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Project: Fire Drive, Jamaica VT
Tas : 16 x 8 BC

Job No.: 3745

Client : Bazin Bros

Agency : None

CULVERT PROPERTIES
=== NOTE:

Type of Culvert: Precast . DESIGN HAS BEEN VERIFIED T
Specification : LRFD 5th Edition 2010 BE?QiJDN;BRMANCE\NrTH ©

Operating Mode : ANALYSIS LRFD 6TH EDITION 2012

Physical Dimensions

No. of Boxes: 1 Name: BoxCulvert

Clear Span : 16.0000 ft

Clear Height: 8.0000 ft Skew Angle : 0.00 deg

Length : 5.0000 ft

Bottom Slab Support: Full Slab

Fill Depth Range: Maximum : 7.50 ft Minimum: 3.00 ft Increment: 1.00 ft

Haunches: Top: 9.0000 in Bottom: 9.0000 in
Member Thicknesses: Top Slab: 12.0000 in

Bot Slab: 12.0000 1in

Ext wall: 10.0000 in

Material Properties

Concrete: Strength,f'c: 5.000 ksi Density: 0.150 kcf Elasticity,Ec: 4287 ksi
Type: Normal weight
Steel: Yield, fy: 60.00 ksi Allow Stress: 24.00 ksi Elasticity,Es: 29000 ksi
Yield, fyv: 60.00 ksi Diameter : 1.000 in
Ssoil: Dens1ty 0.140 kcf Slope Factor: 1.150 (Granular)
Fe Factor: 1.150 (Maximum for Compacted Fill)
Serviceability, Gamma-e: 0.75
Loads
Live Load: Vvehicle: HL-93 . )
Ax1$ No. We1ght(k) Dist. Fr8m08rev1ous(ft)
2 32 oo 14.00

3 32.00 14.00
Gage width: 6.00 ft, Tread width: 20.00 in, Tread Length: 10.00 in
Include Tandem: yes
Tandem: Axle 1: 25.00 k, Axle 2: 25.00 k, Axle Spacing: 4.00 ft
Lane Load: 0.64 k1f, P-Moment: 0.00 k, P-Shear: 0.00
Combine: Truck + Lane Or Tandem + Lane
Include Lane Load: no
Max. No. of Lanes: Computed by Program
override MPF: no
Traffic Direction: Lanes Parallel to Main Reinforcement
Neglect Live Load for Large Fill Depths: yes
Apply Surcharge at Fill Depths > 2 foot: yes
surcharge Depth : 3 00 ft
Dead Load: Future Wearing Ssurf.: 0.04 k/ft
Additional Dead Load: 0.00 k/ft
Concentrated Loads : none
Lateral soil Loads: Max. Equiv. Fluid Press.: 70.00 pcf
Min. Equiv. Fluid Press.: 35 00 pcf
Fluid Pressures : Consider Int. water Press.: no

Load and Resistance Factors

DC: 1.25 0.90

pw: 1.50 0.65

EV: 1.30 0.90

EH: 1.35 0.90

wA: 1.00

LL I: 1.75 LL ITI: 1.35

Ductility: 1.00 Importance: 1.00 Redundancy: 1.00 Condition: 1.00 System: 1.00
Phi Shear: 0.90 Phi Moment: 1.00

Reinforcement

Rebar Covers: Exterior Interior
Top Slab: 2.0000 1in 1.5000 1in
walls : 2.0000 1n 1.5000 1in
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Bot Slab: 2.0000 1in 1.5000 1in

Assigned reinforcement: Spacing

Location Mark Size (in)

Top Slab Inside A100 (AS2) 7 6.0000

Bottom Slab Inside A200 (AS3) 7 6.0000

Top Slab oOutside A300 (AS7) 4 12.0000

Bottom Slab outside A400 (AS8) 4 12.0000

Top Corner Al (Asl) 6 6.0000

Bottom Corner A2 (Asl) 6 6.0000

Ext. wall Inside B1 (AS4) 5 8.0000

Ext. wall outside B2 (ASs1) 6 6.0000

Longitudinal cl (AS6) 4 12.0000

Top Distribution Cc100 (AS5) 4 12.0000

Bottom Distribution c200 4 12.0000

Analysis Options

LL Analysis

Reinforcement:

Slenderness
Modeling = :
Crit. Section:

Misc. Options:

: Automatica11g Set Traffic Direction to Account for Skew Effects: no
u

Limit Distribution width to Culvert Length for Fills < 2 foot: no
Limit Distribution width to Culvert Length for Fills > 2 foot: no
Combine Axle overlaps for Fills > 2 foot: yes

override DLA: no

Include Impact on Bottom Slab: yes

Always Distribute wheel Load: no

Always Include Distribution Steel: no

User Defined Longitudinal Steel: no

Max. As used in Vc calcs: 2.00 in2/ft

: Checked K Factor: 2.00

Use Haunches in the Structural Model: yes

Consider Haunches when Selecting Critical Section Locations: yes
Extend Critical Section for Shear Beyond the End of the Haunc%: yes
Use Max. Moment with Max. Shear at the Critical Section for Shear: yes
Use Strength II: no

Ignore Axial Thrust: no

Live Load Deflection Criteria: 1/800

Culvert p. 2 of 33
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ANALYSIS RESULTS

Top Slab Thickness = 12.00 1in

Bottom Slab Thickness = 12.00 1in

Exterior wall Thickness = 10.00 1in

Modular Ratio (N) = 6.76

Max. Steel Ratio = 0.025

Design Span = 16.83 ft

Design Height = 9.00 ft

volume of Concrete: 1.844 cy/ft weight of Steel : 394 1b/ft

Reinforcing Steel Schedule

Bar Spacing As,prv Length

Location Mark Qty Size Type (in) (1n2/ft) (ft in) (1 s)
Top Slab (int) A100 (As2) 10 7 STR 6.00 1. 3

Bot Slab (int) A200 (As3) 10 7 STR 6.00 1.200 17— 3 352
Top Slab (ext) A300 (AS7) 5 4 STR 12.00 0.200 17- 3 59
Bot Slab (ext) A400 (AS8) 5 4 STR 12.00 0.200 17- 3 59
Corner (Top) Al (asl) 20 6 L-BAR 6.00 0.880 7- 4 220
corner (Bottom) A2 (asl) 20 6 L-BAR 6.00 0.880 7- 4 220
Ext wall (int) Bl (As4) 16 5 STR 8.00 0.465 8- 6 143
Ext wall (ext) B2 (As1l) 20 6 STR 6.00 0.880 8- 0 240
Top Slab (int- 1) c100 (AS5) 17 4 STR 12.00 0.200 4-11 57
Bot Slab (int- 1) €200 17 4 STR 12.00 0.200 4-11 57
Temperature ( 1) Cl (As6) 17 4 STR 12.00 0.200 4-11 57
Temperature ( 1) Cl (As6) 17 4 STR 12.00 0.200 4-11 57
Temperature ( 1) Cl (As6) 18 4 STR 12.00 0.200 4-11 60
Temperature ( 1) C1 (As6) 18 4 STR 12.00 0.200 4-11

60
Total 1993

Sht __of
PJLChk

8/2/2013 4:20:45 PM

Culvert p. 3 of 33

H Leg
(ft- 1n)(ft 1n)

Note: A denotes flexural steel, B denotes vertical steel, C denotes longitudinal steel

Splice Lengths Table

Bar Splice Length
Mark Size (ft-in)
Bl 5 1- 9
cl 4 1- 9
€100 4 1- 9
Cc200 4 1- 9
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ANALYSIS RESULTS (Fill Depth = 3.00 ft)

Load Parameters:

Unfactored Moments due to A1l Loads: (k-ft) (Fill Depth = 3.00 ft)

M-PT Mdc Mev Mdw Meh Mls Mwa MT1+ M11-

1- 0 -4.52 -6.16 -0.50 -2.12 -0.74 0.00 0.00 -6.81
1- 1 -4.23 -6.16 -0.50 0.33 0.03 0.00 0.00 -6.40
1- 2 -3.94 -6.16 -0.50 2.09 0.62 0.00 0.00 -6.13
1- 3 -3.65 -6.16 -0.50 3.22 1.05 0.00 0.00 -6.29
1- 4 -3.37 -6.16 -0.50 3.78 1.30 0.00 0.00 -6.52
1- 5 -3.08 -6.16 -0.50 3.82 1.39 0.00 0.00 -6.80
1- 6 -2.79 -6.16 -0.50 3.38 1.30 0.00 0.00 -7.09
1- 7 -2.50 -6.16 -0.50 2.54 1.05 0.00 0.00 -7.41
1- 8 -2.21 -6.16 -0.50 1.33 0.62 0.00 0.00 -7.72
1- 9 -1.92 -6.16 -0.50 -0.18 0.03 0.00 0.00 -8.04
1-10 -1.63 -6.16 -0.50 -1.94 -0.74 0.00 0.08 -8.35
Top

Member 2: (Top Slab)

Left

2- 0 -1.63 -6.16 -0.50 -1.94 -0.74 0.00 0.08 -8.35
2- 1 0.28 -0.62 -0.05 -1.94 -0.74 0.00 2.62 -3.15
2- 2 1.77 3.68 0.30 -1.94 -0.74 0.00 6.42 -0.13
2- 3 2.83 6.76 0.54 -1.94 -0.74 0.00 9.87 0.00
2- 4 3.47 8.61 0.69 -1.94 -0.74 0.00 11.97 0.00
2- 5 3.68 9.22 0.74 -1.94 -0.74 0.00 12.70 0.00
2- 6 3.47 8.61 0.69 -1.94 -0.74 0.00 11.97 0.00
2- 7 2.83 6.76 0.54 -1.94 -0.74 0.00 9.87 0.00
2- 8 1.77 3.68 0.30 -1.94 -0.74 0.00 6.42 -0.13
2- 9 0.28 -0.62 -0.05 -1.94 -0.74 0.00 2.62 -3.15
2-10 -1.63 -6.16 -0.50 -1.94 -0.74 0.00 0.08 -8.35
Right

Member 4: (Bottom Slab)

Left

4- 0 -4.52 -6.16 -0.50 -2.12 -0.74 0.00 0.00 -6.81
4- 1 -0.91 -0.62 -0.05 -2.12 -0.74 0.00 0.25 -1.44
4- 2 1.91 3.68 0.30 -2.12 -0.74 0.00 4.00 0.00
4- 3 3.92 6.76 0.54 -2.12 -0.74 0.00 6.73 0.00
4- 4 5.12 8.61 0.69 -2.12 -0.74 0.00 8.37 0.00
4- 5 5.52 9.22 0.74 -2.12 -0.74 0.00 8.91 0.00
4- 6 5.12 8.61 0.69 -2.12 -0.74 0.00 8.37 0.00
4- 7 3.92 6.76 0.54 -2.12 -0.74 0.00 6.73 0.00
4- 8 1.91 3.68 0.30 -2.12 -0.74 0.00 4.00 0.00
4- 9 -0.91 -0.62 -0.05 -2.12 -0.74 0.00 0.25 -1.44
4713 -4.52 -6.16 -0.50 -2.12 -0.74 0.00 0.00 -6.81
Right

Unfactored shears due to ATl Loads: (k-ft) (Fill Depth = 3.00 ft)

M-PT vdc Vev vdw Veh Vls vwa V1T+ ARE

Bottom

1- 0 0.32 0.00 0.00 3.12 0.94 0.00 0.46 -0.36
1- 1 0.32 0.00 0.00 2.33 0.76 0.00 0.46 -0.36
1- 2 0.32 0.00 0.00 1.60 0.57 0.00 0.46 -0.36
1- 3 0.32 0.00 0.00 0.93 0.38 0.00 0.46 -0.36
1- 4 0.32 0.00 0.00 0.32 0.19 0.00 0.46 -0.36
1- 5 0.32 0.00 0.00 -0.23 0.00 0.00 0.46 -0.36
1- 6 0.32 0.00 0.00 -0.72 -0.19 0.00 0.46 -0.36
1- 7 0.32 0.00 0.00 -1.15 -0.38 0.00 0.46 -0.36
1- 8 0.32 0.00 0.00 -1.52 -0.57 0.00 0.46 -0.36
1- 9 0.32 0.00 0.00 -1.83 -0.76 0.00 0.46 -0.36
1-10 0.32 0.00 0.00 -2.08 -0.95 0.00 0.46 -0.36
Top

Member 2: (Top Slab)
2- 0 1.26 3.66 0.29 0.00 0.00 0.00 5.05 0.00
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1.01 .92 0.2 0 0.00 0.00 4.38 -0.07

2— 2 0.76 .19 0.18 .00 0.00 .00 3.69 -0.30

2- 3 0.51 1.46 0.12 0.00 0.00 0.00 2.98 -0.68

2- 4 0.25 0.73 0.06 0.00 0.00 0.00 2.29 -1.10

2-5 0.00 0.00 0.00 0.00 0.00 0.00 1.61 -1.61

2- 6 -0.25 -0.73 -0.06 0.00 0.00 0.00 1.10 -2.29

2- 7 -0.51 -1.46 -0.12 0.00 0.00 0.00 0.68 -2.98

2- 8 -0.76 -2.19 -0.18 0.00 0.00 0.00 0.30 -3.69

2-9 -1.01 -2.92 -0.24 0.00 0.00 0.00 0.07 -4.38

2-10 -1.26 -3.66 -0.29 0.00 0.00 0.00 0.00 -5.05

Right

Member 4: (Bottom Slab)

Left

4- 0 2.39 .66 0.29 0.00 0.00 0.00 3.54 0.00

4- 1 1.91 2.92 0.24 0.00 0.00 0.00 2.84 0.00

4- 2 1.43 2.19 0.18 0.00 0.00 0.00 2.13 0.00

4- 3 0.96 1.46 0.12 0.00 0.00 0.00 1.43 0.00

4- 4 0.48 0.73 0.06 0.00 0.00 0.00 0.73 0.00

4- 5 0.00 0.00 0.00 0.00 0.00 0.00 0.07 -0.07

4- 6 -0.48 -0.73 -0.06 0.00 0.00 0.00 0.00 -0.73

4- 7 -0.96 -1.46 -0.12 0.00 0.00 0.00 0.00 -1.43

4- 8 -1.43 -2.19 -0.18 0.00 0.00 0.00 0.00 -2.13

4- 9 -1.91 -2.92 -0.24 0.00 0.00 0.00 0.00 -2.84

4713 -2.39 -3.66 -0.29 0.00 0.00 0.00 0.00 -3.54

Right

Live Load Parameters: Traffic Direction is Parallel to Main Reinforcement

vehicle Axle Weight Length Dist. From
NoO (k/ft) (ft) Previous (ft)
Truck 1 0.988 4.28 0.00 (largest truck used)
2 0.988 4.28 14.00
3 0.247 4.28 14.00
Tandem 1 0.799 8.28 0.00 (largest truck used)

A1l vehicles:
Distribution width: 9.12 ft

Impact Factor : 1.21
Lane:
Lane Load : 0.000 k/ft Distribution width: 0.00 ft

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top S1ab

vehicle Axle We1% Length Dist. From
No. (k/ (ft) Left End (ft)
Truck 1 247 4.28 22.42
2 0.988 4.28 8.42

3 0.988 4.28 -5.58
Coincident Bottom Slab Load: 0.25 k/ft

Maximum -Moment in Top Slab

Truck 1 0.247 4.28 21.58
2 0.988 4.28 7.58
3 0.988 4.28 -6.43

Coincident Bottom Slab Load: 0.25 k/ft

Maximum +Shear in Top Slab

Truck 1 0.247 4.28 30.14
% 0.988 4.28 16.14

Coincident Bottom Slab Load: 0.42 k/ff '

Maximum -Shear in Top Slab
1 247

Truck 0. 4.28 28.69
2 0.988 4.28 14.69
0.988 4.28 0.69

3
Coincident Bottom Slab Load: 0.42 k/ft

Maximum +Moment in Top Slab
Tandem 1 0.799 8.28 8.42
Coincident Bottom Slab Load: 0.39 k/ft

Maximum -Moment in Top Slab
Tandem 1 0.799 8.28 9.19
Coincident Bottom Slab Load: 0.39 k/ft

Maximum +Shear in Top Slab
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Tandem 1 0.799 8.28 4.14

Coincident Bottom Slab Load: 0.39 k/ft

Maximum -Shear in Top Slab
Tandem 1 0.799 8.28 12.69
Coincident Bottom Slab Load: 0.39 k/ft

Unfactored Moments and Shears due to Live Loads: (k, k-ft) (Fill Depth =

Truck Tandem
M-PT MT1+ M11- V1T+ v1l- MT1+ MT1- v1l+ v11- MT1+
Member 1: (Exterior wall)
Bottom
1- 0 0.00 -6.81 0.46 -0.29 0.00 -6.14 0.19 -0.36 0.00
1- 1 0.00 -6.40 0.46 -0.29 0.00 -6.13 0.19 -0.36 0.00
1- 2 0.00 -6.00 0.46 -0.29 0.00 -6.13 0.19 -0.36 0.00
1- 3 0.00 -5.59 0.46 -0.29 0.00 -6.29 0.19 -0.36 0.00
1- 4 0.00 -5.19 0.46 -0.29 0.00 -6.52 0.19 -0.36 0.00
1- 5 0.00 -4.78 0.46 -0.29 0.00 -6.80 0.19 -0.36 0.00
1- 6 0.00 -4.79 0.46 -0.29 0.00 -7.09 0.19 -0.36 0.00
1- 7 0.00 -5.03 0.46 -0.29 0.00 -7.41 0.19 -0.36 0.00
1- 8 0.00 -5.28 0.46 -0.29 0.00 -7.72 0.19 -0.36 0.00
1- 9 0.00 -5.53 0.46 -0.29 0.00 -8.04 0.19 -0.36 0.00
1-10 0.08 -5.78 0.46 -0.29 0.07 -8.35 0.19 -0.36 0.00
Top
Member 2: (Top Slab)
Left
2- 0 0.08 -5.78 3.95 0.00 0.07 -8.35 5.05 0.00 0.00
2- 1 2.62 -2.38 3.36 -0.07 2.16 -3.15 4.38 -0.06 0.00
2- 2 5.85 -0.13 2.90 -0.30 6.42 0.00 3.69 -0.24 0.00
2- 3 7.94 0.00 2.45 -0.68 9.87 0.00 2.98 -0.56 0.00
2- 4 9.35 0.00 1.99 -1.10 11.97 0.00 2.29 -1.02 0.00
2- 5 9.84 0.00 1.54 -1.54 12.70 0.00 1.61 -1.61 0.00
2- 6 9.35 0.00 1.10 -1.99 11.97 0.00 1.02 -2.29 0.00
2- 7 7.94 0.00 0.68 -2.45 9.87 0.00 0.56 -2.98 0.00
2- 8 5.85 -0.13 0.30 -2.90 6.42 0.00 0.24 -3.69 0.00
2- 9 2.62 -2.38 0.07 -3.36 2.16 -3.15 0.06 -4.38 0.00
2-10 0.08 5.78 0.00 -3.95 0.07 -8.35 0.00 -5.05 0.00
Right
Member 4: (Bottom Slab)
Left
4- 0 0.00 6.81 3.54 0.00 0.00 -6.14 3.37 0.00 0.00
4- 1 0.25 -1.44 2.84 0.00 0.17 -1.02 2.71 0.00 0.00
4- 2 2.96 0.00 2.13 0.00 4.00 0.00 2.05 0.00 0.00
4- 3 5.88 0.00 1.43 0.00 6.73 0.00 1.39 0.00 0.00
4- 4 7.62 0.00 0.73 0.00 8.37 0.00 0.73 0.00 0.00
4- 5 8.18 0.00 0.06 -0.06 8.91 0.00 0.07 -0.07 0.00
4- 6 7.62 0.00 0.00 -0.73 8.37 0.00 0.00 -0.73 0.00
4- 7 5.88 0.00 0.00 -1.43 6.73 0.00 0.00 -1.39 0.00
4- 8 2.96 0.00 0.00 -2.13 4.00 0.00 0.00 -2.05 0.00
4- 9 0.25 -1.44 0.00 -2.84 0.17 -1.02 0.00 -2.71 0.00
4-10 0.00 -6.81 0.00 -3.54 0.00 -6.14 0.00 -3.37 0.00

Sht

3.00 ft)
Lane
M1T-  VvIl+
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

__of
PJLChk
8/2/2013 4:20:45 PM
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Serviceability Check: crack control (Fill Depth = 3.00 ft)

Bar Fss Spacing Allow
Mark Location (ksi) (in) (in)
Al Top Corner Bar 14.09 6.00 22.7

A2 Bot Corner Bar 13.39 6.00 24 .24
A100 Top Slab (int) 27.97 6.00 10.85
A300 Top Slab (ext) 0.00 12.00 2.38
A200 Bot Slab (int) 25.19 6.00 12.47
A400 Bot STab (ext) 0.00 12.00 2.83
B1 Ext wall (int) 9.57 8.00 38.04
B2 Ext wall (ext) 22.63 6.00 11.30

Strength Limit State at Critical Sections: Flexure (Fill Depth = 3.00 ft)

Member 1: (Exterior wall)
Thickness = 10.00 1in

Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str 1I)(Str II)
BOT 15.00 -24.02 15.62 31.00 31.82 0.90 0.88 16.55 1.71 2.21
MID 54.00 0.00 4.62 18.40 17.77 0.90 0.47 16.55 NC NC
MID- 54.00 -21.07 15.62 31.27 32.06 0.90 0.88 16.55 1.89 2.45
TOP 15.00 -24.79 15.62 31.27 32.06 0.90 0.88 16.55 1.53 1.98
Member 2: (Top Slab)
Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AsS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str 1I)(Str II)
LT 14.00 -15.90 4.70 40.07 37.49 0.90 0.88 23.83 3.25 4.21
MID 101.00 38.18 0.66 56.14 50.71 0.90 1.20 23.83 1.56 2.03
RT 14.00 -15.90 4.70 40.07 37.49 0.90 0.88 23.83 3.25 4.21

Member 4: (Bottom Slab)
Thickness = 12.00 1in

Design corr. Load Ratings

Loc Dist. Moment A. F. Mu Ma As 1.2mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str I)(Str I1)

LT 14.00 -15.38 7.08 40.07 38.21 0.90 0.88 23.83 4. 5.71
MID 101.00 33.70 2.57 56.14 51.26 0.90 1.20 23.83 2. 13 2.76
RT 14.00 -15.38 7.08 40.07 38.21 0.90 0.88 23.83 4.41 5.71

Note: Mu - Resisting moment under pure flexure, Ma - Allowable moment under applied axial Toad

Strength Limit State at Critical Sections: Vertical Shear (Fill Depth = 3.00 ft)

Member 1: (Exterior wall)
Thickness = 10.00 in (Controlling Shear Method: Simpl1fied)

Design Max. Load Ratings
Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k) (k) (k) (1n2) (in) (str 1I)(Str II)
BOT 22.20 4.30 7.20 10.99 12.21 0.00 0.00 0.00 4.75 6.15
MID 54.00 1.01 7.91 12.08 13.42 0.00 0.00 0.00 NC NC
MID- 54.00 1.01 7.20 10.99 12.21 0.00 0.00 0.00 16.92 21.93
TOP 22.20 -3.23 7.20 10.99 12.21 0.00 0.00 0.00 12.36 16.02

Member 2: (Top Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert)

Design Max. Load Ratings

Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k (k) (k) (1n2) (in) (str I)(Str II)

LT 22.64 12.77 9.63 22.04 24.48 0.00 0.00 0.00 2. 2.89
MID 101.00 2.83 10.06 23.04 25.60 0.00 0.00 0.00 8. 15 10.57
RT 22.64 12.77 9.63 22.04 24.48 0.00 0.00 0.00 2.23 2.89

Member 4: (Bottom Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert)

Design Max. Load Ratings

Loc Dist. Shear Dv phi*vn Vc Vv Spac IR OR
(in) (k) (in) (k) (k) (k (1n2) (in) (str I)(Str II)

LT 22.64 11.16 9.63 22.04 24.48 0.00 0.00 0.00 3. 4.23
MID 101.00 0.11 10.06 23.04 25.60 0.00 0.00 0.00 99. 99 99.99
RT 22.64 11.16 9.63 22.04 24.48 0.00 0.00 0.00 3.26  4.23
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Load Combination Results at Tenth Points: (k, k-ft)(Fill Depth = 3.00 ft)

M-PT +Moment -Moment +Axial -Axial +Shear -Shear

Member 1: (Exterior wall)
Bottom

-0 -14.090 -30.474 4.617 15.615 7.076 2.569

1- 1 -9.188 -24.958 4.617 15.615 5.680 1.859
1- 2 -5.507 -22.538 4.617 15.615 4.365 1.203
1- 3 -2.973 -21.424 4.617 15.615 3.130 0.600
1- 4 -1.513 -20.974 4.617 15.615 1.977 0.052
1- 5 -1.055 -21.064 4.617 15.615 1.008 -0.547
1- 6 -1.527 -21.602 4.617 15.615 0.567 -1.539
1- 7 -2.855 -22.549 4.617 15.615 0.180 -2.450
1- 8 -4.967 -23.822 4.617 15.615 -0.153 -3.280
1- 9 -7.790 -25.409 4.617 15.615 -0.433 -4.030
1-10 -11.251 -29.323 4.617 15.615 -0.658 -4.699
Top

Member 2: (Top Slab)
Left
2- 0 -11.251 -29.323 4.173 4.699 15.615 4.617
2- 1 2.312 -9.960 0.658 4.699 13.082 3.694
2- 2 16.941 1.185 0.658 4.173 10.514 2.770
2- 3 28.676 5.071 0.658 4.173 7.932 1.524
2- 4 35.757 7.403 0.658 4.173 5.362 -0.569
2- 5 38.184 8.180 0.658 4.173 2.825 -2.825
2- 6 35.757 7.403 0.658 4.173 0.569 -5.362
2- 7 28.676 5.071 0.658 4.173 -1.524 -7.932
2- 8 16.941 1.185 0.658 4.173 -2.770 -10.514
2- 9 2.312 -9.960 0.658 4.699 -3.694 -13.082
2-10 -11.251 -29.323 4.173 4.699 -4.617 -15.615
Right

Member 4: (Bottom Slab)
Left
4- 0 -14.090 -30.474 6.151 7.076 14.371 5.630
4- 1 -3.490 -8.696 2.569 7.076 11.504 4.504
4- 2 12.715 1.073 2.569 6.151 8.638 3.378
4- 3 24.372 5.812 2.569 6.151 5.771 2.252
4- 4 31.365 8.655 2.569 6.151 2.908 1.126
4- 5 33.696 9.602 2.569 6.151 0.115 -0.115
4- 6 31.365 8.655 2.569 6.151 -1.126 -2.908
4- 7 24.372 5.812 2.569 6.151 -2.252 -5.771
4- 8 12.715 1.073 2.569 6.151 -3.378 -8.638
4- 9 -3.490 -8.696 2.569 7.076 -4.504 -11.504
4-10 -14.090 -30.474 6.151 7.076 -5.630 -14.371
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ANALYSIS RESULTS (Fill Depth = 4.00 ft)

Load Parameters:

Unfactored Moments due to A1l Loads: (k-ft) (Fill Depth = 4.00 ft)

M-PT Mdc Mev Mdw Meh Mls Mwa MT1+ M11-

1- 0 -4.52 -8.30 -0.50 -2.36 -0.74 0.00 0.00 -5.32
1- 1 -4.23 -8.30 -0.50 0.34 0.03 0.00 0.00 -5.18
1- 2 -3.94 -8.30 -0.50 2.30 0.62 0.00 0.00 -5.22
1- 3 -3.65 -8.30 -0.50 3.57 1.05 0.00 0.00 -5.34
1- 4 -3.37 -8.30 -0.50 4.21 1.30 0.00 0.00 -5.53
1- 5 -3.08 -8.30 -0.50 4.28 1.39 0.00 0.00 -5.75
1- 6 -2.79 -8.30 -0.50 3.82 1.30 0.00 0.00 -5.98
1- 7 -2.50 -8.30 -0.50 2.89 1.05 0.00 0.00 -6.22
1- 8 -2.21 -8.30 -0.50 1.54 0.62 0.00 0.00 -6.47
1- 9 -1.92 -8.30 -0.50 -0.17 0.03 0.00 0.00 -6.71
1-10 -1.63 -8.30 -0.50 -2.19 -0.74 0.00 0.06 -6.96
Top

Member 2: (Top Slab)

Left

2- 0 -1.63 -8.30 -0.50 -2.19 -0.74 0.00 0.06 -6.96
2- 1 0.28 -0.84 -0.05 -2.19 -0.74 0.00 1.81 -2.51
2- 2 1.77 4.97 0.30 -2.19 -0.74 0.00 5.01 -0.05
2- 3 2.83 9.11 0.54 -2.19 -0.74 0.00 7.95 0.00
2- 4 3.47 11.60 0.69 -2.19 -0.74 0.00 9.74 0.00
2- 5 3.68 12.43 0.74 -2.19 -0.74 0.00 10.34 0.00
2- 6 3.47 11.60 0.69 -2.19 -0.74 0.00 9.74 0.00
2- 7 2.83 9.11 0.54 -2.19 -0.74 0.00 7.95 0.00
2- 8 1.77 4.97 0.30 -2.19 -0.74 0.00 5.01 -0.05
2- 9 0.28 -0.84 -0.05 -2.19 -0.74 0.00 1.81 -2.51
2-10 -1.63 -8.30 -0.50 -2.19 -0.74 0.00 0.06 -6.96
Right

Member 4: (Bottom Slab)

Left

4- 0 -4.52 -8.30 -0.50 -2.36 -0.74 0.00 0.00 -5.32
4- 1 -0.91 -0.84 -0.05 -2.36 -0.74 0.00 0.19 -1.08
4- 2 1.91 4.97 0.30 -2.36 -0.74 0.00 3.38 0.00
4- 3 3.92 9.11 0.54 -2.36 -0.74 0.00 5.74 0.00
4- 4 5.12 11.60 0.69 -2.36 -0.74 0.00 7.16 0.00
4- 5 5.52 12.43 0.74 -2.36 -0.74 0.00 7.63 0.00
4- 6 5.12 11.60 0.69 -2.36 -0.74 0.00 7.16 0.00
4- 7 3.92 9.11 0.54 -2.36 -0.74 0.00 5.74 0.00
4- 8 1.91 4.97 0.30 -2.36 -0.74 0.00 3.38 0.00
4- 9 -0.91 -0.84 -0.05 -2.36 -0.74 0.00 0.19 -1.08
4713 -4.52 -8.30 -0.50 -2.36 -0.74 0.00 0.00 -5.32
Right

Unfactored shears due to ATl Loads: (k-ft) (Fill Depth = 4.00 ft)

M-PT vdc Vev vdw Veh Vls vwa V1T+ ARE

Bottom

1- 0 0.32 0.00 0.00 3.43 0.94 0.00 0.31 -0.28
1- 1 0.32 0.00 0.00 2.58 0.76 0.00 0.31 -0.28
1- 2 0.32 0.00 0.00 1.79 0.57 0.00 0.31 -0.28
1- 3 0.32 0.00 0.00 1.06 0.38 0.00 0.31 -0.28
1- 4 0.32 0.00 0.00 0.38 0.19 0.00 0.31 -0.28
1- 5 0.32 0.00 0.00 -0.23 0.00 0.00 0.31 -0.28
1- 6 0.32 0.00 0.00 -0.78 -0.19 0.00 0.31 -0.28
1- 7 0.32 0.00 0.00 -1.28 -0.38 0.00 0.31 -0.28
1- 8 0.32 0.00 0.00 -1.71 -0.57 0.00 0.31 -0.28
1- 9 0.32 0.00 0.00 -2.08 -0.76 0.00 0.31 -0.28
1-10 0.32 0.00 0.00 -2.40 -0.95 0.00 0.31 -0.28
Top

Member 2: (Top Slab)
2- 0 1.26 4.93 0.29 0.00 0.00 0.00 4.15 0.00
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1.01 3.94 0.2 0 0.00 0.00 3.57 -0.05

2— 2 0.76 2.96 0.18 .00 0.00 .00 2.97 -0.20

2- 3 0.51 1.97 0.12 0.00 0.00 0.00 2.37 -0.47

2- 4 0.25 0.99 0.06 0.00 0.00 0.00 1.78 -0.82

2-5 0.00 0.00 0.00 0.00 0.00 0.00 1.22 -1.22

2- 6 -0.25 -0.99 -0.06 0.00 0.00 0.00 0.82 -1.78

2- 7 -0.51 -1.97 -0.12 0.00 0.00 0.00 0.47 -2.37

2- 8 -0.76 -2.96 -0.18 0.00 0.00 0.00 0.20 -2.97

2-9 -1.01 -3.94 -0.24 0.00 0.00 0.00 0.05 -3.57

2-10 -1.26 -4.93 -0.29 0.00 0.00 0.00 0.00 -4.15

Right

Member 4: (Bottom Slab)

Left

4- 0 2.39 4.93 0.29 0.00 0.00 0.00 2.90 0.00

4- 1 1.91 3.94 0.24 0.00 0.00 0.00 2.33 0.00

4- 2 1.43 2.96 0.18 0.00 0.00 0.00 1.76 0.00

4- 3 0.96 1.97 0.12 0.00 0.00 0.00 1.19 0.00

4- 4 0.48 0.99 0.06 0.00 0.00 0.00 0.62 0.00

4- 5 0.00 0.00 0.00 0.00 0.00 0.00 0.05 -0.05

4- 6 -0.48 -0.99 -0.06 0.00 0.00 0.00 0.00 -0.62

4-7 -0.96 -1.97 -0.12 0.00 0.00 0.00 0.00 -1.19

4- 8 -1.43 -2.96 -0.18 0.00 0.00 0.00 0.00 -1.76

4- 9 -1.91 -3.94 -0.24 0.00 0.00 0.00 0.00 -2.33

4713 -2.39 -4.93 -0.29 0.00 0.00 0.00 0.00 -2.90

Right

Live Load Parameters: Traffic Direction is Parallel to Main Reinforcement

vehicle Axle Weight Length Dist. From
NoO (k/ft) (ft) Previous (ft)
Truck 1 0.671 5.43 0.00 (largest truck used)
2 0.671 5.43 14.00
3 0.168 5.43 14.00
Tandem 1 0.604 9.43 0.00 (largest truck used)

A1l vehicles:
Distribution width: 12.27 ft

Impact Factor : 1.17
Lane:
Lane Load : 0.000 k/ft Distribution width: 0.00 ft

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top S1ab

vehicle Axle We1% Length Dist. From
No. (k/ (ft) Left End (ft)
Truck 1 168 5.43 22.42
2 0.671 5.43 8.42

3 0.671 5.43 -5.58
Coincident Bottom Slab Load: 0.22 k/ft

Maximum -Moment in Top Slab

Truck 1 0.168 5.43 21.58
2 0.671 5.43 7.58
3 0.671 5.43 -6.43

Coincident Bottom Slab Load: 0.22 k/ft

Maximum +Shear in Top Slab

Truck 1 0.168 5.43 30.72
% 0.671 5.43 16.72

Coincident Bottom Slab Load: 0.33 k/ff '

Maximum -Shear in Top Slab
1 168

Truck 0. 5.43 28.12
2 0.671 5.43 14.12
0.671 5.43 0.12

3
Coincident Bottom Slab Load: 0.33 k/ft

Maximum +Moment in Top Slab
Tandem 1 0.604 9.43 8.42
Coincident Bottom Slab Load: 0.34 k/ft

Maximum -Moment in Top Slab
Tandem 1 0.604 9.43 8.93
Coincident Bottom Slab Load: 0.34 k/ft

Maximum +Shear in Top Slab



Licensee: Michie Corqorat1on (Henniker, NH)

ETCulvert v.2.16 Analysis and design of culverts

Co?yr1ght © 2010-2012 Eriksson Technologies, Inc.(www.LRFD.com)
ename: BC 16x8 Bazin 3745.etc

Tandem 1 0.604 9.43 4.72

Coincident Bottom Slab Load: 0.34 k/ft

Maximum -Shear in Top Slab
Tandem 1 0.604 9.43 12.12
Coincident Bottom Slab Load: 0.34 k/ft

Unfactored Moments and Shears due to Live Loads: (k, k-ft) (Fill Depth

Truck Tandem
M-PT MT1+ M11- V1T+ v1l- MT1+ MT1- v1l+ v11- MT1+
Member 1: (Exterior wall)
Bottom
1- 0 0.00 -5.32 0.31 -0.24 0.00 -5.14 0.14 -0.28 0.00
1- 1 0.00 -5.07 0.31 -0.24 0.00 -5.18 0.14 -0.28 0.00
1- 2 0.00 -4.82 0.31 -0.24 0.00 -5.22 0.14 -0.28 0.00
1- 3 0.00 -4.57 0.31 -0.24 0.00 -5.34 0.14 -0.28 0.00
1- 4 0.00 -4.32 0.31 -0.24 0.00 -5.53 0.14 -0.28 0.00
1- 5 0.00 -4.07 0.31 -0.24 0.00 -5.75 0.14 -0.28 0.00
1- 6 0.00 -4.08 0.31 -0.24 0.00 -5.98 0.14 -0.28 0.00
1- 7 0.00 -4.28 0.31 -0.24 0.00 -6.22 0.14 -0.28 0.00
1- 8 0.00 -4.48 0.31 -0.24 0.00 -6.47 0.14 -0.28 0.00
1- 9 0.00 -4.69 0.31 -0.24 0.00 -6.71 0.14 -0.28 0.00
1-10 0.06 -4.89 0.31 -0.24 0.05 -6.96 0.14 -0.28 0.00
Top
Member 2: (Top Slab)
Left
2- 0 0.06 -4.89 3.24 0.00 0.05 -6.96 4.15 0.00 0.00
2- 1 1.81 -1.98 2.76 -0.05 1.63 -2.51 3.57 -0.05 0.00
2- 2 4.61 -0.05 2.36 -0.20 5.01 0.00 2.97 -0.18 0.00
2- 3 6.45 0.00 1.97 -0.47 7.95 0.00 2.37 -0.42 0.00
2- 4 7.62 0.00 1.58 -0.82 9.74 0.00 1.78 -0.77 0.00
2- 5 8.03 0.00 1.20 -1.20 10.34 0.00 1.22 -1.22 0.00
2- 6 7.62 0.00 0.82 -1.58 9.74 0.00 0.77 -1.78 0.00
2- 7 6.45 0.00 0.47 -1.97 7.95 0.00 0.42 -2.37 0.00
2- 8 4.61 -0.05 0.20 -2.36 5.01 0.00 0.18 -2.97 0.00
2- 9 1.81 -1.98 0.05 -2.76 1.63 -2.51 0.05 -3.57 0.00
2-10 0.06 -4.89 0.00 -3.24 0.05 -6.96 0.00 -4.15 0.00
Right
Member 4: (Bottom Slab)
Left
4- 0 0.00 5.32 2.80 0.00 0.00 -5.14 2.90 0.00 0.00
4- 1 0.19 -1.08 2.24 0.00 0.07 -0.77 2.33 0.00 0.00
4- 2 2.49 0.00 1.69 0.00 3.38 0.00 1.76 0.00 0.00
4- 3 4.78 0.00 1.14 0.00 5.74 0.00 1.19 0.00 0.00
4- 4 6.14 0.00 0.58 0.00 7.16 0.00 0.62 0.00 0.00
4- 5 6.57 0.00 0.05 -0.05 7.63 0.00 0.05 -0.05 0.00
4- 6 6.14 0.00 0.00 -0.58 7.16 0.00 0.00 -0.62 0.00
4- 7 4.78 0.00 0.00 -1.14 5.74 0.00 0.00 -1.19 0.00
4- 8 2.49 0.00 0.00 -1.69 3.38 0.00 0.00 -1.76 0.00
4- 9 0.19 -1.08 0.00 -2.24 0.07 -0.77 0.00 -2.33 0.00
4-10 0.00 -5.32 0.00 -2.80 0.00 -5.14 0.00 -2.90 0.00

Sht

= 4.00 ft)
Lane

M1T-  VvIl+
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

__of
PJLChk

8/2/2013 4:20:45 PM
Culvert p. 11 of 33
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Serviceability Check: crack control (Fill Depth = 4.00 ft)

Bar Fss Spacing Allow
Mark Location (ksi) (in) (in)
Al Top Corner Bar 14.24 6.00 22.5

A2 Bot Corner Bar 13.83 6.00 23.32
A100 Top Slab (int) 28.65 6.00 10.50
A300 Top Slab (ext) 0.00 12.00 2.32
A200 Bot Slab (int) 27.09 6.00 11.33
A400 Bot STab (ext) 0.00 12.00 2.60
B1 Ext wall (int) 13.83 8.00 25.21
B2 Ext wall (ext) 24.24 6.00 10.24

Strength Limit State at Critical Sections: Flexure (Fill Depth = 4.00 ft)

Member 1: (Exterior wall)
Thickness = 10.00 1in

Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str 1I)(Str II)
BOT 15.00 -24.79 15.69 31.00 31.84 0.90 0.88 16.55 1.78 2.30
MID 54.00 0.00 5.76 18.40 18.07 0.90 0.47 16.55 NC NC
MID- 54.00 -21.63 15.69 31.27 32.07 0.90 0.88 16.55 2.00 2.59
TOP 15.00 -25.23 15.69 31.27 32.07 0.90 0.88 16.55 1.59 2.06
Member 2: (Top Slab)
Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AsS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str I)(Str I1)
LT 14.00 -15.77 4.98 40.07 37.57 0.90 0.88 23.83 3. 4.79
MID 101.00 38.01 1.21 56.14 50.87 0.90 1.20 23.83 1. 71 2.22
RT 14.00 -15.77 4.98 40.07 37.57 0.90 0.88 23.83 3.70 4.79
Member 4: (Bottom Slab)
Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AsS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str I)(Str I1)
LT 14.00 -15.52 7.23 40.07 38.26 0.90 0.88 23.83 5. 6.69
MID 101.00 35.40 2.99 56.14 51.38 0.90 1.20 23.83 2. 20 2.85
RT 14.00 -15.52 7.23 40.07 38.26 0.90 0.88 23.83 5.16 6.69

Note: Mu - Resisting moment under pure flexure, Ma - Allowable moment under applied axial Toad

Strength Limit State at Critical Sections: Vertical Shear (Fill Depth = 4.00 ft)

Member 1: (Exterior wall)
Thickness = 10.00 in (Controlling Shear Method: Simpl1fied)

Design Max. Load Ratings
Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k) (k) (k) (1n2) (in) (str 1I)(Str II)
BOT 22.20 4.28 7.20 10.99 12.21 0.00 0.00 0.00 5.43 7.04
MID 54.00 0.74 7.91 12.08 13.42 0.00 0.00 0.00 NC NC
MID- 54.00 0.74 7.20 10.99 12.21 0.00 0.00 0.00 21.71 28.14
TOP 22.20 -3.34 7.20 10.99 12.21 0.00 0.00 0.00 18.22 23.62

Member 2: (Top Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert)

Design Max. Load Ratings

Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k (k) (k) (1n2) (in) (str I)(Str II)

LT 22.64 12.65 9.63 22.04 24.48 0.00 0.00 0.00 2. 3.29
MID 101.00 2.14 10.06 23.04 25.60 0.00 0.00 0.00 10. 78 13.97
RT 22.64 12.65 9.63 22.04 24.48 0.00 0.00 0.00 2.54 3.29

Member 4: (Bottom Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert)

Design Max. Load Ratings

Loc Dist. Shear Dv phi*vn Vc Vv Spac IR OR
(in) (k) (in) (k) (k) (k (1n2) (in) (str I)(Str II)

LT 22.64 11.58 9.63 22.04 24.48 0.00 0.00 0.00 3. 4.73
MID 101.00 0.09 10.06 23.04 25.60 0.00 0.00 0.00 99. 99 99.99
RT 22.64 11.58 9.63 22.04 24.48 0.00 0.00 0.00 3.65 4.73
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Load Combination Results at Tenth Points: (k, k-ft)(Fill Depth = 4.00 ft)

M-PT +Moment -Moment +Axial -Axial +Shear -Shear

Member 1: (Exterior wall)
Bottom

-0 -16.351 -30.995 5.762 15.687 7.231 2.993

1- 1 -11.105 -25.591 5.762 15.687 5.750 2.227
1- 2 -7.156 -23.534 5.762 15.687 4.349 1.514
1- 3 -4.430 -22.233 5.762 15.687 3.030 0.854
1- 4 -2.856 -21.626 5.762 15.687 1.791 0.249
1- 5 -2.360 -21.591 5.762 15.687 0.737 -0.406
1- 6 -2.870 -22.050 5.762 15.687 0.239 -1.483
1- 7 -4.313 -22.949 5.762 15.687 -0.204 -2.479
1- 8 -6.616 -24.228 5.762 15.687 -0.594 -3.395
1- 9 -9.707 -25.866 5.762 15.687 -0.930 -4.229
1-10 -13.512 -30.011 5.762 15.687 -1.212 -4.983
Top

Member 2: (Top Slab)
Left
2- 0 -13.512 -30.011 4.599 4.983 15.687 5.762
2- 1 0.389 -9.461 1.212 4.983 12.980 4.609
2- 2 15.916 2.006 1.212 4.599 10.249 3.457
2- 3 28.150 6.856 1.212 4.599 7.514 2.305
2- 4 35.536 9.766 1.212 4.599 4.796 0.244
2- 5 38.008 10.736 1.212 4.599 2.138 -2.138
2- 6 35.536 766 1.212 4.599 -0.244 -4.796
2- 7 28.150 6.856 1.212 4.599 -2.305 -7.514
2- 8 15.916 2.006 1.212 4.599 -3.457 -10.249
2- 9 0.389 -9.461 1.212 4.983 -4.609 -12.980
2-10 -13.512 -30.011 4.599 4.983 -5.762 -15.687
Right

Member 4: (Bottom Slab)
Left
4- 0 -16.351 -30.995 6.576 7.231 14.901 6.774
4- 1 -4.100 -8.671 2.993 7.231 11.938 5.419
4- 2 13.078 1.895 2.993 6.576 8.974 4.065
4- 3 25.483 7.596 2.993 6.576 6.011 2.710
4- 4 32.923 11.017 2.993 6.576 3.048 1.355
4- 5 35.402 12.158 2.993 6.576 0.087 -0.087
4- 6 32.923 11.017 2.993 6.576 -1.355 -3.048
4- 7 25.483 7.596 2.993 6.576 -2.710 -6.011
4- 8 13.078 1.895 2.993 6.576 -4.065 -8.974
4- -4.100 -8.671 2.993 7.231 -5.419 -11.938
4-10 -16.351 -30.995 6.576 7.231 -6.774 -14.901
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ANALYSIS RESULTS (Fill Depth = 5.00 ft)

Load Parameters:

Unfactored Moments due to A1l Loads: (k-ft) (Fill Depth = 5.00 ft)

M-PT Mdc Mev Mdw Meh Mls Mwa MT1+ M11-

1- 0 -4.52 -10.49 -0.50 -2.61 -0.74 0.00 0.00 -4.41
1- 1 -4.23 -10.49 -0.50 0.35 0.03 0.00 0.00 -4.47
1- 2 -3.94 -10.49 -0.50 2.50 0.62 0.00 0.00 -4.54
1- 3 -3.65 -10.49 -0.50 3.92 1.05 0.00 0.00 -4.63
1- 4 -3.37 -10.49 -0.50 4.65 1.30 0.00 0.00 -4.78
1- 5 -3.08 -10.49 -0.50 4.74 1.39 0.00 0.00 -4.96
1- 6 -2.79 -10.49 -0.50 4.25 1.30 0.00 0.00 -5.14
1- 7 -2.50 -10.49 -0.50 3.24 1.05 0.00 0.00 -5.33
1- 8 -2.21 -10.49 -0.50 1.75 0.62 0.00 0.00 -5.52
1- 9 -1.92 -10.49 -0.50 -0.16 0.03 0.00 0.00 -5.72
1-10 -1.63 -10.49 -0.50 -2.44 -0.74 0.00 0.04 -5.91
Top

Member 2: (Top Slab)

Left

2- 0 -1.63 -10.49 -0.50 -2.44 -0.74 0.00 0.04 -5.91
2- 1 0.28 -1.06 -0.05 -2.44 -0.74 0.00 1.32 -2.02
2- 2 1.77 6.27 0.30 -2.44 -0.74 0.00 3.98 0.00
2- 3 2.83 11.51 0.54 -2.44 -0.74 0.00 6.55 0.00
2- 4 3.47 14.66 0.69 -2.44 -0.74 0.00 8.10 0.00
2- 5 3.68 15.71 0.74 -2.44 -0.74 0.00 8.62 0.00
2- 6 3.47 14.66 0.69 -2.44 -0.74 0.00 8.10 0.00
2- 7 2.83 11.51 0.54 -2.44 -0.74 0.00 6.55 0.00
2- 8 1.77 6.27 0.30 -2.44 -0.74 0.00 3.98 0.00
2- 9 0.28 -1.06 -0.05 -2.44 -0.74 0.00 1.32 -2.02
2-10 -1.63 -10.49 -0.50 -2.44 -0.74 0.00 0.04 -5.91
Right

Member 4: (Bottom Slab)

Left

4- 0 -4.52 -10.49 -0.50 -2.61 -0.74 0.00 0.00 -4.41
4- 1 -0.91 -1.06 -0.05 -2.61 -0.74 0.00 0.14 -0.83
4- 2 1.91 6.27 0.30 -2.61 -0.74 0.00 2.92 0.00
4- 3 3.92 11.51 0.54 -2.61 -0.74 0.00 5.01 0.00
4- 4 5.12 14.66 0.69 -2.61 -0.74 0.00 6.26 0.00
4- 5 5.52 15.71 0.74 -2.61 -0.74 0.00 6.68 0.00
4- 6 5.12 14.66 0.69 -2.61 -0.74 0.00 6.26 0.00
4- 7 3.92 11.51 0.54 -2.61 -0.74 0.00 5.01 0.00
4- 8 1.91 6.27 0.30 -2.61 -0.74 0.00 2.92 0.00
4- 9 -0.91 -1.06 -0.05 -2.61 -0.74 0.00 0.14 -0.83
4713 -4.52 -10.49 -0.50 -2.61 -0.74 0.00 0.00 -4.41
Right

Unfactored shears due to ATl Loads: (k-ft) (Fill Depth = 5.00 ft)

M-PT vdc Vev vdw Veh Vls vwa V1T+ ARE

Bottom

1- 0 0.32 0.00 0.00 3.75 0.94 0.00 0.21 -0.22
1- 1 0.32 0.00 0.00 2.83 0.76 0.00 0.21 -0.22
1- 2 0.32 0.00 0.00 1.98 0.57 0.00 0.21 -0.22
1- 3 0.32 0.00 0.00 1.18 0.38 0.00 0.21 -0.22
1- 4 0.32 0.00 0.00 0.45 0.19 0.00 0.21 -0.22
1- 5 0.32 0.00 0.00 -0.23 0.00 0.00 0.21 -0.22
1- 6 0.32 0.00 0.00 -0.85 -0.19 0.00 0.21 -0.22
1- 7 0.32 0.00 0.00 -1.40 -0.38 0.00 0.21 -0.22
1- 8 0.32 0.00 0.00 -1.90 -0.57 0.00 0.21 -0.22
1- 9 0.32 0.00 0.00 -2.33 -0.76 0.00 0.21 -0.22
1-10 0.32 0.00 0.00 -2.71 -0.95 0.00 0.21 -0.22
Top

Member 2: (Top Slab)
2- 0 1.26 6.23 0.29 0.00 0.00 0.00 3.48 0.00
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1.01 .98 0.2 0 0.00 0.00 2.96 -0.04

2— 2 0.76 3.74 0.18 .00 0.00 .00 2.44 -0.15

2- 3 0.51 2.49 0.12 0.00 0.00 0.00 1.91 -0.34

2- 4 0.25 1.25 0.06 0.00 0.00 0.00 1.40 -0.62

2-5 0.00 0.00 0.00 0.00 0.00 0.00 0.96 -0.96

2- 6 -0.25 -1.25 -0.06 0.00 0.00 0.00 0.62 -1.40

2- 7 -0.51 -2.49 -0.12 0.00 0.00 0.00 0.34 -1.91

2- 8 -0.76 -3.74 -0.18 0.00 0.00 0.00 0.15 -2.44

2-9 -1.01 -4.98 -0.24 0.00 0.00 0.00 0.04 -2.96

2-10 -1.26 -6.23 -0.29 0.00 0.00 0.00 0.00 -3.48

Right

Member 4: (Bottom Slab)

Left

4- 0 2.39 6.23 0.29 0.00 0.00 0.00 2.55 0.00

4- 1 1.91 4.98 0.24 0.00 0.00 0.00 2.04 0.00

4- 2 1.43 3.74 0.18 0.00 0.00 0.00 1.54 0.00

4- 3 0.96 2.49 0.12 0.00 0.00 0.00 1.04 0.00

4- 4 0.48 1.25 0.06 0.00 0.00 0.00 0.54 0.00

4- 5 0.00 0.00 0.00 0.00 0.00 0.00 0.04 -0.04

4- 6 -0.48 -1.25 -0.06 0.00 0.00 0.00 0.00 -0.54

4- 7 -0.96 -2.49 -0.12 0.00 0.00 0.00 0.00 -1.04

4- 8 -1.43 -3.74 -0.18 0.00 0.00 0.00 0.00 -1.54

4- 9 -1.91 -4.98 -0.24 0.00 0.00 0.00 0.00 -2.04

4713 -2.39 -6.23 -0.29 0.00 0.00 0.00 0.00 -2.55

Right

Live Load Parameters: Traffic Direction is Parallel to Main Reinforcement

vehicle Axle Weight Length Dist. From
NoO (k/ft) (ft) Previous (ft)
Truck 1 0.489 6.58 0.00 (largest truck used)
2 0.489 6.58 14.00
3 0.122 6.58 14.00
Tandem 1 0.475 10.58 0.00 (largest truck used)

A1l vehicles:
Distribution width: 13.42 ft

Impact Factor : 1.12
Lane:
Lane Load : 0.000 k/ft Distribution width: 0.00 ft

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top S1ab

vehicle Axle We1% Length Dist. From
No. (k/ (ft) Left End (ft)
Truck 1 122 6.58 22.42
2 0.489 6.58 8.42

3 0.489 6.58 -5.58
Coincident Bottom Slab Load: 0.19 k/ft

Maximum -Moment in Top Slab

Truck 1 0.122 6.58 23.18
2 0.489 6.58 9.18
3 0.489 6.58 -4.82

Coincident Bottom Slab Load: 0.19 k/ft

Maximum +Shear in Top Slab

Truck 1 0.122 6.58 31.29
% 0.489 6.58 17.29

Coincident Bottom Slab Load: 0.27 k/ff '

Maximum -Shear in Top Slab
1 122

Truck 0. 6.58 27.54
2 0.489 6.58 13.54
0.489 6.58 -0.46

3
Coincident Bottom Slab Load: 0.27 k/ft

Maximum +Moment in Top Slab
Tandem 1 0.475 10.58 8.42
Coincident Bottom Slab Load: 0.30 k/ft

Maximum -Moment in Top Slab
Tandem 1 0.475 10.58 7.82
Coincident Bottom Slab Load: 0.30 k/ft

Maximum +Shear in Top Slab
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Tandem 1 0.475 10.58 5.29

Coincident Bottom Slab Load: 0.30 k/ft

Maximum -Shear in Top Slab
Tandem 1 0.475 10.58 11.54
Coincident Bottom Slab Load: 0.30 k/ft

Unfactored Moments and Shears due to Live Loads: (k, k-ft) (Fill Depth =

Truck Tandem
M-PT MT1+ M11- V1T+ v1l- MT1+ MT1- v1l+ v11- MT1+
Member 1: (Exterior wall)
Bottom
1- 0 0.00 -4.35 0.21 -0.20 0.00 -4.41 0.11 -0.22 0.00
1- 1 0.00 -4.20 0.21 -0.20 0.00 -4.47 0.11 -0.22 0.00
1- 2 0.00 -4.04 0.21 -0.20 0.00 -4.54 0.11 -0.22 0.00
1- 3 0.00 -3.88 0.21 -0.20 0.00 -4.63 0.11 -0.22 0.00
1- 4 0.00 -3.73 0.21 -0.20 0.00 -4.78 0.11 -0.22 0.00
1- 5 0.00 -3.57 0.21 -0.20 0.00 -4.96 0.11 -0.22 0.00
1- 6 0.00 -3.54 0.21 -0.20 0.00 -5.14 0.11 -0.22 0.00
1- 7 0.00 -3.71 0.21 -0.20 0.00 -5.33 0.11 -0.22 0.00
1- 8 0.00 -3.88 0.21 -0.20 0.00 -5.52 0.11 -0.22 0.00
1- 9 0.00 -4.05 0.21 -0.20 0.00 -5.72 0.11 -0.22 0.00
1-10 0.04 -4.23 0.21 -0.20 0.04 -5.91 0.11 -0.22 0.00
Top
Member 2: (Top Slab)
Left
2- 0 0.04 4.23 2.73 0.00 0.04 -5.91 3.48 0.00 0.00
2- 1 1.32 -1.67 2.32 -0.04 1.28 -2.02 2.96 -0.04 0.00
2- 2 3.70 0.00 1.97 -0.15 3.98 0.00 2.44 -0.14 0.00
2- 3 5.37 0.00 1.62 -0.34 6.55 0.00 1.91 -0.33 0.00
2- 4 6.34 0.00 1.28 -0.62 8.10 0.00 1.40 -0.60 0.00
2- 5 6.70 0.00 0.94 -0.94 8.62 0.00 0.96 -0.96 0.00
2- 6 6.34 0.00 0.62 -1.28 8.10 0.00 0.60 -1.40 0.00
2- 7 5.37 0.00 0.34 -1.62 6.55 0.00 0.33 -1.91 0.00
2- 8 3.70 0.00 0.15 -1.97 3.98 0.00 0.14 -2.44 0.00
2- 9 1.32 -1.67 0.04 -2.32 1.28 -2.02 0.04 -2.96 0.00
2-10 0.04 -4.23 0.00 -2.73 0.04 -5.91 0.00 -3.48 0.00
Right
Member 4: (Bottom Slab)
Left
4- 0 0.00 -4.35 2.32 0.00 0.00 -4.41 2.55 0.00 0.00
4- 1 0.14 -0.83 1.86 0.00 0.00 -0.61 2.04 0.00 0.00
4- 2 2.17 0.00 1.40 0.00 2.92 0.00 1.54 0.00 0.00
4- 3 4.07 0.00 0.94 0.00 5.01 0.00 1.04 0.00 0.00
4- 4 5.19 0.00 0.48 0.00 6.26 0.00 0.54 0.00 0.00
4- 5 5.53 0.00 0.04 -0.04 6.68 0.00 0.04 -0.04 0.00
4- 6 5.19 0.00 0.00 -0.48 6.26 0.00 0.00 -0.54 0.00
4- 7 4.07 0.00 0.00 -0.94 5.01 0.00 0.00 -1.04 0.00
4- 8 2.17 0.00 0.00 -1.40 2.92 0.00 0.00 -1.54 0.00
4- 9 0.14 -0.83 0.00 -1.86 0.00 -0.61 0.00 -2.04 0.00
4-10 0.00 -4.35 0.00 -2.32 0.00 -4.41 0.00 -2.55 0.00

Sht

5.00 ft)
Lane
M1T-  VvIl+
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

__of
PJLChk

8/2/2013 4:20:45 PM
Culvert p. 16 of 33
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Serviceability Check: crack control (Fill Depth = 5.00 ft)

Bar Fss Spacing Allow
Mark Location (ksi) (in) (in)
Al Top Corner Bar 14.73 6.00 21.6

A2 Bot Corner Bar 14.66 6.00 21.73
A100 Top Slab (int) 30.12 6.00 9.79
A300 Top Slab (ext) 0.00 12.00 2.10
A200 Bot Slab (int) 29.43 6.00 10.11
A400 Bot STab (ext) 0.00 12.00 2.19
B1 Ext wall (int) 18.22 8.00 18.27
B2 Ext wall (ext) 26.29 6.00 9.07

Strength Limit State at Critical Sections: Flexure (Fill Depth = 5.00 ft)

Member 1: (Exterior wall)
Thickness = 10.00 1in

Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str 1I)(Str II)
BOT 15.00 -26.34 16.20 31.00 31.97 0.90 0.88 16.55 1.71 2.22
MID 54.00 0.00 6.93 18.40 18.38 0.90 0.47 16.55 NC NC
MID- 54.00 -22.78 16.20 31.27 32.20 0.90 0.88 16.55 2.05 2.66
TOP 15.00 -26.29 16.20 31.27 32.20 0 0.88 16.55 1.60 2.08
Member 2: (Top Slab)
Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AsS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str I)(Str II)
LT 14.00 -16.01 5.30 40.07 37.67 0.90 0.88 23.83 4. 5.35
MID 101.00 39.03 1.67 56.14 51.00 0.90 1.20 23.83 1. 79 2.32
RT 14.00 -16.01 5.30 40.07 37.67 0.90 0.88 23.83 4.13 5.35
Member 4: (Bottom Slab)
Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AsS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str I)(Str I1)
LT 14.00 -16.13 7.48 40.07 38.33 0.90 0.88 23.83 5. 7.47
MID 101.00 37.78 3.39 56.14 51.49 0.90 1.20 23.83 2. 17 2.82
RT 14.00 -16.13 7.48 40.07 38.33 0.90 0.88 23.83 5.76 7.47

Note: Mu - Resisting moment under pure flexure, Ma - Allowable moment under applied axial Toad

Strength Limit State at Critical Sections: Vertical Shear (Fill Depth = 5.00 ft)

Member 1: (Exterior wall)
Thickness = 10.00 in (Controlling Shear Method: Simpl1fied)

Design Max. Load Ratings
Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k) (k) (k) (1n2) (in) (str 1I)(Str II)
BOT 22.20 4.35 7.20 10.99 12.21 0.00 0.00 0.00 5.94 7.69
MID 54.00 0.57 7.91 12.08 13.42 0.00 0.00 0.00 NC NC
MID- 54.00 0.57 7.20 10.99 12.21 0.00 0.00 0.00 27.93 36.21
TOP 22.20 -3.48 7.20 10.99 12.21 0.00 0.00 0.00 6.52 8.45
Member 2: (Top Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert) )
Design Max. Load Ratings
Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k (k) (k) (1n2) (in) (str I)(Str II)
LT 22.64 12.92 9.63 22.04 24.48 0.00 0.00 0.00 2. 3.63
MID 101.00 1.68 10.06 23.04 25.60 0.00 0.00 0.00 13. 71 17.77
RT 22.64 12.92 9.63 22.04 24 .48 0.00 0.00 0.00 2.80 3.63
Member 4: (Bottom Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert) )
Design Max. Load Ratings
Loc Dist. Shear Dv phi*vn Vc Vv Spac IR OR
(in) (k) (in) (k) (k) (k (1n2) (in) (str I)(Str II)
LT 22.64 12.41 9.63 22.04 24.48 0.00 0.00 0.00 3. 4.89
MID 101.00 0.07 10.06 23.04 25.60 0.00 0.00 0.00 99. 99 99.99
RT 22.64 12.41 9.63 22.04 24 .48 0.00 0.00 0.00 3.77 4.89
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Load Combination Results at Tenth Points:

+Moment

M-PT
Member 1:
Bottom
1- 0
1- 1
1- 2
1- 3
1- 4
1- 5
1- 6
1- 7
1- 8
1- 9
1-10
Top
Member 2
Left
2- 0
2- 1
2- 2
2- 3
2- 4
2- 5
2- 6
2- 7
2- 8
2- 9
2-10
Right
Member 4
Left
4- 0
4- 1
4- 2
4- 3
4- 4
4- 5
4- 6
4- 7
4- 8
4- 9
4-10

(Exterior wall)

-18.653 -32.
-13.063 -27.
-8.845 -25.
-5.928 -23.
-4.239 -22.
-3.705 -22.
-4.253 -23.
-5.811 -23.
-8.305 -25.
-11.664 -26.
-15.814 -31.
(Top Slab)
-15.814 -31
-0.982 -9
15.594 2
28.605
36.419 12
39.030 13
36.419 12
28.605
15.594 2
-0.982 -9
-15.814 -31
(Bottom Slab)
-18.653 -32
-4.700 -8
13.752 2
27.104
35.112 13
37.781 14
35.112 13
27.104
13.752 2
-4.700 -8
-18.653 -32

-Moment

VRRRRRRR RO fo)Ye2YeaYe Yo Yot ea e Y Yot

Nwwwwwuwwww~

(k, k-ft)(Fill

-Axial

(G NV, RO, U, RO, NU,{V, NV, 0, U, RV, |

NNNNNNNNNNN

Depth = 5.00 ft)

+Shear -Shear

7.484 3.388
5.918 2.564
4.433 1.794
3.028 1.079
1.704 0.417
0.565 -0.295
0.011 -1.457
-0.490 -2.538
-0.936 -3.539
-1.329 -4.459
-1.667 -5.298
16.202 6.930
13.275 5.544
10.333 4.158
7.393 2.772
4.478 0.936
1.680 -1.680
-0.936 -4.478
-2.772 -7.393
-4.158 -10.333
-5.544 -13.275
-6.930 -16.202
15.975 7.943
12.792 6.354
9.609 4.766
6.426 3.177
3.242 1.589
0.068 -0.068
-1.589 -3.242
-3.177 -6.426
-4.766 -9.609
-6.354 -12.792
-7.943 -15.975

sht:____of____
By:PJLChk: ____
8/2/2013 4:20:45 PM
Culvert p. 18 of 33
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ANALYSIS RESULTS (Fill Depth = 6.00 ft)

Load Parameters:

Unfactored Moments due to A1l Loads: (k-ft) (Fill Depth = 6.00 ft)

M-PT Mdc Mev Mdw Meh Mls Mwa MT1+ M11-

1- 0 -4.52 -12.73 -0.50 -2.86 -0.74 0.00 0.00 -3.82
1- 1 -4.23 -12.73 -0.50 0.35 0.03 0.00 0.00 -3.89
1- 2 -3.94 -12.73 -0.50 2.71 0.62 0.00 0.00 -3.96
1- 3 -3.65 -12.73 -0.50 4.27 1.05 0.00 0.00 -4.04
1- 4 -3.37 -12.73 -0.50 5.08 1.30 0.00 0.00 -4.16
1- 5 -3.08 -12.73 -0.50 5.20 1.39 0.00 0.00 -4.29
1- 6 -2.79 -12.73 -0.50 4.69 1.30 0.00 0.00 -4.43
1- 7 -2.50 -12.73 -0.50 3.59 1.05 0.00 0.00 -4.58
1- 8 -2.21 -12.73 -0.50 1.95 0.62 0.00 0.00 -4.72
1- 9 -1.92 -12.73 -0.50 -0.15 0.03 0.00 0.00 -4.86
1-10 -1.63 -12.73 -0.50 -2.68 -0.74 0.00 0.03 -5.00
Top

Member 2: (Top Slab)

Left

2- 0 -1.63 -12.73 -0.50 -2.68 -0.74 0.00 0.03 -5.00
2- 1 0.28 -1.29 -0.05 -2.68 -0.74 0.00 1.03 -1.60
2- 2 1.77 7.61 0.30 -2.68 -0.74 0.00 3.19 0.00
2- 3 2.83 13.96 0.54 -2.68 -0.74 0.00 5.42 0.00
2- 4 3.47 17.78 0.69 -2.68 -0.74 0.00 6.78 0.00
2- 5 3.68 19.05 0.74 -2.68 -0.74 0.00 7.23 0.00
2- 6 3.47 17.78 0.69 -2.68 -0.74 0.00 6.78 0.00
2- 7 2.83 13.96 0.54 -2.68 -0.74 0.00 5.42 0.00
2- 8 1.77 7.61 0.30 -2.68 -0.74 0.00 3.19 0.00
2- 9 0.28 -1.29 -0.05 -2.68 -0.74 0.00 1.03 -1.60
2-10 -1.63 -12.73 -0.50 -2.68 -0.74 0.00 0.03 -5.00
Right

Member 4: (Bottom Slab)

Left

4- 0 -4.52 -12.73 -0.50 -2.86 -0.74 0.00 0.00 -3.82
4- 1 -0.91 -1.29 -0.05 -2.86 -0.74 0.00 0.09 -0.63
4- 2 1.91 7.61 0.30 -2.86 -0.74 0.00 2.53 0.00
4- 3 3.92 13.96 0.54 -2.86 -0.74 0.00 4.40 0.00
4- 4 5.12 17.78 0.69 -2.86 -0.74 0.00 5.51 0.00
4- 5 5.52 19.05 0.74 -2.86 -0.74 0.00 5.88 0.00
4- 6 5.12 17.78 0.69 -2.86 -0.74 0.00 5.51 0.00
4- 7 3.92 13.96 0.54 -2.86 -0.74 0.00 4.40 0.00
4- 8 1.91 7.61 0.30 -2.86 -0.74 0.00 2.53 0.00
4- 9 -0.91 -1.29 -0.05 -2.86 -0.74 0.00 0.09 -0.63
4713 -4.52 -12.73 -0.50 -2.86 -0.74 0.00 0.00 -3.82
Right

Unfactored shears due to ATl Loads: (k-ft) (Fill Depth = 6.00 ft)

M-PT vdc Vev vdw Veh Vls vwa V1T+ ARE

Bottom

1- 0 0.32 0.00 0.00 4.06 0.94 0.00 0.14 -0.17
1- 1 0.32 0.00 0.00 3.08 0.76 0.00 0.14 -0.17
1- 2 0.32 0.00 0.00 2.17 0.57 0.00 0.14 -0.17
1- 3 0.32 0.00 0.00 1.31 0.38 0.00 0.14 -0.17
1- 4 0.32 0.00 0.00 0.51 0.19 0.00 0.14 -0.17
1- 5 0.32 0.00 0.00 -0.23 0.00 0.00 0.14 -0.17
1- 6 0.32 0.00 0.00 -0.91 -0.19 0.00 0.14 -0.17
1- 7 0.32 0.00 0.00 -1.53 -0.38 0.00 0.14 -0.17
1- 8 0.32 0.00 0.00 -2.09 -0.57 0.00 0.14 -0.17
1- 9 0.32 0.00 0.00 -2.59 -0.76 0.00 0.14 -0.17
1-10 0.32 0.00 0.00 -3.03 -0.95 0.00 0.14 -0.17
Top

Member 2: (Top Slab)
2- 0 1.26 7.55 0.29 0.00 0.00 0.00 2.93 0.00
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1.01 6.04 0.2 0 0.00 0.00 2.47 -0.03

2— 2 0.76 4.53 0.18 .00 0.00 .00 2.00 -0.12

2- 3 0.51 3.02 0.12 0.00 0.00 0.00 1.55 -0.27

2- 4 0.25 1.51 0.06 0.00 0.00 0.00 1.12 -0.48

2-5 0.00 0.00 0.00 0.00 0.00 0.00 0.77 -0.77

2- 6 -0.25 -1.51 -0.06 0.00 0.00 0.00 0.48 -1.12

2- 7 -0.51 -3.02 -0.12 0.00 0.00 0.00 0.27 -1.55

2- 8 -0.76 -4.53 -0.18 0.00 0.00 0.00 0.12 -2.00

2-9 -1.01 -6.04 -0.24 0.00 0.00 0.00 0.03 -2.47

2-10 -1.26 -7.55 -0.29 0.00 0.00 0.00 0.00 -2.93

Right

Member 4: (Bottom Slab)

Left

4- 0 2.39 7.55 0.29 0.00 0.00 0.00 2.25 0.00

4- 1 1.91 6.04 0.24 0.00 0.00 0.00 1.81 0.00

4- 2 1.43 4.53 0.18 0.00 0.00 0.00 1.36 0.00

4- 3 0.96 3.02 0.12 0.00 0.00 0.00 0.91 0.00

4- 4 0.48 1.51 0.06 0.00 0.00 0.00 0.47 0.00

4- 5 0.00 0.00 0.00 0.00 0.00 0.00 0.03 -0.03

4- 6 -0.48 -1.51 -0.06 0.00 0.00 0.00 0.00 -0.47

4- 7 -0.96 -3.02 -0.12 0.00 0.00 0.00 0.00 -0.91

4- 8 -1.43 -4.53 -0.18 0.00 0.00 0.00 0.00 -1.36

4- 9 -1.91 -6.04 -0.24 0.00 0.00 0.00 0.00 -1.81

4713 -2.39 -7.55 -0.29 0.00 0.00 0.00 0.00 -2.25

Right

Live Load Parameters: Traffic Direction is Parallel to Main Reinforcement

vehicle Axle Weight Length Dist. From
NoO (k/ft) (ft) Previous (ft)
Truck 1 0.369 7.73 0.00 (largest truck used)
2 0.369 7.73 14.00
3 0.092 7.73 14.00
Tandem 1 0.380 11.73 0.00 (largest truck used)

A1l vehicles:
Distribution width: 14.57 ft

Impact Factor : 1.08
Lane:
Lane Load : 0.000 k/ft Distribution width: 0.00 ft

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top S1ab

vehicle Axle We1% Length Dist. From
No. (k/ (ft) Left End (ft)
Truck 1 092 7.73 22.42
2 0.369 7.73 8.42

3 0.369 7.73 -5.58
Coincident Bottom Slab Load: 0.17 k/ft

Maximum -Moment in Top Slab

Truck 1 0.092 7.73 22.92
2 0.369 7.73 8.92
3 0.369 7.73 -5.08

Coincident Bottom Slab Load: 0.17 k/ft

Maximum +Shear in Top Slab

Truck 1 0.092 7.73 31.87
2 0.369 7.73 17.87
3 0.369 7.73 3.87

Coincident Bottom Slab Load: 0.23 k/ft

Maximum -Shear in Top Slab

Truck 1 0.092 7.73 26.97
2 0.369 7.73 12.97
3 0.369 7.73 -1.03

Coincident Bottom Slab Load: 0.23 k/ft

Maximum +Moment in Top Slab
Tandem 1 0.380 11.73 8.39
Coincident Bottom Slab Load: 0.26 k/ft

Maximum -Moment in Top Slab
Tandem 1 0.380 11.73 9.23
Coincident Bottom Slab Load: 0.26 k/ft

Maximum +Shear in Top Slab
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Tandem 1 0.380 11.73 5.87

Coincident Bottom Slab Load: 0.26 k/ft

Maximum -Shear in Top Slab
Tandem 1 0.380 11.73 10.97
Coincident Bottom Slab Load: 0.26 k/ft

Unfactored Moments and Shears due to Live Loads: (k, k-ft) (Fill Depth

Truck Tandem
M-PT MT1+ M11- V1T+ v1l- MT1+ MT1- v1l+ v11- MT1+
Member 1: (Exterior wall)
Bottom
1- 0 0.00 -3.62 0.14 -0.16 0.00 -3.82 0.09 -0.17 0.00
1- 1 0.00 -3.53 0.14 -0.16 0.00 -3.89 0.09 -0.17 0.00
1- 2 0.00 -3.44 0.14 -0.16 0.00 -3.96 0.09 -0.17 0.00
1- 3 0.00 -3.35 0.14 -0.16 0.00 -4.04 0.09 -0.17 0.00
1- 4 0.00 -3.25 0.14 -0.16 0.00 -4.16 0.09 -0.17 0.00
1- 5 0.00 -3.16 0.14 -0.16 0.00 -4.29 0.09 -0.17 0.00
1- 6 0.00 -3.13 0.14 -0.16 0.00 -4.43 0.09 -0.17 0.00
1- 7 0.00 -3.23 0.14 -0.16 0.00 -4.58 0.09 -0.17 0.00
1- 8 0.00 -3.37 0.14 -0.16 0.00 -4.72 0.09 -0.17 0.00
1- 9 0.00 -3.51 0.14 -0.16 0.00 -4.86 0.09 -0.17 0.00
1-10 0.03 -3.65 0.14 -0.16 0.03 -5.00 0.09 -0.17 0.00
Top
Member 2: (Top Slab)
Left
2- 0 0.03 3.65 2.31 0.00 0.03 -5.00 2.93 0.00 0.00
2- 1 1.00 -1.40 1.95 -0.03 1.03 -1.60 2.47 -0.03 0.00
2- 2 2.99 0.00 1.64 -0.11 3.19 0.00 2.00 -0.12 0.00
2- 3 4.49 0.00 1.34 -0.26 5.42 0.00 1.55 -0.27 0.00
2- 4 5.32 0.00 1.04 -0.47 6.78 0.00 1.12 -0.48 0.00
2- 5 5.63 0.00 0.74 -0.74 7.23 0.00 0.77 -0.77 0.00
2- 6 5.32 0.00 0.47 -1.04 6.78 0.00 0.48 -1.12 0.00
2- 7 4.49 0.00 0.26 -1.34 5.42 0.00 0.27 -1.55 0.00
2- 8 2.99 0.00 0.11 -1.64 3.19 0.00 0.12 -2.00 0.00
2- 9 1.00 -1.40 0.03 -1.95 1.03 -1.60 0.03 -2.47 0.00
2-10 0.03 -3.65 0.00 -2.31 0.03 -5.00 0.00 -2.93 0.00
Right
Member 4: (Bottom Slab)
Left
4- 0 0.00 -3.62 1.97 0.00 0.00 -3.82 2.25 0.00 0.00
4- 1 0.09 -0.63 1.58 0.00 0.00 -0.49 1.81 0.00 0.00
4- 2 1.91 0.00 1.19 0.00 2.53 0.00 1.36 0.00 0.00
4- 3 3.52 0.00 0.80 0.00 4.40 0.00 0.91 0.00 0.00
4- 4 4.47 0.00 0.41 0.00 5.51 0.00 0.47 0.00 0.00
4- 5 4.76 0.00 0.03 -0.03 5.88 0.00 0.03 -0.03 0.00
4- 6 4.47 0.00 0.00 -0.41 5.51 0.00 0.00 -0.47 0.00
4- 7 3.52 0.00 0.00 -0.80 4.40 0.00 0.00 -0.91 0.00
4- 8 1.91 0.00 0.00 -1.19 2.53 0.00 0.00 -1.36 0.00
4- 9 0.09 -0.63 0.00 -1.58 0.00 -0.49 0.00 -1.81 0.00
4-10 0.00 -3.62 0.00 -1.97 0.00 -3.82 0.00 -2.25 0.00

Sht _of____
PJLChk

8/2/2013 4:20:45 PM

Culvert p. 21 of 33
= 6.00 ft)

Lane

M11-  VvIl+  v11-
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
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Serviceability Check: crack control (Fill Depth = 6.00 ft)

Bar Fss Spacing Allow
Mark Location (ksi) (in) (in)
Al Top Corner Bar 15.37 6.00 20.51
A2 Bot Corner Bar 15.71 6.00 19.95
A100 Top Slab (int) 32.05 6.00 8.97
A300 Top Slab (ext) 0.00 12.00 1.83
A200 Bot Slab (int) 32.02 6.00 8.98
A400 Bot STab (ext) 0.00 12.00 1.74
B1 Ext wall (int) 22.73 8.00 13.93
B2 Ext wall (ext) 28.55 6.00 7.97

Strength Limit State at Critical Sections: Flexure (Fill Depth = 6.00 ft)

Member 1: (Exterior wall)
Thickness = 10.00 1in

Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str 1I)(Str II)
BOT 15.00 -28.16 16.96 31.00 32.16 0.90 0.88 16.55 1.58 2.05
MID 54.00 0.00 8.12 18.40 18.69 0.90 0.47 16.55 NC NC
MID- 54.00 -24.20 16.96 31.27 32.39 0.90 0.88 16.55 2.06 2.67
TOP 15.00 -27.65 16.96 31.27 32.39 0.90 0.88 16.55 1.57 2.03
Member 2: (Top Slab)
Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AsS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str I)(Str I1)
LT 14.00 -16.43 5.63 40.07 37.77 0.90 0.88 23.83 4. 5.97
MID 101.00 40.72 2.07 56.14 51.11 0.90 1.20 23.83 1. 82 2.36
RT 14.00 -16.43 5.63 40.07 37.77 0.90 0.88 23.83 4.61 5.97
Member 4: (Bottom Slab)
Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AsS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str I)(Str I1)
LT 14.00 -17.01 7.79 40.07 38.43 0.90 0.88 23.83 6. 8.05
MID 101.00 40.51 3.77 56.14 51.59 0.90 1.20 23.83 2. 08 2.69
RT 14.00 -17.01 7.79 40.07 38.43 0.90 0.88 23.83 6.21 8.05

Note: Mu - Resisting moment under pure flexure, Ma - Allowable moment under applied axial Toad

Strength Limit State at Critical Sections: Vertical Shear (Fill Depth = 6.00 ft)

Member 1: (Exterior wall)
Thickness = 10.00 in (Controlling Shear Method: Simpl1fied)

Design Max. Load Ratings
Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k) (k) (k) (1n2) (in) (str 1I)(Str II)
BOT 22.20 4.49 7.20 10.99 12.21 0.00 0.00 0.00 6.30 8.17
MID 54.00 0.45 7.91 12.08 13.42 0.00 0.00 0.00 NC NC
MID- 54.00 0.45 7.20 10.99 12.21 0.00 0.00 0.00 37.05 48.03
TOP 22.20 -3.64 7.20 10.99 12.21 0.00 0.00 0.00 6.81 8.83

Member 2: (Top Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert)

Design Max. Load Ratings

Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k (k) (k) (1n2) (in) (str I)(Str II)

LT 22.64 13.40 9.63 22.04 24.48 0.00 0.00 0.00 3. 3.95
MID 101.00 1.34 10.06 23.04 25.60 0.00 0.00 0.00 17. 13 22.21
RT 22.64 13.40 9.63 22.04 24.48 0.00 0.00 0.00 3.05 3.95

Member 4: (Bottom Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert)

Design Max. Load Ratings

Loc Dist. Shear Dv phi*vn Vc Vv Spac IR OR
(in) (k) (in) (k) (k) (k (1n2) (in) (str I)(Str II)

LT 22.64 13.34 9.63 22.04 24.48 0.00 0.00 0.00 3. 4.97
MID 101.00 0.05 10.06 23.04 25.60 0.00 0.00 0.00 99. 99 99.99
RT 22.64 13.34 9.63 22.04 24.48 0.00 0.00 0.00 3.84 4.97
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Load Combination Results at Tenth Points: (k, k-ft)(Fill Depth = 6.00 ft)

M-PT +Moment -Moment +Axial -Axial +Shear -Shear

Member 1: (Exterior wall)
Bottom

-0 -20.995 -34.779 8.123 16.957 7.792 3.766

1- 1 -15.060 -29.072 8.123 16.957 6.141 2.886
1- 2 -10.575 -26.710 8.123 16.957 4.570 2.060
1- 3 -7.467 -25.086 8.123 16.957 3.081 1.287
1- 4 -5.663 -24.194 8.123 16.957 1.672 0.568
1- 5 -5.091 -23.963 8.123 16.957 0.448 -0.200
1- 6 -5.677 -24.313 8.123 16.957 -0.163 -1.447
1- 7 -7.350 -25.190 8.123 16.957 -0.720 -2.614
1- 8 -10.035 -26.544 8.123 16.957 -1.223 -3.699
1- 9 -13.662 -28.348 8.123 16.957 -1.673 -4.704
1-10 -18.156 -32.989 8.123 16.957 -2.068 -5.628
Top

Member 2: (Top Slab)
Left
2- 0 -18.156 -32.989 5.449 5.628 16.957 8.123
2- 1 -2.012 -9.102 2.068 5.628 13.787 6.498
2- 2 15.718 3.721 2.068 5.449 10.609 4.874
2- 3 29.592 10.558 2.068 5.449 7.439 3.249
2- 4 37.934 14.660 2.068 5.449 4.332 1.522
2- 5 40.716 16.028 2.068 5.449 1.345 -1.345
2- 6 37.934 14.660 2.068 5.449 -1.522 -4.332
2- 7 29.592 10.558 2.068 5.449 -3.249 -7.439
2- 8 15.718 3.721 2.068 5.449 -4.874 -10.609
2- -2.012 -9.102 2.068 5.628 -6.498 -13.787
2-10 -18.156 -32.989 5.449 5.628 -8.123 -16.957
Right

Member 4: (Bottom Slab)
Left
4- 0 -20.995 -34.779 7.427 7.792 17.181 9.135
4- 1 -5.295 -9.137 3.766 7.792 13.753 7.308
4- 2 14.586 3.609 3.766 7.427 10.324 5.481
4- 3 28.989 11.298 3.766 7.427 6.896 3.654
4- 4 37.622 15.912 3.766 7.427 3.467 1.827
4- 5 40.507 17.450 3.766 7.427 0.055 -0.055
4- 6 37.622 15.912 3.766 7.427 -1.827 -3.467
4- 7 28.989 11.298 3.766 7.427 -3.654 -6.896
4- 8 14.586 3.609 3.766 7.427 -5.481 -10.324
4- -5.295 -9.137 3.766 7.792 -7.308 -13.753
4-10 -20.995 -34.779 7.427 7.792 -9.135 -17.181
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ANALYSIS RESULTS (Fill Depth = 7.00 ft)

Load Parameters:

Unfactored Moments due to A1l Loads: (k-ft) (Fill Depth = 7.00 ft)

M-PT Mdc Mev Mdw Meh Mls Mwa MT1+ M11-

1- 0 -4.52 -15.00 -0.50 -3.10 -0.74 0.00 0.00 -3.41
1- 1 -4.23 -15.00 -0.50 0.36 0.03 0.00 0.00 -3.47
1- 2 -3.94 -15.00 -0.50 2.92 0.62 0.00 0.00 -3.54
1- 3 -3.65 -15.00 -0.50 4.62 1.05 0.00 0.00 -3.61
1- 4 -3.37 -15.00 -0.50 5.52 1.30 0.00 0.00 -3.70
1- 5 -3.08 -15.00 -0.50 5.67 1.39 0.00 0.00 -3.80
1- 6 -2.79 -15.00 -0.50 5.12 1.30 0.00 0.00 -3.90
1- 7 -2.50 -15.00 -0.50 3.93 1.05 0.00 0.00 -4.01
1- 8 -2.21 -15.00 -0.50 2.16 0.62 0.00 0.00 -4.11
1- 9 -1.92 -15.00 -0.50 -0.14 0.03 0.00 0.00 -4.22
1-10 -1.63 -15.00 -0.50 -2.93 -0.74 0.00 0.03 -4.33
Top

Member 2: (Top Slab)

Left

2- 0 -1.63 -15.00 -0.50 -2.93 -0.74 0.00 0.03 -4.33
2- 1 0.28 -1.52 -0.05 -2.93 -0.74 0.00 0.85 -1.30
2- 2 1.77 8.97 0.30 -2.93 -0.74 0.00 2.64 0.00
2- 3 2.83 16.46 0.54 -2.93 -0.74 0.00 4.62 0.00
2- 4 3.47 20.96 0.69 -2.93 -0.74 0.00 5.80 0.00
2- 5 3.68 22.46 0.74 -2.93 -0.74 0.00 6.20 0.00
2- 6 3.47 20.96 0.69 -2.93 -0.74 0.00 5.80 0.00
2- 7 2.83 16.46 0.54 -2.93 -0.74 0.00 4.62 0.00
2- 8 1.77 8.97 0.30 -2.93 -0.74 0.00 2.64 0.00
2- 9 0.28 -1.52 -0.05 -2.93 -0.74 0.00 0.85 -1.30
2-10 -1.63 -15.00 -0.50 -2.93 -0.74 0.00 0.03 -4.33
Right

Member 4: (Bottom Slab)

Left

4- 0 -4.52 -15.00 -0.50 -3.10 -0.74 0.00 0.00 -3.41
4- 1 -0.91 -1.52 -0.05 -3.10 -0.74 0.00 0.05 -0.50
4- 2 1.91 8.97 0.30 -3.10 -0.74 0.00 2.25 0.00
4- 3 3.92 16.46 0.54 -3.10 -0.74 0.00 3.94 0.00
4- 4 5.12 20.96 0.69 -3.10 -0.74 0.00 4.96 0.00
4- 5 5.52 22.46 0.74 -3.10 -0.74 0.00 5.30 0.00
4- 6 5.12 20.96 0.69 -3.10 -0.74 0.00 4.96 0.00
4- 7 3.92 16.46 0.54 -3.10 -0.74 0.00 3.94 0.00
4- 8 1.91 8.97 0.30 -3.10 -0.74 0.00 2.25 0.00
4- 9 -0.91 -1.52 -0.05 -3.10 -0.74 0.00 0.05 -0.50
4713 -4.52 -15.00 -0.50 -3.10 -0.74 0.00 0.00 -3.41
Right

Unfactored shears due to ATl Loads: (k-ft) (Fill Depth = 7.00 ft)

M-PT vdc Vev vdw Veh Vls vwa V1T+ ARE

Bottom

1- 0 0.32 0.00 0.00 4.38 0.94 0.00 0.10 -0.14
1- 1 0.32 0.00 0.00 3.34 0.76 0.00 0.10 -0.14
1- 2 0.32 0.00 0.00 2.35 0.57 0.00 0.10 -0.14
1- 3 0.32 0.00 0.00 1.43 0.38 0.00 0.10 -0.14
1- 4 0.32 0.00 0.00 0.57 0.19 0.00 0.10 -0.14
1- 5 0.32 0.00 0.00 -0.23 0.00 0.00 0.10 -0.14
1- 6 0.32 0.00 0.00 -0.97 -0.19 0.00 0.10 -0.14
1- 7 0.32 0.00 0.00 -1.65 -0.38 0.00 0.10 -0.14
1- 8 0.32 0.00 0.00 -2.28 -0.57 0.00 0.10 -0.14
1- 9 0.32 0.00 0.00 -2.84 -0.76 0.00 0.10 -0.14
1-10 0.32 0.00 0.00 -3.34 -0.95 0.00 0.10 -0.14
Top

Member 2: (Top Slab)
2- 0 1.26 8.90 0.29 0.00 0.00 0.00 2.51 0.00
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1.01 7.12 0.2 0 0.00 0.00 2.10 -0.02

2— 2 0.76 5.34 0.18 .00 0.00 .00 1.68 -0.10

2- 3 0.51 3.56 0.12 0.00 0.00 0.00 1.28 -0.22

2- 4 0.25 1.78 0.06 0.00 0.00 0.00 0.93 -0.40

2-5 0.00 0.00 0.00 0.00 0.00 0.00 0.64 -0.64

2- 6 -0.25 -1.78 -0.06 0.00 0.00 0.00 0.40 -0.93

2- 7 -0.51 -3.56 -0.12 0.00 0.00 0.00 0.22 -1.28

2- 8 -0.76 -5.34 -0.18 0.00 0.00 0.00 0.10 -1.68

2-9 -1.01 -7.12 -0.24 0.00 0.00 0.00 0.02 -2.10

2-10 -1.26 -8.90 -0.29 0.00 0.00 0.00 0.00 -2.51

Right

Member 4: (Bottom Slab)

Left

4- 0 2.39 8.90 0.29 0.00 0.00 0.00 2.04 0.00

4- 1 1.91 7.12 0.24 0.00 0.00 0.00 1.63 0.00

4- 2 1.43 5.34 0.18 0.00 0.00 0.00 1.23 0.00

4- 3 0.96 3.56 0.12 0.00 0.00 0.00 0.82 0.00

4- 4 0.48 1.78 0.06 0.00 0.00 0.00 0.42 0.00

4- 5 0.00 0.00 0.00 0.00 0.00 0.00 0.03 -0.03

4- 6 -0.48 -1.78 -0.06 0.00 0.00 0.00 0.00 -0.42

4- 7 -0.96 -3.56 -0.12 0.00 0.00 0.00 0.00 -0.82

4- 8 -1.43 -5.34 -0.18 0.00 0.00 0.00 0.00 -1.23

4- 9 -1.91 -7.12 -0.24 0.00 0.00 0.00 0.00 -1.63

4713 -2.39 -8.90 -0.29 0.00 0.00 0.00 0.00 -2.04

Right

Live Load Parameters: Traffic Direction is Parallel to Main Reinforcement

vehicle Axle Weight Length Dist. From
NoO (k/ft) (ft) Previous (ft)
Truck 1 0.292 8.88 0.00 (largest truck used)
2 0.292 8.88 14.00
3 0.073 8.88 14.00
Tandem 1 0.314 12.88 0.00 (largest truck used)

A1l vehicles:
Distribution width: 25.72 ft

Impact Factor : 1.04
Lane:
Lane Load : 0.000 k/ft Distribution width: 0.00 ft

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top S1ab

vehicle Axle We1% Length Dist. From
No. (k/ (ft) Left End (ft)
Truck 1 073 8.88 22.42
2 0.292 8.88 8.42

3 0.292 8.88 -5.58
Coincident Bottom Slab Load: 0.15 k/ft

Maximum -Moment in Top Slab

Truck 1 0.073 8.88 21.81
2 0.292 8.88 7.81
3 0.292 8.88 -6.19

Coincident Bottom Slab Load: 0.15 k/ft

Maximum +Shear in Top Slab

Truck 1 0.073 8.88 32.44
% 0.292 8.88 18.44

Coincident Bottom Slab Load: 0.20 k/ff '

Maximum -Shear in Top Slab
1 073

Truck 0. 8.88 26.39
2 0.292 8.88 12.39
0.292 8.88 -1.61

3
Coincident Bottom Slab Load: 0.20 k/ft

Maximum +Moment in Top Slab
Tandem 1 0.314 12.88 8.42
Coincident Bottom Slab Load: 0.24 k/ft

Maximum -Moment in Top Slab
Tandem 1 0.314 12.88 8.13
Coincident Bottom Slab Load: 0.24 k/ft

Maximum +Shear in Top Slab
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Tandem 1 0.314 12.88 6.44

Coincident Bottom Slab Load: 0.24 k/ft

Maximum -Shear in Top Slab
Tandem 1 0.314 12.88 10.39
Coincident Bottom Slab Load: 0.24 k/ft

Unfactored Moments and Shears due to Live Loads: (k, k-ft) (Fill Depth =

Truck Tandem
M-PT MT1+ M11- V1T+ v1l- MT1+ MT1- v1l+ v11- MT1+
Member 1: (Exterior wall)
Bottom
1- 0 0.00 -3.11 0.10 -0.14 0.00 -3.41 0.07 -0.12 0.00
1- 1 0.00 -3.06 0.10 -0.14 0.00 -3.47 0.07 -0.12 0.00
1- 2 0.00 -3.01 0.10 -0.14 0.00 -3.54 0.07 -0.12 0.00
1- 3 0.00 -2.96 0.10 -0.14 0.00 -3.61 0.07 -0.12 0.00
1- 4 0.00 -2.91 0.10 -0.14 0.00 -3.70 0.07 -0.12 0.00
1- 5 0.00 -2.86 0.10 -0.14 0.00 -3.80 0.07 -0.12 0.00
1- 6 0.00 -2.83 0.10 -0.14 0.00 -3.90 0.07 -0.12 0.00
1- 7 0.00 -2.87 0.10 -0.14 0.00 -4.01 0.07 -0.12 0.00
1- 8 0.00 -2.98 0.10 -0.14 0.00 -4.11 0.07 -0.12 0.00
1- 9 0.00 -3.10 0.10 -0.14 0.00 -4.22 0.07 -0.12 0.00
1-10 0.02 -3.22 0.10 -0.14 0.03 -4.33 0.07 -0.12 0.00
Top
Member 2: (Top Slab)
Left
2- 0 0.02 3.22 1.99 0.00 0.03 -4.33 2.51 0.00 0.00
2- 1 0.79 -1.19 1.68 -0.02 0.85 -1.30 2.10 -0.02 0.00
2- 2 2.46 0.00 1.39 -0.09 2.64 0.00 1.68 -0.10 0.00
2- 3 3.83 0.00 1.12 -0.20 4.62 0.00 1.28 -0.22 0.00
2- 4 4.58 0.00 0.85 -0.37 5.80 0.00 0.93 -0.40 0.00
2- 5 4.83 0.00 0.59 -0.59 6.20 0.00 0.64 -0.64 0.00
2- 6 4.58 0.00 0.37 -0.85 5.80 0.00 0.40 -0.93 0.00
2- 7 3.83 0.00 0.20 -1.12 4.62 0.00 0.22 -1.28 0.00
2- 8 2.46 0.00 0.09 -1.39 2.64 0.00 0.10 -1.68 0.00
2- 9 0.79 -1.19 0.02 -1.68 0.85 -1.30 0.02 -2.10 0.00
2-10 0.02 -3.22 0.00 -1.99 0.03 -4.33 0.00 -2.51 0.00
Right
Member 4: (Bottom Slab)
Left
4- 0 0.00 -3.11 1.73 0.00 0.00 -3.41 2.04 0.00 0.00
4- 1 0.05 -0.50 1.38 0.00 0.00 -0.40 1.63 0.00 0.00
4- 2 1.72 0.00 1.04 0.00 2.25 0.00 1.23 0.00 0.00
4- 3 3.13 0.00 0.70 0.00 3.94 0.00 0.82 0.00 0.00
4- 4 3.96 0.00 0.36 0.00 4.96 0.00 0.42 0.00 0.00
4- 5 4.22 0.00 0.02 -0.02 5.30 0.00 0.03 -0.03 0.00
4- 6 3.96 0.00 0.00 -0.36 4.96 0.00 0.00 -0.42 0.00
4- 7 3.13 0.00 0.00 -0.70 3.94 0.00 0.00 -0.82 0.00
4- 8 1.72 0.00 0.00 -1.04 2.25 0.00 0.00 -1.23 0.00
4- 9 0.05 -0.50 0.00 -1.38 0.00 -0.40 0.00 -1.63 0.00
4-10 0.00 -3.11 0.00 -1.73 0.00 -3.41 0.00 -2.04 0.00

Sht _of____
PJLChk
8/2/2013 4:20:45 PM
Culvert p. 26 of 33
7.00 ft)
Lane

M11-  VvIl+  v11-
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
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Serviceability Check: crack control (Fill Depth = 7.00 ft)

Bar Fss Spacing Allow
Mark Location (ksi) (in) (in)
Al Top Corner Bar 16.28 6.00 19.10
A2 Bot Corner Bar 16.93 6.00 18.18
A100 Top Slab (int) 34.46 6.00 8.07
A300 Top Slab (ext) 0.00 12.00 1.47
A200 Bot Slab (int) 34.93 6.00 7.91
A400 Bot STab (ext) 0.00 12.00 1.29
B1 Ext wall (int) 27.36 8.00 10.95
B2 Ext wall (ext) 31.14 6.00 6.92

Strength Limit State at Critical Sections: Flexure (Fill Depth = 7.00 ft)

Member 1: (Exterior wall)
Thickness = 10.00 1in

Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str 1I)(Str II)
BOT 15.00 -30.31 17.99 31.00 32.41 0.90 0.88 16.55 1.35 1.74
MID 54.00 0.00 9.34 18.40 19.01 0.90 0.47 16.55 NC NC
MID- 54.00 -25.96 17.99 31.27 32.65 0.90 0.88 16.55 1.98 2.57
TOP 15.00 -29.44 17.99 31.27 32.65 0.90 0.88 16.55 1.44 1.87
Member 2: (Top Slab)
Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AsS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str I)(Str I1)
LT 14.00 -17.16 6.00 40.07 37.88 0.90 0.88 23.83 4. 6.47
MID 101.00 43,13 2.43 56.14 51.22 0.90 1.20 23.83 1. 75 2.26
RT 14.00 -17.16 6.00 40.07 37.88 0.90 0.88 23.83 4.99 6.47
Member 4: (Bottom Slab)
Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AsS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str I)(Str I1)
LT 14.00 -18.07 8.14 40.07 38.53 0.90 0.88 23.83 6.4 8.41
MID 101.00 43.69 4.10 56.14 51.69 0.90 1.20 23.83 1. 86 2.41
RT 14.00 -18.07 8.14 40.07 38.53 0.90 0.88 23.83 6.49 8.41

Note: Mu - Resisting moment under pure flexure, Ma - Allowable moment under applied axial Toad

Strength Limit State at Critical Sections: Vertical Shear (Fill Depth = 7.00 ft)

Member 1: (Exterior wall)
Thickness = 10.00 in (Controlling Shear Method: Simpl1fied)

Design Max. Load Ratings
Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k) (k) (k) (1n2) (in) (str 1I)(Str II)
BOT 22.20 4.66 7.20 10.99 12.21 0.00 0.00 0.00 6.52 8.46
MID 54.00 0.37 7.91 12.08 13.42 0.00 0.00 0.00 NC NC
MID- 54.00 0.37 7.20 10.99 12.21 0.00 0.00 0.00 45.38 58.83
TOP 22.20 -3.84 7.20 10.99 12.21 0.00 0.00 0.00 6.90 8.95

Member 2: (Top Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert)

Design Max. Load Ratings

Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k (k) (k) (1n2) (in) (str I)(Str II)

LT 22.64 14.13 9.63 22.04 24.48 0.00 0.00 0.00 3. 4.16
MID 101.00 1.11 10.06 23.04 25.60 0.00 0.00 0.00 20. 71 26.85
RT 22.64 14.13 9.63 22.04 24.48 0.00 0.00 0.00 3.21  4.16

Member 4: (Bottom Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert)

Design Max. Load Ratings

Loc Dist. Shear Dv phi*vn Vc Vv Spac IR OR
(in) (k) (in) (k) (k) (k (1n2) (in) (str I)(Str II)

LT 22.64 14.41  9.63 22.04 24.48 0.00 0.00 0.00 3. 4.86
MID 101.00 0.05 10.06 23.04 25.60 0.00 0.00 0.00 99. 99 99.99
RT 22.64 14.41 9.63 22.04 24.48 0.00 0.00 0.00 3.75 4.86
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Load Combination Results at Tenth Points: (k, k-ft)(Fill Depth = 7.00 ft)

M-PT +Moment -Moment +Axial -Axial +Shear -Shear

Member 1: (Exterior wall)
Bottom

-0 -23.378 -37.347 9.340 17.989 8.137 4.103

1- 1 -17.099 -31.292 9.340 17.989 6.401 3.166
1- 2 -12.346 -28.746 9.340 17.989 4.745 2.283
1- 3 -9.046 -26.974 9.340 17.989 3.171 1.454
1- 4 -7.127 -25.961 9.340 17.989 1.677 0.679
1- 5 -6.517 -25.640 9.340 17.989 0.367 -0.147
1- 6 -7.141 -25.950 9.340 17.989 -0.300 -1.479
1- 7 -8.929 -26.841 9.340 17.989 -0.914 -2.730
1- 8 -11.806 -28.261 9.340 17.989 -1.474 -3.901
1- 9 -15.700 -30.181 9.340 17.989 -1.980 -4.991
1-10 -20.539 -35.109 9.340 17.989 -2.432 -6.000
Top

Member 2: (Top Slab)
Left
2- 0 -20.539 -35.109 5.874 6.000 17.989 9.340
2- 1 -2.844 -9.215 2.432 6.000 14.543 7.472
2- 2 16.302 4.615 2.432 5.874 11.095 5.604
2- 3 31.206 12.476 2.432 5.874 7.674 3.736
2- 4 40.148 17.192 2.432 5.874 4.344 1.868
2- 5 43.130 18.765 2.432 5.874 1.112 -1.112
2- 6 40.148 17.192 2.432 5.874 -1.868 -4.344
2- 7 31.206 12.476 2.432 5.874 -3.736 -7.674
2- 8 16.302 4.615 2.432 5.874 -5.604 11.095
2- -2.844 -9.215 2.432 6.000 -7.472 -14.543
2-10 -20.539 -35.109 5.874 6.000 -9.340 17.989
Right

Member 4: (Bottom Slab)
Left
4- 0 -23.378 -37.347 7.852 8.137 18.564 10.352
4- 1 -5.885 -9.533 4.103 8.137 14.856 8.282
4- 2 15.632 4.503 4.103 7.852 11.148 6.211
4- 3 31.222 13.216 4.103 7.852 7.439 4.141
4- 4 40.575 18.444 4.103 7.852 3.731 2.070
4- 5 43.692 20.187 4.103 7.852 0.045 -0.045
4- 6 40.575 18.444 4.103 7.852 -2.070 -3.731
4- 7 31.222 13.216 4.103 7.852 -4.141 -7.439
4- 8 15.632 4.503 4.103 7.852 -6.211 -11.148
4- -5.885 -9.533 4.103 8.137 -8.282 -14.856
4-10 -23.378 -37.347 7.852 8.137 -10.352 -18.564
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ANALYSIS RESULTS (Fill Depth = 7.50 ft)

Load Parameters:

Unfactored Moments due to A1l Loads: (k-ft) (Fill Depth = 7.50 ft)

M-PT Mdc Mev Mdw Meh Mls Mwa MT1+ M11-

1- 0 -4.52 -16.16 -0.50 -3.23 -0.74 0.00 0.00 -3.24
1- 1 -4.23 -16.16 -0.50 0.37 0.03 0.00 0.00 -3.31
1- 2 -3.94 -16.16 -0.50 3.02 0.62 0.00 0.00 -3.37
1- 3 -3.65 -16.16 -0.50 4.79 1.05 0.00 0.00 -3.43
1- 4 -3.37 -16.16 -0.50 5.73 1.30 0.00 0.00 -3.50
1- 5 -3.08 -16.16 -0.50 5.90 1.39 0.00 0.00 -3.59
1- 6 -2.79 -16.16 -0.50 5.34 1.30 0.00 0.00 -3.67
1- 7 -2.50 -16.16 -0.50 4.11 1.05 0.00 0.00 -3.76
1- 8 -2.21 -16.16 -0.50 2.27 0.62 0.00 0.00 -3.85
1- 9 -1.92 -16.16 -0.50 -0.14 0.03 0.00 0.00 -3.94
1-10 -1.63 -16.16 -0.50 -3.05 -0.74 0.00 0.02 -4.03
Top

Member 2: (Top Slab)

Left

2- 0 -1.63 -16.16 -0.50 -3.05 -0.74 0.00 0.02 -4.03
2- 1 0.28 -1.63 -0.05 -3.05 -0.74 0.00 0.78 -1.19
2- 2 1.77 9.66 0.30 -3.05 -0.74 0.00 2.42 0.00
2- 3 2.83 17.73 0.54 -3.05 -0.74 0.00 4.28 0.00
2- 4 3.47 22.57 0.69 -3.05 -0.74 0.00 5.40 0.00
2- 5 3.68 24.19 0.74 -3.05 -0.74 0.00 5.78 0.00
2- 6 3.47 22.57 0.69 -3.05 -0.74 0.00 5.40 0.00
2- 7 2.83 17.73 0.54 -3.05 -0.74 0.00 4.28 0.00
2- 8 1.77 9.66 0.30 -3.05 -0.74 0.00 2.42 0.00
2- 9 0.28 -1.63 -0.05 -3.05 -0.74 0.00 0.78 -1.19
2-10 -1.63 -16.16 -0.50 -3.05 -0.74 0.00 0.02 -4.03
Right

Member 4: (Bottom Slab)

Left

4- 0 -4.52 -16.16 -0.50 -3.23 -0.74 0.00 0.00 -3.24
4- 1 -0.91 -1.63 -0.05 -3.23 -0.74 0.00 0.03 -0.45
4- 2 1.91 9.66 0.30 -3.23 -0.74 0.00 2.13 0.00
4- 3 3.92 17.73 0.54 -3.23 -0.74 0.00 3.75 0.00
4- 4 5.12 22.57 0.69 -3.23 -0.74 0.00 4.73 0.00
4- 5 5.52 24.19 0.74 -3.23 -0.74 0.00 5.05 0.00
4- 6 5.12 22.57 0.69 -3.23 -0.74 0.00 4.73 0.00
4- 7 3.92 17.73 0.54 -3.23 -0.74 0.00 3.75 0.00
4- 8 1.91 9.66 0.30 -3.23 -0.74 0.00 2.13 0.00
4- 9 -0.91 -1.63 -0.05 -3.23 -0.74 0.00 0.03 -0.45
4713 -4.52 -16.16 -0.50 -3.23 -0.74 0.00 0.00 -3.24
Right

Unfactored shears due to ATl Loads: (k-ft) (Fill Depth = 7.50 ft)

M-PT vdc Vev vdw Veh Vls vwa V1T+ ARE

Bottom

1- 0 0.32 0.00 0.00 4.53 0.94 0.00 0.08 -0.12
1- 1 0.32 0.00 0.00 3.46 0.76 0.00 0.08 -0.12
1- 2 0.32 0.00 0.00 2.45 0.57 0.00 0.08 -0.12
1- 3 0.32 0.00 0.00 1.50 0.38 0.00 0.08 -0.12
1- 4 0.32 0.00 0.00 0.60 0.19 0.00 0.08 -0.12
1- 5 0.32 0.00 0.00 -0.23 0.00 0.00 0.08 -0.12
1- 6 0.32 0.00 0.00 -1.00 -0.19 0.00 0.08 -0.12
1- 7 0.32 0.00 0.00 -1.72 -0.38 0.00 0.08 -0.12
1- 8 0.32 0.00 0.00 -2.37 -0.57 0.00 0.08 -0.12
1- 9 0.32 0.00 0.00 -2.96 -0.76 0.00 0.08 -0.12
1-10 0.32 0.00 0.00 -3.50 -0.95 0.00 0.08 -0.12
Top

Member 2: (Top Slab)
2- 0 1.26 9.59 0.29 0.00 0.00 0.00 2.34 0.00



Licensee: Michie Corqorat1on (Henniker, NH) Sht __of

ETCu]vert v.2.16 Analysis and design of culverts y:PJLChk:
?yr1ght © 2010-2012 Eriksson Technologies, Inc.(www.LRFD.com) 8/2/2013 4320:45 PM
ename: BC 16x8 Bazin 3745.etc Culvert p. 30 of 33

1.01 7.67 0.2 0 0.00 0.00 1.94 -0.02

2— 2 0.76 5.75 0.18 .00 0.00 .00 1.54 -0.09

2- 3 0.51 3.84 0.12 0.00 0.00 0.00 1.17 -0.20

2- 4 0.25 1.92 0.06 0.00 0.00 0.00 0.85 -0.37

2-5 0.00 0.00 0.00 0.00 0.00 0.00 0.58 -0.58

2- 6 -0.25 -1.92 -0.06 0.00 0.00 0.00 0.37 -0.85

2- 7 -0.51 -3.84 -0.12 0.00 0.00 0.00 0.20 -1.17

2- 8 -0.76 -5.75 -0.18 0.00 0.00 0.00 0.09 -1.54

2-9 -1.01 -7.67 -0.24 0.00 0.00 0.00 0.02 -1.94

2-10 -1.26 -9.59 -0.29 0.00 0.00 0.00 0.00 -2.34

Right

Member 4: (Bottom Slab)

Left

4- 0 2.39 9.59 0.29 0.00 0.00 0.00 1.95 0.00

4- 1 1.91 7.67 0.24 0.00 0.00 0.00 1.56 0.00

4- 2 1.43 5.75 0.18 0.00 0.00 0.00 1.17 0.00

4- 3 0.96 3.84 0.12 0.00 0.00 0.00 0.79 0.00

4- 4 0.48 1.92 0.06 0.00 0.00 0.00 0.40 0.00

4- 5 0.00 0.00 0.00 0.00 0.00 0.00 0.02 -0.02

4- 6 -0.48 -1.92 -0.06 0.00 0.00 0.00 0.00 -0.40

4- 7 -0.96 -3.84 -0.12 0.00 0.00 0.00 0.00 -0.79

4- 8 -1.43 -5.75 -0.18 0.00 0.00 0.00 0.00 -1.17

4- 9 -1.91 -7.67 -0.24 0.00 0.00 0.00 0.00 -1.56

4713 -2.39 -9.59 -0.29 0.00 0.00 0.00 0.00 -1.95

Right

Live Load Parameters: Traffic Direction is Parallel to Main Reinforcement

vehicle Axle Weight Length Dist. From
NoO (k/ft) (ft) Previous (ft)
Truck 1 0.263 9.46 0.00 (largest truck used)
2 0.263 9.46 14.00
3 0.066 9.46 14.00
Tandem 1 0.288 13.46 0.00 (largest truck used)

A1l vehicles:
Distribution width: 26.29 ft

Impact Factor : 1.02
Lane:
Lane Load : 0.000 k/ft Distribution width: 0.00 ft

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top S1ab

vehicle Axle We1% Length Dist. From
No. (k/ (ft) Left End (ft)
Truck 1 066 9.46 22.42
2 0.263 9.46 8.42

3 0.263 9.46 -5.58
Coincident Bottom Slab Load: 0.15 k/ft

Maximum -Moment in Top Slab

Truck 1 0.066 9.46 22.94
2 0.263 9.46 8.94
3 0.263 9.46 -5.06

Coincident Bottom Slab Load: 0.15 k/ft

Maximum +Shear in Top Slab

Truck 1 0.066 9.46 32.73
% 0.263 9.46 18.73

Coincident Bottom Slab Load: 0.19 k/ff '

Maximum -Shear in Top Slab
1 066

Truck 0. 9.46 26.10
2 0.263 9.46 12.10
0.263 9.46 -1.90

3
Coincident Bottom Slab Load: 0.19 k/ft

Maximum +Moment in Top Slab
Tandem 1 0.288 13.46 8.41
Coincident Bottom Slab Load: 0.23 k/ft

Maximum -Moment in Top Slab
Tandem 1 0.288 13.46 8.41
Coincident Bottom Slab Load: 0.23 k/ft

Maximum +Shear in Top Slab
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Tandem 1 0.288 13.46 6.73

Coincident Bottom Slab Load: 0.23 k/ft

Maximum -Shear in Top Slab
Tandem 1 0.288 13.46 10.10
Coincident Bottom Slab Load: 0.23 k/ft

Unfactored Moments and Shears due to Live Loads: (k, k-ft) (Fill Depth =

Truck Tandem
M-PT MT1+ M11- V1T+ v1l- MT1+ MT1- v1l+ v11- MT1+
Member 1: (Exterior wall)
Bottom
1- 0 0.00 -2.91 0.08 -0.12 0.00 -3.24 0.07 -0.10 0.00
1- 1 0.00 -2.87 0.08 -0.12 0.00 -3.31 0.07 -0.10 0.00
1- 2 0.00 -2.83 0.08 -0.12 0.00 -3.37 0.07 -0.10 0.00
1- 3 0.00 -2.80 0.08 -0.12 0.00 -3.43 0.07 -0.10 0.00
1- 4 0.00 -2.76 0.08 -0.12 0.00 -3.50 0.07 -0.10 0.00
1- 5 0.00 -2.73 0.08 -0.12 0.00 -3.59 0.07 -0.10 0.00
1- 6 0.00 -2.70 0.08 -0.12 0.00 -3.67 0.07 -0.10 0.00
1- 7 0.00 -2.74 0.08 -0.12 0.00 -3.76 0.07 -0.10 0.00
1- 8 0.00 -2.82 0.08 -0.12 0.00 -3.85 0.07 -0.10 0.00
1- 9 0.00 -2.92 0.08 -0.12 0.00 -3.94 0.07 -0.10 0.00
1-10 0.02 -3.03 0.08 -0.12 0.02 -4.03 0.07 -0.10 0.00
Top
Member 2: (Top Slab)
Left
2- 0 0.02 3.03 1.86 0.00 0.02 -4.03 2.34 0.00 0.00
2- 1 0.71 -1.09 1.56 -0.02 0.78 -1.19 1.94 -0.02 0.00
2- 2 2.24 0.00 1.29 -0.08 2.42 0.00 1.54 -0.09 0.00
2- 3 3.56 0.00 1.03 -0.18 4.28 0.00 1.17 -0.20 0.00
2- 4 4.28 0.00 0.77 -0.33 5.40 0.00 0.85 -0.37 0.00
2- 5 4.50 0.00 0.53 -0.53 5.78 0.00 0.58 -0.58 0.00
2- 6 4.28 0.00 0.33 -0.77 5.40 0.00 0.37 -0.85 0.00
2- 7 3.56 0.00 0.18 -1.03 4.28 0.00 0.20 -1.17 0.00
2- 8 2.24 0.00 0.08 -1.29 2.42 0.00 0.09 -1.54 0.00
2- 9 0.71 -1.09 0.02 -1.56 0.78 -1.19 0.02 -1.94 0.00
2-10 0.02 -3.03 0.00 -1.86 0.02 -4.03 0.00 -2.34 0.00
Right
Member 4: (Bottom Slab)
Left
4- 0 0.00 -2.91 1.63 0.00 0.00 -3.24 1.95 0.00 0.00
4- 1 0.03 -0.45 1.31 0.00 0.00 -0.37 1.56 0.00 0.00
4- 2 1.64 0.00 0.98 0.00 2.13 0.00 1.17 0.00 0.00
4- 3 2.97 0.00 0.66 0.00 3.75 0.00 0.79 0.00 0.00
4- 4 3.76 0.00 0.34 0.00 4.73 0.00 0.40 0.00 0.00
4- 5 4.01 0.00 0.02 -0.02 5.05 0.00 0.02 -0.02 0.00
4- 6 3.76 0.00 0.00 -0.34 4.73 0.00 0.00 -0.40 0.00
4- 7 2.97 0.00 0.00 -0.66 3.75 0.00 0.00 -0.79 0.00
4- 8 1.64 0.00 0.00 -0.98 2.13 0.00 0.00 -1.17 0.00
4- 9 0.03 -0.45 0.00 -1.31 0.00 -0.37 0.00 -1.56 0.00
4-10 0.00 -2.91 0.00 -1.63 0.00 -3.24 0.00 -1.95 0.00

Sht _of____
PJLChk
8/2/2013 4:20:45 PM
Culvert p. 31 of 33
7.50 ft)
Lane

M11-  VvIl+  v11-
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
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Serviceability Check: crack control (Fill Depth = 7.50 ft)

Bar Fss Spacing Allow
Mark Location (ksi) (in) (in)
Al Top Corner Bar 16.80 6.00 18.35
A2 Bot Corner Bar 17.58 6.00 17.33
A100 Top Slab (int) 35.80 6.00 7.63
A300 Top Slab (ext) 0.00 12.00 1.29
A200 Bot Slab (int) 36.47 6.00 7.41
A400 Bot STab (ext) 0.00 12.00 1.07
B1 Ext wall (int) 29.72 8.00 9.79
B2 Ext wall (ext) 32.51 6.00 6.42

Strength Limit State at Critical Sections: Flexure (Fill Depth = 7.50 ft)

Member 1: (Exterior wall)
Thickness = 10.00 1in

Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str 1I)(Str II)
BOT 15.00 -31.47 18.58 31.00 32.56 0.90 0.88 16.55 1.19 1.54
MID 54.00 0.00 9.96 18.40 19.17 0.90 0.47 16.55 NC NC
MID- 54.00 -26.93 18.58 31.27 32.80 0.90 0.88 16.55 1.91 2.48
TOP 15.00 -30.41 18.58 31.27 32.80 0.90 0.88 16.55 1.35 1.75
Member 2: (Top Slab)
Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AsS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str I)(Str I1)
LT 14.00 -17.60 6.19 40.07 37.94 0.90 0.88 23.83 5. 6.67
MID 101.00 44 .53 2.61 56.14 51.27 0.90 1.20 23.83 1. 67 2.16
RT 14.00 -17.60 6.19 40.07 37.94 0.90 0.88 23.83 5.15 6.67
Member 4: (Bottom Slab)
Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu Ma AsS 1.2m™Mcr IR OR
(in) (k-ft) (k) (k-ft) (k-ft) phi (in2) (k-ft) (str I)(Str I1)
LT 14.00 -18.65 8.32 40.07 38.58 0.90 0.88 23.83 6. 8.52
MID 101.00 45.41 4.27 56.14 51.74 0.90 1.20 23.83 1. 72 2.22
RT 14.00 -18.65 8.32 40.07 38.58 0.90 0.88 23.83 6.58 8.52

Note: Mu - Resisting moment under pure flexure, Ma - Allowable moment under applied axial Toad

Strength Limit State at Critical Sections: Vertical Shear (Fill Depth = 7.50 ft)

Member 1: (Exterior wall)
Thickness = 10.00 in (Controlling Shear Method: Simpl1fied)

Design Max. Load Ratings
Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k) (k) (k) (1n2) (in) (str 1I)(Str II)
BOT 22.20 4.75 7.20 10.99 12.21 0.00 0.00 0.00 6.60 8.55
MID 54.00 0.34 7.91 12.08 13.42 0.00 0.00 0.00 NC NC
MID- 54.00 0.34 7.20 10.99 12.21 0.00 0.00 0.00 49.92 64.71
TOP 22.20 -3.94 7.20 10.99 12.21 0.00 0.00 0.00 6.92 8.97

Member 2: (Top Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert)

Design Max. Load Ratings

Loc Dist. Shear Dv phi*vn Vc Vs Spac IR OR
(in) (k) (in) (k (k) (k) (1n2) (in) (str I)(Str II)

LT 22.64 14.55 9.63 22.04 24.48 0.00 0.00 0.00 3. 4.22
MID 101.00 1.02 10.06 23.04 25.60 0.00 0.00 0.00 22. 57 29.26
RT 22.64 14.55 9.63 22.04 24.48 0.00 0.00 0.00 3.26  4.22

Member 4: (Bottom Slab)
Thickness = 12.00 in (Controlling Shear Method: Box Culvert)

Design Max. Load Ratings

Loc Dist. Shear Dv phi*vn Vc Vv Spac IR OR
(in) (k) (in) (k) (k) (k (1n2) (in) (str I)(Str II)

LT 22.64 14.98 9.63 22.04 24.48 0.00 0.00 0.00 3. 4.75
MID 101.00 0.04 10.06 23.04 25.60 0.00 0.00 0.00 99. 99 99.99
RT 22.64 14.98 9.63 22.04 24.48 0.00 0.00 0.00 3.66 4.75
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Load Combination Results at Tenth Points: (k, k-ft)(Fill Depth = 7.50 ft)

M-PT +Moment -Moment +Axial -Axial +Shear -Shear

Member 1: (Exterior wall)
Bottom

-0 -24.585 -38.732 9.957 18.578 8.317 4.267

1- 1 -18.133 -32.498 9.957 18.578 6.539 3.301
1- 2 -13.246 -29.854 9.957 18.578 4.841 2.390
1- 3 -9.851 -28.005 9.957 18.578 3.224 1.532
1- 4 -7.875 -26.932 9.957 18.578 1.687 0.729
1- 5 -7.245 -26.570 9.957 18.578 0.335 -0.125
1- 6 -7.889 -26.858 9.957 18.578 -0.361 -1.500
1- 7 -9.733 -27.749 9.957 18.578 -1.003 -2.794
1- 8 -12.706 -29.202 9.957 18.578 -1.591 -4.007
1- 9 -16.735 -31.181 9.957 18.578 -2.125 -5.139
1-10 -21.746 -36.251 9.957 18.578 -2.606 -6.191
Top

Member 2: (Top Slab)
Left
2- 0 -21.746 -36.251 6.087 6.191 18.578 9.957
2- 1 -3.229 -9.346 2.606 6.191 14.986 7.965
2- 2 16.711 5.071 2.606 6.087 11.393 5.974
2- 3 32.159 13.451 2.606 6.087 7.847 3.983
2- 4 41.437 18.480 2.606 6.087 4.388 1.991
2- 5 44 .530 20.156 2.606 6.087 1.021 -1.021
2- 6 41.437 18.480 2.606 6.087 -1.991 -4.388
2- 7 32.159 13.451 2.606 6.087 -3.983 -7.847
2- 8 16.711 5.071 2.606 6.087 -5.974 11.393
2- -3.229 -9.346 2.606 6.191 -7.965 -14.986
2-10 -21.746 -36.251 6.087 6.191 -9.957 18.578
Right

Member 4: (Bottom Slab)
Left
4- 0 -24.585 -38.732 8.064 8.317 19.303 10.969
4- 1 -6.180 -9.759 4.267 8.317 15.446 8.775
4- 2 16.209 4.959 4.267 8.064 11.589 6.582
4- 3 32.428 14.192 4.267 8.064 7.731 4.388
4- 4 42.161 19.731 4.267 8.064 3.874 2.194
4- 5 45.408 21.578 4.267 8.064 0.041 -0.041
4- 6 42.161 19.731 4.267 8.064 -2.194 -3.874
4- 7 32.428 14.192 4.267 8.064 -4.388 -7.731
4- 8 16.209 4.959 4.267 8.064 -6.582 -11.589
4- -6.180 -9.759 4.267 8.317 -8.775 -15.446
4-10 -24.585 -38.732 8.064 8.317 -10.969 -19.303
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Designed By: PJL Bazin Bros, 3745

Checked By: 16x8 BC - WW2B
Date Printed: 8/19/2013 Fire Road
Jamaica, VT

cC O RP OWRA AT I O N

Design/Analysis References:

AASHTO LRFD Bridge Design Specifications, 2012.

VTrans 2011 Standard Specifications for Road and Bridge Construction.

Das, Principles of Foundation Engineering, 5th Edition.

Holtz & Kovacs, Introduction to Geotechnical Engineering

AISC, Steel Construction Manual, 13th Edition

. Highway Innovative Technology Evaluation Center (HITEC), Evaluation of the Con/Span Wingwall System, CERF
Report #40580, July 2001.

7. Contract Plans, "Project Number ER-BRF 015-1(23), Fire Drive Box Culvert, Jamaica VT" by VT AOT, Dated
12/5/2012, Email from VT AOT (5/23/2013) clarifying bearing capacity.

o0k WD~

Assumptions:
1. It is assumed that the failure plane of the soil to be retained by this wall will lie within the proposed
backfill material.
2. The proposed backfill material will meet the material requirements of the contract documents. This material is
assumed to have a friction angle = 34 degrees and a dry unit weight = 140 pcf.
3. The installation of the weepholes combined with free- draining backfill will preclude the development of hydrostatic
pressures on the wall.
4, Passive earth pressure in front of the wall is ignored per AASHTO 11.6.3.5.
5. Site Layout. The 16x8 Box Culvert carries Fire Drive over unknown brook. All four wingwalls have varying skew.
Wingwall 4C is closest to traffic. Wingwall 2B is tallest. Check both wings. Also Check WW3 with 3 anchors.
6. Backslope Angle. All 4 wings have a +- flat backslope.
7. Live Load Surcharge. Vehicular Surcharge is applied when traffic can come within a distance of half the height of the

wall to the reinforced soil mass. Only WW3 and WW4 are within this distace. Assume traffic is 2 feet from face of wall and
runs parallel to wall.

8. The HITEC Evaluation (page 3) explains that the Anchor Wall acts as a cantilever wall for most of its length since the
weight of the soil within and above the anchors provides resistance to overturning. The wall also has attributes of a bin wall
since arching and friction of soil masses between anchors provides additional resistance. Therefore, the provisions of AASHTO
Sections 11.6 (Conventional Retaining Walls) and 11.11 (Modular Walls) shall be applied.

9. Per AASHTO 11.11.4.4, a maximum of 80% of the weight of the retained soil is effective in resisting overturning. The
HITEC Evaluation (pages D29-D33) evaluated the accuracy of this assumption and found that using 80% of the soil weight is a
conservative assumption.

10. The Top of Wingwall elevations are 2 inches below the top of headwall elevations.
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Designed By: PJL Bazin Bros, 3745

Checked By: 16x8 BC - WW2B
Date Printed: 8/19/2013 Fire Road
Jamaica, VT

General Input:

ELVwalltop = 736.1ft Elevation of the Wingwall at its tallest point
Evaalltip = 734.1ft Elevation of Wingwall at its tip.

ELVbot.ftg = 715.9ft Elevation of the Bottom of the Wall Footing
tg = 3ft Thickness of Wall Footing

hftg = 2ft Height of Wall Footing

heport = ELVwalltip - ELVbot.ftg = hftg — lin=16.117 ft Short end of wall (less 1" for shim)

heap = Evaamop - ELVbot.ftg = hftg — 1lin=18.117 ft Tall end of wall (less 1" for shim)

Ligan = 8ft Length of Wall Panel

lg1a¢ = Oft Length of flat portion of wingwall before break in slope.

tyal] = 12in Thickness of Wall Panel

tgtem = 0IN Thickness of Anchor Stem

Wlange = 2ft + 6in Width of Anchor Flange

Ogpew = Odeg Angle of ww skew in plan view, measured from edge of roadway.
(to measure distance to traffic for each anchor)

Oya)1 = 90deg Wall batter angle with horizontal

9anchor = Owan + 30deg Anchor batter angle with horizontal

= atan(g) =0-deg Backfill slope angle with horizontal, measured perpendicular to

5 the wall.

diraffic = (20f0) Estimated minimum distance to traffic, measured from
stream side of wall and perpendicular to the wall.

BreakInSlope := 2ft Assumed distance from face of guardrail to break-in-slope,

meaured perpendicular to the wall.
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Jamaica, VT

Wall Material Properties

Concrete
) 1bf ) X i .
f. = 5000—2 E, := 4074ksi Aggregate g;,, = -75in
in
Y = 150pct Assumed unit weight of concrete panel.

B, = Stress Block Factor specified in Article

R7929
B = max .65,| |.85 if f. <4000psi =0.8
f. — 4000psi
.85 — E < otherwise
psi 1000
Steel:
f, = 60000E E. := 29000ksi
y 2 S
in
Soil:
_ Factored Bearing Resistance to be determined based on effective footing width. This
qr = * varies per anchor. Per Geotech Analysis, at the strength limit state:
Effective Footing Width (ft) q_R (ksf)
4 11.8
6 14.0
8 16.2
Vg = 140pcf Assumed soil unit weight for all soil
Qgyr = 2ft-yg = 280-psf Surcharge Soil Pressure (AASHTO Tbl 3.11.6.4-2)
d>ﬁg := 35deg Friction Anige of Soil below Wall Footing
Ppackfil] = 34deg Friction Angle of Backfill Soil

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD Page 3 of 25
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. 2
_ sin(Oyall + Phackfill)
Ko wall = =0254 AASHTO 3.11.5.3

- - 2
o, Vosiito o _s |14 sin(@backfil * Swall) sin( Poackfiit ~ B
(w5t = S sin(Oyal ~ Syatt) Sin(Owar + B)

. 2
) Sln(eanchor + d)backfill)
Ka.anchor = =0.089 AASHTO

p - 2
sin(6 2 sin(6 s I sin(Pacifill * Sanchor) S Phackfill = 8) 3.11.5.3
( anchor) ( anchor anchor) sin( 0o — 5anchor)'51n(9anchor N B)

ko = 1 = sin(dp,ckppg) = 0441 AASHTO 3.11.5.2-1

Determine Load Factors (Strength I) (AASHTO 1.3 and Table 3.4.1-1)

Load Modifiers

Np = 1.00 Ductility for a conventional design
nR = 1.00 Redundancy for conventional design
M= 1.00 Importance for a conventional bridge
m; = max(nD-nR-nI,O.%) mi=1

Load Factor Max Min Service

YDC 1.25 0.9 1.0 Component Dead Loads

YEH 1.5 0.9 1.0 Horizontal Earth Loads

YEV 1.35 1.0 1.0 Vertical Earth Loads

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD Page 4 of 25
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Anchor Types, Layout and Backfill Geometry

ConnectedToBridge := "No"

AnchorType :

AnchorType, :

between Yes and No.

Bazin Bros, 3745
16x8 BC - WW2B
Fire Road
Jamaica, VT

To account for the connection of the wing to the bridge. Choose

"E" Anchor Type to be tied to the back face of the wall. Chosen

between Anchor Type B, C, D, and E as defined below.

uEu

AnchorTypes = "E"

Distance to each anchor is from culvert end of wing. Anchor 1 is closest to culvert.

dist, hor.1 = 2ft
Note: Research in HITEC report supports spacing from 2.5 ft (anchors are touching) to 5.5
dist, ;hor.2 = Oft feet (HITEC Report pages D29-D33). If distance between anchors increases beyond 5.5 ft,
data supporting the usable 80% soil weight assumption shall be provided due to possible
. affects on soil arching between the anchors. Similarly, anchor closest to the wall tip shall not
distanchor.3 == 0 exceed 3 feet without supporting data.

If only 1 anchor is used, set dist, 012 = dist,chors = O-

If only 2 anchors are used, set dist, o3 = O-

Tributary Width of Wall for each Anchor

tribpates

tribl :

trib2 :

tribg = 1y — (triby + triby + trib

= |0 if ConnectedToBridge = "No" =0ft

1 otherwise

1 .
5 distyp chor.

1 trib if distychopo =0 = 4ft

wall — " Pplates

1, .. . . .
E'(dmanchor.l + dlStanchor.Z) - mbplates otherwise

1, .. . e g
[lwall - E(dlStanchor.l + dlStanChor.Z)J if distychor3 =0 =4ft
i i L, ) i
(dlStanchor.Z + dlStanchor.3) - E(dmanchor.l + dlStanchor.Z) otherwise

2

plates) =0ft

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD
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Height of Wall at CL of Each Anchor

h(x):= |0 if x=0
htall if 0<x< lﬂat

h.,.;1—h
tall hort
{htall — (ﬂ}(x — lﬂat)} otherwise

1wall - 1ﬂat

hyyall 1 = h(diStanChor.l) =17.617ft Height of wall at each anchor

hyyail 0 = h(distanchor_z) =16.617ft

hyal 3= h(diStanchorS) =0ft

Length of each Anchor Stem Extension

Wx) = | (0ft) if x ="B"

(1ft) if x="C"
(2ft) if x ="D"
(3ft) if x="E"

W, = W(AnchorTypel) =3ft
Wy = W(AnchorTypez) =3ft

Wy = W(AnchorType3) =3ft

Width of Soil Column above each Anchor

Byo1 is the width of the soil column at the top of the anchor, measured from backfill side of wall to upper tip of each anchor.

Bpog = Wy + (3ft + 5.375in) + ﬁgldeg) = 7.1211t

Bpogn = Wy + (It + 5.375in) + — = 7.121ft
) cos(30deg)

Byo 3 = W3 + (3ft + 5.375in) + — o — —7.121 f
) cos(30deg)
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Bpot lower IS the width of the soil column at the bottom of the anchor, measured from backfill side of wall to bottom tip of
anchor.

Bhot.lower.1 = W1 + (lft + 4in + ﬁg;eg)j =5.007ft

Bhotlower.2 = Wo + (1ft + 4in + Lj =5.007ft
' ‘ cos(30deg)

Bhotlower3 = W3 + (lft + 4in + Lj = 5.007 ft
' ’ cos(30deg)

Perpendicular Distance to Traffic at each Anchor

diraffic.1 = deraffic + diStanchor.l'tan(o‘skeW) =20ft
diraffic.2 = dyraffic + diStanchor.Z'tan(o‘skeW) =20ft

diraffic.3 = diraffic + diStanchor.S'tan(o‘skeW) =20ft

Height of backfill at CL of each anchor

dslope.l = maX(O,min(Bbot_l ,d¢paffic.] — BreakInSlope — twall)) =7.121ft Distancg to break in Slope,.m(?asured
perpendicular to wall from inside face of wall,

dslope.2 = max(o’min(Bbot.Z’dtraffic.Z — BreakInSlope — twall)) =7.121ft limited by B.bot.

dglope.3 = max(o’min(Bbot.3’dtraffic.3 — BreakInSlope — twall)) =7.1211t

Backfill.1 = MaxX(hyqir 1-Pyarr. 1 + min(Bpo 1-dgjope. 1) an(B)) = 17.617 ft The height of backfill is taken at the

end of the reinforced soil mass.
hbackfill.2 = MaX(hyq1p 22 hyarr 2 + Min(Bpo 2. dgjope o) tan(P)) = 16.617ft

hbackfill.3 = MaX(hyyqpp 3. hyar 3 + Min(Bpo 3.dgjope 3)tan(B)) = 0 ft

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD Page 7 of 25
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External Stability Analysis at Anchor 1

Calculate Vertical Loads and Associated Lever Arms

Bazin Bros, 3745
16x8 BC - WW2B
Fire Road
Jamaica, VT

(All Lever Arms are from Point "O")

kip
DCyan.1 = twanbwall.1¥e = 2-643'?

1
XDC.wall.1 3= 7 twall = 0.5ft

y
Vs (Mpackfitt.1 = hwall.1) (dstope.1) = 0-%

EVla, =
1 t

N | =

2
XEVla.l = twall T Edslope.l =5.748ft

kip

EV1by = vy (hpaekfin1 ~ hwait.1) (Bbot.1 ~ dsiope.1) = 0=

ft

1
XEV1b.1 = twall t dslope.1 * E(Bbot.l - dslope.l) =8.1211t

kip
EV2) = g (hyan = 3-5f) Bpor 1 = 14.074-—=

1
XEV2.1 = twau + EBbOt.l =4.561ft

3. kip

7in
EV3, = ~.(3.5ft)-| B -—F— | =2.123
1= ( bot.lower.1 cos(30deg)) ft

1
XEV3.1 = tyall * E(Bbot.lower.l -

1 .
EV4, := 7S~5~3.5ft-|:(W1 + 3ft + 5.375in) — (Bbot.lower. |-

7in

— | =3.167ft
cos(30deg)

_7in o gsigkip
cos(30deg) ft

1 . 7in
XEV4.1 = twall  Bootlower.l T g'[wl + 3ft + 5.375in — (Bbot.lower.l - m)} =6.712ft

DC

= (17401bf) if AnchorType; ="B"

anchor.1 - tribl '

(20101bf) if AnchorType; ="C"

(22851bf) if AnchorType; = "D"

(25501bf) if AnchorType; = "E"

Xanchor.1 = twall *

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD

(2ft + 2.25in) if AnchorType; ="B"

=0.637-—

kip
ft (See Anchor Geometry
Drawing)
= 5.005-ft

(2ft + 8.8125in) if AnchorType; ="C"
(3ft + 5.125in) if AnchorType; = "D"

(4ft + 0.0625in) if AnchorType; = "E"

Page 8 of 25
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kip

LSyert.1 = I:qsur'I:Bbot.l - (dtrafﬁc.l):ﬂ if dipaffic.1 <Bpot1 =0 — Used in bearing calcs only

ft
0 otherwise

1
XLS.vert.] = twall + eraffic.1 * E(Bbot.l - dtrafﬁc.l) = 14.561ft

kip
DCfo 1 = Ve trg Dprg = 0'9'?
t
XDC.fig.1 = _ftg =1.51t Note: This moment arm is measured from the front toe of
o 2 the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated Lever Arms

1 2 kip
EH1Y vert = Eka.wall'“fs'(hbackfﬂu — 3.5ft) " sin(8yy 1) = 1527-—=
kip

1 2
EHLY hor = Eka-wall"YS'(hbackﬁll.l ~ 3.5t) - cos(8yqp1) = 3.201==

XEH1.1 = twall * Bpot.1 = 81211t

1
YEH].] = 3:5ft+ g(hbackfﬂl.l — 3.5ft) = 8206t

: kip
EH2| yert = ka.anchor"\fs'(hbackﬁll.l - 3'5ft)'(4ft)'sm(5anchor - 30deg) = _0-159'?

kip
EH2y por = ka.anchor"\fs'(hbackfill.l - 3'5ft)'(4ft)'cos(5anchor - 30deg) = 0-687'?

1
XEH2.1 = twall * E(Bbot.l + Bbot.lower.l) =7.064t

1
YEHD.1 = 351 = Sl = 15f

ip

1
EH3 = —k
1.vert 2 o

a.anchor.ws.mft)z-sin(é — 30deg) = ~0.022:

anchor

1 2 kip
EH3| por = Eka.anchor'ﬁfs(“ft) 'Cos(éanchor - 30deg) = 0.097-?

2
XEH3.1 = twall T Bbot.lower.1 + (3-5ft - g'4ft)tan(30deg) = 6.488 ft

2 .
YEH3.1 = 3.5t — g'4ft =10-in
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Bazin Bros, 3745
16x8 BC - WW2B

Fire Road
Jamaica, VT
. . hyall.1 kip
LSpor.1 = | (ka.wair 9sur hbackfii.1) i diaffic.1 <Bbot.1 + —, 0
0 otherwise
1 .
XLS hor.1 = twall + E(Bbot.lower.l + Bbot.l) = 7.064ft (Assumed for ease of calculation)

1
YLS.hor.1 = 5 Mbackfil.1 = 8-8081¢

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

$r=109 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"
kip
SV = 0.9(DCyq 1 + DCanchor.1 + DCfig 1) + 1.0:(EVIay + EVIby + EV2| + EV3| + EV4,) ... = 22497~
Ny 1'50'(EH1 Lvert T EHZI.Vert + EH31.vert)
kip
Ry.1 = 08 tan(pg) TV = 12.602-— AASHTO 10.6.3.4
kip
Rr.l = ch.RT.l = 11342?
Driving Forces
) kip
SHy = i 1.50-(EH1 o+ EH2) o+ EH3G o) + 17518y, ] = 59TT-—=
Check "OK" if ud >1 "OK"
eck.q: 4: = i > =
sliding.1 SH. |

"NG" otherwise
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

. kip-ft
Resisting := 0'9(Dcwall.1'XDC.wall.1 + Dcanchor.l'xanchor.l) = 80.276- i
+ 1.0~0.8.(E\/1al-xE\,m1 + EVIb -xgyp1 + EV2-Xgya | + EV3xgy3 | + EV41‘xEV4'1)
+ L50(EH1 | yereXgH1 1 + BH2) yerrXgpo.1 + EH3 yerr XgH3.1)
Driving Forces
L kip-ft
Driving = 1.50-(EH1 horYgH1 1 + EH2| horYEH2.1 + EH31 hor YEH3.1) + 175LShor 1'YLS hor.1 = 41:067- i
Resisting |
CheckOT 1= "OK" if ———— =1 ="OK"
: Driving;
"NG" otherwise
Eccentricity of Resultant
kip
SVe 1= 0.9(DCyan1 + DCanchor.1) + 1.0:0.8:(EVla + EVIby + EV2) + EV3| + EV4y) ... = 18.344-—
+ 1'50(EH1 Lvert EH21.vert + EH31.vert)
0 _(Resistingl - Drivingl) 1 ] ]
EVer v + E(tftg ~ tyall) | + 0-9DCtg 1 XD fig.1
1) == = el = = = 3.068ft (Distance to resultant

YVeq + 0.9DCftg'1 from face of ftg)

1
B = Bpotlower.1 T twall + E(tftg - twall) =7.0071t
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By
€)= max| — — ll,Oft =0.435ft
2

=1.752ft (Within Middle Half of ftg per e
AASHTO 11.6.3.3) Check, { = |"OK" if ——— <1 ="OK"
Callow.1

By
e = —
allow.1 4

"NG" otherwise

Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

. Kip-ft
ReSIStmgbrg.l = 1'ZS(DCwall.I'XDC.wall.l + Dcanchor.l'xanchor.l) = 1211 i
+ 1.35(EH1| yereXgH1 1 + BH2| yerrXgp2.1 + EH3 ) yert XgH3.1)
+ 1'75’(stert.l'XLS.vert.l)
Kip-ft

Drivingy,o 1 = 1.35(EH1 porYEH1.1 + EH2 por YEH2.1 + BH3 1 hor YEH3.1) + 175LShor.1'YLS hor.1 = 36-96 i

kip
SVprg.1 = 1.25:(DCyqyy 1 + DCanchor.1) + 1.35:(EV1ay + EVIby + EV2) + EV3) + EV4y) ... = 28483~

+ 1.35«(EH11'Vert +EH2| opg + EH31.Vert) + 1.75.(stert.1)

[ _(Resistingbr | — Driving 1) 1 ] ]
g. rg.
XVbre 1 v + E(tftg ~ tyall) | + 1-25DCig 1°XDC fig.1
lbrg.1 = = - bre.| = = =3861ft (Distance to resultant
2Vpre 1 T 1.25DCg from face of ftg)

B
1
ebrg_l = max(T — lbl’gl ,Oftj =0ft

Effective footing width
Bl - 2ebrg1 =7.007 ft

3V
Ofoot.] = _ el = 4.065-ksf Eqg. 11.6.3.2-1, Rectangular Distibution for
By —2epg 1 Foundations on soil
qRr 1 = 0.45-14.0ksf = 6.3-ksf Conservatively use resistance for 6ft width
qRr.1
CheckBearing; := ["OK" if >1 ="OK"
Ofoot.1

"NG" otherwise
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External Stability Analysis at Anchor 2

Calculate Vertical Loads and Associated Lever Arms (All Lever Arms are from Point "O")

kip
DCyan2 = twanrbwall.2 Ve = 2-493'?
1
XDC.wall.2 = 7 twall = 0.5ft
kip

EV1ay = =g (hpackfinl.2 ~ Pwail.2) (dsiope.2) = 0=

N | =

2
XEVla.2 = twall T Edslope.Z =5.748ft

kip
EV1by = Ny (hpaekfitt.2 ~ hwall.2) (Bbot.2 ~ dsiope.2) = 0=

1
XEV1b.2 = twall  dslope.2 E(Bbot.Z - dslope.2) =8.1211t
kip

EV2) = g (hyano = 3-5ft) Byogo = 13.077-—=

1
XEV2.2 = twau + EBbotQ =4.561ft

7in kip
EV3, = ~.(3.5ft)-| B - [ =2.123—
2= g ( bot.lower.2 cos(30deg)) ft
1 7in
X =t +—| B - —F— | =3.167ft
EV3.2 wall 2( bot.lower.2 cos(30 deg)j
1 7in kip
EV4, = ~.-—-3.5ft| (W5 + 3ft + 5.375in) — | B ——— [|=0.518—
2= 5 [( 2 ) ( bot.lower.2 cos(30deg)j:| ft
] 1 . 7in
XEV4.2 = twall T Bbotlower.2 * 3 Wy + 3ft + 5.375in — | Byot jower.2 — cos(30deg) =6.712ft
DC = ! 17401bf) if AnchorT ="B" =0.637 @
anchor.2 = trib2. ( ) if AnchorType, = IR (See Anchor Geometry
(2010Ibf) if AnchorType, = "C" Drawing)

(22851bf) if AnchorTypey = "D"

(25501bf) if AnchorType, = "E"
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Xanchor.2 = twall T [ (2ft + 2.25in) if AnchorType, ="B" = 5.005-ft

(2ft + 8.8125in) if AnchorType, ="C"
(3ft + 5.125in) if AnchorType, ="D"

(4ft + 0.0625in) if AnchorType, = "E"

. kip . .
LSvert2 = |[dsur[Boot2 ~ (diratfic.2)[| if diraffic.2 <Bbot2 = 0= Used in bearing calcs only

0 otherwise

1
XS vert.2 = twall T deraffic.2 * ;(Bbot.z ~ dyaffic.2) = 14561 ft

kip
DCftg.Z = ﬁ{c’tftg’hftg = 0'9’?
t
ftg S .
XDC.ftg.2 = T =1.5ft Note: This moment arm is measured from the front toe of

the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated L ever Arms

1 2 . kip
EH12,Vert = Ekawauﬁ{s(hbackﬁllz - 35ﬁ) -Sln(éwall) = 1318?

1 ) Kip
EH1 hor = Eka.wall"Ys‘(hbackﬁu.z — 3.5ft) - cos(8yq11) = 2764~

XEH1.2 = twall + Bpor.2 = 81211t

1
yEH12 = 3.5t + g(hbackflllZ - 35ﬁ) =7.872ft

. kip

EH2) yer = ka.anchor’ﬁ{s'(hbackfill.Z - 3'Sft)’(4ﬁ)'sm(5anch0r - 30deg) = _0'147’?
) kip
EH2) jop = 1(a.anchor’ﬁ{s’(hbackfill.Z - 3'Sﬁ)'(4ft)'cos(5anch0r - 30deg) = 0'638’?

1
XEH2.2 = twall + ;(Bbot.z + Bpog lower.2) = 7-0641t

1
YpHp.2 = 35t = -4t =15f

1 2. kip
EH3, .= Eka.anchor-fys-@ft) .sm(éanchor - 30deg) = —0.022.?

1 2 kip
EH3) hor = Eka.anchor’ﬁ{s'(“t) 'Cos(éanchor - 30deg) = 0'097’?
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2
XEH32 = twall + Bbot.lower.2 + (35ft - g4ft)tan(30deg) = 6.488ft
2 .
B . bwall2  kip
LSpor.2 = | (ka.wair 9sur hbackfi.2) if diraffic.2 <Bbot2 + - 0
0 otherwise
1 .
XL.S hor.2 = twall + E(Bbot.lower.Z + Bbot.2) = 7.064ft (Assumed for ease of calculation)

1
YLS.hor.2 = Ehbackfﬂll = 8.3081t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

D= 09 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"
kip
2V = 0.9(DCyyp1 2 + DCynchor2 + DCfig o) + 1.0-(EVlag + EVIby + EV2) + EV3,) + EVdy) ... = 21.069-—*
g 1'50'(EHIZ.Vert + EH2) vert + EH32.vert)
kip
Ry = 08tan(og,) BV, = 11.802— AASHTO 10.6.3.4

kip
R = R 5= 10.622«?

Driving Forces

kip
SHy o =M 150-(EH1y op + EH2p o+ EH3, o) + L75LSy o] = 5248 =5

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD
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Check "OK" if Sr2 >1 "OK"
€CKsliding.2 = 1 = =
£ EHT.Z

"NG" otherwise
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

- kip-ft
Resisting, := 0'9(Dcwall.2'XDC.wall.2 + DCanchor.Z'Xanchor.Z) =74.148- i
+ 1.0-0.8.(E\/l:ﬂz.xE\,m2 + EV1byxgyp2 + EV2y:Xpyo o + EV35-xpy3 5 + EV42‘xEV4'2)
+ L.50(EH1) yery XgH1 2 + EH2) yery Xgp2.2 + EH3) verr XgH3 2)
Driving Forces
L kip-ft
Drivingy = 1.50-(EH1; o Vg1 2 + EH2) hor YEH2.2 + EH32 hor YEH32) + 175LShor 2'YLS hor2 = 34-191- i
Resisting,
CheckOT2 = |"OK" if ————=>1 ="OK"
: Driving
2
"NG" otherwise
Eccentricity of Resultant
kip
$Ven = 0.9(DCya1 2 + DCanehor.2) + 1.0:0.8:(EV1ay + EVIby + EV2, + EV3, + EV4y) ... = 17.115-—=
+ 1'50(EH12.Vert + EH22.vert + EH32.vert)
(Resisting2 - Drivingz) 1
XV = + E(tftg = tyall) | + 0-9DCg 2 XpC fig 2
1y = c.2 =3.2521t (Distance to resultant

YVen + 0.9DCftg'2 from face of ftg)

1
B) = Bpotlower.2 t twall + E(tftg - twall) =7.0071t
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62 = max[

Callow.2 =

- 12,Oftj = 0.2521t

= 1.752ft

.;;|NU:1 N|Nw

Check Bearing Pressure

(Within Middle Half of ftg per
AASHTO 11.6.3.3)

Bazin Bros, 3745
16x8 BC - WW2B

Fire Road
Jamaica, VT
€
Check, 5 := |"OK" if ——— <1 ="OK"
Callow.2

"NG" otherwise

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

kip-ft
fit

ReSiStingbrg.Z = 1'ZS(DCwall.Z'XDC.wall.Z + DCanchor.Z'Xanchor.Z) = 112.687-

+1.35(EH1 v XgH1 2 + EH2) yery X2, 2 + EH3) yery X3 2)
+ 1-75‘(stert.Z'XLS.vert.Z)

kip-ft
fit

Drivingj,o 5 = 1.35(EH15 porYEH1 2 + EH2) hor YEH2.2 + BH32 hor YEH3.2) + 1-75LShor 2 VLS hor.2 = 30772

Kip

SVprg2 = 1.25:(DCyyqy1 2 + DCynehor.2) + 1.35:(EV1ay + EVIby + EV2; + EV3) + EV4y) ... = 26.683- m

+ 1.35«(EH12'Vert +EH2y o + EH32.Vert) + 1.75.(stert.2)

(Resistingbr o — Drivingy 2) 1

g. rg.

XVbrg 2 v + E(tftg ~ tyall) | + 1:25DCg 9 XpC fig 2
brg.2 (Distance to resultant

from face of ftg)

=3.966ft

1 =
brg.2
g SVprg 2 + 125DCg 5

By
ebrg.2 = max 7 - lbrg.Z’Oft =0ft

Effective footing width
B2 - 26brg2 =7.007 ft

SV
_ g2 5 eogkst

Ofoot.2 = Eq. 11.6.3.2-1, Rectangular Distibution for

B, —2-€
2 brg.2 Foundations on soil

qR o = 0.45-14.0ksf = 6.3-ksf Conservatively use resistance for 6ft width

qRr.2
CheckBearing, := ["OK" if >1

Ofoot.2

"NG" otherwise

— uOKu
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Check Wall Reinforcement

Assume the wall stem is cantilevered above the anchor. Use tallest wall section above anchor.

factors to calculate moments and shears. Use minimum load factor for axial compression.

Calculate Horizontal Loads and resp. Lever Arms at top of Anchor

hyallinternal = Pwalr 1 — 3-3ft = 14.117 ft
! 2 kip {
EHyap = Eka.wall'ﬁfs'hwall.internal = 3'547'? YEH.wall == Ehwall.internal — 4706 ft
1 kip L 7.058 1t
= i - y == . =7.
ESwait = |0 i diraffic.1 = 7 Pwall.1 =0 YLSwall = 3 Mwallinteral
(ka.wall'qsur'hwall.internal) otherwise

kip-ft
Muyqp1 = My (15 EHyarr YEH wall + 1750 ywal YLS walt) = 25033 o
. kip
Vugan = M (1-5EHy a1 + 1.75LS 1)) = 5.32.==
kip

Nyapp = _ni'(0'9"70'twall'hwall.intemal) - _1'906.?
Check Moment Capacity

bary .j = 6 Swall = 7in covery, = 2in

by, = 1ft

bar
11
diam,,, | = %in = 0.75-in
Tt-diam .
11
Ayl = WAl 1o 0.757in”
4 Swall
diam
wall .

dwall = tyall — COVeryal — =9.625-in

Pmoment = 0-90 Per AASHTO 5.5.4.2.1

Gehear = 0-90 Per AASHTO 5.5.4.2.1

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD
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Use maximum horizontal load

Page 19 of 25



Designed By: PJL Bazin Bros, 3745

Checked By: 16x8 BC - WW2B
Date Printed: 8/19/2013 Fire Road
Jamaica, VT

Verify that fy can be substituted for f, in the equations of 5.7.3.2. This is allowed when

< <0.60.
dS
As -f
Coall = __wallly =1.114-in Simplified equation 5.7.3.1.2-4
0.85-f,B; by,
C
dw_all =0.116 This is less than 0.60 therefore fy can be substituted for f
wall

awau = Blcwall =0.891-in

Awall
Mngaq1 = Asganrf, '(dwall Y

Mrwau = d)moment'anall = 31284k1pft
Muy,,,q1'by, = 25.033 kip-ft Mr,,11
CheckyaliFlexure = |'OK" if ————21 ="OK"
Uwall ®w
"NG" otherwise
Check Minimum Flexural Reinforcement (5.7.3.3.2)
f.:= 0.24- [ ksi = 0.537-ksi AASHTO 5.4.2.6
'—lb 3—1 28 103'4
Iy wall = 75 Py twan = 1728 107
_ wall Y Distance from centroid to extreme tension fibers.
Yewall = =0 Conservatively ignore reinforcement.
Ig.wall 3
Sc.wall = = 288-in
Yt.wall
N3 = 0.67 0.67 = Factor for Grade 60 ASTM A615 rebar
V=12 1.2 = Factor for precast segmental structures
Mer.wall = V371 Sc.walr fr = 10-355-kip-ft Simplified AASHTO Eq 5.7.3.3.2-1
1.33Muy,, by, = 33.294-kip-ft
Checkpinsteetwall = |"OK" if Mryy 2 min(1.33Muy by My way) - = "OK”

"NG" otherwise
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Shear Resistance at Bottom of Wall (Section 5.8.3.4.2)

The section contains less than the minimum transverse reinforcement specified in 5.8.2.5,
therefore use equation 5.8.3.4.2-2 to determine the longitudinal strain effect factor (B) at
the location of maximum shear.

Mu = maX(Muwall’Vuwall'dwall) In the eqtn below Mu shall not be less than Vud,
|Mul
I + 05Nuwaﬂ + |Vl.lwa11|
£ wall = — by, 1000-£, oy = 1.62 (5.8.3.4.2-4)
B Eg-Aswall -
Sx_wall = dwall
1.38in
S =5 . =9.625-in
xe_wall x_wall Aggregate gi, — + 0.63in (5.8.3.4.2-5)
4.8 51
Bwall = : =2273 (5.8.3.4.2-2)
L+ 750"Es_wall N Sxe_wall
lin
O a1 = 29deg + 3500deg-€ yq) = 34.67-deg (5.8.3.4.2-3)
Vg = min(0.256¢bydy oy, 0.0316- By [T Ksicb -d o) = 18.55-kip (5.8.3.3)
erall = ¢Shear~VnwaH = 16695klp
: Vr
. = . 11
Viwall Dy =332 Kip Checkyyaishear = | 'OK" if ————>1 ="OK"
Vuga by

"NG" otherwise

Check Crack Control in Section 5.7.3.4

kip-ft
fit

Msyai1 = M (10 EHy a1 YEH wall + 1-OLSwai VLS .wall) = 16-689-
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kip
Nsyall = _ni'(1'O'Afc'twall'hwall.internal) = _2'118'?
Ms t
wall wall
ewau = ma N + dwall — T s 115dwall =0.9221t
Swall
. . Cwall
Jwap) = minf| 0.74 + .1 ] ,0.9] =0.855
wall
. 1
lwall = q = 3.898
. wall
- Jwall’
Cwall
Ms, o+ N d wall
s Sewall’ -—
; wall wall'{ “wall = 7 927 ksi Stress in Reinforcement at Service
SSwall == . . = FelTn Limit State
AswallIwall wall dwall ft
de_wall = twall ~ dwall = 2.375in
d
11
By= 1+ W - 1353
O'7’(twall - dc_wall)
Ve = 1.00 exposure factor
ki
700 —2 -,
mn .
Smax = - z'dc_wall =60.543-in
Bs'fsswall'bw

CheckyfaxSpacing = "‘OK" if Sy < Smax = "OK”

"NG" otherwise

Check Minimum Bar Spacing in Section 5.10.3.1.2:

Smin = max(diamwau, 1.33Aggregate g;,m» lin) =1-in

CheCkMinSpacing = |"OK" if sya11 2 Spin = "OK"
"NG" otherwise

Check Maximum Bar Spacing in Section 5.10.3.2:

S = min(1.5~t

Smax 18in) =18 in

wall’

CheskMaxSpacing™ "‘OK" if Sy < Smax = "OK”

"NG" otherwise
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Check Anchor Attachment to Wall

Check Moment Capacity of Connection Bars

Conservatively assume the entire wall is cantilevered about the footing, therefore consider only driving moments. Use total
loads instead of loads per foot. Use 100% of soil weight. Must determine controlling anchor, since tributary width is
variable, not necessarily the anchor at the tallest wall. Assume only top four connection bars resist tension. This
assumption is consistent with HITEC p.D28.

Mu, chor = max(Drivingbrg_1~trib1 ,DriVingbrg.Ztribz) = 147.841 -kip-ft

bar, ) hor = 9 size of bar

diam, o= Planchor, _ 0 625.n

ASynchor = %-diamanchorz = 0307in”

n:=6 Number of bars in tension

banchor = tstem = 6°in thickness of anchor stem

hgo = 3ft + 6in height of anchor stem

danchor = 30-5in distance from centroid of tension reinforcement extreme compression fiber.

Verify that fy can be substituted for f; in the equations of 5.7.3.2. This is allowed when

< <0.60.
dS
n-As, -f
Canchor = anchor 'y =5.414-in Simplified equation 5.7.3.1.2-4
0'85'fc'61'banchor
Canchor .. .
=0.178 This is less than 0.60 therefore fy can be substituted for f
d
anchor

anchor = B1 Canchor = 4-331-in

4anchor
Mnghchor = 1 ASanchor '(danchor T,

M Mn = 234.708-kip-ft

Tanchor = Pmoment MManchor

. Mr
= 147.841 kip-ft wpn anchor -
Check AnchorFlexure = OK" if —>1 ="0OK

Mu,nchor

Muychor

"NG" otherwise
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Check Minimum Flexural Reinforcement (5.7.3.3.2)

f.=0.537-ksi AASHTO 5.4.2.6
= h 3 3.704 104 in*

Ig anchor = E'tstem' stem = 3-704X 10 -in

hstem . . . .
Yt.anchor == = 1.75ft Distance from centroid to extreme tension fibers.

' 2 Conservatively ignore reinforcement.
1
.anch

Se anchop = o 1 764x 107-in”

Yt.anchor
Jau= 0.67 0.67 = Factor for Grade 60 ASTM A615 rebar
/M:= 1.2

1.2 = Factor for precast segmental structures

M anchor = ¥3'V1'Sc.anchor fr = 63.426-kip-ft Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muy oy = 196.628 ft-kip-ft

CheCkMinSteelAnchor = |"OK" if Mranchor > min(1.33Mu M

_n "
anchor’ cr.anchor) ="0OK

"NG" otherwise

Check Minimum Steel for Temperature and Shrinkage (11.6.1.5.1 & 5.10.8)

.2 .2 1.30-b -h .2
in in anchor "'stem in
As__: = max| 0.11 — , min| 0.60 —, =0.6—
'min.anchor ft ft fy ft
2'(banchor + hstem)' ksi
.2
ASmin.anchor Dstem = 2110

ASychor (M +2) = 2.454-in2 Account for extra two bars in compression face
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Check Hook Development of Connection Steel in Wall

Per 5.10.2, A standard hook with a 180 degree bend shall have a 4*db extension, but not less than 2.5 inches. Per
5.12.3, Cover beyond free end of bar shall be 2 inches.

38'0diamanchor
lhyp = —=—— =10.621"in Basic development length for a Grade 60 bar with a standard hook
f. (AASHTO 5.11.2.4.1)
ksi

Modification Factors to be applied to the Basic Development Length (AASHTO 5.11.2.4.2)

Mstrength =1 Increase by fy/60 for yield strength greater than 60ksi

Mcover = 0.7 0.7 if side cover normal to plane of hook is at least 2.5 inches AND
Cover beyond hook is at least 2.0in

Mstirrups =1.0 0.8 if hook is enclose in with ties or stirrups as specified in 5.11.2.4.2

Mpg:= 1.0 Conservatively assume entire area of steel provided is required.

Mlightweight =1.0 1.3 if lightweight concrete is used.

Mepoxy =1.0 1.2 if epoxy rebar is used.

M:=M M

strength'Mcover' stirrups'MAS'Mlightweight'Mepoxy =07

Iqp = max(6in, 8-diam M-lyp) = 7435:in

anchor’

twall.min = COVerya) + ldh =9.435-in

Checkyyall Thickness = | "OK" if tyal 2 twallmin = "OK"

"NG" otherwise
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cC O RP OWRA AT I O N

Design/Analysis References:

AASHTO LRFD Bridge Design Specifications, 2012.

VTrans 2011 Standard Specifications for Road and Bridge Construction.

Das, Principles of Foundation Engineering, 5th Edition.

Holtz & Kovacs, Introduction to Geotechnical Engineering

AISC, Steel Construction Manual, 13th Edition

. Highway Innovative Technology Evaluation Center (HITEC), Evaluation of the Con/Span Wingwall System, CERF
Report #40580, July 2001.

7. Contract Plans, "Project Number ER-BRF 015-1(23), Fire Drive Box Culvert, Jamaica VT" by VT AOT, Dated
12/5/2012, Email from VT AOT (5/23/2013) clarifying bearing capacity.

o0k WD~

Assumptions:
1. It is assumed that the failure plane of the soil to be retained by this wall will lie within the proposed
backfill material.
2. The proposed backfill material will meet the material requirements of the contract documents. This material is
assumed to have a friction angle = 34 degrees and a dry unit weight = 140 pcf.
3. The installation of the weepholes combined with free draining backfill will preclude the development of hydrostatic
pressures on the wall.
4, Passive earth pressure in front of the wall is ignored per AASHTO 11.6.3.5.
5. Site Layout. The 16x8 Box Culvert carries Fire Drive over unknown brook. All four wingwalls have varying skew.
Wingwall 4C is closest to traffic. Wingwall 2B is tallest. Check both wings. Also Check WW3 with 3 anchors.
6. Backslope Angle. All 4 wings have a +- flat backslope.
7. Live Load Surcharge. Vehicular Surcharge is applied when traffic can come within a distance of half the height of the

wall to the reinforced soil mass. Only WW3 and WW4 are within this distace. Assume traffic is 2 feet from face of wall and
runs parallel to wall.

8. The HITEC Evaluation (page 3) explains that the Anchor Wall acts as a cantilever wall for most of its length since the
weight of the soil within and above the anchors provides resistance to overturning. The wall also has attributes of a bin wall
since arching and friction of soil masses between anchors provides additional resistance. Therefore, the provisions of AASHTO
Sections 11.6 (Conventional Retaining Walls) and 11.11 (Modular Walls) shall be applied.

9. Per AASHTO 11.11.4.4, a maximum of 80% of the weight of the retained soil is effective in resisting overturning. The
HITEC Evaluation (pages D29-D33) evaluated the accuracy of this assumption and found that using 80% of the soil weight is a
conservative assumption.

10. The Top of Wingwall elevations are 2 inches below the top of headwall elevations.
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General Input:

ELV = 735.67ft — 2in = 735.503 ft

walltop *

ELV = ELV —4.5in = 735.128 ft

walltip * walltop

ELVbOt.ftg = 719.14ft

tftg = 3ft

hpyg = 21t

hShOI‘t = ELVW&Htlp - ELVbOtftg - hftg — lin = 13.905 ft

htall = Evaalltop - ELVbOtftg — hftg — lin = 14.28ft

1wau = 11.5ft

lfjqe = 1t

twau := 12in

totem = 6in

Wﬂange = 2ft + 6in
Ogpew = Odeg

Oyan1 = 90deg

Oanchor = Owall + 30deg

0
B:= atan(g) =0-deg

dirattic = (2f0)

BreakInSlope := 2ft

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD

Elevation of the Wingwall at its tallest point

Elevation of Wingwall at its tip.

Elevation of the Bottom of the Wall Footing
Thickness of Wall Footing

Height of Wall Footing

Short end of wall (less 1" for shim)

Tall end of wall (less 1" for shim)

Length of Wall Panel

Length of flat portion of wingwall before break in slope.

Thickness of Wall Panel

Thickness of Anchor Stem
Width of Anchor Flange

Angle of ww skew in plan view, measured from edge of roadway.
(to measure distance to traffic for each anchor)

Wall batter angle with horizontal

Anchor batter angle with horizontal

Backfill slope angle with horizontal, measured perpendicular to
the wall.

Estimated minimum distance to traffic, measured from
stream side of wall and perpendicular to the wall.

Assumed distance from face of guardrail to break-in-slope,
meaured perpendicular to the wall.
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Wall Material Properties

Concrete
) 1bf ) X i .
f. = 5000—2 E, := 4074ksi Aggregate g;,, = -75in
in
Y = 150pct Assumed unit weight of concrete panel.

B, = Stress Block Factor specified in Article

R7929
B = max .65,| |.85 if f. <4000psi =0.8
f. — 4000psi
.85 — E < otherwise
psi 1000
Steel:
f, = 60000E E. := 29000ksi
y 2 S
in
Soil:
_ Factored Bearing Resistance to be determined based on effective footing width. This
qr = * varies per anchor. Per Geotech Analysis, at the strength limit state:
Effective Footing Width (ft) q_R (ksf)
4 11.8
6 14.0
8 16.2
Vg = 140pcf Assumed soil unit weight for all soil
Qgyr = 2ft-yg = 280-psf Surcharge Soil Pressure (AASHTO Tbl 3.11.6.4-2)
d>ﬁg := 35deg Friction Anige of Soil below Wall Footing
Ppackfil] = 34deg Friction Angle of Backfill Soil
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. 2
_ sin(Oyall + Phackfill)
Ko wall = =0254 AASHTO 3.11.5.3

- - 2
o, Vosiito o _s |14 sin(@backfil * Swall) sin( Poackfiit ~ B
(w5t = S sin(Oyal ~ Syatt) Sin(Owar + B)

. 2
) Sln(eanchor + d)backfill)
Ka.anchor = =0.089 AASHTO

p - 2
sin(6 2 sin(6 s I sin(Pacifill * Sanchor) S Phackfill = 8) 3.11.5.3
( anchor) ( anchor anchor) sin( 0o — 5anchor)'51n(9anchor N B)

ko = 1 = sin(dp,ckppg) = 0441 AASHTO 3.11.5.2-1

Determine Load Factors (Strength I) (AASHTO 1.3 and Table 3.4.1-1)

Load Modifiers

Np = 1.00 Ductility for a conventional design
nR = 1.00 Redundancy for conventional design
M= 1.00 Importance for a conventional bridge
m; = max(nD-nR-nI,O.%) mi=1

Load Factor Max Min Service

YDC 1.25 0.9 1.0 Component Dead Loads

YEH 1.5 0.9 1.0 Horizontal Earth Loads

YEV 1.35 1.0 1.0 Vertical Earth Loads
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Anchor Types, Layout and Backfill Geometry

ConnectedToBridge := "No"

AnchorType :

AnchorType, :

between Yes and No.

Bazin Bros, 3745
16x8 BC - WW3A
Fire Road
Jamaica, VT

To account for the connection of the wing to the bridge. Choose

"E" Anchor Type to be tied to the back face of the wall. Chosen

between Anchor Type B, C, D, and E as defined below.

uEu

AnchorTypes = "E"

Distance to each anchor is from culvert end of wing. Anchor 1 is closest to culvert.

dist, ) chor.1 = 1-5ft
Note: Research in HITEC report supports spacing from 2.5 ft (anchors are touching) to 5.5
dist, horp = 5.5ft feet (HITEC Report pages D29-D33). If distance between anchors increases beyond 5.5 ft,
data supporting the usable 80% soil weight assumption shall be provided due to possible
. affects on soil arching between the anchors. Similarly, anchor closest to the wall tip shall not
distynchor.3 = 931t exceed 3 feet without supporting data.

If only 1 anchor is used, set dist, 012 = dist,chors = O-

If only 2 anchors are used, set dist, o3 = O-

Tributary Width of Wall for each Anchor

tribpates

tribl :

trib2 :

tribg = 1y — (triby + triby + trib

= |0 if ConnectedToBridge = "No" =0ft

1 otherwise

1 .
5 distyp chor.

1 trib if distychopo =0 =351t

wall — " Pplates

1, .. . . .
E'(dmanchor.l + dlStanchor.Z) - mbplates otherwise

1, .. . e g
[lwall - E(dlStanchor.l + dlStanChor.Z)J if distychor3 =0 =4ft
i i L, ) i
(dlStanchor.Z + dlStanchor.3) - E(dmanchor.l + dlStanchor.Z) otherwise

2

plates) =4ft

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD
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Height of Wall at CL of Each Anchor

h(x):= |0 if x=0
htall if 0<x< lﬂat

h.,.;1—h
tall hort
{htall — (MJ-(X — lﬂat)} otherwise

1wall - 1ﬂat

hyyall 1 = h(diStanChor.l) = 14.262 ft Height of wall at each anchor

hyyail 0 = h(distanchor_z) = 14.1191t

hyarr3 = h(dist ) = 13976t

wall. anchor.3

Length of each Anchor Stem Extension

Wx) = | (0ft) if x ="B"

(1ft) if x="C"
(2ft) if x ="D"
(3ft) if x="E"

W, = W(AnchorTypel) =3ft
Wy = W(AnchorTypez) =3ft

Wy = W(AnchorType3) =3ft

Width of Soil Column above each Anchor

Byo1 is the width of the soil column at the top of the anchor, measured from backfill side of wall to upper tip of each anchor.

Bpog = Wy + (3ft + 5.375in) + ﬁgldeg) = 7.1211t

Bpogn = Wy + (It + 5.375in) + — = 7.121ft
) cos(30deg)

Byo 3 = W3 + (3ft + 5.375in) + — o — —7.121 f
) cos(30deg)
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Bpot lower IS the width of the soil column at the bottom of the anchor, measured from backfill side of wall to bottom tip of
anchor.

Bhot.lower.1 = W1 + (lft + 4in + ﬁlotieg)j =5.007ft

Bhotlower.2 = Wo + (1ft + 4in + Lj =5.007ft
' ‘ cos(30deg)

Bhotlower3 = W3 + (lft + 4in + Lj = 5.007 ft
' ’ cos(30deg)

Perpendicular Distance to Traffic at each Anchor

diraffic.1 = deraffic + diStanchor.l'tan(o‘skew) =2ft
diraffic.2 = deraffic + diStanchor.Z'tan(o‘skew) =2ft

diraffic.3 = diraffic + diStanchor.S'tan(o‘skew) =2ft

Height of backfill at CL of each anchor

dglope.1 = max(O,min(Bbot_l .dyraffic.| — BreakInSlope — twall)) =0ft Distance to break in slope, measured
perpendicular to wall from inside face of wall,
dslope.2 = max(o’min(Bbot.Z’dtraffic.Z — BreakInSlope — twall)) =0ft limited by B.bot.

dglope.3 = max(o’min(Bbot.3’dtraffic.?) — BreakInSlope — twall)) =0ft

hbackfill.1 = MaX(hyqpp 1-hyarr 1 + Min(Bpo 1-dgjope. 1) tan(P)) = 14.262 1t The height of backfill is taken at the
end of the reinforced soil mass.

hbackfill.2 = MaX(hyq1p 22 hyarr 2 + Min(Bpo 2. dgjope o) tan(P)) = 141191t

hpackfil.3 = Max(hyqpp 3-hyqpr 3 + min(Bpg 3.dgjope 3) tan(B)) = 13.976ft
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External Stability Analysis at Anchor 1

Calculate Vertical Loads and Associated Lever Arms

Bazin Bros, 3745
16x8 BC - WW3A
Fire Road
Jamaica, VT

(All Lever Arms are from Point "O")

kip
PCyall.1 = twall Pwall. 1 Ve = 213975

1
XDC.wall.1 3= 7 twall = 0.5ft

y
Vs (Mpackfitt.1 = hwall.1) (dstope.1) = 0-%

EVla, =
1 t

N | =

2
XEVla.l = twall T Edslope.l =11t

kip

EV1by = vy (hpaekfin1 ~ hwait.1) (Bbot.1 ~ dsiope.1) = 0=

ft

1
XEV1b.1 = twall t dslope.1 * E(Bbot.l - dslope.l) =4.561ft

kip
EV2) = g (hyan = 3-5f) Bpor 1 = 10.73-—=

1
XEV2.1 = twau + EBbOt.l =4.561ft

23.Kip

7in
EV3, = ~.(3.5ft)-| B -—F— | =2.123
1= ( bot.lower.1 cos(30deg)) ft

1
XEV3.1 = tyall * E(Bbot.lower.l -

1 .
EV4, := 7S~5~3.5ft-|:(W1 + 3ft + 5.375in) — (Bbot.lower. |-

7in

— | =3.167ft
cos(30deg)

_7in o gsigkip
cos(30deg) ft

1 . 7in
XEV4.1 = twall  Bootlower.l T g'[wl + 3ft + 5.375in — (Bbot.lower.l - m)} =6.712ft

DC

= (17401bf) if AnchorType; ="B"

anchor.1 - tribl '

(20101bf) if AnchorType; ="C"

(22851bf) if AnchorType; = "D"

(25501bf) if AnchorType; = "E"

Xanchor.1 = twall *

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD

(2ft + 2.25in) if AnchorType; ="B"

=0.729-—

kip
ft (See Anchor Geometry
Drawing)
= 5.005-ft

(2ft + 8.8125in) if AnchorType; ="C"
(3ft + 5.125in) if AnchorType; = "D"

(4ft + 0.0625in) if AnchorType; = "E"
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. kip . .
LSyert1 = [qsur'[Bbot.l - (dtrafﬁc.l):ﬂ if dyaffic.1 <Bbot.1 = 1-434'? Used in bearing calcs only

0 otherwise

1
XLS.vert.] = twall * diraffic.1 E(Bbot.l - dtrafﬁc.l) =5.5611t

kip
DCfo 1 = Ve trg Dprg = 0'9'?
t
XDC.fig.1 = _ftg =1.51t Note: This moment arm is measured from the front toe of
o 2 the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated Lever Arms

1 2 kip
BRI} vert = Eka.wall'“fs'(hbackfﬂu - 3-5ft) ~sm(éwau) = 0.887-?
kip

1 2
EHLY hor = Eka-wall"YS'(hbackﬁll.l ~ 3.5t) - cos(8yqp1) = 1861-==

XEH1.1 = twall * Bpot.1 = 81211t

1
YEH].] = 3:5ft+ g(hbackfﬂl.l — 3.5ft) = 7.087ft

: kip
EH2| yert = ka.anchor"\fs'(hbackﬁll.l - 3'5ft)'(4ft)'sm(5anchor - 30deg) = _0-121'?

kip
EH2y o = ka.anchor"\fs'(hbackfill.l - 3'5ft)'(4ft)'cos(5anchor - 30deg) = 0-523'?

1
XEH2.1 = twall * E(Bbot.l + Bbot.lower.l) =7.064t

1
YEHD.1 = 351 = Sl = 15f

ip

1
EH3 = —k
1.vert 2 o

a.anchor.ws.mft)z-sin(é — 30deg) = ~0.022:

anchor

1 2 kip
EH3| por = Eka.anchor'ﬁfs(“ft) 'Cos(éanchor - 30deg) = 0.097-?

2
XEH3.1 = twall T Bbot.lower.1 + (3-5ft - g'4ft)tan(30deg) = 6.488 ft

2 .
YEH3.1 = 3.5t — g'4ft =10-in
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Bazin Bros, 3745
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Fire Road
Jamaica, VT
. . hyall.1 kip
LSpor.1 = | (ka.wair dsur hbackfit.1) i diaffic.1 <Bbot.1 + —,  Tlobs
0 otherwise
1 .
XLS hor.1 = twall + E(Bbot.lower.l + Bbot.l) = 7.064ft (Assumed for ease of calculation)

1
YLS.hor.1 = 5 Mbackfinl.1 = 7-1311¢

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

$r=109 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"
kip
SV = 0.9(DCyq 1 + DCanchor.1 + DCfig 1) + 1.0:(EVIay + EVIby + EV2| + EV3| + EV4,) ... = 17.879-—=
Ny 1'50'(EH1 Lvert T EHZI.Vert + EH31.vert)
kip
Ry.1:= 08 tan(pg) TV = 10.015-— AASHTO 10.6.3.4
kip
Rip=opRe = 9'014'f_
t
Driving Forces
) kip
SHy = i 1.50-(EH1 o+ EH2) o+ EH3G o) + 17518y, ] = 5.499.—=
Check "OK" if ud >1 "OK"
eck.q: 4: = i > =
sliding.1 SH. |

"NG" otherwise
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

. kip-ft
Resisting := 0'9(Dcwall.1'XDC.wall.1 + Dcanchor.l'xanchor.l) = 60.867- i
+ 1.0~0.8.(E\/1al-xE\,m1 + EVIb -xgyp1 + EV2-Xgya | + EV3xgy3 | + EV41‘xEV4'1)
+ L50(EH1 | yereXgH1 1 + BH2) yerrXgpo.1 + EH3 yerr XgH3.1)
Driving Forces
L kip-ft
Driving = 1.50-(EH1} horYEH1 1 + EH2| horYEH2.1 + EH31 hor YEH3.1) + 175LShor 1'YLS hor.1 = 33.749- i
Resisting |
CheckOT 1= "OK" if ———— =1 ="OK"
: Driving;
"NG" otherwise
Eccentricity of Resultant
kip
SVe 1= 0.9(DCyan1 + DCanchor.1) + 1.0:0.8:(EVla + EVIby + EV2) + EV3| + EV4y) ... = 14.394-—*
+ 1'50(EH1 Lvert EH21.vert + EH31.vert)
0 _(Resistingl - Drivingl) 1 ] ]
EVer v + E(tftg ~ tyall) | + 0-9DCtg 1 XD fig.1
1) == = el = = =281ft (Distance to resultant

YVeq + 0.9DCftg'1 from face of ftg)

1
B = Bpotlower.1 T twall + E(tftg - twall) =7.0071t
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By
€)= max| — — ll,Oft = 0.693 ft
2

=1.752ft (Within Middle Half of ftg per e
AASHTO 11.6.3.3) Check, { = |"OK" if ——— <1 ="OK"
Callow.1

By
e = —
allow.1 4

"NG" otherwise

Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

. kip-ft

ReSIStmgbrg.l = 1'ZS(DCwall.I'XDC.wall.l + Dcanchor.l'xanchor.l) = 108.067- i
+1.35(EH1 | yereXgh 1.1+ BH2| yerrXEH2.1 + EH3 | yert XEH3.1) -
+ 1'75’(stert.l'XLS.vert.l)
. . Kip- ft
Drivingj,o 1 = 1.35(EH1 | porYEH1.1 + EH2) hor YEH2.1 + BH3| hor YEH3.1) + 1-75LShor.1'YLS hor. 1 = 31-641- i
kip
SVprg.1 = 1.25:(DCyqy 1 + DCanchor.1) + 1.35:(EV1ay + EVIby + EV2) + EV3) + EV4y) ... = 25.15—=
+1.35-(EH1 | yerq + EH2q yop + EH3 yor) + 175 (LS yepq 1)
i _(Resistingbr | — Drivingy 1) 1 ] ]
g. rg.
XVbre 1 v + E(tftg ~ tyall) | + 1-25DCig 1°XDC fig.1

lbrg.1 = = - bre.| = = =3.93ft (Distance to resultant

' 2Vpre 1 T 1.25DCg from face of ftg)

By
Cprg, | = Max 7 - lbrg.l’Oft =0ft
Effective footing width
Bl - 2ebrg1 =7.007 ft
ZVbrg.l T
Ofoor] = ———— = 3.589-ksf Eq. 11.6.3.2-1, Rectangular Distibution for
By —2Zepg Foundations on soil
qRr 1 = 0.45-14.0ksf = 6.3-ksf Conservatively use resistance for 6ft width
. .. IR
CheckBearing; := ["OK" if >1 ="OK"
Ofoot.1

"NG" otherwise
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External Stability Analysis at Anchor 2

Calculate Vertical Loads and Associated Lever Arms (All Lever Arms are from Point "O")

kip
DCyall 2= twall Pwall.2 Ve = 21185
1
XDC.wall.2 = 7 twall = 031t
kip

EV1ay = =g (hpackfinl.2 ~ Pwail.2) (dsiope.2) = 0=

N | =

2
XEVla.2 = twall T Edslope.Z =11t

kip
EV1by = Ny (hpaekfitt.2 ~ hwall.2) (Bbot.2 ~ dsiope.2) = 0=

1
XEV1b.2 = twall  dslope.2 E(Bbot.Z - dslope.2) =4.561ft

kip
EV2) = g (hyano = 3-5ft) Byogo = 10.588-—*

1
XEV2.2 = twau + EBbotQ =4.561ft

7in kip
EV3, = ~.(3.5ft)-| B - [ =2.123—
2= g ( bot.lower.2 cos(30deg)) ft
1 7in
X =t +—| B - —F— | =3.167ft
EV3.2 wall 2( bot.lower.2 cos(30 deg)j
1 7in kip
EV4, = ~.-—-3.5ft| (W5 + 3ft + 5.375in) — | B ——— [|=0.518—
2= 5 [( 2 ) ( bot.lower.2 cos(30deg)j:| ft
] 1 . 7in
XEV4.2 = twall T Bbotlower.2 * 3 Wy + 3ft + 5.375in — | Byot jower.2 — cos(30deg) =6.712ft
DC = ! 17401bf) if AnchorT ="B" =0.638 @
anchor.2 = trib2. ( ) if AnchorType, = TS (See Anchor Geometry
(2010Ibf) if AnchorType, = "C" Drawing)

(22851bf) if AnchorTypey = "D"

(25501bf) if AnchorType, = "E"
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Xanchor.2 = twall T [ (2ft + 2.25in) if AnchorType, ="B" = 5.005-ft

(2ft + 8.8125in) if AnchorType, ="C"
(3ft + 5.125in) if AnchorType, ="D"

(4ft + 0.0625in) if AnchorType, = "E"

. kip . .
LSvert2 = |[dsur[Boot2 ~ (diratfic.2)[| if diraffic.2 <Bbot2 = 1434 =5 Used in bearing calcs only

0 otherwise

1
XS vert.2 = twall T deraffic.2 * ;(Bbot.z ~ dyaffic.2) = 5-561ft

kip
DCftg.Z = ﬁ{c’tftg’hftg = 0'9’?
t
ftg S .
XDC.ftg.2 = T =1.5ft Note: This moment arm is measured from the front toe of

the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated L ever Arms

kip

1 2 .
EH1j vert = Eka,wau‘ﬂfs‘(hbackfm_z — 3.5ft) " sin(3,,) = 0.864 .

1 ) Kip
EH1 hor = Eka.wall"Ys‘(hbackﬁu.z — 3.5ft) - cos(8yq11) = L811=

XEH1.2 = twall + Bpor.2 = 81211t

1
yEH12 = 3.5t + g(hbackflllZ - 35ft) =7.04ft

. kip
EH2) yer = ka.anchor’ﬁ{s'(hbackfill.Z - 3'Sft)’(4ﬁ)'sm(5anch0r - 30deg) = _0'119’?

kip
EH2) jop = 1(a.anchor’ﬁ{s’(hbackfill.Z - 3'Sﬁ)'(4ft)'cos(5anch0r - 30deg) = 0'516’?

1
XEH2.2 = twall + ;(Bbot.z + Bpog lower.2) = 7-0641t

1
YpHp.2 = 35t = -4t =15f

1 2. kip
EH3, .= Eka.anchor-fys-@ft) .sm(éanchor - 30deg) = —0.022.?

1 2 kip
EH3) hor = Eka.anchor’ﬁ{s'(“t) 'Cos(éanchor - 30deg) = 0'097’?
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2
XEH32 = twall + Bbot.lower.2 + (35ft - g4ft)tan(30deg) = 6.488ft
2 .
LSp. 5= |(k h if d <By o+ Dwall 2 - 1.005. 5P
hor.2 -~ ( a.wall Ysur backﬁll.2) I diraffic.2 bot.2 b - it
0 otherwise
1 ,
XIS hor2 = twall * E(Bbot.lower.Z + Bbot.2) = 7.064ft (Assumed for ease of calculation)

1
YLS.hor.2 = Ehbackfﬂll =7.061t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

D= 09 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

kip
2V = 0.9(DCyyp1 2 + DCynchor2 + DCfig o) + 1.0-(EVlag + EVIby + EV2) + EV3,) + EVdy) ... = 17.602-—*
1y 1'50'(EHIZ.Vert + EH22.Vert + EH32.vert)
kip
Ry 2= 08tan(bg,) XV, =9.86-—* AASHTO 10.6.3.4

kip
Rr.z = ¢T‘RT.2 = 8874?

Driving Forces

kip
SHy o =M 150-(EH1y op + EH2p o+ EH3, o) + L75LSy o] = 53975
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Check "OK" if Sr2 >1 "OK"
€CKsliding.2 = 1 = =
£ EHT.Z

"NG" otherwise
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

- kip-ft
Resisting, := 0'9(Dcwall.2'XDC.wall.2 + DCanchor.Z'Xanchor.Z) =59.659- i
+ 1.0-0.8.(E\/l:ﬂz.xE\,m2 + EV1byxgyp2 + EV2y:Xpyo o + EV35-xpy3 5 + EV42‘xEV4'2)
+ L.50(EH1) yery XgH1 2 + EH2) yery Xgp2.2 + EH3) verr XgH3 2)
Driving Forces
L kip- ft
Drivingy = 1.50-(EH1y horYEH1 2 + EH2) hor YEH2 2 + EH32 hor YEH3 2) + 1.75LShor 2'YLS hor.2 = 3283 i
Resisting,
CheckOT2 = |"OK" if ————=>1 ="OK"
: Driving
2
"NG" otherwise
Eccentricity of Resultant
kip
$Ven = 0.9(DCya1 2 + DCanehor.2) + 1.0:0.8:(EV1ay + EVIby + EV2, + EV3, + EV4y) ... = 14.146-—
+ 1'50(EH12.Vert + EH22.vert + EH32.vert)
(Resisting2 - Drivingz) 1
XV = + E(tftg = tyall) | + 0-9DCg 2 XpC fig 2
1y = c.2 =2.8211t (Distance to resultant

YVen + 0.9DCftg'2 from face of ftg)

1
B) = Bpotlower.2 t twall + E(tftg - twall) =7.0071t
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62 = max[

Callow.2 =

- 12,Oftj = 0.683ft

= 1.752ft

.;;|NU:1 N|Nw

Check Bearing Pressure

(Within Middle Half of ftg per
AASHTO 11.6.3.3)

Bazin Bros, 3745
16x8 BC - WW3A

Fire Road
Jamaica, VT
€
Check, 5 := |"OK" if ——— <1 ="OK"
Callow.2

"NG" otherwise

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

kip-ft
fit

ReSiStingbrg.Z = 1'ZS(DCwall.Z'XDC.wall.Z + DCanchor.Z'Xanchor.Z) = 106.365-

+1.35(EH1 v XgH1 2 + EH2) yery X2, 2 + EH3) yery X3 2)
+ 1-75‘(stert.Z'XLS.vert.Z)

kip-ft
fit

Drivingj,o 5 = 1.35(EH15 porYEH1 2 + EH2) hor YEH2.2 + BH32 hor YEH3.2) + 1-75LShor 2 VLS hor.2 = 30-789-

Kip

SVprg2 = 1.25:(DCyyqy1 2 + DCynehor.2) + 1.35:(EV1ay + EVIby + EV2; + EV3) + EV4y) ... = 24.788- m

+ 1.35«(EH12'Vert +EH2y o + EH32.Vert) + 1.75.(stert.2)

(Resistingbr o — Drivingy 2) 1

g. rg.

XVbrg 2 v + E(tftg ~ tyall) | + 1:25DCg 9 XpC fig 2
brg.2 (Distance to resultant

from face of ftg)

=3.938ft

1 =
brg.2
g SVprg 2 + 125DCg 5

By
ebrg.2 = max 7 - lbrg.Z’Oft =0ft

Effective footing width
B2 - 26brg2 =7.007 ft

SV
_ g2 53kt

Ofoot.2 = Eq. 11.6.3.2-1, Rectangular Distibution for

B, —2-€
2 brg.2 Foundations on soil

qR o = 0.45-14.0ksf = 6.3-ksf Conservatively use resistance for 6ft width

qRr.2
CheckBearing, := ["OK" if >1

Ofoot.2

"NG" otherwise

— uOKu
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External Stability Analysis at Anchor 3

Calculate Vertical Loads and Associated Lever Arms (All Lever Arms are from Point "O")

kip
DCyall3 = twalr Pwall. 3 e = 2096-=

1
XDC.wall.3 = 7 twall = 0.5ft

K
’YS'(hbackﬁllS - hwall.3)'(dslope.3) =0—2

EVla, =
3 fi

N | =

2
XEVia.3 = twall T Edslope.3 =1t

kip
EV1bs := ¢ (hpackfiil.3 ~ hwall3) (Bbot.3 ~ dsiope.3) = 0=

1
XEV1b.3 = twall + dslope.3 T E(Bbot.?) - dslope.3) =4.561ft

kip
EV23 = g (hyan 3 = 3-5ft) Bpog 3 = 10.445-—*

1
XEV2.3 = twall ¥ 5 Bbot3 = 4.561 ft

7in kip
EV3, = ~.(3.5ft)-| B - [ =2.123—
35 ( bot.lower.3 cos(30deg)) ft
1 7in
X =t +—| B - —F— | =3.167ft
EV3.3 wall 2( bot.lower.3 cos(30deg)j
1 7in kip
EV4, = ~.-—-3.5ft| (W; + 3ft + 5.375in) — | B ——— [|=0.518—
35 g 5 [( 3 ) ( bot.lower.3 cos(30deg)j:| ft
] 1 . 7in
XEV4.3 = twall T Bbotlower.3 * 3 W3 + 3ft + 5.375in — | Byot jower.3 — cos(30deg) =6.712ft
DC = L 17401bf) if AnchorT ="B" =0.637 ﬁ
anchor.3 = trib3. ( ) if AnchorTypes = R (See Anchor Geometry
(2010Ibf) if AnchorType; = "C" Drawing)

(22851bf) if AnchorTypes ="D"

(25501bf) if AnchorTypes = "E"
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Xanchor.3 = twall T [ (2ft + 2.25in) if AnchorTypesy ="B" = 5.005-ft

(2ft + 8.8125in) if AnchorTypey = "C"
(3ft + 5.125in) if AnchorTypey ="D"

(4ft + 0.0625in) if AnchorTypes ="E"

. kip . .
LSvert3 = |[dsur[Bbot.3 ~ (dratfic.3)[] if diraffic.3 <Bbot3 = 1434 =5 Used in bearing calcs only

0 otherwise

1
XS vert.3 = twall T deraffic.3 * E(Bbot.?a ~ dyaffic.3) = 5-561ft

. kip
DCftg.3 = ﬁ{c’tftg’hftg = 0'9’?
t

XDC fig.3 = g =15ft Note: This moment arm is measured from the front toe of
o 2 the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated L ever Arms

ki

. 1 2 . ip
EH13 yert = Eka,wau‘“{s‘(hbackﬁu;j — 3.560) " sin(8,41]) = 0.841-F

1 2 kip
EHl3 o= Eka.wau"Ys'(hbackﬁus — 3.5ft)"-cos(Byq))) = 1763‘7

XEH1.3 = twall + Bpor.3 = 81211t

1
YEH1.3 = 3-5ft + ;(hbackﬁu_3 — 3.5ft) = 6.992ft

. kip
EH23 yor = ka.anchor’ﬁ{s'(hbackfill.3 - 3'Sft)’(4ﬁ)'sm(5anch0r - 30deg) = _0'118’?

kip
ERH23 o = ka.anchor’ﬁ{s’(hbackfill.3 - 3'Sﬁ)'(4ft)'cos(5anch0r - 30deg) = 0'51’?

1
XEH2.3 = twall E(Bbot.?a + Biog lower.3) = 7-0641t

1
YpHp.3 = 35t = -4t =156

1 2 . kip
BH33 vert = - ka.anchor Y5 (40 -sin(8ypepor — 30deg) = ~0.022=*

1 2 kip
EH33 hop = Eka.anchor’ﬁ{s'(“t) 'Cos(éanchor - 30deg) = 0'097’?
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2
XEH33 = twall + Bbot.lower.3 + (35ft - g4ft)tan(30deg) = 6.488ft
2 .
B , bwall3 kip
LSpor.3 = | (ka.wair dsur hbackfinn.3) <08(dwan) if diraffic.3 < Bbot3 + —, T8~
0 otherwise
1 .
XIS hor.3 = twall * E(Bbot.lowerS + Bbot.3) = 7.064ft (Assumed for ease of calculation)

1
YLS.hor.3 = Ehbackfﬂl.3 = 6.9881t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

D= 09 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

kip
2V3 = 0.9(DCyyp1 3+ DCynchor3 + DCfig 3) + 1.0-(EVlag + EVlby + EV23 + EV35 + EVd3) ... = 17.408-——

ft
1y 1'50'(EHI3.Vert + EH23.Vert + EH33.vert)
kip
Ry 3= 08 an(opg) V3 =9752= AASHTO 10.6.3.4

kip
Rr.3 = ¢T‘RT.3 = 8776?

Driving Forces

kip

SHy 3= 0 150-(EH13 o, + EH23 o+ EH33 1 ) + L75LS) 5] = 5,126 .
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

. kip-ft
Resisting := 0'9(Dcwall.3'XDC.wall.3 + Dcanchor.3'xanchor.3) = 58865'?
+1.0-0.8 (EVlag-xgy 1,3 + EVIb3Xgy1p 3 + EV23-Xgyn 3 + EV33-Xgy3.3 + EV43-Xpys 3)
+ 1L50(EH13 o Xg 1.3 + EH23 yerg XEH2.3 + EH33 yory XEH3.3)
Driving Forces
L kip-ft
Drivings := 1.50-(EH13 por YEH1.3 + EH23 hor YEH2.3 + EH33 hor YEH3.3) + 175LSnor 3YLS hor.3 = 30.742:—
Resistings
CheckOT 3= "OK" if ———— =1 ="OK"
: Driving
3
"NG" otherwise
Eccentricity of Resultant
kip
$Ve 3 = 0.9(DCya1 3 + DCanehor.3) + 1.0:0.8:(EVlag + EVIbg + EV23 + EV33 + EV43) .. = 13.981-—*
+ 1'SO(EHl3.Vert + EH23.vert + EH33.vert)
0 _(Resisting3 - Driving3) 1 ] ]
XVe s oV, 5 + E(tftg ~ tyall) | + 0-9DCtg 3 XD i 3
Iy == = & = = =2.929ft (Distance to resultant

YVe 3+ 0.9DCftg_3 from face of ftg)

1
B3 = Bpotlower.3 t twall + E(tftg - twall) =7.007ft
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B3
eg = max{ — — 13,Oft =0.5751t
2

B
Callow.3 = -3 =1.752ft (Within Middle Half of ftg per e3
4 AASHTO 11.6.3.3) Check, 3 := |"OK" if ——— <1 ="OK"
Callow.3

"NG" otherwise

Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

- kip-ft
ReSIS“ngbrg.3 = 1'ZS(DCwall.?fXDC.wall.3 + DCanchor.S'XanchorS) =105.237- i
+ 1.35(EH13 yor XgH1 3 + EH23 yory XgH2.3 + BH33 yer( XEH3 3)
+ 1'75’(stert.3'XLS.vert.?a)
. . kip-ft
Drivingyr 3= 1.35(EH13 hor YEH1.3 + BH23 hor YEH2.3 + EH33 hor YEH3.3) + 175LShor 3:YLs hor.3 = 28.766-— —
kip
SVprg3 = 1.25:(DCyyqy 3 + DCanchor.3) + 1.35:(EVlag + EVlby + EV23 + EV33 + EV43) ... = 24.54—=
+ 1.35«(EH1 3 vert + EH23 yerg + EH33.Vert) + 1.75.(stert.3)
(Resistingbr 3 — Drivingy 3) 1
g. rg.
2Vprg.3 + ~(tftg ~ twair) | + 125DCig 3XDC fig.3
“Vrg 3 2
lorg.3 = : -4002fc  (Distance to resultant
2Vpre 3 + 1.25DCgio 3 from face of ftg)

Bj
ebrg.3 = max 7 - 1brg.3’0ft =0ft

%foot.3 = By - 2-¢pp 3 = 2ueks Eq. 11.6.3.2-1, Rectangular Distibution for
re: Foundations on soil
qR 3 = 0.45-14.0ksf = 6.3-ksf Conservatively use resistance for 6ft width
9R.3
CheckBearingz := |"OK" if >1 ="OK"
Ofoot.3

"NG" otherwise
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Check Wall Reinforcement

Assume the wall stem is cantilevered above the anchor. Use tallest wall section above anchor. Use maximum horizontal load
factors to calculate moments and shears. Use minimum load factor for axial compression.

Calculate Horizontal Loads and resp. Lever Arms at top of Anchor

hyallinternal = Pwall 1 — 3-3ft = 10.762 ft
! 2 kip {
EHy oy = Eka.wall'ﬁfs'hwall.internal = 2'061'? YEH.wall == Ehwall.internal = 13587t
1 Kip L 5.381ft
i 4 = — . =5.
LSwan = |0 if dyqffic.1 2 E'hwall.l = 0.766-? LS.wall = *5 "wall.internal
(ka.wall'qsur'hwall.internal) otherwise

kip-ft
Muyqpr = My (15 EHyarr YEH wall + 1750 wal YLS walt) = 18-307- o
. kip
Vugan = M (1-5EHy a1 + 1.75LS 1)) = 4433 ==
kip

Nuyan = _ni'(0'9"70'twall'hwall.intemal) = _1'453'?
Check Moment Capacity

bary .j = 6 Swall = 7in covery, = 2in

by, = 1ft

bar
11
diam,,, | = %in = 0.75-in
Tt-diam .
11
Ayl = WAl 1o 0.757in”
4 Swall
diam
wall .

dwall = tyall — COVeryal — =9.625-in

Pmoment = 0-90 Per AASHTO 5.5.4.2.1

Gehear = 0-90 Per AASHTO 5.5.4.2.1

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD Page 25 of 31



Designed By: PJL Bazin Bros, 3745

Checked By: 16x8 BC - WW3A
Date Printed: 8/19/2013 Fire Road
Jamaica, VT

Verify that fy can be substituted for f, in the equations of 5.7.3.2. This is allowed when

< <0.60.
dS
As -f
Coall = __wallly =1.114-in Simplified equation 5.7.3.1.2-4
0.85-f,B; by,
C
dw_all =0.116 This is less than 0.60 therefore fy can be substituted for f
wall

awau = Blcwall =0.891-in

Awall
Mngaq1 = Asganrf, '(dwall Y

Mrwau = d)moment'anall = 31284k1pft
Muy,,,q1'by, = 18.307 kip-ft Mr,,11
CheckyaliFlexure = |'OK" if ————21 ="OK"
Uwall ®w
"NG" otherwise
Check Minimum Flexural Reinforcement (5.7.3.3.2)
f.:= 0.24- [ ksi = 0.537-ksi AASHTO 5.4.2.6
'—lb 3—1 28 103'4
Iy wall = 75 Py twan = 1728 107
_ wall Y Distance from centroid to extreme tension fibers.
Yewall = =0 Conservatively ignore reinforcement.
Ig.wall 3
Sc.wall = = 288-in
Yt.wall
N3 = 0.67 0.67 = Factor for Grade 60 ASTM A615 rebar
V=12 1.2 = Factor for precast segmental structures
Mer.wall = V371 Sc.walr fr = 10-355-kip-ft Simplified AASHTO Eq 5.7.3.3.2-1
1.33Muy,, by, = 24.348 kip-ft
Checkpinsteetwall = |"OK" if Mryy 2 min(1.33Muy by My way) - = "OK”

"NG" otherwise
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Shear Resistance at Bottom of Wall (Section 5.8.3.4.2)

The section contains less than the minimum transverse reinforcement specified in 5.8.2.5,
therefore use equation 5.8.3.4.2-2 to determine the longitudinal strain effect factor (B) at
the location of maximum shear.

Mu = maX(Muwall’Vuwall'dwall) In the eqtn below Mu shall not be less than Vud,
|Mul
I + 05Nuwaﬂ + |Vl.lwa11|
£ wall = — by, 1000-£ oy = 1.21 (5.8.3.4.2-4)
B Eg-Aswall -
Sx_wall = dwall
1.38in
S =5 . =9.625-in
xe_wall x_wall Aggregate gi, — + 0.63in (5.8.3.4.2-5)
4.8 51
Bwall = : =2.641 (5.8.3.4.2-2)
L+ 750"Es_wall N Sxe_wall
lin
O a1 = 29deg + 3500deg-€¢ yq) = 33.228-deg (5.8.3.4.2-3)
Vg = min(0.256¢bydy oy, 0.0316- B [TKsicb -d o) = 21.557Kip (5.8.3.3)
erall = ¢Shear~VnwaH = 19401klp
: Vr
. = . 11
Viiwalr Dy = 4433 Kdp Checkyyaishear = | 'OK" if ————>1 ="OK"
Vuga by

"NG" otherwise

Check Crack Control in Section 5.7.3.4

kip-ft
fit

Msyai1 = M (10 EHy a1 YEH wall + 1-OLSwai VLS .wall) = 11:517-
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kip
Nsyall = _ni'(1'O'Afc'twall'hwall.internal) = _1'614'?
Ms t
wall wall
ewau = ma N + dwall — T s 115dwall =0.9221t
Swall
. . Cwall
Jwap) = minf| 0.74 + .1 ] ,0.9] =0.855
wall
. ) 1
lwall = q = 3.898
. wall
- Jwall’
Cwall
Ms, o+ N d wall
s Sewall’ -—
; wall wall'{ “wall = 5 448 ksi Stress in Reinforcement at Service
SSwall = ~ ~ =T Limit State
AswallIwall wall dwall ft
de_wall = twall ~ dwarl = 2:375in
d
11
By= 1+ W - 1353
O'7’(twall - dc_wall)
Ve = 1.00 exposure factor
ki
700 —2 -,
mn .
Smax = - z'dc_wall =90.256-in
Bs'fsswall'bw

CheckyfaxSpacing = "‘OK" if Sy < Smax = "OK”

"NG" otherwise

Check Minimum Bar Spacing in Section 5.10.3.1.2:

Smin = max(diamwau, 1.33Aggregate g;,m» lin) =1-in

CheCkMinSpacing = |"OK" if sya11 2 Spin = "OK"
"NG" otherwise

Check Maximum Bar Spacing in Section 5.10.3.2:

S = min(1.5~t

Smax 18in) =18 in

wall’

CheskMaxSpacing™ "‘OK" if Sy < Smax = "OK”

"NG" otherwise
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Check Anchor Attachment to Wall

Check Moment Capacity of Connection Bars

Conservatively assume the entire wall is cantilevered about the footing, therefore consider only driving moments. Use total
loads instead of loads per foot. Use 100% of soil weight. Must determine controlling anchor, since tributary width is
variable, not necessarily the anchor at the tallest wall. Assume only top four connection bars resist tension. This
assumption is consistent with HITEC p.D28.

Mu, ) chor = max(Drivingbrg_1~trib1 ,Drivingbrg.ztribz,DriVingbrg.3-trib3) = 123.154-kip-ft

bar, ) hor = 9 size of bar

diam, o= Planchor, _ 0 625.n

ASynchor = %-diamanchorz = 0307in”

n:=6 Number of bars in tension

banchor = tstem = 6°in thickness of anchor stem

hgo = 3ft + 6in height of anchor stem

danchor = 30-5in distance from centroid of tension reinforcement extreme compression fiber.

Verify that fy can be substituted for f; in the equations of 5.7.3.2. This is allowed when

< <0.60.
dS
n-As, -f
Canchor = anchor 'y =5.414-in Simplified equation 5.7.3.1.2-4
0'85'fc'61'banchor
Canchor .. .
=0.178 This is less than 0.60 therefore fy can be substituted for f
d
anchor

anchor = B1 Canchor = 4-331-in

4anchor
Mnghchor = 1 ASanchor '(danchor T,

M Mn = 234.708-kip-ft

Tanchor = Pmoment MManchor

. Mr
= 123.154 kip-ft WA anchor WA
Check AnchorFlexure = OK" if —>1 ="0OK

Mu,nchor

Muychor

"NG" otherwise

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD Page 29 of 31



Designed By: PJL

Bazin Bros, 3745

Checked By: 16x8 BC - WW3A
Date Printed: 8/19/2013 Fire Road
Jamaica, VT

Check Minimum Flexural Reinforcement (5.7.3.3.2)

f.=0.537-ksi AASHTO 5.4.2.6
= h 3 3.704 104 in*

Ig anchor = E'tstem' stem = 3-704X 10 -in

hstem . . . .
Yt.anchor == = 1.75ft Distance from centroid to extreme tension fibers.

' 2 Conservatively ignore reinforcement.
1
.anch

Se anchop = o 1 764x 107-in”

Yt.anchor
Jau= 0.67 0.67 = Factor for Grade 60 ASTM A615 rebar
/M:= 1.2

1.2 = Factor for precast segmental structures

M anchor = ¥3'V1'Sc.anchor fr = 63.426-kip-ft Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muy oy = 163.795 ft-kip-ft

CheCkMinSteelAnchor = |"OK" if Mranchor > min(1.33Mu M

_n "
anchor’ cr.anchor) ="0OK

"NG" otherwise

Check Minimum Steel for Temperature and Shrinkage (11.6.1.5.1 & 5.10.8)

.2 .2 1.30-b -h .2
in in anchor "'stem in
As__: = max| 0.11 — , min| 0.60 —, =0.6—
'min.anchor ft ft fy ft
2'(banchor + hstem)' ksi
.2
ASmin.anchor Dstem = 2110

ASychor (M +2) = 2.454-in2 Account for extra two bars in compression face
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Check Hook Development of Connection Steel in Wall

Per 5.10.2, A standard hook with a 180 degree bend shall have a 4*db extension, but not less than 2.5 inches. Per
5.12.3, Cover beyond free end of bar shall be 2 inches.

38'0diamanchor
lhyp = —=—— =10.621"in Basic development length for a Grade 60 bar with a standard hook
f. (AASHTO 5.11.2.4.1)
ksi

Modification Factors to be applied to the Basic Development Length (AASHTO 5.11.2.4.2)

Mstrength =1 Increase by fy/60 for yield strength greater than 60ksi

Mcover = 0.7 0.7 if side cover normal to plane of hook is at least 2.5 inches AND
Cover beyond hook is at least 2.0in

Mstirrups =1.0 0.8 if hook is enclose in with ties or stirrups as specified in 5.11.2.4.2

Mpg:= 1.0 Conservatively assume entire area of steel provided is required.

Mlightweight =1.0 1.3 if lightweight concrete is used.

Mepoxy =1.0 1.2 if epoxy rebar is used.

M:=M M

strength'Mcover' stirrups'MAS'Mlightweight'Mepoxy =07

Iqp = max(6in, 8-diam M-lyp) = 7435:in

anchor’

twall.min = COVerya) + ldh =9.435-in

Checkyyall Thickness = | "OK" if tyal 2 twallmin = "OK"

"NG" otherwise
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cC O RP OWRA AT I O N

Design/Analysis References:

AASHTO LRFD Bridge Design Specifications, 2012.

VTrans 2011 Standard Specifications for Road and Bridge Construction.

Das, Principles of Foundation Engineering, 5th Edition.

Holtz & Kovacs, Introduction to Geotechnical Engineering

AISC, Steel Construction Manual, 13th Edition

. Highway Innovative Technology Evaluation Center (HITEC), Evaluation of the Con/Span Wingwall System, CERF
Report #40580, July 2001.

7. Contract Plans, "Project Number ER-BRF 015-1(23), Fire Drive Box Culvert, Jamaica VT" by VT AOT, Dated
12/5/2012, Email from VT AOT (5/23/2013) clarifying bearing capacity.

o0k WD~

Assumptions:
1. It is assumed that the failure plane of the soil to be retained by this wall will lie within the proposed
backfill material.
2. The proposed backfill material will meet the material requirements of the contract documents. This material is
assumed to have a friction angle = 34 degrees and a dry unit weight = 140 pcf.
3. The installation of the weepholes combined with free draining backfill will preclude the development of hydrostatic
pressures on the wall.
4, Passive earth pressure in front of the wall is ignored per AASHTO 11.6.3.5.
5. Site Layout. The 16x8 Box Culvert carries Fire Drive over unknown brook. All four wingwalls have varying skew.
Wingwall 4C is closest to traffic. Wingwall 2B is tallest. Check both wings. Also Check WW3 with 3 anchors.
6. Backslope Angle. All 4 wings have a +- flat backslope.
7. Live Load Surcharge. Vehicular Surcharge is applied when traffic can come within a distance of half the height of the

wall to the reinforced soil mass. Only WW3 and WW4 are within this distace. Assume traffic is 2 feet from face of wall and
runs parallel to wall.

8. The HITEC Evaluation (page 3) explains that the Anchor Wall acts as a cantilever wall for most of its length since the
weight of the soil within and above the anchors provides resistance to overturning. The wall also has attributes of a bin wall
since arching and friction of soil masses between anchors provides additional resistance. Therefore, the provisions of AASHTO
Sections 11.6 (Conventional Retaining Walls) and 11.11 (Modular Walls) shall be applied.

9. Per AASHTO 11.11.4.4, a maximum of 80% of the weight of the retained soil is effective in resisting overturning. The
HITEC Evaluation (pages D29-D33) evaluated the accuracy of this assumption and found that using 80% of the soil weight is a
conservative assumption.

10. The Top of Wingwall elevations are 2 inches below the top of headwall elevations.
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General Input:

ELVwalltop = 737.3ft Elevation of the Wingwall at its tallest point
Evaalltip = 736.8ft Elevation of Wingwall at its tip.

ELVbot.ftg = 719.1ft Elevation of the Bottom of the Wall Footing
tg = 3ft Thickness of Wall Footing

hftg = 2ft Height of Wall Footing

heport = ELVwalltip - ELVbot.ftg = hftg — lin = 15.617 ft Short end of wall (less 1" for shim)

heap = Evaamop - ELVbot.ftg = hftg — 1lin=16.117 ft Tall end of wall (less 1" for shim)

Liyan = 8671t Length of Wall Panel

lg1a¢ = Oft Length of flat portion of wingwall before break in slope.

tyal] = 12in Thickness of Wall Panel

tgtem = 0IN Thickness of Anchor Stem

Wlange = 2ft + 6in Width of Anchor Flange

Ogpew = Odeg Angle of ww skew in plan view, measured from edge of roadway.
(to measure distance to traffic for each anchor)

Oya)1 = 90deg Wall batter angle with horizontal

9anchor = Owan + 30deg Anchor batter angle with horizontal

B:= atan(l) =11.31-deg Backfill slope angle with horizontal, measured perpendicular to

5 the wall.

diraffic = (210 Estimated minimum distance to traffic, measured from
stream side of wall and perpendicular to the wall.

BreakInSlope := 2ft Assumed distance from face of guardrail to break-in-slope,

meaured perpendicular to the wall.
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Wall Material Properties

Concrete
) 1bf ) X i .
f. = 5000—2 E, := 4074ksi Aggregate g;,, = -75in
in
Y = 150pct Assumed unit weight of concrete panel.

B, = Stress Block Factor specified in Article

R7929
B = max .65,| |.85 if f. <4000psi =0.8
f. — 4000psi
.85 — E < otherwise
psi 1000
Steel:
f, = 60000E E. := 29000ksi
y 2 S
in
Soil:
_ Factored Bearing Resistance to be determined based on effective footing width. This
qr = * varies per anchor. Per Geotech Analysis, at the strength limit state:
Effective Footing Width (ft) q_R (ksf)
4 11.8
6 14.0
8 16.2
Vg = 140pcf Assumed soil unit weight for all soil
Qgyr = 2ft-yg = 280-psf Surcharge Soil Pressure (AASHTO Tbl 3.11.6.4-2)
d>ﬁg := 35deg Friction Anige of Soil below Wall Footing
Ppackfil] = 34deg Friction Angle of Backfill Soil

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD Page 3 of 25



Designed By: PJL Bazin Bros, 3745

Checked By: 16x8 BC - WW4C
Date Printed: 8/19/2013 Fire Road
Jamaica, VT

. 2
_ sin(Oyall + Phackfill)
Ko wall = =0293 AASHTO 3.11.5.3

- - 2
o, Vosiito o _s |14 sin(@backfil * Swall) sin( Poackfiit ~ B
(w5t = S sin(Oyal ~ Syatt) Sin(Owar + B)

. 2
) Sln(eanchor + d)backfill)
Ka.anchor = =0.098 AASHTO

p - 2
sin(6 2 sin(6 s I sin(Pacifill * Sanchor) S Phackfill = 8) 3.11.5.3
( anchor) ( anchor anchor) sin( 0o — 5anchor)'51n(9anchor N B)

ko = 1 = sin(dp,ckppg) = 0441 AASHTO 3.11.5.2-1

Determine Load Factors (Strength I) (AASHTO 1.3 and Table 3.4.1-1)

Load Modifiers

Np = 1.00 Ductility for a conventional design
nR = 1.00 Redundancy for conventional design
M= 1.00 Importance for a conventional bridge
m; = max(nD-nR-nI,O.%) mi=1

Load Factor Max Min Service

YDC 1.25 0.9 1.0 Component Dead Loads

YEH 1.5 0.9 1.0 Horizontal Earth Loads

YEV 1.35 1.0 1.0 Vertical Earth Loads
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Anchor Types, Layout and Backfill Geometry

ConnectedToBridge := "No"

AnchorType :

AnchorType, :

between Yes and No.

Bazin Bros, 3745
16x8 BC - WW4C
Fire Road
Jamaica, VT

To account for the connection of the wing to the bridge. Choose

"E" Anchor Type to be tied to the back face of the wall. Chosen

between Anchor Type B, C, D, and E as defined below.

uEu

AnchorTypes = "E"

Distance to each anchor is from culvert end of wing. Anchor 1 is closest to culvert.

dist, hor.1 = 1ft + 10in
Note: Research in HITEC report supports spacing from 2.5 ft (anchors are touching) to 5.5
dist, o2 = 6ft + 10in feet (HITEC Report pages D29-D33). If distance between anchors increases beyond 5.5 ft,
data supporting the usable 80% soil weight assumption shall be provided due to possible
. affects on soil arching between the anchors. Similarly, anchor closest to the wall tip shall not
distanchor.3 == 0 exceed 3 feet without supporting data.

If only 1 anchor is used, set dist, 012 = dist,chors = O-

If only 2 anchors are used, set dist, o3 = O-

Tributary Width of Wall for each Anchor

tribplates := |0 if ConnectedToBridge = "No" =0ft
1 .
E'dlStanchor.l otherwise
triby == |1y — tribplates ift dist, hor2 =0 =4.333ft
1, .. . . .
E'(dmanchor.l + dlStanchor.Z) - mbplates otherwise
. 1, . . e
triby == || 1yyap — E(dlstanchor_1 + dlstanchor_z) if disty pop3 =0 = 43371t
. . 1, . . .
E(dlStanchor.Z + dlStanchor.3) - E(dmanchor.l + dlStanchor.Z) otherwise
tribs = Lyyqyy — (triby + triby + tribyp o) = O ft
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Height of Wall at CL of Each Anchor

h(x):= |0 if x=0
htall if 0<x< lﬂat

h.,.;1—h
tall hort
{htall — (ﬂ}(x — lﬂat)} otherwise

1wall - 1ﬂat

hyyall 1 = h(diStanChor.l) =16.011ft Height of wall at each anchor

hyyail 0 = h(distanchor_z) = 15.723 ft

hyal 3= h(diStanchorS) =0ft

Length of each Anchor Stem Extension

Wx) = | (0ft) if x ="B"

(1ft) if x="C"
(2ft) if x ="D"
(3ft) if x="E"

W, = W(AnchorTypel) =3ft
Wy = W(AnchorTypez) =3ft

Wy = W(AnchorType3) =3ft

Width of Soil Column above each Anchor

Byo1 is the width of the soil column at the top of the anchor, measured from backfill side of wall to upper tip of each anchor.

Bpog = Wy + (3ft + 5.375in) + ﬁgldeg) = 7.1211t

Bpogn = Wy + (It + 5.375in) + — = 7.121ft
) cos(30deg)

Byo 3 = W3 + (3ft + 5.375in) + — o — —7.121 f
) cos(30deg)
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Bpot lower IS the width of the soil column at the bottom of the anchor, measured from backfill side of wall to bottom tip of
anchor.

Bhot.lower.1 = W1 + (lft + 4in + ﬁg;eg)j =5.007ft

Bhotlower.2 = Wo + (1ft + 4in + Lj =5.007ft
' ‘ cos(30deg)

Bhotlower3 = W3 + (lft + 4in + Lj = 5.007 ft
' ’ cos(30deg)

Perpendicular Distance to Traffic at each Anchor

diraffic.1 = deraffic + diStanchor.l'tan(o‘skeW) =2ft
diraffic.2 = deraffic + diStanchor.Z'tan(o‘skeW) =2ft

diraffic.3 = diraffic + diStanchor.S'tan(o‘skeW) =2ft

Height of backfill at CL of each anchor

dglope.1 = max(O,min(Bbot_l .dyraffic.| — BreakInSlope — twall)) =0ft Distance to break in slope, measured
perpendicular to wall from inside face of wall,
dslope.2 = max(o’min(Bbot.Z’dtrafficQ — BreakInSlope — twall)) =0ft limited by B.bot.

dglope.3 = max(o’min(Bbot.3’dtraffic.?) — BreakInSlope — twall)) =0ft

hbackfill.1 = MaX(hyqpp 1-hyarr 1 + Min(Bpo 1-dgjope. 1) tan(P)) = 16.011 t The height of backfill is taken at the
end of the reinforced soil mass.

hbackfill.2 = MaX(hyq1p 22 hyarr 2 + Min(Bpo 2. dgjope o) tan(P)) = 15723t

hbackfill.3 = MaX(hyyqpp 3. hyar 3 + Min(Bpo 3.dgjope 3)tan(B)) = 0 ft
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External Stability Analysis at Anchor 1

Calculate Vertical Loads and Associated Lever Arms

Bazin Bros, 3745
16x8 BC - WW4C
Fire Road
Jamaica, VT

(All Lever Arms are from Point "O")

kip
DCyan.1 = twanbwall.1¥e = 2-402'?

1
XDC.wall.1 3= 7 twall = 0.5ft

y
Vs (Mpackfitt.1 = hwall.1) (dstope.1) = 0-%

EVla, =
1 t

N | =

2
XEVla.l = twall T Edslope.l =11t

kip

EV1by = vy (hpaekfin1 ~ hwait.1) (Bbot.1 ~ dsiope.1) = 0=

ft

1
XEV1b.1 = twall t dslope.1 * E(Bbot.l - dslope.l) =4.561ft

kip
EV2) = g (hyan = 3-5f) Bpor 1 = 12474-—=

1
XEV2.1 = twau + EBbOt.l =4.561ft

23.Kip

7in
EV3, = ~.(3.5ft)-| B -—F— | =2.123
1= ( bot.lower.1 cos(30deg)) ft

1
XEV3.1 = tyall * E(Bbot.lower.l -

1 .
EV4, := 7S~5~3.5ft-|:(W1 + 3ft + 5.375in) — (Bbot.lower. |-

7in

— | =3.167ft
cos(30deg)

_7in o gsigkip
cos(30deg) ft

1 . 7in
XEV4.1 = twall  Bootlower.l T g'[wl + 3ft + 5.375in — (Bbot.lower.l - m)} =6.712ft

DC

= (17401bf) if AnchorType; ="B"

anchor.1 - tribl '

(20101bf) if AnchorType; ="C"

(22851bf) if AnchorType; = "D"

(25501bf) if AnchorType; = "E"

Xanchor.1 = twall *
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(2ft + 2.25in) if AnchorType; ="B"

=0.588-—

kip
ft (See Anchor Geometry
Drawing)
= 5.005-ft

(2ft + 8.8125in) if AnchorType; ="C"
(3ft + 5.125in) if AnchorType; = "D"

(4ft + 0.0625in) if AnchorType; = "E"
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. kip . .
LSyert.1 = I:qsur'I:Bbot.l - (dtrafﬁc.l):ﬂ if diratfic.1 <Bbot.1 = 1'434'? Used in bearing calcs only

0 otherwise

1
XLS.vert.] = twall * diraffic.1 E(Bbot.l - dtrafﬁc.l) =5.5611t

kip
DCfo 1 = Ve trg Dprg = 0'9'?
t
XDC.fig.1 = _ftg =1.51t Note: This moment arm is measured from the front toe of
o 2 the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated Lever Arms

1 2 kip
EH1Y vert = Eka.wall'“fs'(hbackfﬂu — 3.5ft) " sin(8yy 1) = 1381
kip

1 2
EHLY hor = Eka-wall"YS'(hbackﬁll.l ~ 3.5t) - cos(8yqp1) = 2.895=>

XEH1.1 = twall * Bpot.1 = 81211t

1
YEH].] = 3:5ft+ g(hbackfﬂl.l — 3.5ft) = 7.67ft

: kip
EH2| yert = ka.anchor"\fs'(hbackﬁll.l - 3'5ft)'(4ft)'sm(5anchor - 30deg) = _0-154'?

kip
EH2y por = ka.anchor"\fs'(hbackfill.l - 3'5ft)'(4ft)'cos(5anchor - 30deg) = 0-667'?

1
XEH2.1 = twall * E(Bbot.l + Bbot.lower.l) =7.064t

1
YEHD.1 = 351 = Sl = 15f

ip

1
EH3 = —k
1.vert 2 o

a.anchor.ws.mft)z-sin(é — 30deg) = ~0.025-

anchor

1 2 kip
EH3| por = Eka.anchor'ﬁfs(“ft) 'Cos(éanchor - 30deg) = 0.107-?

2
XEH3.1 = twall T Bbot.lower.1 + (3-5ft - g'4ft)tan(30deg) = 6.488 ft

2 .
YEH3.1 = 3.5t — g'4ft =10-in
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. . hyall.1 kip
LSpor.1 = | (ka.wair dsur hbackfit.1) i diaffic.1 <Bbot.1 + —, T8l
0 otherwise
1 .
XLS hor.1 = twall + E(Bbot.lower.l + Bbot.l) = 7.064ft (Assumed for ease of calculation)

1
YLS.hor.1 = 5 Mbackfinl.1 = 80051t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

$r=109 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"
kip
SV = 0.9(DCyq 1 + DCanchor.1 + DCfig 1) + 1.0:(EVIay + EVIby + EV2| + EV3| + EV4,) ... = 20419-—*
Ny 1'50'(EH1 Lvert T EHZI.Vert + EH31.vert)
kip
Ry.1:= 08 tan(pg) TV = 11438~ AASHTO 10.6.3.4
kip
Rr.l = ch.RT.l = 10294?
Driving Forces
. kip
SHy = i 1.50-(EH1 o+ EH2) o+ EH3G o) + 17518y, ] = 7.801-—=
Check "OK" if gl >1 "OK"
eck.q: 4: = i > =
sliding.1 SH. |

"NG" otherwise
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

. kip-ft
Resisting := 0'9(Dcwall.1'XDC.wall.1 + Dcanchor.l'xanchor.l) =72.353 i
+ 1.0~0.8.(E\/1al-xE\,m1 + EVIb -xgyp1 + EV2-Xgya | + EV3xgy3 | + EV41‘xEV4'1)
+ L50(EH1 | yereXgH1 1 + BH2) yerrXgpo.1 + EH3 yerr XgH3.1)
Driving Forces
L kip-ft
Driving = 1.50-(EH1 horYgH1 1 + EH2| horYEH2.1 + EH31 hor YEH3.1) + 175LShor 1'YLS hor.1 = 53331 i
Resisting |
CheckOT 1= "OK" if ———— =1 ="OK"
: Driving;
"NG" otherwise
Eccentricity of Resultant
kip
SVe 1= 0.9(DCyan1 + DCanchor.1) + 1.0:0.8:(EVla + EVIby + EV2) + EV3| + EV4y) ... = 16.586-—
+ 1'50(EH1 Lvert EH21.vert + EH31.vert)
0 _(Resistingl - Drivingl) 1 ] ]
EVer v + E(tftg ~ tyall) | + 0-9DCtg 1 XD fig.1
1) == = el = = =2.117ft (Distance to resultant

YVeq + 0.9DCftg'1 from face of ftg)

1
B = Bpotlower.1 T twall + E(tftg - twall) =7.0071t
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By
€)= max| — — ll,Oft = 1.387ft
2

=1.752ft (Within Middle Half of ftg per e
AASHTO 11.6.3.3) Check, { = |"OK" if ——— <1 ="OK"
Callow.1

By
e = —
allow.1 4

"NG" otherwise

Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

kip-ft
fit

ReSiStingbrg.l = 1'ZS(DCwall.I'XDC.wall.l + Dcanchor.l'xanchor.l) = 123.163-

+ 1.75‘(stert.l'XLS.vert.l)

. Kip- ft
Drivingj,o 1 = 1.35(EH1 | porYEH1.1 + EH2) hor YEH2.1 + BH3| hor YEH3.1) + 1-75LShor.1'YLS hor. 1 = 49-836- i
kip
SVprg.1 = 1.25:(DCyqyy 1 + DCanchor.1) + 1.35:(EV1ay + EVIby + EV2) + EV3) + EV4y) ... = 28275~

+ 1.35«(EH11'Vert +EH2| opg + EH31.Vert) + 1.75.(stert.1)

[ _(Resistingbr | — Driving 1) 1 ] ]
g. rg.
XVbre 1 v + E(tftg ~ tyall) | + 1-25DCig 1°XDC fig.1
lbrg.1 = = - bre.| = = =3513ft  (Distance to resultant
2Vpre 1 T 1.25DCg from face of ftg)

B
1
ebrg_l = max(T — lbl’gl ,Oftj =0ft

Effective footing width
Bl - 2ebrg1 =7.007 ft

3V
Ofoot.] = _ el = 4.035-ksf Eqg. 11.6.3.2-1, Rectangular Distibution for
By —2epg 1 Foundations on soil
qRr 1 = 0.45-14.0ksf = 6.3-ksf Conservatively use resistance for 6ft width
qRr.1
CheckBearing; := ["OK" if >1 ="OK"
Ofoot.1

"NG" otherwise
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External Stability Analysis at Anchor 2

Calculate Vertical Loads and Associated Lever Arms (All Lever Arms are from Point "O")

kip
DCyall 2= twall Pwall.2 Ve = 2:358 .=
1
XDC.wall.2 = 7 twall = 031t
kip

EV1ay = =g (hpackfinl.2 ~ Pwail.2) (dsiope.2) = 0=

N | =

2
XEVla.2 = twall T Edslope.Z =11t

kip
EV1by = Ny (hpaekfitt.2 ~ hwall.2) (Bbot.2 ~ dsiope.2) = 0=

1
XEV1b.2 = twall  dslope.2 E(Bbot.Z - dslope.2) =4.561ft

kip
EV2) = g (hyano = 3-5ft) Byogo = 12.186-—*

1
XEV2.2 = twau + EBbotQ =4.561ft

7in kip
EV3, = ~.(3.5ft)-| B - [ =2.123—
2= g ( bot.lower.2 cos(30deg)) ft
1 7in
X =t +—| B - —F— | =3.167ft
EV3.2 wall 2( bot.lower.2 cos(30 deg)j
1 7in kip
EV4, = ~.-—-3.5ft| (W5 + 3ft + 5.375in) — | B ——— [|=0.518—
2= 5 [( 2 ) ( bot.lower.2 cos(30deg)j:| ft
] 1 . 7in
XEV4.2 = twall T Bbotlower.2 * 3 Wy + 3ft + 5.375in — | Byot jower.2 — cos(30deg) =6.712ft
DC = ! 17401bf) if AnchorT ="B" =0.588 @
anchor.2 = trib2. ( ) if AnchorType, = T e (See Anchor Geometry
(2010Ibf) if AnchorType, = "C" Drawing)

(22851bf) if AnchorTypey = "D"

(25501bf) if AnchorType, = "E"
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Xanchor.2 = twall T [ (2ft + 2.25in) if AnchorType, ="B" = 5.005-ft

(2ft + 8.8125in) if AnchorType, ="C"
(3ft + 5.125in) if AnchorType, ="D"

(4ft + 0.0625in) if AnchorType, = "E"

. kip . .
LSvert2 = |[dsur[Boot2 ~ (diratfic.2)[| if diraffic.2 <Bbot2 = 1434 =5 Used in bearing calcs only

0 otherwise

1
XS vert.2 = twall T deraffic.2 * ;(Bbot.z ~ dyaffic.2) = 5-561ft

kip
DCftg.Z = ﬁ{c’tftg’hftg = 0'9’?
t
ftg S .
XDC.ftg.2 = T =1.5ft Note: This moment arm is measured from the front toe of

the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated L ever Arms

1 2 . kip
EH12,Vert = Ekawauﬁ{s(hbackﬁllz - 35ﬁ) -Sln(éwall) = 1318?

1 2 kip
EH1 or = Eka.wau"Ys'(hbackﬁu.z — 3.5ft)"-cos(Byq))) = 2763‘?

XEH1.2 = twall + Bpor.2 = 81211t

1
YEH1 2 = 3-5ft + g(hbackﬁu.z — 3.5ft) = 7.574ft

. kip

EH2) yer = ka.anchor’ﬁ{s'(hbackfill.Z - 3'Sft)’(4ﬁ)'sm(5anch0r - 30deg) = _0'151’?
) kip

EH2) jop = 1(a.anchor’ﬁ{s’(hbackfill.Z - 3'Sﬁ)'(4ft)'cos(5anch0r - 30deg) = 0'652’?

1
XEH2.2 = twall + ;(Bbot.z + Bpog lower.2) = 7-0641t

1
YpHp.2 = 35t = -4t =15f

ki
- 30deg) = ~0.025—

1
EH3 = —k
2.vert ) it

2 .
a.anchor Vs (410 «s1n(6

anchor

1 2 kip
EH3) hor = Eka.anchor’ﬁ{s'(“t) 'Cos(éanchor - 30deg) = 0'107’?
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2
XEH32 = twall + Bbot.lower.2 + (35ft - g4ft)tan(30deg) = 6.488ft
2 .
LSp. 5= |(k h if d <By o+ Pwall2 - _ 1.289. X
hor.2 -~ ( a.wall Ysur backﬁll.2) I diraffic.2 bot.2 b - it
0 otherwise
1 ,
XIS hor2 = twall * E(Bbot.lower.Z + Bbot.2) = 7.064ft (Assumed for ease of calculation)

1
YLS.hor.2 = Ehbackfﬂll =7.8611t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

D= 09 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

kip
2V = 0.9(DCyyp1 2 + DCynchor2 + DCfig o) + 1.0-(EVlag + EVIby + EV2) + EV3,) + EVdy) ... = 20.003-—*
1y 1'50'(EHIZ.Vert + EH22.Vert + EH32.vert)

— _ kip
Ry o= 08tan(dg) BV, = 11.205-— AASHTO 10.6.3.4

kip
Rr.z = ¢T‘RT.2 = 10085?

Driving Forces

kip

SHy o =M 150-(EH1y op + EH2p o+ EH3, o) + L75LSy o] = 75385
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Check "OK" if Sr2 >1 "OK"
€CKsliding.2 = 1 = =
£ EHT.Z

"NG" otherwise
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

- kip-ft
Resisting, := 0'9(Dcwall.2'XDC.wall.2 + DCanchor.Z'Xanchor.Z) =70.554- i
+ 1.0-0.8.(E\/l:ﬂz.xE\,m2 + EV1byxgyp2 + EV2y:Xpyo o + EV35-xpy3 5 + EV42‘xEV4'2)
+ L.50(EH1) yery XgH1 2 + EH2) yery Xgp2.2 + EH3) verr XgH3 2)
Driving Forces
L kip-ft
Drivingy = 1.50-(EH1, o Vg1 2 + EH2) hor YEH2.2 + EH32 hor YEH32) + 175LShor 2'YLS hor.2 = 50.724- i
Resisting,
CheckOT2 = |"OK" if ————=>1 ="OK"
: Driving
2
"NG" otherwise
Eccentricity of Resultant
kip
$Ven = 0.9(DCya1 2 + DCanehor.2) + 1.0:0.8:(EV1ay + EVIby + EV2, + EV3, + EV4y) ... = 16.228-—
+ 1'50(EH12.Vert + EH22.vert + EH32.vert)
(Resisting2 - Drivingz) 1
XV = + E(tftg = tyall) | + 0-9DCg 2 XpC fig 2
1y = c.2 =2.1881t (Distance to resultant

YVen + 0.9DCftg'2 from face of ftg)

1
B) = Bpotlower.2 t twall + E(tftg - twall) =7.0071t
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62 = max[

Callow.2 =

- 12,Oftj = 1.316ft

= 1.752ft

.;;|NU:1 N|Nw

Check Bearing Pressure

(Within Middle Half of ftg per
AASHTO 11.6.3.3)

Bazin Bros, 3745
16x8 BC - WW4C

Fire Road
Jamaica, VT
€
Check, 5 := |"OK" if ——— <1 ="OK"
Callow.2

"NG" otherwise

S:\PROJECTS\Bazin Brothers\Jamaica, VT - Fire Drive\Design\LRFD

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

kip-ft
fit

ReSiStingbrg.Z = 1'ZS(DCwall.Z'XDC.wall.Z + DCanchor.Z'Xanchor.Z) = 120.707-

+1.35(EH1 v XgH1 2 + EH2) yery X2, 2 + EH3) yery X3 2)
+ 1-75‘(stert.Z'XLS.vert.Z)

kip-ft
fit

Drivingj,o 5 = 1.35(EH15 porYEH1 2 + EH2) hor YEH2.2 + BH32 hor YEH3.2) + 1-75LShor 2 VLS hor.2 = 47424

Kip

SVprg2 = 1.25:(DCyyqy1 2 + DCynchor.2) + 1.35:(EV1ay + EVIby + EV2) + EV3) + EV4y) ... =27.752 m

+ 1.35«(EH12'Vert +EH2y o + EH32.Vert) + 1.75.(stert.2)

(Resistingbr o — Drivingy 2) 1

g. rg.

XVbrg 2 v + E(tftg ~ tyall) | + 1:25DCg 9 XpC fig 2
brg.2 (Distance to resultant

from face of ftg)

=3.5571t

1 =
brg.2
g SVprg 2 + 125DCg 5

By
ebrg.2 = max 7 - lbrg.Z’Oft =0ft

Effective footing width
B2 - 26brg2 =7.007 ft

SV
_ g2 s oenkst

Ofoot.2 = Eq. 11.6.3.2-1, Rectangular Distibution for

B, —2-€
2 brg.2 Foundations on soil

qR o = 0.45-14.0ksf = 6.3-ksf Conservatively use resistance for 6ft width

q
CheckBearing, = |"OK" if R.2 >1

Ofoot.2

"NG" otherwise

— uOKu
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Check Wall Reinforcement

Assume the wall stem is cantilevered above the anchor. Use tallest wall section above anchor. Use maximum horizontal load
factors to calculate moments and shears. Use minimum load factor for axial compression.

Calculate Horizontal Loads and resp. Lever Arms at top of Anchor

hyallinternal = Pwaly 1 — 3-3ft = 12.511ft
! 2 kip {
EHy oy = Eka.wall'ﬁfs'hwall.internal = 3'208'? YEH.wall == Ehwall.internal =417 1t
1 Kip L 6.255ft
i 4 = — . =6.
LSyan = |0 if dyaffic.1 2 E'hwall.l = 1.026-? LS.wall = *5 "wall.internal
(ka.wall'qsur'hwall.internal) otherwise

kip-ft
Muyqp1 = My (15 EHyar YEH wall + 1750 ywal YLS walt) = 31291 o
. kip
Vugan = M (1-5EHy a1 + 1.75LS 1)) = 6.606-—
kip

Nyapp = _ni'(0'9"70'twall'hwall.intemal) - _1'689.?
Check Moment Capacity

bary .j = 6 Swall = 7in covery, = 2in

by, = 1ft

bar
11
diam,,, | = %in = 0.75-in
Tt-diam .
11
Ayl = WAl 1o 0.757in”
4 Swall
diam
wall .

dwall = tyall — COVeryal — =9.625-in

Pmoment = 0-90 Per AASHTO 5.5.4.2.1

Gehear = 0-90 Per AASHTO 5.5.4.2.1
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Verify that fy can be substituted for f, in the equations of 5.7.3.2. This is allowed when
< <0.60.
dS
As -f
Coall = __wallly =1.114-in Simplified equation 5.7.3.1.2-4
0.85-f,-B-by,
Cwall .. .
— =0.116 This is less than 0.60 therefore fy can be substituted for f
dwall
awau = Blcwall =0.891-in
dwall
My 11 = ASyayr f '(dwall Y
Mrwau = d)moment'anall = 31284k1pft
Mr
wall
. Check: = ]"OK" if ———>1 ="NG"
Muy,,,q1'by, = 31.291 kip-ft WallFlexure Muy,o by
"NG" otherwise
Mu ‘b, — Mr,
wall “w wall — 0.02% OK
Muy,q11by
Check Minimum Flexural Reinforcement (5.7.3.3.2)
f.:= 0.24- [ ksi = 0.537-ksi AASHTO 5.4.2.6
'—lb 3—1 28 103'4
Iy wall = 75 Py twan = 1728 107
_ wall Y Distance from centroid to extreme tension fibers.
Yewall = 2_ m Conservatively ignore reinforcement.
) Ig.wall .3
Sc.wall = = 288-in
Yt.wall
N3 = 0.67 0.67 = Factor for Grade 60 ASTM A615 rebar
V=12 1.2 = Factor for precast segmental structures
Mer.wall = V341 S¢ walr fr = 10-355-kip-ft Simplified AASHTO Eq 5.7.3.3.2-1
1.33Muy,, by, = 41.617 kip-ft o . .
Checkyinsteelwall = |"OK" if Mrypy 2 min(1.33Muy by Mep yar) = "OK

"NG" otherwise
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Shear Resistance at Bottom of Wall (Section 5.8.3.4.2)

The section contains less than the minimum transverse reinforcement specified in 5.8.2.5,
therefore use equation 5.8.3.4.2-2 to determine the longitudinal strain effect factor (B) at
the location of maximum shear.

Mu = maX(Muwall’Vuwall'dwall) In the eqtn below Mu shall not be less than Vud,
|Mul
I + 05Nuwaﬂ + |Vl.lwa11|
€ wall = — by 1000-€ g = 2:04 (5.8.3.4.2-4)
B Eg-Aswall -
Sx_wall = dwall
1.38in
S =5 . =9.625-in
xe_wall x_wall Aggregate gi, — + 0.63in (5.8.3.4.2-5)
4.8 51
Bwall = : =1.991 (5.8.3.4.2-2)
L+ 750"Es_wall N Sxe_wall
lin
O a1 = 29deg + 3500deg-€¢ 51 = 36.135-deg (5.8.3.4.2-3)
Vg = min(0.256¢bydy oy, 0.0316- By [TKsicb -d o) = 16.247-kip (5.8.3.3)
erall = ¢Shear~VnwaH = 14622klp
: Vr
. = . 11
Viwalr Dy = 0606 Kdp Checkyyaishear = | 'OK" if ————>1 ="OK"
Vuga by

"NG" otherwise

Check Crack Control in Section 5.7.3.4

kip-ft
fit

Msyai1 = M (10 EHy a1 YEH wall + 1-OLSwai VLS .wall) = 19-792:
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kip
Nsyall = _ni'(1'O'Afc'twall'hwall.internal) = _1'877'?
Ms t
wall wall
ewau = ma N + dwall — T s 115dwall =0.9221t
Swall
. . Cwall
Jwap) = minf| 0.74 + .1 ] ,0.9] =0.855
wall
. ) 1
lwall = q = 3.898
. wall
- Jwall’
Cwall
Ms, o+ N d wall
s Sewall’ -—
; wall wall'{ “wall = 9495 ksi Stress in Reinforcement at Service
SSwall = ~ ~ AR Limit State
AswallIwall wall dwall ft
de_wall = twall ~ dwarl = 2:375in
d
11
By= 1+ W - 1353
O'7’(twall - dc_wall)
Ve = 1.00 exposure factor
ki
700 —2 -,
mn .
Smax = - z'dc_wall =49.758-in
Bs'fsswall'bw

CheckyfaxSpacing = "‘OK" if Sy < Smax = "OK”

"NG" otherwise

Check Minimum Bar Spacing in Section 5.10.3.1.2:

Smin = max(diamwau, 1.33Aggregate g;,m» lin) =1-in

CheCkMinSpacing = |"OK" if sya11 2 Spin = "OK"
"NG" otherwise

Check Maximum Bar Spacing in Section 5.10.3.2:

S = min(1.5~t

Smax 18in) =18 in

wall’

CheskMaxSpacing™ "‘OK" if Sy < Smax = "OK”

"NG" otherwise
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Check Anchor Attachment to Wall

Check Moment Capacity of Connection Bars

Conservatively assume the entire wall is cantilevered about the footing, therefore consider only driving moments. Use total
loads instead of loads per foot. Use 100% of soil weight. Must determine controlling anchor, since tributary width is
variable, not necessarily the anchor at the tallest wall. Assume only top four connection bars resist tension. This
assumption is consistent with HITEC p.D28.

Mu, chor = max(Drivingbrg_1~trib1 ,DriVingbrg.Ztribz) =215.957 kip-ft

bar, ) hor = 9 size of bar

diam, o= Planchor, _ 0 625.n

ASynchor = %-diamanchorz = 0307in”

n:==6 Number of bars in tension

banchor = tstem = 6°in thickness of anchor stem

hgo = 3ft + 6in height of anchor stem

danchor = 30-5in distance from centroid of tension reinforcement extreme compression fiber.

Verify that fy can be substituted for f; in the equations of 5.7.3.2. This is allowed when

< <0.60.
dS
n-As, -f
Canchor = anchor 'y =5.414-in Simplified equation 5.7.3.1.2-4
0'85'fc'61'banchor
Canchor .. .
=0.178 This is less than 0.60 therefore fy can be substituted for f
d
anchor

anchor = B1 Canchor = 4-331-in

4anchor
Mnghchor = 1 ASanchor '(danchor T,

M Mn = 234.708-kip-ft

Tanchor = Pmoment MManchor

. Mr
=215.957-kip-ft wpn anchor -
Check AnchorFlexure = OK" if —>1 ="0OK

Mu,nchor

Muychor

"NG" otherwise
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Check Minimum Flexural Reinforcement (5.7.3.3.2)

f.=0.537-ksi AASHTO 5.4.2.6
= h 3 3.704 104 in*

Ig anchor = E'tstem' stem = 3-704X 10 -in

hstem . . . .
Yt.anchor == = 1.75ft Distance from centroid to extreme tension fibers.

' 2 Conservatively ignore reinforcement.
1
.anch

Se anchop = o 1 764x 107-in”

Yt.anchor
Jau= 0.67 0.67 = Factor for Grade 60 ASTM A615 rebar
/M:= 1.2

1.2 = Factor for precast segmental structures

M anchor = ¥3'V1'Sc.anchor fr = 63.426-kip-ft Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muy o by = 287.223 ftkip-ft

CheCkMinSteelAnchor = |"OK" if Mranchor > min(1.33Mu M

_n "
anchor’ cr.anchor) ="0OK

"NG" otherwise

Check Minimum Steel for Temperature and Shrinkage (11.6.1.5.1 & 5.10.8)

.2 .2 1.30-b -h .2
in in anchor "'stem in
As__: = max| 0.11 — , min| 0.60 —, =0.6—
'min.anchor ft ft fy ft
2'(banchor + hstem)' ksi
.2
ASmin.anchor Dstem = 2110

ASychor (M +2) = 2.454-in2 Account for extra two bars in compression face
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Check Hook Development of Connection Steel in Wall

Per 5.10.2, A standard hook with a 180 degree bend shall have a 4*db extension, but not less than 2.5 inches. Per
5.12.3, Cover beyond free end of bar shall be 2 inches.

38'0diamanchor
lhyp = —=—— =10.621"in Basic development length for a Grade 60 bar with a standard hook
f. (AASHTO 5.11.2.4.1)
ksi

Modification Factors to be applied to the Basic Development Length (AASHTO 5.11.2.4.2)

Mstrength =1 Increase by fy/60 for yield strength greater than 60ksi

Mcover = 0.7 0.7 if side cover normal to plane of hook is at least 2.5 inches AND
Cover beyond hook is at least 2.0in

Mstirrups =1.0 0.8 if hook is enclose in with ties or stirrups as specified in 5.11.2.4.2

Mpg:= 1.0 Conservatively assume entire area of steel provided is required.

Mlightweight =1.0 1.3 if lightweight concrete is used.

Mepoxy =1.0 1.2 if epoxy rebar is used.

M:=M M

strength'Mcover' stirrups'MAS'Mlightweight'Mepoxy =07

Iqp = max(6in, 8-diam M-lyp) = 7435:in

anchor’

twall.min = COVerya) + ldh =9.435-in

Checkyyall Thickness = | "OK" if tyal 2 twallmin = "OK"

"NG" otherwise
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