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DATE:08/22/16 REV: PROJECT: Boyde’s Crossing Rigid Frame 10°-0” x 5°-6”
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GENERAL SPECIFICATIONS

1. Concrete for box culvert sections shall be designed to obtain a strength of 5,000 psi in
28 days. Material shall meet requirements of ACI 318.

2, Reinforcing steel for rebar shall be Grade 60 (obtain yield strength of 60,000 psi and
meet requirements of ASTM A615.
3. Weight of Concrete — 150 Ib/ft?
4, Weight of Soil — 120 Ib/ft®
5l AASHTO HS-20 live load at surface.
6. Top of top slab is 2.00’ minimum to 5.00° maximum below grade.
7. Soil is assumed to have properties such that equivalent soil pressure = 85 pcf.
REFERENCES
1. ASTM C 1504-04 titled “Standard Specification for Manufacture of Precast
Reinforced Concrete Three-Sided Structures for Culverts and Storm Drains”.
2. ACI 318-11 titled “Building Code Requirements for Reinforced Concrete”.
3. AASHTO Standard Specifications for Highway Bridges, 17 Edition
4. ETCulvert Version 3.31 by Eriksson Software, Inc.
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Gary K. Munkelt & Associates, LLC s
Project : Boyde's Cossing Ch________
Task : Norfolk, MA Client: Shea Concrete 8/22/2016 6:55:11 AM
Job No. : 160847 File: Shea - Boydes Crossing.etc p- 0 of 39
Spec.: Standard 17th ed. 2002
Design Method: Load Factor
Type of Culvert: Precast
T
Physical Dimensions £
Clear Span: 10'-4 1/8" along skew E
Clear Height: 5-6" z £
Top Slab: 1-0" |_ X i
Ext. Wall: 8" ®
Fill Depth Range
Maximum: 5.00 ft
Minimum: 2.00 ft
Increment: 0.50 ft ¢ {'”
Length: 57" minimum 11-8 1/8"
Skew Angle: 0.00 deg
Bottom Slab Support: Pinned
Top Haunch, Width: g" Plan View
Top Haunch, Height: 8" =
Material Properties
Concrete ——— Ts
Strength, fc: 5.000 ksi 1+
Density: 0.150 kcf / \
Elasticity, Ec: 4287 ksi I
Type: Normal wt )ll_ b
Steel ] X | b
Yield, fy: 60 ksi o
Allow Stress: 24 ksi | L
Elasticity, Es: 29000 ksi
Soil 1
Density: 0.120 kcf e e
Reinforcement Covers Tan' 10'4 1/8" Tgr
Ext. Cover Top Slab: 2"
Ext. Cover Walls 1"
Int. Cover Walls 1" Typical Section
Int. Top Slab 1"
Loads
Live Load
Vehicle Names: HS-20
Traffic Direction: Paraliet
Eq. Height of Soil: 2.00 ft (Entered)
Max No. of Lanes: 1
Dead Load
Future Wearing Surface: 0.100 kIf
Additional Dead Load: 0.000 kIf
Concentrated Loads: none
Lateral Soil Loads
Eq. Fluid Press. Max: 60.00 pcf
Eq. Fluid Press. Min: 30.00 pcf
Consider Int. Water Press.: yes

ETCulvert - Analysis and desion of culverts, version 3.31

Copyright @ 2010-2018 Eriksson Soltware, Inc (erikiech.com)
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Project: Boyde's Cossing
Task : Norfolk, MA
Client : Shea Concrete
Job No.: 160847

Agency :

CULVERT PROPERTIES

Type of Culvert: Precast Specification : STND 17th Edition 2002
Operating Mode : ANALYSIS
Design Method: Load Factor

Physical Dimensions

No. of Boxes: 1 Name: ThreeSidedCulvert

Clear Span : 10.3438 ft

Clear Height: 5.5000 ft Skew Angle : 0.00 deg

Length : 5.5833 ft Bottom Slab Support: No Bottom Slab, Pinned Supports

Fill Depth Range: Maximum : 5.00 ft Minimum : 2.00 ft Increment : 0.50 ft
Haunches: Top, Length: 8.0000 in Height: 8.0000 1in

Member Thicknesses: Top Slab: 12.0000 in Bot Slab: 0.0000 in

Ext wall: 8.0000 1in

Material Properties

Concrete: Strength,f'c : 5.000 ksi Density : 0.150 kcf Elasticity,Ec: 4287 ksi
Type : Normal weight

Steel: vield, fy : 60.00 ksi Allow Stress: 24.00 ksi Elasticity,Es: 29000 ksi
vield, fyv : 60.00 ksi Diameter : 1.125 in Type : Rebar

Soil: Density : 0.120 kef slope Factor: 1.750 (Bl Installation)
Fe Factor i 1.150 (Maximum for Compacted Fill)

Serviceability, Z : 98 k/in

Loads

Live Load: vehicle: (AA) HS-20 - Design vehicle

AxTle No. weight (k) Dist. From Previous(ft)
1 8.00 0.00
2 32.00 14.00
3 32.00 14.00

Gage width: 6.00 ft, Tread width: 0.00 in, Tread Length: 0.00 1in
Include Tandem: yes
Tandem: Axle 1: 24.00 k, Axle 2: 24.00 k, Axle Spacing: 4.00 ft
Lane Load: 0.64 k1f, P-mMoment: 0.00 k, pP-Shear: 0.00 k
Combine: Truck Or Tandem Or Lane
Inventory Rating Load Factor: 1.75 Operating Rating Load Factor: 1.35
Design Load Combinations: Group I
Ooverride DLA: no
Include Lane Load I yes Max. No. of Lanes: Computed by Program
Traffic Direction : Lanes Parallel to Main Reinforcement
Neglect Live Load for Large Fill Depths: yes
Apply Surcharge at Fill Depths > 2 ft : yes

Compute Surcharge Depth: no Surcharge Depth : 2.00 ft
Dead Load: Future wearing Surface : 0.10 k1f Add. pead Load : 0.00 k1f

Concentrated Loads ! none
Lateral Soil Loads: Max. Equiv. Fluid Press.: 60.00 pcf Min. Equiv. Fluid Press. : 30.00 pcf
Fluid Pressures ! Use Int. water Press. 1 yes

Load and Resistance Factors

Gamma : 1.300 Beta-d : 1.000
Beta-1 I : 1.670 Beta-1 Ib : 1.000
Phi slab : 0.850 Phi Ext. : 0.800
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Phi Shear: 0.900 Phi Moment: 0.950

Reinforcement

Reinforcement Covers : Exterior Interior
Top Slab: 2.0000 1in 1.0000 1in
walls : 1.0000 in 1.0000 1in

Assigned reinforcement: Spacing

Location Mark Size (in)

Top Slab Inside A100 (AS2) 6 7.0000
Top Slab outside A300 (AS7) 5 7.0000
Top Corner Al (As1) 6 7.0000
Ext. wall Inside Bl (AS4) 6 7.0000
Longitudinal cl  (Aas6) 4 12.0000
Top Distribution C100 (AS5) 4 10.0000

Analysis Options

LL Analysis : Automatically Set Distribution width to Account for Skew Effects: no
Limit Distribution width to Culvert Length for Fills > 2 ft: no
Combine Axle oOverlaps for Fills > 2 ft: yes
AxTe Placement Increment for Moving Load Analysis: 20

Reinforcement: Always Include Distribution Steel: no
User Defined Longitudinal Steel: yes

STenderness : cChecked K Factor: 2.00

Analysis Modeling : Use Haunches in the Structural Analysis Model: yes
Left Node on Rollers for 3-Sided Frames: yes

Crit. Section: Consider Haunches when Selecting Critical Section Locations: yes
Extend Critical Section for Shear Beyond the End of the Haunch: no
Use Max. Moment with Max. Shear at the Critical Section for Shear: yes

Flexure : Ignore Axial Thrust: no

Live Load Deflection Criteria: 1/800

Sht:::l_oﬁl{:l

By:JHP Chk:____
8/22/2016 6:55:31 AM
Culvert p. 2 of 39
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ANALYSIS RESULTS

Top Slab Thickness = 12.00 1in
Exterior wall Thickness = 8.00 1in
Modular Ratio (N) = 6.76 Max. Steel Ratio = 0.025
Desigh Span = 11.01 ft Design Height = 6.00 ft
volume of Concrete: 0.721 cy/ft weight of Steel: 162 1b/ft
Reinforcing Steel Schedule

Bar Spacing As,prv H Leg
Location Mark Size Type Gin) (@in2/ft) (ft-in)
Top Slab (int) A100 (ASs2) 6 STR 7.00 0.754
Top Stab (ext) A300 (AS7) 5 STR 7.00 0.531
Corner (Top) Al (Asl) 6 L-BAR 7.00 0.754 3-5
Ext wall (int) Bl (AS4) 6 STR 7.00 0.754
Top Slab (int- 1) C100 (ASS) 4 STR 10.00 0.240
Temperature ( 1) cC1 (AS6) 4 STR 12.00 0.200
Temperature ( 1) cl1 (AS6) 4 STR 12.00 0.200
Temperature ( 1) cl (As6) 4 STR 12.00 0.200

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

AS Bar Marks

Location Req Area in2/ft
Transverse Side wall - outside Face (AS1) 0.754
Transverse Top Slab - Inside Face (AS2) 0.754
Transverse Bottom Slab - Inside Face (AS3) 0
Transverse Side wall - Inside Face (AS4) 0.754
Distribution Top Slab - Inside Face (AS5) 0
Distribution Top Slab - OutSide Face (AS6) 0
Transverse Top Slab - Qutside Face (AS7) 0.754
Transverse Bottom Slab - Outside Face (AS8) 0

>>>Warning: This is a three sided culvert, therefore foundation has not been design by this program.
Engineer should design the foundation. This program output reflects final service Toad
conditions only. Handling, shipping and erection stresses are neither checked nor
incorporated into program design and must be analyzed by the producer's engineer.
External bracing is an acceptable method to mitigate overstress and possible product
damage during the course of handling, shipping and erection.

Summary of Ratings Table:

Flexure Shear
Truck Fill Member Location IR OR Fill Member Location IR OR
(AA) HS-20 2.00 2 MID 1.06 1.77 2.00 2 MID 6.42 10.72

Critical Sections Summary: Flexure
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Member 1: (Exterior wall), Thickness = 8.00 in
Design  Corr. Load Ratings Fill
Loc Dist. Moment A. F. Mu ds Ma As 1.2Mmcr IR OR Truck Depth
Gin) (k-ft) (k) (k-ft) Gin)  (k-ft) phi (in2) (k-ft) (fo
BOT 0.00 0.54 6.54 0.00 6.63 1.32 0.95 0.00 6.79 NC NC AA 5,00
MID 28.80 0.30 3.65 22.15 6.63 22.61 0.95 0.75 6.79 NC NC AA  2.00
MID- 36.00 -2.71  9.92 22.37 6.69 23.63 0.95 0.75 6.79 NC NC AA  5.00
TOP  10.00 -8.04 9.92 22.15 6.63 23.41 0.95 0.75 6.79 NC NC AA  5.00
Member 2: (Top Slab), Thickness = 12.00 in
Design  Corr. Load Ratings Fill
Loc Dist. Moment A. F. Mu ds Ma As 1.2M™Mcr IR OR Truck Depth
¢in) (k-ft) ) (k-ft) Gin) (k-ft) phi Gin2) (k-ft) (fvd
LT 6.00 -7.87 3.58 32.90 9.63 33.79 0.95 0.75 15.27 NC NC AA  5.00
MID 66.06 34.97 0.42 36.48 10.63 36.57 0.95 0.75 15.27 1.06 1.77 AA  2.00
RT 6.00 -7.88 3.58 32.90 9.63 33.79 0.95 0.75 15.27 NC NC AA  5.00
Critical Sections Summary: vertical Shear
Member 1: (Exterior wall), Thickness = 8.00 in
Design Corr. Corr. Max. Load Ratings Fill
Loc Dist. Shear Moment A. F. Dv phi*vn Beta \'Zd Vs Av  Spac IR OR  Truck Depth
Gin) (k> k-fr) (k) ) (k) (k> ((in2) Gnm) (fo
BOT 0.00 0.00 0.5 6.54 6.63 15.18 n/a 16.86d 0.00 0.00 0.00 NC NC AA  5.00
MID 36.00 0.05 0.3 3.65 6.63 15.18 n/a 16.86d 0.00 0.00 0.00 NC NC AA  2.00
MID- 36.00 0.40 -2.7 9.92 6.69 15.32 n/a 17.02d 0.00 0.00 0.00 NC NC AA  5.00
TOP 12.44 -4.26 -8.0 9.92 6.63 15.18 n/a 16.86d 0.00 0.00 0.00 NC NC AA  5.00
Member 2: (Top Slab), Thickness = 12.00 in
Design Corr. Corr. Max. Load Ratings Fill
Loc Dist. Shear Moment A. F. Dv phi*vn Beta \Ze Vs AV Spac IR OR  Truck Depth
@Gn k) (k-fr) K ¢n) (k) (k) Gin2) Gn) (fo)
LT 13.44 7.95 -7.9 3.58 9.63 22.05 n/a 24.50d 0.00 0.00 0.00 NC NC AA  5.00
MID 66.06 3.79 35.0 0.42 10.63 24.34 n/a 27.05d 0.00 0.00 0.00 6.42 10.72 AA 2.00
RT 13.44 7.95 -7.9 3.58 9.63 22.05 n/a 24.50d 0.00 0.00 0.00 NC NC AA  5.00

vc Calculation By: a - Iterative Beta, b - Constant Beta, ¢ - Box Culvert, d - Standard/Arema
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1 Description

vizrizontal Earth
- ive Load Surchar
nternal water Pr

uUnfactored Moments

Loads: (k/ft)
Bottom of wall
Load 0.510
ge 0.120
essure 0.343

Top of wall

0.150
0.120
0.000

and shears due to A1l Loads: (k-ft, k) (Fi1l bDepth = 2.00 ft)

M-PT md1 Msp Mwp vdl Vsp
Member 1: (Exterior wall)

Bottom

1- 0 0.00 0.00 0.00 0.00 0.00
1-1 0.00 -0.11 0.06 0.00 -0.37
1- 2 0.00 -0.43 0.23 0.00 -0.71
1- 3 0.00 -0.96 0.50 0.00 -1.04
1- 4 0.00 -1.67 0.85 0.00 -1.34
1-5 0.00 -2.56 1.28 0.00 -1.62
1-6 0.00 -3.61 1.77 0.00 -1.88
1-7 0.00 -4.81 2.31 0.00 -2.12
1- 8 0.00 -6.14 2.89 0.00 -2.33
1-9 0.00 -7.60 3.49 0.00 -2.53
1-10 0.00 -9.17 4.11 0.00 -2.70
Top
Member 2: (Top Slab)

Left

2-0 0.00 -9.18 4.12 2.81 0.00
2-1  2.74 -9.18 4.12 2.19 0.00
2- 2 4.86 -9.18 4.12 1.65 0.00
2- 3 6.37 -9.18 4.12 1.10 0.00
2- 4 7.27 -9.18 4.12 0.55 0.00
2- 5 7.58 -9.18 4.12 0.00 0.00
2- 6 7.27 -9.18 4.12 -0.55 0.00
2-7 6.37 -9.18 4.12 -1.10 0.00
2- 8 4.8 -9.18 4.12 -1.65 0.00
2-9 2.74 -9.18 4.12 -2.19 0.00
2-10 0.00 -9.18 4.12 -2.81 0.00
Right

Live Load Paramete

Traffic Direction

Distribution width :

Impact Factor
Lane Load

rs:

is Parallel to Main Reinforcement

7.50 ft
1.20

RPFROOOOOOOOCO

QOO OOCOOOOOO

0.054 k/ft Distribution width

Analysis Truck, HS-20

vehicle Axle
No.

Truck

1
2
3

weight
k/ft)
0.366
1.463
1.463

23.50 ft

Length Dist. From
(ft) Previous (ft)
3.50
3.50 14.00
3.50 14.00
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Tandem 1

0.754

8.33

Sht:}b&_ofﬁgil
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Pinned/RoTler Reactions Applied to Structure: (service load values, k/unit width) (Fi1l pepth = 2.00 ft)

pead Load

soil Pressure
water Pressure
Live Load
without LL
with LL

vertical

.41
.00
.00
.31
.41
.72

NwWwhAOOW

<———

!
l
I
!
l
A
I
I

Horizontal

QOO OOO
[=
o

Horizonal Movement
of Left Node (in)
-0.020
-0.032
-0.121
-0.047
0.077
0.030

Note: Reactions as shown - positive, movement to right - positive

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top

vehicle Axle weight
No. (k)
Truck 1 0.366
2 1.463
3 1.463
Maximum +Moment
Corresponding Moment a
Maximum +Shear in Top
Truck 1 0.366
2 1.463
3 1.463

Maximum +Shear
Corresponding Shear at

Maximum Deflection in Top Slab =

Truck 1
Maximum +Moment in Top

Maximum +Moment
Corresponding Moment a

Maximum +Shear in Top
Tandem 1 0.754
Maximum +Shear

Corresponding Shear at

STab
Lengt
(ft)
3.50
3.50
3.50

t End :
Slab
3.50
3.50
3.50

mid

0.00
Slab

: 8
t End :

Slab
8.33

mid

h Dist. From
Left End (ft)
19.51
5.51
-8.49
k-ft
k-ft

11.85
0.00

23.26

9.26

-4.74
-4.31 k
0.81 k

0.009 in
5.51

3333.34 k-ft
0.00 k-ft

6.84
-3.91 k
0.25 k

unfactored Moments and Shears due to Truck Loads:

Tandem

Maximum -Moment in Top Slab

vehicle Axle weight
No. k)

Truck 1 0.366

2 1.463

3 1.463

Maximum -Moment

Length

(fo
3.50
3.50
3.50

Corresponding Moment at Mid : -

Maximum -Shear in Top Slab
0.366

Truck 1
2 1.463
3 1.463

Maximum -Shear

Corresponding Shear at Mid

3.50
3.50
3.50

Maximum -Moment in Top Slab

Tandem 1
Maximum -Moment

Corresponding Moment at Mid :

Maximum -Shear in Top Slab
0.754

Tandem 1
Maximum -Shear

Corresponding Shear at Mid

k-ft, k)

0.754

8.33

8.33

4.
0.

Dist. From
Left End (ft)
15.75
1.75
-12.25
31 k-ft
81 k-ft

19.51
5.51
-8.49
.00 k
.00 k

4.17
3.91 k-ft
.25 k-ft
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M-PT  M1T+  MIT-  v11+  vI1- M1+ MIT-  v11+  vIil- M1+ M11-  vIil+  v11-

Member 1: (Exterior wall)

Bottom

1- 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-10 o0.00 0.00 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.00
Top

Member 2: (Top Slab)

Left

2- 0 0.00 0.00 4.31 0.00 0.00 0.00 3.92  0.00 0.00 0.00 0.30 0.00
2-1 4.25 0.00 3.79 -0.08 3.87 0.00 3.28 -0.04 0.30 0.00 0.24 0.00
2- 2 7.58 0.00 3.28 -0.32 6.88 0.00 2.65 -0.17 0.53 0.00 0.19 -0.01
2- 3 9.95 0.00 2.77 -0.72 9.03 0.00 2.03 -0.37 0.69 0.00 0.15 -0.03
2- 4 11.37 0.00 2.26 -1.23 10.32 0.00 1.49 -0.66 0.79 0.00 0.11 -0.05
2- 5 11.85 0.00 1.75 -1.75 10.75 0.00 1.04 -1.04 0.83 0.00 0.07 -0.07
2- 6 11.37 0.00 1.23 -2.26 10.32 0.00 0.66 -1.49 0.79 0.00 0.05 -0.11
2-7 9.95 0.00 0.72 -2.77 9.03 0.00 0.37 -2.03 0.69 0.00 0.03 -0.15
2- 8 7.58 0.00 0.32 -3.28 6.88 0.00 0.17 -2.65 0.53 0.00 0.01 -0.19
2-9 4.25 0.00 0.08 -3.79 3.8/ 0.00 0.04 -3.28 0.30 0.00 0.00 -0.24
2-10 0.00 0.00 0.00 -4.31 0.00 0.00 0.00 -3.91 0.00 0.00 0.00 -0.30

Right
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Serviceability Check: Crack Control

Bar
Mark
Al
A100
A300
Bl
B2

Location

Top Corner Bar
Top STab (int)
Top Slab (ext)
Ext wall (int)
Ext wall (ext)

Moment
(k-ft)
-3.8
19.0 3
0.0
0.0
0.0

Fss

ksi)
5.57
0.68
0.00
0.00
0.00

Allow
(ksi)
32.89
32.89
99.99
32.89

0.00

Serviceability Check: Live Load Deflection

Deflection Ratio of Top Slab = 1/12889

(Limit

Strength Limit State at Critical Sections: Flexure

Member 1: (Exterior wall), Thickness =

Loc

BOT
MID
MID-
TOP

Member
Loc
LT

MID
RT

Design
Dist. Moment
(in) (k-ft)
0.00 -0.30
28.80 0.30
36.00 -1.66
10.00 -4.91
2: (Top slab),

Design
Dist. Moment
(in) (k-ft)
6.00 -4.96
66.06 34.97
6.00 -4.96

Corr.

A. F.
k) (
3.65
3.65

13.00

13.00

Mu
k-ft)

0.00
22.15
22.37
22.15

Thickness = 12.00 1in

corr.
A. F.
(GO ¢
2.17
0.42
2.17

Mu
k-ft)
32.90
36.48
32.90

ds
¢in)
9.63
10.63
9.63

Ma
(k-ft)
33.44
36.57
33.44

1/800)

phi

0.95
0.95
0.95
0.95

phi

0.95
0.95
0.95

Sht:&of L\"\
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Load Ratings

AS 1.2Mcr IR OR
(in2) (k-ft)

0.00 6.79 NC NC
0.75 6.79 NC NC
0.75 6.79 NC NC
0.75 6.79 NC NC

Load Ratings

As 1.2Mcr IR OR
(in2) (k-ft)

0.75 15.27 NC NC
0.75 15.27 1.06 1.77
0.75 15.27 NC NC

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

Strength Limit State at Critical Sections: vertical Shear

1: (eExterior wall), Thickness =
Corr. Corr.

Member
Loc
BOT
MID
MID-
TOP
Member
Loc

LT

MID
RT

Design
Dist. Shear
(in) 9
0.00 0.00
36.00 0.05
36.00 0.05

12.44 -3.10

Moment A. F.

(k-ft) 9
-0.3 3.65
0.3 3.65
-1.7 13.00
-4.9 13.00

Dv
(in)
6.63
6.63
6.69
6.63

2: (Top Slab), Thickness = 12.00 1in
corr. Corr.

Design
Dist. Shear
¢in) 9]

13.44 11.06
66.06 3.79
13.44 11.06

Moment A.
k-f©) (k)
-5.0 2.17
35.0 0.42
-5.0 2.17

F.

Dv
(in)
9.63

10.63
9.63

phi*vn
(k)
22.05
24.34
22.05

Beta Theta
n/a n/a
n/a n/a
n/a n/a
n/a n/a
Beta Theta
n/a n/a
n/a n/a
n/a n/a

Max . Load Ratings
vc Vs Av  Spac IR OR
k (k) in2) ({n)

16.86d 0.00 0.00 0.00 NC NC
16.86d 0.00 0.00 0.00 NC NC
17.02d 0.00 0.00 0.00 NC NC
16.86d 0.00 0.00 0.00 NC NC

Max . Load Ratings
Ve Vs AV Spac IR OR
9] (k) (in2) C(in)

24.50d 0.00 0.00 0.00 NC NC
27.05d 0.00 0.00 0.00 6.42 10.72
24.50d 0.00 0.00 0.00 NC NC

vc Calculation By: a - Iterative Beta, b - Constant Beta, ¢ - Box Culvert, d - Standard/Arema
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Load Combination Results at Tenth Points: (k-ft, k)(Fill Depth = 2.00 ft)

Member 1: (Exterior wall)

Bottom

1- 0 0.000 0.000 3.652
1- 1 0.005 -0.067 3.652
1- 2 0.015 -0.267 3.652
1- 3 0.023 -0.600 3.652
1- 4 0.022 -1.065 3.652
1- 5 0.003 -1.661 3.652
1- 6 -0.041 -2.387 3.652
1- 7 -0.118 -3.243 3.652
1- 8 -0.235 -4.228 3.652
1- 9 -0.399 -5.340 3.652
1-10 -0.619 -6.579 3.652
Top

Member 2: (Top Slab)

Left

2- 0 -0.613 -6.580 0.417
2-1 12.180 -3.014 0.417
2- 2 22.167 -0.266 0.417
2- 3 29.277 1.697 0.417
2- 4 33.530 2.875 0.417
2-5 34.969 3,268 0.417
2- 6 33.528 2.874 0.417
2- 7 29.275 1.696 0.417
2- 8 22.166 -0.267 0.417
2- 9 12.178 -3.015 0.417
2-10 -0.615 -6.582 0.417

Right

-Axial

13.
13.
.001
13.
.001
13.
13.
.001
13.
13.
13.

13

NNRNNNNMNNNNNDN

001
001

001

001
001

001
001
001

172
.172
172
.172
.172
.172
.172
172
.172
.172
.172

+Shear

13.
11.
.265
.440
.616
.791
.966
.147
-1.
.678
-BE

O WU~ W

0.000
0.016
0.019
0.009
-0.014
-0.
-0
-0
-0
-0
-0

049

.097
.158
.231
.318
417

001
090

440

652

-Shear

-2

-3

.000
-0.
-0.
-1.
-1.
.106
-2.
.752
.033
-3
.510

477
927
348
741

443

285

.652
.678
.440
.147
.966
.791
.616
.440
.265
.090
.001

sht :ﬁofi’7
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Analysis Results: Fill Depth = 2.50 ft
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Load Parameters:

Load Description
Horizontal Earth Load
Live Load Surcharge
Internal water Pressure

(k/f

t)

Bottom of wall
0.540
0.120
0.343

unfactored Moments and Shears due to All

M-PT Md1 Msp Mwp
Member 1: (Exterior wall)
Bottom
1- 0 0.00 0.00 0.00
1-1 0.00 -0.12 0.06
1- 2 0.00 -0.46 0.23
i- 3 0.00 -1.01 0.50
i- 4 0.00 -1.76 0.85
1- 5 0.00 -2.69 1.28
1- 6 0.00 -3.80 1.77
1- 7 0.00 -5.07 2.31
1- 8 0.00 -6.49 2.89
1- 9 0.00 -8.04 3.49
1-10 0.00 -9.71 4.11
Top
Member 2: (Top Slab)
Left
2- 0 0.00 -9.72 4,12
2- 1 3.10 -9.72 4.12
2- 2 5.48 -9.72 4.12
2- 3 7.19 -9.72 4.12
2- 4 8.21 -9.72 4.12
2- 5 8.55 -9.72 4.12
2- 6 8.21 -9.72 4.12
2- 7 7.19 -9.72 4.12
2- 8 5.48 -9.72 4.12
2- 9 3.09 -9.72 4.12
2-10 0.00 -9.72 4.12
Right

-0.

-1.
-2.
-3.

QOO0 O0OOO0OOOOO

CQOoORrRErNW

.17

.86
.24
.62
.00
62

86
48
17

-0.
-0.
-1,
-1.
-1.
-1.
-2.
=23

-2,

OO0 OCOOOOOOO

Top of wall
0.180
0.120
0.000

Loa

FHROOOOOOOOO

[eNeoNolloNoloNoReloNe Nl

ds:

(k-ft, k) (Fil1l pepth = 2.50 ft)

Traffic Direction is Parallel to Main Reinforcement

Distribution width : 8.38 ft
Impact Factor 1.10
Lane Load 0.053 k/ft

Distribution width

vehicle

Truck

No
1
2
3

Axle

Analysis Truck, HS-20

weight
k/ft)
0.240
0.961
0.961

24.38 ft

Dist. From

Previous (ft)

14.00
14.00
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9.21

Pinned/Roller Reactions Applied to Structure: (service load values, k/unit width) (Fill Depth = 2.50 ft)

Dead Load

Soil Pressure
water Pressure
Live Load
without LL
with LL

vertical

NWwWwoOow

.77
.00
.00
.37
.77
.13

Horizo

OCOOCOOO

ntal

.00
.00

Horizonal
of Left
-0.
-0.
-0.
-0.
0.
0.

Movement
Node (in)
020
041
121
045
083
039

Note: Reactions as shown - positive, movement to right - positive

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top STlab

vehicle Axle weight
No. k)

Truck 1 0.240
2 0.961
3 0.961

Maximum +Moment

Lengt
(fo)
4.38
4.38
4.38

Corresponding Moment at End :

Maximum +Shear in Top Slab

Truck 1 0.240
2 0.961
3 0.961

Maximum +Shear

Corresponding Shear at Mmid

mMaximum Deflection in Top Slab =
0.00

Truck 1

4.38
4.38
4.38

Maximum +Moment in Top Slab

Maximum +Moment

h

0.00

-3.37
0.84

0.

Dist.

Left End (ft)

19.51
5.51
-8.49
k-ft
k-ft

22.82
8.82

-5.18

k

k

009 1in
5.51

From

¢ 83333.34 k-ft

Corresponding Moment at End :

Maximum +Shear in Top Slab

Tandem 1 0.571

Maximum +Shear

Corresponding Shear at Mid

unfactored Moments and Shears due to Truck Loads:

9.21

0.00

-3.06
0.08

k-ft

6.41
k
k

Maximu
vehicl

Truck

Maximu
Corres

Maximu
Truck

Maximu
corres

Maximu
Tandem

Maxi
corres

Maximu
Tandem
Maximu
Corres

Ck-ft, k

m -Moment in Top Slab
e Axle Weight Length Dist. From
No. (K fo Left End (ft)
1 0.240 4.38 16.19
2 0.961 4.38 2.19
3 0.961 4.38 -11.81
m -Moment ; 3.37 k-ft
ponding Moment at Mid : -0.84 k-ft
m -Shear in Top Slab
1 0.240 4.38 19.51
2 0.961 4.38 5.51
3 0.961 4.38 -8.49
m -Shear i 0.00 k
ponding Shear at Mid 0.00 k
m -Moment in Top Slab
1 0.571 9.21 4.60
mum -Moment : 3.06 k-ft
ponding Moment at Mid : -0.08 k-ft
m -Shear in Top Slab
1 0.571 9.21 5.51
m -Shear : 0.00 k
ponding Shear at Mid 0.00 k

)

Lane
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M-PT M11+ MI11-  vIl+ vIil- M11+ WMI11-  vI11+  VvIT1- M1+  wmM11-  vIl+  Vvil-

Member 1: (Exterior wall)

Bottom

1- 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00 0.00 o0.00
1-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
1- 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00 0.00 0.00
1- 4 0.00 0.00 0.00 0.00 0.00 0.00 O0.00 0.00 0.00 0.00 0.00 o0.00
1- 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i1- 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
1- 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00 0.00 0.00 0.00 o0.00
1-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o0.00
Top
Member 2: (Top Slab)

Left

2- 0 0.00 0.00 3.37 0.00 0.00 0.00 3.06 0.00 0.00 0.00 0.29 0.00
2-1 3.33 0.00 2.95 -0.05 3.03 0.00 2.53 -0.03 0.29 0.00 0.23 0.00
2- 2 5.91 0.00 2.53 -0.21 5.39 0.00 2.01 -0.13 0.51 0.00 0.19 -0.01
2- 3 7.77 0.00 2.11 -0.48 7.07 0.00 1.54 -0.28 0.67 0.00 0.14 -0.03
2- 4 8.90 0.00 1.69 -0.85 8.08 0.00 1.13 -0.50 0.76 0.00 0.10 -0.05
2- 5 9.27 0.00 1.27 -1.27 8.42 0.00 0.79 -0.79 0.80 0.00 0.07 -0.07
2- 6 8.90 0.00 0.85 -1.69 8.08 0.00 0.50 -1.13 0.76 0.00 0.05 -0.10
2- 7 7.77 0.00 0.48 -2.11 7.07 0.00 0.28 -1.54 0.67 0.00 0.03 -0.14
2- 8 5.91 0.00 0.21 -2.53 5.39 0.00 0.13 -2.01 0.51 0.00 0.01 -0.19
2- 9 3.33 0.00 0.05 -2.95 3.03 0.00 0.03 -2.53 0.29 0.00 0.00 -0.23
2-10 0.00 0.00 0.00 -3.37 0.00 0.00 0.00 -3.06 0.00 0.00 0.00 -0.29

Right
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Serviceability check: Crack Control

Bar Moment Fss Allow
Mark Location (k-ft) (ksi) (ksi)
Al Top Corner Bar -4.2 6.94 32.89
A100 Top Slab (int) 17.1  27.57 32.89
A300 Top Slab (ext) 0.0 0.00 99.99
Bl Ext wall (int) 0.0 0.00 32.89
B2 Ext wall (ext) 0.0 0.00 0.00

Serviceability Check: Live Load peflection

Deflection Ratio of Top Slab = 1/12889 (Limit = 1/800)

Strength Limit State at Critical Sections: Flexure

Member 1: (Exterior wall), Thickness = 8.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu ds Ma As 1.2Mcr IR OR
(in) (k-ft) k) (k-ft) (in) (k-ft) phi (in2) (k-ft)
BOT 0.00 -0.34 4,11 0.00 6.63 0.83 0.95 0.00 6.79 NC NC
MID 28.80 0.00 4.11 22.15 6.63 22.67 0.95 0.75 6.79 NC NC
MID- 36.00 -1.84 11.43 22.37 6.69 23.82 0.95 0.75 6.79 NC NC
TOP 10.00 -5.43 11.43 22.15 6.63 23.60 0.95 0.75 6.79 NC NC
Member 2: (Top Slab), Thickness = 12.00 1in
Design Corr. Load Ratings
Loc Dist. Moment A. F. Mu ds Ma As 1.2Mcr IR OR
(in) (k-ft) 9] (k-ft) ¢in) (k-ft) phi (in2) (k-ft)
LT 6.00 -5.45 2.41 32.90 9.63 33.50 0.95 0.75 15.27 NC NC
MID 66.06 30.28 0.53 36.48 10.63 36.60 0.95 0.75 15.27 1.31 2.19
RT 6.00 -5.46 2.41 32.90 9.63 33.50 0.95 0.75 15.27 NC NC

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

Strength Limit State at Critical Sections: vertical Shear

Member 1: (Exterior wall), Thickness = 8.00 1in
Design Corr. CcCorr. Max. Load Ratings
Loc Dist. Shear Moment A. F. Dv phi*vn Beta Theta Vc Vs Av Spac IR OR
¢in) k> (k-fo) k) @¢n) 9] k> k> Gn2) ¢n
BOT 0.00 0.00 -0.3 4.11 6.63 15.18 =n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MID 36.00 0.11 0.0 4.11 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MID- 36.00 0.11 -1.8 11.43 6.69 15.32 n/a n/a 17.02d 0.00 0.00 0.00 NC NC
TOP  12.44  -3.30 -5.4 11.43 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
Member 2: (Top Slab), Thickness = 12.00 1in
Design  Corr. Corr. Max. Load Ratings
Loc Dist. Shear Moment A. F. Dv phi*vn Beta Theta Vc Vs Av  Spac IR OR
¢in) (9] k-fo) (o Gin (9] (9] (k) in2) (Gn)
LT 13.44 9.59 -5.5 2.41 9.63 22.05 n/a n/a 24.50d 0.00 0.00 0.00 NC NC
MID 66.06 2.75 30.3 0.53 10.63 24.34 n/a n/a 27.05d 0.00 0.00 0.00 8.85 14.79
RT 13.44 9.59 -5.5 2.41 9.63 22.05 n/a n/a 24.50d 0.00 0.00 0.00 NC NC

vc Calculation By: a - Iterative Beta, b - Constant Beta, c - Box Culvert, d - Standard/Arema
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Load Combination Results at Tenth Points: (k-ft, k)(Fill Depth = 2.50 ft)

Member 1: (Exterior wall)

Bottom

1- 0 0.000 0.000 4,115
1-1 0.001 -0.074 4.115
1- 2 0.001 -0.295 4.115
1- 3 -0.008 -0.663 4.115
1- 4 -0.035 -1.177 4,115
1- 5 -0.085 -1.837 4.115
1- 6 -0.168 -2.640 4,115
1- 7 -0.290 -3.587 4.115
1- 8 -0.459 -4.677 4.115
1- 9 -0.684 -5.909 4.115
1-10 -0.970 -7.281 4.115
Top

Member 2: (Top Slab)

Left

2- 0 -0.964 -7.282 0.534
2-1 10.299 -3.257 0.534
2- 2 19.006 -0.153 0.534
2- 3 25.243 2.065 0.534
2- 4 29.025 3.395 0.534
2-5 30.284 3.839 0.534
2- 6 29.023 3.394 0.534
2- 7 25.241 2.063 0.534
2- 8 19.004 -0.154 0.534
2- 9 10.297 -3.259 0.534
2-10 -0.966 -7.284 0.534

Right

-Axial

11.
11.
11.
11.
11.
.427
11.
11.
.427
11.
11.

S S R S S R S I RS S Y

427
427
427
427
427

427
427

427
427

.406
.406
.406
.406
.406
.406
.406
.406
.406
.406
.406

+Shear

HNPRPONOR

.000
.004
-0.
-0.
-0.
-0.
-0.
-0.
.325
-0.
-0.

005
026
061
108
167
240

423
534

427
.622
.904
.186
.468
.749
.031
-0.
.958
=3
-4.

578

108
115

-Shear

-0

-1
-2

-2

[
O~NOPANFEHORE WA

.000
.501
.973
-1.

418

.835
.223
-2.
.916
-3,
.496
-3

583

220

744

.115
.108
.958
.578
.031
.749
.468
.186
.904
.622
.427

sht:g_mC \\j
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Load Parameters:

Applied Horizontal Loads: (k/ft)

Load Description Bottom of wall Top of wall
Horizontal Earth Load 0.570 0.210
Live Load Surcharge 0.120 0.120
Internal Water Pressure 0.343 0.000

unfactored Moments and Shears due to A1l Loads: (k-ft, k) (Fi11 pepth = 3.00 ft)

Member 1: (Exterior wall)

Bottom

1- 0 0.00 0.00 0.00 0.00 0.00 0.00
1-1 0.00 -0.12 0.06 0.00 -0.40 0.20
1- 2 0.00 -0.48 0.23 0.00 -0.78 0.37
1- 3 0.00 -1.06 0.50 0.00 -1.14 0.53
1- 4 0.00 -1.84 0.85 0.00 -1.48 0.66
1- 5 0.00 -2.83 1.28 0.00 -1.80 0.77
1- 6 0.00 -4.00 1.77 0.00 -2.10 0.86
1- 7 0.00 -5.34 2.31 0.00 -2.37 0.94
1- 8 0.00 -6.83 2.89 0.00 -2.62 0.99
1- 9 0.00 -8.48 3.49 0.00 -2.85 1.02
1-10 0.00 -10.25 4.11 0.00 -3.06 1.03
Top

Member 2: (Top Slab)

Left

2- 0 0.00 -10.26 4.12 3.53 0.00 0.00
2-1 3.45 -10.26 4.12 2.77 0.00 0.00
2- 2 6.12 -10.26 4.12 2.08 0.00 0.00
2- 3 8.03 -10.26 4,12 1.38 0.00 0.00
2- 4 9.17 -10.26 4,12 0.69 0.00 0.00
2-5 9.55 -10.26 4.12 0.00 0.00 0.00
2- 6 9.17 -10.26 4,12 -0.69 0.00 0.00
2- 7 8.02 -10.26 4.12 -1.38 0.00 0.00
2- 8 6.12 -10.26 4.12 -2.08 0.00 0.00
2- 9 3.45 -10.26 4,12 -2.77 0.00 0.00
2-10 0.00 -10.26 4,12 -3.53 0.00 0.00
Right

Live Load Parameters:

Traffic Direction is Parallel to Main Reinforcement

Distribution width : 9.25 ft
Impact Factor i 1.00
Lane Load : 0.051 k/ft Distribution width : 25.25 ft

—————————————————————————————————————————— Analysis Truck, HS-20 -----------

vehicle Axle weight Length
No. k/ft) (fo)
Truck 1 0.165 5.25
2 0.659 5.25

3 0.659 5.25

Dist. From
Previous (ft)

14.00
14.00
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pinned/Roller Reactions Applied to Structure: (service load values, k/unit width) (Fill pepth = 3.00 ft)

Dead Load

Soil Pressure
water Pressure
Live Load
without LL
with LL

vertical

DB NOO N

.13
.00
.00
.63
.13
.76

P

I
|
|
I
A
|
I

Horizontal

OCOOCOCOO
(=,
(=

Horizonal Movement
of Left

Node (in)
020
049
-0.121
-0.040
0.090
0.050

-0.
-0.

Note: Reactions as shown - positive, movement to right - positive

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top Slab

vehicle Axle weight
No. k)

Truck 1 0.165
2 0.659
3 0.659

Maximum +Moment

Length
fo
5.25
5.25
5.25

Corresponding Moment at End :

Maximum +Shear in Top Slab

Truck 1 0.165
2 0.659
3 0.659

Maximum +Shear

Corresponding Shear at Mmid

5.25
5.25
5.25

Maximum Deflection in Top Slab =

Truck 1

0.00

Dist. From
Left End (ft)
19.51
5.51
-8.49
7.25 k-ft
0.00 k-ft
22.39
8.39
-5.61
-2.63 k
0.82 k
0.009 1in
5.51

maximum +Moment in Top Slab

Maximum +Moment

Maximum +Shear in Top Slab

Tandem 1 0.436

Maximum +Shear

Corresponding Shear at Mmid

: 83333.34 k-ft
Corresponding Moment at End :

10.08

0.00 k-ft
5.97

-2.38 k

0.02 k

unfactored Moments and Shears due to Truck Loads:

Tandem

Maximum -Moment in Top Slab

vehicle Axle Weight
No. K

Truck 1 0.165

2 0.659

3 0.659

Maximum -Moment

Corresponding Moment at Mid :

Maximum -Shear in Top Slab

Truck 1 0.165
2 0.659
3 0.659

Maximum -Shear

Corresponding Shear at Mid

Length

(fo)
5.25
5.25
5.25

5.25
5.25
5.25

Maximum -Moment in Top Slab

Tandem 1 0.436

Maximum -Moment

Corresponding Moment at Mid :

Maximum -Shear in Top Slab

Tandem 1 0.436

Maximum -Shear

corresponding Shear at Mid

k-ft, k)

10.08

10.08

2.
-0.

0.
0.

-0.

0.
0.

Dist. From
Left End (ft)
16.63
2.63
-11.38
63 k-ft
82 k-ft

33.51
19.51
5.51
00 k
00 k

5.04
2.38 k-ft
02 k-ft
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M-PT  MIT+  MIT-  VI1+  VvI1-  MIT+ MIT-  VvIl+  v11- M1+ WMI11-  v1l+ Vv1l-

Member 1: (Exterior wall)

Bottom

1- 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Top

Member 2: (Top Slab)

Left

2-0 0.00 0.00 2.63 0.00 0.00 0.00 2.38 0.00 0.00 0.00 0.28 0.00
2-1 2.61 0.00 2.29 -0.04 2.36 0.00 1.94 -0.02 0.28 0.00 0.23 0.00
2-2 4,64 0.00 1.94 -0.15 4.19 0.00 1.54 -0.10 0.49 0.00 0.18 -0.01
2-3 6.09 0.00 1.60 -0.33 5.51 0.00 1.18 -0.22 0.65 0.00 0.14 -0.03
2-4 6.96 0.00 1.25 -0.58 6.30 0.00 0.86 -0.38 0.74 0.00 0.10 -0.04
2-5 7.25 0.00 0.90 -0.90 6.56 0.00 0.60 -0.60 0.77 0.00 0.07 -0.07
2-6 6.9 0.00 0.58 -1.25 6.30 0.00 0.38 -0.86 0.74 0.00 0.04 -0.10
2-7 6.09 0.00 0.33 -1.60 5.51 0.00 0.22 -1.18 0.65 0.00 0.03 -0.14
2-8 4.64 0.00 0.15 -1.94 4.19 0.00 0.10 -1.54 0.49 0.00 0.01 -0.18
2-9 2.61 0.00 0.04 -2.29 2.36 0.00 0.02 -1.94 0.28 0.00 0.00 -0.23
2-10 0.00 0.00 0.00 -2.63 0.00 0.00 0.00 -2.38 0.00 0.00 0.00 -0.28

Right



Licensee: Gary K. Munkelt & Associates, LLC Sht:ggé_off§i:\

ETCulvert v.3.31 Analysis and design of culverts By:JHP Chk:____
Copyright © 2010-2016 Eriksson Software, Inc.(www.LRFD.com) 8/22/2016 6:55:32 AM
Filename: Shea - Boydes Crossing.etc Culvert p. 18 of 39

Serviceability Check: Crack Control

Bar Moment Fss Allow
Mark Location (k-ft) (ksi) (ksi)
Al Top Corner Bar -4.6 8.21 32.89
A100 Top Slab (int) 15.8 25.40 32.89
A300 Top Slab (ext) 0.0 0.00 99.99
B1 Ext wall (int) -0.1 0.00 32.89
B2 Ext wall (ext) 0.0 0.00 0.00

Serviceability Check: Live Load Deflection

Deflection Ratio of Top Slab = 1/12889 (Limit = 1/800)

Strength Limit State at Critical Sections: Flexure

Member 1: (Exterior wall), Thickness = 8.00 in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu ds Ma As 1.2Mmcr IR OR
(in) (k-ft) k> (k-ft) (in) (k-ft) phi (in2) (k-ft)
BOT 0.00 -0.38 4.58 0.00 6.63 0.93 0.95 0.00 6.79 NC NC
MID 28.80 0.00 4.58 22.15 6.63 22.73 0.95 0.75 6.79 NC NC
MID- 36.00 -2.01 10.30 22.37 6.69 23.67 0.95 0.75 6.79 NC NC
TOP 10.00 -5.95 10.30 22.15 6.63 23.46 0.95 0.75 6.79 NC NC
Member 2: (Top Slab), Thickness = 12.00 in
Design corr. Load Ratings
LocC Dist. Moment A. F. Mu ds Ma As 1.2Mmcr IR OR
(in) (k-ft) kK (k-ft) (in) (k-fv) phi (in2) (k-ft)
LT 6.00 -5.95 2.64 32.90 9.63 33.56 0.95 0.75 15.27 NC NC
MID 66.06 26.84 0.65 36.48 10.63 36.63 0.95 0.75 15.27 1.62 2.71
RT 6.00 -5.95 2.64 32.90 9.63 33.56 0.95 0.75 15.27 NC NC

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

Strength Limit State at Critical Sections: Vertical Shear

Member 1: (Exterior wall), Thickness = 8.00 in
Design  Corr. cCorr. Max. Load Ratings
Loc Dist. Shear Moment A. F. Dv phi*vn Beta Theta Vc Vs AV Spac IR OR
(in) (k) (k-frd (k) Gn) k) k) (k) Gin2) @Gin)
BOT 0.00 0.00 -0.4 4.58 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MiD  36.00 0.17 0.0 4.58 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MID- 36.00 0.17 -2.0 10.30 6.69 15.32 n/a n/a 17.02d 0.00 0.00 0.00 NC NC
TOP 12.44  -3.49 -6.0 10.30 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
Member 2: (Top Slab), Thickness = 12.00 in
Design  Corr. Corr. Max . Load Ratings
Loc Dist. Shear Moment A. F. Dv phi*vn Beta Theta Vc Vs Av  Spac IR OR
@in) kD k-fry (k) (im k) k) (k) @Gin2) >Gn)
LT 13.44 8.54 -5.9 2.64 9.63 22.05 n/a n/a 24.50d 0.00 0.00 0.00 NC NC
MID 66.06 1.96 26.8 0.65 10.63 24.34 n/a n/a 27.05d 0.00 0.00 0.00 12.39 20.69
RT 13.44 8.54 -5.9 2.64 9.63 22.05 n/a n/a 24.50d 0.00 0.00 0.00 NC NC

vc Calculation By: a - Iterative Beta, b - Constant Beta, c - Box Culvert, d - Standard/Arema



Licensee: Gary K. Munkelt & Associates, LLC
ETCulvert v.3.31 Analysis and design of culverts

Copyright © 2010-2016 Eriksson Software, Inc.(www.LRFD.com)

Filename: Shea - Boydes Crossing.etc

Load Combination Results at Tenth Points:

Member 1: (Exterior wall)

Bottom

1- 0 0.000 0.000 4.585
1- 1 -0.002 -0.081 4,585
1- 2 -0.013 -0.323 4.585
1- 3 -0.040 -0.727 4,585
1- 4 -0.091 -1.290 4.585
1- 5 -0.173 -2.012 4.585
1- 6 -0.294 -2.893 4,585
i- 7 -0.462 -3.931 4.585
1- 8 -0.684 -5.126 4.585
1- 9 -0.968 -6.477 4.585
1-10 -1.321 -7.983 4.585
Top

Member 2: (Top Slab)

Left

2-0 -1.315 -7.984 0.651
2- 1 8.843 -3.494 0.651
2- 2 16.717 -0.027 0.651
2- 3 22.342 2.449 0.651
2- 4 25.718 3.935 0.651
2-5 26.844 4.430 0.651
2- 6 25.717 3.933 0.651
2- 7 22.340 2.448 0.651
2- 8 16.715 -0.029 0.651
2-9 8.841 ~3.495 0.651
2-10 -1.317 -7.986 0.651

Right

Ck-ft, KCFITI

-Axial

10.
10.
10.
10.
10.
.305
10.
10.
.305
10.
10.

NNNNNNNNNNRN

305
305
305
305
305

305
305

305
305

.640
.640
.640
.640
.640
.640
.640
.640
.640
.640
.640

Depth = 3.00 ft)

+Shear

OR WU o

.000
.008
.028
.061
.107
.166
.238
.322
.419
.528
.651

.305
.567
.917
.266
.615
.965
.360
-1.
-2.
-3.
-4,

090
384
520
585

-Shear

.000
.524
.020
.488
.928
.340
.724
.079
. 407
.707
.978

.585
.520
.384
.090
.360
.965
.615
.266
.917
.567
.305

sht:Aofi\’\
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Load Description
Horizontal Earth Load
Live Load Surcharge
Internal water Pressure

(k/F

19)

Bottom of wall
0.600
0.120
0.343

Unfactored Moments and Shears due to All

Member 1: (Exterior wall
Bottom

1- 0 0.00 0.00 O.
1-1 0.00 -0.13 O.
1- 2 0.00 -0.50 O.
1- 3 0.00 -1.10 O.
1- 4 0.00 -1.93 0.
1-5 0.00 -2.96 1.
1- 6 0.00 -4.19 1.
1- 7 0.00 -5.60 2.
i- 8 0.00 -7.18 2.
1- 9 0.00 -8.91 3.
1-10 0.00 -10.79 4.
Top

Member 2: (Top Slab)
Left

2- 0 0.00 -10.80 4
2-1 3.82 -10.80 4
2- 2 6.77 -10.80 4.
2- 3 8.87 -10.80 4
2- 4 10.14 -10.80 4
2- 5 10.56 -10.80 4
2- 6 10.14 -10.80 4
2- 7 8.87 -10.80 4
2- 8 6.77 -10.80 4.
2-9 3.82 -10.80 4
2-10 0.00 -10.80 4
Right

Live Load Parameters:

.12
.12

.12
.12

.12
.12

.12
.12

COOCOO0OODODOOOO

OCOO0OOOOCOOOOO

Top of wall
0.240
0.120
0.000

Loa

FHRHOOOOODOOoOOO

COOOCOCOOOOCOCO

ds:

.00

.37
.53
.66
.77
.86

.99
.02
.03

k-ft, k)

Traffic Direction is Parallel to Main Reinforcement
Distribution width : 10.13 ft
Impact Factor . 1.00

Lane Load : 0.049 k/ft

Distribution width

vehicle

Truck

No
1
2
3

Axle

weight
(k/ft)
0.129
0.516
0.516

(Fi1l pepth = 3.50 ft)

26.13 ft

Analysis Truck, HS-20 —-—--—-———-—mmmmm o

Length Dist. From
(ft) Previous (ft)
6.13
6.13 14.00
6.13 14.00
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Pinned/Roller Reactions Applied to Structure:

Tandem 1

Dead Load

Soil Pressure
water Pressure
Live Load
without LL
with LL

Y I
vertical Horizontal
4.49 0.00
0.00 0.00
0.00 0.00
2.28 0.00
4.49 0.00
6.78 0.00

0.371 10.96

Horizonal Movement
of Left

Node (in)
-0.020
-0.058
-0.121
-0.039
0.096
0.057

Note: Reactions as shown - positive, movement to right - positive

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top Slab

vehicle Axle weight
No. k)

Truck 1 0.129
2 0.516
3 0.516

Maximum +Moment

Lengt
fo)
6.13
6.13
6.13

Corresponding Moment at End :

Maximum +Shear in Top Slab

Truck 1 0.129
2 0.516
3 0.516

Maximum +Shear

Corresponding Shear at Mid

Maximum Deflection in Top Slab =
0.00

Truck 1

6.13
6.13
6.13

Maximum +Moment in Top Slab

Maximum +Moment

Maximum +Shear in Top Slab

Tandem 1 0.371

Maximum +Shear

Corresponding Shear at Mid

h Dist. From
Left End (ft)
19.51
5.51
-8.49
6.28 k-ft
0.00 k-ft
21.95
7.95
-6.05
-2.28 k
0.56 k

0.009 in
5.51

1 83333.34 k-ft
Corresponding Moment at End :

10.96

0.00 k-ft
5.53

-2.04 k

0.00 k

unfactored Moments and Shears due to Truck Loads:

Tandem

(k-ft,

Maximum -Moment in Top Slab

vehicle Axle weight
No. (k)

Truck 1 0.129

2 0.516

3 0.516

Maximum -Moment

Corresponding Moment at Mid :

Maximum -Shear in Top Slab

Truck 1 0.129
2 0.516
3 0.516

Maximum -Shear

Corresponding Shear at Mid

Length

fo
6.13
6.13
6.13

6.13
6.13
6.13

Maximum -Moment in Top STab

Tandem il 0.371

Maximum -Moment

10.96

Corresponding Moment at Mid :

Maximum -Shear in Top Slab

Tandem 1 0.371

Maximum -Shear

Corresponding Shear at Mid

)

10.96

2.
-0.

0.

0.
0.

sht:zgéggf_f§;1
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(service Toad values, k/unit width) (Fill Depth = 3.50 ft)

Dist. From
Left End (ft)
17.06
3.06
-10.94
28 k-ft
56 k-ft

33.51
19.51
5.51
.00 k
.00 k

5.48
2.04 k-ft
00 k-ft
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M-PT MI1+ Mm11-  vil+ v11- M1+ MI11-  vIt+  v11-  MIT+  MIT-  VvIl+  v1l-

Member 1: (Exterior wall)

Bottom

1- 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 5 0.00 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-10 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Top

Member 2: (Top Slab)

Left

2-0 0.00 0.00 2.28 0.00 0.00 0.00 2.04 0.00 0.00 0.00 0.27 0.00
2-1 2.26 0.00 1.97 -0.03 2.03 0.00 1.66 -0.02 0.27 0.00 0.22 0.00
2- 2 4,02 0.00 1.65 -0.11 3.60 0.00 1.31 -0.08 0.48 0.00 0.17 -0.01
2- 3 5.27 0.00 1.33 -0.26 4.73 0.00 1.00 -0.18 0.62 0.00 0.13 -0.02
2- 4 6.03 0.00 1.02 -0.45 5.40 0.00 0.74 -0.33 0.71 0.00 0.10 -0.04
2-5 6.28 0.00 0.71 -0.71 5.63 0.00 0.51 -0.51 0.74 0.00 0.07 -0.07
2- 6 6.03 0.00 0.45 -1.02 5.40 0.00 0.33 -0.74 0.71 0.00 0.04 -0.10
2-7 5.27 0.00 0.26 -1.33 4.73 0.00 0.18 -1.00 0.62 0.00 0.02 -0.13
2- 8 4.02 0.00 0.11 -1.65 3.60 0.00 0.08 -1.31 0.48 0.00 0.01 -0.17
2-9 2.26 0.00 0.03 -1.97 2.03 0.00 0.02 -1.66 0.27 0.00 0.00 -0.22
2-10 0.00 0.00 0.00 -2.28 0.00 0.00 0.00 -2.04 0.00 0.00 0.00 -0.27

Right
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Serviceability Check: Crack Control

Bar Moment Fss Allow
Mark Location (k-fo) (ksi) (ksi)
Al Top Corner Bar -5.0 9.26 32.89
A100 Top Slab (int) 15.6 24.96 32.89
A300 Top Slab (ext) 0.0 0.00 99.99
Bl Ext wall (int) -0.1 0.00 32.89
B2 Ext wall (ext) 0.0 0.00 0.00

Serviceability Check: Live Load Deflection

Deflection Ratio of Top Slab = 1/12889 (Limit = 1/800)

Strength Limit State at Critical Sections: Flexure

Member 1: (Exterior wall), Thickness = 8.00 in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu ds Ma As 1.2Mmcr IR OR
Gin) (k-ft) k) (k-ft) Gin)  (k-ft) phi (in2) (k-ft)
BOT 0.00 0.42 5.06 0.00 6.63 1.03 0.95 0.00 6.79 NC NC
MID 28.80 0.00 5.06 22.15 6.63 22.79 0.95 0.75 6.79 NC NC
MID- 36.00 -2.19 10.01 22.37 6.69 23.64 0.95 0.75 6.79 NC NC
TOP 10.00 -6.47 10.01 22.15 6.63 23.42 0.95 0.75 6.79 NC NC
Member 2: (Top Slab), Thickness = 12.00 1in
Design Corr. Load Ratings
Loc Dist. Moment A. F. Mu ds Ma As 1.2Mcr IR OR
(in) (k-ft) k) (k-ft) (in) (k-ft) phi (in2) (k-ft)
LT 6.00 -6.43 2.87 32.90 9.63 33.62 0.95 0.75 15.27 NC NC
MID 66.06 25.70 0.77 36.48 10.63 36.66 0.95 0.75 15.27 1.80 3.01
RT 6.00 -6.43 2.87 32.90 9.63 33.62 0.95 0.75 15.27 NC NC

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

Strength Limit State at Critical Sections: vertical Shear

Member 1: (Exterior wall), Thickness = 8.00 in
Design Corr. Corr. Max . Load Ratings
Loc Dist. Shear Moment A. F. Dv phi*vn Beta Theta Vvc Vs Av  Spac IR OR
(in) k) (k-fv) (k) (in) (k) k> k) @¢in2) G
BOT 0.00 0.00 0.4 5.06 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MID 36.00 0.22 0.0 5.06 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MID- 36.00 0.22 -2.2 10.01 6.69 15.32 n/a n/a 17.02d 0.00 0.00 0.00 NC NC
TOP  12.44  -3.68 -6.5 10.01 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
Member 2: (Top Slab), Thickness = 12.00 1in
Design  Corr. CcCorr. Max. Load Ratings
Loc Dist. Shear Moment A. F. Dv phi*vn Beta Theta Vc Vs Av  Spac IR OR
(in) k) (k-fry (k) En) (k) (k) (k) (in2) (in)
LT 13.44 8.22 -6.4 2.87 9.63 22.05 n/a n/a 24.50d 0.00 0.00 0.00 NC NC
MID 66.06 1.54 25.7 0.77 10.63 24.34 n/a n/a 27.05d 0.00 0.00 0.00 15.79 26.37
RT 13.44 8.22 -6.4 2.87 9.63 22.05 n/f/a n/a 24.50d 0.00 0.00 0.00 NC NC

vc Calculation By: a - Iterative Beta, b - Constant Beta, ¢ - Box Culvert, d - Standard/Arema
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Load Combination Results at Tenth Points:

Member 1: (Exterior wall)

Bottom

1-
1-
1-
1-
1-
1-
1-
1-
1-
1-

=
CWoONOUVIdWNRFEO

(=)
|

Top

Member
Left
2_
2_
2_
2_
2_
2_
2_
2_
2_
2_
2-10
Right

LooNOTUN A WNREO

2:

0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-1.
-1.

(Top Slab)

-1.

8.
15.
21.
24,
25,
24,
21.
.854

15

8.
-1.

000
006
027
072
147
261
420
634
908
252
672

666
205
855
315
600
695
598
314

203
668

o]

0.
0.
0.
0.
1.
2.
3.
4,
5.
7.
8.

w

OCWONDMUANO

000
088
352
790
402
188
145
275
575
046
685

.686
.723
.112
.851
.494
.042
.492
.849
.110
.725
.688

viuvinuUnuviuviuiuion o un

QOO OOCOOO0OO

.062
.062
.062
.062
.062
.062
.062
.062
.062
.062
.062

.768
.768
.768
.768
.768
.768
.768
.768
.768
.768
.768

(k-ft, K)(Fill

-Axial

10.
10.
10.
10.
10.
.015
10.
10.
.015
10.
10.

NNNNNNNNNNN

015
015
015
015
015

015
015

015
015

.874
.874
.874
.874
.874
.874
.874
.874
.874
.874
.874

pepth = 3.50 ft)

+Shear

= wh oo O

.000
-0.
-0.
-0.
-0.
.225
-0.
-0.
.512
-0.
-0.

019
052
097
154

308
404

633
768

.015
.247
.566
.885
.203
.542
-0.
-1.
-25
-3
.062

008
435
738
919

-Shear

OK=NWwWU

.000
.548
.067
.558
.022
.457
.864
.243
.594
.917
.212

.062
.919
.738
.435
.008
-1.
.203

-4,

-6.

-8.
-10.

542

885
566
247
015
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Analysis Results: Fill pDepth = 4.00 ft

Load Parameters:

Applied Horizontal Loads: (k/ft)

Load Description Bottom of wall Top of wall
Horizontal Earth Load 0.630 0.270
Live Load Surcharge 0.120 0.120
Internal water Pressure 0.343 0.000

Unfactored Moments and Shears due to All Loads: (k-ft, k) (Fill Depth = 4.00 ft)

Member 1: (Exterior wall)

Bottom
1- 0 0.00 0.00 0.00 0.00 0.00 0.00
1-1 0.00 -0.13 0.06 0.00 -0.44 0.20
1- 2 0.00 -0.52 0.23 0.00 -0.86 0.37
1- 3 0.00 -1.15 0.50 0.00 -1.25 0.53
1- 4 0.00 -2.02 0.85 0.00 -1.63 0.66
1- 5 0.00 -3.10 1.28 0.00 -1.98 0.77
1-6 0.00 -4.39 1.77 0.00 -2.31 0.86
1-7 0.00 -5.87 2.31 0.00 -2.62 0.94
1- 8 0.00 -7.53 2.89 0.00 -2.91 0.99
1- 9 0.00 -9.35 3.49 0.00 -3.18 1.02
1-10 0.00 -11.33 4.11 0.00 -3.42 1.03
Top
Member 2: (Top Slab)
Left
2- 0 0.00 -11.34 4.12 4.27 0.00 0.00
2-1 4.19 -11.34 4.12 3.36 0.00 0.00
2- 2 7.42 -11.34 4.12 2.52 0.00 0.00
2- 3 9.74 -11.34 4.12 1.68 0.00 0.00
2- 4 11.12 -11.34 4,12 0.84 0.00 0.00
2-5 11.59 -11.34 4.12 0.00 0.00 0.00
2- 6 11.12 -11.34 4,12 -0.84 0.00 0.00
2-7 9.73 -11.34 4,12 -1.68 0.00 0.00
2- 8 7.42 -11.34 4.12 -2.52 0.00 0.00
2-9 4.19 -11.34 4.12 -3.36 0.00 0.00
2-10 0.00 -11.34 4.12 -4.27 0.00 0.00
Right

Live Load Parameters:

Traffic Direction is Parallel to Main Reinforcement

Distribution width : 11.00 ft

Impact Factor i 1.00

Lane Load : 0.047 k/ft Distribution width : 27.00 ft

—————————————————————————————————————————— Analysis Truck, HS-20 =--—-——=cm-ommmmmm

vehicle Axle weight Length Dist. From
No. (k/ft) (fo) Previous (ft)
Truck 1 0.104 7.00
2 0.416 7.00 14.00

3 0.416 7.00 14.00
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pinned/RolTler Reactions Applied to Structure: (service load values, k/unit width) (Fill Depth = 4.00 ft)

Dead Load

Soil Pressure
water Pressure
Live Load
without LL
with LL

AP RPR OO N
OO OCOOO

Horizontal

.00
.00
.00
.00
.00
.00

of Left

-0.
-0.
-0.
-0.
0.
0.

Horizonal Movement

Node (in)
020
067
121
038
103
065

Note: Reactions as shown - positive, movement to right - positive

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top Slab

vehicle Axle weight

No. k)
Truck 1 0.104

2 0.416

3 0.416

Maximum +Moment

Corresponding Moment at End :

Maximum +Shear in Top Slab

Truck 1 0.104
2 0.416
3 0.416

Maximum +Shear

Corresponding Shear at Mid

Maximum Deflection in Top Slab =

Truck 1

Maximum +Moment in Top Slab

Maximum +Moment

Maximum +Shear in Top Slab

Tandem 1 0.329
Maximum +Shear

Corresponding Shear at Mmid

unfactored Moments and Shears due to Truck Loads:

Tandem

From
Left End (ft)

: 83333.34 k-ft
Corresponding Moment at End :

Maximum -Moment in Top Slab

vehicle Axle

Truck

No.
1
2
3

Maximum -Moment

Corresponding Moment at Mid :

Maximum -Shear in Top Slab
Truck

1
2
3

Maximum -Shear

corresponding Shear at Mmid

Maximum -Moment in Top Slab
Tandem

Maximum -Moment
Corresponding Moment at Mid :

Maximum -Shear in Top Slab
Tandem

1

1

Maximum -Shear

Corresponding Shear at Mid

k-ft, k)

Dist. From
Left End (ft)
17.50
3.50
~10.50
.98 k-ft
.30 k-ft

33.51
19.51
5.51
.00 k
.00 k

5.92
1.81 k-ft
.00 k-ft
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M-PT  M11+  MI1-  VvI1+  vI1-  MmM11+ MI1-  VvIl+  vIil- M1+ M11-  v11+  VvI1-

Member 1: (Exterior wall)

Bottom
1-0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Top
Member 2: (Top Slab)
Left
2-0 0.00 0.00 1.98 0.00 0.00 0.00 1.81 0.00 0.00 0.00 0.26 0.00
2-1 1.97 0.00 1.69 -0.02 1.79 0.00 1.47 -0.02 0.26 0.00 0.21 0.00
2- 2 3.49 0.00 1.40 -0.09 3.19 0.00 1.16 -0.07 0.46 0.00 0.17 -0.01
2-3 4.59 0.00 1.11 -0.21 4.19 0.00 0.89 -0.16 0.60 0.00 0.13 -0.02
2- 4 5.24 0.00 0.82 -0.37 4.78 0.00 0.65 -0.29 0.69 0.00 0.09 -0.04
2-5 5.46 0.00 0.57 -0.57 4.98 0.00 0.45 -0.45 0.72 0.00 0.07 -0.07
2- 6 5.24 0.00 0.37 -0.82 4.78 0.00 0.29 -0.65 0.69 0.00 0.04 -0.09
2-7 4.59 0.00 0.21 -1.11 4.19 0.00 0.16 -0.89 0.60 0.00 0.02 -0.13
2- 8 3.49 0.00 0.09 -1.40 3.19 0.00 0.07 -1.16 0.46 0.00 0.01 -0.17
2-9 1.97 0.00 0.02 -1.69 1.79 0.00 0.02 -1.47 0.26 0.00 0.00 -0.21
2-10 0.00 0.00 0.00 -1.98 0.00 0.00 0.00 -1.81 0.00 0.00 0.00 -0.26
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Serviceability Check: crack Control

Bar Moment Fss Allow
Mark Location (k-ft) (ksi) (ksi)
Al Top Corner Bar -5.4 10.27 32.89
A1l00 Top Slab (int) 15.5 24.81 32.89
A300 Top Slab (ext) 0.0 0.00 99.99
Bl Ext wall (int) -0.2 0.00 32.89
B2 Ext wall (ext) 0.0 0.00 0.00

Serviceability Check: Live Load Deflection

peflection Ratio of Top Slab = 1/12889 (Limit = 1/800)

Strength Limit State at Critical Sections: Flexure

Member 1: (Exterior wall), Thickness = 8.00 in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu ds Ma As 1.2Mcr IR OR
(in) (k-ft) (k) (k-ft) (in)  (k-ft) phi (in2) (k-ft)
BOT 0.00 -0.46 5.55 0.00 6.63 1.12 0.95 0.00 6.79 NC NC
MID 28.80 0.00 5.55 22.15 6.63 22.85 0.95 0.75 6.79 NC NC
MID- 36.00 -2.36 9.85 22.37 6.69 23.62 0.95 0.75 6.79 NC NC
TOP 10.00 -7.00 9.85 22.15 6.63 23.40 0.95 0.75 6.79 NC NC
Member 2: (Top Slab), Thickness = 12.00 1in
Design Corr. Load Ratings
Loc Dist. Moment A. F. Mu ds mMa As 1.2mMcr IR OR
(in) (k-ft) k> (k-ft) (in) (k-ft) phi (in2) (k-ft)
LT 6.00 -6.92 3.11 32.90 9.63 33.68 0.95 0.75 15.27 NC NC
MID 66.06 24.90 0.88 36.48 10.63 36.68 0.95 0.75 15.27 1.99 3.33
RT 6.00 -6.92 3.11 32.90 9.63 33.68 0.95 0.75 15.27 NC NC

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

Strength Limit State at Critical Sections: vertical Shear

Member 1: (Exterior wall), Thickness = 8.00 in
Design  Corr. Corr. Max . Load Ratings
Loc Dist. Shear Moment A. F. Dv phi*vn Beta Theta Vc Vs AV Spac IR OR
(in) k) (k-frd (k) (im k> k> (k) (in2) (in)
BOT 0.00 0.00 -0.5 5.55 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MID 36.00 0.28 0.0 5.55 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MID- 36.00 0.28 -2.4 9.85 6.69 15.32 n/a n/a 17.02d 0.00 0.00 0.00 NC NC
TOP 12.44 -3.88 -7.0 9.85 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
Member 2: (Top Slab), Thickness = 12.00 1in
Desigh  Corr. Corr. Max . Load Ratings
Loc Dist. Shear Moment A. F. Dv phi*vn Beta Theta Vc Vs Av  Spac IR OR
Gin) k) k-t k) G 9 k) k) ((in2) (Gn)
LT 13.44 8.01 -6.9 3.11 9.63 22.05 n/f/a n/a 24.50d 0.00 0.00 0.00 NC NC
MID 66.06 1.24 24.9 0.88 10.63 24.34 n/a n/a 27.05d 0.00 0.00 0.00 19.60 32.74
RT 13.44 8.01 -6.9 3.11 9.63 22.05 n/a n/a 24.50d 0.00 0.00 0.00 NC NC

vc Calculation By: a - Iterative Beta, b - Constant Beta, ¢ - Box Culvert, d - Standard/Arema
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Load Combination Results at Tenth Points:

Member 1: (Exterior wall)

Bottom

1- 0 0.000 0.000 5.546
1- 1 -0.009 -0.095 5.546
1- 2 -0.041 -0.380 5.546
1- 3 -0.103 -0.853 5.546
1- 4 -0.203 -1.514 5.546
1- 5 -0.348 -2.363 5.546
1- 6 -0.547 -3.398 5.546
1- 7 -0.806 -4.619 5.546
1- 8 -1.133 -6.025 5.546
1- 9 -1.536 -7.614 5.546
1-10 -2.023 -9.387 5.546
Top

Member 2: (Top Slab)

Left

2- 0 -2.017 -9.388 0.885
2- 1 7.694 -3.945 0.885
2- 2 15.220 0.263 0.885
2- 3 20.600 3.269 0.885
2- 4 23.826 5.072 0.885
2- 5 24.903 5.674 0.885
2- 6 23.825 5.071 0.885
2- 7 20.598 3.267 0.885
2- 8 15.218 0.262 0.885
2- 9 7.693 -3.946 0.885
2-10 -2.019 -9.390 0.885

Right

(k-ft, k)(Fill pepth = 4.00 ft)

-~Axial

O WO W W W LW WWIWLWLW

L L b W W e W

.855
.855
.855
.855
.855
.855
. 855
.855
. 855
.855
. 855

.108
.108
.108
.108
.108
.108
.108
.108
.108
.108
.108

+Shear

RN RO

-4

.000
.031
.075
.132
.201
.283
.378
.486
.606
.739
.885

.855
.044
.321
.597
.880
.242
-0.
-1.
.077
.318
-5;

297
737

546

-Shear

-2

L I A I |
OO ARANRLRORFEWAUV

.000
-0.
-1;
-1.
.115
23
.005
-3.
-3.
-4.
-4,

571
114
629

574

407
781
128
446

.546
.318
.077
.737
.297
.242
.880
.597
.321
.044
.855
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Analysis Results: Fill pepth = 4.50 ft

Applied Horizontal Loads: (k/ft)

Load Description Bottom of wall Top of wall
Horizontal Earth Load 0.660 0.300
Live Load Surcharge 0.120 0.120
Internal water Pressure 0.343 0.000

uUnfactored Moments and Shears due to A1l Loads: (k-ft, k) (Fi1l Depth = 4.50 ft)

Member 1: (Exterior wall)

Bottom
1- 0 0.00 0.00 0.00 0.00 0.00 0.00
1-1 0.00 -0.14 0.06 0.00 -0.46 0.20
1- 2 0.00 -0.54 0.23 0.00 -0.89 0.37
1- 3 0.00 -1.20 0.50 0.00 -1.31 0.53
1- 4 0.00 -2.10 0.85 0.00 -1.70 0.66
1- 5 0.00 -3.23 1.28 0.00 -2.07 0.77
i1- 6 0.00 -4.58 1.77 0.00 -2.42 0.86
1- 7 0.00 -6.13 2.31 0.00 -2.75 0.94
i- 8 0.00 -7.87 2.89 0.00 -3.05 0.99
1-9 0.00 -9.79 3.49 0.00 -3.34 1.02
1-10 0.00 -11.87 4.11 0.00 -3.60 1.03
Top
Member 2: (Top Slab)
Left
2- 0 0.00 -11.88 4.12 4.64 0.00 0.00
2-1 4.56 -11.88 4.12 3.66 0.00 0.00
2- 2 8.09 -11.88 4.12 2.75 0.00 0.00
2- 3 10.61 -11.88 4.12 1.83 0.00 0.00
2- 4 12.12 -11.88 4.12 0.92 0.00 0.00
2- 5 12.63 -11.88 4.12 0.00 0.00 0.00
2- 6 12.12 -11.88 4.12 -0.92 0.00 0.00
2- 7 10.61 -11.88 4.12 -1.83 0.00 0.00
2- 8 8.09 -11.88 4.12 -2.75 0.00 0.00
2- 9 4.56 -11.88 4.12 -3.66 0.00 0.00
2-10 0.00 -11.88 4.12 -4.64 0.00 0.00
Right

Live Load Parameters:

Traffic Direction is Parallel to Main Reinforcement

Distribution width : 11.88 ft

Impact Factor : 1.00

Lane Load : 0.046 k/ft Distribution width : 27.88 ft

—————————————————————————————————————————— Analysis Truck, HS-20 -------------

vehicle Axle weight Length
NO. (k/ft) (ft)

Truck 1 0.086 7.88
2 0.342 7.88

3 0.342 7.88

Dist. From

Previous (ft)

14.00
14.00
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Pinned/Roller Reactions Applied to Structure: (service load values, k/unit width) (Fi11l Depth = 4.50 ft)

———
vertical
Dead Load 5.24
Soil Pressure 0.00
water Pressure 0.00
Live Load 1.73
without LL 5.24
with LL 6.98

Horizontal

0.00
0.00
.00
.00
.00
.00

OO OO

Horizonal Movement
of Left

Node (in)
-0.020
-0.075
-0.121
-0.036
0.109
0.073

Note: Reactions as shown - positive, movement to right - positive

Truck Positions That Cause Maxim

Maximum +Moment in Top Slab

vehicle Axle weight Length
No. kD (ft)
Truck 1 0.086 7.88
2 0.342 7.88
3 0.342 7.88
Maximum +Moment :
Corresponding Moment at End :

Maximum +Shear in Top Slab

Truck 1 0.086 7.88
2 0.342 7.88
3 0.342 7.88

Maximum +Shear -
Corresponding Shear at Mid

Maximum Deflection in Top Slab =
Truck 1 0.00

Maximum +Moment in Top Slab

Maximum +Moment : 83
Corresponding Moment at End :
Maximum +Shear in Top Slab
Tandem 1 0.296 12.71

Maximum +Shear &=
Corresponding Shear at Mid

unfactored Moments and Shears du

um Results:

Dist. From
Left End (ft)
19.51
5.51
-8.49
4.76 k-ft
0.00 k-ft
21.07
7.07
-6.93
1.73 k
0.15 k
0.009 1in
6.35
333.34 k-ft
0.00 k-ft
6.35
1.63 k
0.00 k

e to Truck Loads:

Tandem

Maximum -Moment in Top Slab

vehicle Axle weight
No. k)

Truck 1 0.086

2 0.342

3 0.342

Maximum -Moment

Length

(fo
7.88
7.88
7.88

Corresponding Moment at mid : -

Maximum -Shear in Top Slab

Truck 1 0.086
2 0.342
3 0.342

Maximum -Shear

Corresponding Shear at Mid

7.88
7.88
7.88

Maximum -Moment in Top Slab

Tandem 1 0.296

Maximum -Moment

Corresponding Moment at Mid :

Maximum -Shear in Top Slab

Tandem 1 0.296

Maximum -Shear

Corresponding Shear at Mid

k-ftr, K

12.71

12.71

1.
0.

0.

0

0.

0.
0.

Dist. From
Left End (ft)
17.94
3.94
-10.06
73 k-ft
15 k-ft

19.51
5.51
-8.49
00 k
.00 k

6.35
1.63 k-ft
00 k-ft
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M-PT  MI1+  MI1-  vIl+  v11-  m1l+  MmI11-  v11+  v11-  M11+ MI1- vIl+  VvIl-

Member 1: (Exterior wall)

Bottom

1- 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-10 0.00 0.00 0.00 0.00 0.00 0.00 ©0.00 0.00 0.00 0.00 0.00 0.00
Top

mMember 2: (Top Slab)

Left

2-0 0.00 0.00 1.73 0.00 0.00 0.00 1.63 0.00 0.00 0.00 0.25 0.00
2-1 1.71 0.00 1.46 -0.02 1.61 0.00 1.32 -0.02 0.25 0.00 0.20 0.00
2-2 3,05 0.00 1.19 -0.08 2.87 0.00 1.04 -0.07 0.45 0.00 0.16 -0.01
2-3 4,00 0.00 0.92 -0.17 3.76 0.00 0.80 -0.15 0.58 0.00 0.12 -0.02
2- 4 4,57 0.00 0.68 -0.30 4.30 0.00 0.59 -0.26 0.67 0.00 0.09 -0.04
2-5 4,76 0.00 0.47 -0.47 4.48 0.00 0.41 -0.41 0.70 0.00 0.06 -0.06
2- 6 4,57 0.00 0.30 -0.68 4.30 0.00 0.26 -0.59 0.67 0.00 0.04 -0.09
2-7 4,00 0.00 0.17 -0.92 3.76 0.00 0.15 -0.80 0.58 0.00 0.02 -0.12
2-8 3.05 0.00 0.08 -1.19 2.87 0.00 0.07 -1.04 0.45 0.00 0.01 -0.1s
2-9 1.71 0.00 0.02 -1.46 1.61 0.00 0.02 -1.32 0.25 0.00 0.00 -0.20
2-10 0.00 0.00 0.00 -1.73 0.00 0.00 0.00 -1.63 0.00 0.00 0.00 -0.25

Right
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Serviceability Check: cCrack Control

Bar Moment Fss Allow
Mark Location (k-ft) (ksi) (ksi)
Al Top Corner Bar -5.8 11.25 32.89
A100 Top Slab (int) 15.6 24,87 32.89
A300 Top Slab (ext) 0.0 0.00 99.99
Bl Ext wall (int) -0.2 0.00 32.89
B2 Ext wall (ext) 0.0 0.00 0.00

Serviceability Check: Live Load peflection

Deflection Ratio of Top Slab = 1/12889 (Limit = 1/800)

Strength Limit State at Critical Sections: Flexure

Member 1: (Exterior wall), Thickness = 8.00 1in
Design Corr. Load Ratings
Loc Dist. Moment A. F. Mu ds Ma As 1.2Mcr IR OR
Gin) (k-ft) k) (k-ft) ¢in) (k-ft) phi (in2) (k-ft)
BOT 0.00 -0.50 6.04 0.00 6.63 1.22 0.95 0.00 6.79 NC NC
MID 28.80 0.00 6.04 22.15 6.63 22.92 0.95 0.75 6.79 NC NC
MID- 36.00 -2.54 9.80 22.37 6.69 23.61 0.95 0.75 6.79 NC NC
TOP 10.00 -7.52 9.80 22.15 6.63 23.40 0.95 0.75 6.79 NC NC
Member 2: (Top Slab), Thickness = 12.00 1in
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu ds Ma As 1.2Mcr IR OR
@¢in) (k-ft) ¢9) (k-ft) (in) (k-ft) phi (in2) (k-ft)
LT 6.00 -7.40 3.34 32.90 9.63 33.74 0.95 0.75 15.27 NC NC
MID 66.06 24.39 1.00 36.48 10.63 36.71  0.95 0.75 15.27 2.19 3.66
RT 6.00 -7.40 3.34 32.90 9.63 33.74 0.95 0.75 15.27 NC NC

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

Strength Limit State at Critical Sections: Vertical Shear

Member 1: (Exterior wall), Thickness = 8.00 in
Design  Corr. Corr. Max . Load Ratings
Loc Dist. Shear Moment A. F. Dv phi*vn Beta Theta Vc Vs Av  Spac IR OR
(in) k)  (k-ft) k) ¢n) (k) (k) (k) Gin2) Gn)
BOT 0.00 0.00 -0.5 6.04 6.63 15.18 ~n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MID 36.00 0.34 0.0 6.04 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MID- 36.00 0.34 -2.5 9.80 6.69 15.32 n/a n/a 17.02d 0.00 0.00 0.00 NC NC
TOP 12.44 -4.07 -7.5 9.80 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
Member 2: (Top Slab), Thickness = 12.00 in
Design Corr. Corr. Max . Load Ratings
Loc Dist. Shear Moment A. F. Dv phi#*vn Beta Theta Vc Vs Av  Spac IR OR
Gin) k) (k-fy (k) ({m Kk 9 (k) @Gn2) (in)
LT 13.44 7.90 -7.4 3.34 9.63 22.05 n/a n/a 24.50d 0.00 0.00 0.00 NC NC
MID 66.06 1.02 24.4 1.00 10.63 24.34 n/a n/a 27.05d 0.00 0.00 0.00 23.81 39.76
RT 13.44 7.90 -7.4 3.34 9.63 22.05 n/a n/a 24.50d 0.00 0.00 0.00 NC NC

vc Calculation By: a - Iterative Beta, b - Constant Beta, c - Box Culvert, d - Standard/Arema



Licensee: Gary K. Munkelt & Associates, LLC
ETCulvert v.3.31 Analysis and design of culverts

Copyright © 2010-2016 Eriksson Software, Inc.(www.LRFD.com)

Filename: Shea - Boydes Crossing.etc

Load Combination Results at Tenth Points:

Member 1: (Exterior wall)

Bottom

1- 0 0.000 0.000 6.038
1-1 -0.013 -0.102 6.038
1- 2 -0.055 -0.408 6.038
1- 3 -0.135 -0.916 6.038
1- 4 -0.259 -1.627 6.038
1- 5 -0.436 -2.539 6.038
1- 6 -0.673 -3.651 6.038
1- 7 -0.978 -4.963 6.038
1- 8 -1.358 -6.474 6.038
1- 9 -1.821 -8.183 6.038
1-10 -2.374 -10.089 6.038
Top

Member 2: (Top Slab)

Left

2- 0 -2.368 -10.090 1.002
2-1 7.285 -4.159 1.002
2- 2 14.768 0.428 1.002
2- 3 20.116 3.704 1.002
2- 4 23.315 5.670 1.002
2- 5 24.392 6.326 1.002
2- 6 23.313 5.669 1.002
2- 7 20.114 3.703 1.002
2- 8 14.767 0.426 1.002
2- 9 7.283 -4.161 1.002
2-10 -2.370 -10.092 1.002

Right

(k-ft, k)(Fil

-Axial

O WWWwWWwWwwWwWwwww

Wwwwwwwwwww

.797
.797
.797
.797
.797
.797
.797
.797
.797
.797
.797

.342
.342
.342
.342
.342
.342
.342
.342
.342
.342
.342

Depth = 4.50 ft)

+Shear

-0

RPNRONY

.000
.043
.098
-0.
-0.
.342
-0.
-0.
-0.
-0.
-1.

167
248

448
567
699
844
002

.797
.934
.159
.385
.663
.022
-0.
-2.
=38
-4,
.038

536
013
407
720

-Shear

0.
-0.
-1.
-1,
-2.
-2.
-3.
-8
.969
.338
-4.

-4

000
594
161
699
209
691
145
571

680

.038
.720
.407
.013
.536
.022
.663
.385
.159
.934
.797
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Analysis Results: Fill Depth = 5.00 ft

Applied Horizontal Loads: (k/ft)

Load Description Bottom of wall Top of wall
Horizontal Earth Load 0.690 0.330
Live Load Surcharge 0.120 0.120
Internal Water Pressure 0.343 0.000

unfactored Moments and Shears due to A1l Loads: (k-ft, k) (Fi1l pepth = 5.00 ft)

Member 1: (Exterior wall)

Bottom
1-0 0.00 0.00 0.00 0.00 0.00 0.00
1-1 0.00 -0.14 0.06 0.00 -0.48 0.20
1- 2 0.00 -0.56 0.23 0.00 -0.93 0.37
1-3 0.00 -1.25 0.50 0.00 -1.36 0.53
1- 4 0.00 -2.19 0.85 0.00 -1.77 0.66
1-5 0.00 -3.37 1.28 0.00 -2.16 0.77
1 6 0.00 -4.78 1.77 0.00 -2.53 0.86
1-7 0.00 -6.40 2.31 0.00 -2.87 0.94
1-8 0.00 -8.22 2.89 0.00 -3.20 0.99
1- 9 0.00 -10.23 3.49 0.00 -3.50 1.02
1-10 0.00 -12.41 4.11 0.00 -3.78 1.03
Top
Member 2: (Top Slab)
Left
2- 0 0.00 -12.42 4.12 5.03 0.00 0.00
2-1 4.94 -12.42 4.12 3.97 0.00 0.00
2- 2 8.77 -12.42 4,12 2.98 0.00 0.00
2- 3 11.50 -12.42 4.12 1.98 0.00 0.00
2- 4 13.14 -12.42 4.12 0.99 0.00 0.00
2- 5 13.68 -12.42 4.12 0.00 0.00 0.00
2- 6 13.14 -12.42 4.12 -0.99 0.00 0.00
2- 7 11.50 -12.42 4.12 -1.98 0.00 0.00
2- 8 8.77 -12.42 4.12 -2.98 0.00 0.00
2- 9  4.94 -12.42 4.12 -3.97 0.00 0.00
2-10 0.00 -12.42 4.12 -5.03 0.00 0.00
Right

Live Load Parameters:

Traffic Direction is Parallel to Main Reinforcement

Distribution width : 24.75 ft

Impact Factor i 1.00

Lane Load : 0.045 k/ft Distribution width : 38.75 ft

—————————————————————————————————————————— Analysis Truck, HS-20 ------—----ommomm o

vehicle Axle Weight Length Dist. From
No. (k/ft) (ft) Previous (ft)
Truck 1 0.074 8.75
2 0.296 8.75 14.00

3 0.296 8.75 14.00
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Tandem 1

0.268 13.58
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pinned/RoTler Reactions Applied to Structure: (service load values, k/unit width) (Fill pepth = 5.00 ft)

|
|
J
l
I
A
|
|

———s P

vertical Horizontal Horizonal Movement

of Left Node (in)
Dead Load 5.63 0.00 -0.020
Soil Pressure 0.00 0.00 -0.084
water Pressure 0.00 0.00 -0.121
Live Load 1.56 0.00 -0.034
without LL 5.63 0.00 0.115
with LL 7.19 0.00 0.080

Note: Reactions as shown - positive, movement to right - positive

Truck Positions That Cause Maximum Results:

Maximum +Moment in Top Slab

vehicle Axle Wweight Length Dist. From

NO. k) fo Left end (ft)
Truck 1 0.074 8.75 19.51

2 0.296 8.75 5.51

3 0.296 8.75 -8.49
Maximum +Moment : 4.29 k-ft
Corresponding Moment at End : 0.00 k-ft
Maximum +Shear in Top Slab
Truck 1 0.074 8.75 20.64

2 0.296 8.75 6.64

3 0.296 8.75 -7.36
Maximum +Shear -1.56 k
Corresponding Shear at Mmid 0.07 k
Maximum Deflection in Top Slab = 0.009 in
Truck 1 0.00 6.79

Maximum +Moment in Top Slab

Maximum +Moment : 83333.34 k-ft

Corresponding Moment at End : 0.00 k-ft
Maximum +Shear in Top Slab

Tandem 1 0.268 13.58 6.79
Maximum +Shear . -1.47 k
Corresponding Shear at Mmid 0.00 k

Unfactored Moments and Shears due to Truck Loads:

Tandem

Maximum -Moment

vehicle Axle Weight
NO. (k)

Truck 1 0.074

2 0.296

3 0.296

Maximum -Moment

Corresponding Moment at Mid :

Maximum -Shear in Top Slab

Truck 1 0.074
2 0.296
3 0.296

Maximum -Shear

Corresponding Shear at Mmid

in Top Slab

Length

(f)
8.75
8.75
8.75

8.75
8.75
8.75

Maximum -Moment in Top Slab

Tandem 1 0.268

Maximum -Moment

13.58

Corresponding Moment at Mid :

Maximum -Shear in Top Slab

Tandem 1 0.268

Maximum -Shear

Corresponding Shear at Mmid

k-fr, k)

13.

58

1.
-0.

Dist. From
Left End (ft)
18.38
4.38
-9.63
56 k-ft
07 k-ft

33.51
19.51
5.51
.00 k
.00 k

6.79
1.47 k-ft
.00 k-ft
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M-PT  MI1T+ MI1-  VvI11+ vil-  MI1+  MI11-  v1I1+  v11-  wMmI1+  Mm11-  Vv11+ v1l-

Member 1: (Exterior wall)

Bottom

i- 0 0.00 0.00 o0.00 0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i1- 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
i-9 0.00 0.00 0©0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1-10 0.00 0.00 o0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Top

Member 2: (Top Slab)

Left

2-0 0.00 0.00 1.56 0.00 0.00 0.00 1.47 0.00 0.00 0.00 0.25 0.00
2-1 1.54 0.00 1.30 -0.02 1.46 0.00 1.19 -0.01 0.24 0.00 0.20 0.00
2- 2 2.74 0.00 1.04 -0.07 2.59 0.00 0.94 -0.06 0.43 0.00 0.16 -0.01
2- 3 3.60 0.00 0.80 -0.15 3.41 0.00 0.72 -0.13 0.57 0.00 0.12 -0.02
2-4 4,11 0.00 0.59 -0.26 3.89 0.00 0.53 -0.24 0.65 0.00 0.09 -0.04
2- 5 4.29 0.00 0.41 -0.41 4.05 0.00 0.37 -0.37 0.68 0.00 0.06 -0.06
2- 6 4.11 0.00 0.26 -0.59 3.89 0.00 0.24 -0.53 0.65 0.00 0.04 -0.09
2- 7 3.60 0.00 0.15 -0.80 3.41 0.00 0.13 -0.72 0.57 0.00 0.02 -0.12
2-8 2.74 0.00 0.07 -1.04 2.59 0.00 0.06 -0.94 0.43 0.00 0.01 -0.16
2-9 1.54 0.00 0.02 -1.30 1.46 0.00 0.01 -1.19 0.24 0.00 0.00 -0.20
2-10 0.00 0.00 0.00 -1.56 0.00 0.00 0.00 -1.47 0.00 0.00 0.00 -0.25

Right
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Serviceability Check: Crack Control

Bar Moment Fss AlTlow
Mark Location (k-ft) (ksi) (ksi)
Al Top Corner Bar -6.2 12.17 32.89
A100 Top Slab (int) 15.9 25.32 32.89
A300 Top Slab (ext) 0.0 0.00 99.99
Bl Ext wall (int) -0.2 0.00 32.89
B2 Ext wall (ext) 0.0 0.00 0.00

Serviceability Check: Live Load Deflection

pDeflection Ratio of Top Slab = 1/12889 (Limit = 1/800)

Strength Limit State at Critical Sections: Flexure

Member 1: (Exterior wall), Thickness = 8.00 in
Design Corr. Load Ratings
Loc Dist. Moment A. F. Mu ds Ma As 1.2M™cr IR OR
@(in) (k-ft) k) (k-ft) (n) (k-ft) phi (in2) (k-ft)
BOT 0.00 0.54 6.54 0.00 6.63 1.32 0.95 0.00 6.79 NC NC
MID 28.80 0.00 6.54 22.15 6.63 22.98 0.95 0.75 6.79 NC NC
MID- 36.00 -2.71 9.92 22.37 6.69 23.63 0.95 0.75 6.79 NC NC
TOP 10.00 -8.04 9.92 22.15 6.63 23.41  0.95 0.75 6.79 NC NC
Member 2: (Top Slab), Thickness = 12.00 in
Design Corr., Load Ratings
LocC Dist. Moment A. F. Mu ds Ma AsS 1.2Mcr IR OR
(in) (k-ft) (k (k-ft) Gn)  (k-fv) phi (in2) (k-ft)
LT 6.00 -7.87 3.58 32.90 9.63 33.79  0.95 0.75 15.27 NC NC
MID 66.06 24.38 1.12 36.48 10.63 36.74 0.95 0.75 15.27 2.33 3.89
RT 6.00 -7.88 3.58 32.90 9.63 33.79 0.95 0.75 15.27 NC NC

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

Strength Limit State at Critical Sections: vertical Shear

Member 1: (Exterior wall), Thickness = 8.00 in
Design Corr. Corr. Max. Load Ratings
Loc Dist. Shear Moment A. F. Dv  phi*vn Beta Theta Vvc Vs Av  Spac IR OR
@in) k) (k-fry (kO Gnm (9] (k) (k) ((in2) (@in
BOT 0.00 0.00 0.5 6.54 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MID 36.00 0.40 0.0 6.54 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
MID- 36.00 0.40 -2.7 9.92 6.69 15.32 n/fa n/a 17.02d 0.00 0.00 0.00 NC NC
TOP 12.44  -4.26 -8.0 9.92 6.63 15.18 n/a n/a 16.86d 0.00 0.00 0.00 NC NC
Member 2: (Top Slab), Thickness = 12.00 in
Design  Corr. Corr. Max. Load Ratings
Loc Dist. Shear Moment A. F. Dv  phi*vn Beta Theta Vc Vs Av  Spac IR OR
¢in) kd  k-fry (k) Gn) kd 9 (k) (in2) (in)
LT 13.44 7.95 -7.9 3.58 9.63 22.05 n/a n/a 24.50d 0.00 0.00 0.00 NC NC
MID 66.06 0.88 24.4 1.12 10.63 24.34 n/a n/a 27.05d 0.00 0.00 0.00 27.57 46.04
RT 13.44 7.95 -7.9 3.58 9.63 22.05 n/a n/a 24.50d 0.00 0.00 0.00 NC NC

vc Calculation By: a - Iterative Beta, b - Constant Beta, c - Box Culvert, d - Standard/Arema
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Load Combination Results at Tenth Points:
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1: (Exterior wall)

m

0.

-0

-0

-2

2: (Top slab)

=25

7.
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20.
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000
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4 eeT Aot
8" 10'-0 o8
" P AS7
4 i /‘#5 07 oc 2" COVER
——e r = = __[1
1 . ) =_\A32 H\_ASS
8" x 8" HAUNCH #6 @7 oc.  #4+@10" oc
(TYP.)
= As4 ) Ast
T.rlj /;LO @7 oc /#6 @ 7" oc
»

NOTE:

ALL CLEAR COVER ON REINFORCING IS 1" UNLESS OTHERWISE NOTED

ALL REINFORCING TO BE #4 @ 12" UNLESS OTHERWISE NOTED

SECTION VIEW
MATERIALS: REINFORCING STEEL DRAWING DESIGNED FOR:
CONCRETE AASHTO HS-20 LIVE LOAD
fc =5,000 PSI RIGID FRAME NINIMUM LAY LENGTH =7.08
e 10'-0" SPAN x 5'-6" RISE
REBAR fy = 60,000 PSI i A TOP OF TOP SLABIS 2' TO
5' BELOW GRADE
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4 Sler 47,047 )

r'-6" 12" 1'-6"

3 1/2" COVER

.
[ L

(&) (2] '

1-6"

T / \‘E 31/2" COVER
#5 @8 oc. # 810" oc.

MAIN STL. DIST. STL.

SECTION VIEW
MATERIALS: REINFORCING STEEL DRAWING DESIGNED FOR:
CONCRETE AASHTO HS-20 LIVE LOAD
fc = 5,000 PSI FOOTING FOR AT SURFACE
STEEL RIGID FRAME
REBAR fy = 60,000 PSI 100" SPAN x 5'-6" RISE
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