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Project: Cra sbury, Vt Li ing and shipping Calcula ons for PBU's
Contractor: CCS Constructors
Client: JP Carrara & Sons
Engineering Design: Calderwood Engineering
Design Computa ons by: Eric T. Calderwood, PE

Project Notes:
Calcula on of Centroid

Girders are straight bridge is curved, radius is applied to bridge by varying the overhang, worst case condi on 
will be assumed with the maximum overhang calculated for weight purposes, but the minimum overhange 
calculated for composite proper es, and ac on

≔

≔ =+ for fascias only on PBU 1 & 3

≔ ≔ Concrete Shear key/ pavement backer width

≔ ≔ Concrete Shear key/ pavement backer height
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Girder Proper es: 

Beam geometry/ Area/ weight

≔

≔ ≔ =⋅

≔

≔ ≔ =⋅

≔

≔ ≔ =⋅

≔ =++

≔ =++⋅ ⋅ ⋅

≔ =⋅⋅⋅ %
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Centroid of PBU #1 (le  Fascia) x & y dimensions are measured 
from the lower le  hand obtuse corner of the precast decking 
(abutment #1 end, Easterly side) 

≔ =⋅⋅⋅⋅ (( + )) Half of the fascia beam haunch is calculated/measured
with the overhang for PBU #1

≔ =⋅⋅⋅⋅ (( )) Haunch for PBU #2

≔ = Half of the fascia beam haunch is calculated/measured
with the overhang for PBU #3
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≔ ≔

≔ ≔

≔ concrete area as measured in cadd

≔ =+

≔ =⋅⋅

≔ ≔

≔ concrete area as measured in cadd

≔ =

≔ =⋅⋅

≔ ≔

≔ concrete area as measured in cadd

≔ =

≔ =⋅⋅

≔ ≔

≔ =+++⋅

≔ =―――――――――――――――――
+++⋅(( + )) ⋅ ⋅ ⋅

≔ =―――――――――――――――――
+++⋅(( + )) ⋅ ⋅ ⋅

Haunch negligible in centroid calcula ons
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Centroid of PBU #2 (le  Fascia) x & y dimensions are measured 
from the lower le  hand obtuse corner of the precast decking 
(abutment #1 end, Easterly side) 
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≔ ≔

≔ ≔

≔ concrete area as measured in cadd

≔ =+

≔ =⋅⋅

≔ ≔

≔ concrete area as measured in cadd

≔ =

≔ =⋅⋅

≔ ≔

≔ concrete area as measured in cadd

≔ =

≔ =⋅⋅

≔ ≔

≔ =+++⋅

≔ =―――――――――――――――――
+++⋅(( + )) ⋅ ⋅ ⋅

≔ =―――――――――――――――――
+++⋅(( + )) ⋅ ⋅ ⋅

Haunch negligible in centroid calcula ons
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Centroid of PBU #3 (le  Fascia) x & y dimensions are measured 
from the lower le  hand obtuse corner of the precast decking 
(abutment #1 end, Easterly side) 
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≔ ≔

≔ ≔

≔ concrete area as measured in cadd

≔ =+

≔ =⋅⋅

≔ ≔

≔ concrete area as measured in cadd

≔ =

≔ =⋅⋅

≔ ≔

≔ concrete area as measured in cadd

≔ =

≔ =⋅⋅

≔ ≔

≔ =+++⋅

≔ =―――――――――――――――――
+++⋅(( + )) ⋅ ⋅ ⋅

≔ =―――――――――――――――――
+++⋅(( + )) ⋅ ⋅ ⋅

Haunch negligible in centroid calcula ons
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Li er loca on ID

≔ =+⋅―――――――――
⋅ (( + ))

+
――― ―――

≔ =+⋅―――――――
⋅

+
――― ―――

≔ =+⋅―――――――
⋅

+
――― ―――

≔ =+⋅―――――――――
⋅ (( − ))

+
――― ―――

=+
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≔ =+⋅―――――――――
⋅ (( + ))

+
――――――

≔ =+⋅――――――
⋅

+
――――――

≔ =+⋅―――――
⋅

+
――――――

≔ =+⋅――――――――
⋅ (( − ))

+
――――――

=+

≔ =+⋅―――――――――
⋅ (( + ))

+
――― ―――

≔ =+⋅――――――
⋅

+
――― ―――

≔ =+⋅――――――
⋅

+
――― ―――

≔ =+⋅―――――――――
⋅ (( − ))

+
――― ―――

=+
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PBU sec on governed by PBU #1 by inspec on take load as uniform on the 
fascia girder use PBU#2 for composite sec on proper es as this is conserva ve, 
by adding the heaviest sec on assuming it is carried by the lightest sec on 

≔ =―――――――
+

+

≔ =―――――――
+

+

≔ =+

≔ =―――――
+

+

≔ =―――――
+

+

≔ =+

≔ =――――――
+

+

≔ =――――――
+

+

≔ =+

≔ =⎛⎝ ,, ⎞⎠

≔ =⎛⎝ ,, ⎞⎠

≔ =⎛⎝ ,, ⎞⎠

≔ =⎛⎝ ,, ⎞⎠
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Project: Cra sbury, Vt Li ing and shipping Calcula ons for PBU's
Contractor: CCS Constructors
Client: JP Carrara & Sons
Engineering Design: Calderwood Engineering
Design Computa ons by: Eric T. Calderwood, PE

Project Notes:
Precast concrete decking cast on fabricated welded plate girders 

Decking will be can levered beyond the end of the truck, impact due to handling and transporta on will be 
taken as 50% (ie 1.5 factor for impact) 

Girders are straight bridge is curved, radius is applied to bridge by varying the overhang, worst case condi on 
will be assumed with the maximum overhang calculated for weight purposes, but the minimum overhange 
calculated for composite proper es, and ac on

≔ total length of girders bearing to bearing measured along long chord

≔

≔ =――――
(( ))

≔ =+ ⋅ total length of girders (measured along long chord, 85.00 feet along the 1000  radius) + 5 inches
to each end of girder from the centerling of bearing to the end of girder

≔ =―――――
−+

Overhang  Used for structural capacity (min)

≔

≔ ≔ Concrete Shear key/ pavement backer width

≔ ≔ Concrete Shear key/ pavement backer height

≔

≔ ⋅⋅⋅
⎛
⎜
⎜
⎜⎝

⎛
⎜
⎜
⎝

――

――

⎞
⎟
⎟
⎠

⎞
⎟
⎟
⎟⎠

‾‾‾‾‾⋅

=
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Girder Proper es: 

Beam geometry/ Area/ y/ Iox/ Ioy Posi ve Moment Region

≔

≔ ≔ =⋅ ≔ ― ≔ ―――
⋅

≔ ―――
⋅

≔

≔ ≔ =⋅ ≔ + ― ≔ ―――
⋅

≔ ―――
⋅

≔

≔ ≔ =⋅ ≔ ++ ― ≔ ―――
⋅

≔ ―――
⋅

≔ =++

≔ =++⋅ ⋅ ⋅

≔ =――――――――
⎛⎝ ++⋅ ⋅ ⋅ ⎞⎠

Measured from Bo om of Beam to NA

≔ =+++++ ⋅ ⎛⎝ − ⎞⎠ ⋅ ⎛⎝ − ⎞⎠ ⋅ ⎛⎝ − ⎞⎠

≔ =――――
⎛⎝ − ⎞⎠

≔ =――

≔ =++

≔ =+―――
⋅

⋅――――
⎛⎝ − ⎞⎠

―― Moment of iner a of the top agne and 1/6 of the depth
of the web in compression about the Y axis

≔ =+⋅ ⋅――――
⎛⎝ − ⎞⎠

≔ =
‾‾‾
―― Radius of Gyra on of the top ange and

1/6 of the web depth in compression

≔ Girder to girder spacing
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Girders Composite proper es:

≔

≔ =

≔ ―

≔ =⋅⋅
⎛
⎜⎝

+―
⎞
⎟⎠

――
⋅

Self weight of deck applied to the long term sec on (although for our
purposes we could likely use the short term sec on for all of these
calcula ons this is a conserva ve approach as it will yield higher stresses)

≔ =⋅⋅
⎛
⎜⎝

+―
⎞
⎟⎠

― Impact component applied to the short term sec on proper es

≔ =――――――――――

⎛
⎜⎝

+⋅
⎛
⎜⎝

+――
⎞
⎟⎠

⋅
⎞
⎟⎠

⎛⎝ + ⎞⎠
as measured from bo om of bo om ange

≔ =――――――――――

⎛
⎜⎝

+⋅
⎛
⎜⎝

+――
⎞
⎟⎠

⋅
⎞
⎟⎠

⎛⎝ + ⎞⎠
as measured from bo om of bo om ange

≔ =+++ Haunch is ignored for strength and capacity 
considera ons

≔ +++⋅⋅
⎛
⎜⎝

+―
⎞
⎟⎠

――
⋅

⋅
⎛
⎜⎝

−− ――
⎞
⎟⎠

⋅ ⎛⎝ − ⎞⎠

=

≔ =―――
−

≔ =――――
−

≔ =―

≔ +++⋅⋅
⎛
⎜⎝

+―
⎞
⎟⎠

― ⋅
⎛
⎜⎝

−− ――
⎞
⎟⎠

⋅ ⎛⎝ − ⎞⎠

=

≔ =―――
−

≔ =――――
−

≔ =―
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Loading Demand Computa ons:

Shear Handling

≔ % for transport and handling.

≔ for Strength IV con gura on (governs by inspec on for handling and transit purposes)

≔ =+ ――― ≔ =− ―――

≔ =−−

≔ = ≔ =

≔ =⋅ ⎛⎝− ⎞⎠ −

≔ =+

≔ =− ⋅ −

≔ =+

≔ =⎛⎝ ,,,⎛⎝ ⎞⎠ ⎛⎝ ⎞⎠ ⎛⎝ ⎞⎠ ⎛⎝ ⎞⎠⎞⎠

≔ =⋅― − ≔ =――

≔ =+⋅―
uid load on steel girder with girder supported at

centerline of bearings (as cast in bed) this is a
locked in stress in the steel girder resul ng in
compression in the top ange and tension in the
bo om ange) at the transit overhang distance
from ends of girders

≔ =⋅―――――――――
−+ ⋅

≔ =――――
⋅

uid load on steel girder with girder supported at centerline of
bearings (as cast in bed) this is a locked in stress in the steel girder
resul ng in compression in the top ange and tension in the bo om
ange at midspan)
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≔ =――

≔ =―――

≔ =――

≔ =―――

≔ =++⋅ ―――
⋅

――――
⋅⋅

compression in top ange steel during
shipping (factored with impact)

≔ =−−⋅− ―――
⋅

――――
⋅⋅

− tension in bo om ange
steel during shipping
(factored with impact)

≔ =+――――
⋅

⋅⋅
――――

⋅⋅

⋅
− Factored Strength IV tension in

extreme ber of deck

≔ =+――――
⋅⋅

―――
⋅

⋅
− Service Load tension in extreme ber of

deck at Service I with impact

≔ =++⋅ ―――
⋅

――――
⋅⋅

compression in top ange steel during shipping
(factored with impact) at midspan

≔ =−−⋅− ―――
⋅

――――
⋅⋅

− Tension in bo om ange steel during shipping
(factored with impact) at midspan

≔ =+――――
⋅

⋅⋅
――――

⋅⋅

⋅
Factored Strength IV compression
in extreme ber of deck

≔ =+――――
⋅⋅

―――
⋅

⋅
Service Load compression in extreme ber
of deck at Service I with impact
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Calcula on of yield moment at 
Strength IV condi on of Girders:

Appendix D6.2.2 Composite Sec ons in
Posi ve Flexure

≔

≔ =

≔ for our purposes in determining capacity at shipping d2 is 0

≔ =⋅
⎛
⎜
⎝

−− ――――
⎞
⎟
⎠

≔ =⋅
⎛
⎜
⎝

−− ――――
⎞
⎟
⎠

≔ =⎛⎝ , ⎞⎠

≔ =++
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Check Plas c Moment for girder:
Appendix D6.1 1 Composite Sec ons in
Posi ve Flexure

≔ =⋅⋅⋅
⎛
⎜⎝

+―
⎞
⎟⎠

≔ =⋅ per Appendix Pc stands for Compression 
ange

≔ =⋅

≔ =⋅ per Appendix Pt stands for Tension ange

≔ =if

else if

else

>⎛⎝ + ⎞⎠ ⎛⎝ + ⎞⎠
‖
‖

>⎛⎝ ++ ⎞⎠
‖
‖

‖
‖

The Plas c Neutral Axis is in the top ange  
this is not unexpected, the reinforcing steel 
is neglected as part of the sec on for the 
sake of simplicity and conserva sm.

≔ =⋅―
⎛
⎜
⎝

+―――――
⎛⎝ −+ ⎞⎠ ⎞

⎟
⎠

Measured from the top of the top ange

≔ =+――

≔ =+− ―

≔ =++−

≔ =+⋅――
⋅

⎛
⎝ + ⎛⎝ − ⎞⎠

⎞
⎠ ⎛⎝ ++⋅ ⋅ ⋅ ⎞⎠
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Nominal Flexural resistance per LRFD
6.10.7.1.2

≔ =+

≔ =+

=―― Dp/Dtot > 0.1 therefor full plas c moment 
cannot be reached

≔ =
⎛
⎜
⎝

,⋅
⎛
⎜
⎝

− ⋅ ――
⎞
⎟
⎠

⋅
⎞
⎟
⎠

Nominal moment capacity  per 6.10.7.1.2 3
sec on during transit sec on is con nuous over interior 
supports therefore 1.3x yield moment will be the maximum 
allowable posi ve moment capacity

≔ Resistance Factor from LRFD 6.5.4.2

≔ =⋅

≔ Minimum angle of slings from the horizontal when li ing in the eld (induces some posi ve 
moment in girders at midspan, has li le to no e ect on overhang nega ve moments

≔ =―――――
(( , ))

(( ))

≔ =++⋅⋅ (( +% )) ⋅⋅ ⎛⎝ − ⎞⎠ ⋅⋅⋅ ⎛⎝ − ⎞⎠

=if

else

>
‖
‖

‖
‖
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Check Nega ve moment capacity assuming non composite construc on for steel stresses

≔ sec on is not hybrid yield strength is the same in webs as it is in anges

≔ =⋅⋅ exural capacity of tension ange bo om ange is in tension at all points in the girder
regardless of the transit overhang of 16' due to the locked in stresses during the deck
placement with the girders supported at CL bearings 6.10.3.2.2

≔ =
⎛
⎜
⎝

,
⎛
⎜
⎝

++ ――――――
⋅⋅ ⎛⎝ − ⎞⎠

―――――――
⋅⋅⋅ ⎛⎝ − ⎞⎠ ⎞

⎟
⎠

⎛⎝ ⎞⎠
⎞
⎟
⎠

exural capacity of compression ange top ange is in compression at all points in the girder
regardless of the transit overhang of 16' due to the locked in stresses during the deck
placement with the girders supported at CL bearings 6.10.8.2.2

≔ =――
⋅

≔

≔

≔ =⋅⋅

≔ =⋅ Flexural resistance based on local buckling stress, no need to check lateral torsional buckling
as top ange is compression ange and is prevented from twis ng by the concrete deck at
every loca on.

≔ =
⎛
⎜
⎝

,
⎛
⎜
⎝

++ ――――――
⋅⋅ ⎛⎝ − ⎞⎠

―――――――
⋅⋅⋅ ⎛⎝ − ⎞⎠ ⎞

⎟
⎠

⎛⎝ ⎞⎠
⎞
⎟
⎠

Steel Sec on is okay during shipping and handling as factored stresses at strength IV with an
impact of 50% result in much lower than factored resistance stresses for strength condi ons,
for both the compression and tension anges.
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Shear computa ons: (ver cal 
shear)

Nominal resistance of Uns ened webs per
6.10.9.2

≔ = ≔ =

≔ =⋅⋅⋅

≔ for uns ened panels per 6.10.9.2

=― ≔ Per 6.5.4.2 for Shear 

=⋅
‾‾‾‾‾
――

⋅
=⋅

‾‾‾‾‾
――

⋅

Because D/tw < 60.31:

≔

≔ =⋅

≔ =⋅ for uns ened regions 

≔ =⋅⋅ (( +% )) ⎛⎝ ,,,⎛⎝ ⎞⎠ ⎛⎝ ⎞⎠ ⎛⎝ ⎞⎠ ⎛⎝ ⎞⎠⎞⎠ Factored maximum shear with
li ers at Transit overhang loca on

≔ =⋅⋅ (( +% )) (( , )) conserva vely taking the en re reac on as
the shear in the girder

≔ =⋅ Maximum factored Shear at ends of girders is < factored 
shear resistance therefor shear is okay no transverse 
s eners are required.
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Check Deck Stresses during li ing 
and transport Strength IV

≔ =++ ――――――
⋅⋅ ⎛⎝ − ⎞⎠

⋅⋅
―――――――

⋅⋅⋅ ⎛⎝ − ⎞⎠

⋅

≔ for exural compression in tension controlled sec ons per 5.5.4.2

≔ =

≔ =⋅⋅ >> strength IV compressive stress

Check Deck Stresses during li ing 
and transport Service I

≔ =++ ―――――
⋅ ⎛⎝ − ⎞⎠

⋅⋅
――――――

⋅⋅ ⎛⎝ − ⎞⎠

⋅

≔

≔ =⋅⋅ Taken as service limit for fully prestressed concrete at the service limit state for
compression resistance at the top of the deck due to shipping and handling
5.9.4.2.1 1

≔ =⋅ ‾‾‾‾‾⋅ If Deck reinforcement is more than su cient to resist the total tension force
with the mild reinforcement at gured at only 30 ksi stress (0.5Fy)

≔ =⋅ ‾‾‾‾‾⋅ allowable temporary tensile stresses in the concrete gured uncracked and
without bonded reinforcement (since this is higher than actual tensile stresses
an cipated, there is no reason to check the tensile carrying capacity of the
longitudinal decking bars)

≔ =− Actual concrete decking tension stress gured on the uncracked sec on
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Li ing from the li ing lugs at the ends of the beams will result in a higher posi ve 
moment but will by inspec on be more capable of handling the load as the beam is fully 
in posi ve exure and not the nega ve exure.

≔ =++―――――――――
⋅⋅⋅(( +% ))

⋅⋅ ⎛⎝ − ⎞⎠ ⋅⋅⋅ ⎛⎝ − ⎞⎠

=

≔ =+++―――――
⋅⋅

⋅⋅
―――――――

⋅⋅⋅

⋅⋅
――――――

⋅⋅ ⎛⎝ − ⎞⎠

⋅⋅
―――――――

⋅⋅⋅ ⎛⎝ − ⎞⎠

⋅

= Note compressive stresses on the decking are conserva vely calculated assuming the deck is ac ng to support it's own
self weight, this is obviously not the case as the en re uid load is carried on the steel girders so actual compressive
stresses due to handling will actually be less than this. (please note that the en re uid load has been applied to the steel
non composite sec on in calcula ng the compressive stresses in the top ange in previous calcula ons)

≔ =+++―――――
⋅

⋅⋅
―――――

⋅⋅

⋅⋅
―――――

⋅ ⎛⎝ − ⎞⎠

⋅⋅
――――――

⋅⋅ ⎛⎝ − ⎞⎠

⋅

=

Page 23 of 29

Craftsbury LiftingCalcs 4-18-2016_archive.pdf

April 18, 2016

SMC/JDG/WDL 04/26/2016



≔ =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+(( , )) Use 35T shackles min

Slings may be equal leg for the PBU #2, for PBU #1 and #3 in 
order to ensure the pieces y close to level, ensure that the 
sling closest to the centerline of the bridge is about 5.5" 
longer than the sling closest to the fascia, this can be done by 
adding an extra shackle.  Shackles and rigging for the fascia 
girders to be 35T minimum 

= ≔ =
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+
⎛
⎜⎝
――――

(( ))

⎞
⎟⎠

= All other slings and shackles may be 25T slings
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≔ =⎛⎝ ,,, ⎞⎠

≔

≔

≔

≔

≔

≔

≔ Assuming ASTM A572 grade 50 steel

≔ Assuming ASTM A572 grade 50 steel

≔

≔

≔ for 35T Shackles

≔

≔ % Factor to account for sudden stops and starts made by 
crane winching and or freefalling for brief periods.

≔ If padeyes are not equally loaded modify load applied appropriately to 
account for the worst case load on any given padeye
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≔ =
‾‾‾‾‾‾
――

≔ =――――――――
⋅(( +% ))

(( ))

≔ =⋅
⎛
⎜⎝

−+ ―――――――
⎞
⎟⎠

≔ =――――――――――
(( +% )) ‾‾‾‾‾‾‾‾‾‾‾‾‾+

≔ =―――――――
⋅⎛⎝ − ⎞⎠

≔ =⎛⎝ ,% % ⎞⎠ accounts for block shear with no tension component or 
straight shear in the padeye whichever is worst, 
neglects distance to center of hole (holes are much 
larger for padeyes than standard size holes in 
connections)

≔ =− For Bearing on hole edge again neglects distance to 
center of hole (holes are much larger for padeyes than 
standard size holes in connections)

=⋅ Lv must be greater than 1.5d for the bearing 
calculations to be correct

≔ =⋅⋅⋅
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≔ =――――――――
⋅⋅ ⎛⎝ − ⎞⎠

≔ =―――――

―――――
⎛⎝ − ⎞⎠

≔ =⋅⋅ ⎛⎝ − ⎞⎠

≔ =――――――
⋅(( +% ))

⋅

≔ =―――

≔ =+

≔ =%
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≔ =――――――――
⋅⋅ ⎛⎝ − ⎞⎠

≔ =―――――

―――――
⎛⎝ − ⎞⎠

≔ =⋅⋅ ⎛⎝ − ⎞⎠

≔ =――――――
⋅(( +% ))

⋅

≔ =―――

≔ =+

≔ =%
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Check Tie Downs through Web

≔ =⋅

≔ per Dayton Superior Catalog for 1.25" diameter coil rod safe working
loads Product Number B 12 (this has a safety factor of 5, and is for a
single shear applica on use in double shear will double the capacity

≔ per Dayton Superior Catalog for 1.25" diameter swivel (this has a safety factor of 5,
and is for some overstress will be allowed based on the high safety factor and the
high es ma on of shipping loads (50%)

≔

≔ Rebar holes to end of girder (end of girder to brg s ener
addi onal length is provided to the centerline of the holes,
this will result in addi onal capacity of the web.

≔ =――――――
⋅⎛⎝ − ⎞⎠

≔ =⎛⎝ ,% % ⎞⎠

≔ =⋅⋅⋅
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