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Engineering Report 
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Project Overview 
 

A production design was performed for the precast concrete arch panels to be installed beneath the new 

Sand Hill Bridge (VT Route 125) Bridge No. 13 in Middlebury, VT. The contract drawings call for the use 

of six pairs of precast arch panels. These members are to be self-supporting, have an exposed-face 

radius of 24ft, and span approximately 47ft. Each pair of panels will be joined together at the midspan 

with a crown beam (pin) to transfer shear and maintain alignment.  

 

This design presented within this report is in accordance with the current versions of the AASHTO LRFD 

Bridge Design Specifications, 6th Ed. (2012), the VTrans Structures Design Manual (2010), ASCE 7-10 

Minimum Design Loads for Buildings and Other Structures (2010), as well as the ACI 318-11 Building 

Code Requirements for Structural Concrete (2011). The only design live load acting on these members is 

due to the presence of inspection ladders on the inside-face of the panels – and applied as 300lb point 

loads spaced at 10ft, per ladder. Additionally, a suction force of 30psf applied normal to the exposed-face 

of the panels was assumed to account for wind tunnel effects. The following AASHTO Limit States (LS) 

were evaluated for the in-place condition, and the design is shown to be satisfactory for each: 

 

 Strength I LS – Flexural, Axial, and Shear strength of the Panels 

 Strength IV LS – Flexural, Axial, and Shear strength of the Panels 

 Strength V LS – Flexural, Axial, and Shear strength of the Panels 

 Service I LS – Tensile and Compressive stress limits of the Panels 
 

The panels were also evaluated for construction loads associated with shipping and lifting. Impact factors 

of ±25% and ±50% were assumed for lifting and shipping, respectively. Tensile stresses due to these 

loads were then checked against allowable limits. Finally, the dead weight is amplified by 25% while the 

dynamic effects are amplified by 50%, per section 3.4.2 of AASHTO LRFD, and the member is checked 

for ultimate flexural, axial, and shear strength. The design is shown to be satisfactory.  

 

The panels shall be lifted by four P-52 Swift Lift® 8 ton x 10" anchors placed as shown on the engineering 

sketch. The location of these lifters was selected to minimize flexural stresses during lifting. A rigging 

configuration should be selected to ensure the panels remain stable during lifting and setting. During 

transport and storage dunnage should be placed as shown on the engineering sketch within this report. 

The precise orientation of the panels has been selected to minimize tensile stresses during transport. 

 

The panels shall be lifted by the provided Swift Lift® anchors for erection. The contractor is to set the 

base of the arch in place, and support the “crown” end at the midspan of the structure. When all six pairs 

of panels are in place, the gap between each panel shall be grouted and a crown beam is to be cast as 

shown on the engineering sketch provided. Only after the crown beam has obtained a minimum of 

4,000psi strength may the shoring be removed. This construction support shoring shall be capable of 

safely supporting the loads (safe working load) provided in the “Design Reactions” table within this report. 

  

The scope of these calculations includes design of the precast arch panels and crown beam. The 

remainder of the superstructure, precast side panels, inspection ladders, substructure, and construction 

shoring were not within the scope of this design, and are therefore not evaluated in this report. 
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Arch Panel Production Design Calculations
Project: Sand Hill Bridge VT Route 125 (Major Collector) Bridge No. 13

Location: Middlebury, VT 

Client: J. P. Carrara & Sons

By: R. Slade, E.I. Chk: R. Eriksson, P.E. Date: 2013-11-15

References: AASHTO LRFD Bridge Design Specifications, 6th Ed. (2012)
VTrans Structures Design Manual (2010)
ASCE 7-10 Minimum Design Loads for Buildings and Other Structures (2010)
ACI 318-11 Building Code Requirements for Structural Concrete (2011)

1. Design Parameters
1.1 Materials:

Concrete Arches: γconcrete 0.150 kcf fc 6.5ksi fci 4ksi

Steel Components: γs 0.490 kcf fy.A36 36ksi fy.rebar 60ksi

1.2. Geometry:

Arch Panels: barch 6ft tharch 1ft Aarch barch tharch 6 ft
2



ri.arch 24ft ro.arch ri.arch tharch 25 ft rarch

ri.arch ro.arch

2
24.5 ft

Δ0.arch 6ft θ0.arch asin
Δ0.arch

rarch









14.2 deg θarch π 2 θ0.arch 151.6 deg

Li.arch θarch ri.arch 63.5 ft Lo.arch θarch ro.arch 66.2 ft Larch θarch rarch 64.8 ft

Loads:

Factors: IMpick 25% IMship 50%

γconstruct 1.25 γdynamic 1.5 (AASHTO LRFD 3.4.2)

ϕc 0.9 ϕv 0.9 (AASHTO LRFD 5.5.4.2.1)

βv 2.0 (AASHTO LRFD 5.8.3.4.1)

Ladder Loads: PLL.ladder 300lbf SLL.ladder 10ft (ASCE 7-10)

LLladder ceil
Lo.arch

SLL.ladder









PLL.ladder 2.1 kip

Wind Loads: PLL.wind 30psf LLwind PLL.wind barch 0.180 klf (assumed)

(at stripping) (at 28-days)
1.3. Allowable Stresses:

Cracking Stress: fri 7.5 psi
fci

psi
 0.474 ksi fr 7.5 psi

fc

psi
 0.605 ksi

Tensile 
Stress Limit: fallowable.Ti

fri

1.25
0.379 ksi fallowable.T

fr

1.25
0.484 ksi ( 6 fc limit )

Compressive
Stress Limit: fallowable.C 0.60 fc 3.9 ksi fallowable.Ci 0.60 fci 2.4 ksi
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2. In-Place Design
2.1. Design Load:

 2.1.1. Load Effects

Flexure: MDC.max 33.49kip ft MDC.min 0 kip ft

MLL.max 2.38kip ft MLL.min 1.65 kip ft

MWS.max 0kip ft MWS.min 0kip ft

Compression: NDC.max 32.311kip NDC.min 15.419kip

NLL.max 1.20kip NLL.min 0.004 kip

NWS.max 4.407kip NWS.min 4.407kip

Shear: VDC.max 7.11kip VDC.min 7.11 kip
(from RISA model)

VLL.max 0.322kip VLL.min 0.322 kip

VWS.max 0.154kip VWS.min 0.154 kip

Base Reaction: RDC.x 15.428kip RDC.y 29.165kip RDC RDC.x
2

RDC.y
2

 33.0kip

RLL.x 0.524kip RLL.y 1.124kip RLL RLL.x
2

RLL.y
2

 1.2 kip

RWS.x 1.082kip RWS.y 4.275kip RWS RWS.x
2

RWS.y
2

 4.4 kip

Flexure: Mstrength.p max

1.25 MDC.max  1.75 MLL.max  0 MWS.max 

1.5 MDC.max  0 MLL.max  0 MWS.max 

1.25 MDC.max  1.35 MLL.max  0.4 MWS.max 

























50.235 kip ft

Mstrength.n min

1.25 MDC.min  1.75 MLL.min  0 MWS.min 

1.5 MDC.min  0 MLL.min  0 MWS.min 

1.25 MDC.min  1.35 MLL.min  0.4 MWS.min 

























2.887 kip ft

Compression: Nstrength.p max

1.25 NDC.max  1.75 NLL.max  0 NWS.max 

1.5 NDC.max  0 NLL.max  0 NWS.max 

1.25 NDC.max  1.35 NLL.max  0.4 NWS.max 

























48.466 kip

Nstrength.n min

1.25 NDC.min  1.75 NLL.min  0 NWS.min 

1.5 NDC.min  0 NLL.min  0 NWS.min 

1.25 NDC.min  1.35 NLL.min  0.4 NWS.min 

























19.267 kip

Shear: Vstrength.p max

1.25 VDC.max  1.75 VLL.max  0 VWS.max 

1.5 VDC.max  0 VLL.max  0 VWS.max 

1.25 VDC.max  1.35 VLL.max  0.4 VWS.max 

























10.665 kip

Vstrength.n min

1.25 VDC.min  1.75 VLL.min  0 VWS.min 

1.5 VDC.min  0 VLL.min  0 VWS.min 

1.25 VDC.min  1.35 VLL.min  0.4 VWS.min 

























10.665 kip

 2.1.2. Strength (I or IV or V)
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Base Reaction: Rstrength.max max

1.25 RDC  1.75 RLL  0 RWS 

1.5 RDC  0 RLL  0 RWS 

1.25 RDC  1.35 RLL  0.4 RWS 

























49.49 kip

 2.1.3. Service I

Flexure: Mservice.max 1 MDC.max  1 MLL.max  0.3 MWS.max  35.87 kip ft

Mservice.min 1 MDC.min  1 MLL.min  0.3 MWS.min  1.65 kip ft

Compression: Nservice.max 1 NDC.max  1 NLL.max  0.3 NWS.max  34.833 kip

Nservice.min 1 NDC.min  1 NLL.min  0.3 NWS.min  16.737 kip

Shear: Vservice.max 1 VDC.max  1 VLL.max  0.3 VWS.max  7.478 kip

Vservice.min 1 VDC.min  1 VLL.min  0.3 VWS.min  7.478 kip

Base Reaction: Rservice 1 RDC  1 RLL  0.3 RWS  35.56 kip

2.2. Stress Check:

Gross Section
Modulus: Sarch

barch tharch
2



6
1728 in

3


Gross Area: Aarch 864 in
2



Max Tension: fmax.T

Mservice.max

Sarch
0.249 ksi

if fallowable.T fmax.T "OK" "NoGood"  "OK"

Max Compression: fmax.C

Mservice.max

Sarch

Nservice.max

Aarch

 0.289 ksi

if fallowable.C fmax.C "OK" "NoGood"  "OK"

2.3. Flexural Design:

Design Moment: Mdesign max Mstrength.p Mstrength.n  50.235 kip ft

Try #4 bars at 6" o/c

As
0.20in

2

6in
0.4

in
2

ft


a
As fy.rebar

0.85 fc
0.362 in

duse tharch 3.25in 8.75 in (depth to top bars for negative bending)

Moment Capacity: ϕMn ϕc As fy.rebar duse
a

2






 barch 92.5 kip ft

if Mdesign ϕMn "OK" "NoGood"  "OK"
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Temperature
Steel Required: As.T.req

1.3 barch tharch

2 barch tharch  fy.rebar

ksi in

in
2










in

2

ft
 0.111

in
2

ft
 (AASHTO LRFD 5.10.8-1)

As.T.req max min As.T.req 0.6
in

2

ft










0.11
in

2

ft










0.111
in

2

ft
 (AASHTO LRFD 5.10.8-2)

Try #4 bars at 18" o/c

As.T
0.2in

2

18in
0.133

in
2

ft


if As.T.req As.T "OK" "NoGood"  "OK"

2.4. Axial Design:

Design
Compression:

Long Steel: As.long 2 As barch 4.8 in
2



if
As.long

Aarch

0.08 "OK" "NoGood"








"OK" (AASHTO LRFD 5.7.4.2-1)

Axial Capacity: ϕPn ϕc 0.8 0.85 fc Aarch As.long  fy.rebar As.long  3625 kip (AASHTO LRFD 5.7.4.4-2)

if ϕPn Ndes "OK" "NoGood"  "OK"

2.5. Shear Design:

Design Shear: Vdes max Vstrength.p Vstrength.n  10.7 kip

Concrete
Capacity: Vc 0.0316ksi βv

fc

ksi
 barch duse 101.5 kip (AASHTO LRFD 5.8.3.3-3)

ϕVc ϕv min Vc 0.18 fc barch duse  91.4 kip

if
ϕVc

2
Vdes "No Shear Steel Required" "Shear Steel Required"









"No Shear Steel Required"

3. Shipping Design

3.1. Design Load:

 3.1.1. Load Effects

Flexure: MDC.max 45.130kip ft MDC.min 40.303 kip ft

Compression: NDC.max 2.022kip NDC.min 4.655 kip

Shear: VDC.max 13.256kip VDC.min 9.098 kip
(from RISA model)

Reactions: Ry.1 7.19kip Ry.2 22.110kip

Rx.1 3.69 kip Rx.2 3.69kip

Ndes max Nstrength.p Nstrength.n  48.5 kip

Eriksson Technologies © 2013 ( 7 ) Sand Hill Bridge Arch Panels 



As 0.4
in

2

ft


Flexure: Mstrength.max.ship max MDC.max MDC.min  γconstruct IMship γdynamic  90.26 kip ft

Compression: Nstrength.max.ship max NDC.max NDC.min  γconstruct IMship γdynamic  9.31 kip

Shear: Vstrength.max.ship max VDC.max VDC.min  γconstruct IMship γdynamic  26.51 kip

 3.1.3. Stress

Flexure: Mstress.max.ship max MDC.max MDC.min  1 IMship  67.69 kip ft

Axial Load: Nstress.max.ship min NDC.max NDC.min  1 IMship  6.98 kip (tension)

Shear: Vstress.max.ship max VDC.max VDC.min  1 IMship  19.88 kip

3.2. Strength Check:

Flexural Capacity: duse 8.75 in

a
As fy.rebar

0.85 fci
0.588 in

ϕMn ϕc As fy.rebar duse
a

2






 barch 91.3 kip ft

if Mstrength.max.ship ϕMn "OK" "NoGood"  "OK"

Axial Capacity: ϕPn ϕc 0.8 0.85 fci Aarch As.long  fy.rebar As.long  2311 kip (AASHTO LRFD 5.7.4.4-2)

if Nstrength.max.ship ϕPn "OK" "NoGood"  "OK"

Shear Capacity: Vc 0.0316ksi βv
fci

ksi
 barch duse 79.6 kip (AASHTO LRFD 5.8.3.3-3)

ϕVc ϕv min Vc 0.18 fci barch duse  71.7 kip

if Vstress.max.ship

ϕVc

2
 "No Steel Required" "Shear Steel Required"









"No Steel Required"

3.3. Stress Check:

Allowable Stress: fallowable.T 0.484 ksi

Section Modulus: Sx

barch tharch
2



6
1728 in

3


Maximum Stress: fmax.ship

Nstress.max.ship

Aarch

Mstress.max.ship

Sx

 0.478 ksi (tension)

if fmax.ship fallowable.T "OK" "NoGood"  "OK"

 3.1.2. Strength
(per AASHTO LRFD 3.4.2.1)
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As 0.4
in

2

ft


4. Lifting Design

4.1. Design Load:

 4.1.1. Load Effects

Flexure: MDC.max 17.712kip ft MDC.min 19.438 kip ft

Compression: NDC.max 3.043kip NDC.min 2.413 kip

Shear: VDC.max 5.675kip VDC.min 7.914 kip (from RISA model)

Reactions: Ry.1 14.65kip Ry.2 14.65kip

Rx.1 0kip Rx.2 0kip

 4.1.2. Strength
(per AASHTO LRFD 3.4.2.1)

Flexure: Mstrength.max.pick max MDC.max MDC.min  γconstruct IMpick γdynamic  31.59 kip ft

Compression: Nstrength.max.pick max NDC.max NDC.min  γconstruct IMpick γdynamic  4.94 kip

Shear: Vstrength.max.pick max VDC.max VDC.min  γconstruct IMpick γdynamic  12.86 kip

 4.2.3. Stress

Flexure: Mstress.max.pick max MDC.max MDC.min  1 IMpick  24.30 kip ft

Axial Load: Nstress.max.pick min NDC.max NDC.min  1 IMpick  3.02 kip (tension)

Shear: Vstress.max.pick max VDC.max VDC.min  1 IMpick  9.89 kip

4.2. Strength Check:

Flexural Capacity: duse 8.75 in

a
As fy.rebar

0.85 fci
0.588 in

ϕMn ϕc As fy.rebar duse
a

2






 barch 91.3 kip ft

if Mstrength.max.pick ϕMn "OK" "NoGood"  "OK"

Axial Capacity: ϕPn ϕc 0.8 0.85 fci Aarch As.long  fy.rebar As.long  2311 kip (AASHTO LRFD 5.7.4.4-2)

if Nstrength.max.pick ϕPn "OK" "NoGood"  "OK"

Shear Capacity: Vc 0.0316ksi βv
fci

ksi
 barch duse 79.6 kip (AASHTO LRFD 5.8.3.3-3)

ϕVc ϕv min Vc 0.18 fci barch duse  71.7 kip

if Vstrength.max.pick

ϕVc

2
 "No Steel Required" "Shear Steel Required"









"No Steel Required"
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4.3. Stress Check:

Allowable Stress: fallowable.Ti 0.379 ksi

Section Modulus: Sx 1728 in
3



Maximum Stress: fmax.pick

Nstress.max.pick

Aarch

Mstress.max.pick

Sx

 0.172 ksi (tension)

if fmax.pick fallowable.Ti "OK" "NoGood"  "OK"

Panel Weight: SWarch Aarch

Larch

2









 γconcrete 29.2 kip

Plifting SWarch 1 IMpick  36.5 kip

Nopick 4

Lifting Load: Ppick.flat

Plifting

Nopick

9.1 kip (vertical pick)

Try (4) P-52 Swift Lift® 8 ton x 10" Anchors

SWL 16000lbf 16 kip

fc.min 3500psi 3.5 ksi

edgemin 19in

if edgemin

barch

4
 "Spacing OK" "Check Spacing"









"Check Spacing"

Theoretical reduction in lifter capacity due to spacing & edge effects (per ACI-318 Appendix D):

A0 2 edgemin 2 1444 in
2



Aeffective edgemin barch  1368 in
2



Ψedge.spacing min 1
Aeffective

A0










94.7 %

Theoretical increase in lifter capacity due to concrete strength:

Ψconcrete.strength

fci

fc.min

106.9 %

Adjusted lifter capacity:

SWLadjusted SWL( ) Ψedge.spacing Ψconcrete.strength 16.204 kip

if Ppick.flat SWLadjusted "OK" "NoGood"  "OK"

4.4. Lifter Selection:
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5.1. Geometry:

Bar Development: db
4

8
in 0.5 in (assume #4 bars)

Ldh max 8 db 6in
38.0 db

fci

ksi












9.5 in

Lhook 4 12( ) db 8 in

Crown Geometry: covercrown 3in

hcrown min Ldh covercrown
db

2
 12in









12 in say hcrown 12in

bcrown 2 Lhook covercrown
db

2










 22.5 in say bcrown 24in

Lcrown barch 2ft  4 ft (minimum)

5.2. Hanger Steel:

Transfer Load: Pcrown 2 Vdes 21.3 kip

As.hanger.req

Pcrown

fy.rebar Lcrown
0.089

in
2

ft


Try #4 bars @ 18"

As.hanger.developed

As.hanger

Ldh

hcrown covercrown
db

2










 0.123
in

2

ft


if As.hanger.developed As.hanger.req "OK" "NoGood"  "OK"

5.3. Moment Steel:

Transfer Moment: Mcrown Pcrown

bcrown

2
covercrown

db

2










 15.6 kip ft

Try #4 bars @ 18"

As.crown
0.2in

2

18in
0.133

in
2

ft


As.crown.developed

As.crown

Ldh

bcrown

2
covercrown

db

2










 0.123
in

2

ft


a
As fy.rebar

0.85 fci
0.588 in

duse hcrown covercrown
db

2
 8.75 in

Moment Capacity: ϕMn ϕc As.crown.developed fy.rebar duse
a

2






 barch 28.0 kip ft

if Mcrown ϕMn "OK" "NoGood"  "OK"

5. Crown Beam Design

As.hanger
0.2in

2

18in
0.133

in
2

ft

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Temperature
Steel Required: As.T.req

1.3 hcrown bcrown

2 hcrown bcrown  fy.rebar

ksi in

in
2










in

2

ft
 0.087

in
2

ft
 (AASHTO LRFD 5.10.8-1)

As.T.req max min As.T.req 0.6
in

2

ft










0.11
in

2

ft










bcrown 0.22 in
2

 (AASHTO LRFD 5.10.8-2)

Try (2) #3 bars in each face

As.T 2( ) 0.11 in
2

0.22 in
2



if As.T.req As.T "OK" "NoGood"  "OK"

5.4. Crown Shear:

Transfer Shear: Vcrown Pcrown 21.33 kip

Concrete Shear
Capacity:

Vc 0.0316ksi
fci

ksi
 duse Lcrown 26.5 kip (AASHTO LRFD 5.8.3.3-3)

ϕVc ϕv min Vc 0.18 fci duse Lcrown  23.9 kip

if Vcrown ϕVc "OK" "NoGood"  "OK"
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6. Shoring Load
The contractor is to support the "crown end" of each panel at the midspan of the structure. This support structure shall be capable of safely supporting
arch panels during erection. The unfactored design vertical load due to the arch panels acting on the support is provided below:

6.1. Component Loads

Panel Selfweight: SWarch 29.181 kip

Panel Reactions: CGx rarch
2

π
rarch





 8.903 ft

Rpanel.y SWarch

CGx

rarch









 10.6 kip

Rpanel.x SWarch Rpanel.y  tan θ0.arch  4.692 kip

Panel Load: wpanel.y

Rpanel.y

barch

1.77 klf

wpanel.x

Rpanel.x

barch

0.782 klf

Wind Suction Load: wwind.y 0klf

wwind.x

Li.arch

2
PLL.wind 0.953 klf

Crown Load: wcrown.y γconcrete hcrown bcrown  0.3 klf

wcrown.x 0klf

Construction LL: LLconstruct 50psf (assumed)

wconstruct.y

ri.arch

2
LLconstruct 0.6 klf

wconstruct.x 0klf

6.2. Total Design Loads

Half-Arch Loads: wshoring.y1 wpanel.y wwind.y wconstruct.y wshoring.y1 2.37 klf

wshoring.x1 wpanel.x wwind.x wconstruct.x wshoring.x1 1.73 klf

Complete Arch Loads: wshoring.y2 2 wpanel.y wwind.y wconstruct.y  wcrown.y wshoring.y2 5.03 klf

wshoring.x2 0 wpanel.x wwind.x wconstruct.x  wcrown.x wshoring.x2 0 klf
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Design Reactions 

 
 
 

Loading Condition Direction Safe Working Load 

 

X 1,800 plf 

Y 2,400 plf 

 

Y 5,100 plf 

 

Loading Condition Direction 
Maximum  

Factored Load 

 

BASE 8,300 plf 
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Analysis Program Output Data  

(RISA-3D) 
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Sec Axial[k] y Shear[k] z‐z Moment[k‐ft] Sec Axial[k] y Shear[k] z‐z Moment[k‐ft] Sec Axial[k] y Shear[k] z‐z Moment[k‐ft]

M1 1 0.000 0.000 0.000 1 0.000 0.000 0.000 1 48.466 ‐10.022 0.000
2 ‐0.116 ‐0.154 0.016 2 ‐0.103 ‐0.163 0.017 2 47.914 ‐10.183 4.308
3 ‐0.232 ‐0.308 0.066 3 ‐0.207 ‐0.325 0.070 3 47.361 ‐10.343 8.684
4 ‐0.348 ‐0.461 0.148 4 ‐0.310 ‐0.488 0.157 4 46.808 ‐10.504 13.128
5 ‐0.464 ‐0.615 0.263 5 ‐0.413 ‐0.651 0.279 5 46.255 ‐10.664 17.641

M2 1 ‐0.443 ‐0.631 0.263 1 ‐0.390 ‐0.665 0.279 1 46.885 ‐7.420 17.641
2 ‐0.553 ‐0.789 0.415 2 ‐0.488 ‐0.831 0.439 2 46.345 ‐7.619 20.848
3 ‐0.664 ‐0.946 0.601 3 ‐0.585 ‐0.997 0.634 3 45.805 ‐7.818 24.139
4 ‐0.775 ‐1.104 0.821 4 ‐0.683 ‐1.163 0.866 4 45.264 ‐8.016 27.514
5 ‐0.885 ‐1.262 1.074 5 ‐0.780 ‐1.329 1.133 5 44.724 ‐8.215 30.975

M3 1 ‐0.841 ‐1.292 1.074 1 ‐0.734 ‐1.356 1.133 1 45.187 ‐5.083 30.975
2 ‐0.946 ‐1.454 1.368 2 ‐0.825 ‐1.525 1.441 2 44.662 ‐5.319 33.192
3 ‐1.051 ‐1.615 1.697 3 ‐0.917 ‐1.695 1.786 3 44.137 ‐5.555 35.511
4 ‐1.156 ‐1.777 2.060 4 ‐1.009 ‐1.864 2.167 4 43.612 ‐5.790 37.929
5 ‐1.261 ‐1.938 2.457 5 ‐1.100 ‐2.034 2.584 5 43.087 ‐6.026 40.449

M4 1 ‐1.193 ‐1.981 2.457 1 ‐1.029 ‐2.071 2.584 1 43.401 ‐3.014 40.449
2 ‐1.292 ‐2.146 2.899 2 ‐1.114 ‐2.244 3.046 2 42.894 ‐3.286 41.792
3 ‐1.391 ‐2.311 3.376 3 ‐1.200 ‐2.416 3.545 3 42.386 ‐3.557 43.251
4 ‐1.491 ‐2.476 3.889 4 ‐1.286 ‐2.589 4.081 4 41.879 ‐3.829 44.825
5 ‐1.590 ‐2.642 4.437 5 ‐1.371 ‐2.761 4.653 5 41.371 ‐4.101 46.516

M5 1 ‐1.497 ‐2.695 4.437 1 ‐1.274 ‐2.808 4.653 1 41.557 ‐1.212 46.516
2 ‐1.590 ‐2.864 5.032 2 ‐1.354 ‐2.983 5.273 2 41.069 ‐1.519 47.098
3 ‐1.684 ‐3.032 5.663 3 ‐1.433 ‐3.159 5.931 3 40.582 ‐1.825 47.811
4 ‐1.777 ‐3.201 6.331 4 ‐1.513 ‐3.334 6.626 4 40.094 ‐2.131 48.655
5 ‐1.871 ‐3.369 7.034 5 ‐1.593 ‐3.510 7.359 5 39.607 ‐2.438 49.629

M6 1 ‐1.752 ‐3.433 7.034 1 ‐1.469 ‐3.563 7.359 1 39.681 0.324 49.629
2 ‐1.840 ‐3.604 7.787 2 ‐1.542 ‐3.741 8.141 2 39.216 ‐0.016 49.563
3 ‐1.927 ‐3.776 8.577 3 ‐1.616 ‐3.919 8.961 3 38.751 ‐0.355 49.642
4 ‐2.015 ‐3.948 9.404 4 ‐1.689 ‐4.098 9.819 4 38.286 ‐0.695 49.866
5 ‐2.102 ‐4.119 10.268 5 ‐1.763 ‐4.276 10.715 5 37.821 ‐1.034 50.235

M7 1 ‐1.957 ‐4.190 10.268 1 ‐1.612 ‐4.335 10.715 1 37.802 1.600 50.235
2 ‐2.039 ‐4.365 11.184 2 ‐1.679 ‐4.515 11.663 2 37.362 1.229 49.632
3 ‐2.120 ‐4.539 12.137 3 ‐1.747 ‐4.696 12.649 3 36.921 0.858 49.187
4 ‐2.202 ‐4.714 13.128 4 ‐1.814 ‐4.876 13.674 4 36.481 0.487 48.901
5 ‐2.283 ‐4.889 14.156 5 ‐1.881 ‐5.057 14.737 5 36.041 0.115 48.772

M8 1 ‐2.111 ‐4.965 14.156 1 ‐1.703 ‐5.120 14.737 1 35.946 2.623 48.772
2 ‐2.187 ‐5.143 15.238 2 ‐1.764 ‐5.303 15.853 2 35.533 2.222 47.739
3 ‐2.262 ‐5.320 16.358 3 ‐1.825 ‐5.485 17.008 3 35.119 1.821 46.877
4 ‐2.337 ‐5.497 17.516 4 ‐1.885 ‐5.668 18.202 4 34.706 1.420 46.186
5 ‐2.413 ‐5.675 18.712 5 ‐1.946 ‐5.851 19.435 5 34.293 1.020 45.666

M9 1 3.043 7.914 18.712 1 ‐1.741 ‐5.916 19.435 1 34.139 3.403 45.666
2 2.974 7.734 17.037 2 ‐1.795 ‐6.100 20.721 2 33.755 2.975 44.306
3 2.905 7.554 15.400 3 ‐1.849 ‐6.285 22.047 3 33.370 2.546 43.129
4 2.835 7.374 13.802 4 ‐1.904 ‐6.470 23.413 4 32.986 2.118 42.135
5 2.766 7.194 12.242 5 ‐1.958 ‐6.655 24.818 5 32.602 1.689 41.323

M10 1 2.513 7.287 12.242 1 ‐1.724 ‐6.719 24.818 1 32.405 3.953 41.323
2 2.450 7.105 10.701 2 ‐1.772 ‐6.906 26.277 2 32.051 3.499 39.735
3 2.387 6.922 9.200 3 ‐1.820 ‐7.093 27.775 3 31.698 3.045 38.340
4 2.325 6.740 7.737 4 ‐1.868 ‐7.279 29.314 4 31.344 2.591 37.138
5 2.262 6.558 6.313 5 ‐1.916 ‐7.466 30.892 5 30.991 2.136 36.130

M11 1 2.031 6.633 6.313 1 ‐1.654 ‐7.528 30.892 1 30.767 4.287 36.130
2 1.975 6.449 4.913 2 ‐1.695 ‐7.717 32.524 2 30.446 3.809 34.404
3 1.918 6.265 3.552 3 ‐1.737 ‐7.905 34.197 3 30.125 3.332 32.882
4 1.862 6.080 2.230 4 ‐1.778 ‐8.093 35.909 4 29.803 2.854 31.563
5 1.805 5.896 0.948 5 ‐1.819 ‐8.281 37.662 5 29.482 2.376 30.448

M12 1 1.598 5.956 0.948 1 ‐1.529 ‐8.340 37.662 1 29.246 4.422 30.448
2 1.548 5.770 ‐0.307 2 ‐1.563 ‐8.529 39.468 2 28.958 3.923 28.669
3 1.498 5.583 ‐1.522 3 ‐1.598 ‐8.719 41.315 3 28.671 3.424 27.102
4 1.448 5.397 ‐2.698 4 ‐1.633 ‐8.908 43.202 4 28.384 2.925 25.749
5 1.399 5.211 ‐3.834 5 ‐1.668 ‐9.098 45.130 5 28.097 2.426 24.608

M13 1 1.216 5.257 ‐3.834 1 ‐1.778 13.256 45.130 1 27.860 4.375 24.608
2 1.172 5.069 ‐4.939 2 ‐1.806 13.065 42.312 2 27.608 3.857 22.853
3 1.129 4.881 ‐6.004 3 ‐1.834 12.874 39.535 3 27.357 3.340 21.318
4 1.085 4.694 ‐7.029 4 ‐1.862 12.684 36.799 4 27.105 2.822 20.005
5 1.042 4.506 ‐8.014 5 ‐1.891 12.493 34.103 5 26.853 2.304 18.912

M14 1 0.884 4.540 ‐8.014 1 ‐2.326 12.420 34.103 1 26.628 4.167 18.912
2 0.847 4.350 ‐8.966 2 ‐2.348 12.228 31.465 2 26.413 3.633 17.249
3 0.810 4.161 ‐9.877 3 ‐2.369 12.036 28.867 3 26.198 3.099 15.814
4 0.773 3.972 ‐10.748 4 ‐2.390 11.845 26.310 4 25.983 2.565 14.606
5 0.736 3.783 ‐11.578 5 ‐2.412 11.653 23.795 5 25.767 2.031 13.626

M15 1 0.604 3.806 ‐11.578 1 ‐2.818 11.562 23.795 1 25.564 3.819 13.626
2 0.574 3.616 ‐12.373 2 ‐2.832 11.370 21.340 2 25.386 3.271 12.114
3 0.543 3.426 ‐13.127 3 ‐2.847 11.178 18.926 3 25.209 2.724 10.836
4 0.513 3.235 ‐13.840 4 ‐2.862 10.986 16.553 4 25.031 2.176 9.792
5 0.483 3.045 ‐14.512 5 ‐2.876 10.794 14.222 5 24.854 1.629 8.980

M16 1 0.376 3.060 ‐14.512 1 ‐3.252 10.686 14.222 1 24.680 3.354 8.980
2 0.353 2.869 ‐15.147 2 ‐3.260 10.494 11.954 2 24.542 2.795 7.669
3 0.329 2.678 ‐15.741 3 ‐3.268 10.301 9.728 3 24.403 2.237 6.597
4 0.306 2.486 ‐16.293 4 ‐3.276 10.109 7.543 4 24.264 1.678 5.762
5 0.282 2.295 ‐16.805 5 ‐3.284 9.916 5.399 5 24.125 1.119 5.166

M17 1 0.202 2.304 ‐16.805 1 ‐3.628 9.795 5.399 1 23.989 2.795 5.166
2 0.185 2.112 ‐17.278 2 ‐3.630 9.603 3.323 2 23.889 2.228 4.095
3 0.168 1.920 ‐17.709 3 ‐3.631 9.410 1.287 3 23.789 1.661 3.265
4 0.151 1.728 ‐18.100 4 ‐3.632 9.217 ‐0.707 4 23.689 1.094 2.678
5 0.135 1.536 ‐18.449 5 ‐3.633 9.025 ‐2.660 5 23.590 0.527 2.332

M18 1 0.081 1.539 ‐18.449 1 ‐3.947 8.892 ‐2.660 1 23.496 2.167 2.332
2 0.071 1.347 ‐18.758 2 ‐3.941 8.700 ‐4.543 2 23.436 1.595 1.530
3 0.061 1.155 ‐19.026 3 ‐3.936 8.507 ‐6.385 3 23.376 1.022 0.972
4 0.051 0.962 ‐19.253 4 ‐3.930 8.314 ‐8.186 4 23.316 0.450 0.658
5 0.040 0.770 ‐19.438 5 ‐3.925 8.122 ‐9.946 5 23.256 ‐0.123 0.589

M19 1 0.013 0.771 ‐19.438 1 ‐4.206 7.980 ‐9.946 1 23.208 1.496 0.589
2 0.010 0.578 ‐19.583 2 ‐4.194 7.787 ‐11.633 2 23.188 0.920 0.073
3 0.007 0.385 ‐19.686 3 ‐4.182 7.595 ‐13.280 3 23.168 0.345 ‐0.196
4 0.003 0.193 ‐19.748 4 ‐4.170 7.403 ‐14.886 4 23.148 ‐0.230 ‐0.221
5 0.000 0.000 ‐19.768 5 ‐4.157 7.210 ‐16.450 5 23.128 ‐0.806 0.000

M20 1 0.000 0.000 ‐19.768 1 ‐4.407 7.061 ‐16.450 1 23.128 0.806 0.000
2 0.003 ‐0.193 ‐19.748 2 ‐4.388 6.869 ‐17.941 2 23.148 0.230 ‐0.221
3 0.007 ‐0.385 ‐19.686 3 ‐4.369 6.677 ‐19.391 3 23.168 ‐0.345 ‐0.196
4 0.010 ‐0.578 ‐19.583 4 ‐4.350 6.485 ‐20.801 4 23.188 ‐0.920 0.073
5 0.013 ‐0.771 ‐19.438 5 ‐4.331 6.294 ‐22.169 5 23.208 ‐1.496 0.589
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Sec Axial[k] y Shear[k] z‐z Moment[k‐ft] Sec Axial[k] y Shear[k] z‐z Moment[k‐ft] Sec Axial[k] y Shear[k] z‐z Moment[k‐ft]

M21 1 0.040 ‐0.770 ‐19.438 1 ‐4.548 6.138 ‐22.169 1 23.256 0.123 0.589
2 0.051 ‐0.962 ‐19.253 2 ‐4.523 5.947 ‐23.462 2 23.316 ‐0.450 0.658
3 0.061 ‐1.155 ‐19.026 3 ‐4.497 5.756 ‐24.715 3 23.376 ‐1.022 0.972
4 0.071 ‐1.347 ‐18.758 4 ‐4.472 5.565 ‐25.927 4 23.436 ‐1.595 1.530
5 0.081 ‐1.539 ‐18.449 5 ‐4.446 5.374 ‐27.099 5 23.496 ‐2.167 2.332

M22 1 0.135 ‐1.536 ‐18.449 1 ‐4.631 5.216 ‐27.099 1 23.590 ‐0.527 2.332
2 0.151 ‐1.728 ‐18.100 2 ‐4.599 5.026 ‐28.195 2 23.689 ‐1.094 2.678
3 0.168 ‐1.920 ‐17.709 3 ‐4.566 4.836 ‐29.251 3 23.789 ‐1.661 3.265
4 0.185 ‐2.112 ‐17.278 4 ‐4.534 4.646 ‐30.266 4 23.889 ‐2.228 4.095
5 0.202 ‐2.304 ‐16.805 5 ‐4.502 4.456 ‐31.240 5 23.989 ‐2.795 5.166

M23 1 0.282 ‐2.295 ‐16.805 1 ‐4.655 4.296 ‐31.240 1 24.125 ‐1.119 5.166
2 0.306 ‐2.486 ‐16.293 2 ‐4.616 4.107 ‐32.140 2 24.264 ‐1.678 5.762
3 0.329 ‐2.678 ‐15.741 3 ‐4.577 3.918 ‐32.999 3 24.403 ‐2.237 6.597
4 0.353 ‐2.869 ‐15.147 4 ‐4.538 3.729 ‐33.817 4 24.542 ‐2.795 7.669
5 0.376 ‐3.060 ‐14.512 5 ‐4.499 3.541 ‐34.596 5 24.680 ‐3.354 8.980

M24 1 0.483 ‐3.045 ‐14.512 1 ‐4.620 3.381 ‐34.596 1 24.854 ‐1.629 8.980
2 0.513 ‐3.235 ‐13.840 2 ‐4.575 3.194 ‐35.300 2 25.031 ‐2.176 9.792
3 0.543 ‐3.426 ‐13.127 3 ‐4.529 3.007 ‐35.964 3 25.209 ‐2.724 10.836
4 0.574 ‐3.616 ‐12.373 4 ‐4.484 2.820 ‐36.587 4 25.386 ‐3.271 12.114
5 0.604 ‐3.806 ‐11.578 5 ‐4.438 2.632 ‐37.171 5 25.564 ‐3.819 13.626

M25 1 0.736 ‐3.783 ‐11.578 1 ‐4.528 2.476 ‐37.171 1 25.767 ‐2.031 13.626
2 0.773 ‐3.972 ‐10.748 2 ‐4.476 2.290 ‐37.681 2 25.983 ‐2.565 14.606
3 0.810 ‐4.161 ‐9.877 3 ‐4.424 2.104 ‐38.152 3 26.198 ‐3.099 15.814
4 0.847 ‐4.350 ‐8.966 4 ‐4.372 1.919 ‐38.582 4 26.413 ‐3.633 17.249
5 0.884 ‐4.540 ‐8.014 5 ‐4.320 1.733 ‐38.973 5 26.628 ‐4.167 18.912

M26 1 1.042 ‐4.506 ‐8.014 1 ‐4.378 1.581 ‐38.973 1 26.853 ‐2.304 18.912
2 1.085 ‐4.694 ‐7.029 2 ‐4.319 1.398 ‐39.292 2 27.105 ‐2.822 20.005
3 1.129 ‐4.881 ‐6.004 3 ‐4.261 1.214 ‐39.572 3 27.357 ‐3.340 21.318
4 1.172 ‐5.069 ‐4.939 4 ‐4.202 1.030 ‐39.812 4 27.608 ‐3.857 22.853
5 1.216 ‐5.257 ‐3.834 5 ‐4.144 0.847 ‐40.013 5 27.860 ‐4.375 24.608

M27 1 1.399 ‐5.211 ‐3.834 1 ‐4.171 0.701 ‐40.013 1 28.097 ‐2.426 24.608
2 1.448 ‐5.397 ‐2.698 2 ‐4.106 0.520 ‐40.144 2 28.384 ‐2.925 25.749
3 1.498 ‐5.583 ‐1.522 3 ‐4.041 0.339 ‐40.236 3 28.671 ‐3.424 27.102
4 1.548 ‐5.770 ‐0.307 4 ‐3.977 0.157 ‐40.289 4 28.958 ‐3.923 28.669
5 1.598 ‐5.956 0.948 5 ‐3.912 ‐0.024 ‐40.303 5 29.246 ‐4.422 30.448

M28 1 1.805 ‐5.896 0.948 1 ‐3.908 ‐0.161 ‐40.303 1 29.482 ‐2.376 30.448
2 1.862 ‐6.080 2.230 2 ‐3.837 ‐0.340 ‐40.249 2 29.803 ‐2.854 31.563
3 1.918 ‐6.265 3.552 3 ‐3.766 ‐0.519 ‐40.157 3 30.125 ‐3.332 32.882
4 1.975 ‐6.449 4.913 4 ‐3.695 ‐0.698 ‐40.027 4 30.446 ‐3.809 34.404
5 2.031 ‐6.633 6.313 5 ‐3.624 ‐0.877 ‐39.858 5 30.767 ‐4.287 36.130

M29 1 2.262 ‐6.558 6.313 1 ‐3.591 ‐1.004 ‐39.858 1 30.991 ‐2.136 36.130
2 2.325 ‐6.740 7.737 2 ‐3.514 ‐1.180 ‐39.625 2 31.344 ‐2.591 37.138
3 2.387 ‐6.922 9.200 3 ‐3.436 ‐1.357 ‐39.353 3 31.698 ‐3.045 38.340
4 2.450 ‐7.105 10.701 4 ‐3.359 ‐1.533 ‐39.044 4 32.051 ‐3.499 39.735
5 2.513 ‐7.287 12.242 5 ‐3.282 ‐1.710 ‐38.696 5 32.405 ‐3.953 41.323

M30 1 2.766 ‐7.194 12.242 1 ‐3.220 ‐1.823 ‐38.696 1 32.602 ‐1.689 41.323
2 2.835 ‐7.374 13.802 2 ‐3.136 ‐1.997 ‐38.288 2 32.986 ‐2.118 42.135
3 2.905 ‐7.554 15.400 3 ‐3.053 ‐2.171 ‐37.841 3 33.370 ‐2.546 43.129
4 2.974 ‐7.734 17.037 4 ‐2.970 ‐2.344 ‐37.358 4 33.755 ‐2.975 44.306
5 3.043 ‐7.914 18.712 5 ‐2.886 ‐2.518 ‐36.837 5 34.139 ‐3.403 45.666

M31 1 ‐2.413 5.675 18.712 1 ‐2.796 ‐2.617 ‐36.837 1 34.293 ‐1.020 45.666
2 ‐2.337 5.497 17.516 2 ‐2.707 ‐2.788 ‐36.259 2 34.706 ‐1.420 46.186
3 ‐2.262 5.320 16.358 3 ‐2.617 ‐2.959 ‐35.644 3 35.119 ‐1.821 46.877
4 ‐2.187 5.143 15.238 4 ‐2.528 ‐3.129 ‐34.992 4 35.533 ‐2.222 47.739
5 ‐2.111 4.965 14.156 5 ‐2.438 ‐3.300 ‐34.304 5 35.946 ‐2.623 48.772

M32 1 ‐2.283 4.889 14.156 1 ‐2.322 ‐3.383 ‐34.304 1 36.041 ‐0.115 48.772
2 ‐2.202 4.714 13.128 2 ‐2.226 ‐3.551 ‐33.561 2 36.481 ‐0.487 48.901
3 ‐2.120 4.539 12.137 3 ‐2.131 ‐3.718 ‐32.783 3 36.921 ‐0.858 49.187
4 ‐2.039 4.365 11.184 4 ‐2.035 ‐3.885 ‐31.969 4 37.362 ‐1.229 49.632
5 ‐1.957 4.190 10.268 5 ‐1.940 ‐4.053 ‐31.119 5 37.802 ‐1.600 50.235

M33 1 ‐2.102 4.119 10.268 1 ‐1.797 ‐4.118 ‐31.119 1 37.821 1.034 50.235
2 ‐2.015 3.948 9.404 2 ‐1.696 ‐4.282 ‐30.220 2 38.286 0.695 49.866
3 ‐1.927 3.776 8.577 3 ‐1.595 ‐4.446 ‐29.286 3 38.751 0.355 49.642
4 ‐1.840 3.604 7.787 4 ‐1.494 ‐4.610 ‐28.316 4 39.216 0.016 49.563
5 ‐1.752 3.433 7.034 5 ‐1.392 ‐4.774 ‐27.312 5 39.681 ‐0.324 49.629

M34 1 ‐1.871 3.369 7.034 1 ‐1.225 ‐4.820 ‐27.312 1 39.607 2.438 49.629
2 ‐1.777 3.201 6.331 2 ‐1.118 ‐4.980 ‐26.262 2 40.094 2.131 48.655
3 ‐1.684 3.032 5.663 3 ‐1.011 ‐5.141 ‐25.179 3 40.582 1.825 47.811
4 ‐1.590 2.864 5.032 4 ‐0.904 ‐5.301 ‐24.061 4 41.069 1.519 47.098
5 ‐1.497 2.695 4.437 5 ‐0.797 ‐5.461 ‐22.909 5 41.557 1.212 46.516

M35 1 ‐1.590 2.642 4.437 1 ‐0.606 ‐5.486 ‐22.909 1 41.371 4.101 46.516
2 ‐1.491 2.476 3.889 2 ‐0.493 ‐5.642 ‐21.718 2 41.879 3.829 44.825
3 ‐1.391 2.311 3.376 3 ‐0.381 ‐5.799 ‐20.493 3 42.386 3.557 43.251
4 ‐1.292 2.146 2.899 4 ‐0.269 ‐5.955 ‐19.234 4 42.894 3.286 41.792
5 ‐1.193 1.981 2.457 5 ‐0.156 ‐6.112 ‐17.942 5 43.401 3.014 40.449

M36 1 ‐1.261 1.938 2.457 1 0.057 ‐6.114 ‐17.942 1 43.087 6.026 40.449
2 ‐1.156 1.777 2.060 2 0.175 ‐6.266 ‐16.617 2 43.612 5.790 37.929
3 ‐1.051 1.615 1.697 3 0.293 ‐6.419 ‐15.259 3 44.137 5.555 35.511
4 ‐0.946 1.454 1.368 4 0.411 ‐6.571 ‐13.869 4 44.662 5.319 33.192
5 ‐0.841 1.292 1.074 5 0.529 ‐6.724 ‐12.445 5 45.187 5.083 30.975

M37 1 ‐0.885 1.262 1.074 1 0.763 ‐6.701 ‐12.445 1 44.724 8.215 30.975
2 ‐0.775 1.104 0.821 2 0.886 ‐6.849 ‐10.995 2 45.264 8.016 27.514
3 ‐0.664 0.946 0.601 3 1.009 ‐6.998 ‐9.512 3 45.805 7.818 24.139
4 ‐0.553 0.789 0.415 4 1.132 ‐7.146 ‐7.998 4 46.345 7.619 20.848
5 ‐0.443 0.631 0.263 5 1.256 ‐7.294 ‐6.452 5 46.885 7.420 17.641

M38 1 ‐0.464 0.615 0.263 1 1.510 ‐7.246 ‐6.452 1 46.255 10.664 17.641
2 ‐0.348 0.461 0.148 2 1.638 ‐7.390 ‐4.885 2 46.808 10.504 13.128
3 ‐0.232 0.308 0.066 3 1.766 ‐7.534 ‐3.288 3 47.361 10.343 8.684
4 ‐0.116 0.154 0.016 4 1.894 ‐7.678 ‐1.659 4 47.914 10.183 4.308
5 0.000 0.000 0.000 5 2.022 ‐7.822 0.000 5 48.466 10.022 0.000

MAX 3.04 7.91 18.71 2.02 13.26 45.13 48.47 10.66 50.24
MIN ‐2.41 ‐7.91 ‐19.77 ‐4.66 ‐9.10 ‐40.30 23.13 ‐10.66 ‐0.22

Due To Unfactored Selfweight Due To Unfactored Selfweight Due To Factored Load (per Strength IV LS)
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