sum of losses due to elastic < 2
A .f -<I+e -A>—e-M-A>
ps bt X g g g

shortening/extension at the time  Af LES = p —9917 ksi
AL - Eg

;)I:‘sf))restress and/or external loads (Aps . (Ix+e2 'Ag> n ( g c1> \I
\ E, )

prestress immediately prior to transfer fhi:=202.5 ksi

avg. annual ambient relative humidity (%) H:=80
(AASHTO LRFD Eq. 5.9.5.3-2) =17 —50.01 H=0.9
(5.9.5.3-3) Yoi=————=

{ fci\

114+ I

' ksi)

Estimate of relaxation loss, for low relax. strand Agpr:=2.4 ksi

(Equation Per
AASHTO LRFD
C5.9.5.3a-1)

long term losses, shrinkage and creep:  Afj;;:=10- %-yh-yst+ 12 Kksi vy« Yo+ Agpr =23.376 ksi

(AASHTO LRFD Eq. 5.9.5.3-1) g

Page 10 of 38
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Total Losses in Pretension members per Eq. 5.9.5.1-1)  Afjp:= Af pg + Afj 1 =33.293 ksi

Stress in prestressing strands at service limit state after losses, f

pe i= fpi — Af,r =169.207 ksi

Check Service | (AASHTO LRFD 5.9.4.2): compression stresses, all limits in table 5.9.4.2.1-1 shall apply

Case 1: stress limit 0.45f'c (ksi) - Compute top fiber stresses -under permanent load
Ppe from:

Srv1Limit:=0.45-f',=2.7 ksi e=4.318in S,=2565.00 in”  S,=2565 in’

2
Aps=4.774 in

P .:=f

e+ A =807.79 kip

pe

Moment due to barrier for Service |

Moment due to self-weight for Service |

Moment due to wear surface for Service |

MrailSl = 26136 klp . in
Mg51 = 258636 klp . in

M,,ss1 =431.04 Kkip +in

P Prore (Mg + Mg+ M
£ o= pe  ‘pe +< gS1 railS1 wsSl> ftg:0.863 ksi

ft<2.7 ksi, OK
St St

_Ppe | Ppece (Mgs1 + Mgy + Myys1)

fb<2.7 ksi, OK
Sb Sb

fpg = 1.026 ksi

Case 3: stress limit 0.60f'c (ksi) - Compute top fiber stresses -under prestress, permanent load, and transient
loads

P Pece (Mg +Mpunss +Mygs +M
ft=: pe p; + < gs1 railS1 - wsS1 LLIMSl> ft: 2.191 ksi
t t

ft< 3.6ksi, OK

Check Service Ill (AASHTO LRFD 5.9.4.2.2): tension stresses, all limits in table 5.9.4.2.2-1 shall apply

Case 2: Severe corrosion, tensile stress limit (ksi) - Compute top fiber stresses -under permanent load

Srv3Limit:= —(0.0948 ERVA S ksi> Srv3Limit=—0.232 ksi () indiates tension

P P € MT53
Sb Sb

f,=—0.036 ksi OK for Service Il

Page 11 of 38
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Check Strength | (AASHTO LRFD 5.7.3):

Mild Reinforcement for Strength 1 Ns:=0 Ay:=0.2 in’ A:i=N;+Ay =0 in’ dy:=h—4.25 in
f',:= 60 ksi N',:=0 A,:=021in" A=A -N'.=0in’
D,:=0.5 in d's:=2.5in+ 0625 in=2.813 in

.2 )
ApsStrl = <Nstrandsl + Nstrand52> * Agtrana = 3.906 in (Conservatively Ignore
Top Corner Strands)

Ypsstr1 =X = 2.5 in

fy:=60 ksi dps:=h—yps1 =15.5 in
k for low relaxation strands k:=0.28 f'.=6 ksi
(Table €5.7.3.1.1-1) '
betal not less than 0.65: Bi:= ( 4\| B;=0.75
\kSI )
foutAge s .f,
for rectangular section behavior, ci= Apssurt A yfs c=5.254 in
(57311-4) 0.85. f'c A B] .b + k- ApSStrl . dpu

ps
a:=f;-c=3.94in

f's =f'y if c<3*d's and fy< or = 60ksi c=>5.254 in d';=2.813 in f :=f

f's:i=if c<3.d's =60 ksi
i
also if f, ;<60 ksi
I
else
kX

for rectangular section subject to flexure about

one axis, where approx. stress distribution in f .
Art. 5.7.2.2 & where fpe> or = 0.5fpu, any P.S.

stress (fps) may be taken as

-(1—1(- ¢ £, = 244.38 ksi

My = Apggn = s o — 2V 4 A £ d —i\.—A'S-f'-/d's—%\.

\"2) \"2) A\
AASHTO LRFD Equation 5.7.3.2.2-1 M, =12914.672 kip-in
phi = 1 for tension controlled oM, =M, =12914.672 kip-in > M g7 =10168.08 kip-in

prestressed sections

Page 12 of 38
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Check Minimum Reinforcing: Per AASHTO LRFD 5.7.3.2.2, the amount of prestressed & nonprestressed tensile
reinforcement shall be adequate to develop a factored flexural resistance, Mr is the min. of 1.33* factored
moment required by applicable load combinations OR Mcr

M,:=¢M, phiMn is greater than Mu, therefore meets strength 1 requirements
(5.7.3.3.2-1) Y3:=1 for prestressed concrete structures
v1:=1.6 flex. cracking variability factor, 1.6 for other than segmental

yp:=1.1 bonded tendons

f.:=0.24-\/f' - ksi =0.588 ksi modulus of rupture (Art. 5.4.2.6) for cracking
moment
P e
fopei= —— 4L~ =2.305 ksi
Aq Sy

Mg i=Y3+ (Y1 fi+ V2 fpe) Sp=8915.398 (kip-in)
FactoredMu:=1.33 « M grgq =13523.546 kip+in > Mcr, therefore Mcr controls
CheckminAs := min (M, , FactoredMu) =8915.398 kip - in

M, =12914.672 kip-in Mr>Mcr, OK

Page 13 of 38
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Stresses at Transfer, Debonding of Strands N, =22
4 Strands debonded for 7ft Ny sdebond =4 M =0.182 <0.25 0K
ps
Development length: fpe, fps @ Ld fs=244.376 ksi fre=169.207 ksi
K:=1.0 d,=0.6 in

. 2
Apsdebond = <Nps = Npsdebond> * Agtrana = 3.906 in

Nitrandsidebond *= Nstrands1 — Npsdebond =14 X1:=2.5 in
Nitrands2debond *= Nstrands2 = 0 Xp:=0 in
Nstrands3debond = Nps — Nitrands1debond — Npsdebond =4 X3=14.5 in
A (Nstrandsldebond *X;+ Nstranddeebond X+ NstrandsBdebond ° X3> H .
Ybsdebond ‘= =5.167 in
<Nstrandsldebond + Nstranddeebond + Nstrands3debond>
€debond “= Yb — Ybsdebond = 3-833 in
Elastic losses (defined above) Af ps=9.917 ksi
Transfer length lirans :=60+d, =36 in
Total beam length Lioa1 =46.5 ft X:=lirans
W+ X [
Moment @ transfer length (x) Mgtrans *= 5 total — X) Mgtrans = 697.359 Kip - in
due to self-weight
Stress at Transfer: Pirans = (202.5 ksi— Afgs) * Apsdebond Pirans = 752.23 kip
P P e . M .
foprans = — — — 20 debond " Yt 4 | ETPT Mt fiirans = 0.027 Kksi (-) indicates tension
Ag I, I,
P P e . M .
fbtrans i trans + trans * €debond * Yb __ gtrans Yb fbtrans —1.732 ksi compression
Ag I, I,

Page 14 of 38



Stress Limits: 5.9.4
For temporary stresses before losses (5.9.4.1)

Compression (5.9.4.1.1): for
pretensioned and post-tensioned
concrete components, inlcuding
segmentally constructed bridges

Tension (5.9.4.1.2) All limits in table 5.9.4.1.2-1
shall apply

For other than segmentally constructed bridges,
in areas other than precompressed zone without
bonded reinforcement

gg'w’pgwjzlnéom ¥ -A\'

TN RICI'[MO'N'D ME 04357 A/ 14

FH {207! 73? '200? FAX (20 37-: 2003
AN Vil a7 L//’

f'=4000 psi

featiow :=0.60+ f'; feanow = 2.4 ksi
Compression@Transfer := if fi,.c <fcanow = “OK”
‘ “OK”

else

‘ “NG”

—0.0948 - \/f' ;+ ksi =—0.19 ksi

fTallow

Tension@Transfer := if f..¢> fraow

oK

else

‘ “NG, check with bonded”

Tension@Transfer = “OK”

1:Tallowbond =—0.24-. f'Ci +ksi =—0.48 ksi

Tension@TransferBonded := if fi;ans > fraowbond = “OK”

oK
else
NG

Page 15 of 38
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Check Stress @ Transfer @ Debond + Trans Length

]
(207! 73? 200? FAX (2071“/3?' -2008

= WA\

lgebond *= lirans + 7 ft=10 ft Lyt =46.5 ft e=4.318 in
Wg e ldebond 1.
Moment @ transfer length (x) Mgdebond = T T (Liotal = laebond)  Mgdebona = 1950.469 kip « in
due to self-weight
Stress at Transfer: , Pirans = (202.5 ksi— Afpg) « Apg Pirans = 919.393 kip
A,s=4.774 in
P Pimst€ M
fidebond = tAranS = tmgs + gd;bond figebona = 0.288 ksi compression
g t t
P Pyanst€ M
fhdebond = Zans tmsns - gdSEbond fodebond = 1.863 ksi  compression
g b b

Stress Limits: 5.9.4

Compression@Transfer := if figepong < feanow = “OK”
oK

else

NG

Check at Midspan

Mgpeam = My = 215.531 kip - ft

ptrans Ptrans *€ Mgbeam
ftmid = = +
A, S, S,
£ A Ptrans Ptrans *€ Mgbeam
bmid *— -

A, Sy S,

Compression@TransferMid := if f, ;4 < fcanow = “OK”
| “OK”
else

['Ner

Tension@Transfer := if f3.pona = franow

oK

else

‘ “NG, check with bonded”

—“OK”

at midspan, full beam length

fimia =0.536 ksi compression, <2.4 ksi OK

fomia=1.615 ksi compression, <2.4 ksi OK

Tension@TransferMid := if f ;4> fra0w = “OK”
| “OK”
else

['Ne
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Shear Design
Check critical section (near supports) dv (5.8.3.2) Viexe=117.88 kip
Subscript "1" Denotes property @ fys =60 ksi Vbs1 *= Ybsdebond = 2-167 in
section of critial shear @ dv from CL
Bearing dysy = h —ypsy = 12.833 in
k=0.28 B;=0.75
f'.=6 ksi Aps1 = Apgdebond = 3-906 in”
for rectangular section behavior,
(5.7.3.1.1-4) = Bpst *fpu+ A+ fys — A - fys =5.152 in
b=47.5 in 0.85+f' +B-b+keA-
psl
a;:=fB;-c;=3.864 in by :=b =2+ tohearkey = 46 in (Solid Section)
: ¢ ( 1)
ps1:=fpus ] 1=Kk | fs1=239.65 ksi
\ dps1 )

( 1\ ( a\ l ' ( ' \ 1
Mn1 ::Apsl'fpsl' |\dpsl 2 }+A f \ E}I—As‘fs' dS E}I—850.366 ft‘klp

—

M, = 10204.388 kip - in

Apsl'f sl'dpsl+As'fys'd

Equation 5.8.2.9-2 de;:= ®=12.833 in
psl -f psl +As ° 1:ys
C5.8.2.9-1
M, !
= d,=10.901 in
<As i fys + Apsl i fpsl>
dy;:=max (d,,0.9+dg;,0.72 - h) d,; =12.96 in

Since bearing area not yet determined, conservatively assume to be zero for determining critical section
for shear. Location of critical shear is dv.

Vyexe = 117.88 kip
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Calculate Shear @ 12.96 in from Centerline of bearing for an Exterior beam

X:=1296 in W, :=0.64 kf‘tp =0.891 kflp ~0.148 MP.
t

: Ly \ :

Viruck@12.96 3= 56.7 Kip Viane@12.96 = Wiane * | = X} =13.389 kip
L
Beam Self Wt Ve@1296=Wg* ( "2 —X) =18.632 kip
L
Wear Surface Vis@12.96 1= Wyys * |{ pear] _ X) =3.105 kip
L

Rail Exterior Beam Viext@12.96 *= Whext * |/ Dar X} =2.824 kip

Vi@12.96in = 1.25 * (Vpext@12.96 T Vg@12.96) T 1.5 * Vis@1296 T 1.75 * 8yext * (1-33 * Viruck@12.96 + Viane@12.96)
Vu@12.96in = 116782 klp < Vuext = 11788 klp

Therefore, use Vi1 :=Viexe=117.88 kip

per5.5.4.2 $:=0.9
. A g Vul .
V,:=0 when using simplified method, Vypi=—————=0.22 ksi
per(5.8.2.4) ¢ebyyedyy
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5.8.3.4.2 General Procedure
Parameters beta and theta Table B5.2.1, values of theta and beta for sections with transverse
reinforcement

Appendix B5 - General Procedue for Shear Design with Tables

Table BS.2-1—Values of @ and p for Sections with Transverse Reinforeement

4! —0.037
&, x 1,000 '
Vi ¥

A =020 | <000 | =005 | <0 | =025 | <025 | =050 | =075 { <1.00
<0.073 223 | 204 20 [218 | 243 26.6 305 | 337 | 364

632 | 475 410 | 375 | 324 204 | 250 | 238 | 223
=0.100 181 | 204 4 [ 225 | 249 27.1 308 | 340 | 367

379 | 338 324 | 314 | 291 2.75 250 | 232 | 28
=0,123 159 | 219 228 | 237 | 259 27.9 314 | 344 | 370

318 | 299 294 | 287 | 274 2.62 242 | 236 | 213
=0.150 216 | 233 42 250 | 269 28.8 321 | 349 | 373

288 | 279 278 | 272 | 260 2.52 236 | 221 2.08
20175 - 232 |- 24F—|—253-—| 262|280~ 297|327 | 352 | 368

273 | 266 265 | 260 | 252 2.44 228 | 2.4 1.96
0200 | 247 | 261 267|274 |- 290 306 | 328|345 36l

263 | 259 252 | 251 243 237 244 | 194 | 179
<0235 | 1261 273 278 | 285 | 300 30.3 323 | 340 | 351

: 233 2.45 242 | 240 234 204 | 186 173 | 164
0250 | 275 | 286 9.0 | 297 30.6 33 328 | 343 | 358

Update theta after calculating strain, recalculate strain, 0,:=21.8 deg N,:=0 kip E;:=29000 ksi
check table B5.2.1
per B5.2-3 definition of fpo fro:=0.7 < £, fro =189 ksi

Within the transfer lengh, fpo varies linearly from zero at the location where the bond between the strands
and concrete reaches its full value at the end of the transfer length. Calculate fpo at dv from the Centerline

of bearing

! —68.04 ksi

trans

fpol = fpo

Section contains at least the minimum transverse
reinforcement as specified in Art. 5.8.2.5 (B5.2-1) Vyext * dy = 107.087 kip - ft

My = (V3 —V,) +dy; =127.31 kip - ft Mu shall not be taken as less than
Vu*dv.

| u1|\+05 N, +0.5¢ |V —V,| cot (8;) —A+ fol)

vl }
€xB521°= =0
2. (ES *A+E- Aps1)

€,5521 + 1000 =—0.002
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If values from B5.2-1 is negative, the strain shall be taken as,

(/ \ \
[Mu| |+ 0.5+ N, + 0.5+ [V —V,| cot (8;) —Apg;  fror |
WA S ) — \ —0.000000
2-|\Ec- zg +Eg A +E- pﬂ}.
€. gs225 » 1000 =—0.0001
& imii=—0.2+10"° =—0.0002
€41i= max(if 0 <&4p521 <0.001/, &4 jmir) = 0.000000
| } xB521 |
f'.=6 ksi else | £, +1000=—0.0001
I\ ’ xB522B }I

per Table B5.2-1 "L —0.037 0,,:=0,=21.8 deg Bui1:=3.75

concrete shear contribution Vc
(5.8.3.3-3) V.1:=0.0316 B4 Vf'ceksi b, -d,; V.1 =173.044 kip

Required Transverse reinforcement at supports per 5.8.2.4, if Vu > .5phi*Vc, then
additional reinforcement is needed

(5.8.2.4-1) b, =09 Vy=117.88kip >  0.5-¢- (Ve +V,)=77.87 kip

Transverse Reinforcement required.

1Y "l _ V., =—42.066 kip F,:=60 ksi Syeint “= 6 in
Vv S
vreq'd = M —0.13 in” Negative Area of Steel indicates
Fy+dy, - cot (8y) that the minimum area of steel
required.
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Try, 1 #4 stirrups @ 6" spacing Auy:=0.2 in” a:=90

A=Ay 2=04 in’ meets min area (Avmin)

_ Ay -Fy-dyg-cot(0y) -sin(a)

s1°=
Sreinf.

V1 =115.87 kip

V=V + Vg +V, = 288.914 kip
V= -V, =260.023 kip

CheckShear:=if V>V

V,
R 1
else
“NG” CheckShear = “OK”

use, (1) #4 stirrups @ 6" spacing

Max transverse spacing

f'.=6 ksi vy =0.22 ksi b,; =46 in 0.125 f'.=0.75 ksi
d,; =12.96 in
Smax = if V43 <(0.125-f") [=10.37 in
H 0.8-d,,
elseif v >0.125-f', 0.8dv<or=24in
H 0.4-d,

0.4dv<or=12in

6 in<10.37 in OK

Min transverse reinforcement

2
Avmin

by1* Sres
=0.0316 + \/f', « ksi -”Fire“‘f':o.?,% in
y

A,1=04 in” Av>Avmin, OK
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Try changing spacing to 12" @ 12' past the centerline of bearing

Subscript "2" Denotes property @ this location X,:=12 ft

Conservatively Ignore the (4) debonded strands since they are only partially developed at
this location. Therefore, use same prestressing properties as CL bearing.

Apsp = Ay =3.906 in” dysz = dyg = 12,833 in

ps2 ‘= Hps1 =

fos2 = f01 = 239.649 ksi M, :=M,, =850.366 kip- ft
dVZ = dvl =12.96 in

bv2 i=b—2. tshearkey =46 in

Calculate Shear @ 12ft from Centerline of bearing for an Exterior beam

L
@12 ft VtruckZ =387 klp VlameZ = Wiane * ( bzear - Xz) =6.4 klp
L
Beam Self Wt Vy,i=w .( bear _ % \|:8.906 kip
g2 g \ 2 2}
L

Wear Surface Viws2 = Wys* 1( bzear ES Xz) =1.484 kip

. 4 ( bear \ _ .
Rail Exterior Beam Vpext2 = Whext * |\ 5 —X2}| =1.35 kip

VuZ :=1.25. <Vbext2 + ng) +1.5- szZ +1.75. Bvext * <133 = VtruckZ + Vlanez)

V,,=70.639 kip
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Calculate Moment @ 12ft from Centerline of bearing for an Exterior beam

MtruckZ :=445.1 klp . ft

Beam Self Wt

Wear Surface

Rail Exterior Beam

X
MlaneZ ::W . <Lbear - Xz) =122.88 ft- klp

B¢
Mg, :=<W3272>- (Liear — X2) =171 ft-kip
X
Mgz : = s Xs) | (Lpear — X2) =28.5 ft-kip

X
Mbeth = Mth» . (Lbear — X2> =25.92 ft. klp

Mz :=1.25 « (Mpexiz + Mgz) + 1.5« Myyp + 1.75 « By * (133 * Moz + Mianez)

M,,=975.617 ft-Kkip

VuZ A
Vypi=————=0.132 ksi
(b ° bv2 * dv2
"2 —0.022
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5.8.3.4.2 General Procedure

Parameters beta and theta Table B5.2.1, values of theta and beta for sections with transverse
reinforcement

Appendix B5 - General Procedure for Shear Design with Tables

Update theta after calculating strain, recalculate strain, 0,:=21.0 N,=0kip E;=29000 ksi
check table B5.2.1

At 8' from centerline of bearing (16) Undebonded strands are fully bonded, the (4) debonded strands are
not fully bonded.

. .2
Nstrands1 =16 fpoai=1fpo =189 ksi Apsa = Nstrands1 * Astrana = 3-472 in

12 in

. . 2
Nitrands2 = Nps — Ntrands1 =6 fpob = fpo =63 ksi Apsb := Ngtrands2 * Astrand = 1.302 in

trans

Section contains at least the minimum transverse
reinforcement as specified in Art. 5.8.2.5 (B5.2-1)

\ - }+05 Ny +0.5+ |V = V| cot (8;) — (Apsa* fooa + Apsa* fooa)
v2

€xB521 = =-0.0011
2. <Es cAg+Ep- (Apsal + Apsa)>

€,m521+ 1000 =—1.092

If values from B5.2-1 is negative, the strain shall be taken as,

(/ 2|\ \
| - | |+0.5-N,+0.5- IVU2 | cot <92> — <Apsa°fpoa+Apsa'fpoa>|
£xp5228 = de ) 5 \ ) —_0.0001
241E s 2+ E A+ E s (ApatApsa) |
\ "2 )
£¢p522p* 1000=-0.098 &imit=—0.0002

£01= max(if 0 <&,p5p1 <0.001] , €4 jmie) = —0.000098

| } xB521 I
f'.=6 ksi else | £,,-1000=—0.098
I\ ’ xB522B }I
per Table B5.2-1 2 20022 0,,:=0,=21 Buvz i=4.10
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Concrete shear contribution Vc
(5.8.3.3-3) V:=0.0316+B,,2* V' +ksi+by,,+d, V,=159.141 kip

Required Transverse reinforcement at supports per 5.8.2.4, if Vu > .5phi*Vc, then
additional reinforcement is needed

(5.8.2.4-1) b, :=0.9 V=70639kip <  05-¢-(Vo+V,)=71614 kip

Transverse Reinforcement not required.

Max spacing does not apply. Speint :=12 in
\Y 2 _V.,=-80.653 kip F,:=60 ksi
<Vsreq'd2 * Sreinf.) .2 . . . .
Apreqazi=——————=1901 in Negative value indicates steel required, no steel required.
Fy * dV2 * COt <92)
(1) #4 stirrup @ 12" spacing Ayy:=0.2 in a:=90

starting 12' from CL bearing.

A,i=Ay,-2=04 in” meets min area (Avmin) 2 vertical
legs of stirrups per S =12in

Ay +Fy+dyy - cot (8,) - sin(a)

V52 = =-15.17 klp
Sreinf.
V2=V + Vs +V,=143.971 kip
Vioi=¢:V,,=129.574 kip V,,=70.639 kip
CheckShear:=if V,>V,
Va
—<V, “OK”
¢
else
“NG” CheckShear = “OK”

Ok to change spacing to 12" @ 12' from Centerline of Bearing.
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Check Longitudinal Reinforcement @ Support per 5.8.3.5

5.8.3.5-1 A, =3906in° d=12833in A=0ft’

psl — psl —

f

11 = 239.649 ksi

Longeinfr == Apst * fps1 + Ag » s =936.071 kip

d:=1.0 b,:=0.9 Myspre:=0 Kip - ft  Use actual Moment @ Support
d,;=12.96 in V1 =115.87 kip 0,=21.8 deg V,1=117.88 kip
Limity =0 ““p”l I 1 ! 05V \| cot (8;) = 182.62 kip
1°= — U9 Vs | 1) — :
Gt | b, Y Y,

CheckLong; := if Long,g,p > Limit,
HOK”

else
“NG” CheckLong; =“OK”
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Check Longitudinal Reinforcement @ Midspan
A=4774in"  d,=155in f,s=244.376 ksi by i=b,, =46 in
M,srr1=847.34 kip - ft ¢M, =1076.223 kip - ft
A f d +Af -d
ei=— P8 P8 % Y ®_155in (Same as dps)
Aps e fos+ Age fig
M
d,:= M, d,=11.07 in
(Ag- s+ Aps - fis)
dymig :=max (d,,0.9-d,,0.72 - h) dymig=13.95 in
LONg,einfmid := Aps * fps + Ag + fs = 1166.649 kip
Viruckmia == 21.8 kip Unfactored, Undistributed
Y. =175 LM.=1.33 g,=0.549
Vumid *= Veruckmid * Y, * LM. » g, = 27.852 kip
dymig=13.95 in Vumid ;:& —0.048 ksi
(b * bvmid ° dvmid
Section contains at least the minimum transverse
reinforcement as specified in Art. 5.8.2.5 (B5.2-1) Try Omia :=22.3 deg

(7| wnil) o s, Ny+ 0.5« [Vymia — V| €0t (Bumia) — (Aps  £ro)
o) =—0.0005
€xB521 = = .
2+ (Bg+ A+ Ep - Apg)

E4ps21* 1000=—0.512 €L i=3.0+10"=0.003

Exmid = N (Expso1 5 Epimir) = —0.000512 €mia* 1000=-0.512

Vs
per Table B5.2-1 ‘;‘f“d =0.008 Buomid=Omid  Puvmia = 6.32
C
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Aypigi=A,; =04 in”

Aymia* Fy e dymiq » €ot {0,,;4) « sin (a
Vsmid L vmid * 'y ledS \Ymid/ ( ):60.816 klp

reinf.

M Vv
[Mustra| ” pimid V!—0.5-V5mid)-cot(6mid>:730.209 kip

Limit b
dvmid ¢ (bf \| |

mid ‘=

CheckLong,q := if LONg,¢infmiq > Limit,;q

| “ox”

else

‘ “NG” CheckLong,;q = “OK”
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Check Pretensioned Anchorage Zone 5.10.10

A

=4774 in’

Fyi= £, Ay = 966.735 kip

bursting resistance, Pr, should not
be less than 4.0% of Ppi

P,

Per AASHTO LRFD 5.10.10-1 on
splitting resistance in pretensioned
anchorage zones, for pretensioned
solid slabs, As, shall be taken as the
total area of the horizontal
reinforcement located within a
distance h/4 from the end of the
member, where h is the width of the
member.

Add additional #4 stirrups at ends
to meet required burst resistance

Agteelend =3 * (2 2. A#4>

required steel:

actual steel: Agteelend =

:=0.04-F,=38.669 kip foanow =20 ksi
N =1.933 in” hgyie:=b=47.5 in
sallow
hsplit . . . .
fromend := =11.875 in dimension from end of beam in
direction that splitting is being
evaluated.
Agpuq=1933in°  fromend=11.875 in
=24 in’ End of beam stirrups: (3) sets of two #4

stirrups starting 3" from beam end, spaced

@ 3"

Ay =1.933 in”

Start first set 3" from beam end, space 3" apart

24 in° to CL bearing where stirrup spacing changes.
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Check Fatigue
M, =215.531 kip - ft
M,,s=35.922 kip- ft
Mpexe =32.67 kip -« ft
M, rat1 :=385.6 kip - ft (Unfactored, Undistributed)
Fatigue 1
YiLFarr == 1.5 Ypcrat1 == 1.0 Ypwrat1 := 1.0 LM =115 g,=0.335

My i= My + Mg + Myeye = 284.123 kip-« ft

My, = Mypat1 * Yirkart * [-Mopars * 8m = 222.56 Kip - ft

P, =807.795 kip A, =855 in’ e=4.318 in S,=2565 in’
.3
Sp,=2565 in
P e M M
fipar1 = — |( L +—d\| + - —1.498 ksi (Compression, less than allowable OK)
2 \Ag St Se) S

Fealow:=0.4+f'.=2.4 ksi

P P.-e M;+M
fopatt i= pe ¢ B T _ d L _0.066 ksi (Tension, less than allowable OK)
g Sb St
I:'C . .
Fiallow :i=—0.0948 - = «ksi=—0.232 ksi (Tension)
si

Both Top and Bottom of Beams
are under the allowable
compressive stress, OK
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Live Load Deflection

Deflection due to truck: Number of lanes/Number of beams DF :=3 =0.222
Check Tandem:
P — 25 ki A . Lbear 4 ft/ |
ruck2 i= ip«DF.L.M.=7.389 kip biruck = f 20 ft
P kZ.b k 2 2 .
truck::t;zTCf;:C°<3°Lbear _4'btruck >:0413 mn
HL93 truck check:
P,:=32 kip
b;:=22 ft—9.3 ft=12.7 ft
1.33.DF«(P,)+a;+b;- a +2. b 3.a;+(a;+2-b
a;:=44 ft—b, =313 ft Ay = (Py) -a1-br- (3 V-2 (ay 1) 0209 in
27°EC'IX'Lbear
PZ = 32 klp
b,:=22 ft—4.7 ft=17.3 ft
1.33.DF.(P,)+a,+b,+(a,+2+b,)+\3+a,-(a,+2+b
a,:=44 ft—b,=26.7 ft Ay = (P2) +32-b2- (3 2) V32 (2 2) 0252 in
27°EC'IX'Lbear
P3 :=8 klp
b;:=22 ft—18.7 ft=3.3 ft
1.33.DF«(P3)+az+by+(ag+2+bg)-\3-a5-(a3+2-b
a;:=44 ft—by =40.7 ft Az = (Py) -2 b (3 5)V3-2s- as %) 0015 in

27 EC' Iye Lbear

AtruckI-lL = Amaxl + Amax2 + Amax3 =0.476 in

HL93 truck controls over tandem . Calculated max deflections for HL93 are superimposed deflections at
location of maximum deflection due to individual axle loads. This approach by inspection is conservative
compared to single maximum deflection of all axles at single location.

Deflection due to lane load
4

ki ki 5« Wppe L
Wi = 0.64 P, 25-0.013 P Ao = ——2me " 7bear 124 in
t in 384-E -1,
Alivetotal =max <AtruckHL I <025 ° AtruckHL + Alane)) =0.476 in
Lbear . .
Aliow ::—0: 0.66 in allowable > total deflection, OK
CheckDeflections := if Ao > Ajivetotal
| “Meets deflection requirements”
else
‘ “Does not meet deflection requirements”
CheckDeflections = “Meets deflection requirements” OK for live load deflection.

Page 31 of 38



%0 ?‘Rﬂzz Rivilr £6AD i

%
7 0&1 I\ RICHMOND, ME 04357 4/ !

//

s AN

Approach Slab Seat Check

check lifting at transfer

end section in flexure

Lpeam :=46.5 ft

h:=18 in

b:=3 ft+11.5 in

bey =3 ft+11.5 in—2 ft=1.958 ft

Ainterface :=h. b2: 855 inz
Agear:i=5.75 ft

LY PH. (207! 73? 2[!!.17 FAX (ZU?) ?3? ZODB

y&

H

—0.891 XIP
32 ki

Loads: Assume 1 wheel Wy := P _16 kip
Approach Seat Self Weight: Y.=150 pcf Woeat :=Ye * Agear * b =3.414 Kkip
Xlifter ‘= 2 ft
Llifters $= Lbeam —4 ft=425 ft
Loear:=2 ft
Xseatcg = 10.75 in  from end of seat (aprch slab side)

Xler\ (Liers"’_xier\
—Wseat * <Xlifter + Xseatcg) - |\Wg * Xiifter * 7]2&*) 1+ W <Llifters + Xlifter) M ku)‘ + Weeat * <Llifters + Kiifter + Xseatcg)
R, := =24.121 kip
L]ifters
R,:=R, =24.121 kip
. . ool Wseat * 2 ft ft !
Moment at lifter (during lifting Mpiifer i= —————+ Weqe» 2 ft+w,«2 ft-2 —=12.023 kip - ft
due to beam and seat self weight): 2
CG of seat from end of beam X.:=10.75 in

Moment due to self weight and
truck with impact (installed):

Moment at end of beam/ backwall
seat interface when lifting due to
backwall self weight, truck with
impact controls.
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BEAM LIFTER DESIGN

(4) Triple 1/2" DIAMETER STRAND LIFTING LOOPS PER BEAM
2'-0" FROM END OF BEAM, SPACED 2'

MIN. 16" EMBEDMENT W/ 1'-0" HOOKS

ki
=0.891 P Ly = 46.5 ft Wiope = 3.414 kip
\ w,
Wheam = Wy * Liora1 = 41.414 Kip Weamlifter ©= T“‘ =10.354 kip Szeat =1.707 kip
. Wseat .
Load per lifter: Wiitter = Wheamlifter + 5 =12.061 kip
Sling Load factor for 60 degree from Fiit0 :==1.16

horizontal = 1.16 (Fig. 5.3.2.1)
Tiifeer *= Wiifer * Fiiree0 = 13.99 kip

Too o= Wiifter —16.081 kip
i (sin (60 deg) -sin (60 deg)) '
PCI Design Handbook (5.3.4.2) Strand
Lifting Loops, Safe working load for Fiiple’=8 Kip-2.2=17.6 kip >13.99 Kip per lifter and with a
triple strand loops: min 60 degree angle in both lifting

planes, > 16.081 kip, conservative
since angle line in transverse plane
will be larger than 60 degrees.

Assuming the allowable capacity of strand loops is directly proporional to the concrete
failure cone surface area, allowable capacity reduced for 16" embedment length,

2 2
Area cone for 24 in embedment, 45 Aconezs =+ (24 in)- V2. <(24 in) ) + m+(24 in) =4368.658 in’
degree cone

2 2
Area cone for 16 in embedment, 45 Aconete:=7+(16 in)- V2. <(16 in) ) +m+(16 in) =1941.626 in’
degree cone

A
¢ L conel6 —0.444

cone24
Cap of concrete for each lifter: Per AASHTO
concrete shear capacity when only in shear v.:=0.95.V(4000- psi) « psi * Aconers = 116.659 kip
in flexure:
Shear capacity of concrete for 16" capl6:=¢-v.=51.849 kip

embedment and 45 degree failure plane.

capl6 > wlifter, 16" embedment for triple 1/2" strand lifting loops.
2 sets typ. each end of solid slab, 2ft from end of beam.
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Check tension in top at lifters (2ft from beam end)

@Transfer f'=4000 psi Liotal = 46.5 ft e=4.318 in
x=36 in
Moment @ lifter due to self- Apsdebond = 0.027 ft”
weight+ approach seat

Stress at Transfer: Pransdebond = (202.5 ksi— Af 55} « Ajcdebond  Prransdebond = 752.23 Kip

. 2 . 2
Aps =4.774 in Apsdebond = <Nps = Npsdebond> * Agtrang = 3.906 in

P P e Myp;
transdebond transdebond Dlifter . . g .
faifer = + — faiter = —0.443 ksi  (-) indicates tension,

A, S, S,

P P e Myp;
transdebond transdebond Dlifter . .
fotifeer == + + fonfer = 2.202 ksi  compression

A, S, S,

Stress Limits: 5.9.4

Compression@Transfer := if fiifer < fcanow = “OK”
oK

else

NG

Tension@Transfer := if fiiger > franow = “NG, check with bonded”
oK

else

‘ “NG, check with bonded”
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Determine required area steel for
tension at lifters at transfer:

AL1=3.906 in’ dps1=12.833 in
fos1=239.649 ksi

1:Tallowbond =—0.48 ksi
5.8.3.5-1

Must include bonded reinforcement for tension at transfer for lifting beam.
faiter = —0.443 ksi fotifter = 2.202 Kksi h=18 in

Calculate Total Tension in top of Beam @ Transfer

<h ° | ftlifter | >

=— % —=453in (Distance to N.A. from top of beam)
|ftlifter + I:blif'[erl

Trrans = 0.5 * X  fijigier « b =—47.642 kip

Fiow :=30 Kksi Per Table 5.9.4.1.2-1

Agreqd = wans _ _1.588 in” negative indicates steel required.
allow

Ays:=0.31 in”

Agpggi=6+Ays=1.86 in’ > 1.588in"2 OK

Use (6) additional #5 bars, full length of beam for tension in top of beam at lifters

(lifters located 2' from beam ends.)
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Check backwall/beam face during lifting (at transfer, 4ksi)

Check mild reinforcing projecting from beam, flexure at beam/ backwall interface.
(Mtenseat calculated above pg 32, assume truck wheel on end of seat)

b=3.958 ft
h=18in

Tension Reinforcement: (6) #5
bars, projecting from end of
beam into seat with lap splice

f',:=60 ksi f,:=60 ki

betal not less than 0.65:

for rectangular section behavior,

(5.7.3.1.1-4)
a:=f;-c=0.461 in

AASHTO LRFD Equation 5.7.3.2.2-1

min area steel required to resist
moment:

Aeqi=031in" +4=124 in’

N

=6 Aw=031in" A,,=186in" d;:=h—35in

(f' \ f':=4 ksi
By := —4 B,=0.85
\kSI )
f
o Asmiarls c=0.542 in
0.85-f'.+B;+b
c=0.542 in d',=2.813 in fyi=fy
a
smlld f * '\ds__)

M, =132.708 kip - ft

M, :=M, =132.708 Kip-ft > Mopeear=78.303 Kkip- ft

Approach seat section OK, only 4 bars required here
but will project all (6) #5 bars into backwall. Project
4 bottom strands also.
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Lap splice development length
AASHTO LRFD 5.11.2.1

Ays=0311in" f,4:=60 ksi  dyys:=0.625 in

1.25.0.31-60
for No. 11 bar and smaller l4p :=max I{— in,0.4.0.625 in- 60\| =151in

\ Ve )
Development length reduction
factors per AASHTO LRFD:

for 6" min spacing and 3" min clr

reduce length by 0.8 factor Areq, is steel required to resist

A .
reduce for additional steel beyond bas =_ "™ _0667 moment at interface of beam and
required. Asmild backwall due to truck wheel at
end of approach seat (pg 37)

Required length of splice: lg:==14p+0.8-Pys=8 in

Minimum lap splice length for all lap splices in backwall seat is 8"
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Bearing: 3/4" x 6" x 3'-10" 50 Duro elastomeric bearing pad at each end of the beam

Compressive Stress:
Dimensions of bearing pad: L:=6in W:=3 ft+10 in h,;:=0.75 in
Total Service Loads: Mrgy =557.13 kip - ft Vg1 =73.99 kip

Force at each bearing:

Bearing Area: Apeari=6 in+ (3 ft+10 in) =1.917 ft”

. . Vrs1 .
Compressive stress per bearing: Og:= =0.268 ksi

bear
Shear Modulus: shore A 50 Dur. G:=0.095
L-W
Shape Factor (S):
2 (hn> L+W)

1.00.G-S=0.336 controls
0.8 ksi
0.268ksi < 0.336ksi, OK
Compressive Deflection:
(AASHTO LRFD 14.7.6.3.3)
S=3.538 0,=0.268 ksi  ==>strain £7:=0.0375
Op:i=gr+h;=0.028 in < 0.09+h,;=0.068 in
Compressive deflection OK for bearings.

Shear:

coefficient thermal expansion for o:=0.000006
normal weight concrete:

both ends expanding so we Ay:=a-45.5 ft«(70)+0.75=0.172 in
assume 75% of beam length
contributes to expansion at one limit:=2.A,=0.344 in < hri, OK in Shear deformation.

end.

Bearing OK per AASHTO LRFD Method A
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LOAD RATING

Project: Andover, VT Bridge
Contractor: JP Carrara & Sons, Inc.

Value Engineering Design: Calderwood Engineering
Design Computations by: Rachael Joyce, EIT
Design Check Computations by: GNM

References:

VTrans Structures Design Manual 5th Edition
AASHTO LRFD Bridge Design Specifications, Seventh Edition, 2014; The Manual for Bridge Evaluation, AASHTO

2011
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Sumary of Load Rating

Sumary of Load Rating

Section Live Load Inventory Operating Section Live Load Inventory Operating
Interior Positive Flexure HL-93 1.65 59.5T 2.14 77137 Interior Shear HL-93 319 11485T 414 148.88T
Strength | 3s2 375 135.02T Strength 1 3s2 6.52 23455T
6at 1.97 130.2T 6at 4.13 272.35
3as 2.61 78.38T 3as 529 15866T
4as 2.38 82.18T 4as 4.84 1669 T
Sas 3.04 115447 Sas 545 207.05T
h20 2.73 54.62T 3.54 70.8T h20 573 114.57T 7.43 148.65T
Exterior Girder  [Positive Flexure HL-93 1.43 516T 1.86 66.89T Exterior Shear HL-93 2.63 94.8T 341 122897
Strength | 352 325 117.09T Strength 1 352 538 19361T
6at 171 112.91T 6at 341 224817
3as 2.27 67.97 T 3as 437 130977
4as 2.07 71277 4as 399 137.76T
5as 2.63 100.11T Sas 45 17091T
h20 2.37 4736T 3.07 614T h20 4.73 94.66 T 6.14 12277
Interior Positive Flexure HL-93 1.38 49.7T
Service 3 3s2
6at
3as
4as
5as
h20 2.28 45.62 T
Exterior Positive Flexure HL-93 1.14 4091T
Service 3 3s2
6at
3as
4as
Sas
h20 1.88 37.55T
Loading Levels H-20 HL-93 3s2 6at 3as 4as 5as
Tonnage 20 36 36 66 30 345 38
Inventory 1.88 1.14
Operating 3.07 1.86 3.25 1.71 2.27 2.07 2.63

Vermont Agency of Transportation

RECEIVED

May 14, 2015
and Checked for

CON FORMANCE

ON:

DRP

DATE: 05/29/2015
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Section Properties

Span:

CL bearing to CL bearing
Beam length

Section Type:
Depth:

Width:

Number of beams
Total bridge width
Thickness of Shear Key
Solid Section Properties

Gross Area of Solid Section

Moment of Inertia of Solid Section
(interior beam, no curb)

Polar Moment of Inertia

St. Venant's Torsional Intertia,
for solid sections per C4.6.2.2.1-2
LRFD 2014

Extreme fiber to CG

Section Modulus Interior Beam
(no curb)

"\ RICHMOND, ME 04357 A4/

7 N o
gaﬂggvén :(og ¥

]
{207! 73? 200? FAX (207]‘“-?7 -2008

W/ /f'

Lieqr = 44.0 ft

Ltotal = Lbear + 15 in-2=46.5 ft

47.5" Wide X 18" Deep Solid Slab

h:=18 in
b:=47.5 in
Nb :=9

W::b‘Nb+<Nb—1)'%

tshearkey := 0.75 in

Agi=h-b=855 in’

b-h’

I:= =23085 in*

X

,=1,+1,=183842.813 in"

4

—=72670.44 in"

S,i=—~  S,=2565in"

. S,=2565 in’

Page 2 of 27
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S:=Sb

(2) 11.5' travel
lanes
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Concrete Properties @ Service Load:

28 day concrete compressive f'.:=6 ksi f' «ksi =2.45 ksi
strength
. . kip
normal weight concrete with Y.:=0.150 ——
rebar, unit weight ft
correction factor for source of K;:=1.0

aggregate, taken as 1 (5.4.2.4)

Concrete elastic modulus E.:=33000-K; - \l il V' e ksi E.=4695.98 ksi
(5.4.2.4-1) |
3 ) | Ib
E.=21756781923.26
ftes
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Self weight dead load (DC, DW)
Self weight dead load

Superimposed dead load

3" bituminous wearing surface (VTrans Structures Design Manual

5th Edition Table 3.3.1)

Rail Weight (Bridge Rail Galvanized 2 Rail Box Beam Standard S-360A)

50plf (without curb)

/-/66?{"152 Rk Y
4"\ RICHMOND, ME 04357 4/

" (]
(207) 737- 200? FAX (20 T37-; 2003
\ IR //"'\\

1,

kip

Wgi=Ag+y.=0.89 —
ft

Wypei=3 in+0.150 292 . p— .15 KIP
it ft
t

W, :=50 plf
Weurh = Ye+ (2 ft«7 in) =175 plf

exterior beams carry 60%, interior beams carry 40%

Interior beams carry 40%

Exterior beams carry 60%

Unfactored Bending moment at mid-span

Self Weight

Wear Surface

Rail - Interior Beam

Rail - Exterior Beam
Unfactored Shear at Supports

Self Weight - Interior Beam

Wear Surface - Interior Beam

Rail - Interior Beam

Rail - Exterior Beam

see 048-br-15 Calculations/Dead Load

IM:=33%

0.40
Whint *= 2. <Wrai1 + Wcurb> 7 =0.03 kIf
Whext = 2. (Wrail +W, D-60 =0.14 kif
M, o= Ve Lbear M, =215.53 kip- ft
g=— 5 g= ! ipe
Wiy Lponr
My = — 8‘”“ M, = 35.92 kip- ft
w Lponr
Mapine —% My, = 6.22 kip- ft
A% Lponr
Mbext:% My o = 32.67 kip-ft
W Lyear _ |
Vg'_T V,=19.59 kip
W,y * L
Viws 1= — beai V,,,=3.27 kip
Whint * Lbear .
Vblnt _f Vbint: 0.57 klp
Vi = Whext * Lipear V. =297 ki
bext *= ————— bext = 2- ip

Dynamic Load Allowance per 3.6.2.1-1 (for HL-93 Loads)
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Distribution Factor Method for Moment (AASHTO LRFD 4.6.2.2.2)

Table 4.6.2.2.2b-1 Distribution of Live Load for Moment, Interior Beams
concrete beams used in multibeam decks (g), two design lanes loaded

Two design lanes loaded: k:=2.5. Nb_o'2 =1.61 Checkk:=if k>1.5
Number of beams (Nb) | “OK”
defined above olse
J=72670.44 in* | “k=1.5"
1,=23085 in" Checkk = “OK”
Lpear =44 ft ( { b \ \0.6
| | b.12 0.2 {I \0.06
Interior Moment Distribution Factor (gmint) 8mint *= \m) / \ ol 8mint = 0.304
' 305 12.0-L '
per table 4.6.2.2.2b-1, type g, two design \ } \ bear/ \1)

lanes page 4-37 (LRFD 2014)

NOTE: factor of 12 included above to account for MATHCAD correcting units, AASHTO already accounts for difference in units
with included factor, e.g. b (inches), Lbear (feet)

Table 4.6.2.2.2d-1 Distribution of Live Load for Moment, Exterior Beams
concrete beams used in multibeam decks (g), two design lanes loaded
two 11'-6" lanes + 4'-6" shoulders =>two 16' lanes + 2' curbs => 36' overall width

overall width of the bridge W=35.96 ft

rail guard width (inboard distance bi:=0.5 ft
from center of beam)

Exterior Moment Distribution Factor (gmext)

Note: distance de shall be taken as positive if the exterior web is de:=——bp d.=1.48 ft
inboard of the interior face of the traffic railing (4.6.2.2.2d- 2 for de< 2.0, OK
Exterior Beams) 7
For concrete box beams used in multibeam decks e,:=1.044_——° e,=11
(em >1.0) 25-ft

Bmext ‘= €m * Bmint 8mext = 0.335
Max. Moment Load Distribution factor €m = MaX (Emint » mext) g, =0.335

Page 5 of 27



D ENG
Y}} b fﬁvn]z'm{og h

W\ RICI'NO‘ND ME 04357

Distribution Factor Method for Shear (AASHTO LRFD 4.6.2.2.3)

Table 4.6.2.2.3a-1 Distribution of Live Load for Shear, Interior Beams
concrete beams used in multibeam decks (g), one design lane loaded

Interior Shear Distribution Factor
Based on 4.6.2.2.3a Interior beams, the values of b, L, Nb, J and | comply with the ranges of applicability
given in table 4.6.2.2.3a

b=475 in
Lpear=44 ft
Nb:9
]=72670.44 in"*
I,=23085 in* Therefore, Table 4.6.2.2.3a-1 is applicable
0.4
I
i b.12

gtz VoL i) 8yt = 0.46

\156} \120 Lbear} \]} \ }

Exterior Shear Distribution Factor

Table 4.6.2.2.3b-1, applicable cross section (g) d.=1.48 ft conservative

Note: distance de shall be taken as positive if the exterior web is
inboard of the interior face of the traffic railing (4.6.2.2.2d- 05
Exterior Beams) ’

For concrete box beams used in multibeam decks e,:=1.0+

Svext *= €y * Bvint * 1.0 Bvext = 0.55

L
12.0 {—‘;"“\
Skew correction for 8:=0° skewfactor:=1.0 +# -Vtan(0)
Shear Table 4.6.2.2.3¢-1 90./1)
in)
skewfactor=1.0
8uint = 8uint * Skewfactor 8uine =046
gvext = gvext ° skewfactor gvext = 055 gv *=max (gvint ’ gvext> gv = 055
DISTRIBUTION FACTORS
Smint:=0.304 g :=0.46 USER NOTE: Input max distribution

factors to excel sheets for int. & ext.

Live Load Moment and Shear calcs.
gmext:: 0335 gvext:: 055
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4.3.2 Live Load Distribution

The LRFD Specifications provides the equations and tables for live load distribution factors. See LRFD Section
4.6.2.2. For typical beam bridges. distribution factors are provided for interior beam flexure (single lane, multiple
lanes, and fatigue). Interior beam shear (single lane, multiple lanes, and fatigue). Use controlling value of the lever
rule and AASHTO distribution formulas to determine the amount of live load carried by the exterior beam. LRFD
C4.6.2.2.2d provides a formula for computation of an additional distribution factor for bridges that have diaphragms
or cross-frames. Use of the rigid cross-section or pile-equation distribution factor is not required for design of
exterior beams.

For the interior and exterior beams, the designer shall use the controlling (or larger) distribution factor calculated for
one lane loaded, two lanes loaded or three or more lanes loaded for flexure. Do the same for shear for locations
within the span and at the supports. The confrolling distribution factor will be the larger of these.

When checking deflection, the distribution factor shall be the maximum number of lanes loaded divided by the
number of beams and multiplied by the respective multiple-presence factor.

The designer shall also calculate the fatigue distribution factors similarly as above except only consider one lane
loaded.

REACTIONS SHOWN ARE PER WHEEL LINE.

———36 TONS]
3s2 @)@
(41)

4|: T 554.5L 27 84BL

{66 TONS]

(OICIO)
G
12412% 12%

6 Axle Trailer
(54.67)

3 Axle Straight '
(19)

4 Axle Straight
(23)

5 Axle Semi =
(35

| 1 |4' | 16 | 4 |
4K 8.5%8.5% 8.5%8.5%

Figure 15.2-1 Vermont Standard Load Rating Trucks
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352 truck
per VTrans Structures Mnl 2010 section 15.2 not distributed without impact, both wheel lines

352 Truck

352

Distance Vmax Mmin Mmax Mo Rmin Rmax
0.00 a2 7 0.0 0.0 1 0.0 427
1.00 411 0.0 411 2 0.0 422

2.00 39.5 0.0 7839
3.00 37.8 0.0 1135
4 00 36.4 0.0 1455
5.00 349 0.0 1745
6.00 33.5 0.0 200.7
7.00 32.0 0.0 2240
8.00 30.5 0.0 244 .4
Q.00 29.1 0.0 261.8
10.00 27.6 0.0 27e.4
11.00 26.2 0.0 288.0
12.00 24.9 0.0 302.5
13.00 24.0 0.0 314.2
14.00 23.1 0.0 323.3
15.00 222 0.0 332.7
15.00 21.3 0.0 340.4
17.00 0.4 0.0 345.2
18.00 19.5 0.0 351.6
19.00 18.5 0.0 357.5
20.00 17.6 0.0 361.5
21.00 16.7 0.0 363.6
22.00 15.8 0.0 3ed.0
23.00 145 0.0 362.5
24.00 15.3 0.0 359.3
25.00 16.0 0.0 354.2
26.00 16.7 0.0 347 .3
27.00 17.5 0.0 3447

28.00 182 0.0 339.6 Mmax= 364 0 k-t

29.00 189 0.0 332.0 Mmin= 0.0 kft

3000 200 00 3229 Vmax= 42 7 kips
MmaX3SZ = 364’ ftklp Vmax352 = 4’273 klp
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6 Axle Trailer truck
per VTrans Structures Mnl 2010 section 15.2 not distributed without impact - both wheel lines

6 Axle Trailer

6 AXLE Trailer

Distance Vmax Mmin Mmax Ho Rmin Rmax
0.00 B7.S 0.0 0.0 1 0.0 B7.5
1.00 B5.3 0.0 B5.3 2 0.0 644

2.00 63.1 0.0 126.2
3.00 60.9 0.0 1827
4.00 58.7 0.0 2348
5.00 56.7 0.0 2837
&.00 55.1 0.0 330.6
7.00 535 0.0 3742
£.00 51.8 0.0 414 6
9.00 a0.2 0.0 451.7
10.00 48.6 0.0 485.8
11.00 48.9 0.0 318.0
12.00 45.3 0.0 346.9
13.00 43 .6 0.0 5725
14.00 42.0 0.0 5845
15.00 404 0.0 615.6
16.00 38.7 0.0 6364
17.00 371 0.0 653.8
18.00 35.5 0.0 6680
15.00 33.8B 0.0 6789
20.00 31.2 0.0 6BE.6
21.00 30.6 0.0 650.9
22.00 289 0.0 692.0
23.00 30.0 0.0 6899
24.00 31.6 0.0 6E4 .4
25.00 33.3 0.0 676.5
26.00 348 0.0 BE6.2
27.00 36.5 0.0 B52.5

28.00 382 0.0 B635.6 Mmax 6920 k-ft

2000 308 0.0 6155 Mmiin 0.0 k-ft

50.00 414 0.0 505 .3 Vmax 675 Kkips
M 6a = 692.04 ft-kip Vonaxeat = 67.46 kip
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3 Axle Straight truck
per VTrans Structures Mnl 2010 section 15.2 not distributed without impact both wheel lines

3 Axle Straight

3 AXLE Trailer

Distance Vmax Mmin Mmax Ho Rmin Rmax
0.00 526 0.0 0.0 1 0.0 526
1.00 51.3 0.0 513 2 0.0 45 B

2.00 499 0.0 99.8
3.00 48.5 0.0 1456
4.00 47.2 0.0 188.7
5.00 45.8 0.0 2291
&.00 445 0.0 266.7
7.00 43.1 0.0 301.6
£.00 41.7 0.0 333.8
9.00 40.4 0.0 363.3
10.00 39.0 0.0 390.0
11.00 37.6 0.0 4140
12.00 6.3 0.0 435.3
15.00 34.9 0.0 453.8
14.00 33.5 0.0 469.6
15.00 31.2 0.0 4827
16.00 30.B 0.0 45331
17.00 29.5 0.0 5007
18.00 28.1 0.0 5078
15.00 26.7 0.0 5155
20.00 25.4 0.0 5204
21.00 24.0 0.0 5225
22.00 216 0.0 5220
23.00 213 0.0 5187
2400 21.3 0.0 5127
25.00 216 0.0 5040
26.00 24.0 0.0 4525
27.00 25.4 0.0 4784

28 .00 267 0.0 4515 M max 5225 k-t

29 00 281 0.0 4418 Mmin 0.0 k-ft

50.00 295 0.0 4276 Vmax 526 kips
M paq30s = 522.55 ft-Kip Vax3as = 52.64 Kip
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4 Axle Straight truck
per VTrans Structures Mnl 2010 section 15.2 not distributed without impact both wheel lines

4 Axle Straight

4 MXLE Trailer

Distance VYmax Mmin Mmax Mo Rmin Rmax
0.00 575 0.0 0.0 1 0.0 575
1.00 56.0 0.0 56.0 2 0.0 518

2.00 544 0.0 108.8
3.00 52.8 0.0 158.5
4 .00 51.3 0.0 205.1
5.00 497 0.0 248.5
6.00 451 0.0 288.8
7.00 46.6 0.0 326.0
8.00 45.0 0.0 360.0
9.00 43 4 0.0 390.9
10.00 419 0.0 418.6
11.00 40.3 0.0 4435 .3
12.00 38.7 0.0 4547
13.00 37.2 0.0 488.6
14.00 35.6 0.0 510.1
15.00 34.0 0.0 528.4
16.00 325 0.0 543.6
17.00 309 0.0 555.7
18.00 9.3 0.0 564.6
19.00 27.8 0.0 570.4
20.00 262 0.0 573.1
21.00 4.6 0.0 572.6
22.00 23.3 0.0 569.0
23.00 220 0.0 562.3
24.00 23.0 0.0 552.4
25.00 245 0.0 544 .3
26.00 i6.1 0.0 534.3
27.00 277 0.0 521.3

28.00 9.3 0.0 505.1 Mmax 573.1 k-ft
29.00 30.8 0.0 487.5
30.00 32.4 0.0 471.5 Wmax 57.5 kips

31.00 33.7 0.0 4547
32.00 35.0 0.0 435.3

M,,140s = 573.09 ft-kip V, 4es = 57.55 kip
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5 Axle Semi - per
VTrans Structures Manual 2010 section 15.2 35' truck unfactored without dynamic load
allowance, both wheel lines

5 Axle Semi

5 AXLE Trailer

Distance Vmax Mmin Mmax Ho Rmin Rmax
0.00 511 0.0 0.0 1 0.0 511
1.00 494 0.0 494 2 0.0 4ag5

2.00 476 0.0 95.3
3.00 459 0.0 157.7
4.00 442 0.0 176.7
5.00 425 0.0 212.3
6.00 40.7 0.0 244 4
7.00 39.0 0.0 273.0
.00 373 0.0 298.2
9.00 35.5 0.0 319.9
10.00 34.0 0.0 340.0
11.00 315 0.0 3el.0
1200 30.9 0.0 373.3
13.00 29.4 0.0 341
14.00 278 0.0 408.0
15.00 26.3 0.0 418.8
16.00 247 0.0 426.5
17.00 23.2 0.0 431.2
18.00 216 0.0 432.7
19.00 20.1 0.0 431.2
20.00 18.5 0.0 426.5
21.00 174 0.0 4246
22.00 l6.2 0.0 436.0
23.00 151 0.0 4439
24.00 15.6 0.0 448.4
25.00 169 0.0 445.4
26.00 18.6 0.0 446.9
27.00 204 0.0 441.0

2B.00 221 0.0 431.6 Mmax 449 4 k-ft

29.00 238 0.0 4188

30.00 255 0.0 408.0 Vmax 51.1 kips
M s0s = 449.36 ft-kip Voaxsas = 51.09 kip
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H 20 load unfactored - undistributed without dynamic load allowance - both wheel lines

zp

H-20

Distance Vmax Mmin Mmax Ho HRmin Rmax
0.00 375 0.0 0.0 1 0.0 375
1.00 365 0.0 365 2 0.0 320

2.00 35.6 0.0 713
3.00 4.7 0.0 104.2
4.00 33.B 0.0 135.3
5.00 31.9 0.0 1645
600 32.0 0.0 1520
7.00 31.1 0.0 217.6
8.00 30.2 0.0 2415
9.00 293 0.0 263.5
10.00 28.4 0.0 283.6
11.00 27.5 0.0 J02.0
12.00 26.5 0.0 3185
13.00 25.6 0.0 333.3
14.00 247 0.0 36.2
15.00 23.8 0.0 357.3
16.00 219 0.0 366.5
17.00 22.0 0.0 374.0
18.00 21.1 0.0 379.6
19.00 20.2 0.0 JB3.5
20.00 133 0.0 JB5.5
21.00 18.4 0.0 JB5.6
22.00 17.5 0.0 3B4.0
23.00 l6.5 0.0 JB0.5
2400 15.6 0.0 375.3
25.00 le6.4 0.0 368.2
26.00 17.3 0.0 359.3
27.00 18.2 0.0 3485

28.00 151 0.0 336.0 Mm ax 3856 k-ft
29.00 20.0 0.0 3216

30.00 209 0.0 305.5 Vmax 375 kips
Mmaxh20 = 38564 ftklp VmathO = 3745 klp
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Distance WVmax

0.00
1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00
10.00
11.00
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
21.00
22.00
23.00
24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00

5&.7
55.1
535
518
5.2
485
46.9
45.3
436
42.0
40.4
387
37.1
355
338
32.2
30.5
29.1
276
26.2
247
233
218
20.4
220
236
25.3
269
285
30.2
318
335
349

Mmin
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Mmax

0.0
551
106.9
155.5
200.7
2427
2815
3169
349.1
378.0
403.6
426.0
4451
460.9
4735
482.7
488.7
4545
487.5
487.5
4545
5D2.7
512.0
518.0
520.7
520.2
5l16.4
509.3
498.9
485.3
468.4
453.8
436.4

No  Rmin Rmax

1 0.0

2 0.0
Mmax=
Vmax=

567
538

B20.7 | k-ft

567 kips

MmaxthO = 52073 ft'klp

VmaxthO =56.73 klp
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LRFD 3.6.1.2.3

Design Tandem Load,
Unfactored, Undistributed, with no dynamic load allowance

Tandem

Distance Vmax Mmin Mmax Ho  Rmin Rmax
0.00 477 0.0 0.0 1 0.0 477
1.00 456.6 0.0 46.6 2 0.0 477
2.00 455 0.0 90.9
3.00 443 0.0 133.0
4.00 43.2 0.0 172.7
5.00 42.0 0.0 210.2
6.00 40.9 0.0 245.5

7.00 39.8 0.0 278.4

.00 38.6 0.0 308.1

9.00 37.5 0.0 337.5
10.00 36.4 0.0 363.6
11.00 35.2 0.0 387.5
12.00 341 0.0 405.1
13.00 33.0 0.0 428.4
14.00 318 0.0 4455
15.00 30.7 0.0 460.2
16.00 295 0.0 472.7
17.00 284 0.0 483.0
18.00 27.3 0.0 490.9
19.00 26.1 0.0 496.6
20.00 25.0 0.0 500.0
21.00 239 0.0 501.1
22.00 227 0.0 500.0
23.00 227 0.0 501.1
24.00 239 0.0 500.0
25.00 25.0 0.0 496.6

26.00 26.1 0.0 490.9

27.00 27.3 0.0 433.0

28.00 284 0.0 472.7 Mmax= 501.1 kft
29.00 295 0.0 460.2

30.00 307 0.0 4455 Wmax= 47.7 kips

31.00 318 0.0 4284
32.00 33.0 0.0 409.1
33.00 341 0.0 3875
34.00 35.2 0.0 3636
35.00 36.4 0.0 3375
36.00 37.5 0.0 309.1
37.00 38.6 0.0 278.4
38.00 358 0.0 245.5
35.00 40.% 0.0 210.2
40.00 42.0 0.0 172.7

41.00 43.2 0.0 133.0
42 .00 44 3 0.0 50.9
43.00 455 0.0 46.6
44 .00 437 0.0 0.0
M, ean = 501.14 ft-kip V. aean = 47.73 kip
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Design Lane Load,
Unfactored, Undistributed, with no dynamic load allowance

Resutts |

Lane Load filename: Uniform Load (44t span)

L [ft) Wlane (kip/ft)
44 0.64|

Distance Vmax(kip) Mmax(kip-ft)

0.00 14 .08 0.00
1.00 13 .44 1376
2.00 12 .80 26.88
3.00 12 16 3336
4.00 11.52 51.20 Mm ax ki p-ft) 154 88 |kipft
5.00 10.88 62.40 Vmax [kip) 14 08 |kip
6.00 10 24 7286
7.00 360 2288
8.00 256 3216
2,00 832 100.80
10.00 7 B8 10820
11.00 704 11616
12.00 640 122 88
13.00 576 12836
14.00 5.12 134.40
15.00 4 45 133.20
16.00 2.84 143,35
17.00 3.20 146,88
1200 2.56 14376
19.00 1.82 152.00
20.00 1.28 153.60
21.00 064 15455
2200 0.00 154 28
23.00 0.64 15455

M jaxtane = 154.88 Kip - ft
V naxiane = 14.08 kip
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352

6 Axle Trailer

3 Axle Straight

4 Axle Straight

5 Axle Straight
H20

HS20 (HL93 Truck)
Tandem Truck
Lane

Beam Self Weight

Wear Surface

Rail (Interior Beam)

Rail (Exterior Beam)

P

Truck & Dead Load Moment, Shear & Truck Weight Summary

Moment

Mnaxzsz = 364 ft-Kip
M paxeac = 692.04 ft-kip
M paxzas = 522.55 ft-Kip
M paxaas = 573.09 ft-kip
Mpaxsas = 449.36 ft-Kip
Mnaxnzo = 385.64 ft-Kip
M paxnsz0 = 520.73 ft-kip
M paxtan = 501.14 ft-kip
M paxtane = 154.88 Kip « ft

M, =215.53 kip- ft

M, =35.92 Kip- ft

My = 6.22 Kkip - ft

Mpere = 32.67 Kip - ft

Shear

Vaxzsz = 42.73 Kip
Vst = 67.46 Kip
V ax3as = 52.64 Kip
V axas = 57.55 kip
Vaxsas = 51.09 kip
Voaxhzo = 37.45 Kkip
Vaxhez0 = 56.73 Kip
Vaxtan = 47.73 Kip
Vaxtane = 14.08 kip

V,=19.59 kip

Vs =3.27 Kip

Vi = 0.57 Kip

Vpexe = 2.97 Kip
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Truck Weights

Wa,,:=36 tonf=72 kip
Wi, :=66 tonf=132 Kkip
W, :=30 tonf=60 kip
W,,s:=34.5 tonf=69 kip
Ws,:=38 tonf="76 kip
Wi20:=20 tonf=40 kip
Whs20:=36 tonf=72 kip
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Live Load Flexural moment interior beam:
Mihs20 3= 8mint * (100% +IM) « max (Mynaxhs20 s Mimaxtan) = 210.54 ft-kip ~ HS20 controls over tandem
Milane *= Bmint * Mmaxlane =47.08 ftklp

Misg, := grint * (100% +IM) « M, 50, = 147.17 ft-kip
Migy = Gmint * (100% + IM) « M, 6 = 279.81 ft-Kip

Mis,g = mine* (100% + IM) « M, 1306 = 211.28 ft-Kip
Migog = mine* (100% + IM) « M, 40s = 231.71 ft-Kip
Mis g = Zmine* (100% + IM) « M, 5. = 181.69 ft-Kip
Miy 0 = 8mine * (100% + IM) « M,n00 = 155.92 ft-kip

Live Load Flexural moment exterior beam:
Meys20 = 8mext * (100% + IM) » max (Mypayhs20 s Mimaxtan) = 232.01 ft-kip  HS20 controls over tandem

Melane = Bmext * Mmaxlane =51.88 ftklp

Mesz = Emext * (100% +IM) « M, .0, = 162.18 ft-kip
Megat = Bmext * (100% + IM) « My, 1600 = 308.34 ft-kip
Mesa = Bmext * (100% + IM) « M, .. = 232.82 ft-kip
Megae = Bmext * (100% + IM) « M, 0 = 255.34 ft-kip
Mes, = 8mext * (100% + IM) « M, s.c = 200.21 ft-kip
Me0 = Zmext * (100% + IM) » Myy000 = 171.82 ft-kip
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STRENGTH 1

Flexural Capacity for Strength 1:
M,:=12914.672 kip-in=1076.22 kip - ft
V,:=260.023 kip
Strength 1: Table 6A.4.2.2-1- Load Factors
Prestressed Concrete Strength 1 Dead Load (DC)
Prestressed Concrete Strength 1 Dead Load (DW)

Prestressed Concrete Strength 1 Design Inventory Live Load

Prestressed Concrete Strength 1 Design Operating Live Load

Moment Capacity Cnom :=M,=1076.22 ft-kip

SR
| N it
PH (207] 73? '200? FAX (20 37-: 2003
AN Sl L//’

Ypcstri = 1.25

Ypwstri := 1.50

Yinvstr1 = 1.75

Yopstr1 := 1.35

Factored Dead Load Dead;p; == Ypcstr1 * (Mg + Mpine) + Ypwstri * (Mys) = 331.08 ft-kip
Deadey: :=Ypcsrri * <Mg + Mbext> + YpwsTR1 * <Mws> =364.13 ft-kip
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Rating Factors, Moment Interior Flexure Strength 1:

Cmom [~ Deadint

Yinvstr1 * (Minszo + Mijane)

InVRFStrlMI_h]93 = =1.65

C —Dead,
mom int :2.73

InVRFStI‘lMI h20 = -
B YINVSTRL * <M1h20>

Interior Beam Flexure Rating:

InVRStrlMI—h]93 = InVRFStrlMI_h]93 . thzo =595 tonf

InVRStl‘lMI_hZO = InVRFStl‘lMl_hZO L] tho =54.62 tonf

InvRStrly; := min (InvRStrly; 493 , INVRStrlyy p20)

Cmom T Deadint

Yopstri * (Mihsz0 + Mijane)

OpRFStrlM]_h193 = =2.14

C —Dead,
OpRFStrly 55 =—ot 1 =375

Cmom - Deadint _

OpRFStI‘lMI 6 t:: = 1.97
T YopsTR1 * <Ml6at>
C Dead
OPRFStrly; 5,5 = —t =261
YopPsTR1 * <M13as>
C Dead
OPRFStrlyy 45 = —n it —2.38
YopPsTR1 * <M14as>
C Dead
OPRFStrly; s, = —t " —3.04
YopsTR1 * <M15as>
C —Dead,
OpPRFStrlyy hpoi=—o 1 —354

YopsTR1 * <Mih20>

OpRStrlMl_h193 = OpRFStrlMLh]% 3 thzo = 7713 tonf

OpRStrlyy 34 := OpRFStriy; 35, « W3, =135.02 tonf
OpRStriyy g, := OpRFStrly; g, » We,e =130.2 tonf
OpRStrly 3,5 := OpRFStrly 5, W3,=78.38 tonf
OpRStriyy 445 := OpREStrlyy 4,5 * Wy, =82.18 tonf
OpRStrlyy 5,5 := OpRFStrly 5,5« Ws,s=115.44 tonf
OpRStriyy pyg:= OpRFStrly; pyo+ Wyo=70.8 tonf

OpRStrlyy := min (OpRStrly; poz ; OPRStrly; 353 , OPRStrly gae , OPRStIrLyy 555, OPRSEr Ly ga5 s OPRStr Ly 545, OPRStI Ly 120)

InvRStrly; =54.62 tonf

OpRStr1,,; =70.8 tonf

Page 20 of 27



p

/-/66?{"152 Rk o)
4 N\ RICHMOND, ME 04357

" (]
(207) 737- 200? FAX (20 T37-; 2003
\ IR //"'\\

1,

Abﬁr{/

Rating Factors, Moment Exterior Flexure Strength 1:

Cmom - Deadext

Yinvstr1 * (Menszo + Mej,pe)

InVRFStI‘lME_h193 = =143

Cmom T Deadext

=2.37

InVRFStrlME_h20 =
YINVSTR1 * <Meh20>

Strength 1 Moment Exterior Beam Rating:

InVRStl‘lME_h193 = InVRFStr].ME_h193 . thzo = 516 tonf

InVRStI‘lME_hZO = InVRFStI'lME_hZO . tho =47.36 tonf

InvRStrlyg := min (InvRStrlyg y193 , INVRStr1yg 120}

Cnom — Dead
OpPRFStrlyg o3 = om ext =1.86
Yopstr1 * (Mehsz0 + Mejapne)
Cmom — Dead
OpRFStrlyg g i=—ot ¢ _375
Yopstr1 * (Mesg,)
Cmom — Dead
OpPRFStrlyp o= —t % —1.71
YopsTR1 * <Me6at>
Cmom — Dead
OpPRFStrlyg gpei=—t % =227
YopsTR1 * <Me3as>
C —Dead
OPRFStrlyp gosi=—eot & — 207
YoPsTR1 * <Me4as>
Cmom — Dead
OpPRFStrlyp = —t % —263
YopsTR1 * <MeSas>
C —Dead
OPRFStryg 20 = — . =3.07

YopsTR1 * <Meh20>

OpRStrlME_h193 = OpRFStI‘lME_h193 L) thzo =66.89 tonf

OpRFStriyg 34, = OpRFStriyg 35, + W3, =117.09 tonf
OpRStriyg ga¢:= OpRFStrlyg g, Weoe =112.91 tonf
OpRStriypg 3,5 := OpRFStrilyg 3,5+ W3,,=67.97 tonf
OpRStrilyg 445 := OpRFStrilyg 4a5° Wy =71.27 tonf
OpRStrlyg 5, := OpRFStrilyg s, Ws,s=100.11 tonf
OpRStrlyg o0 := OpRFStrlyg 20 * Wy =61.4 tonf

OpRStrly := min (OpRStrlMMl93 » OPRFStrlyg 35, 5 OpRStriyg 6o » OpRStriyg 3,6, OPRStriyg 445 » OPRStryE 5465 OpRStrlMEihZO)

InvRStrly; =47.36 tonf
OpRStrl;; =61.4 tonf
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SHEAR INTERIOR, STRENGTH 1
Shear Capacity C,:=V,=260.02 kip

Factored Dead Load DVine :=Ypestr1 * (Vg + Vbine) + Ypwstri * (Vws) =30.1 kip
DVext :=Ypcstr1 * <Vg + Vbext> + YpwsTR1 * <sz> =33.1 kip

Live Load Shear Interior beam

Vips20 = yint * (100% + IM) « max (Vyaxhs20 > Vinaxtan) = 34.71 Kip HS20 controls over tandem
Vilz;me = Bvint * Vmaxlane =6.48 klp

Viggy = 8yint* (100% +IM) « Va0 = 26.14 kip
Vigar := 8yine * (100% + IM) « V, e = 41.27 kip
Vigas i= yine s (100% +IM) « V, o =32.2 kip
Vigas := 8yine * (100% +1IM) + V, .40 = 35.21 kip
Vigyg := yine s (100% +IM) + V, ..o = 31.26 kip
Vipgo = 8yint * (100% +IM) « V, 100 =22.91 kip

Live Load Shear Exterior beam:

Vens20 = Byext * (100% + IM) » max (Vyyauns20 » Vinaxtan) = 41.5 kip HS20 controls over tandem
Velane := 8vext * Vimaxlane = 774 kip

Veser = Goo+ (100% + IM) + V., a0 = 31.26 kip
Vegu = Bree* (100% + IM) + V,. . o= 49.35 kip
Ve = uoge  (100% + IM) - V,, s = 38.5 kip
Veys = Buoxt  (100% + IM) + V, . 4ne = 42.09 kip
Ves, = Byt (100% + IM) - Vs = 37.37 kip
Venao = Byext * (100% +IM) « V00 = 27.4 kip
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Rating Factors, Shear Interior Strength 1:
Cv T DVint
Yinvstr1 * (Vins20 + Vilane)

InvRFStriy p93:= =3.19

Cv - DVint

— =573
YINVSTR1 * <V1h20>

InvRFStriy, ,9:=

Shear Interior Beam Rating:

InvRStriy yjo3 := INnVRFStriy 93« Wysp9 =114.85 tonf

InvRStrly 20 := InVREStrly; 150+ Wy =114.67 tonf

InvRStrly, := min (InvRStrly; 03 , INVRStrly; o0)
OpRStrily, :=
InvRStrly;=114.67 tonf

OpRStrly;=148.65 tonf

Cv = DVint
Yopstri * (Vins20 + Vijane)

OpRFSterI_h193 = = 4.14

CV — DVint
OpRFStrly; 3 :=———————=6.52
YopsTr1 * <V13sz>
Cv T DVint
OpRFSterI_Gat = —_— = 4.1 3
YopPsTR1 * <Vl6at>
Cv — DVint
OpRFStrly g,:=———=5.29
YopsTR1 * <V13as>
Cv — DVint
OpRFStr1V1_4as = —T = 4.84
YopsTR1 * <V14as>
Cv — DVint
OpRFSterI_SaS = — = 5.45
YopsTR1 * <V15as>
Cv - DVint
OpRFStrly o= =743

YopsTR1 * <Vih20>

OpRSterI_h193 = OpRFStrlw_hl% . thzo = 14888 tonf

OpRStrly; 35, :== OpRFStrly 3, « W3, =234.55 tonf
OpRStrly; gu:= OpRFStriy; g, + We, = 272.35 tonf
OpRStrly; 3,5:= OpRFStrly; 3, W3,,=158.66 tonf
OpRStrly; 4o5:= OpRFStriy; 4,6 Wy,s=166.9 tonf
OpRStrly; 5,5 := OpRFStrly; 5,5« Ws,s=207.05 tonf
OpRStrly; 70 := OpRFStrly; 159+ W0 =148.65 tonf

min (OpRStrily; ye3 , OpRStrly; 55, , OPRStrly; 65 , OPRStrly; 3,5, OPRStriyy 455, OpRStriy; so5, OPRStrly, 150)
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Rating Factors, Shear Exterior Strength 1:
Cv T DVext

Yinvstr1 * (Vens2o0 + Verane)

InvRFStriyg pio3:= =2.63

CV ] Dvext

YINVSTR1 * <Veh20>

=4.73

InvRFStriyg yp9:=

Shear Exterior Rating:

InvRStriyg y93 := InVRFStrlyg 93+ Wyso0 = 94.8 tonf

InvRStrlyg yp0:= INVREStrlyg 10 * Wiy =94.66 tonf

InvRStrlyg :== min (InVRStrlyg 93 , INVRStrlyg 120)

Cv I DVext
OpRFStrlyg yo3:= =341
Yopstri * (Vensz0 + Velane)
C,—Dv
OpRFStrlyg 5p:=— =538
YopPsTR1 * <Ve3sz>
C,—Dv
OpPRFStrlyg goi=— = =341
YopsTR1 * <Ve6at>
C,—Dv
OpRFStrlyg gpi=— = =437
YopsTR1 * <Ve3as>
C,—Dv
OpRFStrlyg goei=— ¢ =399
YopPsTR1 * <Ve4as>
C,—Dv
OpRFStriyg guoi=—— 0 —4.5
YopsTR1 * <VeSas>
C,—Dv
OpRFStrlyg pppi=—— = —6.14

YopsTr1 * Ven2o

OpRStriyg pj93:= OpRFStriyg y93 * Wysp0=122.89 tonf
OpRStrlyg 3, := OpRFStriyg 35« W3, =193.61 tonf
OpRStriyg g, = OpRFStriyg ¢, e Wy =224.81 tonf
OpRStriyg 3,5:= OpRFStriyg 3,5+ W3,,=130.97 tonf
OpRStrilyg 4,5:= OpRFStriyg 4o5+ Wy,s=137.76 tonf
OpRStrlyg s,s:= OpRFStriyg 5,5+ Ws,s =170.91 tonf

OpRSterE_hZO = OpRFSterE_hZO . tho = 1227 tonf

OpRStrlyg := min (OpRStrlyg yio3 , OPRStrlyg 355 , OPRStrlyg gor s OPRSErlyg 345 s OPRStrLyg a5, OPRStrlyg 5a5 s OPRStrLyg 1z0)

InvRStrly; =94.66 tonf
OpRStrly;=122.7 tonf
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SERVICE 3

Capacity for Service 3:
foaatiow = 0.232 ksi Cg3 == fszan0w = 0.23 ksi

.3 .
S:=2565 m2 P,.:=807.79 kip
A,:=855 in

e:=4.318 in

Strength 1: Table 6A.4.2.2-1- Load Factors

Prestressed Concrete Strength 1 Dead Load (DC) Ypcservs == 1.00
Prestressed Concrete Strength 1 Dead Load (DW) Ypwservz = 1.00
Prestressed Concrete Strength 1 Design Inventory Live Load Yinvserv3 = 0.80

Moment Capacity Cs3 :=fs3110w =0.23 ksi

Factored Dead Load DS3,¢:=Yncservs * (Mg + Mpine) + Ypwservs * (Mys) =257.68 ft-kip

DS3ext =Ypcserv3 * (M + Mbext> +YDWServ3 < > 284.12 ft- klp
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Rating Factors, Moment Interior Service 3:

( D53mt\ I( Poe \
S3
InVRFSSMl hi93 = \ S } \ A S } = 138
i (Mlhszo + Mllane>
Yinvserv3 - s
{Dsgmt\ (P pe'e\
$3— + | +
s )7la, s )
InVRFSSMl_hZO = <M1 > = 228
h20,

YINvServ3 *
S

Service 3 Moment Interior Rating:

InVRSSMl_h193 = InVRFS3MI_h193 . WhSZO =49.7 tonf

InVRS3Ml_h20 = InVRFS3MI_h20 L tho = 4562 tonf
InvRS3yy; := min (InVRS3yy; 193 , INVRS3y; 120)

InvRS3,;,=45.62 tonf
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Rating Factors, Service 3 Moment Exterior Beam Rating:

(DS3ext\ I{P n pe'e\

S3 7

InvRFS3 = \ 5 } \ A / =1.14
MRS <Meh520 + Melane> .
YINVServ3 * S

(DS3ext\ {P n pe'e\

s )T, s )
InVRFSSME_hZO = <Me > = 188

h20
YINVServ3 * T

Service 3 Moment Exterior Beam Rating:
InvRFS3g pio3 := INVRFS3 g 193 * Wys20 =40.91 tonf
InvRS3 g 20 := INVRFS3 g 1120 * Whp9 =37.55 tonf
InVRS3y := min (INVRFS3y5 o3 » INVRS3 g 120)

InvRS3y; =37.55 tonf
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