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Project Description:

Structural calculations and details are provided for various cast-in-place reinforced concrete storm drain
structures for the Centennial Parkway Channel West — CC215, Pioneer Way to US95 project located in the
City of Las Vegas, Nevada. The contractor is permitted to provide precast structures instead of cast-in-place
structures where applicable. The design and detailing of all precast structures shall be provided by the
precast supplier.

Calculations are provided for the following:

1. Cast-In-Place Reinforced Concrete Box (RCB) Structures — The program BRASS-Culvert ™ version
2.3.6 is used to design the following RCB sizes with soil cover as noted:
a. 22’x7' RCB with 10-ft max soil cover
b. 10'x5’ RCB with 30-ft max soil cover
. (2)15'x7’ RCB with 10-ft max soil cover
. (2)15'x7’ RCB with 20-ft max soil cover
. (2)15'x7’ RCB with 33-ft max soil cover

® Qo0

2. Headwall for (2)15'x7' RCB — Headwall is designed to retain 4-ft of soil and span over RCB opening.
Headwall is designed for traffic surcharge (240 psf) and seismic loading.

3. Junction Structure #1 - 10'x5’ RCB entering side of 22'x7’ RCB with 10-ft max soil cover. A beam is
used to span the opening in the 22'x7’ wall.

4. Junction Structure #2 — 6'x5’ RCB entering side of 22'x7’ RCB with 10-ft max soil cover. A beam is
used to span the opening in the 22'x7 RCB.

5. Access Grate Inlet — 20'x10’ metal grate supported by steel beams and concrete walls located in
22°x7’ RCB to allow maintenance access. Grate sfructure is designed for HS20 wheel loading.

6. 6'x3' RCB Plug at Existing Headwall — Plug will be attached to outside face of existing headwall using
epoxy anchors. Plug is designed for a maximum of 10-ft of soil cover.

Design Code:
AASHTO LRFD Bridge Design Specifications, Fifth Edition, 2014
Concrete Junction Structures are designed for HS-20 Truck Loading.

Per Caltrans Bridge Design Specifications, Section 6 — “Culverts”, the RCBs were designed for a maximum
equivalent lateral earth pressure of 100 pcf and a minimum pressure of 35 pcf.

A soil unit weight of 125 pcf was used for vertical earth pressure.

Design Parameters:

See General Structural Notes of Drawings

EN
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BRASS-CULVERT - 22 x7 RCB w/ 10" &o:l lover

BRASS-CULVERT (LRFD) Versicn 2.3.6

DATE : 10/24/2014 TIME : 15:12:54 PAGE
Input Filename : F:\Projects\400\412-
654\Division\Stri\Calcs\22x7RCB\Centennial 22x7.DAT
Output Filename : F:\Projects\400\412-
654\Division\8tri\Calecs\22x7RCB\Centennial 22x7.xml
Output Filename for Live Loads : F:\Projeclts\400\412-

654\Division\8trl\Calcs\22x7RCB\Centennial 22x7 LL.OUT

The following filenames may be used in this run

Live Load Influence Values File name : F:\Projects\400\412-
654\Division\Strl\Cales\22x7RCB\Centennial 22x7 INF.OUT

Drawing File name : F:\Projects\400\412-
654\Division\Strl\Calecs\22x7RCB\Centennial 22x7.drw

Live Load Influence QOrdinates File name : F:\Projects\400\412-
654\Division\Strl\Calcs\22x7RCB\Centennial 22x7.il1

Live Load Actions (w/c DF or IM) File name : F:\Projects\400\412-
654\Division\Strl\Calcs\22x7RCB\Centennial 22x7.0ll

Intermediate Computations File name : F:\Projects\400\412-
654\Division\Strli\Calecs\22x7RCB\Centennial 22x7.00c0
Data Modelling File name : F:\Projects\400\412-

654\Division\Strl\Calcs\22x7RCB\Centennial 22x7.tmp

COMMENTS THIS FILE WAS CREATED BY THE BRASS-CULVERT GUIL.
COMMENTS DO NOT EDIT THIS FILE!
COMMENTS JOB DESCRIPTION:

TITLE CENTENNIAL - 22 X 7 RCB
STRUCTID

AGENCY

COMMENTS MAXIMUM 10-FEET OF FILL
UNTITSIN ' Us

UNITSOUT us

COMMENTS ANALYSIS CONTROL:

TYPE CcIP

FUNCT DESIGN

LRFR NO

TRELEASE NO

IDSN LRED

KBASE FULL

KHACH NO

EPOXY NO

EDGE~-STRIP NO

LRFD-SHEAR 0

IFATIG YES

DNEG 0.0000

COMMENTS DESIGN CONTROL:

TSAMS NO

TISAMW NO

ADDS 1.0000

ADDW 1.0000

MAXSIZ 9

MINSTIZ 4

SPCMAX 12.0000

SPCMIN 6.0000

ISPCGINC MAX

FAS 0.012000

CUSTOM STD

BAR DE Us

COMMENTS OUTPUT CONTROL:

MTEN YES

IBSH YES

IINEN NO

LIVELO NO
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CENTENNIAL - 22 X 7 RCB

DEFAULTS YES

LOOPS NO
INTERMEDIATE NO

COMMENTS MATERIAL PROPERTIES:
FCONC 4000.000

CE 3644147.000
CWGT 150.000

ZEE 155.000
EXP_FACTOR 0.750

GAMMA MIN RE 1 1.600

GAMMA MIN RE_3 0.750

EWGT 125.000
AWGT 145.000
FYST 60000.000
CN 7.9580
COMMENTS BOX GECMETRY:
NBOX 1

NSPAN 22.0000
NHITE 7.0000

LENG 150.0000
BWIDTH 150.0000
CBWIDTH 0.0000
TSLAB 18.0000
KFXTS F

BSLAB 18.0000
KFXBS F

WALLR 14.0000
KEXW F

COMMENTS SKEW:

CSKEW 0.0000
LSKEW 90.0000
RSKEW 90.0000
COMMENTS CONCRETE COVER:
Covs 2.0000

COVB 3.0000

COvi 2.0000
COVIN 2.0000
COMMENTS DEAD LOADS:
PRESS 100.000
PMIN 35.000

BWAT 0.000



NFILL
NWEAR
FILLFA
TYETLL
COMMENTS
LVLD

LVLD

LVOMT
LLPATCH
SURCH_USE
LIMIT DIST
LREFDDF

PAGE

3

DATE 10/24/2014

BRASS-CULVERT (LRFD)
CENTENNIAL -

10.0000
6.0000
1.1500
COMPACT
LIVE LOADS:
HL-93-TRUCK
HL—-93-TANDEM
YES

PL

YES

NO

YES

End of Input File Neo. 1

Versicn 2.3.6
22 X 7 RCB
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BRASS-CULVERT (LRFD) Version 2.3.6

CENTENNIAL - 22 X 7 RCB

Note:
The following list of wvariables are used in the

application. They are shown in US units because

that is the internal computational mode.

The first set are the variables defaulted
from input and the second set are system

variables.
Units
USSI UNITS: Input Units = us
USSI_UNITS QU: Output Units us
Desiaﬁmﬁézighles T
LREFDDF: Use LRFD method for bot slab load distrib. i
CUTYPE: Precast(PC) or Cast in Place(CIP) Culwvert = CIP
IDSN: Design Method = LRED
FUNCT: Design (DESIGN) or Design Review (DESREV) = DESIGN
IRELEASE :Moment Continuity Released (€ end of walls) = F
DNEG: Distance to Neg. Moment Computation Point = 0.00
CUSTOM: Default bar spacing and design check control = STD
ISAMS: Design Same Top and Bottom Slab = i
TSAMW: Design Same Interior-Exterior Wall = F
Cutput Control Variables T
MTEN : Output Moment-Shears = T
IINFN: Output Influence Line = F
IBSH: Output Bar Schedule = T

Standard Load Variables

HL-83-TRUCK
HL-%3-TANDEM

LVLD: Live Load Vehicle Name =
LVLD: Live Load Vehicle Name =
LVOMT: Neglect LL for Fill &gt; 8Ft samp; Fill &gt; Span = T
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CENTENNIAL - 22 X 7 RCB

Uniform Dead Leoad Variable

EDLU: Extra Uniform Dead Load (Lbs/Ft) = 0.0
NWEAR : Thickness of Wearing Surface (in) = 6.0
Concentrated Dead Load Variables

EDLC1: Extra Concentrated Dead Load (Lbs) = 0.0
EDLX1: Position of Load from CL of Left Wall (Ft) = 0.0
EDLCZ : Extra Concentrated Dead Load (Lbs) == 0.0
EDLX2: Position of Load from CL of Left Wall (Ft) = 0.0
EDLC3: Extra Concentrated Dead Leoad (Lbs) = 0.0
FDLX3: Position of Load from CL of Left Wall (Ft) = 0.0
Soil and Water Pressure Variables i
SURCH: Depth of Surcharge 2.0
PRESS: Maximum Seil Equiv. Fluid Pressure (Pcf) = 100.0
PMIN: Minimum Soil Eguiv. Fluid Pressure (Pcf) = 35.0
PWAT : Internal Water Pressure = 0.0
Geometry — Box Dimension Variables o
NBOX: Number of Boxes (1 TO 4) = 1
NSPAN: Clear Span (Ft) = 22.0
NHITE: Clear Height (Ft) = 7.0
NFILL: Design Fill Measured from Top of Top Slab(Ft) = 10.0
LENG: Section length(PC)-Culvert Length(CIP) (Ft) = 150.0
Geometry — Slab Thickness Variables )
TSLAB: Minimum Value for Top Slab (In) 18.0
KFXTS: Code for Top Slab(F=Fixed,V=Variable) = F
BSLAB: Minimum Value for Bottom Slab(In) = 18.0
KFXBS: Code for Bottom Slab(F=Fixed,V=Variable) = F
WALLR: Minimum Value for Exterior Wall (In) = 14.0
KEXW: Code for Exterior Wall (F=Fixed,V=Variable) F
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CENTENNIAL - 22 X 7 RCB

Geometry - Skew and Haunch Variables

LSKEW: Left End Skew Angle (Deg) = 90.0
RSKEW: Right End Skew Angle (Deg) = 9.0
CSKEW: Culvert Skew Angle (Deg) = 0.0
TFILT: Top Haunch (In) = 0.0
BFILT: Bottom Haunch (In) = 0.0
KHACH: Haunches used in Analysis (YES/NO) = NO
Geometry - Clear Concrete Cover -
COVS: Exterior Concrete Cover Top Slab (In) = 2.0
COVB: Exterior Concrete Cover Bottom Slab (In) = 3.0
COVW: Exterior Concrete Cover Walls (In) = 2.0
COVIN: Interior Concrete Cover (In) 2 i
Reinforcing Bar variables and Thickness Increment

SPCMAX: Default Max. Bar Spacings (In) = 12.0
SPCMIN: Default Min. BRar Spacings (In) = 6.0
MAXSIZ: Default Bar Sizes(US) = 9
MINSIZ: Default Bar Sizes(US) = 4
ISPCGINC: Reinforcing Bar Minimum Increment = T
EPQXY: Top Reinforcing Mat Epoxy Coated = F
ADDS: Added Slab Thickness Increment(In) = 1.0
ADDW: Added Wall Thickness Increment(In) = LB
Material Properties Variables

EWGT: Weight of Soil (Pcf) = 125.0
FYST: Yield Strength of Reinf. Steel (Psi) = 60000.0
FSTL: Allowable Stress of Reinf. Steel (Psi) (ASD) = 36000.0
FCONC: Compressive Strength of Concrete (Psi) = 4000.0
FSHR: Shear in Concrete (Psi) (ASD) = 0.0
FSTIR: Allowable Stress in Stirrups (Psi) (ASD} = 0.0
CWGT: Weight of Concrete (Pcf) = 150.0
AWGT: Weight of Wearing Surface (Pcf) = 145.0
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ZEE: Crack Width Parameter from AASHTO = 155.0
CN: Modular Ratio of Concrete = 8.0
CE: Modulus of Elasticity of Concrete(ksi) = 3644.]
ZEE: Crack Width Parameter from AASHTO = 0.9
CN: Modular Ratic of Concrete = 0.9
CE: Modulus of Elasticity of Concrete(ksi) =
Service-I load and resistance factors
EV: Vertical Earth Pressure max-min 1.00 1.00
DC: Components max-min 1.00 1.00
DW: Wearing Surfaces max-min 1.00 1.00
EH: Horizontal FEarth Pressure At-Rest 1.00
LS: Live load surcharge 1.00
WA: Water load and stream pressure 1.00
LL: Vehicular live lcad 1.00
Strength-I load and resistance factors
EV: Vertical Earth Pressure max-min 1.30 0.80
DC: Components max-min 1.25 0.90
DW: Wearing Surfaces max-min 1.50 0.65
EH: Horizecntal Earth Pressure At—-Rest 1.35
LS: Live load surcharge 1.75
WA: Water load and stream pressure 1.00
LL: Vehicular live load Y. TH
Strength-I1 load and resistance factors
EV: Vertical Earth Pressure max-min 1.30 0.90
DC: Components max-min 1.25 0.90
DW: Wearing Surfaces max-min 1.50 0.65
EH: Horizontal Earth Pressure At-Rest 1.35
L5: Live load surcharge 1.35
WA: Water load and stream pressure 1.00
LL: Vehicular live load 135
Fatigue load and resistance factors
EV: Vertical Earth Pressure max-min 0.00 0.00
DC: Ccomponents max-min 0.00 0.00
DW: Wearing Surfaces max-min 0.00 0.00
EH: Herizontal Earth Pressure At-Rest 0.00
LS: Live load surcharge 0.75
WA: Water load and stream pressure 0.00
LL: Vehicular live load 0.75
BB: Factor Leoad Factor Po and Pb AASHTO = 0.80
BETAD: Dead Load Multiplier for Load Factor = 1.0000
BETAL: Live Load Multiplier for Load Factor = 0.0000
PHIMOM: Phi Factor for Moment = 0.9000
PHISHR: Phi Factor for Shear = 0.8500
BB: Factor Load Factor Po and Pb AASHTO = 1.30
BETAD: Dead Load Multiplier for Load Factor =
HAFBAR: Assumed Half a Bar Dia. of #6 Bar (In) = 0.375
I300: A300 and A400 Bars to TRUE = 'z
1400: A300 and A400 Bars to TRUE = T
ICHANG: TInitial Settings = F
IC€UT: Cut Bars Due to Skew = T
ICUTSM: Bar Cuts Symmetrical = F
IFIXB: Defaults for Slab Thickness Incrementing = F
IFIXI: Defaults for Wall Thickness Incrementing = F
IFIXT: Defaults for Slab Thickness Incrementing = F
IFTXW: Defaults for Wall Thickness Incrementing = F
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IFATIG: Check Fatigue = F
IHAUCH: Code for Considering Haunch in Analysis = F
ILESS: Code for Span Less Than 5 ft = F
ISHR: Code for Shear Stress Check = F
ILOOP: Loop Counter for Design Iterations = 0
INTERM SWITCH: Turn on Intermediate Results Output = F
ISTORE: Design Moments to Zero = 0
KPASS: Variable Dimen (use in fixed thickness design)= VAR
KBASE: Bottom Slab Support Code (FULL, FIXED, HINGED) = FULL
LDPASS: Bypass Live Load if no vehicle input = F
LONGB: Longitudinal Bar Code = F
MESSGE: Code for Message Printout = T
PAS: Maximum AS/BD Desired = 0.012

JOB DESCRIPTICHN B

Title : CENTENNIAL - 22 X 7 RCB

Structure ID

Agency name : STD

Input units : US

Cutput units : US

ANALYSIS CONTROL R

Moment Bottom Slab Negative

Construction Design/ Continuity Support Moment

Type Review Released Cede Position

CAST-IN-PLACE DESIGN NG FULL 0.00
Consider Haunches in Analysis : NO

Perform Edge Beam reinforcement computations : NO

Use epoxy coated bars in top mat of reinforcement: NO
in top slab

Design Limit State Load and Resistance Factors
Method Ductility Redundant Cperations
LOAD & RES. 1.0000 1.0500 1.00

DESIGN CONTROLS

Design Design
Same Same Round-up Increment
Thickness Thickness Thicknesses Bar Spacing
Slabs Walls Slabs Walls File
(In} (In)
NO NO 1.00 1.00 Standard
Bar Spacing US-Bar Size Bar Spacing
Max Min Max Min Increment

(In) (In)
12.0 6.0 9 4 1 INCH
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QUTPUT CONTROLS

Drawing File: NO
Actions at tenth Points: YES
Bar Schedule: YES
Live Load Influence Ordinates: NO
Live Load Actions Envelope: NO
Default Output: YES
Intermediate Design Iteration Computations: NO
Intermediate Computations NO

MATERIAL PROFERTIES

Concrete Concrete Crack Width Steel Steel

g Ec Gamma E Fy n

(Psi) (Psi) (Kip/in) (Psi)

4000. 3644147, 0.75 60000. 7.56
Note:

1. The concrete unit weight used for the
Ec computaticn is 5 pcf less
than used for load computations

2. The crack width coefficient is the
coefficient in Eq. 5.7.3.4-2 for the
crack width parameter 2

Unit Weights

Concrete Soil Fill Wearing Surface
(Petf) (Petf) (Eef)
158 L1250 145.

Note:

1. The Soil Structure Interaction Factor
from AASHTO is computed and applied to the
weight of earth input

10
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BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNTATL — 22 X 7 RCB

BOX GEOMETRY

Culvert Span Clear Centerline
Cells Length Height Length
(Ft) (Ft) (Ft)
SINGLE 22.00 7.00 150.00
Bridge Number of
Width Traffic Lanes
(Ft)
150.00 1 and 2 lanes investigated
Slab and Wall Information
Top Bottom Exterior Interior
Slab Slab Wall Wall
(In) (In) (In) (In)
18.00 Fixed 18.00 Fixed 14.00 Fixed 0.00 n/a
LIVE LOADS

Vehicle Designation
HL.-93-TRUCK
HL-93-TANDEM

Live Leoad Control: YES

(Neglect Live Load if f£ill is greater than 8 ft.
and fill is greater than culvert span)

Tire application model: patch load

Live Load Surcharge: 2.0 Ft

DEAD LOADS

Ceoncentrated Loads

Wgt . Dis: Wgt.
(Kips) (Ft) (Kips)
0.0 0.0 0.0
Seoil Water
Pressure Density
Max Min
(Pcf) e} ({Pcf)
HH 35.0 0.0
Wearing
Uniform Surface Fill
Load Thickness Height
(plf) (in) (Ft)
0.0 6.00 10.00

Dis. Wgt. Dis.
(Ft) (Kips) (Ft)
0.0 0.0 0.0

11
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~ SKEW
Skew Skew Skew
Left Right Center
(Deg) (Deg) (Deg)
90.0 90.0 0.0
HAUNCHES o S

Top Haunch Bottom Haunch

Height Height
{(In) (In)
0.0 0.0

CONCRETE COVER to face of bar

Top Bottom Exterior

Slab Slab Wall

(In) (In) (In)
2.00 3.00 2.00

LRFD Live Load Distribution Factor Computation

In put Values i
Depth of Fill ~o= 102005 1

‘Span Length =92200 f

Truck Gage = 6.00 ft

Soil Distribution Factor = 1.15

Tire Patch Width =20.00 in.
Bridge Width = 150.00 ft.

Length ' = 15000 ft.

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)

Controlling Distribution Factor

Final Strip Width =20.49 ft.
Final Distribution Factor = 1/Final Strip Width = 0.049 Lanes per [t. of width
Multiple Presence Factor = 1.20

Distribution Factor * Multiple Presence Factor = 0.059
Dynamic Load Allowance Calculation - Article 3.6.2.2

IM=33(1.0-125D,)
IM = 33(1.0 - 1.25(10.00) )
IM = 0.0000

Notes:Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus mulliple presence factor
for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1, 3.6.1.3.3, and 4.6.2.10. Lane loads arc not applied. See
3.6.1.3.3. This applies to all approximate strip methods.

1. The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. See 3.6.1.2.6.

12
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Number of cells = 1
Top Slab thickness = 18.0000
Bottom Slak thickness = 18.0000
Exterior Wall thickness - 14.0000
Design Span{c—c walls) = 23.1667
Design Height(c—-c slabs) = 8.5000
Fill Height (top of slab) = 10.0000
Wearing surface thickness = 6.0000
Loads based on 1 foot unit width
Soil Structure Interaction Factor = 1.0822
Earth Weight for fill computations = 0.1353
Weight of Fill without wearing surface = L2851
Weight of Wearing Surface = 009725
Weight of Top Slab = 0.2250
Weight of Extra Uniform Dead Load = 0.0000
Uniform Dead Load on Top Slab = 1.5826
Weight of Walls divided by culvert width = 0.1058
Uniform Dead Load on Bottom Slab = 1.6884
Soll pressure at center of top slab = 1.0750
Soil pressure at center of bottom slab = L. 8250
Soil pressure due to live load surcharge = 0.0700
Impact Factor on Top Slab & Walls = 0.0000
Impact Factor on Bottom Slab = 0.0000
Axle Load Distribution Facteor on:
Top Slab & Walls = 0.0586
on Bottom Slab = 0.0586
Note:

1. The weight of the walls is computed by taking the
interior wall thickness plus twice the exterior wall
thickness and multiplying by the clear height of the
culvert and the weight of concrete. That result is
divided by the span length times the number of cells
plus the wall thicknesses.

2. The soil pressure computations use the fill height
and the culvert height for appropriate wvalues for
lateral earth pressures. Wearing surface, fill
height, and slab thickness are used in vertical dead
load computaticns.

3. The distribution width and associated distribution

facter for the top slab is computed according to
AASHTO LRFD 4.6.2.10 for f£ill depth less

than 2 ft. and AASHTO LRFD 3.6.1.2.6 for fill
depths over 2 ft. Also, see 3.6.1.3.3.

AARSHTO Specifications state that no live load
is to be used when the fill is greater than 8 feet

and

The

the fill is greater than the total span length

£fill is greater than 8 feet but less than the

total span length of 23.17 feet

T,
NE:
1%
et
Ft.
s
In.

Kef

K1f
K1t
K1f
K1f
K1f

RLE

K1f

K1f

K1f

K1f
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For a HL-93-TRUCK Vehicle
Description ARSHTO LRFD HL-93 Design Truck (U3}
The Number of axles = 3
Axle Weights Spacing
(kips) GEL)
8.00 14.000
32.00 14.000
32.00 0.000
Totals 72.00 28.000
Tire Contact Area = 200.0000 sg.in.
Tire patch Width = 20.00000 in.
Tire Patch Length = 10.00000 in.
Vehicle Axle number = 1
Fill = 10.00 f£t.
Distribution slope = 1.15
LL Longitudinal Distribution Length = 12.33 ft.

[slope(fill) + longitudinal tire patch]

Il

Tire Contact Area 200.0000 L= {0 s o
Tire patch Width = 20.00000 in.

Tire Patch Length = 10.00000 in.

Vehicle Axle number = 2

Fill = 10.00 ft.
Distribution slope £ 115

LL Longitudinal Distribution Length = 12.33 ft.
[slope(£fill) + longitudinal tire patch]
Tire Contact Area = 200.0000 S AT
Tire patch Width = 20.00000 in.
Tire Patch Length = 10.00000 in.

Vehicle Axle number = 3

Fill = 10.00 ft.
Distribution slope = 1,15

LL Longitudinal Distribution Length = 12.33 ft.

[slope(fill) + longitudinal tire patch]
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For a HL-93-TRUCK Vehicle
Description AASHTO LRFD HL-93 Design Truck (US)

The number of simulated axles based on fill = 36

The number of simulated axles is calculated based

on the longitudinal distribution length of each axle
divided by the simulated axle spacing of 1 foot

and the simulated axle weights are calculated by
dividing the vehicle axle weights by the number of
simulated axles per vehicle axle.

Truck facing backwards Truck facing forward
Axle wts. Spacing Axle wts. Spacing
(kips) (ft) {(kips) (ft)

0.67 0.000 2.67 0.000
0.67 1.000 2.67 1.000
0.67 1.000 2.67 1.000
0.67 1.000 2.67 1.000
0.67 1.000 2.67 1.000
0.67 1.000 2,671 1.000
0.67 1.000 2.67 1.000
0.67 1.000 2487 1.000
0.67 1.000 2.67 1.000
0.67 1.000 2567 1.000
0.67 1.000 2.67 1.000
0.67 1.000 2.67 1.000
2.67 3.000 2.67 3.000
2 BT 1.000 2.67 1.000
2.67 1.000 2.67 1.000
2.67 1.000 2.067 1.000
2. 6l 1.000 267 1.000
2.67 1.000 2.67 1.000
2.67 1.000 2.67 1.000
2.67 1.000 2.67 1.000
2.67 1.000 2.67 1.000
2.67 1.000 2.67 1.000
2.67 1.000 2 .67 1.000
2.67 1.000 2.67 1.000
2.67 3.000 0.67 3.000
2.67 1.000 0.67 1.000
2.67 1.000 0.67 1.000
2.67 1.000 0.67 1.000
2.67 1.000 0.67 1.000
2.67 1.000 0.67 1.000
2.67 1.000 0.67 1.000
2.67 15080 0.67 1.000
2.67 1.000 0.67 1.000
2.67 1.000 0.67 1.000
2.67 1.000 0.67 1.000
2.67 1.000 0.67 1.000
Totals 72.00 39.000 72.00 39.000

Nete: Impact or distribution is not included in the above table.

Factors for Ductility 1.00



Redundancy 1.05
Operations 1.00

Design Iteration Loop Number 1

LRFD Live Load Distribution Factor Computation

Input Values

Depth of Fill = 1000
Span Length = 2200 f
Truck Gage' =600 A
Soil Distribution Factor = [.15

Tire Patch Width =20.00 in.
‘Bridge Width =.150.00 ft.
Length v o = 150,00 ft.

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)
Controlling Distribution Factor

Final Strip Width = 20.49 ft.
Final Distribution Factor = 1/Final Strip Width = 0.049 Lanes per ft. of width
Multiple Presence Factor = 1.20

Distribution Factor * Multiple Presence Factor = 0.059
Dynamic Load Allowance Calculation - Article 3.6.2.2

IM=33(1.0-125D,)
IM =33(1.0 - 1.25(10.00) )
M = 0.0000

Notes:

1. Only the one lane loaded casc is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence
factor for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1,3.6.1.3.3, and 4.6.2.10.

2. Lane leads are not applied. See 3.6.1.3.3. This applies to all approximate strip methods.

3. The distributien factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. See 3.6.1.2.6.
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Current Live Load:

BRASS-CULVERT (LRFD)

HL-93-TRUCK

PAGE 15
DATE 10/24/2014
Version 2.3.6
CENTENNIAL - 22 X 7 RCB

Unfactored
due to Dead and Live Loads including Distribution and Impact

MOMENTS

(per unit design width)

M=ET
EXTERICR
1= iy
1-1
1- 2
1-3
1- 4
1— 5
i=6
l= "7
1- 8
I= 8
1-10
EXTERIOR
TOP SLAB
2= 19
2-1
2~ 2
2- 3
2- 4
2- 5
2- 6
2- 17
2- 8
2— 8
2-10
TOP SLAB

BOTTOM SLAB

4-— 0
4- 1
4- 2
4- 3
4- 4
4= 5
4- 6
4- 7
4- 8
4= 9
4-10

Dead Soil Seil
Load Press Press
(Max) (Min)
Kft Kft Kit
WALL BOTTOM
-42.93 -4.01 -1.40
-42.56 1.25 0.44
-42.20 5.7 1.8
-41.83 7.83 2.74
-41.46 9.28 325
-41.10 2,58 3.36
-40.73 8.81 3.08
-40.37 7.01 2.45
-40.00 4 .25 1,44
=39.63 0.59 0.21
-39.27 =3 41 =15 5
WALL TOP
LEFT SIDE
=38 27 -3.91 -1.37
=1.04 -3.90 =1+ 35
28.69 -3.89 -1.36
49.94 -3.88 =1, 36
62.68 -3.88 -1.36
66.94 -3.87 ~1:35
62.70 -3.8%6 ~1.35
49.96 ~3:85 =1 - 35
28 .73 ~2.85 =1, 35
-0.99 -3.84 -1.34
=39.20 =3..88 -1.34
RIGHT SIDE
LEFT SIDE
-42.93 -4.01 -1.40
-2.16 -4.02 -1.41
29.55 -4.02 -1.41
5% .20 -4.03 =1.. 441
6578 -4.04 -1.41
T0=57 -4.05 =1.42
65.77 -4._05 -1.42
52,17 -4.06 -1.42
2%.51 -4.07 -1.42
—2.21 -4.07 =1 43
—-42.99 -4.08 -1.43

BOTTOM SLAB RIGHT SIDE

Surch

Hgt.

Kft

|
OC O CcC OO o oOoO

.19
.04
.22
.35
.42
.45
.42
.35
.22
.04
.18

.18
.18
- 18
.18
« k8
.18
.18
.18
- 18
.18
.18

.19
.19
.19
.18
.18
=]
.18
.18
.18
.18
L8

Water

Press
(Max)

Kft

0.00
0.00
.00
.00
.00
.ao
.00
.00
.00
.00
.00

o)

(e o Il e B o B v o T e N

.00
.00
.00
08
.00
.00
<00
.00
.00
.00
.00

[ BN e B o B 8 oo [ en i o B oo B e B e I o )

.00
.00
.00
<00
.00
<00
.00
.00
.00
.00
.00

(Sl IR B oo IR o B ev oo N oo B o 8 oo Bl o

LIVE
Pos

Kft

OO N O U N OO COoOO0OCOoOoCOoO0oO0oCoQ

oMU R ND O

.00
.00
.00
.00
.00
.00
.00
.00
.00
Biek
.06

.06
<69
.64
.43
.43
.65
.44
.45
.63
.70
.07

.00
.23
.80
<18
.98
LB,
.98
.78
i)
=25
.00

LOADS

(&%)

|

(o

o

WoOoCoOoOoDoOooooo

o

waooooooo

Neg

Kft

.58
-6
.54
e
Bl
.49
.48
.46
.46
.48
-53

B
.82
.00
.00
.00
.00
.00
.00
.00
.83
.54

.58
iR
.00
.00
.00
.00
.00
.00
.00
Bei]
« 3
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Current Live

Load:

BRASS-CULVERT (LRFD)
CENTENNIAL - 22 X 7 RCB

PAGE

16

DATE 10/24/2014
Version 2.3.6

HL-93-TRUCK

Unfactored
due to Dead and Live Leoads including Distribution and Impact

SHEARS

(pef—unit design width)

M-PT
EXTERIOR
1- 0
= L
T 2
1- 3
1- 4
1- 5
-8
1- 7
L= &
1-9
1-10
EXTERIOR
TOP SLAB
2- 0
2~ 1
2= 2
2= 3
2- 4
2 B
2- 6
2~
2- 8
2= 8
2-10
TOP SLAB

Dead Soil
Load Press
(Max)
K K
WALL BOTTOM
0.43 6.99
0.43 539
0.43 3.86
0.43 2.41
0.43 1.02
0.43 -0.29
0.43 -1.53
0.43 =289
0.43 =379
0.43 -4.81
0.43 =5.76
WALL TOP
LEFT SIDE
18.:33 0.00
14.67 0.00
11.00 0.00
7.34 0.00
3. 67 0.00
0.00 0.00
-3.66 0.00
=7.33 0.00
-11.00 0.00
-14.66 0.00
~18.33 0.00

RIGHT SIDE

BOTTOM SLAB LEFT SIDE

Fre
4—
4
4—
4_
4-
4-
4-
4-
4- 9
4-10

N = O

@ -1 oy W\

BOTTOM SLAB RIGHT SIDE

19
15

11.

=1L
=15
=19

.55 =0,
.64 =@
3 -0.
.82 =0,
9L =0,
.00 =0
91 -0
.83 =0,
.74 =10 -
.65 =0.
.56 —{ .

00
00
00
00
00
00

.00

00
00
00
0o

Soil

Press
(Min)

K

OO CcCCoCOoO OO0 ooo

i
.68
.02

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

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

Surch Water
Press

Hgt.

O QOO0 C o0

.30
.24
.18
#18
.06
.00
.06
12
.18
.24
.30

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

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

(Max)

K

oo ocoooo oo B 2O 50 R 00 DS

COO0OO0OOoOOaoan

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

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

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

LIVE
FPos

K

O QT @2 0 OE Len I en I o B o N e i o BN o i 0 B a0 S e A

(e an [ o BN en S oo B e A e T N o B S B

.16
.16
.16
.16
.16
w15
ki
.16
.16
.16
AL

<13
.28
.99
.74
+D3
=39
-2l
210
.04
<@L
.00

wild &
=37
.03
.69
.34
.01
.00
.00
.00
.00
.00

LOADS
Neg

e i aon ] e |

.16
.16
.16
.16
<15
w16
.16
sl
.1le
.16
Al

.00
A2
.07
.15
.28
.44
.64
-B7
.13
.43
.71

.00
.00
i)
.00
.00
.01
-0.
-0.
=l
=
.72

34
69
03
38

18



Current Live Load:

PAGE 17

DATE 10/24/2014
BRASS-CULVERT (LRED)

CENTENNIAL - 22 X 7 RCB

HL-93-TRUCK

Version 2.3.6

Unfactored

AXTAL FORCES

(per unit design width)

due to Dead and Live Loads including Distribution and Impact

Dead Soil Soil
M—-PT Load Press Press
(Max) (Min)
K K K
EXTERTOR WALL BOTTOM
1- 0 -=17.860 -0.00 -0.00
1- 1 -17.60 -0.00 -0.00
i= 22 =17.60 -0.00 -0.00
1- 3 -17.60 -0.00 -0.00
1- 4 -17.60 -0.00 -0.00
1- 5 =17.60 -0.00 -0.00
1- 6 -=-17.60 =0 G0 -0.00
i- 7 -=17.60 -0.00 -0.00
1- 8 -17.60 -0.00 -0.00
1—= 8 =17.860 -0.00 -0.00
1-10 =17.60 -0.00 -0.00
EXTERIOCR WALL TOP
TOP SLAR LEFT SIDE
2- 0 0.44 -5.86 -2.05
2- 1 0.44 -5.86 =2, 05
2= 2 0.44 -5.86 -2.05
2- 3 0.44 -5.86 -2 05
2= 4 0.44 =5..86 =2 05
2= 5 0.44 -5.86 -2.05
2—- 6 0.44 =5.86 =2:.05
2= 7 0.44 -5.86 -2.05
2—- 8 0.44 =5. 86 -2.05
2- 9 0.44 ~-5.86 -2.05
2=108 0.44 ~5. BB =2 U5
TOP SLAB RIGHT SIDE
BOTTOM SLAB LEFT SIDE
4—- 0 -0.42 -6.87 -2.40
4- 1 -0.42 -6.87 -2.40
4- 2 -0.42 -6.87 -2.40
4- 3 -0.42 -6.87 -2.40
4- 4 -0.42 -6.87 -2.40
4- 5 -0.42 ~-6.87 -2.40
4- 6 -0.42 =&, 87 -2.40
4- 7 -0.42 -6.87 -2.40
4- 8 -0.42 -6.87 -2.40
4- 9 -0.42 -6.87 —~2: 410
4-10 -0.42 -6.87 -2.40
BOTTOM SLAB RIGHT SIDE
Factors for Ductility 1.00
Redundancy 1.05
Operations 1.00

Surch Water
Press
(Max)

Hgt.

K

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

o oo oo oooD

-0.30
—; 30
=0 340
-0.30
-0.30
-0.30
=0 30
-0.30
=30

-0.30

-0.29
-0.29
-0.29
=@29
-0.29
—8.29
-0.29
=029
={ 28
=0.29
-0.28

K

[Nl

(=]

[l elelollelolo]

@OLeT D oo oo

D O O 9 0 DO o0

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

.00
.00
.00
.00
.00
.00
.00
-00
.00
.00
.00

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

LIVE
Pos

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

oo CcC oo CcoOOo0O0oC oo

.16
.16
.16
.16
.16
.16
2
.16
.16
.16
+ 16

oo B e i o B e g s B et Y e B e o S 0 Y o

.16
.16
.16
<198
.16
186
.16
w18
il
.16
.16

[ v I e N oo Y i B i S i S i T i S o e

LOADS

Neg

K

5
.60
=k=
.60
=13
i
.60
i
.60
b
=] ..

-1

=

=0
=B
=i,
=
-0.
=0
-0.
=0
=i,
.16
-0.

60

60

60
60

60

60
60

.17
I
wd
.17
7
.17
A
.17
17
.17
1T

16
16
16
16
le
16
16
16
16

16
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PAGE 18
DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 22 X 7 RCB

Fatigue Checks
f<=1f=24-0331,,(5.5.32-1)
where:
{; = actual stress range in the reinforcement

fr= maximum allowable stress range

Member |  Location | fua(kip) | f(kip) - | G (kip)

. Result

i

EXTERIOR WALL | Top oo 0 ool b e L A
eEsAR T T R ] GO00:

~Pass

o Pass

?

TOPSLAB: 17 Middle~ .. [ Lo 00007 1 9366 3.39

Pass e

20



LRFD Crack Control Computation

PRGE 19
DATE 10/24/2014
BRASS-CULVERT (LRED) Version

2.3.6

CENTENNIAL - 22 X 7 RCB

Ao
(5.7.34

Current Vehicle: AASHTO LRFD HL-93 Design Truck (US)

. Location

ve h(in) | d.(in) B,

Max S

Current

: 2 Allowable Stress :?-:\ctual Stress (

kip )

: Top slab, outside
; corner

2.50000000

0.75000000 | 14.00000000

- Top slab, inside

face -

11.31055903

%
in) - | Spacing (in.)

6.97059631 | 6.00000000

3639145279 | 33.46469879

0.75000000 |18.00000000

Bottom slab,
outside corner

s ]30n0m5]ab A

inside face

0.75000000 '14.00000000

2,50000000 1.23041475

2.50000000 1131055903

6.40567684

0.75000000 18.00000000

Ext. wall, outside
el face

256400013 11.23729312

. 600000000

3874279785 | 37.40991211

lﬂ(twall inside
face

075000000 1400000000 2.50000000 11.31055903

8.45223808 | 6.00000000

36.39145279 2977886772

0.8* > [, therefore no check necessary.

607031059 | 600000000 | 3639145279 = 36.18619537
831424618 | 6.00000000 | 38.09016418 | 3156565857 |

i

{
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PAGE 20
DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 22 X 7 RCB

Lateral Distribution Steel:

Span Length = 23.167 feet
Percentage of main reinforcement required = 20.776% , less than or egual to 50%
Main reinforcement area (top slab) = 1.580 in~2
Reguired lateral distribution area = 0.000 in"2
Because the required area is less than the minimum, an area of steel of 0.200 in”2 is
used.
Bar size (C100) = # 4
Spacing (C1l00) = 12.000 in
Area of steel (C100) = 0.200 in~2
Main reinforcement area (bottom slab) = 2008 A2
Required lateral distribution area = 0.000 in~Z
Because the required area is less than the minimum, an area of steel of 0.200 in"2 is
used.
Bar size (C200) = # 4
Spacing (C200) = 12.000 in
Area of steel (C200) = 0200 1n®Z
Bar sizes and spacings with computed areas of steel
Areas of steel are in in2/ft
Teop slab
LEFT SIDE CENTER RIGHT SIDE
area 1.5800 in2 area 1.5800 in2 area 1.5800 in2
size 8 spaced at 6.00 in. size B8 spaced at 6.00 in. size 8 spaced at 6.00 in.

e E S S A et e bt a S A S ESER S AEEEEEEE S SRR SRS SR SR RS S EE SRS E NSRS EE S S EEEEE SRR

Exterior wall

TOP

area 1.5800 in2

size 8 spaced at 6.00 in.

OUTSIDE FACE
area 1.5800 in2
size B spaced at 6.00 in.

INSIDE FACE
area 0.5314 in2
size 5 spaced at 7.00 in.

BOTTOM
area 1.5800 in2

size § spaced at 6.00 in.
Fhhkhkhkbhhhhhhddrhbhdbrobhobhhdhhh bbb rr kb dr b d bbb hdrd b b hbkadddbdbhddbhdbbrdbhbhrhhrhbdhishn

Bottom slab

LEFT SIDE CENTER RIGHT SIDE
area 1.5800 inZ area 2.0000 inZz area 1.5800 in2
size 8 spaced at 6.00 in. size & spaced at 6.00 in. size B8 spaced at 6:.00 in.

22



DATE 10/24/2014
BRASS-CULVERT (LRFD)
CENTENNIAL - 22 X 7 RCB

PAGE 21

Version 2.3.6

Reinforcing Steel

Bar Schedule

Location
TOP SLAB (Inside)
BOT SLAB (Inside)
CORNER  (Top)
CORNER {Bottom)
EXTWALL (Inside)
EXTWALL (QOutside)

LONGITUD. ( 3)
LONGITUD. ( 3)
LONGITUD. ( 3)

Mark Oty Size
2100 300 8
2200 300 9
Al 600 3
Az 600 8
Bl 516 5
B2 600 8
i 240 4
C1Lg0 0 4
Cz00 0 4

Type

STR
STR
L-BAR
L-BAR
STR
STR
STR
STR
STR

Length

(Ft—-In)

0=
0—
13=

Total weight black bars

Total weight all bars

0
0

RR RO D

Wgt
(Lbs)
0

Q
21761
16020

4036

8195

T 50012

50012

The minimum temperature and shrinkage stesel for the:
= 0.1100 in2
= 0.1100 in2

Top slab(s)
Bottom slab(s)

Exterior wall(s)

Splice Lengths Chart

= 0.1100 in2

Mark Size Splice Length
(Bt-—1m) (m)
Bl 5 1= 19 0.533
Ccl 4 1= 19 0.533
C100 4 1- 9 0.533
c200 4 ] 0.533

H Leg
(Ft-In)

V Leg
(Ft-In}
4- 9
4- 8

23



PAGE 272
DATE 10/24/2014
BRASS-CULVERT (LRFD) Versicn 2.3.6
CENTENNIAL - 22 X 7 RCB

Factored Actions for Load and Resistance Factor Design at Tenth Points (per unit design width)

M-Pt +Moment —-Moment +A.F. -A_F. +Shear —Shear
(Kft) (KEL) (Kips) (Kips) (Kips) (Kips)

EXTERIOR WALL BOTTOM

1- 0 -43.870 =71 .135 -16.437 —26..851 11..332 6.706
1= 1 -37.894 -63.399 -16.439 -26.948% 8,955 5.1%94
1- 2 -31.662 -59.153 -16.439 -26.94°9 6.680 3.750
L= 3 =gl 3210 —ofL 113 -16.43% -26.949 4.507 2.374
1- 4 ~-24.781 =54 218 -16.439 -26.949 2.437 1.067
= 5 i3, 958 =53 .3484 -16.439 -26.949 0.606 -0.309
1- 6 -24.765 -53.6407 -16.439 -26.948% -0.565 -2.174
1="% -27.114 -54.782 -16.43% -26.94°9 -1.668 =3.8937
1- 8 -30.8917 -56.884 -16.439 -26.949 -2.702 =5.5%8
J= g =36.065 -59.886 -16.439 -26.949 ~3.668 -7.156
1-10 —-40.247 -65.906 -16.437 —26.5951 —4; 565 -8.612

EXTERIOR WALL TOF

TOP SLAB LEFT SIDE
2= 0 -40.247 -65.906 =4..832 -8.568 28.180 1% .22
= 1 -3.386 —8.781 -4.832 -8.568 22.352 13.666
P 12 40.303 0.000 ~4.643 -8.756 16.832 10.154
2= 3 72.574 0.000 -4.643 -B8.7586 11.374 6.576
2- 4 91.793 0.000 -4.643 =8 =756 5.988 2 923
2= 5 98.007 0.000 -4.643 —8.756 0.657 -0.803
2—- 6 91.846 0.000 —4.643 -8.756 ~3: 035 -6.170
2- 7 72.666 0.000 ~4.643 -B.756 -6.651 -11.580
2= 8 40.382 0.000 -4.643 -8.756 -10.192 -17.075
2= 9 =3/258 =8 653 -4.832 -8.568 =13 675 =22 .618
2=10 -40.098% -65.731 -4.832 -8.568 1 -28.140

TOP SLAB RIGHT SIDE

BOTTOM SLAB LEFT SIDE
4~ 0 -43.870 =71 =135 =6 590 11133 29 82T 18.254
4- 1 -5.387 =9.322 —6.580 =13.133 23.855 14.601
4- 2 41.640 0.000 -6.772 -10.5851 17.89%0 10.9489
4- 3 76.170 0.000 -6.772 -10.851 11.924 7.297
4- 4 96.880 0.000 -6.772 -10.251 5. 959 3.645
4- 5 103.770 0.000 =6 772 =10 252 0.020 -0.034
4- 6 96.842 0.000 -6.772 -10.851 -3.658 5,876
4- 7 76.096 0.000 -6.772 -10: 9851 -7+ 310 -11.941
4- 8 41.530 0.000 -6.772 -10.851 -10.962 -17.907
4- 9 -5.461 —5.505 -6.590 -11.133 -14.614 -23.872
4-10 -44.001 -71.349 ~5. 590 =11 133 ~18.266 -29.838

BOTTOM SLAB RIGHT SIDE

Cutput complete for a HL-93-TRUCK vehicle

LRED Live Load Distribution Factor Computation

. Input Values :

Depthof Fill - =10.00 fi
Span Length e =22.00 ft.
TruckGage =600 fi

24



Tire Patch' Width =20.00 in.
Bridge Width 150.00 fi.
Length S =150.00 fi.

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)

Contrelling Distribution Factor

Final Strip Width =20.49 ft.
Final Disiribution Factor = [/Final Strip Width = 0,049 Lanes per ft. of width
Multiple Presence Factor = 1.20

Distribution Factor * Multiple Presence Factor = 0.059
Dynamic Load Allowance Calculation - Article 3.6.2.2

IM=33(1.0-1.25D,)
M = 33(1.0 - 1.25(10.00) )
M = 0.0000

Notes:

1. Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence
factor for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1,3.6.1.3.3, and 4.6.2.10.

Lanc loads are not applicd. See 3.6.1.3.3. This applies to all approximate strip methods.

The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. Sce 3.6.1.2.6.

w3

AASHTO Specifications state that no live load

is to be used when the fill is greater than 8 feet
and the fill is greater than the total span length
The fill is greater than 8 feet but less than the
total span length of 23.17 feet
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CENTENNIAL - 22 X 7 RCB

sg.in.

in.
Tis

For a HL-93-TANDEM Vehicle
Description BASHTO LRFD HL-93 Design Tandem (US)
The Number of axles = 2
Axle Weights Spacing
(kips) (ft)
25..00 4.000
25,00 0.000
Totals 50.00 4.000
Tire Contact Area = 200.0000
Tire patch Width = 20.00000
Tire Patch Length = 10.00000
Vehicle Axle number = 1
Fill

Distribution slope
LL Longitudinal Distribution Length
[slope(fill} + longitudinal tire pat

Tire Contact Area = 200.0000
Tire patch Width = 20.00000
Tire Patch Length = 10.00000
Vehicle Axle number = 2

Fill

Distribution slope

LL Longitudinal Distribution Length
[slope (£i11) + longitudinal tire pat

= 10

= 1.

= 12
ch]

00 FE.
15
<33 EE.

sg.in.

in.
in.
= 10

= 12
ch]

L,

30 £E.
15
33 ft.

26



PAGE 24
DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNTIAL - 22 X 7 RCB

For a HL-93-TANDEM Vehicle
Description AASHTO LRFD HL-93 Design Tandem (US)

The number of simulated axles based on fill = 16

The number of simulated axles is calculated based

on the longitudinal distributien length of each axle
divided by the simulated axle spacing of 1 foot

and the simulated axle weights are calculated by
dividing the wvehicle axle weights by the number of
simulated axles per vehicle axle.

Truck facing backwards Truck facing forward
Axle wts. Spacing Axle wts. Spacing
{(kips) (ft) (kips) (ft)

2.08 0.000 2.08 0.000
2.08 1.000 2.08 1.000
2.08 1.000 208 1.000
2.08 1.000 2.08 1.000
4.17 1.000 4.17 1.000
4.17 1.000 4.17 1.000
4.17 1.000 4.17 1.000
4.17 1.000 4.17 1.000
4.17 1.000 4.17 1.000
4.17 1.000 4.17 1.000
4.17 1.000 4.17 1.000
4.17 1.000 4.17 1.000
2.08 1.000 2.08 1.000
2.08 1.000 2.08 1.000
2.08 1.000 2.08 1.000
2.08 1.000 2.08 1.000
Totals 50.00 15.000 50.00 15.000

Note: Impact or distribution is not included in the above table.

Factors for Ductility 1.00
Redundancy 1.05
Operations 1.00

Design Iteration Loop Number 1

LRFD Live Load Distribution Factor Computation

Input Values -

Depthof Fill = 1000 ft
Span Length Zoop0 A
TruckGage: =+ =600 :fi
.Soil Distribution_ Factor = 1.15

Tire Patch Width = 20.00 in.
Bridge Width = 15000 fi.

- 150.00 fi.

Length



Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)
Controlling Distribution Factor

Tinal Strip Width = 20.49 ft.
Final Distribution Factor = 1/Final Strip Width = 0.049 Lanes per . of width
Multiple Presence Factor = 1.20

Distribution Factor * Multiple Presence Factor = 0.059
Dynamiec Load Allowance Calculation - Article 3.6.2.2

IM=33(1.0-1.25D,)
IM =33(1.0 - 1.25(10.00) )
IM = 0.0000

Notes:

1. Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence
factor for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1, 3.6.1.3.3, and 4.6.2.10.

2. Lanc loads are not applied. See 3.6.1.3.3. This applics to all approximate strip methods.

3. The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. Sce 3.6.1.2.6.
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BRASS-CULVERT (LRFD)

Current Live Load:

HL-23-TANDEM

PAGE 25
DATE 10/24/2014
Version 2.3.6
CENTENNIAL - 22 X 7 RCB

Unfactored

MOMENTS (per unit desidh width)
due to Dead and Live Loads including Distribution and Impact

Dead Soil Soil
M-PT Load Press Press
(Max) (Min)
Kft Kft Kft
EXTERIOR WALL BOTTOM
1- 0. -42.93 -4.01 -1.40
1= L -42.56 1.25 0.44
1- 2 -42.20 5.17 1.81
1- 3 -41.83 7.83 2.74
1- 4 -41.46 9.28 3.25
1- 5 -41.10 9.59 3.36
1- 6 -40.73 8.81 3.08
1- 7 —-40.37 701 2.45
1- 8 -40.00 4.25 1.49
1~ 9 -39.63 0.59 0.21
1-10 -39.27 =3.91 =137
EXTERIOR WALL TOP
TOP SLAB LEFT SIDE
2- 0 -39.27 =391 -1.37
2— 1 -1.04 -3.90 -1.36
2- 2 28.69 =348 ~1.36
2— 3 49.94 -3.88 -1.36
2— 4 62.68 -3.88 -1.36
Z— 5 66.94 -3.87 =1.35
2— 6 62.70 -3.86 o [
2= 49_96 =3.85 =1.35
2= 8 28.73 =385 ~1+ 35
2— 8 =, 99 -3.84 -1.34
2-10 =39.20 -3.83 —%.34
TOP SLAB RIGHT SIDE
BOTTOM SLAB LEFT SIDE
4— 0 =42, 93 -4.01 =1.40
4- 1 -2.16 -4.02 -1.41
4- 2 29. 55 -4.02 -1.41
4- 3 52.20 -4.03 =1, 41
4- 4 65.78 -4._04 -1.41
4— 5 70.31 -4.05 -1.42
4- 6 65.77 -4.05 -1.42
- 7 521 -4.06 -1.42
4- 8 28..51 -4 .07 -1.42
4- 9 =221 -4.07 -1.43
4-10 =42.98 -4.08 -1.43

BOTTOM SLAB RIGHT SIDE

Surch

Hat.

Kft

|
Lo o il wo [ e B8 o B e i o B o T o I - i 0

«1.9
.04
w22
-35
.42
.45
.42
- 35
. )
.04
.18

.18
.18
.18
.18
.18
.18
.18
.18
.18
.18
.18

.19
s 38
. 19
.18
.18
.18
. 18
.18
.18
.18
.18

Water
Press
(Max)

Kft

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

oo o0 ooOgo

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

SO o OoOOoOOoO0CoOo

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

(o Il o i e R e o B o Al v ol e T

LIVE
Pos

Kft

.00
.00
.00
.00
.00
.00
.00
.00
.00
.01
.06

oo T oo

.06
.01
.49
.78
+ 18
.66
vl 7
.76
.46
.01
.06

.00
=33
.67
#35
.35
.69
e B
.36
B9
35
.00

DQONE LU mesNOoOo

LOADS
Neg

o

Kft

.08
.09
U
30
.48
.67
.86
-85
.24
43
.62

- B2
.16
.00

0.00

(=]

WwWoocooooo

.00
-00
.00
.00
.00
vl i)
.64

.08
WY
.00
.00
.00
.00
.00
.00
.00
.24
.07
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Current Live Load:

BRASS-CULVERT (LRFD)
CENTENNIAL - 22 X 7 RCB

PAGE

26

DATE 10/24/2014
Version 2.3.6

HL-93-TANDEM

Unfactored
due to Dead and Live Loads including Distribution and Impact

SHEARS

{(per unit design width)

M-PT
EXTERIOR
1- 0
1-1
1- 2
1- 3
1- 4
L= 5
1- 6
1- 7
1- 8
1= 9
L=10
EXTERIOR
TOP SLAB
2-0
2- 1
2- 2
2- 3
2— 14
- 5
2=~ &
2= 7
2- 8
2= 9
2-10

Dead Scil
Load Press
(Max)
K K
WALL BOTTOM
0.43 B 29
0.43 5.39
0.43 3.86
0.43 2.41
0.43 1.02
0.43 -0.28
0.43 -1: 53
0.43 -2.69
0.43 -3.79
0.43 -4.81
0.43 -5.76
WALL TOP
LEFT SIDE
18.33 0.00
14.67 0.00
11.00 0.00
7.34 0.00
3.67 0.00
0.00 0.00
—-3.66 0.00
-7.33 0.00
-11.00 0.00
-14.66 0.00
=18, 33 0.00

TOP SLAB RIGHT SIDE

BOTTOM SLAB LEFT SIDE

4—
4_
4-
4-
47
A
4—
4—
4-
4-
4-10

X~ e WP O

w

BOTTOM SLAB RIGHT SIDE

19
15

11.

7

Fr
=@
=3

-7
-11
-15
-19

.55 =0
.64 =0
73 -0.
.82 o
91 =L,
00 -0
91 =0
. 88 =
.74 -0.
.65 -0.
.56 -0.

00
00
00
00
00

.00

00
00
00
00
0o

Soil

Press
(Min)

K

2.45
1.88
1+ 35
0.84
0.36
-0.10
-0. 53
-0.94
=1.33
-1.68
-2.02

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

-0.00
-0.00
-0.00
—0.00
-0.00
—,/ 0@
-0.00
-0.00
-0.00
-0.00
-0.00

Surch Water
Press

Hgt.

K

@ 3 O'a D @ O @

.30
.24
18
it
.06
.00
.06
12
.18
.24
.30

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

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

(Max)

K

CO0QO 0O oD o0DO = Rcls ol §cilaieilols o]

R i R o i 5okl i ] s Sl oo [ e T 0 R

.00
.00
B
.00
.00
.00
.00
.00
.00
08
.00

Q0
.00
.00
.00
08
.00
.00
.00
.00
.00
.00

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

LIVE
Pos

f T e T e e R - L e T B e B S A e R o S i T o S o I > O o S o I e S o

Lo I o 8 o B oo T v B v B - Y o T o 0 e S

+1:8
.18
.18
=18
.18
.18
.18
18
.18
«3:8
.18

.04
.63
.34
~05
L7
nol
<31
.1le
.06
ik
.00

.48
19
.50
.60
.31
02
.00
.00
.00
.00
.00

LOADS
Neg

-1
=

[ I B e B

—]

.23
.23
L2
RS
.23
23
.23
23
R
23
.23

.00
.03
=@
=g,
=0
.64
b B
.20
.45
il
—2%

10
23
41

91

77
03

.00
.00
.00
.00
.00
L02
=0
i
-0.
19
=

3L
60
89

48

30



PAGE 27

DATE 10/24/2014
BRASS-CULVERT (LRFD)

CENTENNIAL - 22 X

Current Live Load: HL-33-TANDEM

Version

2. 306

7 RCB

" Unfactored

AXIAL FORCES

(per unit design width)
due to Dead and Live Leoads including Distribution and Impact

Dead Soil Scil
M-PBT Leoad Press Press
(Max) (Min)
K it K
EXTERTOR WALL BOTTOM
- 0 =17.60 -0.00 =000
1- 1 -17.60 -0.00 ~0.00
1- 2 -17.60 -0.00 -0.00
-3 -17.60 -0.00 -0.00
1- 4 -=17.060 ~-0.00 ~0.00
I=5 =~17F.60 -0.00 -0.00
1- 6 -17.60 -0.00 ~0.00
1- 7 -17.60 -0.00 -0.00
1- 8 -17.60 -0.00 -0.00
1—9 =17:60 -0.00 -0.00
1-10 -=17.060 -0.00 -0.00
EXTERICR WALL TOP
TOP SLAB LEFT SIDE
2- 0 0.44 -5.86 -2.05
BT 0.44 -5.86 —-2.05
2= 2 0.44 -5.86 -2.05
2- 3 0.44 -5.86 =2.058
2— 4 0.44 -5.86 -2.05
2- 5 0.44 -5.86 -2.05
P~ I 0.44 ~5.86 =205
2= 7 0.44 -5.86 -2.05
2— 8 0.44 -5.86 -2.05
g—= 9 0.44 ~5i..86 -2.05
2-10 0.44 -5.86 -2.05
TOP SLAE RIGHT SIDE
BOTTOM SLAB LEFT SIDE
4- 0 -0.42 -6.87 -2.40
4- 1 -0.42 -6.87 -2.40
4— 2 -0.42 -6.87 -2.40
4- 3 -0.42 =6.87 -2.40
4- 4 -0.42 -6.87 -2.40
4- 5 -0.42 -6.87 -2.40
4- 6 -0.42 -6.87 -2.40
4- 7 -0.42 -6.87 =240
4- 8 -0.42 -6.87 -2.40
4- 9 -0.42 -6.87 -2.40
4-10 -0.42 -6.87 -2.40
BOTTOM SLAB RIGHT SIDE
Factors for Ductility 1.00
Redundancy 1.05
Operations 1.00

Surch Water
Press
(Max)

Hgt.

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

= @O D) DO OV O G

=0,.30
~0 30
-0.30
-0.30
=030
-0.30
—-0.30
-0.30
-0.30
-0.30
-0.30

~0, 24
=028
~Q 9
—0.29
=0..29
—0.29
=029
Y20
-0.29
=029
=029

K

OO0 e o o 09e S C OO o OoCcC oo CoCcoOoOC

L B > o B 5 B o (e ! 5 F o [ o6 S e o

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

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

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

LIVE
Fos

K

.00
.00
.00
.00
.00
.00
.00
08
.00
.00
.00

Lo H oo [ oo S <5 IO e I e IS i O e i I o Y

.18
.18
.18
.18
+ 18
.18
.18
.18
.18
L8
1%

(e B e S o B s M b o ER e J T e I e .

23
ri
il
<23
.23
LA
23
=23
23
23
.23

OCcCoOoOQooOoo0oOo0o oo

LOADS
Neg

K

=i
-~
=1
=L
—1s
=L
.95
=L
b
e
95

-1

=1

95

05
25
95
35

95
95
95

.24
.24
.24
.24
.24
.24
.24
.24
.24
.24
.24

.17
L7
.17
A7
ol 7
L7
.17
SR
L7
Rl
w7
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BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 22 X 7 RCB

Fatigue Checks
fy<= =24 - 0330, (5.5.3.2-1)
where:
f; = actual stress range in the reinforcement

fy= maximum allowable stress range

. Member | - Location | f..(kip) | o L(kip) | &(kp) | Result

gEXTERIORWALLg Top ~0.000 E

; s T Pass
| TOP SLAB P e T

AT i : Pass

[ TOPSLAB ©% “Middle- [T 0000 - 1 0345 Ad7 il e pas
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DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 22 X 7 RCB

LRFD Crack Control Computation

Current Vehicle: AASHTO LRFD HIL-93 Design Tandem (US)

Lidation i h Cin.) - d, (in) ; B EMHX Spa_cmg( - .Current -~ '} Allowable Stress | Actual Stress (

in) | Spacing(in) | - (kip). | kip) °

| Top Sl*;t;;;““'d" 10.75000000 |14.00000000 2.50000000 131055903 6.69864750 | 6.00000000 | 3639145279 | 3424262619

‘lOp slab, inside |
; face ;

i

0.75000000 {18.00000000 :2.56400013 {1.23729312 8.68563941 | 6.00000000 - 38.09016418 30.71694183

i .

| B, 1075000000 14.00000000 12.50000000 |1.31055003 = 6.17933559 | 6.00000000 | 3639145279

| outside corner

| 35.83329391

 oton b,

- inside face 31.27884483

0.75000000 |18.00000000 12.56400013 11.23729312 . 8.43750572 |  6.00000000 38.09016418

g s g

Pt wall, outside ) 25000000 114.00000000 2.50000000 131055903 845984173 | 6.00000000 | 3639145279

face

| 2976204491

Ext. wall, inside

* 1 ck neces: E
Pl 0.8*f, > f_, therefore no_ch@ck r}?c.ys_s;_az:’_y.. :
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DATE 10/24/2014
BRASS-CULVERT (LRFD) Versicn 2.3.6
CENTENNIAL - 22 X 7 RCB

Lateral Distribution Steel:

Span Length = 23.167 feet
Percentage of main reinforcement reguired = 20.776% , less than or equal to 50%
Main reinforcement area (top slab) = 2.000 in~2
Required lateral distribution area = 0.000 in"2
Because the required area is less than the minimum, an area of steel of 0.200 in*2 is
used.
Bar size (Cl00) = % 4
Spacing (C100) = 12.000 in
Area of steel (C100) = 0.200 in~n2
Main reinforcement area (bottom slab) = Z2.0800 in~2
Reguired lateral distribution area = 0.000 in~"2
Because the required area is less than the minimum, an area of steel of 0.200 in~2 is
used.
Bar size (C200) = % 4
Spacing (C200) = 12.000 in
Area of steel (C200) = 0200 Thhe
Bar sizes and spacings with computed areas of steel
Areas of steel are in in2/ft
Top slab
LEFT SIDE CENTER RIGHT SIDE
area 1.5800 inZ2 area 2.0000 inZ2 area 1.5800 in2
size 8B spaced at 6.00 in. size 9 spaced at 6.00 in. size 8 spaced at 6.00 in.

dhkAhhhdhdkrhh bk hdhhkdkhhhhdh kb b hhrhdhFhrdrh kb h bk Ak k kb hhrh bbbk h bk kb bk hddhkirkhd

Exterior wall

TEP
area 1.5800 in2
size 8 spaced at 6.00 in.

OUTSIDE FACE
area 1.5800 in2
size 8 spaced at 6.00 in.

INSIDE FACE
area 0.5314 in?2
size 5 spaced at 7.00 in.

BOTTOM
area 1.5800 inZ

size 8 spaced at 6.00 in.
dhkkhkhkrh kb hhk ok hhrkhkhhhkhdhhkdrhrhrhhhdbhhdhhhhhdhddhrhhkdhdbhrdkrbrdbhorkhdkhdrhhdbbhhbhhdikkhkk

Bottom slab
LEFT SIDE CENTER RIGHT SIDE
area 1.5800 inZ area 2.0000 inZ2 area 1.5800 in2
size 8 spaced at 6.00 in. size 9 spaced at 6.00 in. size 8 spaced at 6.00 in.

Reinforcing Steel Bar Schedule

Location Mark Oty Size Type Length Wgt H Leg V Leg
(Ft—-In) (Lbs) (Ft-In) (Ft-In)
TOP SLAB (Inside) A100 300 9 STR 0- 0 0
BOT SILAR (Inside) A200 300 9 STR 0- 0 0
CORNER (Top) Al 600 B L-BAR 13- 7 21761 8-10 4- 9

34



CORNER

EXTWALL
EXTWALL
LONGITU
LONGITU
LONGITU

{(Bottom)
(Inside)
(Qutside)

D.{ 3)
D.( 3)
D.{ 3)

AZ
Bl
B2
cl

C100
Cz200

Total weight black bars
Total weight all bars

600
516
600
240
0
0

o @

L-BAR
STR
STR
STR
STR
STR

10-
7...
D_

51-

Bl=

51~

The minimum temperature and shrinkage steel for

Top slab(s)

Bottom slab(s)
Exterior wall(s)

Mark

Bl
(@8
C1l00
Cz200

Splice Lengths

Size

W= s

= 0.1100 in2
= 0.1100 in2
= 0.1100 in2
Chart
Splice Length
(Ft—In) (m)
1~ 9 0.533
T B 0.533
1= 9 0533
1~ B8 0.-533

0 16020
4036

8195

=0 o

50012
50012

the:

4

4—

8

35
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BRASS-CULVERT (LRED}
CENTENNIAL - 22 X 7 RCB

31

Version 2.3.6

Factored Actions for Load and Resistance Factor

Design at Tenth Points

(per unit design width)

M-Pt +Moment -Moment +A.F. -A.F. +Shear —-Shear
({BEL) (Kft) (Kips) (Kips) (Kips) (Kips)

EXTERIOR WALL BOTTOM

1- 0 -43.870 =702 27 -16.437 -27.597 11.367 6.578
T 1 -37.894 -62.546 -16.439 -27.59¢6 8.989 5.066
1- 2 -31.662 -58.405 -16.439 -27.596 6.714 3.623
e 3 ~@d= 320 -55.T01 -16.43% ~27 .596 4.542 2.247
1~ 4 ~24.781 =54 172 -16.43% ~27.596 2.471 0.940
1= 5 =23. 958 =53.7286 -16.439 -27.596 0.640 -0.436
1- 6 -24.765 -54.310 -16.439 -27.596 =@, 531 =2 .30
1- 7 -27.114 =55.859 -16.439 -27.596 -1.633 —-4.064
1= B8 = 915 -58 317 ~16.439 ~277 596 -2.667 -5.725
1- 9 -36.070 -61.625 -16.439 -27.596 -3.633 —7.283
1-10 -40.254 -67.908 -16.437 -27.597 = 531 ~8.739

EXTERIOR WALL TOP

TOP SLAB LEFT SIDE

2- 0 -40.254 -67.908 -4.797 -8.700 28.748 147 122
A= 1 -2.801 -9.422 -4.797 -8.700 23.010 13.647
2- 2 41.862 0.000 -4.608 -8.888 17.478 10.091
2= 3 75.053 0.000 -4.608 -8.888 11.933 6.428
2- 4 95.006 0.000 -4.608 -8.888 6.423 2.670
2= 5 101.701 0.000 -4.608 -8.888 0.949 -1.170
2- 6 a5 032 0.000 -4.608 -8.888 -2.843 -6.659
2= 7 75.075 0.000 -4.608 -8.888 -6.546 -12.189
2 B 41.914 0.000 -4.608 -8.888 ~-10.155 -17.738
9= 9 -2.694 =302 ~d. 797 -8.700 -13.669 23255
2-10 -40.113 -67.768 -4.797 -8.700 ~17.110 -28.719

TOP SLAB RIGHT SIDE

BOTTOM SLAB LEFT SIDE

4- 0 -43.870 ~TQBET -6.463 ~11 167 2% 385 18.254
4- 1 -5.207 -9.386 -6.463 =11.167 23.513 14.601
4- 2 41.396 0.000 -6.644 -10.985 17.640 10.949
4- 3 75.358 0.000 -6.644 -10.985 11.768 7.287
4- 4 %5 T30 0.000 -6.644 -10.985 5.896 3.045
d~ 5§ 1682 513 0.000 -6.644 -10.985 0.032 -0.046
4- 6 95.711 0.000 -6.644 -10.985 -3.658 ~5.908
4- 7 75. 320 0.000 -6.644 -10.985 =7 330 =11.780
4- 8 41.336 0.000 -6.644 -10.985 -10.962 -17.653
4- 9 -5.268 -9.563 -6.463 -11.1867 -14.614 -23.525
4-10 -44.001 -70.389 -6.463 -11.167 -18.266 —=29,357

BOTTOM SLAB RIGHT SIDE

Output complete for a HL-93-TANDEM vehicle
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Serviceability,

Fatigue,

and Other Checks

== Based on crack control check
AASHTO 5.7.3.4 LRFD

Slenderness check on walls passed
Eccentricity check on walls passed

Reinforcing Bar Stresses Sizes and Spacing

Size
us
Bars

Note: Bar stresses are based on bending and axial stress only
Stresses are in ksi
Area of steel in square inches per ft
Spacing and H and V legs are in inches
Bar Mark Description
Al Top Corner Outside face Max Neg Moment
2100 Top Slab Inside face Max Pos Moment
A300 Top Slab Cutside face Max Neg Moment Interior support
A2 Bottom Corner Outside face Max Neg Moment
AZ200 Bottom Slab Inside face Max FPos Moment
AADO Bottom Slab Outside face Max Neg Moment Interior support
B2 Exterior Wall Outside face Max Neg Moment
Bl Exterior Wall Inside face Max Pos Moment
B3 Interior Wall Both faces
Bar Type Fs Act. Fs All. Area steel
Required Provided
(Ksi) (Ksi) (In2) (In2)
Al 34.24 36.39 1.5242 1.5800
A2 35.83 36.39 1.85%11 1.5800
A100 30.72 38.09 1.6843 2.0000
AZ00 31.28 38.08 1.6218 2.0000
Bl 0.00 35.19 0.5188 0.5314
B2 29.76 36.38 1.2929 1.5800

W W wow W

Spacing H \%
(In) (In) (In)
6.0 106 57
6.0 64 56
6.0
6.0

(2" —e-
6.0

Use S8+49@ 12"
Ag = 179"

38



PAGE 34
DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 22 X 7 RCB

Notes:

g

Area of steel is the maximum required for all
limit states. The strength computaticons are shown in
the results at critical sections table.

Design thickness shown in the following table is

based on the appropriate cover minus half the diameter
of the bar in the above table or one-half

the diameter of a #6 bar. The actual half bar diameter
1s used once the steel has been selected

and the #6 bar is used in design iterations.

For a Design review run the actual bar stresses shown
can be the stress at either side of a member corner or
the stress at the middle of the slab for a multiple cell
group. The required As is actual in a Design review.

If the user wishes to ignore crack control the allowable
steel stress is set at 0.95 Fy. This limit will likely
not control the design, but it if should, this will
control yielding under service loads.
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Output at Critical Sections {per unigﬁaééign width)

Member No. = 1 EXTERIOR WALL Thickness = 14.00 {(in)
Clear cover at end = 3.00 (in)
Clear cover at middle = 2.00 (in)
Bar diameter (bot ) 108 famn)
Bar diameter (mid+) 1.4% il
Bar diameter (mid-) = L80 WHT
Bar diameter (top ) = 1.00 (in)
Coin. Resistance
Moment Axial Shear Shear Po Mu Mbal Phal Steel Mom. Des.
Design
Force Force Cap Cap Cap Cap Cap Area Cap Thk
Ratio
Kft Kips Kips Kips Kips Kft Kft Kips In2 Kft in
BOT =77 .1 16.4 6.6 14.0 396.4 TS 6 831 2138 1.5800 73.6 11.50 1.0
MID -24.8 16.4 0.6 18.9 360.8 27.5 74.9 166.4 0.5314 27.5 11.69 0.9
MID- -54.2 164 0.4 1% 396.4 T3.6 981 T30 1.5800 73w 1l.50 a.7
TOP -67.9 le.4 5.6 14.5 396.4 73.6 93.1 113.0 1.5800 #3.6 11.50 0.9
Member No. = 2 TOP SLABR Thickness = 18.00 (in)
Clear cover at end = 3.00 (in)
Clear cover at middle = 2 .00 {in)
Bar diameter (1t ) = 1.00 (in)
Bar diameter (mid ) = 1.23 {if)
Bar diameter (rt ) = 1.00 (in)
T -67.'9 4.8 24.0 30.0 494.3 102.1 149.3 178.7 1.5800 102.1 15.50 0.7
MID 101.7 4.8 0.8 29.9 508.6 1259 159.8 157.5 2.0000 125.9 15.44 0.8
RT -67.8 4.6 24.0 30.0 494.3 102.1 149.3 178.7 1.5800 102.1 15.50 67
Member No. = 4 BOTTOM SLAR Thickness = 18.00 {in)
Clear cover at end 3.00 (in)
Clear cover at middle = 20000 (A
Bar diameter (1t ) = 1.00 (in)
Bar diameter (mid ) = [ - W O )
Bar diameter (rt ) 1.00 (in)
LT o i 6.6 25.1 28.0 494 .3 95.1 141.0 1le2.2 1.5800 95.1 14.50 0.7
MID 103.8 6.6 0.0 30.0 508.6 126.0 159.6 157.5 2.0000 126.0 15.44 0.8
RT =-71.3 6.8 a5, 1 28.0 494 .3 95.1 141.0 162.2 1.5800 95.1 14.50 0.8
Warnings:
T For exterior corners, BRASS-CULVERT does not perform a check on both the exteriocr wall
and top or bottom slab.
BRASS-CULVERT only checks the location that it has determined requires a greater area of
steel. Because of
this, BRASS-CULVERT may check one location for a particular culvert (e.g. top of the
wall) and a different
location (e.g. left end of top slab) for the same culvert with a different depth of
Sl .
2. If the flexural resistance is zero and rebar has been entered, it could be due to the
axial
load being higher than the tensile capacity of the rebar provide. For example, the axial
load

is greater than the area of steel times the yield strength of the bars.
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Volume of Concrete and Weight of Reinforéigg—éfeel

Thickness
Top Bottom Exterior Interior Volume Steel
Slab Slab Wall Wall
{In) {In) {In) (In) (Cy/Ft) (Lb/Ft)
18.00 18.00 14.00 0.00 n/a 3.309 803
ﬁgiiforcing Steel Bar Schedule
TLocation Mark Oty Size Type Length Wgt H Leg V Leg
(Ft-TIn) (Lbs) (Ft—-In) (Ft-In)
TOP SLAB (Inside) A100 300 9 STR 24— 0 24477
BOT SLAB (Inside) A200 300 9 STR 24— 0 24477
CORNER (Top) Al 600 8 L-BAR 13- 7 21761 8-10 4= 9
CORNER (Bottom) A2 600 8 L-BAR 10- 0 16020 5- 4 4- 8
EXTWALL (Inside) Bl 516 5 STR 7- 6 4036
EXTWALL (Outside) B2 600 8 STR 7- 0 11214
LONGITUD. ( 3) cl 240 4 ETE Ed= 1. 8195
LONGITUD. ( 3} C1l00 69 4 STR Bl= 1 2356
LONGITUD. ( 3) c200 69 4 STR 51- 1 23586
Total weight black bars 114892
Total weight all bars 114892

The minimum temperature and shrinkage steel for the:

Top slab(s)

Bottom slab(s)
Exterior wall (s)

= 0.1100 in2
= 0.1100 in2
= 0.1100 in2

Splice Lengths Chart

Mark Size
B1 5
. 4
C100 4
cz200 4

Splice Length
(Ft-In) (1)
1r= B 0.533
1- 2 0.533
1= 5 0.533
1- 9 0.533
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Job No.

412-654

By

DAT Subject

Date

Checked

22%7' RCB

Sheet
Of

Distribution Reinforcing (AASHTO LRFD 9.7.3.2)

File: AASHTO LRFD DistributionReinf xlsx [DistributionReinf]

Page: 1 of 1

For primary reinforcement perpendicular to traffic:

Effective Span, S =f't

% Distribution Reinforcing = 220 / $°°

ol

Primary Reinforcing = #8 + #9 @ 12"
1.79 in’/t

Area of Steel =

Min Distribution Reinforcing =

0.84 in*/ft

[USE #6 @ 6" Distribution Reinforcing

Use distribution steel in top slab to account for construction loading when fill is less than 2-ft.

Engineers/Planners/Surveyors

G.C. Wallace, Inc.

1555 S. Rainbow Bivd. / Las VVegas, NV 89146
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BRASS-CULVERT  /0x5' RCB c..)/ Vax 30" of F:l)

BRASS-CULVERT (LRFD) Version 2.3.6

DATE : 10/24/2014 TIME : 15:47: 9 PEGE 1
Input Filename : F:\Projects\400\412-654\Division\Strl\Calecs\Centennial 10x5
30 feet.DAT
Output Filename : F:\Projects\400\412-654\Division\Strl\Cales\Centennial 10x5
30 feet.xml
Qutput Filename for Live Loads : F:\Projects\400\412-654\Division\Strli\Calcs\Centennial 10x5

30 feet LL.OUT

The following filenames may be used in this run

Live Load Influence Values File name : F:\Projects\400\412-
654\Division\Strl\Calcs\Centennial 10x5 - 30 feet INF.OUT

Drawing File name : F:\Projects\400\412-
654\Division\Strl\Calcs\Centennial 10x5 - 30 feet.drw

Live Load Influence Ordinates File name : F:\Projects\400\412-
654\Division\Strl\Calcs\Centennial 10x5 - 30 feet.ill

Live Load Actions (w/o DF or IM) File name : F:\Projects\400\412-
654\Division\Strl\Calcs\Centennial 10x5 - 30 feet.oll

Intermediate Computations File name : F:\Projects\400\412-
654\Division\Strl\Calcs\Centennial 10x5 - 30 feet.ooo
Data Modelling File name : F:\Projects\400\412-

654\Division\Strl\Calcs\Centennial 10x5 - 30 feet.tmp

COMMENTS THIS FILE WAS CREATED BY THE BRASS-CULVERT GUI.
COMMENTS DO NOT EDIT THIS FILE!
COMMENTS JOB DESCRIPTION:

TITLE CENTENNIAL - 10' X 5' RCB
STRUCTID

AGENCY

COMMENTS MAXIMUM 30-FEET OF FILL
UNITSIN us

UNITSOUT us

COMMENTS ANALYSIS CONTROL:

TYPE CIP

FUNCT DESIGN

LRFR NO

IRELEASE NO

IDSN LRFD

KBASE FULL

KHACH NO

EPOXY NO

EDGE-STRIP NO

LRFD-SHEAR 0

IFATIG YES

ONEG 0.0000

COMMENTS DESIGN CONTROL:

ISAMS NO

ISAMW NO

ADDS 1.0000

ADDW 1.0000

MAXSIZ 8

MINSIZ 4

SPCMAX 12.0000

SPCMIN 6.0000

ISPCGINC MAX

EAS 0.012000

CUSTOM STD

BAR DE us

COMMENTS OUTPUT CONTROL:

MTEN YES

IBSH YES

IINEN NO

LIVELO NO
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CENTENNIAL — 10" X 5' RCB

DEFAULTS YES

LOCPS NO
INTERMEDIATE NO
COMMENTS MATERTAL PROPERTIES:
FCONC 4000.000
CE 3644147.000
CWGT 150.000
ZEE 155.000
EXP_FACTOR 0.750
GAMMA MIN RE 1 1.600
GEAMMA MIN RE 3 0.750

EWGT 125.000
AWGT 145.000

Y RT 60000.000
CN 19580
COMMENTS BOX GEOMETRY :
NBOX 1

NSPAN 10.0000
NHITE 5.0000
LENG 150.0000
BWIDTH 150.0000
CBWIDTH 0.0000
TSLAB 14.0000
KFXTS its

BSLAB 15.0000
KFXBS F

WALLR 12.0000
KEXW F

COMMENTS SKEW:

CSKEW 0.0000
LSKEW 90.0000
RSKEW 90.0000
COMMENTS CONCRETE COVER:
COovs 2.0000
COVB 3.0000
COVW 2.0000
COVIN 2.0000
COMMENTS DEAD LOADS:
PRESS 100.000
PMIN 35.000
PWAT 0.000
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NFILL 30.0000
NWEAR 6.0000
FILLFA 1.1500
TYFILL COMPACT
COMMENT S LIVE LOADS:
LVLD HL-93-TRUCK
LVLD HL-93-TANDEM
LVOMT YES

LLPATCH PL

SURCH USE YES

LIMIT DIST NO

LREDDE YES

End of Input File No. 1
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CENTENNIAL - 10' X 5' RCB

Note:
The following list of wvariables are used in the

applicatien. They are shown in US units because

that is the internal computational mode.

The first set are the wvariables defaulted
from input and the second set are system

variables.

Units
USSI UNITS: Input Units = us
USST_UNITS OU: Output Units = Us
Design Variables
LRFDDF: Use LRED method for bot slab load distrib. = T
CUTYPE: Precast(PC) or Cast in Place(CIP) Culvert = CIP
IDSN: Design Method = LRED
FUNCT: Design (DESIGN) or Design Review (DESREV) = DESIGN
IRELEASE :Moment Continuity Released (€ end of walls) = F
DNEG: Distance to Neg. Mement Computation Point = 0.00
CUSTOM: Default bar spacing and design check control = STD
ISAMS: Design Same Top and Bottom Slab = F
ISAMW : Design Same Intericr-Exterior Wall = F
_6ﬁtput Control Variables
MTEN : Output Moment-Shears = T
IINFN: Output Influence Line = F
IBSH: Cutput Bar Schedule = T
Standard Load Variables
LVLD: Live Load Vehicle Name = HL-93-TRUCK
LVLD: Live Load Vehicle Name = HL-93-TANDEM
LVOMT: Neglect LL for Fill &gt; 8Ft &amp; Fill &gt; Span =
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CENTENNIAL - 10" X 5' RCB

Uniform Dead Load Variable

EDLU: Extra Uniform Dead Load (Lbs/Ft) = 0.0
NWEAR : Thickness of Wearing Surface (in) = 6.0
Concentrated Dead Load Variables -
EDLC1: Extra Concentrated Dead Load (Lbs) = 0.0
EDLX1: Position of Load from CL of Left Wall (Ft) = 0.0
EDLCZ: Extra Concentrated Dead Load (Lbs) = 0.0
EDLXZ2: Position of Load from CL of Left Wall (Ft) =% 0.0
EDLC3: Extra Concentrated Dead Load (Lbs) = 0.0
EDLX3: Position of Load from CL of Left Wall (FL) = 0.0
Soil and Water Pressure Variables
SURCH: Depth of Surcharge = 2.0
PRESS: Maximum Seil Equiv. Fluid Pressure (Pcf) = 100.0
PMIN: Minimum Soil Eguiv. Fluid Pressure (Pcf) = 5.0
PWAT: Internal Water Pressure = 0.0
_éeometry - Box Dimension Variables h
NBOX: Number of Boxes (1 TO 4) = 1
NSPAN: Clear Span (Ft) = 10.0
NHITE: Clear Height (Ft) = 5.0
NEFILL: Design Fill Measured from Top of Top Slab(Ft) = 30.0
LENG: Secticn length(PC)-Culvert Length (CIP) (Ft) = 150.0
Geometry — Slab Thickness Variables
TSLAB: Minimum Value for Top Slab (In) == 14.0
KFXTS5: Code for Top Slab (F=Fixed,V=Variable) %
BSILAB: Minimum Value for Bottom Slab(In) = 15.0
KFXBS: Code for Bottom Slab (F=Fixed,V=Variable) = F
WALLR: Minimum Value for Exterior Wall (In) = 12.0
KEXW: Code for Exterior Wall (F=Fixed,V=Variable) 7= F
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X 57

CENTENNIAL - 10°'

Geometry — Skew and Haunch Variables

LSKEW: Left End Skew Angle (Deqg) = 90.0
RSKEW: Right End Skew Angle (Deq) = 90.0
CSKEW: Culvert Skew &ngle (Deq) = 0.0
TFILT: Top Haunch (In) 0.0
BFILT: Bottom Haunch (In) 0.0
KHACH: Haunches used in Analysis (YES/NO) = NO
Gecmetry - Clear Concrete Cover

COVS: Exterior Concrete Cover Top Slab (In) = 2.0
COVB: Exterior Concrete Cover Bottom Slab (In) = 3.0
COVW: Exterior Concrete Cover Walls (In) = 2.0
COVIN: Interior Concrete Cover (In) = 2 @
Reinforcing Bar variables and Thickness Increment N
SPCMAX: Default Max. Bar Spacings (In) = 12.0
SPCMIN: Default Min. Bar Spacings (In) = 6.0
MAXSIZ: Default Bar Sizes (US) = 8
MINSIZ: Default Bar Sizes (US) = 4
ISPCGINC: Reinforcing Bar Minimum Increment = T
EPOXY: Tecp Reinforcing Mat Epoxy Coated = F
ADDS: Added Slab Thickness Increment (In) = 1.0
ADDW: Added Wall Thickness Increment(In) = 1.0
Material Properties Variables -
EWGT: Weight of Seil (Pcf) = 125.0
FYST: Yield Strength of Reinf. Steel (Psi = 60000.0
FSTL: Allowable Stress of Reinf. Steel (Psi) (ASD) = 36000.0
FCONC: Compressive Strength of Concrete (Psi) = 4000.0
FSHR: Shear in Concrete (Psi) (ASD) = 0.0
FSTIR: Allowable Stress in Stirrups (Psi) (ASD) = 0.0
CWGT: Weight of Concrete (Pcf) = 150.0
AWGT: Weight of Wearing Surface (Pcf) 145.0
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ZEE: Crack Width Parameter from AASHTO = 155.0
CN: Modular Ratio of Concrete = 8.0
Ehn Modulus of Elasticity of Concrete(ksi) = 3644.1
ZER: Crack Width Parameter from AASHTO = 0.9
CN: Modular Ratic of Concrete = 0.8
CE: Modulus of Elasticity of Concrete(ksi)

Service-I load and resistance factors

EV: Vertical Earth Pressure max-min 1.00 1.00

DC: Components max-min 1.00 1.00

DW: Wearing Surfaces max-min 1.00 1.00

EH: Horizontal Earth Pressure At-Rest 1.00

LS: Live load surcharge 1.00

WA: Water load and stream pressure 1.00

LL: Vehicular live load 1.00

Strength-I load and resistance factors

EV: Vertical Earth Pressure max-min 1.30 0.90

DC: Components max-min 1. 25 083

DW: Wearing Surfaces max-min 1.50 0.65

EH: Horizontal Earth Pressure At-Rest 1.35

LS: Live load surcharge 1.75

WA: Water load and stream pressure 1.00

LL: Vehicular live load 1.75

Strength-II load and resistance factors

EV: Vertical Earth Pressure max-min 1.30 0.8%0

DC: Components max-min 1.25 0.90

DW: Wearing Surfaces max-min 1.50 0.65

EH: Horizontal Earth Pressure At-Rest 1.35

L5: Live lcocad surcharge 1.35

WA: Water load and stream pressure 1.00

LL: Vehicular live load 1..35

Fatigue load and resistance factors

EV: Vertical Earth Pressure max-min 0.00 0.00

DC: Ccmponents max-min 0.00 0.00

DW: Wearing Surfaces max-min 0.00 0.00

EH: Horizontal EFarth Pressure At-Rest 0.00

LS: Live load surcharge 0.75

WA: Water load and stream pressure 0.00

LL: Vehicular live load 0.75

BB: Factor Load Factor Po and Pb AASHTO = 0.80
BETAD: Dead Lead Multiplier for Load Factor = 1.0000
BETAL: Live Load Multiplier for Load Factor = 0.0000
PHIMOM: Phi Factor for Moment = 0.9000
PHISHR: Phi Factor for Shear = 0.8500
BB: Factor Load Factor Po and Pb AASHTO = 1 B0
BETAD: Dead Load Multiplier for Load Factor =

HAFBAR: Assumed Half a Bar Dia. of #6 Bar (In) = 0.375
I300: A300 and A400 Bars to TRUE = T
1400: A300 and A400 Bars to TRUE = T
TCHANG: TInitial Settings = E
LEITs: Cut Bars Due to Skew = iz
ICUTSM: Bar Cuts Symmetrical = F
IFIXB: Defaults for Slab Thickness Incrementing = F
IFIXI: Defaults for Wall Thickness Incrementing = F
IFIXT: Defaults for Slab Thickness Incrementing = F
IFIXW: Defaults for Wall Thickness Incrementing : i
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IFATIG: Check Fatigue = F
IHAUCH: Code for Considering Haunch in Analysis = F
ILESS: Code for Span Less Than 5 ft = F
ISHR: Code for Shear Stress Check = F
ILOOP: Loop Counter for Design Iterations = 0
INTERM SWITCH: Turn on Intermediate Results Output = ¥
ISTORE: Design Moments to Zero = 0
KPASS: Variable Dimen {(use in fixed thickness design)= VAR
KBASE: Bottom Slab Support Code (FULL, FIXED, HINGED) = FULL
LDPASS: Bypass Live Load if no vehicle input = E
LONGB: Longitudinal Bar Ccde = F
MESSGE: Code for Message Printout = T
PAS: Maximum AS/BD Desired = 0.012
JOB DESCRIPTICN

Title : CENTENNIAL - 10" X 5' RCB

Structure ID

Agency name : STD
Input units : US

Output units : US

ANATLYSIS CONTROL

Moment Beottom Slakb Negatiwve
Construction Design/ Continuity Support Moment
Type Review Released Code Position
CAST-IN-PLACE DESIGN NO FULL 0.00
Consider Haunches in Analysis :  NO
Perform Edge Beam reinforcement computations :  NO

Use epoxy coated bars in top mat of reinforcement: NO
in top slab

Design Limit State Load and Resistance Factors
Method Ductility Redundant Operations
LOAD & RES. 1.0000 1.0500 1.00

DESIGN CONTROLS

Design Design
Same Same Round-up Increment
Thickness Thickness Thicknesses Bar Spacing
Slabs Walls Slabs Walls File
(In) (In)
NO NO 1.00 1.00 Standard
Bar Spacing US-Bar Size Bar Spacing
Max Min Max Min Increment
(In) (In)
12.0 6.0 8 4 1 INCH
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OUTPUT CONTROLS

Drawing File: NO
Actions at tenth Points: YES
Bar Schedule: YES
Live Load Influence Ordinates: NO
Live Load Actions Envelope: NO
Default Output: YES
Intermediate Design Iteration Computations: NO
Intermediate Computations NO

" MATERIAL PROPERTIES

Concrete Concrete Crack Width Steel Steel

£ Ec Gamma E Fy n

(Psi) (Ps1) (Kip/in) (Psi)

4000. 3644147, G715 60000. 75956
Note:

1. The concrete unit weight used for the
Ec computation is 5 pcf less
than used for load computations

[N

The crack width ceoefficient is the
coefficient in Eg. 5.7.3.4-2 for the
crack width parameter Z

Unit Weights

Concrete Soil Fill Wearing Surface
(BPctf) {Pct) (Pcf)
150. 125. 145.
Note:

1. The Soil Structure Interaction Factor
from AASHTO is computed and applied to the
weight of earth input
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BOX GECOMETRY

Culvert Span Cleax Centerline
Cells Length Height Length
(Ft) (Ft) (FL)
SINGLE 10.00 5.00 150.00
Bridge Number of
wWidth Traffic Lanes
(FL)
150.00 1 and 2 lanes investigated

Slabk and Wall Information

Top Bottom Exterior Interior
Slab Slab Wall Wall
(In) (In) (In) (In)
14.00 Fixed 15.00 Fixed 12.00 Fixed 0.00 n/a

" LIVE LOADS

Vehicle Designation

HL-93-TRUCK

HL-93-TANDEM

Live Load Control: YES
(Neglect Live Load if fill is greater than 8 ft.
and £ill is greater than culvert span)

Tire applicaticon model: patch load
Live Load Surcharge: 2.0 Ft

DEAD LOADS

Concentrated Loads

Wgt . Dis. Wgt. Dis. Wgt. Dis.
(Kips) (Ft) (Kips) (EF't) (Kips) (Ft)
0.0 0.0 0.0 0.0 0.0 0.0
Soil Water
Pressure Density
Max Min
(Pcf) (Pct) 1 ool
FEHH 35.0 0.0
Wearing
Uniform Surface Eill
Load Thickness Height
(plf) (in}) (Ft)
0.0 6.00 30.00
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SKEW
Skew Skew Skew
Left Right Center
(Deg) {Deg) (Deg)
90.0 90.0 0.0
HAUNCHES T T

Top Haunch Bottom Haunch

Height Height
(In) (In)
0.0 0.0

CONCRETE COVER to face of bar

Top Bottom Exterior
Slab Slab Wall
(In) (In) (In)

2.00 3.00 2.00

LRFD Live Load Distribution Factor Computation

lnput Va]ueS

Depth of Fill =30.00 ft

Span Length fi 100051

Truck Gage e 6007~ At
Soil Distribution Factor = 1.15

Tirc Patch Width = 20.00 in.

Bridge Width © = 150,00 fi

Length S i=150,00 1

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)

Controlling Distribution Factor

Final Strip Width =42.77 ft.
Final Distribution Factor = 1/Final Strip Width = 0.023 Lanes per ft. of width
Multiple Presence Factor = 1.20

Distribution Factor * Multiple Presence Factor = 0.028
Dynamic Load Allowance Calculation - Article 3.6.2.2

IM=33(1.0-1.25D,)
M = 33(1.0 - 1.25(30.00) )

IM = 0.0000Notes:Only the one lanc loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple
presence factor for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1,3.6.1.3.3, and 4.6.2.10.

1. Lane loads are not applied. See 3.6.1.3.3. This applies to all approximate strip methods.
2. The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. See 3.6.1.2.6.
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DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 10' X 5' RCB

Number of cells = 1

Top Slab thickness = 14.0000
Bottom Slab thickness = 15,0000
Exterior Wall thickness = 12.0000

Design Span(c-c walls) = 11.0000
Design Height (c~c slabs) = 6.2083
Fill Height (top of slab) = 30.0000
Wearing surface thickness = 6.0000
Loads based on 1 foot unit width

Soil Structure Interaction Factor = 1.2500
Earth Weight for fill computations 0.1437
Weight of Fill without wearing surface = 4.2406
Weight of Wearing Surface = 00725
Weight of Top Slab = @.1%730
Weight of Extre Uniform Dead Load = 0.0000
Uniform Dead Load on Top Slab = 4.4881
Weight of Walls divided by culwvert width 0.1364
Uniform Dead Load on Bottom Slab = 4.6245
Soill pressure at center of top slab = 3.0583
Soil pressure at center of bottom slab = 3L IGTR2
Soil pressure due to live load surcharge = 0.0700
Impact Factor on Top Slab & Walls = 0.0000
Impact Factor on Botteom Slab = 0.0000

Axle Load Distribution Factor on:

Top Slab & Walls = 0.0281
on Bottom Slab = 0.0281
Note:

1. The weight of the walls is computed by taking the
interior wall thickness plus twice the exterior wall
thickness and multiplying by the clear height of the
culvert and the weight of concrete. That result is
divided by the span length times the number of cells
plus the wall thicknesses.

2. The scil pressure computations use the fill height
and the culvert height for appropriate values for
lateral earth pressures. Wearing surface, fill
height, and slab thickness are used in vertical dead
lcad computations.

3. The distribution width and associated distribution
factor for the top slab is computed according to
AASHTO LRFD 4.6.2.10 for fill depth less
than 2 ft. and AASHTO LRFED 3.6.1.2.6 for fill
depths over 2 ft. Alsc, see 3.6.1.3.3.

No live load used
'ill greater than 8 feet and span length

Factors for Ductility 1.00

Redundancy 1.05
Operations 1.00

Design Iteration Loop Number 1.

In.
La.
In.
FE.
Ft.
Ft.
In.

Kef

K1lf
K1t
K1f
K1f
K1f

K1f

K1f

K1t

K1t

K1f
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Current Live Load:

PAGE

13

DATE 10/24/2014

BRASS-CULVERT (LRFD)

Version 2.3.6

CENTENNIAL — 10" X 5' RCB

HL-93-TRUCK

Unfactored MOMENTS

(per unit Hggiéﬂ-ﬁidth)

due to Dead and Live Leoads including Distribution and Impact

Dead Soil Soil Surch Water
M-PT Load Press Press Hgt. Press
(Max) (Min) (Max)
Kft Kft Kft Kft Kft
EXTERIOR WALL BOTTOM
1- 0 -21.78 -5.86 -2.05 -0.12 0.00
=X ~PiZ 02 0.22 0.08 0.00 0.00
1- 2 =R 4.90 N 0.10 0.00
I~ 3 =22 +H1 8.22 2.88 0.17 0.00
1- 4 -22.76 10.18 3.56 0.21 0.00
L= 5 —23,00 10.83 3.78 0.23 0.00
1= 6 =08.25 10 .17 3..56 0. 21 0.00
1- 7 =23, 49 8.24 2.89 0.17 0.00
1- 8 =23 74 5.06 1.77 0.11 0.00
-9 -23.98 0.686 0.23 0.02 0.00
1—=1:0 -24.23 -4.95 =1 T3 -0.10 0.00
EXTERIOR WALL TOP
TOP SLAB LEFT SIDE
2- 0 -24.23 -4.95 =1+73 -0.10 0.00
2- 1 @21 —-4.95 =173 -0.10 0.00
= 2 18.21 —4.95 1.3 -0.10 0.00
2— 3 32..78 -4.94 i BN -0.10 0.00
2 4 40.92 —4.94 S -0.10 0.00
Z2- 5 43.63 -4.94 ~1. 3 - L0 0.00
2~ 16 40.91 -4.94 I -0.10 0.00
2- 7 32.76 -4.94 1078 =010 0.00
218 19.18 -4.93 = Lndid =010 0.00
2— 8 0.16 —-4.93 L -0.10 0.00
2-10 -24.28 -4.93 S -0.10 0.00
TOP SLAB RIGHT SIDE
BOTTOM SLAB LEFT SIDE
4- 0 =21..'78 -5.86 -2.05 =2 0.00
4- 1 3.41 -5.86 -2.05 -0.12 0.00
4~ 2 23.00 -5.86 -2.05 -0.12 0.00
4- 3 36.99 -5.86 -2.05 -0.12 0.00
4- 4 15439 ~5:886 =205 =012 0.00
4- 5 48.19 e R - 1 “2 .05 =0.12 0.00
4— 6 45.40 —5 .87 -2.05 -0.12 0.00
4- 7 37.01 -5.87 -2.05 -0.12 0.00
4- 8 23.03 -5.87 2. 086 -0.12 0.00
4- 9 3.45 =5.88 =208 =012 0.00
4-10 -21.73 -5.88 -2.06 ~0.12 0.00

BOTTOM SLAB RIGHT SIDE

LIVE LOADS

Pos Neg
Kft Kft
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
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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BRASS-CULVERT (LRFD)

Current Live Load:

DATE

PRGE 14
10/24/2014
Version 2.3.6
- 10" X 5" RCB

CENTENNIAL

HL-93-TRUCK

" Unfactored SHEARS

{per unit dégign width)
due to Dead and Live Loads including Distribution and Impact

Dead Soil
M-PT Load Press
(Max)

K K

EXTERICOR WALL BOTTCM

dem i -0.39 10.
1-1 -0.39 8.
=2 =@=39 &
L= 3 e I 4.
1- 4 =839 2.
=5 -0.39 =iy
1- 6 —-0. 39 =2
d= -0.39 -4
=8 =039 =Gz

1- 9 -0.39 =B
1-10 -0.39 =8
EXTERIOR WALL TOP

TOP SLAE LEFT SIDE

2= 10 24.68 0
2— 1 | 19.74 0
2= 2 14.81 0
2- 3 9.87 0
2— 4 4.93 0
Z- 5 -0.00 0
2— 6 -4.94 0
2= "7 -9.88 0
2- 8 -14.82 0
2~ =185 0
2-10 -24.69 0

TOP SLAB RIGHT SIDE

BOTTOM SLAB LEFT SIDE

4— 0 25.44 =G
4— 1 20.35 -0.
4- 2 15.27 —iYs
4- 3 10.18 =0
4- 4 5.09 =l
4- 5 0.00 =0
4- 6 -5.08 -0.
4- 7 -=10.17 =0
4- 8 -15.26 =0,
4- 9 -20.34 -0.

4-10 -25.43 -0.
BOTTOM SLAB RIGHT SIDE

92
66
43
25
10
01
09

w2

T2
07
99

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

00
00
00
00
00
00
00
Qo
(810]
00
00

Soil

Press
{Min)

[ e S oo Bl o Y o Bl o B S i B

B2
.03
<25
-49
T3
.01
JT3
.44
.14
<83
.50

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

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
+00

S
H

=0.
=0
-0.
=0

=-0.
-0.
—0.
=0

OO0 CcC oo oo o000

urch
gt

22
.18
£33
.08
AE5
.00
.04
.08
213
]
el

00
00
00
00
.00
ao
ao
0o
0o
.00
.00

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

Water
Press
(Max)

K

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

OO OO0 O0O0C OO0

.00
“00
.00
.00
.00
00
.00
.00
.00
.00
.00

20 20 20 900 Tl O

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

OO0 0COCOOoO0oQ

LIVE
Pos

K

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

o0 oo e D e o D

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

ol olleRelolollelolloiiallel

.00
.00
.00
.00
-00
.00
.00
.00
.00
.00
.00

LG DO D e O 90D 05

LOADS
Neg

K

OO QOO OCoOg COoOO0O0COoO0O0C OO0

367 DG 10 O O3 3 T 90

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

.00
-00
.00
.00
.00
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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PAGE 15
DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 10" X 5' RCB

Current Live Load: HL-93-TRUCK

Unfactored  AXIAL FORCES (per unit design width)
due to Dead and Live Loads including Distribution and Impact

Dead Soil Soil Surch Water LIVE LOADS
M-PT Load Press Press Hgt. Press Pos Neg
(Max) (Min) (Max)
K K K K K K K

EXTERIOR WALL BOTTOM

1- 0 -24.30 -0.00 -0.00 0.00 0.00 0.00 2.00
1- 1 -24.30 -0.00 ~0.00 0.00 0.00 0.00 0.00
Uz 2 =230 -0.00 -0.00 0.00 0.00 0.00 0.00
1- 3 -24.30 -0.00 -0.00 0.00 0.00 0.00 0.00
1- 4 -24.30 -0.00 -0.00 0.00 0.00 0.00 0.00
1- 5 -24.30 -0.00 -0.00 0.00 0.00 0.00 0.00
1- 6 -24.30 -0.00 -0.00 0.00 0.00 0.00 0.00
L= =24 30 -0.00 -0.00 0.00 0.00 0.00 0.00
1- 8 —=24.30 -0.00 -0.00 0.00 0.00 0.00 0.00
1- 9 -24.30 -0.00 -0.00 0.00 0.00 0.00 0.00
1-10 -24.30 -0.00 -0.00 0.00 0.00 0.00 0.00

EXTERIOR WALL TOP

TOP SLAB LEFT SIDE
2= 0 =, 39 -9.82 -3.44 -0.21 0.00 0.00 0.00
2- 1 = 39 -5. 82 -3.44 =Bz 21 0.00 0.00 0.00
2— 2 =0.. 3= -9.82 -3.44 =0.Z1 0.00 0.00 0.00
P 3 =0z 39 =9 B2 =3.44 -0.21 0.00 0.00 0.00
2— 4 -0.39 -9.82 -3.44 -0.21 0.00 0.00 0.00
2- 5 -0.39 -9.82 -3.44 -0.21 0.00 0.00 0.00
2- 6 -0.39 -9.82 -3.44 =012 0.00 0.00 0.00
d— 7 ={., 39 -9.82 ~3.44 -0.21 0.00 0.00 0.00
g= 8 = 39 =9. 82 -3.44 =021 0.00 ©.00 0.00
2- 9 =0. 39 -9.82 -3.44 =021 0.00 0.00 0.00
2-10 —f: 39 -9, 82 -3.44 -0.21 0.00 0.00 0.00

TOP SLAB RIGHT SIDE

BOTTCM SLAB LEFT SIDE
4- 0 0.39 -10.89 -3.81 =022 0.00 0.00 0.00
4- 1 0.39 -10.89 -3.81 -0.22 0.00 0.00 0.00
4- 2 0.39 -10.89 -3.81 -0.22 0.00 0.00 0.00
4- 3 0.39 -10.89 = =0L22 .00 0.00 0.00
4- 4 0.39 -10.89 -3.81 -0.22 0.00 0.00 0.00
4- 5 8.3%9 -180.89 LB =022 0.00 0.00 0.00
4- 6 U.3% =10.89 -3.81 -0.22 0.00 0.00 0.00
4- 7 0.39 -10.83 -3.81 -0.22 0.00 0.00 0.00
4- 8 0.3% -10.89% =381 S 0.00 0.00 0.00
4- 9 0.39 -10.89 = 3BT =022 0.00 0.00 0.00
4-10 039 =10.89 -3.81 -0.22 0.00 0.00 0.00

BOTTOM SLAB RIGHT SIDE

Factors for Ductility 1.00
Redundancy 1.05
Operations 1.00



PAGE

16

DATE 10/24/2014

BRASS-CULVERT (LRFD)

Version 2.3.6

CENTENNIAL - 10' X 5' RCB

No Fatigue Checks Required for this Live Load
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BRASS-CULVERT (LRFD)

PAGE 17
DATE 10/24/2014

CENTENNIAL - 10" X 5°'

LRFD Crack Control Computation

Current Vehicle: AASHTO LRFD HL-93 Design Truck (US)

Location vE

- Top slab, outside ;s 606000
CGHI?}' i T

i i

h Ein

d(in) P

112.00000000

Version 2.3.6

E%NIax Spacing ( E " Current
| in) . | Spacing (in)) |

243750000 |1.36414564 678432369 | 600000000 |

Al'lDwableﬁStress”

Actual Stress (

kip)

H

Top slab, inside

B : 'EO.’/‘SOOOOOO
-~ face

14.00000000

Bottom sleib;_
‘outside corner

075000000

“Bottom slab,

SO 10.75000000
inside face !

12.00000000 32.43750000 1.36414564

| 8.39441967

(kip)

35.36943436

| 33.00845337

6.00000000

36.39145279

29.90740967

742597294 |

6.00000000 |

15.00000000 2.50000000 128571427

8.50884724

L
i
i

- 6.00000000

- 35.36943436

| 3128665352

37.08995438

i

13022710228

| Ext. wall, inside -
| face i

0.8%f. > f, therefore no check necessary.
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PAGE 18
DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 10" X 5' RCB

Lateral Distribution Steel:

Span Length = 11.000 feet

Percentage of main reinforcement required = 30.151% , less than or equal to 50%

Main reinforcement area (top slab) = 1.580 in~2

Required lateral distribution area = 0.000 in~2

Because the required area is less than the minimum, an area of steel of 0.200 in~2 is
used

Bar size (C100) = # 4

Spacing (C100) = 12.000 in

Area of steel (C100) = 0.200 in~2

Main reinforcement area (bottom slab) - 1.580 in~2

Required lateral distribution area = 0.000 in~2

Because the reguired area is less than the minimum, an area of steel of 0.200 in~2 is
used

Bar size (C200) = # 4

Spacing (cz00) - 12.000 in

Area of steel (C200) = 0.206 1in*2

Bar sizes and spacings with computed areas of steel

Areas of steel are in in2/ft

Top slab
LEFT SIDE CENTER RIGHT SIDE
area 1.2000 in2 area 1.5800 in2 area 1.2000 in2
size 7 spaced at 6.00 in. size 8 spaced at 6.00 in. size 7 spaced at 6.00 in.

EE e e e e S R o e o o i S e U e e G T e

Extericr wall

TOP
area 1.2000 in2
size 7 spaced at 6.00 in.

OUTSIDE FACE
area 1.2000 inZ2
size 7 spaced at 6.00 in.

INSIDE FACE
area 0.2667 in2

size 4 spaced at .00 in.
BOTTOM

area 1.2000 in2

size 7 spaced at 6.00 in.

ER R S R R R o e S e o i e R S SR S o ok R kR R L R

Bottom slab
LEFT SIDE CENTER RIGHT SIDE
area 1.2000 in2 area 1.5800 1in2 area 1.2000 in2
size 7 spaced at 6.00 1n. size 8 spaced at 6.00 in. size 7 spaced at 6. OF Il
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PAGE

DATE 10/24/2014
BRASS—-CULVERT (LRED)
CENTENNIAL

18

— lor

Version 2.3.6
X 5" RCB

Reinforcing Steel Bar Schedule

Location

TOP SLAR {(Inside)
BOT SLAR (Inside)
CORNER  (Top)
CORNER  (Bottom)
EXTWALL (Inside)
LONGITUD. {( 3)
LONGITUD. ( 3)
LONGITUD. {( 3)

Mark

A100
2200
Al
AZ
Bl
cl
C100
Cz200

Total weight black bars
Total weight all bars

Oty

300
300
600
600
400
138

0

Size

[ Y e I o s B o]

Type

STR
S5TR
L-BAR
L-BAR
STR
STR
STR
STR

Length Wat

(Ft—In) (Lbs)
0- 0 0
0- 0 0
9- 6 11649
8- 2 10014
&= B 1470

51— L 4712
21= 1 0
51- 1 0
27845
27845

The minimum temperature and shrinkage steel for the:

Top slab(s)

Bottom slab(s)
Exterior wall (3)

Splice Lengths

Mark Size
Bl 4
&l 4
c100 4
c200 4

= 0.1100 in2
= 0.1100 in2
= 0.1100 in2
Chart
Splice Length
(Ft—In) (m)
1- 9 0.533
=49 0.-533
T g 0.533
- 9 0+533

H Leg
(Ft-In)
4= G
3- 5

V Leg
(Ft-In)
4- 9
4- 9
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PAGE 20
DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 10" X 5' RCB

 Factored Actions for Load and Resistance Factor Design at Tenth Points (per unit design width)

M-Pt +Moment ~Moment +RA.F. -A.F. +Shear —-Shear
(Kft) [Kft) (Kips) (Kips) (Kips) (Kips)

EXTERICR WALL BOTTOM

= B -26.023 -38.243 -22.861 =3:3..1.59 15.518 9.785
= 1 —20.403 ~29,845 e =33:15%9 12.228 7.644
1= A ~13.818 -25.754 -22.861 =33.159 8.992 5.540
1- 3 -9.226 —22.958 —22.861 =38+159 5:811 3.473
1- 4 -6.592 ~21.434 -22.861 =33.159 2.685 1.442
1- 5 -5.881 -21.160 -22.861 -33.159 -0.380 -0.560
L= & =6 =2 AAE =22. 861 38159 -2.344 =387
T -10.097 -24.270 -22.861 -33.159 —-4.265 -6.534
= B —14.955 -27.609 -22.861 -33.159 =61 51 -9.442
1= 9 -21.601 -32.108 -22.861 =33,159 -8.000 -12.295
1-10 -27.473 -40.271 -22.861 -83..358 -9.812 -15.094

EXTERIOR WALL TOP

TOP SLAB LEFT SIDE
2- 0 -27.473 -40.271 -9.647 -14.840 33.685 23.223
a= 1 -4.396 =010 -9.812 -14.675 26.947 18.578
g= 2 21538 0.000 =9.. 1.2 ~14.675 20.209 18..933
2= 3 40.063 0.000 -4,812 -14.675 13.472 9.287
2- 4 51.175 0.000 -9.812 -14.675 6.734 4.642
2- 5 54.876 0.000 -9.812 -14.675 -0.002 -0.005
2= B 51165 0.000 -9.812 -14.675 —-4.647 -6.742
2= I 40.042 0.000 =9 B2 -14.675 -9.292 -13.480
2- 8 21.508 0.000 —9: 812 -14.675 —13.537 -20.218
2- 9 -4.437 -7.027 -9.812 -14.675 -18.582 ~-26.956
2-10 <27 .203 -40.314 -9.647 -14.840 -23.227 -33.693

TOP SLAB RIGHT SIDE

BOTTOM SLAB LEFT SIDE
4- 0 -26.023 -38.243 -9.924 =15, 308 34.717 23.933
4- 1 -0.884 =5,.519 -9.758 =15,478 27.774 19.146
4- 2 25, 850 0.000 -9.758 =15:476 20.832 14.360
4- 3 44.946 0.000 -9.758 -15.475 13.8889 9.5
4— 4 56.4006 0.000 -9.758 -15.475 6.947 4.788
4- 5 60.229 0.000 -9.758 -15.475 0.004 0.001
i- 6 56.415 0.000 =5.758 -15.475 -4.784 -6.939
4- 7 44.965 0.000 =8. 758 -15.475 -9.570 =13.881
4- 8 25.878 0.000 -9.758 =15.475 -14.356 -20.824
4= 9 —0.846 -5.306 —9. 758 =15.475 18142 —27.766
4-10 =25, 8997 -38.205 -9.924 -15.308 -23.929 -34.709

BOTTCM SLAB RIGHT SIDE

Output complete for a HL-93-TRUCK vehicle

LRFD Live Load Distribution Factor Computation

_I'nput'Value_s G e

DepthofBill - = 2000 £
‘SpanLength ~ : .= 1000 fi.
Truck Gage = =600 Rt

Soil Distribution Factor = 1.15
62



Tire Patch Width =20.00 in.
Bridge Width 150.00 ft.
Length - 150.00 ft

1l

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)
Controlling Distribution Factor

Final Strip Width = 42.77 fi.
Final Distribution Factor = 1/Final Strip Width = 0.023 Lanes per ft. of width
Multiple Presence Factor = 1.20

Distribution Factor * Multiple Presence Factor = 0.028
Dynamic Load Allowance Calculation - Article 3.6.2.2

M =33(1.0 - 1.25 D,)
IM =33(1.0 - 1.25(30.00) )
IM = 0.0000

Notes:

1. Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence
factor for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1, 3.6.1.3.3, and 4.6.2.10.

Lane loads are not applied. See 3.6.1.3.3. This applies to all approximate strip methods.

3. The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. See 3.6.1.2.6.

o]

No live load used
Fill greater than 8 feet and span length

Factors for Ductility 1.00
Redundancy 1.05
Operations 1.00

Design Iteration Loop Number 1
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BRASS-CULVERT (LRED)
CENTENNIAL - 10°

Current Live Load:

HL-93-TANDEM

PAGE 21
DATE 10/24/2014
Version 2.3.6

X 5'

RCB

" Unfactored

MOMENTS (per unit design widEEB
due to Dead and Live Loads including Distribution and Impact

Dead Soil Soil
M-PT Load Press Press
(Maxx) (Min)
Kft Kft Kft
EXTERIOR WALL BOTTOM
1- 0 -21.78 -5.86 -2.05
1~1 ~22.02 0.22 0.08
L= 2 =22.27 4.90 g BT
1= 3 =22 .51 8.22 2.88
1- 4 =226 10.18 3.56
1— 5 -23.00 10.83 3.9
1- 6 =23+285 1017 3:56
1- 7 =348 8.24 2.« 89
1- 8 =234 5.08 1aitd
1- 8 -23.98 0.66 0..23
1-10 -24_.23 —-4.95 =173
EXTERICOR WALL TOP
TOP SLAB LEFT SIDE
2- 0 =24 .23 —-4.95 =T eid' S
2= 1 0.21 -4.95 =173
2= 2 19.21 =4 .95 = Lol S
2- 3 32.78 -4.94 =173
2— 4 40.92 -4.94 =173
2= 43 .63 -4 .94 =103
2- 6 40.91 -4.94 =1.73
2= 17 32.76 -4.94 1.3
=18 19.18 -4 .93 =Ll
2— 9 0.16 -4.93 =1 3
2-10 -24.28 -4 .93 e
TOP SLAB RIGHT SIDE
BOTTOM SLAB IEFT SIDE
4- 0 -21.78 —5.86 —2:: 05
4- 1 3.41 -5.86 =2. 05
4- 2 2500 -5.86 -2.05
4- 3 36.99 —5.86 -2.05
4- 4 45.39 -5.86 -2.05
4- 5 48.19 —5 8% -2.05
4— 6 45.40 -5.87 -2.05
4- 7 37.01 — 5.8 -2.05
4- 8 23,03 -5.87 -2.06
4- 9 345 =5 38 -2.06
4-10 o I 5 -5.88 -2.06

BOTTOM SLAB RIGHT SIDE

Surch
Hgt.

Kft

OCDhDoo oo o

=~
-0.
={J,
=0
.12
=0
-0.
=0
-0.
70_
«12

12
.00
0]
.17
sl
=23
.21
« L7
.11
.02
.10

A0
.10
.10
.10
.10
.10
.10
.10
.10
.10
« LB

12
12
12
12

12
12
12
12
12

Wat
Pre

ey
358

(Max)

Kft

COCoOOODOoo Do OoOCOoOCoCcoOoOCo

OO T OO o @O SDNE

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

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

.00
.00
.00
.00
.00
.00
-Q0
.00
.00
.00
.00

LIVE
Pos

Kft

OO0 O0O0O0OO0 OO0 OO0 OO0 oo oo Deooe

OCcCoCcoOOoCc OO0 o0O

.00
.00
.00
.00
-00
.00
.00
.00
.00
.00
.00

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

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

LOADS
Neg

Kft

OO0 OCOOoO0O 00O oo oo oo o oo

oo oo D ooce o

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

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

.00
-00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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Current Live Load:

BRASS—CULVERT (LRFD)

DATE

PAGE

22

10/24/2014
Version 2.3.6

CENTENNIAL - 10" X

HL-93-TANDEM

5l

RCB

Unfactored
due tec Dead and Live Loads including Distribution and Impact

SHEARS

{(per unit desidn widEH)

M-PT
EXTERIOR
1- 0
I E
1= 2
I- 3
1- 4
1- 5
1- 6
1-= 7
1- 8
1- 8
1=1.0
EXTERIOR
TOP SLAB
2= 0
2-1
2- 2
2— 3
2- 4
2= 5
2- 6
2= 7
2= B
2— 9
2-10

TOP SLAB RIGHT

Dead Soil
Load Press
(Max)
K K
WALL BOTTOM
-0.39 10.92
=#39 8.66
-0.39 6.43
-0.39 & 25
=0.39 2.10
~{.309 -0.01
-0.39 -2.09
=0z 30 i P
-0.39 -6.12
-0.39 -8.07
=0..39 -9.99
WALIL TOP
LEFT SIDE
24 .68 .00
19.74 0.00
14.81 0.00
9.87 0.00
4.93 0.00
-0.00 0.00
-4.94 0.00
=988 0.00
-14.82 Q.00
=195 0.00
-24.69 0.00

SIDE

BOTTOM SLAB LEFT SIDE

4- 0
4- 1
4- 2
4- 3
4- 4
4- 5
4- 6
4- 17
4- 8
4- 9
4-10

25.
20.
15.
10.
=
0.
=5
=10
=15
-20.
—25.

44
35
27
18
09
0o
08
17
26
34
43

-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00
-0.00

BOTTOM SLAB RIGHT SIDE

Soil

Press
(Min)

(e S en B en i o B o i @ I oo BN o TR o B o il |

.82
.03
.25
.49
.73
=0
.73
.44
.14
.83

.50

.00
.00
-Q0
.00
.00
.00
-00
.00
.00
.00
.00

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

Surch Water
Press

Hgt.

CoOCcC oo CcCoOoOo0o oo

B2
.18
.13
.09
.05
.00
.04
.08
.13
.17
AL

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

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

(Max)

K

o oo

(a]

oe DT e D

SO OC O OO0 O0OOoC0OoO

CcC oo oo oo oOooo

.00
.00
.00
.00
.00
-00
.00
.00
.00
.00
.00

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

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

LIVE
Pos

K

DD 8O DG Ve Oa [l i oo i o i o Tl e S o i o i oo Tl o i

QOoOUoOe OO OO o

.00
.00
.00
<00
Q0
.00
.00
.00
.00
.00
.00

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

.00
.00
.00
.00
.00
.00
400
.00
.00
.00
.00

LOADS
Neg

OO CcCoCcoOoOoOo0Oo0Ccoo Do oo oo oooo

OC O OO0 CO0O0O0O

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

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

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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Current Live

Load:

PAGE 23

DATE 10/24/2014
BRASS-CULVERT (LRFD)
CENTENNIAL - 1

HIL—93-TANDEM

Version 2.3.6

0" %

51

RCB

Unfactored

AXIAL FORCES

(per unitc design width)'hi
due to Dead and Live Loads including Distribution and Impact

M-PT

Dead Soil
Load Press

(Max)
K K

EXTERIOR WALL BOTTOM

i=
1-
q
|
1=
i
1—
e
1—
o
L=y =

WOl NP O

24.30 -0.
24,30 ={J,
24.30 =@
24.30 ~-0.
24.30 =
24.30 =0
24.30 ~@
24.30 =[),,
24.30 =0
24.30 ~0.
24.30 -0.

EXTERIOR WALL TOP

TOP SLAB LE

2- 0

2= 1

2= 2

2= 3

2— 4

2= 5

2- 6

2 ]

2— 8

2= 8

2-10
TOP SLAB RI
BOTTOM SLAB

4- 0

4— 1

4- 2

4- 3

4- 4

4- 5

4- 6

4- 7

4- 8

4— 9

4-10

BOTTOM SLAB

Factors for

FT SIDE
=0.39 =4
=839 =2
=0.39 =8,
=838 =B
=028 =5,
=039 =8
-0.38 =8
-0.38% =8
-0.39 -9,
=1 39 =8,
=03 =B
GHT SIDE
LEFT SIDE
0.39 -16.
Q.39 =10
038 =10,
0.39 -10.
0,39 -10:
0.39 -10.
0.39 -10.
0.39 =20,
0.3% -10.
0.3%9 -10.
0.39 -10.

RIGHT SIDE

Ductility
Redundancy
Operations

00
00
00
0o
Qo
00
00
00
00
00
0o

82
82
82
82
82
82
82
82
82
82
82

89
89
89
89
89
89
89
89
89
89
89

Soil

Press
(Min)
K

=0

-0

=3
=i
=8
-3.
=3,
~3..
=3,
.81
~3.
—8 .
=3 .

1.00
1.05
1.00

.00
=0
=
,O_
.00
.00
=0
=1,
=0
.00
-0.

00
00
(10]

00
00
00

00

.44
.44
.44
.44
.44
.44
.44
.44
.44
.44
-44

81
81
81
81
81
81
81

81
81
81

Surch Water

Hgt.

K

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

oo Dooe oD oD

-0.21
=021
R
e 00
-0.21
-0,21
=820
=0, 21
=021,
-0.21
-0.21

-0.22
-0.22
-0.22
=0 .22
0 .22
-0.22
-0.22
-0.22
=0. 22
=G 27
=Q.22

Pr

2353

(Max)

K

G280 D09 O Ond O OO oo oooooo

LBl B Il B o Y I o 0 oo R o e B i

.00
.00
.00
.00
=20
.00
.00
.00
.00
.00
.00

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

.00
.00
.00
.00
-00
.00
.00
.00
.00
.00
.00

LIVE
Pos

OO 20 @i DG B COoOO0OOoOOC OO0 0OoO0O

C OO oO0Co o OO

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

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

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

LOADS
Neg

SO OoOCcC OO0 oo o0O = e Bl i o i e e I o R e il B o e

OO o000 C oo oo

.00
.00
.00
.00
-00
.00
.00
.00
.00
.00
.00

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

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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PAGE 24
DATE 10/24/2014

BRASS-CULVERT (LRFD)
CENTENNIAL -

No Fatigue Checks Required for this Live Load

Version 2.3.6
10 X 5' RCB
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PAGE 25
DATE 10/24/2014
Version 2.3.6

BRASS-CULVERT (LRFD)

CENTENNIAL — 10"

LRFD Crack Control Computation

X 5' RCB

Current Vehicle: AASHTO LRFD HL-93 Design Tandem (US)

'_Yé e é.. h (i“f)

 Top slab, outside
~corner

0.75000000 |12.00000000

i e E‘.
dc(in) |

243750000 |1.36414564

Current

. Max Spacing ( |-
Spacing (in.)

Loind)

Allowable Stress  Actual Stress ( :

H

(Mp) o kel

6.78432369 6.00000000

=
i

3536943436 |

3

e

3.00845337

“Top slab,' inside
pnfaces

Bottom slab,
outside corner

0.75000000 :12.00000000

075000000 114.00000000 2.50000000 131055903

243750000 1.36414564

8.39441967 6.00000000

742597294 | 6.00000000

 Bottomslab,
inside face

10.75000000 15.00000000 2.50000000 1.28571427 |

8.50884724

Ext. wall, in_sidcfg
face

0.8%L, > .. therefore no check necessary.

£ 6.00000000

3

3639145279

!
:
:
!

| 29.90740967
E 3

3536943436 | 3128665352

37.08995438 1 3022710228 -
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PAGE 26
DATE 10/24/2014
BRASS-CULVERT (LRED) Version 2.3.6
CENTENNIAL - 10" X 5" RCRE

Lateral Distribution Steel:

Span Length = 11.000 feet
Percentage of main reinforcement required = 30.151% , less than or equal to 50%
Main reinforcement area (top slab) = 1.580 in%*2
Required lateral distribution area = 0.000 in"2
Because the required area is less than the minimum, an area of steel of 0.200 in”2 is
used.
Bar size (C100) = # 4
Spacing (C100) = 12.000 in
Area of steel (C100) = 0.200 inn2
Main reinforcement area (bottom slab) = L. 580 in™2
Reguired lateral distribution area = 0.000 in™2
Because the required area is less than the minimum, an area of steel of 0.200 in"2 is
used.
Bar size (C200) = # 4
Spacing (C200) = 12.000 in
Area of steel (C200) = 0.200 in~2
Bar sizes and spacings with computed areas of steel
Areas of steel are in in2/ft
Top slab
LEFT SIDE CENTER RIGHT SIDE
area 1.2000 in2 area 1.5800 in2 area 1.2000 in2
size 7 spaced at 6.00 in. size 8 spaced at 6.00 in. size 7 spaced at 6.00 in.

hkhkkhrrkrhkhbrhkhrbhbdbkhhhdhhhhhbhkbhkhbbhhhbhhhdbbhdhbhohhhroddrdddhbhbhrdbrbhkrdrrhhkhrbrdrbhbrthkx

Exterior wall

TOP
area 1.2000 in2
size 7 spaced at 6.00 in.

OUTSIDE FACE
area 1.2000 inz
size 7 spaced at 6.00 in.

INSIDE FACE
area 0.2667 in2

size 4 spaced at 9.00 in.
BOTTOM

area 1.2000 in2

size 7 spaced at 6.00 in.

HAhhhkhkdhhhbhrhhrhrrodrbhbrbbdrrbhbdrhbrobhhbdrbdobhbthbbhbdhhhbdhhrohdhddihdhhhhkhkdhhkdhddkhi

Bottom slab
LEFT SIDE CENTER RIGHT SIDE

area 1.2000 in2 area 1.5800 in2 area 1.2000 in2
size 7 spaced at 6.00 in. size B8 spaced at 6.00 in. size 7 spaced at 6.00 in.

Reinforcing Steel Bar Schedule

Location Mark Oty Size Type Length Wgt H Leg V Leg
(Ft—-In) {Lbs) (Ft-In) (Ft-In)
TOP SLAB (Inside) A100 300 8 STR 0- 0 0
BOT SLAB (Inside) 2200 300 8 STR 0- 0 0
CORNER (Top) Al 600 7 1-BAR 9- 6 11643 4- 9 4= B
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CORNER (Bottom)
EXTWALL (Inside)
LONGITUD. ( 3)
LONGITUD. {( 3)
LONGITUD. ( 3)

A2
Bl
cl

C100
Cz00

Total weight black bars
Total weight all bars

600
400
138
0
4]

7
4
4
4
4

L-BAR
STR
STR
STR
STR

8-

Sil=
51~
S1-

The minimum temperature and shrinkage steel for

Top slab(s)

Bottom slab(s
Exterior walll(s)

Splice Lengths

Mark Size

B1
cl
C100
Cc200

s s

= 0.1100 in2
= 0.1100 in2
= 0.1100 in2
Chart
Splice Length
[Ft-In) (m)
1= 9 0,533
1= 8 0.533
1- 9 0.533
1- 9 0.533

10014
1470
4712

PR RN

27845
277845

the:
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PAGE 27
DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 10" X 5" RCB

Factored Actions for Load and Resistance Factor Design at Tenth Points (per unit design width)

M-Pt +Moment —Moment +A.F. -A_F. +Shear -Shear
(Kft) (Kft) (Kips) (Kips) (Kips) (Kips)

EXTERIOR WALL BOTTOM

1- 0 -26.023 ~38.243 -22.861 =33.159 15,518 8.785
18 L -20.403 -29.845 —22+.861 —=33.159 12.228 7.644
1= 2 -13.818 -25.754 -22.861 -33.159 8.992 5.540
i— 3 ~9.22% =22.858 -22.861 —~833.:1.59 5.811 3:.473
1- 4 =B 502 -21.434 -22.861 =33.159 2.685 1.442
k= B =5.881 =2 T 15610 =22.861 —33.159 —05 380 -0.560
1- 6 ~7.061 =22.113 -22.861 -33.159 -2.344 -3.571
1= "7 —10.087 -24.270 ~-22.861 —-33.159 -4.265 -6.534
1- 8 ~14.955 -27.609 -22.861 —=33.189 e S -9.442
1- 9 =21 .601 -32.108 —22.861 =33.159 -8.000 —12.2585
1-10 -27.473 =40.271 -22:. 861 —33.159 —9.812 -15.094

EXTERIOR WALL TOP

TOP SLAB LEFT SIDE
2= 18 -27.473 -40.271 -9.647 -14.840 33.685 23.223
2- 1 -4.35%6 -7.011 =9.812 -14.675 26.947 18.578
2- 2 21.539% 0.000 -9.812 -14.675 20.209 13.9583
P B 40.063 0.000 -9.812 -14.675 13.472 9.287
2- 4 51.175 0.000 =GB1E -14.675 6.734 4.642
2- 5 54.876 0.000 =9.812 -14.675 =0.002 -0.005
2= 6 51165 0.000 =9.812 -14.675 -4.647 -6.742
2= 40.042 0.000 =9.812 -14.675 -8.292 -13.480
2—~ 8 21.508 0.000 —9.812 -14.675 -13.937 -20.218
2~ 19 -4.437 =71.027 =8 812 -14.675 -18.582 -26.956
2-10 =27 :503 -40.314 -9.647 -14.840 —=23.227 -33.693

TOP SLAB RIGHT SIDE

BOTTOM SLAB LEFT SIDE
4- 0 -26.023 -38.243 =9.924 ~-15.308 34717 23-.933
4- 1 -0.884 =5 315 -9.758 -15.475 27.774 19.146
4- 2 25,850 0.000 =9.758 -15.475 20.832 14.360
4= 3 44.9406 0.000 =9.,758 -15.475 13.889 9.574
4- 4 56.406 ¢.000 -9.758 -15.475 6.%47 4.788
4= 5 60.228 0.000 =9:.758 =15.478 0.004 0.001
4- 6 56.415 ¢.000 =8."158 -15.475 -4.784 -6.938%
4- 7 44.965 0.000 -9.758 -15.475 -9.570 -13.881
4- 8 25.878 0.000 -9.758 -15.475 =14.356 -20.824
4- 9 -0.846 -5.306 -9.758 -15.475 -19.142 =27.766
4-10 ~25,897 -38.205 -9.924 -15.308 =2.3,929 -34.709

BOTTOM SLAE RIGHT SIDE

Output complete for a HL-93-TANDEM vehicle
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PAGE 28
DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 10" X 5' RCB
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Serviceability,

CENTENNIAL -

PACE 29
DATE 10/24/2014
BRASS-CULVERT (LRFD)

Version 2.3.6
10" X

5" RCB

Fatigue,

and Other Checks

- Based on crack contrel check

AASHTO 5.7

Slenderness

.3.4

LRFED

check on walls passed
Eccentricity check on walls passed

Reinforcing Bar Stresses Sizes and Spacing

MNote: Bar

Area of steel in sqguare inches per ft
Spacing and H and V legs are in inches

Bar Mark

Al
AL100
A300
a2
AZ00
2400
B2
Bl
B3

Bar Type Fs

Az
Al100
AZ00
B1
No B2

33.
31.
29.
30.

0.

Top Corner Outside face Max Neg Moment
Top Slab Inside face

Des

cription

Max Pos Moment

stresses are based on bending and axial stress only
Stresses are in ksi

Top Slab Outside face Max Neg Moment Interior support

Bottom Corner Outside face Max Neg Moment

Bottom Slab Inside face
Bottom Slab Outside face Max Neg Moment Interior support

Exterior Wall Outside face Max Neg Moment
Max Pos Moment

Exterior Wall Inside face
Interior Wall Both faces

01
29
il
23
00

Fs A11.

{(Ksi

35
35

36.
3
28

bars selected for

i)

<3
7
35
09
16

Required
(In2)

1.1199
1.0615
1.1524
1.1642
0.2014

Max FPos Moment

Area steel

Provided

[T R

(InZ2)

L2000
L2000
.5800
.5800
.2667
culverts less than 6 feet high.

Size
us
Bars

s ol o TN R

9.0
Al bars extended.

Spacing H v
(In) (In} (In)
6.0 57 57
6.0 41
2 J——usa '#706

Q5= 1.2€ iu /ﬂ)
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PAGE 30
DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - 10" X 5' RCB

Notes:

s

Area of steel is the maximum required for all
limit states. The strength computations are shown in
the results at critical sections table.

Design thickness shown in the following table is

based on the appropriate cover minus half the diameter
of the bar in the above table or one-half

the diameter of a #6 bar. The actual half bar diameter
is used once the steel has been selected

and the #6 bar is used in design iterations.

For a Design review run the actual bar stresses shown
can be the stress at either side of a member corner or
the stress at the middle of the slab for a multiple cell
group. The required As is actual in a Design review.

If the user wishes to ignore crack control the allowable
steel stress is set at 0.95 Fy. This limit will likely
not control the design, but it if should, this will
control yielding under service loads.

For culverts less than 6 feet high and with moment
continuity, no rebar is selected for the exterior face
of the exterior wall. The rebar from the upper exterior
corner (Al) is called out to cover the entire exterior
face of the exterior wall (B2).
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PAGE 31
DATE 10/24/2014
BRASS-CULVERT (LRFD) Version 2.3.06
CENTENNTAL - 10' X 5' RCB

Vgibutput at Critical Sections (per unit design width)'ﬂ

Member No. = 1 EXTERIOR WALL Thickness = 12.00 (in)
Clear cover at end = 3.00 (in)
Clear cover at middle = 2.00 (in)
Bar diameter (bot ) = 0.88 (in)
Bar diameter (mid+) = 1.00 (in)
Bar diameter (mid-) el 0.88 (in)
Bar diameter (top ) = 0.88 (in)
Coin. Resistance
Moment Axial Shear Shear Po Mu Mbal Pbal Steel Mom. Des.
Design
Force Force Cap Cap Cap Cap Cap Area Cap Thk
Ratio
Kft Kips Kips Kips Kips Kft Kft Kips In2 Kt in
BOT -38.2 22.9 7.9 13.5 334.5 47 .0 6d .1 99.4 1.2000 47.0 4. 56 g.8
MID ~6+B 22.9 0.4 &5 .00 302.8 12.2 5183 1473 0.2667 12.2 9.75 0.5
MID- -21.4 22.5 0.6 19.8 334 .5 47.0 64.1 99.4 1.2000 47.0 g.56 0.5
TOP -40.3 22 .9 B.6 T3 334.5 47.0 64.1 99.4 1.2000 47.0 9.56 0.9
Member No. = 2 TOP SLAB Thickness = 14.00 (in)
Clear cover at end = 3.00 (in)
Clear cover at middle = 2.00 (inm)
Bar diameter (1t ) = 0.88 (in)
Bar diameter {(mid ) = 1.00 (in)
Bar diameter (rt ) = 0.88 (in)
LT -40.3 S 24 .5% 22.4 303 5 58.0 8.6 132.3 1.2000 58.0 11.56 0.7
MID 54.9 9.8 0.0 27.2 396.4 T3.9 834 113.0 1.5800 73.9 11.50 0.7
RT -40.3 9.8 24 . 5% P2 353.5 58.0 86.6 132.3 1.2000 58.0 11.56 0.7
Member No. = 4 BOTTOM SLAB Thickness = 15.00 {(in}
Clear cover at end = 3.00 (in)
Clear cover at middle = 2.00 (in)
Bar diameter (1t ) = 0.88 (in)
Bar diameter (mid ) = 1.00 (in)
Bar diameter (rt ) = 0.88 (in)
LT -38.2 .. 8 25.2%* 224 408.0 58.0 92.1 132.3 1.2000 58.0 11.56 0.7
MID 60.2 9.8 0.0 2l 2 420.9 Bl.0 10%.l 129.4 1.5800 81.0 12.50 0.7
RT -38.2 9.8 e 22.4 408.0 58.0 92.1 132.3 1.2000 58.0 11.56 0.7
Warnings:
Lo For exterior corners, BRASS-CULVERT does not perform a check on both the exterior wall

and top or bottom slab.

BRASS5-CULVERT only checks the location that it has determined requires a greater area of
steel. Because of

this, BRASS-CULVERT may check one location for a particular culvert (e.g. top of the
wall) and a different

location (e.g. left end of top slab) for the same culvert with a different depth of

£il1l.
2. If the flexural resistance is zero and rebar has been entered, it could be due to the
axial
load being higher than the tensile capacity of the rebar provide. For example, the axial
load

is greater than the area of steel times the yield strength of the bars.
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DATE 10/24/2014
BRASS-CULVERT (LREFD)

CENTENNIAL - 10

X 5t

Version 2.3.6

RCB

Volume of Concrete and Weight of Reinforcing Steel

Thickness
Top Bottom Exterior Interior Volume Steesl
Slab Slab Wall Wall
(In) (In) (In) (Tn) (Cy/Ft) (Lb/Ft)
14.00 15.00 12.00 0.00 n/a 1.444 383
Reinforciﬁ& Steel Bar Schedule T
Location Mark Oty Size Type Length Wgt H Leg V Leg
(Ft-In) (Lbs) ({Ft—In) (Ft-In)
TOP SLAB (Inside) A100 300 8 STR 11- 8 9345
BOT SLAEB (Inside) A200 300 8 STR 1= 8 9345
CORNER  (Top) Al 600 7 L—-BAR 9- 6 11649 4- 9 4- 9
CORNER  (Bottom) A2 600 7 L-BAR 8- 2 10014 3— 5 4- 9
EXTWALL (Inside) Bl 400 4 STR 5= B 1470
LONGITUD. {( 3) Cl 138 4 STR 51~ 1 4712
LONGITUD. { 3) c100 33 4 STR Sil= 1127
LONGITUD. ( 3) C200 33 4 STR BT- 1 1127
Total weight black bars 48789
Total weight all bars 48789
The minimum temperature and shrinkage steel for the:

Mark

Bl
gl
C100
c200

Top slab(s) = 0.1100 in2
Bottom slab(s) = 0.1100 inZ2
Exterior wall(s) = 0.1100 in2
Splice Lengths Chart
Size Splice Length
(Ft—-In}) {m)
4 I= 8 3.533
4 1- 9 0.533
4 L= 8 0.533
4 1- 8 0.533
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Job No. 412-654 By DAT Subject
Date Checked

10x5' RCB

Sheet
Of

Distribution Reinforcing (AMASHTO LRFD 9.7.3.2)

Use distribution steel in top slab to account for construction loading when fill is less than 2-ft.

For primary reinforcement perpendicular to traffic:

Effective Span, S :ft

% Distribution Reinforcing = 220/ S™° <67%

=[_67%]

Primary Reinforcing = #7 @ 6"
Area of Steel = 1.2 in¥ft

Min Distribution Reinforcing = 0.80 in’/ft

[USE #6 @ 6" Distribution Reinforcing

G.C. Wallace, Inc.
File: AASHTQ LRFD DistributionReinf xlsx [10x5] Engineers/Planners/Surveyors

Page: 1 of 1 1555 8. Rainbow Bivd, / Las Vegas, NV 89146
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BRASS-CULVERT | -25 1$'x 7" Ree w/ 10’ Max Seil Cover

BRASS-CULVERT (LRFD) Version 2.3.6

DATE 10/27/2014 TIME: ¢ 8% 9:35 PAGE 1

Input Filename F:\Projects\400\412-654\Division\3trl\Calcs\Centennial Double
157 — 10feet.DAT

Output Filename
15x7 - 10feet.xml

Output Filename for Live Loads
15x7 - 10feet LL.OUT

F:\Projects\400\412-654\Division\Strl\Calcs\Centennial Double

F:\Projects\400\412-654\Division\Strl\Calcs\Centennial Double

The following filenames may be used in this run

Live Load Influence Values File name : F:\Projects\400\412-
654\Division\Strl\Calcs\Centennial Double 15x7 - 10feet INF.OUT

Drawing File name F:\Projects\400\412-
654\Division\Stri\Calcs\Centennial Double 15x7 - 10feet.drw

Live Load Influence Ordinates File name : F:\Projects\400\412-
654\Division\Strl\Calcs\Centennial Double 15x7 — 10feet.ill

Live Load Actions (w/o DF or IM) File name : F:\Projects\400\412-
654\Division\Strl\Calcs\Centennial Double 15x7 - 1l0feet.oll

Intermediate Computations File name : EF:\Projects\400%412-
654\Division\Strl\Calcs\Centennial Double 15x7 - 1l0feet.ooo

Data Modelling File name : F:\Projects\400\412-
654\Division\Stri\Calcs\Centennial Double 15x7 - 10feet.tmp

COMMENTS THIS FILE WAS CREATED BY THE BRASS-CULVERT GUI.
COMMENTS DO NOT EDIT THIS FILE!
COMMENTS JOB DESCRIPTION:
TITLE CENTENNIAL - DOUBLE 15' X 7' RCB
STRUCTID

AGENCY

COMMENTE 10" MAX FILL ABOVE
UNITSIN us

UNITSCUT us

COMMENTS ANALYSTS CONTROL:
TYPE cTp

FUNCT DESIGN

LRFR NO

IRELEASE NO

IDSN LRED

KBASE FULL

KHACH NO

EPOXY NO

EDGE-STRIP NO

LRFD-SHEAR 0

IFATIG YES

DNEG 0.0000

COMMENTS DESIGN CONTROL:
ISAMS NO

ISAMW NO

ADDS 1.0000

ADDW 1.0000

MAXSIZ 9

MINSTZ 4

SPCMAX 12.0000

SPCMIN 6.0000

ISPCGINC MAX

PAS 0.012000

CUSTOM STD

BAR_DE USs

COMMENTS OUTPUT CONTROQOL:
MTEN YES

IBSH YES

TTNFN NO

LIVELO NO
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PAGE 2
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL -~ DOUBLE 15' X 7' RCB

DEFAULTS YES
LOOES NO
INTERMEDIATE NO
COMMENTS MATERIAL PROPERTIES:
FCONC 4000.000

CE 3644147.000
CWGT 150.000

ZEE 155.000
EXP_FACTOR 0.750
GAMMA MIN RE 1 1.600
CAMMA MIN RE 3 0.750

EWGT 125.000
AWGT 145.000
F¥ET 60000.000
CN 7.9580
COMMENTS BOX GEOMETRY :
NBOX 2

NSPAN 15.0000
NHITE 7.0000

LENG 150.0000
BWIDTH 150.0000
CBWIDTH 0.0000
TSLAB 14.0000
KFXTS F

BSLAB 15.0000
KFXBS F

WALLR 10.0000
KEXW F

IWALLR 8.0000

KFXT F

COMMENTS SKEW:

CSKEW 0.0000
LSKEW 90.0000
RSKEW 90.0000
COMMENTS CONCRETE COVER:
covs 2.0000

COVB 3.0000

COVW 2.0000
COVIN 2.0000
COMMENTS DEAD LOADS:
PRESS 100.000
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PMIN
PWAT

NFILL
NWEAR
FILLFA
TYFILL
COMMENTS
LVLD

LVLD

LVOMT
LLPATCH
SURCH_USE
LIMIT DIST
LREDDF

PAGE

3

DATE 10/27/2014

BRASS—-CULVERT (LRFED)

Version 2.3.

CENTENNIAL - DOUBLE 15" X

35.000
0.0060
10.0000
6.0000
1.1000
COMPACT
LIVE LCADS:
HL-93-TRUCK

HL-93-TANDEM

YES
PL
YES
NO
YES

End of Input File No. 1

6
ox

RCB
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PAGE 4
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15' X 7' RCB

Note:
The following list of variables are used in the
application. They are shown in US units because
that is the intermnal computational mode.

The first set are the variables defaulted
from input and the second set are system

variables.
Units
U88I _UNITS: Input Units = Us
USST UNITS CQU: Output Units = us

mﬁesign Variables

LRFDDF: Use LRFD method for bot slab leoad distrib. = T
CUTYPE: Precast(PC) or Cast in Place(CIP) Culvert = CIP
TDSN: Design Method = LRFD
FUNCT : Design (DESIGN) or Design Review (DESREV) = DESIGN
IRELEASE :Moment Continuity Released (@ end of walls) = F
DNEG: Distance to Neg. Moment Computation Point = 0.00
CUSTOM: Default bar spacing and design check control = STD
ISAMS: Design Same Top and Bottom Slab = F
TISAMW: Design Same Intericr-Exterior Wall = F

Output Control Variables

MTEN : Output Moment-Shears = T
IINFN: Output Influence Line F
IBSH: Output Bar Schedule = K

Standard Load Variables
LVLD: Live Load Vehicle Name HL-93-TRUCK
LVLD: Live Load Vehicle Name = HL-93-TANDEM
LVOMT: Neglect LL for Fill &gt; 8Ft &amp; Fill &gt; Span -



PAGE 5
DATE 10/27/2014

BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15" X 7°'

RCB

Uniform Dead Load Variable

EDLU: Extra Uniform Dead Load (Lbs/Ft) = 0.0
NWEAR : Thickness of Wearing Surface (in) = 6.0
Concentrated Dead Load Variables

EDLC1: Extra Concentrated Dead Load (Lbs) = D
EDLX1: Position of Load from CL of Left Wall (Ft) = 0.0
EDLC2: Extra Concentrated Dead Load (Lbs) = 0.0
EDLX2: Position of Load from CL of Left Wall (Ft) = 0.0
EDLC3: Extra Concentrated Dead Load (Lbs) = 0.0
EDLX3: Position of Leoad from CL of Left Wall (Ft) 2 0.0
Soil and Water Pressure Variables

SURCH: Depth of Surcharge - 2.0
PRESS: Maximum Scil Equiv. Fluid Pressure(Pcf) = 100.0
PMIN: Minimum Soil Equiv. Fluid Pressure (Pcf) = 35.0
PWAT : Internal Water Pressure = 0.0
Geometry — Box Dimension Variables R
NBOX: Number of Boxes (1 TO 4) = 2
NSPAN: Clear Span (Ft) = 15::0
NHITE: Clear Height (Ft) T8
NEILL: Design Fill Measured from Top of Top Slab(Ft) = 10.0
LENG: Section length(PC)-Culvert Length(CIP) (Ft) = 150.0
Geometry — Slab Thickness Variables N
TSLAB: Minimum Value for Top Slab (In) &= 140
KFXATS: Code for Top Slab(F=Fixed,V=Variable) = F
BSLAB: Minimum Value for Bottom Slab(In) = 15:0
KFXBS: Code for Bottom Slab (F=Fixed,V=Variable) = ¥
WALLR: Minimum Value for Exterior Wall (In) o= 10.0
KEFXW: Code for Exterior Wall (F=Fixed,V=Variable) = F
IWALLR: Minimum Value for Interior Wall {In) = 8.0
KFXI: Code for Interior Wall (F=Fixed,V=Variable) = F
IWALLR: Minimum Value for Interior Wall (In) E: 8.0
KFXI: Code for Interior Wall (F=Fixed,V=Variable) F
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PAGE 6
DATE 10/27/2014
BRASS-CULVERT (LREFD) Version 2.3.6
CENTENNIAL - DOUBLE 15" X 7' RCB

Geometry ~ Skew and Haunch Variables

LSKEW: Left End Skew Angle (Deq) = 90.
RSKEW: Right End Skew Angle (Deg) = 94 .
CSKEW: Culvert Skew Angle (Deq) = 15
58 S B Top Haunch (In) £+ 0.
BEFILT: Bottom Haunch (In) = 0.
KHACH: Haunches used in Analysis (YES/NO) = NO

L ) e i 5 B oI < )

Geometry - Clear Concrete Cover

COVE: Exterior Concrete Cover Top Slab (In) = 200
COVB: Exterior Concrete Cover Bottom Slab (In) = 3.0
COVW : Exterior Contcrete Cover Walls (In) = 2.0
COVIN: Interior Concrete Cover (In) = 2.0
Eeinforcing Bar wvariables and Thickness TIncrement
SPCMAX: Default Max. Bar Spacings (In) & 12.8
SPCMIN: Default Min. Bar Spacings (In) = 6.0
MAXSIZ: Default Bar Sizes (US) = 9
MINSIZ: Default Bar Sizes(US) = 4
ISPCGINC: Reinforcing Bar Minimum Increment = b
EPOXY: Top Reinforcing Mat Fpoxy Coated = F
ADDS: Added Slab Thickness Increment (In) = Tl
ADDW : Added Wall Thickness Increment (In) = 1.0
Material Properties Variables
EWGT: Weight of Soil (Pcf) = 125.0
FYST: Yield Strength of Reinf. Steel (Psi) = 60000.0
FSTL: Allowable Stress of Reinf. Steel (Psi) (ASD) = 36000.0
FCONC: Compressive Strength of Concrete (Psi) = 4000.0
FSHR: Shear in Concrete (Psi) (ASD) = 0.0
FSTIR: Allowabkle Stress in Stirrups (Psi) (ASD) = 0.0
CWGT: Weight of Concrete (Pcf) = 150.0
0

AWGT: Weight of Wearing Surface (Pcf) = 145.



PAGE 7
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15' X 7' RCB

ZEE: Crack Width Parameter from AASHTO = 1550
CN: Modular Ratio of Concrete = 8.0
Ch: Modulus of Elasticity of Concrete(ksi) = 3644.1
ZEE: Crack Width Parameter from AASHTO = 0.9
CN: Modular Ratic of Concrete = 0.9
CE: Modulus of Elasticity of Coricrete(ksi) =
Service-I load and resistance factors -

EV: Vertical Earth Pressure max-min 1.00 1.00

DC: Components max-min 108 1.98

DW: Wearing Surfaces max-min 1.00 1.00

EH: Horizontal Earth Pressure At-Rest 1.00

L.S: Live load surcharge 1.00

WA: Water load and stream pressure 1.00

LL: Vehicular live leoad L.B0Q

Strength-T load and resistance factors

EV: Vertical Earth Pressure max-min 1.30 0.90

DC: Components max-min 1.25 0.90

DW: Wearing Surfaces max-min 1.50 0.65

EH: Horizontal Earth Pressure At-Rest 1.35

L3: Live load surcharge 1.75

WA: Water load and stream pressure 1.00

LL: Vehicular live load 1.75

Strength-I1 load and resistance factors

EV: Vertical Earth Pressure max-min 1.30 0.80

DC: Components max-min 1.25 0.920

DW: Wearing Surfaces max-min 1.50 0.65

EH: Horizontal Earth Pressure At-Rest 1.35

LS: Live load surcharge L..35

WA: Water load and stream pressure 1.00

LL: Vehicular live load 1.35

Fatigue load and resistance factors

EV: Vertical Earth Pressure max-min 0.00 0.00

DC: Components max-min 0.00 0.00

DW: Wearing Surfaces max-min 0.00 0.00

EH: Horizontal Earth Pressure At-Rest 0.00

L3: Live load surcharge 0.75

WA: Water load and stream pressure 0.00

LL: Vehicular live load 0.75

BB: Factor Load Factor Po and Pb AASHTO = 0.80
BETAD: Dead Load Multiplier for Load Factor = 1.0000
BETAL: Live Load Multiplier for Load Factor = 0.0000
PHIMOM: Phi Factor for Moment = 0.%000
PHISHR: Phi Factor for Shear = 0.8500
BB: Factor Load Factor Po and Pb AASHTO = 1.30
BETAD: Dead Load Multiplier for Load Factor =

HAFBAR: Assumed Half a Bar Dia. of #6 Bar (In) = 0.375
I300: A300 and A400 Bars to TRUE = T
I400: A300 and A400 Bars to TRUE = T
ICHANG : Initial Settings = i)
TEUT: Cut. Bars Due to Skew = iz
ICUTSM: Bar Cuts Symmetrical = F
IFTXB: Defaults for Slab Thickness Incrementing = F
IFIXI: Defaults for Wall Thickness Incrementing = F
IFIXT: Defaults for Slab Thickness Incrementing = F
IFIXW: Defaults for Wall Thickness Incrementing == E



PRAGE B
DATE 10/27/2014
BRASS-CULVERT (LRFD} Version 2.3.6
CENTENNTAL — DOUBLE 15" X 7' RCB

IFATIG: Check Fatigue F
IHAUCH: Code for Considering Haunch in Analysis = F
ILESS: Code for Span Less Than 5 ft = F
ISHR: Code for Shear Stress Check = F
L8R Loop Counter for Design Iterations = 0
INTERM SWITCH: Turn on Intermediate Results Output = F
ISTORE: Design Moments to Zero = 0
KPASS: Variable Dimen (use in fixed thickness design)= VAR
KBASE: Bottom Slab Support Code (FULL, FIXED, HINGED) = FULL
LDPASS: Bypass Live Lead if no wehicle input = E
LONGB: Longitudinal Bar Code = F
MESSGE: Code for Message Printout = T
PAS: Maximum AS/BD Desired = 0.012
JOB DESCRIPTION -
Title CENTENNIAL - DOUBLE 15" X 7' RCB

Structure 1D

Agency name STD

Input units : US
Output units : US

ANALYSIS CONTROL

Moment Bottom Slab Negative
Construction Design/ Continuity Support Moment
Type Review Released Code Position
CAST-IN-PLACE DESIGN NG FULL 0.00
Consider Haunches in Analysis : NO
Perform Edge Beam reinforcement computations : NO
Use epoxy coated bars in top mat of reinforcement: NO
in tep slab
Design Limit State Load and Resistance Factors
Method Ductility Redundant Operations
LOAD & RES. 1.0000 1.0500 1.00
DESIGN CONTROLS o
Design Design
Same Same Round-up Increment
Thickness Thickness Thicknesses Bar Spacing
Slabs Walls Slabs Walls File
(In) (In)
NO NO 1.00 1.00 Standard
Bar Spacing US-Bar Size Bar Spacing
Max Min Max Min Increment
(In) (In)
1250 6.0 9 4 1 INCH
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DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15" X 7°

RCE

QUTPUT CONTROLS

Drawing File: NO
Actions at tenth Points: YES
Bar Schedule: YES
Live Load Influence Ordinates: NO
Live Load Actions Envelope: NO
Default Output: YES
Intermediate Design Iteration Computations: NO
Intermediate Computations NO
MATERIAL PROPERTIES

Concrete Concrete Crack Width Steel Steel
£V Ec Gamma E Fy n
(Psi) (Psi) (Kip/in) (Psi)

4000. 3644147. 0.75 60000. 7.96

Note:
1. The concrete unit weight used for the

Fc computaticon is 5 pcf less
than used for load computations

The crack width coefficient is the
coefficient in Eq. 5.7.3.4-2 for the
crack width parameter Z

Unit Weights

Concrete
(Pef)
150.
Note:
1

Seil Fill Wearing Surface
(Pcf) {Pcf)
125. 145.

The Soil Structure Interaction Factor
from AASHTO is computed and applied to the
weight of earth input
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PAGE 10
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15' X 7' RCB

BOX GEOMETRY

Culvert Span Clear Centerline
Cells Length Height Length
(FL) (Ft) (Ft)

DOUBLE 15.00 7.00 150.00

Bridge Number of

Width Traffic Lanes

(Ft)

150.00 1 and 2 lanes investigated

Slab and Wall Information

Top Bottom Exterior Interior
Slab slab Wall Wall

(In) (In) (In) (In)

14.00 Fixed 15.00 Fixed 10.00 Fixed 8.00 Fixed
LIVE LOADS

Vehicle Designaticn

HL-93-TRUCK

HL-%3-TANDEM

Live Load Contrel: YES
(Neglect Live Load if fill is greater than 8§ ft.
and fill is greater than culvert span)

Tire application model: patch load
Live Leoad Surcharge: 2.0 Ft

DEAD LOADS

Concentrated Loads

Wgt. Dis. Wgt. Dis. Wgt. Dis.
(Kips) (FL) (Kips) {Ft) (Kips) (Ft)

0.0 0.0 0.0 0.0 0.0 g.0
Soil Water
Pressure Density

Max Min

(Pcf) (Pef) (Pcf)

kA& 35.0 0.0

Wearing

Uniform Surface Fill
Load Thickness Helght

(plL) (im) (Ft)

0.0 6.00 10.00



PAGE 11
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.
CENTENNIAL - DOUBLE 15°

oW

SEEW
Skew Skew Skew
Left Right Center
(Deg) {Deg) (Deq)
90.0 90.0 0.0
HAUNCHES N
Top Haunch Bottom Haunch
Height Height
(In) (In)
0.0 0.0

CONCRETE COVER to face of bar

Top Bottom Exterior Interior

Slab Slab Wall wWall

(In) (In}) (In) (In)
2.00 3.00 2.00 2.00

_ LRFD Live Load Distribution Factor Computation
Input Values S
10.00. ft.

Depth of Fill =
Span Length = 15.00 ft.
Truck Gage: =6.00 ft
Soil Distribution Factor = 1.10

Tire Patch Width -~ = 20.00 in.
Bridge Width = 150.00 ft.
Lengih L = 80 00 i

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4,6.2,10 and 3.6.1.2.6 (use better distribution)

Controlling Distribution Factor

Final Strip Width =19.57 ft.
Final Distribution Factor = 1/Final Strip Width = 0.051 Lanes per fi. of width
Multiple Presence FFactor = 1.20

Distribution Factor * Multiple Presence Factor = 0.061
Dynamic Load Allowance Calculation - Article 3.6.2.2

IM =33(1.0 - 1.25 D)
IM =33(1.0 - 1.25(10.00) )
IM = 0.0000

Notes:Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence factor
for all cases. The one Jane loaded multiple presence factor is used. See 12.11.2.1, 3.6.1.3.3, and 4.6.2.10.

1. Lane loads are not applied. See 3.6.1.3.3. This applies 1o all approximate strip methods.
2. The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. See 3.6.1.2.6.
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DATE 10/27/2014
BRASS—CULVERT (LRFD) Version 2.3.6

CENTENNIAL - DOUBLE 15" X 7' RCB

T
Th
In.

Ft.
Ft.
Bl
Lit

Kot

K1t
K1f
Klf
K1f
K1f

K1f
K1f
K1f
K1f

K1L

Number of cells = 2
Top Slab thickness = 14.0000
Bottom Slab thickness = 15.0000
Exterior Wall thickness = 10.0000
Interior wall thickness = 8.00 In.
Design Span{c-c walls) = 15.7500
Design Height (c-c slabs) = 8.2083
Fill Height (top of slab) = 10.0000
Wearing surface thickness = 6.0000
Loads based on 1 foot unit width
501l Structure Interaction Factor = 1.0619
Earth Weight for fill computations = 0.1327
Weight of Fill without wearing surface = 1.2610
Weight of Wearing Surface = 0.0725
Weight of Top Slab 0.1750
Weight of Extra Uniform Dead Locad - 0.0000
Uniform Dead Load on Top Slab = 1.5085
Welght of Walls divided by culvert width = 0.0778
Uniform Dead Load on Bottom Slab = 1..5862
Soil pressure at center of top slab = 1.0583
Soil pressure at center of bottom slab = 1.8792
Soil pressure due to live load surcharge = 0.0720
Impact Factor on Top Slab & Walls = 0.0000
Impact Factor con Bottom Slab = 0.0000
Axle Load Distribution Factor on:
Top Slab & Walls = 0.0613
on Bottom Slab = 0.0613
Note:

1. The weight of the walls is computed by taking the
interior wall thickness plus twice the exteriocr wall
thickness and multiplying by the clear height of the
culvert and the weight of concrete. That result is
divided by the span length times the number of cells
plus the wall thicknesses.

2. The soil pressure computations use the fill height
and the culvert height for appropriate wvalues for
lateral earth pressures. Wearing surface, fill
height, and slab thickness are used in wvertical dead
load computations.

3. The distribution width and associated distribution

factor for the top slab is computed according to
AASHTO LRFD 4.6.2.10 for fill depth less

than 2 ft. and AASHTO LRFD 3.6.1.2.6 for fill
depths over 2 ft. RAlso, see 3.6.1.3.3.

AASHTO Specifications state that no live load
is to be used when the fill is greater than 8 feet

and

The

the fill is greater than the total span length

£ill is greater than 8 feet but less than the

total span length of 31.50 feet

89



PAGE 13
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15" X 7' RCB

For a HL-93-TRUCK Vehicle
Description AASHTO LRFD HL-93 Design Truck (US)
The Number of axles = 3
Axle Weights Spacing
(kips) (ft)
8.00 14.000
32.00 14.000
32.00 0.000
Totals 72.00 28.000
Tire Contact Area = 200.0000 sq.in.
Tire patch Width = 20.00000 in.
Tire Patch Length = 10.00000 in.
Vehicle Axle number = il
Fill = 10.00 ft.
Distribution slope = 1.10
LL Longitudinal Distribution Length = 11.83 ft.

[slope (fill) + longitudinal tire patch]

Tire Contact Area = 200.0000 sqg.in.

Tire patch Width = 20.00000 i

Tire Patch Length = 10.00000 in.

Vehicle Axle number = 2

Fill = 10.00 f£t.
Distribution slope = 1.10

LL Longitudinal Distribution Length = 11.83 ft.

[slope(fill) + longitudinal tire patch]

Tire Contact Area = 200.0000 e Nl
Tire patch Width = 20.00000 in.
Tire Patch Length = 10.00000 in.

Vehicle Axle number = 3

Fill = 10.00 ft.
Distribution slope = 1.10

LL Longitudinal Distribution Length = 11.83 ft.

[slope(fill) + longitudinal tire patch]
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DATE 10/27/2014
BRASS~-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15'" X 7' RCB

For a HL-93-TRUCK Vehicle
Descripticon AASHTO LREFD HL-93 Design Truck (US)

The number of simulated axles based on fill = 33

The number of simulated axles is calculated based

on the longitudinal distribution length of each axle
divided by the simulated axle spacing of 1 foot

and the simulated axle weights are calculated by
dividing the vehicle axle weights by the number of
simulated axles per vehicle axle.

Truck facing backwards Truck facing forward
Axle wts. Spacing Axle wts. Spacing
(kips) (£t} (kips) (ft)

0,43 0.000 Z2.91 0.000
0.73 1.000 2. .91 1.000
0.73 1.000 2.91 1.000
0.73 1.000 2.91 1.000
0.3 1.000 2 %1 1.000
0.73 1.000 2.91 1.000
.73 1.000 2.91 1.000
0.73 1.000 2.91 1.000
0.73 1.000 2.91 1.000
0.73 1.000 2 3l 1.000
0.73 1.000 281 1.000
2.9] 4.000 2.91 4.000
281 1.000 2.91 1.000
2.81 1.000 2.9 1.000
2.81 1.000 2.91 1.000
2 B 1.000 2191 1.000
2.91 1.000 2.91 1.000
284 1.000 2.591 1.000
2.91 1.000 2.91 1.000
& B 1.000 2.81 1.000
2.91 1.000 251, 1.000
2:91 1.000 2691 1.000
2. 8. 4.000 0.73 4.000
2. 91 1.000 0.73 1.000
2. 91 1.000 0.73 1.000
2.91 1.000 0.73 1.000
2.91 1.000 8. 73 1.000
2.91 1.000 0.73 1.000
2. 91 1.000 0.73 1.000
2.91 1.000 0.73 1.000
2.91 1.000 .73 1.000
2.91 1.000 0.3 1.000
2.91 1.000 G703 1.000
Tcotals 72.00 38.000 72.00 38.000

Note: Impact or distribution is not included in the above table.

Factors for Ductility 1.00
Redundancy 1.05
Operations 1.00



Design Iteration Loop Number 1

LRFD Live Load Distribution Factor Computation

Input Values

Depth of Fill ~ 1000 f.
Span Length = 15.00 fi.
Truck Gage =600  f
Soil Distribution Factor = 1.10

Tire Patch Width = 20.00 in.
Bridge Width = 150.00 ft.
Length = 150,00 R

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)
Controlling Distribution Factor

Final Strip Width = 19.57 fi.
Final Distribution Factor = 1/Final Strip Width = 0.051 Lanes per ft. of width
Multiple Presence Factor = 1.20

Distribution Factor ¥ Multiple Presence Factor = 0.061
Dynamic Load Allowance Calculation - Article 3.6.2.2

IM=33(1.0- 1.25 D)
IM =33(1.0 - 1.25(10.00))
IM = 0.0000

Notes:

1. Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence
factor for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1, 3.6.1.3.3, and 4.6.2.10.

2. Lane loads are not applied. See 3.6.1.3.3. This applies to all approximate strip methods.

The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. See 3.6.1.2.6.

(V5]
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Current Live Load:

BRASS-CULVERT (LRED)

PAGE 15
DATE 10/27/2014

Version 2.3.

CENTENNIAL - DOUBLE 15°'

HL-93-TRUCK

X

6
7' RCB

Unfactored

MOMENTS

(per unit design width)
due to Dead and Live Loads including Distribution and Impact

M—-PT
EXTERIOR
1- 0
1-1
1= 2
1= 3
1- 4
1= 5
1- 6
1- 7
1- 8
1= B
1-19
EXTERIOR
TOP SLAB
G (]
2= L
2~ 2
2- 3
2= 4
Z= 03
2- 6
2= 7
2- 8
Z— 9
2-10
TOP SLAB
INTERIOR
3- 0
3~ 1
3~ 2
3— 3
3- 4
3- 5
3- 6
3=
8=@
3—= 9
3410

Dead Soil Soil
Load Press Press
(Max) (Min)
Kft Kft Kft
WALL BOTTOM
-6.76 -6.76 -2.37
-6.96 -1.88 -0.66
== 19 1.79 0.63
=7.35 4.31 1.5Y
=7 55 5.73 201
=7.75 6.10 2.14
—-7.94 5.49 198
-8.14 3.94 1.38
-8.34 Lzl 0.53
—-8.54 =1 T -0.61
-8.73 =BT} -2.02
WALL TOP
LEFT SIDE
-8.73 =-5.77 =2.02
4.77 -4.91 L T2
14.54 -4.04 -1.42
20.56 =3:18 = ST
22.84 =2 .32 -0.81
21.38 -1.46 ~0.51
16.17 (.59 -0.21
V23 0.27 0.09
-5.46 1.13 0.40
-21.89 1.99 0.70
-42.06 2.86 1.00
RIGHT SIDE
WALL BOTTOM
-0.01 0.03 0.01
-0.01 0.03 0.01
-0.01 0.02 0.01
-0.01 0.01 0.00
-0.00 0.01 0.00
-0.00 0.00 0.00
0.00 -0.01 -0.00
0.01 -0.01 -0.00
0.01 -0.02 -0.01
0.01 -0.03 -0.01
0.01 -0.03 -0.01

INTERIOR WALL TOP

Surety

Hgt.

Kft

=0
.10
.07
.20
.27
o)
=20
.21
08
.08
28

o

(e o I B o B o I oo S oo i o

32

.29
25
28
.16
.12
7
3
.01
.08
.10
.14

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

Water
Press
(Max)

KE

O 3

(o= en i en Bl en S ao T o B on B o B8 o il o B o oo ooco oo oo

[

oo CcooocOooOoCc

T

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

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

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

LIVE
Pos

Kft

OCcCoOoONNWLWNNEFE OO oo ooCc oo oo

(o Jian Jlae B o B @ B I 0 J > B b B o B o

12
.00
.00
.00
« 08
@2
.11
.21
.31
.42
.52

w2
.68
.61
.46
]
.04
.74
.04
<38
A
.00

.28
.18
.08
.02
.12
22
.32
.42
Wic L
262
. 12

LOADS
Neg

Kft

.67
.61
=59
- 62
. 68
.76
.90
JO5
.21
.38
.54

.54
.23
.00
.20
.43
.67
.90
.14
.40
.48
.40

.28
LB
.08
<02
.12
S22
.32
.42
;o
.62
o e

93



PAGE 16
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15" X 7' RCB

BOTTOM SLAB LEFT SIDE

4- 0 ~6 .76 -6.76 =237 -0.32 0.00 0.12 =067
4- 1 7.04 -5.75 -2.01° =0.27 0.00 0.70 0.00
4- 2 16.91 -4.73 -1.66 —0.243 0.00 1.51 0.00
4- 3 22.84 =372 =130 -0.18 0.00 1.99 0.00
4— 4 24.84 -2.71 =85 -0.13 0.00 2.15 0.00
4- 5 22.90 =1+ 69 =059 -0.08 0.00 1.99 0.00
4- 6 17.03 -0.68 -0.24 ~-0.03 0.00 1.50 0.00
4- 7 7.22 0.34 012 0.02 0.00 0.69 0.00
4- 8 -6.52 1.38 0.47 0.06 0.00 0.00 -0.48
4- 9 -24.20 2,57 083 810 0.00 0.00 =1.91
4-10 -45.81 2i.38 L8 0.18 0.00 0.00 -3.68

BOTTOM SLAB RIGHT SIDE



Current Live Load:

BRASS-CULVERT (LRFD)
CENTENNIAL - DQUBLE 15°

PAGE

17

DATE 10/27/2014
Version 2.3.6

HL-93-TRUCK

X

'

RCB

Unfactored
due to Dead and Live Loads including Distribution and Impact

SHEARS

(per unit design width)

M-PT
EXTERIOR
1= B
1= 1
= B
1~ 3
1- 4
1= &
i- 6
T G
1- 8
1- 5
1-10
EXTERIOR
TOP SLAB
2= 0
2-1
2- 2
2- 3
2- 1
2- 5
2- 6
2= [}
2- 8
2~ 8
2-10
TOP SLAB
INTERIOR
3- 0
3= 1
3— 2
3- 3
3— 4
3= 5
3~ 6
3- 7
3-8
3- 9
3-10
INTERICR

Dead Scil
Load Press
(Max)
K K
WALL BOTTOM
~-0.24 B TL
-0.24 5,20
—~B.24 3.76
=0.24 2.39
—0.24 1.08
-0.24 -0.16
-0.24 -1.33
-0.24 =2 44
=0 .24 -3.47
-0.24 -4.44
-0.24 =5_35
WALL TOP
LEFT SIDE
9.76 0.55
TiyiB 0.55
5.01 0.55
2.64 055
0.26 8 . 5o
-2.12 0.55
-4.49 055
-6.87 0.55
=9, 24 Q.55
-11.62 0.55
—13..'99 055
RIGHT SIDE
WALL BOTTOM
0.00 -0.01
0.00 =0..01
0.00 -0.01
0.00 =084
0.00 -0.01
0.00 -0.01
0.00 -0.01
0.00 -0.01
0.00 -0.01
0.00 -0.01
0.00 -0.01
WALL TOP

Soil

Press
(Min)
K

o PN

=1

i cilole ol oiloleilale

+35
.82
32
.84
«38
,O_
.47
-0.
.22
=
=1,

06

85

56
87

el
ol
«19
w15
.19
.19
R
.19
« 1.8
.19
+1.8

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

Surch Water
Press

Hgt.

K

SO ooOe O e osD

30
.24
18
i,
.06
.00
.06
wdd
o i
.23
.29

.03
.03
.03
.03
03
.03
3
.03
-3
.03
O

.00
.00
.00
-00
.00
.00
.00
.00
.00
.00
.00

(Max)

K

COO0O0QOoOOoOOoO00CO COoOC OO0 OoO0O 000D

COQO o000 O0O0OOoO

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

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

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

LIVE
Pos

K

oo oo OO0 oOR o) B S O 0 B 20

oo DOoOOoOogog

14
.14
.14
.14
.14
.14
.14
.14
.14
.14
.14

«31
.98
wd T
.57
L4A0
.26
A5
<A
.03
.00
.00

.12
. 12
.12
« 12
.12
.12
o L2
.12
.12
.12
« L2

LOADS
Neg

-0
=l .
=0
=
b
-0.
-0.
-0.
=1z
=]
=1

=20
.20
w20
.20
.20
=20
.20
.20
.20
.20
20

w3

15
20
28
39

54
71
g
15
36
46

.12
. 12
.12

12
12
12

.12
s 12
+ 12
; 12
. 12

95



BOTTOM SLAB LEFT SI1D
10.
.51
5.
2.
0.
=2.
—4.
.48
=S
=12.
-14.
BOTTOM SLAB RIGHT SI

4- 0
4- 1
4- 2
4- 3
4- 4
4— 5
4- 6
4- 7
4- 8
4- 9
4-10

7

=7

01

0z
52
02
48
98

97
47
g7

BRASS-CULVERT (LRFD)

B

E
0.64
0.64
0.64
0.64
0.64
0.
0
0
0
0
0
D

64

.64
.64
.64
.64
.64

PAGE
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DATE 10/27/2014
Version 2.3.6

CENTENNIAL - DOUBLE

CO OO OO0 OO0 oo

23
.23
223
.23
23
.23
.23
X
123
23
.23

[ B i S B i N o B i I o s B0 o T 0}

03
.03
« 03
.03
03
B3
~03
R0k
+03
.03
.03

O 0QoOoOoOoOe OO

15!

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

X

7V

oo oo o ooo

RCB

.83
.63
.42
s
.02
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.01
2,
.41
.62
.82
.03
23

96



Current Live Load:

BRASS-CULVERT (LRED)
CENTENNIAL - DOUBLE 15"

PAGE

19

DATE 10/27/2014
Version 2.3.6

HIL-93-TRUCK

X

7

RCB

 Unfactored

AXTAL

FORCES
due to Dead and Live Loads including Distribution and Impact

(per unit design width)

Dead Soil
M=PT Load Press
(Max)
K K
EXTERIOR WALL BOTTOM
1- 0 =8 32 =0. 52
1- 1 =8 32 -0.52
1= 2 -9.32 =), 52
gESE =84 32 ~@. 52
1- 4 =8.32 ~-0.52
L= B =882 -0.52
1- 6 -9 32 -0.52
1—="7 -5, 32 -0.52
1- 8 =& 32 -0.52
1= 18 -95.32 —{. 52
1-10 -8.32 0. 52
EXTERICOR WALL TOP
TOP SLAB ILEFT SIDE
2- 0 =623 =5 13
2—- 1 -0.23 =5.13
2- 2 =23 -5 13
2— 3 -0.23 =5, 13
72— 4 =023 s T8
2- 5 =023 =513
2—- 6 ~0,23 o
2- 7 -0.23 ~-5.13
2- 8 -0.23 —&. 13
2- 9 -0.23 =513
2-10 -0.23 =5 13
TOP SLAB RIGHT SIDE
INTERIOR WALL BOTTOM
3- 0 -25.22 0.98
3—1 =25.22 0.98
3= 2 =25.22 0.98
335 =25.22 0.98
3-—4 -25.22 0.98
3— 5 =25.22 0.98
3— 6 -25.22 0.98
3- 7 =25.22 0.98
g~ 8 25722 0.98
3—9 =25,22 0.98
3—-10 =25.22 0.98
INTERICOR WALL TOP

Soil

Press
(Min)

s O
.18

=i,
-1

=
=1 5
=1
.79
=L
-1.
Zhes
.79

=1

O oOe oo oo o0 oD

.18
.18
.18
.18
.18
.18
18
.18
.18
.18
.18

79

T8
79
79
79

79
79
79

.34
.34
.34
.34
.34
.34
.34
.34
.34
.34
.34

Surch Water
Hgt. Press
(Max)

K K
-0.03 0.00
-0.03 0.00
-0.03 0.00
-0.03 0.00
-0.03 0.00
-0.03 0.00
=003 0.00
-0.03 0.00
-0.03 0.00
-0.03 0.00
-0.03 0.00
-0.28 0.00
-0.28 0.00
-0.28 0.00
-0.28 0.00
-0.28 0.00
-0.28 0.00
-0.28 0.00
-0.28 0.00
-0.28 0.00
-0.28 0.00
-0.28 0.00
0.05 0.00
0.05 0.00
0.05 0.00
0.05 0.00
0.05 0.00
0.05 0.00
0.05 0.00
0.05 0.00
0.05 0.00
0.05 0.00
0.05 0.00

LIVE
Pos

K

2 OO e aD e Bug (el en o B e i o BN o a0 B e B oo B o B

oo OoCcOoOoOooOoC0OCo

.14
.14
.14
.14
.14
.14
.14
.14
.14
.14
.14

13
18
#1323
.13
.13
<13
.13
<13
.13
13
.13

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

LOADS
Neg

-2
.36
=2
—2.
2
.36
=2
.36
B e
P
e

—~2

=&

s
25
s
25
=25
.25
.25
.25
#25
25
w25

19
.19
.18
18
.18
19
.18
#19
.19
.18
.19

36

36
36
36

36
36

36
36

97



BOTTOM SLAB LEFT SIDE
4- 0 0.24 =&,

4- 1 0.24 —E%

4- 2 0.24 =8,

41— 3 0.24 =6

4- 4 0.24 =g,

4= 5 0.24 =%

4- 6 0.24 -6.

4- 7 0.24 -6

4- 8 0.24 -6.

= 3 0.24 =@
4-10 0.24 =
BOTTOM SLAEB RIGHT SIDE
Factors for Ductility
Redundancy

Operations

76
76
76
16
76
76
76
76
76
76
76

PAGE

20

DATE 10/27/2014
BRASS-CULVERT (LRFD)

CENTENNIAL
-2.37 =0
=237 -0
-2.37 -0
-Z:37 -0
&3 ¥ -0
=2:37 -0
-2.37 -0
-2.37 -0
-2.37 -0
-2.37 -0
=258 -0

1.80
105
1.00

- DCOUBLE 15°'

.30
.30
.30
230
.30
.30
.30
.30
e 1]
.30
.30

Version 2.3.6

OO0 oo o0O0C

.00
.00
.00
.00
.00
.00
.00
-00
.00
.00
.00

X

7

[os i SN an I e S oo S e Y aon J e e S o B e

RCB

.20
.20
«20
=21
.20
.20
w20
.20
20}
.20
.20

-0.
—ie
=Ll
=L
w3
o
=f
= /R
A3
~0.
-3

=0

13
13
13
13

13
13
13

13

98
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DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15' ¥ 7' RCB

Fatigue Checks
£, <= ;=24 - 0.33f,;, (5.5.3.2-1)
where:
f, = actual stress range in the reinforcement

fr= maximum allowable stress range

" Location | L. (Kip) | f(kip) _ Resutt |
Bottom  0.000 [ gagen il o gs :
C Middle- i Lo 0.000 | AT T
EXTERIOR WALL:  Top e Ay o sl

b TORSIAB- || o Teh ST T e L TR B e

| TOPSLAB Middle+ | 0.000 [ gk TS

| BOTTOMSLAB | Left SRR e B e

© Member |
[EXTERIOR WALL |
EXTERIOR WALL

Pass

Pass

Pass




PAGE 22
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15" X 7' RCB

LRFD Crack Control Computation

Current Vehicle: AASHTO LRFD HL-93 Design Truck (US)

i L S | b e Tr LT Spacing ( g Current  Allowable Stress | Actual btreas( 5
Loty A t g kY h = =R 4 i ! s, =T i 5 H ; i 4 - ;
i L ication Te ! (in) d_‘ (in) . in.) i Spacing (in.) ! (kip) - 1| kip) E

?"’p'sizl;;lg:”s“]e 0.75000000 110.00000000 2.37500000 144496489  6.81401157 | 6.00000000 3378597641 | 3141908264

37500000 1.29185867  8.28988361 | 6.00000000

0.75000000  14.00000000 3776679611 | 31.16524887

e B

32.44585037

e

'i"op slab, outéidc_: :

i 1075000000 14.00000000.2.50000000 |1.31055903 | 734649181 6.00000000 36.39145279

¥

Bottom slab,
outside corner

075000000210.00000000_32.37500000?1_44496439§ 826050854 ©  6.00000000 3378597641 | 2792593575

~ Bottom slab,

s fae, (075000000 15.00000000 237500000 126874113 717320156 7.00000000 | 35.19797897 | 3470510864

. Bottom slab,  6.00000000 | 27.62027931 | 27.58145142

outside face

0.75000000 115.00000000 3.56400013 144521070 | 6.04276562 |

i

_Ext.' w"a'll, outs}de'

g 0.8*f > [, therefore no check necessary.
s faee [ EEE

Ext wal_[, inside
face

0.8%*f, > [, therefore no check nccesséry. i i i )

| Interior wall |

100



PAGE 23
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DCUBLE 15" X 7' RCB

Lateral Distribution Steel:

Span Length — 15.750 feet

Percentage of main reinforcement required = 25.188% , less than or equal to 50%

Main reinforcement area (top slab) = 0.880 in"2

Required lateral distribution area = 0.000 in~2

Because the required area is less than the minimum, an area of steel of 0.200 in"2 is
used.

Bar size (C100) = % 4

Spacing (C100) = 12.000 in

Area of steel (C100) = 0.200 in~2

Main reinforcement area (bottcom slab) = 0.754 in~2

Required lateral distribution area = 0.000 in~2

Because the required area is less than the minimum, an area of steel of 0,200 im*2 18
used.

Bar size (C200) = # 4

Spacing {C200) = 12.000 in

Area of steel (C200) = 0.200 in~2

Bar sizes and spacings with computed areas of steel

Areas of steel are in in2/ft

Top slab
LEFT SIDE CENTER RIGHT SIDE
area 0.8800 in2 area 0.8800 in2 area 1.5800 in2
size 6 spaced at 6.00 in. size 6 spaced at 6.00 in. size B8 spaced at 6.00 in.

KAK KA FI AT Ahdhdddddddhdhdkdhh bbbk bhbhhhddobdhbhbhrhbrhbhdhbbbrhbhhbhbrhbhbhrdbrkbhhrhbrhsd bk

Exterior wall Interior wall
TOP TOP
area 0.8800 inZ2 area 0.2000 in2
size 6 spaced at 6.00 in. size 4 spaced at 12.00 in.
INSIDE FACE EACH FACE
area 0.2000 in2 area 0.2000 in2
size 4 spaced at 12.00 in. size 4 spaced at 12.00 in.

OUTSIDE FACE
area 0.2667 in2
size 4 spaced at 9.00

BOTTOM BOTTOM
area 0.8800 in2 area 0.2000 in2
size 6 spaced at 6.00 in. size 4 spaced at 12.00 in.

i N i TR Y T S

Bottom slab
LEEFT SIDE CENTER RIGHT SIDE
area 0.8800 in2 area 0.7543 in2 area 2.0000 in2
size 6 spaced at 6.00 in. size & spaced at 7.00 in. size 9 spaced at 6.00 in.
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DATE 10/27/2014
BRASS-CULVERT {LRFD)

Version 2.3.6

CENTENNIAL - DOUBLE 15" X 7' RCB
Reinforcing Steel Bar Schedule T
Location Mark Oty Size Type Length Wgt H Leg V Leg
(Ft-1In) (Lbs) (Ft-In) (Ft-In)
TOP SLAB (Inside) A100 300 6 STR 0- 0 0
BOT SLAB (Inside) AZ00 258 6 STR 0- 0 0
TOP SLAB (Outside) A300 300 8 STR 0- 0 0
BOT SLAB (Outside) A400 300 9 STR 0- 0 0
CORNER Top) Al 600 6 L-BAR 5- 8 5108 2- 8 3- 0
CORNER Bottom) AZ 600 6 L-BAR 5= B 5108 2- 8 -0
EXTWALL (Inside) Bl 300 1 STR 7- 6 1504
EXTWALL (Outside) BZ 400 4 STR 0- 0 0
INTWALL B3 300 4 STR 0- 0 0
LONGITUD. { 3) €l 336 4 STR 51- 1 11472
LONGITUD. ( 3) C1l00 0 4 STR Bl 1 0
LONGITUD. ( 3) c200 0 4 STR 51- 1 0
Total weight black bars 23192
Total weight all bars 23192

The minimum temperature and shrinkage steel for the:
Top slab(s)

Ma

Bl
B3
Gl
Cl
cz

Bottom slab(s)
Exterior wall(s)

Interior wall(s) =

0.1100

= 0.1100

01100

in2
in2
in2

0.1100 in2

Splice Lengths Chart

rk Size
4
4
4

00 4

00 4

Splice
(Ft-In)
1= 4
-9
Jo=iv 19
1— g
1- 9

Le

ngth

(m)

oo o oo

333
.533
e £33
.533
~533
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DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNTIAL - DOUBLE 15" X 7' RCB

Factored Actions for Load and Resistance Factor Design at Tenth Points (per unit design width)

M-Pt +Moment. -Moment +A.F. -A.F. +Shear —-Shear
(Kft) {Kft) (Kips) (Kips) (Kips) (Kips)

EXTERIOR WALL BOTTCM

1- 0 -12.482 -20.653 -8.3925 =15815 10.087 5.646
1= 1 —8.. 261 -13.471 -8.925 =15+ 818 7.840 4,220
1- 2 -4.001 -9.154 =85, 221 -15.520 5.688 2.858
1- 3 -0.387 -7.102 =8 227 =15.520 3.631 1.559
1- 4 Lo D -6.145 -9.221 -15.520 1.671 0.324
T= & 2.007 —6#21] =59, 221 -15..520 =], 1119 = .
1- 6 1.075 -7.324 -9.221 -15.520 -1.234 -2.685
1= @ -1.251 -9.341 ~8.221 -15.520 -2.278 -4.359
1- 8 -4.909 -12.200 =0 221, -15.520 —3= 258 —5.838
1= 9 -8.853 =16, B1L =B. 925 -15.815 -4.174 -7.421
1-10 -12.639 =23 47N -8, 925 -15.815 -5 027 -8.809

EXTERIOR WALL TOP

TOP SLAB LEFT SIDE
2= 0 -12.639 -23.477 -4.824 -8.448 16.569 9. 35,
2= 1 3.136 -3.388 -4.924 -8.348 12.721 7.134
2= 2 19.002 0.000 -4.924 -8.348 9.084 4.832
2— 3 29.610 0.000 —4.924 -8.348 5.473 2.467
2= 4 34.436 0.000 -4.924 -8.348 1.909 0.040
2- 5 33.421 0.000 =4, 824 -8.348 -0.672 =3 398
2= % 26.567 0.000 —4.924 —-8.348 -3.087 —6. 923
2= T 14.032 0.000 -7.860 -5.411 -5.442 -10.557
2- 8 -1.572 -8.5968 -7.760 =5:5611 =748 -14.218
2= 9 -17.010 -32..579 =7, 160 =5.511 -10.006 =17 .838
2-10 —34; 925 -62.844 =7.760 =5.511 =125 230 -21.285
TOP SLAE RIGHT SIDE
INTERIOR WALL BOTTOM
3- 0 0.547 -0.501 -22.044 -37.867 0.220 -0.231
3= 1 0.357 -0.320 -22.044 -37.867 0.220 =0.231
3= 2 & 187 -0.140 -22.044 —37.867 0.220 =0 231
3- 3 0.053 -0.037 -22.044 -37.867 0.220 -0.231
3- 4 0.227 -0.218 =23072 -37.867 0.220 —0.231
3= 8 0.403 -0.403 =33 059 =3 b TG 0.220 -0.231
3- 6 0.583 =0 .582 =35=523 -26.388 0.220 =231
3= 7 0.764 -0.782 =33.523 -26.388 0.220 =0+231
3- 8 0.944 -0.972 —=33:523 -26.388 0.220 —0.,.23L
3= 9 1.125 -1l.162 -33.523 -26.388 0.220 =~0.231
3-10 1.305 =1:351 =35, 583 -26.388 0.220 -0.231

INTERIOR WALL TOP
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BOTTOM SLAB LEFT SIDE

4- 0
4- 1
4- 2
4— 3
4- 4
4- 5
4- 6
4- 17
4- 8
4- 9
4-10

-12.482 -20.653 -5.799 -10.051 16 1979 8950
5.476 -2.084 -5.694 -10.156 12.389 7.619
21.395 0.000 -5.694 -10.156 8.599 5.288
31.347 0.000 -5.694 -10.156 4.808 2.958
35.329 0.000 ~5.694 =18 . 156 1.030 0.601
33.342 0.000 -5.694 -10.156 -1.343 Lol
25.388 0.000 -5.694 -10.156 -3.674 -6.947
11.654 0.000 -9.443 -6.406 -6.005 =10.737
-4.045 ~8.502 -9.549 -6.301 -8.336 —14.528
-19.010 -34.334 -9.548 -6.301 -10.667 -18.318
-37.64¢6 -66.140 -9.548 -6.301 -12.998 -22.108

BOTTOM SLAB RIGHT SIDE

Output complete for a HL-93-TRUCK

vehicle

LRFD Live Load Distribution Factor Computation

Input Values

Depth of Fill =.10.00 fi. .
Span Length = 15.00 fi.
Truck Gage =600  ft
Soil Distribution Factor = 1.10

Tire Patch Width = 20.00 - in.
Bridee Width = 150.00 ft.
Length = 150.00 ft.

Fill greater than 2 feet - Article 3.6.1.2.6

Use greater strip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)

Controlling Distribution Factor
Final Strip Width = 19.57 ft.

Final Distribution Factor = 1/Final Strip Width = 0.051 Lanes per ft. of width

Multiple Presence Factor = 1.20

Distribution Factor * Multiple Presence Factor = 0.061

Dynamic Load Allowance Calculation - Article 3.6,2.2

IM=33(1.0-1.25D,)
M =33(1.0 - 1.25(10.00))
M = 0.0000

Notes:

Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence factor for all
cases. The one lane loaded multiple presence factor is used. See 12.11.2.1, 3.6.1.3.3, and 4.6.2.10.

Lanc loads are not applied. See 3.6.1.3.3. This applies to all approximate strip methods.

The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. See 3.6.1.2.6.

AASHTO Specifications state that no live load is to be used when the fill is greater than 8 feet and
the fill i1s greater than the total span length The £ill is greater than 8 feet but less than the
total span length of 31.50 feet
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For a HL-93-TANDEM Vehicle
Description AASHTO LRFD HL-93 Design Tandem
The Number of axles = 2
Axle Weights Spacing
(kips) (ft)
25.00 4.000
25.00 0.000

(Us)

.00 ft.
10
.83 ft.

.00 ft.
10

Totals 50.00 4.000
Tire Contact Area = 200.0000 = o M B
Tire patch Width = 20.00000 in.
Tire Patch Length = 10.00000 in.
Vehicle Axle number = 1
Fill = 10
Distribution slope = Lo
1L Longitudinal Distribution Length = 11
[slope(fill) + longitudinal tire patch]
Tire Contact Area = 200.0000 5g.1n.
Tire patch Width = 20.00000 in.
Tire Patch Length = 10.00000 T
Vehicle Axle number = 2
Fill = 10
Distribution slope - it
LL Longitudinal Distribution Length = 11

[slope(fill) + longitudinal tire patch]

.83 ft.

105



PAGE 28
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15' X 7' RCB

For a HL-93-TANDEM Vehicle
Description RASHTO LRFD HL-93 Design Tandem (US)

The number of simulated axles based on fill = 15

The number of simulated axles is calculated based
on the lengitudinal distribution length of each axle
divided by the simulated axle spacing of 1 foot

and the simulated axle weights are calculated by
dividing the vehicle axle weights by the number of
simulated axles per vehicle axle.

Truck facing backwards Truck facing forward
Axle wts. Spacing Bxle wts. Spacing
(kips) (ft) (kips) tft)

2.27 0.000 2.27 0.000
2.27 1.000 2.27 1.000
2.27 1.000 2.27 1.000
2.27 1.000 2.27 1.000
4.55 1.000 4.55 1.000
4.55 1.000 4.55 1.000
4.55 1.000 4.55 1.000
4.55 1.000 4.55 1.000
4.55 1.000 4.55 1.000
4.55 1.000 4.55 1.000
4.55 1.000 4.55 1.000
2,27 1.000 2.27 1.000
227 1.000 2.27 1.000
2.27 1.000 21527 1.000
227 1.000 2.27 1.000
Totals 50.00 14.000 50.00 14.000

Note: Impact or distribution is not included in the above table.

Factors for Ductility 1.00
Redundancy 1.05
Operations 1.00
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Fatigue Checks
f,<=1=24-033f,;,(5.5.3.2-1)
where:
f, = actual stress range in the reinforcement

fr = maximum allowable stress range

Member bty i " Location _ e (Kip) e _fs.(kip) :Result'j'
[EXTERIORWALL| “Bowom | | . 0000 | . 2371 17280 T paws
[EXTERIOR WALL [~ Middie- .~ | o000 | 2327 o Pass . |
EXTERIORWALLF T Hop. f 0000 F Bz 4 728 10 Pa o o

TOPSLAB = | Tefte o 0,000 i b @Bad i g0 Pass s
|- TORSTCAB " [T "Middew " [0 000001 " Ddpen LT e o L g
INTERIOR WALL | Botom ‘i 0000 92940 L ined . il TPass

INTERIOR WALL | Middle Loaneo T T e | Liase Pass |
/INTERIOR WALL | = Top = |  0.000 o R PP
P BOTTOMBSLAB /[ 7 def: . F - D000 - L 2396 - . | Za

Pass
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LRFD Crack Control Computation

Current Vehicle: AASHTO LRFD HL-93 Design Tandem (US)

Location 'n h(in) | d.(in) ﬁs Max Spacing (|

i

i
i
3

~Current

f
E
E
!
e

fu\llowable Stress

_—

Actual Stress (.

[ in.) Spacmg (in.) ~(kip) ‘; kip )
o Sii?ng;“_ﬂde o 75000000 - 10 00000000 237500000 144496489 637376785 6.00000000 : 33_735976_4_1 | 3266255188
Top Sljf:'fz_’;“?'lde 50.75000000;14.00000000 2.37500000;1.29185867; 7.63441563 6.00000_000 g 3776679611 | 3281472397 |
Liop SI?EC(f“tSId“ '0 75000000 14 00000000 2. 50000000; 31055903 | 7.547323_23 6. oooooooo 36.39_1452‘79 § 3192652512
Bottom slab, - | 50.75000000 1_0.000000_00 2.37500000 | 144496489 8.18540287 | 6.000_00000 3378597641 | 28.08807945
outside corner ; ! i SR i
'if}‘;ﬁ%‘:fﬁfg 0.77_5000000 I5. 00000000 237500000 126874113 728146744 | 7.00000000 | 35.19797897 | 3439281082
Bottom slab, | ,<005000 15.00000000%3.5640_6013 21.44521070;_ 6.23833179 3 6.00000000 | 27.6zdzﬁ93| ' 27.17789841
out51dc face ; G o ! § _ :
Ext. wall, outside 0.75000000 10.00000000 ;2_.25000000§1.41474652.§ 7.25353909 3 3208890152 | 31.57272148

tace :

7 00000000

Bt wall inside

0 8*f =1, thcreforc no LhCCk necessdry

ﬂller_ior wa[]_

: 0 8*f > tL, merefore no check necessary.
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Lateral Distribution Steel:
Span Length
Percentage of main reinforcement required

15.750 feet
25.198% , less than or equal to 50%

Main reinforcement area (top slab) = 0.880 in"2

Required lateral distribution area = 0.000 in"2 :

Because the required area is less than the minimum, an area of steel of 0.200 in"2 is
used

Bar size (C100) = # 4

Spacing (C100) = 12.000 in

Area of steel (C100) = 0.200 in~2

Main reinforcement area (bottom slab) = 0.754 in~?2

Required lateral distribution area = 0.000 in™2

Because the required area is less than the minimum, an area of steel of 0.200 in®2 is
used.

Bar size (C200) = # 4

Spacing (C200) = 12.000 in

Area of steel (C200) = 0.200 in~2

Bar sizes and spacings with computed areas of steel

Areas of steel are in in2/ft

Top slab
LEFT SIDE CENTER RIGHT SIDE
area 0.8800 in2 area 0.8800 in2 area 1.5800 in2

size 6 spaced at 6.00 in. size 6 spaced at £.00 in. size 8 spaced at 6.00 in.
R L b o e S S e R L R i e L e e b O

Exterior wall Intericr wall

TOP TOP

area 0.8800 in2 area 0.3000 in2

size 6 spaced at 6.00 in. size 4 spaced at 8.00 in.
INSIDE FACE EACH FACE

area 0.2000 in2 area 0.3000 inZ2

size 4 spaced at 12.00 in. size 4 spaced at 8.00 in.

OUTSIDE FACE
area 0.3429 inZ2
size 4 spaced at 7.00

BOTTOM BOTTOM
area 0.8800 inZ2 area 0.3000 in2
size 6 spaced at 6.00 in. size 4 spaced at 8.00 1in.

LE RS SIS E AR SRSt SRR EEEREEEEEEREEE RS ESEEEEESEREEEEESEEE SR RS R R E R

Bottom slab
LEFT SIDE CENTER RIGHT SIDE
area 0.8800 in2 area 0.7543 in2 area 2.0000 inZ2
size 6 spaced at 6.00 in. size 6 spaced at 7.00 in. size 9 spaced at 6.00 in.

Reinforcing Steel Bar Schedule

Location Mark Qty Size Type Length Wgt H Leg V Leg
(Ft—-In) (Lbs) (Ft-In) (Ft-In)
TOP SLAB (Inside) A100 300 6 STR 0- 0 0
BOT SLAB (Inside) A200 258 6 STR O @ 0
TOP SLAB (Outside) A300 300 8 STR 0- 0 0
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BOT SLAB (Outside)
CORNER (Top)
CORNER (Bottom)
EXTWALL (Inside)
EXTWALL (Outside)
TNTWALL
LONGITUD. ( 3)
LONGITUD. ( 3)
LONGITUD. ( 3)

A400

Al
AZ
Bl
B2
B3
Ccl

C100
c200

Total weight black bars
Total weight all bars

300
600
600
300
516
450
336

0

0

R S N N S = B )

STR
L-BAR
L-BAR

STR

STR

STR

STR

STR

STR

Sl
5=
51~

PR OOONT OO

5108
5108
1504

23192

231592

The minimum temperature and shrinkage steel for the:
0.1100 in2
= 0.1100 inZ2

Mark

Bl
B3
Cl
C100
Cc200

Top slab(s)

Bottom slab(s

)

Exterior wall(s)

Interior wall(s)

= 0.1100 in2

0.1100 inZ2

Splice Lengths Chart

Size

e

Splice
(Ft-Tn)
1- 9
1- 9
lis= %
1- 9
1= B

Length
()

a.
0.533
0.533
0.

0.533

533

533
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Version 2.3.6
X 7' RCB

- DOUBLE 15'

Factored Actions for Load and Resistance Factor Design at Tenth Point

(per unit design width)

M-Pt

+Moment
(Kft)

—Moment
(KEft)

EXTERIOR WALL BOTTOM

1- 0

T L

1- 2

1- 3

1- 4

1- 5

1- 6

Tz

1- 8

i~ 9

1-10
EXTERIOR
TCP SLAB
2- 0

2- 1

2= 2

2= 3

2- 4

2- 5

2- B

2= 1

2- 8

2= 9
2-10
TOP SLAB
INTERIOR
3- 0

3- 1

3- 2

3— 3

3- 4

3= b

3- 6

3~ 7
3-8

3- 9
A=18

=12

i
.000
o P
1.579

2ie

1.
i
. 668
=8
.238
TOP

-4

1

-4

=12

WALL

LEFT SIDE
.238
3.
20.
3.
36.
35.
28.
15.
,0_
-16.
-34.
RIGHT SIDE

=12

365
257

386

026
156
093

529

162
241
598
866
8997
827
705
646
785
923

=20
=13,
=8
=T
=B,
=&
~8.
-10.
=13,
.876
—24.

=17

-24

= I v i < |

-61

WALL BOTTOM

0.
.495
.228
.071
. 323
.576
.B833
.081
.349
.607
.865
INTERIOR WALL TOP

|l sl el e N e o R v e Y i |

=

762

-0.
=B
-0.
=0
=0
=B
=0.
;109
=L
=
S

=i

808
472
8928
062
405
736
003
154
143

665

.665
=8
0.
.000
.000
.000
.000
0.
79_
~32
.507

605
000

oan
980
230

716
458
200
054
314
576
842

376
644
911

+A.F.
(Kips)

—4.
—4.
-4 .
.738
.738
.738
.738
.619
321
.521
.521

-4
-4
-4
="

-7
=

5
.043
23,
5,
-23.
3P
-33.
-33.
-33.
-33.
-33.

-22

.813
.813
.109
.109
.108
w08
.109
.109
.109
.813
.813

639
738
738

043

043
043
072
968
523
523
523
523
523

—A.

E.

(Kips)

-1 6
=16
-16.
-1l6.
-16.
= B
-16.
~1 64
.242
=16
-16.

-16

=g,
=8
.338
=8
.339
=8
-8.
,5_
=5.
.556
=55

-8

)

=38,
=B
=38
-38.
-38.
—38';
-26.
=26,
=25
=286,
—-26:

537
537
242
242
242
242
242
242

537
537

437
338

338

339
339
458
556

556

146
146
146
146
l4e
lde
667
667
667
667
667

+Shear
(Kips)

10.
.926
S
.718
i
.032
. 147
« BB
171
.087
.940

17.
13.
. 695
5T
2.
=0
P

=5

C OO o000 C OO oO0O

174

446
449

272
428
946

.365

=7
-10.
=12

721
001
230

.314
.314
.314
.314
.314
.314
.314
.314
.314
.314
.314

-Shear
(Kips)

N = 3w

-14

.496
.070
.708
.409
.174
.072
.835
.509
.088
ok
<958

.233
. 017
.800
.551
.018
=
-7.
= P
<695
-18.
=2,

495
1889
Q33

455
950

D lD
V326
326
- 326
.326
w325
<324
.3286
26
.326
~32%
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BOTTOM SLAB LEEFT SIDE

4- 0
4- 1
4= 2
4- 3
A— 4
4- 5
4- 6
4- 7
4- 8
4- 9
4-10
BOTTOM

-12

11

—4.
=18
=8 s

.365

5.
21.
31.
34.
32.
25.
#1370

846
3458
033
899
944
171

D46
011
647

=20,
=2
0.
0.000
0.000
0.
0.000
0.
,8_
=335
—64.

SLAB RIGHT SIDE

809
082
aoa

000

000
719
870
841

PAGE 33
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537
-433
.433
.433
433
-433
.433
o i
.216
.216
.216

Output complete for a HL-93-TANDEM

Version 2.3.6
CENTENNIAL - DOUBLE 15' X 7!

-5,
=18
-10.
=1
-10.
=10
-10.

=i
279
-6.
-6.

958
06l
061
061
06l
061
06l
382

279 —
279 =

RCB

15.
L2.
.418
~723
. 028
s
.674
—6.
-8.
10.
12

808
113

344

005
336
667
998

. 950
4619
.288
: 957
.588
.089
.784
479
.174
7.869
.564

vehicle
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Serviceability, Fatigue, and Other Checks

=B Based on crack control check
AASHTO 5.7.3.4 LRFD

Slenderness check on walls passed
Eccentricity check on walls passed

Reinforcing Bar Stresses Sizes and Spacing

Note: Bar stresses are based on bending and axial stress only
Stresses are in ksi
Area of steel in square inches per ft
Spacing and H and V legs are in inches

Bar Mark Description
al Top Corner Outside face Max Neg Moment
A100 Top Slab Inside face Max Pos Moment
A300 Top Slab Outside face Max Neg Moment Interior support
A2 Bottom Corner Outside face Max Neg Moment
A200 Bottom Slab Inside face Max Pos Moment
A400 Bottom Slab Outside face Max Neg Moment Interior support
B2 Exterior Wall Outside face Max Neg Moment
B1 Exterior Wall Inside face Max Pos Moment
B3 Tnterior Wall Both faces
Bar Type Fs Act. Fs All, Area steel Size Spacing H v
Required Provided us
(Ksi) (Ksi) (In2) (In2) Rars (In) (In) (In)
Al 32.66 33.79 0.8507 0.8800 4] 6.0 32 36
A2 28.09 33.79 0.7316 0.8800 6 6.0 32 36
A100 32.81 37.77 0.7939 0.8800 6 6.0
A3004% B 93 36.39 1.3209 1.5800 8 6.0
A200 34.39 35.20 0.6814 0.7543 6 F B
BA00K 27.18 27.62 1.3906 2.0000 9 6.0
B1 0.00 22.386 0.0774 0.2000 4 12.0
B2 3T BT 32.08 0.3374 0.342¢9 4 7.0
B3 7.64 26.90 0.2808 0.3000 4 8.0

‘* ﬁ";’j*rf’:; A'de,f;*f} f*"‘i&)l!t‘ F’lil@‘gt :‘_’[{ﬁp fﬁ} -ii 7&@? ;‘-T\’“ e (”‘n J _ qrft

e

}'I/g") = ij‘?x ) . =%‘" ,;f'f. i o ‘ot .

and £l i n
)U( e fl-‘”** ‘E'H PE L ST ;i-..w':?"-v".i;‘.‘f‘g;‘,« Wy e m‘{ 'M#:wj‘ -;::".»"‘MLH

fﬁﬁl 'éf“‘ ﬂ***{i‘ ﬁ(fﬁum [ 4 ﬁ# #ﬁ'«‘fﬁ:?ﬂf a‘% fibruw 5"‘f el f; ot fﬁ

¥ iy o
)3“’3 ﬁﬁ"’-‘ §, )84/ ¢ns qve o Kk % f’ Ir Fott Skt pPe |
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Notes:

b7

Area of steel is the maximum required for all
limit states. The strength computations are shown in
the results at critical sections table.

Design thickness shown in the following table is

based on the appropriate cover minus half the diameter
of the bar in the above table or one-half

the diameter of a #6 bar. The actual half bar diameter
is used once the steel has been selected

and the #6 bar is used in design iterations.

For a Design review run the actual bar stresses shown
can be the stress at either side of a member corner or
the stress at the middle of the slab for a multiple cell
group. The required As is actual in a Design review.

If the user wishes to ignore crack control the allowable
steel stress is set at 0.95 Fy. This limit will likely
not control the design, but it if should, this will
control yielding under service loads.
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Output at Critical Sections (per unit design width)

Member No. = 1 EXTERIOR WALL Thickness = 10.00 {in)
Clear cover at end = 3.00 (in)
Clear cover at middle = 2.00 (in)
Bar diameter (bot ) = 0.75 (in)
Bar diameter (mid+) = 0.75 (in)
Bar diameter (mid-) = 1.13 (i)
Bar diameter (top ) = 5 3 i )
Cein. Resistance
Moment Axial Shear Shear Po Mu Mbal Pbal Steel Mom. Des. Design
Force Force Cap Cap Cap Cap Cap Area Cap Thk Ratio
Kft Kips Kips Kips Kips Kft Kft Kips In2 KIt in
BOT =20.8 8.8 6.7 10.7 274.7 2719 41.4 83.0 0.8800 29 7.62 0.7
MID 2.0 8.8 0.0 28.5 251.6 7.0 34.6 117.7 0.2000 T 775 0.3
MID- =6 (9 Lol Y53 256.4 i e 36.1 110.8 0.3429 11.7 7.75 0.6
TOP -24.7 9.1 6.8 9.8 274.7 27.5 41.4 83.0 0.8800 27.9 T.62 08
Member No. = 2 TOP SLAB Thickness = 14.00 (in)
Clear cover at end = 3.00 (im)
Clear cover at middle = 2.00 (in)
Bar diameter (1t ) = 0.75 (in)
Bar diameter (mid ) = 0.75 (in)
Bar diameter (rt ) = 115 ofimy
LT ~-24.7 4.6 13.%2 17.9 372.6 43.6 g§1.1 148.86 0.8800 43.6 11.62 0.6
MID 36.9 4.7 0.4 l6.1 372.86 43.6 81.1 148.6 0.8800 43.6 11.62 0.8
RT -62.8 4.9 19.0%* 17.6 396.4 73.7 93.1 113.8 1.5800 T3:T 1158 0.9
Member No. = 3 INTERIOR WALL Thickness = 8.00 (in)
Clear cover at end = 3.00 (in)
Clear cover at middle = 2.00 (in)
Bar diameter (bot )} = 0.75 (in)
Bar diameter (mid+) £ 0.75 (in)
Bar diameter (mid-) = 1.3 (i)
Bar diameter (top ) = 0.50 (in)
BOT =07 22.0 0.3 26.8 206.0 8.2 22.2 80.0 0.3000 8.2 5.75 0.1
MID 0.6 22.0 0.3 26.8 206.0 8.2 22.2 80.0 0.3000 8.2 5.75 0.1
MID- -0.6 22.0 0.3 26.8 206.0 8.2 22.2 80.0 0.3000 Bl 5,75 0.1
TOP -1.9 22.0 0.3 27.0 206.0 8.2 22.2 80.0 0.3000 8.2 5,75 0.2
Member No. = 4 BOTTOM SLAB Thickness = 15.00 (in)
Clear cover at end = 3.00 (in)
Clear cover at middle = 2.00 (in)
Bar diameter (1t } = 0,75 itin)
Bar diameter (mid } = B.75 tim)
Bar diameter (rt )} = 1.3 i)
LT =268 5.5 125 18.0 397.1 43.6 87.3 148.6 0.8800 43.6 11.62 0.5
MID 35:.3 5.7 1:3 e 382.8 41.1 9¢.2 171.1 0.7543 41.1 12.62 0.9
RT -66,1 5,7 .1B,8% 18.0 4356.1 84.2 103.8 91.8 2.0000 84.2 11.44 0.8
Warnings:
1 For exterior corners, BRASS-CULVERT does not perform a check on both the exterior wall and top or

bottom slab.

BRASS-CULVERT only checks the location that it has determined requires a greater area of steel.
Because of

this, BRASS-CULVERT may check one location for a particular culvert (e.g. top of the wall) and a
different

location (e.g. left end of top slab) for the same culvert with a different depth of fill.

2. If the flexural resistance is zero and rebar has been entered, it could be due to the axial

load being higher than the tensile capacity of the rebar provide. For example, the axial load
is greater than the area of steel times the yield strength of the bars.
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Version 2.3.6

— DOUBLE 15" X 7' RCB

Volume of Concrete and ﬁéight of Reinforcin&uéfeel

Thickness
Tep Bottom Exterior Interior Volume Steel
Slab Slab Wall Wall
(In) (In) (In) (In) (Cy/Ft) (Lb/Ft)

14.00 15.00 10.00 8.00 3.498% 787
Reinforcing Steel Bar Schedule -

Location Mark Oty Size Type Length Wgt H Leg V Leg

(Ft-In) (Lbs) (Ft-In) (Ft-In)
TOP SLAB (Inside) A100 300 5] STR 32- 0 14423
BOT SLAB (Inside) A200 258 6 STR 32— 0 12404
TOP SLAB (Outside) A300 300 8 STR 32- 0 25632
BOT SLAB (Outside) A400 300 o STR 32- 0 32636
CORNER  (Top) Al 600 6 L-BAR 5~ 8 5108 2 g =10
CORNER (Bottom) A2 600 6 L-BAR 5= 8 5108 2~ 8 8. B
EXTWALL (Inside) Bl 300 4 STR = 6 1504
EXTWALL (Outside) B2 516 4 STR T 10 2414
INTWALL B3 450 4 STR el 0] 2707
LONGITUD. { 3) [ 326 4 STR 51- 1 11472
LONGITUD. { 3) C100 93 < STR 51- 1 3175
LONGITUD. { 3) C200 93 4 STR 5= 1 3175
Total weight black bars 119758
Total weight all bars 119758

The minimum temperature and shrinkage steel for the:

Mark

B1
B3
cil
C100
C200

Top slab(s) = 0.1100 inZ2
Bottom slab(s) = 0.1100 in2
Exterior wall(s) = 0.1100 in2
Intericr wall{s) = 0.1100 in2

Splice Lengths Cha
Size Splice
(Ft—In)

4 1- 9

4 1- 9

4 T 9

4 1— 9

4 1I- 8

rt

Le

ngth

(m)

0.

oo oo

533
+533
B
538
DA



Job No. 412-654 By DAT

Date Checked

Subject

(2)-15%7' RCB

Sheet
Of

Distribution Reinforcing (AASHTO LRFD 9.7.3.2)

Use distribution steel in top slab to account for construction loading when fill is less than 2-ft.

For primary reinforcement perpendicular to traffic:

Effective Span, S =ft

% Distribution Reinforcing = 220/ S < 67%

=[_s7%]

Primary Reinfarcing = #6 @ 6"
Area of Steel = 0.88 inY/ft

Min Distribution Reinforcing = 0.50 in“/ft

[USE #5 @ 6" Distribution Reinforcing

G.C. Wallace, Inc.

File: AASHTO LRFD DistributionReinf.xlsx [2-15x7]

Engineers/Planners/Surveyors

Page: 1 of 1 1555 8. Rainbow Blvd. / Las Vegas, NV B3146
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BRASS-CULVERT - (25 15'x7" BCIB w/ 20" Max o' | Cover

DATE :

Input Filename

- 20 feet.DAT
Output Filename

15x7 — 20 feet.xml

15x7

10/27/2014

BRASS-CULVERT (LRFD)

TIME

Output Filename for Live Loads
1527 - 20 feet LL.CUT

8:13:51

Version 2.3.6

PAGE 1

F:\Projects\400\412-654\Division\Strl\Calcs\Centennial Double

F:\Projects\400\412-654\Division\Strl\Calcs\Centennial

F:\Projects\400\412-654\Division\Strl\Calcs\Centennial

The following filenames may be used in this run
Live Load Influence Values
654\Division\Strl\Calcs\Centennial

Drawing

654\Division\Strl\Calcs\Centennial
Live Load Influence Ordinates
654\Division\Strl\Calcs\Centennial

Live Load Actions

(w/o DF or IM)

654\Division\Strl\Cales\Centennial
Intermediate Computations
654\Division\Strl\Calcs\Centennial

Data Modelling

654\Division\Strl\Calcs\Centennial

COMMENTS
COMMENTS
COMMENTS
TITLE
STRUCTID
AGENCY
COMMENTS
UNITSIN
UNITSOUT
COMMENTS
TYPE
FUNCT
LRFR
TRELEASE
IDSN
KBASE
KHACH
EPOXY
EDGE—-STRIP
LRFD-SHEAR
IFATIG
DNEG
COMMENTS
ISAMS
ISAMW
ADDS
ADDW
MAXSIZ
MINSIZ
SPCMAX
SPCMIN
ISPCGINC
PAS
CUSTOM
BAR_DE
COMMENTS
MTEN
IBSH
IINEN
LIVELO

THIS FILE WAS CREATED BY

DO NOT EDIT T
JOB DESCRIPTIO
CENTENNIAL - D

File name
Double 15x7
File name
Double 15x7
File name
Double 15x7
File name
Double 15x7
File name
Double 15x7
File name
Double 15x7

HIS FILE!
N :

OURLE 15" X

20" MAX FILL ABOVE

us

Uus
ANALYSTS CONTR
CIP
DESIGN
NO

NO
LRFD
FULL
NO

NO

NO

0

YES
0.0000

OL:

DESIGN CONTROL:

NO

NO
1.0000
1.0000
10

4
12.0000
6.0000
MAX
0.012000
STD

us

OUTPUT CONTROL:

YES
YES
NO
NO

F:\Projects\400\412-
- 20 feet INF.OQUT
F:\Projects\400\412~
- 20 feet.drw
F:\Projects\400\412-
- 20 feet.ill
F:\Projects\400\412~
- 20 feet.oll
F:\Projects\400\412-
- 20 feet.ooo
F:\Projects\400\412-
= 20y Feer.thp

THE BRASS-CULVERT GUI.

7" RCB
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DEFAULTS
LOOPS
INTERMEDTATE
COMMENTS
FCONC

CE

CWGT
COMMENTS
COMMENTS
COMMENTS
ZEE
COMMENTS
COMMENTS
COMMENTS
EXP FACTOR
GAMMA MIN RE 1
GAMMA MIN RE 3
EWGT
AWGT
FYST

CN
COMMENTS
NEOX
NSPAN
NHITE
LENG
BWLDTH
CEWIDTH
TSLAR
KFXTS
BSLAB
KFXBS
WALLR
KFXW
TWALLR
KFXT
COMMENTS
CSKEW
LSKEW
RSKEW
COMMENT 3

PAGE 2
DATE 10/27/2014

BRASS-CULVERT (LRFD) Version 2.3.6

CENTENNIAL - DOQUBLE 15' X 7' RCB

YES

NO

NO

MATERIAL PROPERTIES:
4000.000

3644147.000

150.000

THE IGNORE CRACK CONTROL QOPTICN WAS SPECIFIED.
THEREFORE, 7z WILL BE SET TO A LARGE VALUE S0
CRACK CONTROL WILL NOT BE CRITICAL

20000.0

THE IGNORE CRACK CONTROL OPTION WAS SPECIFIED.
THEREFORE, EXPOSURE FACTOR WILL BE SET TO A LARGE
VALUE SO CRACK CONTROL WILL NOT BE CRITICAL
120.0

1.600

0.750

125.000

145.000

60000.000

7.9580

BOX GEOMETRY:

2

15.0000

7.0000

150.0000

150.0000

0.0000

16.0000

F

18.0000

E

12.0000

F

12.0000

F

SKEW:

0.0000

90.0000

90.0000

CONCRETE COVER:
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Covs

COVB

COVW
COVIN
COMMENTS
PRESS
PMIN

PWAT
NFILL
NWEAR
FILLFA
TYFILL
COMMENTS
LVLD

LVLD
LVOMT
LLPATCH
SURCH USE
LIMIT DIST
LRFDDF

PAGE 3
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15' X 7' RCB

.0000
.0000
.0000
.0000

DEAD LOADS:
100.000
35.000
0.000
20.0000
6.0000
1.1000
COMPACT
LIVE LOADS:
HL-93-TRUCK
HL-93-TANDEM
YES

PL

YES

NO

YES

B N W

End of Input File No. 1
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BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNTIAL - DOUBLE 15' X 7' RCB

Note:
The following list of variables are used in the
application. They are shown in US units because
that is the internal computational mode.

The first set are the variables defaulted
from input and the second set are system

variables.
Units
USSI _UNITS: Input Units = us
USSI UNITS_OU: CQutput Units = us

Design Variables

LRFDDF: Use LRFD method for bot slab load distrib. = i
CUTYPE: Precast(PC) or Cast in Place(CIP) Culvert = CIP
TIDSN: Design Method = LRFD
FUNCT: Design (DESIGN)} or Design Review (DESREV) = DESIGN
IRELEASE:Moment Continuity Released (@ end of walls) = F
DNEG: Distance to Neg. Moment Computation Point = 0.00
CUSTOM: Default bar spacing and design check control = STD
ISAMS: Design Same Top and Bottom Slab = F
ITSAMW : Design Same Interior-Exterior Wall = F

m6ﬁ¥§ﬂ€mabntrol Variables

MTEN : Output Moment-Shears = T
IINFN: Output Influence Line = F
IBSH: Output Bar Schedule = HE

Standard Load Variables

LVLD: Live Load Vehicle Name = HL—-93-TRUCK
LVLD: Live Load Vehicle Name = HL-93-TANDEM
LVOMT: Neglect LL for Fill &gt; 8Ft gamp; Fill &gt; Span = T
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BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15" X 7"

Uniform Dead Load Variable

EDLU: Extra Uniform Dead Load (Lbs/Ft) = 0.0
NWEAR : Thickness of Wearing Surface (in) = 6.0
Concentrated Dead Load Variables T

EDLC1 : Extra Concentrated Dead Load (Lbs) = @iz
EDLX1: Position of Load from CL of Left Wall (Ft) = 0.0
EDLCZ2: Extra Concentrated Dead Load (Lbs) 0.0
EDLX2: Position of Load from CL of Left Wall (Ft) = 0.0
EDLC3: Extra Concentrated Dead Load (Lbs) = 0.0
EDLX3: Position of Load from CL of Left Wall (Ft) 0.0
Soil and Water Pressure Variables T

SURCH: Depth of Surcharge 2.0
PRESS: Maximum Scoil Equiv. Fluid Pressure (Pcf) = 100.0
PMIN: Minimum Scil Equiv. Fluid Pressure (Pcf) = 350
PWAT : Internal Water Pressure 0.0
Geometry - Box Dimension Variables

NBOX : Number of Boxes (1 TO 4) 2
NSPAN: Clear Span (Ft) = 15.0
NHITE: Clear Height (Ft) = 7.0
NFILL: Design Fill Measured from Top of Top Slab(Ft) = 20.0
LENG: Section length(PC)—-Culvert Length (CIP) (Ft) = 150.0
Geometry — Slab Thickness Variables

TSLAB: Minimum Value for Top Slab (In) = 16.0
KFXTS: Code for Top Slab(F=Fixed,V=Variable) =] B
BSLAB: Minimum Value for Bottom Slab(In) = 18.0
KFXBS: Code for Bottom Slab (F=Fixed,V=Variable) = F
WALLR: Minimum Value for Exterior Wall (In) = 12.0
KEXW: Code for Exterior Wall (F=Fixed,V=Variable) F
IWALLR: Minimum Value for Interior Wall(In) = 12.0
KFXTx Code for Interior Wall (F=Fixed,V=Variable) = F
IWALLR: Minimum Value for Interior Wall (In) = 12.0
KFXI: Code for Interior Wall (F=Fixed,V=Variable) = F
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Geometry - Skew and Haunch Variables

LSKEW: Left End Skew Angle (Deg) o 80.0
RSKEW: Right End Skew Angle {(Deg) = 90.0
CSKEW: Culvert Skew Angle (Deg) = 0.0
TFILT: Teop Haunch (In) = 0.0
BEFILT: Bottom Haunch (In) = 00
KHACH: Haunches used in Analysis (YES/NO) = NO

Geometry — Clear Concrete Cover

COVS: Exterior Concrete Cover Top Slab (In) = 2.0
CONB= Exterior Concrete Cover Bottom Slab (In) = 3.0
COVW: Exterior Concrete Cover Walls (In) == 2.0
COVIN: Interior Concrete Cover (In) = 2.8
vkeinforcing Bar variables and Thickness Increment

SPCMAX : Default Max. Bar Spacings (In) = 12.49
SPCMIN: Default Min. Bar Spacings (In) = 6.0
MAXSTZ : Default Bar Sizes(US) = 10
MINSIZ: Default Bar Sizes(US) = 4
ISPCGINC: Reinforcing Bar Minimum Increment = T
EPOXY: Top Reinforcing Mat Epoxy Coated = F
ADDS: Added Slab Thickness Increment (In) = 1.0
ADDW: Added Wall Thickness Increment (In) = 1.0
Material Properties Variables

EWGT: Weight of So0il (Pcf) = 125.0
FYST: Yield Strength of Reinf. Steel (Psi) = 60000.0
FSTL: Allowable Stress of Reinf. Steel (Psi) (ASD) = 36000.0
FCONC: Compressive Strength of Concrete (Psi) = 4000.0
FSHR: Shear in Concrete (Psi) (ASD) = 0.0
FSTIR: Allowable Stress in Stirrups (Psi) (ASD) = 0.0
CWGT: Weight of Concrete (Pcf) = 150.0
AWGT: Weight of Wearing Surface (Pcf) = 145.0
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CENTENNIAL - DOUBLE 15' X 7' RCB

ZEE:  Crack Width Parameter from AASHTO = 20000.0 '"
CN: Modular Ratio of Ceoncrete = 8.0
CE: Modulus of Elasticity of Concrete(ksi) 3644 .1
ZEE: Crack Width Parameter from AARSHTO - 0.9
CN: Modular Ratio of Concrete = 0.9
CE: Modulus of Elasticity of Concrete(ksi) =
Service-I load and resistance factors i
EV: Vertical Earth Pressure max-min 1.00 1.00
DC: Components max-min 1.00 1.00
DW: Wearing Surfaces max-min 1.00 1.00
EH: Horizontal Earth Pressure At-Rest 1.00
LS: Live load surcharge 1.00
WaA: Water lcocad and stream pressure 1.00
LL: Vehicular live load 1.00
Strength-I load and resistance factors
EV: Vertical Earth Pressure max-min 1.30 0.90
DC: Components max-min 1.25 0.90
DW: Wearing Surfaces max-min 1.50 0.65
EH: Horizontal Earth Pressure At-Rest 1.35
LS: Live load surcharge LTS
WA: Water load and stream pressure 1.00
LL: Vehicular live load 175
Strength-II1 load and resistance factors
EV: Vertical Earth Pressure max-min 1w 30 1080
DC: Components max-min 1.25 0.390
DW: Wearing Surfaces max-min 1.50 0.65
EH: Horizontal Earth Pressure At-Rest 1.35
LS: Live leoad surcharge 1i: 35
WA: Water load and stream pressure 1.00
LL: Vehicular live locad 1. 35
Fatigue load and resistance factors
EV: Vertical Earth Pressure max-min 0.00 0.00
DC: Compeonents max-min 0.00 0.00
DW: Wearing Surfaces max-min 0.00 0.00
EH: Horizontal Earth Pressure At-Rest 0.00
LS: Live load surcharge Q. 78
WA: Water load and stream pressure 0.00
LL: Vehicular live load 0.75
BB: Factor Load Factor Po and Pb AASHTO 0.80
BETAD: Dead Load Multiplier for Load Factor = 1.0000
BETAL: Live Load Multiplier for Load Factor = 0.0000
PHIMCOM: Phi Factor for Moment = 0.8000
PHISHR: Phi Factor for Shear = 0.8500
BB: Factor lLoad Factor Po and Pb AASHTO = 1. 50
BETAD: Dead Load Multiplier for Load Factor =
HAFBAR: Assumed Half a Bar Dia. of #6 Bar (In) = 0. 375
I300: A300 and A400 Bars to TRUE = T
1400: A300 and A400 Bars to TRUE = T
ICHANG: Initial Settings F
ICUT: Cut Bars Due to Skew = i
ICUTSM: Bar Cuts Symmetrical = F
IFIXB: Defaults for Slab Thickness Incrementing = F
IFIXI: Defaults for Wall Thickness Incrementing = F
IFIXT: Defaults for Slab Thickness Incrementing = F
TFTXW: Defaults for Wall Thickness Incrementing = F
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CENTENNIAL - DOUBLE 15' X 7' RCB

IFATIG: Check Fatigue = F
THAUCH: Code for Considering Haunch in Rnalysis = F
ILESS: Code for Span Less Than 5 ft = F
ISHR: Code for Shear Stress Check = E
ILOOP: Loop Counter for Design Iteratiocons = 0
INTERM SWITCH: Turn on Intermediate Results Output = F
ISTORE: Design Moments to Zero = 0
KPASS: Variable Dimen (use in fixed thickness design)= VAR
KBASE : Bottom Slab Support Ceode (FULL, FIXED, HINGED) = FULL
LDPASS: Bypass Live Leoad if no vehicle input = F
LONGB: Longitudinal Bar Code - F
MESSGE: Code for Message Printout = T
PAS: Maximum AS/BD Desired = 0.012
JOB DESCRIPTION

Title : CENTENNTATL - DOUBLE 15' X 7' RCB

Structure ID

Agency name : STD
Input units : US

Output units : US

ANALYSIS CONTROL

Moment Bottom Slab Negative
Construction Design/ Continuity Support Moment
Type Review Released Code Position
CAST-IN-PLACE DESIGN NO FULL 0.00
Consider Haunches in Analysis : NO
Perform Edge Beam reinforcement computations : NO

Use epoxy coated bars in top mat of reinforcement: NO
in top slab

Design Limit State Load and Reslistance Factors
Method Ductility Redundant Operations
LOARD & RES. 1.0000 1.0500 1.00

DESIGN CONTROLS

Design Design
Same Same Round-up Increment
Thickness Thickness Thicknesses Bar Spacing
Slabs Walls Slabs Walls File
(In) (In)
NO NO 1.00 1.00 Standard
Bar Spacing US-Bar Size Bar Spacing
Max Min Max Min Increment
(In) (In)
1.2 0 6.0 10 4 1 INCH
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CENTENNIAL - DCUBLE 15°

" QUTPUT CONTROLS

Drawing File: NO
Actions at tenth Points: YES
Bar Schedule: YES
Live Load Influence Ordinates: NO
Live Load Actions Envelope: NO
Default Output: YES
Intermediate Design Iteration Computaticns: NO
Intermediate Computations NO
MATERTAL PROPERTIES
Concrete Concrete Crack Width Steel Steel
Y Ec Gamma E Fy n
(Psi) (Psi) (Kip/in) (Psi)
4000. 3644147, FREE 60000. T 9%
Note:

1. The concrete unit weight used for the

Ec computation is 5 pcf less
than used for load computations

2. The crack width coefficient is the

coefficient in Eq. 5.7.3.4-2 for the

crack width parameter 2

Unit Weights

Concrete Spil Fill Wearing Surface
(Pcf) (Pct) (Pcf)
150. 125. 145.
Note:

1. The Scil Structure Interaction Factor

from AASHTO is computed and applied to the

weight of earth input
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BOX GEOMETRY

Culvert Span Clear Centerline
Cells Length Height Length
(Ft) (Ft) (FE)

DOUBLE 15.00 7.00 150.00

Bridge Number cof

Width Traffic Lanes

By

150.00 1 and 2 lanes investigated

Slab and Wall Information

Top Bottom Exterior Interior
Slab Slab Wall Wall

{In) (In) (In) (In)

16.00 Fixed 18.00 Fixed 12.00 Fixed 12.00 Fixed

LIVE LOADS

Vehicle Designation

HL-93-TRUCK

HL-93-TANDEM

Live Load Contrcl: YES
(Neglect Live Load if fill is greater than 8 ft.
and fill 1s greater than culvert span)

Tire application model: patch load
Live Load Surcharge: 2.0 Ft

DEAD LOADS

Concentrated Loads

Wgt. Dis. Wygt. Dis. Wgt. Dis.
(Kips) (Ft) (Kips) (Ft) (Kips) (Ft)
0.0 0.0 0.0 0.0 0.0 0.0
Soil Water
Pressure Density
Max Min
{Pcf) (Pcf) {Pcf)
HEHY 35.0 0.0
Wearing
Uniform Surface Fill
Load Thickness Height
(plf) (in) (Ft)
0.0 6.00 20.00
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SKEW
Skew Skew Skew
Left Right Certer
(Deg) (Deg) (Deqg)
90.0 90.0 0.0
e S

Top Haunch Bottom Haunch

Height Height
(In) (In)
0.0 0.0

CONCRETE COVER to face of bar

Top Bottom Exterior Interior
slab Slab wWall wall

{(In) (In) {In) {In)
2.00 3.00 2.00 2.00

LRFD Live Load Distribution Factor Computation

Input Values

Depth of Fill =20.00 ft.
Span Length © . .=15.00. ft
Tru'ck:G:agc =600 S iad
Soil Distribution Factor = 110
Tire Patch Width - = 20.00 in.
Bridge Width = 150.00 fi.
Length = 150.00 ft.

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)

Controlling Distribution Factor

Final Strip Width =30.57 ft.
Final Distribution Factor = 1/Final Strip Width = 0.033 Lanes per 1. of width
Multiple Presence Factor = 1.20

Distribution Factor * Multiple Presence Factor = 0.039
Dynamic Load Allowance Calculation - Article 3.6.2.2

IM=33(1.0-1.25 D)
IM = 33(1.0 - 1.25(20.00) )
IM = 0.0000

Notes:

1. Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence
factor for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1, 3.6.1.3.3, and 4.6.2.10.
2. Lane loads are not applied. See 3.6.1.3.3. This applies to all approximate strip methods.
3. The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. See 3.6.1.2.6.
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Tk
In.
In.
Ft.

iz o
Ft.

Number of cells = 2
Top Slab thickness = 16.0000
Bottom Slab thickness = 18.0000
Exterior Wall thickness = 12.0000
Interior wall thickness = 12.00 In.
Design Span(c-c walls) = 16.0000
Design Height (c-c slabs) = 8.4167
Fill Height (top of slab) = 20.0000
Wearing surface thickness = 6.0000

Loads based on 1 foot unit width

Soil Structure Interaction Factor = 1.1212
Earth Weight for fill computations = 0.1402
Weight of Fill without wearing surface = 2. 73308
Weight of Wearing Surface = 0.0725
Weight of Top Slab = 0.2000
Weight of Extra Uniform Dead Load = 0.0000
Uniform Dead Load on Top Slab - 3.0055
Weight of Walls divided by culvert width = 0.0984
Uniform Dead Load on Bottom Slab = 3.1039
Soil pressure at center of top slab = 2.0667
Soil pressure at center of bottom slab = 2.9083
Soil pressure due to live load surcharge = 0.0700
Impact Factor on Top Slab & Walls = 0.0000
Impact Factor on Bottom Slab = 0.0000
Axle Load Distribution Factor on:

Top Slab & Walls = 0.0393
on Bottom Slab = 0.0593

Note:

1. The weight of the walls is computed by taking the
interior wall thickness plus twice the exterior wall
thickness and multiplying by the clear height of the
culvert and the weight of concrete. That result is
divided by the span length times the number of cells
plus the wall thicknesses.

2. The soll pressure computations use the fill height
and the culvert height for appropriate wvalues for
lateral earth pressures. Wearing surface, £ill
height, and slab thickness are used in vertical dead
load computatiocons.

3. The distributicn width and asscciated distribution

factor for the top slab is computed according to
AASHTO LRFD 4.6.2.10 for fill depth less

than 2 ft. and AASHTO LRFD 3.6.1.2.6 for fill
depths cover 2 ft. Also, see 3.6.1.3.3.

AASHTC Specifications state that no live load
is to be used when the fill is greater than 8 feet

and

The

the fill is greater than the total span length

fill is greater than 8 feet but less than the

total span length of 32.00 feet

BE 7B

Ket

K1t
K1f
K1f
K1f
K1f

K1t
K1f
K1f
K1t
K1f
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For a HL-93-TRUCK Vehicle
Description ARASHTO LRFD HL-93 Design Truck (US)
The Number cof axles = &
Axle Weights Spacing
(kips) (ft)
8.00 14.000
32.00 14.000
32.00 0.000
Totals 72.00 28.000
Tire Contact Area = 200.0000 5q.1in.
Tire patch Width = 20.00000 Lk
Tire Patch Length = 10.00000 in.
Vehicle Axle number = 1
Fill = 20.00 ft.
Distribution slope = 1.10
LL Longitudinal Distribution Length = 22.83 ft.
[slope(fill) + longitudinal tire patch]
Tire Contact Area = 200.0000 sq.in.
Tire patch Width = 20.00000 HEI5E
Tire Patch Length = 10.00000 in.
Vehicle Axle number = 2
Fill = 20.00 ft.
Distribution slope = L7140
LL Longitudinal Distribution Length = 22.83 ft.
[slope(fill) + longitudinal tire patch]
Tire Contact Area = 200.0000 s5q.in.
Tire patch Width = 20.00000 i
Tire Patch Length = 10.00000 in.
Vehicle Axle number = 3
Fill . = 20.00 ft.
Distribution slope = 1.10
LL Longitudinal Distribution Length = 22.83 ft.

[slope(fill) + longitudinal tire patch]
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For a HL-93-TRUCK

Vehicle
Description AASHTO LREFD HL-83 Design Truck (US)

PAGE

14

DATE 10/27/2014
BRASS-CULVERT (LRFD)
CENTENNIAL

= I

Version 2.
QUBLE 15°

The number of simulated axles based on fill = 50

The number of simulated axles 1s calculated based
on the longitudinal distribution length of each axle
divided by the simulated axle spacing of 1 foot

and the simulated axle welghts are calculated by

dividing the vehicle axle weights by the number of

simulated axles per vehicle axle.

Truck facing backwards
Spacing

Axle wts.

(kips)

PR RPEREFRPRPRHEPRNNNNONNNNRERRRERAREREBERERRER,RO00CO000D00C00000O0

.36
- 36
.36
.36
=F6
.36
.36
.36
.36
b
-36
.36
.36
.36
.82
.82
.82
.82
.82
.8z
.82
.82
.45
.45
.45
.45
.45
.45
.91
.91
.91
- 9l
.91
.91
< 91
.91
.45
.45
.45
.45
.45
.45
.45
.45
.45
.45

e e e e e e e e R e e e e i e R e S e R g e e e e e e T e T T e B e e

(ft)

.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
-000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
. 000
.000
.000
.000
.000
.Q000
.Qoo0
.000
.000
.Q00
.Q00
.Q00
.Q00

3.6
X

Truck facing forward

Axle wts. Spacing
{(kips) (ft)
1.45 0.000
1.45 1.000
1.45 1.000
1.45 1.000
1 .45 1.000
1.45 1.000
1.45 1.000
1.45 1.000
1.45 1.000
1.45 1.000
1.45 1.000
1.45 1.000
1.45 1.000
1.45 1.000
Z2.81 1.000
22 1.000
2.581 1.000
2.9 1.000
2.91 1.000
2.91 1.000
2.91 1.000
a=21 1.000
1.45 1.000
1.45 1.000
1.45 1.000
1.45 1.000
1. 45 1.000
1.45 1.000
1.82 1.000
1.82 1.000
1.82 1.000
1.82 1.000
1.82 1.000
1.82 1.000
1.82 1.000
1.82 1.000
0.36 1.000
0.36 1.000
0.36 1.000
0.36 1.000
0.36 1.000
0.36 1.000
0.36 1.000
0.36 1.000
0.36 1.000
0.36 1.000

RCB
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1.45 1.000 0.36 1.000
1.45 1.000 0.36 1.000
1.45 1.000 0.36 1.000
LG 1.000 0.36 1.000
Totals 72.00 49.000 72.00 49.000

Note: Impact or distributicon is not included in the above table.

Factors for Ductility 1.00
Redundancy 1.05
Operations 1.00

Design Iteration Loop Number 1

LRFD Live Load Distribution Factor Computation

Input Values

Depth of Fill =20.00 fi.
SpanLength .. 5L =1500" fi,;
Truck Gage = 6.00 fi.
Soil Distribution Factor = 1.10

Tire Patch Width =20.00 - in:
Bridge Width = 150.00 ft.
Length = [50.00 ft.

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4.6.2.10 and 3.6.1.2.6 {(use better distribution)
Controlling Distribution Factor

Final Strip Width =30.57 ft.
Final Distribution Factor = 1/Final Strip Width = 0.033 Lanes per ft. of width
Multiple Presence Factor = 1.20

Distribution Factor * Multiple Presence Factor = 0.039
Dynamic Load Allowance Calculation - Article 3.6.2.2

IM=33(1.0-125D,)
IM = 33(1.0 - 1.25(20.00) )
IM = 0.0000

Notes:

1. Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence
factor for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1, 3.6.1.3.3, and 4.6.2.10.

2. Lane loads are not applied. See 3.6.1.3.3. This applies to all approximate strip methods.

3. The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. Sec 3.6.1.2.6.
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Current Live

Load:

PAGE 15
DATE 10/27/2014
BRASS5-CULVERT (LRFD)
CENTENNIAL — DOUBLE 15°

HL-93-TRUCK

Version 2.3.6

X 7!

RCB

Unfactored

MOMENT S (per'unit design width)

due to Dead and Live Loads including Distribution and Impact

De
M-PT Lo
Kt
EXTERIOR WALL
1- 0 =L
-1 =13
1~ 2 -14.
=3 ==,
1- 4 =15
I~ & -16.
1- 6 =17
1- 7 -18.
1- 8 =18
=9 =1.9%
1-10 =20.
EXTERTIOR WALL
TOP SLAB LEFT
2- 0 =20
2- % 7
2- 2 28.
2— 3 40.
2— 4 45.
2— 5 43.
2- 6 32.
2= 14
2- 8 =1
2— 9 -44.
2-10 =85.
TOP SLAB RIGHT
INTERIOR WALL
3- 0 -0
J= 1 -0.
F— & -0.
3— 3 -0,
3- 4 =
3— 5 -8
3- 6
= 5T 0
3= 8 0
3—- 9 0
3-10 0

INTERIOR WALL

0.

ad Soil Soil Surch Water
ad Press Press Hgt. Press
(Max) {Min) (Max)

t Kft Kft Kft Kft

BOTTOM

54 -12.25 -4.29 -0.34 0.00
35 —=3.71 -1.30 -0.11 0.00
15 2.83 0.99 0.07 0.00
96 7.42 2.60 0.20 0.00
76 10.14 Fi BB B.28 0.00
57 11.04 3.86 0.31 0.00
37 10.17 3.56 0.29 0.00
18 7.60 2.866 0.22 0.00
99 3.39 1.19 & e 0.00
79 -2.40 -0.84 -0.06 0.00
60 =9 72 -3.40 -0.28 0.00

TOP

SIDE

.60 -9.72 -3.40 -0.28 0.00
57 =8 27 =289 -0.24 0.00
04 -6.82 =2.39 -0.19 0.00
81 =5 .36 -1.88 -0.15 0.00
89 =3.91 =1 .37 -0.11 0.00
28 -2.46 -0.86 -0.07 0.00
98 =1 .01 =038 -0.03 0.00
.98 0.44 0.16 0.01 0.00
72 1.90 0.66 0. @5 0.00
10 3 .35 1.17 0.10 0.00
19 4.80 1.68 0.14 0.00
SIDE

BOTTOM

213 -0.02 = 0L -0.00 0.00
10 -0.02 -0.01 -0.00 0.00
08 -0.01 -0.00 -0.00 0.00
05 -0.01 -0.00 -0.00 0.00
03 -0.00 ~0: 00 -0.00 0.00
00 -0.00 -0.00 -0.00 0.00
02 0.00 0.00 0.00 0.00
05 0.01 0.00 0.00 0.00
.07 0.01 0.00 0.00 0.00
18 0.02 0.8 0.00 0.00
.13 0.02 0.01 0.00 0.00

TOP

LIVE LOADS
Pos Neg
Kft Kft
0.08 -0.37
0.00 =0...33
0.00 =34
0.00 =135
0.00 -0.42
0.01 -0.50
0.086 -0.59
0.11 -0.69
0.17 -0.80
0.24 =0 51
0.30 ~1=081
0.30 = 1AL
0 33 A8
0.96 0.00
1.49% -0.0%
1.79 -0.21
1.83 -0.34
1 =63 -0.46
1.17 =559
0.54 =D S
0.11 =1, 27
0.00 -2.40
0.27 -0.28
0.17 -0.17
0.06 -0.06
0.05 -0.05
0.16 ~xl5
0 .27 ). 27
0.38 -0.37
0.48 -0.48
0.58 -0.59
0.70 -0.70
0.81 -0.81
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BOTTOM
4- 0 -12
4- 1 15.
4- 2 34.
4- 3 46.
4- 4 50
4- 5 46.
4- 6 34.
4- 7 14
4- 8 -13
1= 8 -49
4-10 =35

BOTTOM

SLAB LEFT SIDE

.54
17
93
74
61
54
51
23
w3
LS
.04

=12,
-10.
=8
=B
-4.
=3.
—
0.

2.
4.
6.

SLAB RIGHT SIDE

25
42
58
74
90
06
22
62
46
29
13

PAGE 16
DATE 10/27/2014

BRASS~-CULVERT (LRFD)
CENTENNIAL

.29
.65
.00
.36
ST
.07
.43
.22
.86
0
=15

Version
- DOUBLE 15"

.34
. 28
.24
.19
.14
.08
.03
.02
.07
.12
.17

(R e i s B o B o B o [ oo Tl e K o [ o (0 )

2.8.6
X 7!

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

(=i e il e il i B e il s o e T

.98
.45
.88
.16
27
.18
Biste
.43
<02
.00
.00

st
.Q0
.00
.00
.00
.00
.00
-Q0
31
.15
)
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Current Live Load:

" Unfactored

BRASS-CULVERT (LRFD)
CENTENNTIAL - DOUBLE 15°7

PAGE

17

DATE 10/27/2014
Version 2.3.6

HL-93-TRUCK

X 7!

RCB

SHEARS

(per unit design width)

due to Dead and Live Loads including Distribution and Impact

M-PT

EXTERIOR
=
1-
fe=
1—
=
1-
Jes
1-
f
le=
1-10
EXTERIOR

OO0 oy U W~ O

TOP SLAB
-
D
2—
B
2 —
i
T
2 -
2—
2- 9
210
TOE SLAB

Wl WO

INTERIOR
=
o
=
3
3—
3-
3—
o
3
3= 9
3=-10
INTERICR

W~ oy s WM O

Dead Soil
Load Press
(Max)
K K
WALL BOTTOM
-0.96 11.36
={: 96 §.95
-0.96 6.61
-0.96 4.33
~0. 96 2.3
~-0.96 0.01
-0.96 =205
-0.96 -4.04
~-0.96 -5.96
-0.96 -7.80
~-0.96 =958
WALL TOP
LEFT SIDE
40, DT 0.91
15.20 081
10.39 0.91
5.58 0.91
0.77 0.91
-4.04 091
-8.85 .81
-13.65 081
-18.46 0.91
—23. 27 iAo
-28.08 0.91
RIGHT SIDE
WALL BOTTOM
2. 03 0.00
0.03 0.00
0.03 0.00
0.03 0.00
0.03 0.00
0. 03 0.00
0.03 0.00
0.03 0.00
0.03 0.00
0.03 0.00
0:03 0.00
WALL TOP

Soil Surch Water
Press Hgt. Press
(Min) (Max)
K K K
398 0.30 0.00
153 0.24 0.00
b | 0.18 0.00
1.52 @3 0.00
0.75 0.07 0.00
0.00 001 0.00
=072 =0.05 0.00
-1.41 -0.11 0.00
-2.08 -0.17 0.00
-2.73 ~0, 273 0.00
=335 —0.29 0.00
0.32 0.03 0.00
032 0.03 0.00
0.32 0.03 0.00
0,32 0.03 0.00
0.32 0.03 0.00
0732 0.03 0.00
0.32 0.03 0.00
0.32 0.03 0.00
0.32 0.03 0.00
0.32 0.03 0.00
0.32 0.03 0.00
0.00 000 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00
0.00 0.00 0.00

LIVE
Pos

(i e [ e B oo R R > i i J o T o e S Qo DO oo e 0a D

o OIS O e 0O 90 O

.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08

.80
.60
.47
.35
.24
e
.08
.04
.02
.00
.00

.13
.13
<13
.13
13
.13
13
il
il
13
.13

LOADS
Neg

.13
13
sl
!
3
<13
13
.13
=13
.13
<13

.08
.08
.10
w3
.20
=]
.41
.54
.67
.80
.87

w13
o3
A3
=13
«13
.13
<13
w3
sl
-
513
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BOTTOM
4
4-
4—

BRASS-CULVERT (LRFD)
CENTENNIAL - DOUBLE 15°'

SLAB LEFT SIDE
19.80
14.83

9.87

4.90
-0.06

~10.00
-14.96
=-19.523
~24.90

4-10 -29.86

BOTTOM

SLAB RIGHT S5I

B

1215
1.15
1:15
1.15
1.15
~=5..03 1.
1
1
1L
T
1
D

15

.15
15
.15
A5
.15

o & O QUE 20 0na 8@

.40
.40
.40
.40
.40
.40
.40
.40
.40
.40
.40

PAGE 18
DATE 10/27/2014
Version 2.3.6

(e B an i o S oo i e e B e (Yo TR e o B o

+03
3
03
.03
.03
.03
.03
.03
.03
.03
.03

OO0 o000 oo oo

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

X"

{4 g i [ S e i i Y - ] o (R s S > JR i .

RCB

.48
e
.24
el-2
.01
.00
.00
.00
.00
.00
.00

.00
.00
.00
.00
.01
-2
.24
36
.48
.60
.72
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Current Live Leoad:

BRASS-CULVERT (LRFED)
CENTENNIAL - DQUBLE 15°'

PAGE

1:8

DATE 10/27/2014
Version 2.3.6

HL-93-TRUCK

X 7!

RCB

Unfactored

BRXTAL

FORCES

(per unit design width)
due to Dead and Live Loads including Distribution and Impact

M-PT
EXTERICR
1- 0
1- 1
1- 2
=3
1- 4
i= 5
1- 6
L= 7
1- 8
L= 8
1-10
EXTERICR
TOP SLAB
2- 0
2- 1
2- 2
2~ 3
2- 4
2= 5
2= 5
2- 7
2- 8
)
2—-10
TOP SLAB
INTERIOR
8= 10
3= L
3- 2
F—=3
3- 4
3— 5
3- 6
8= "1
3-8
3~ 8
3-10

Dead Soil
Load Press
; [(Max)
K K
WALL BOTTOM
-20.11 -0.91
. 6 I =@, 91
=20: 11 - 81
-20.11 -0.91
-20.11 -0.91
=20 T =0 9%
-20.11 =), 91
=280 11 =0. 81
-20.11 -0.91
-20.11 — @ 9%
-20.11 -0.91
WALL TOP
LEFT SIDE
-1.02 -10.18
-1.02 -10.18
=1.02 =10.18
-1.02 -10.18
=1 02  ~18LIEB
-1.02 -10.18
=1.02 =10.18
=1.02 =10.18
-1.02 =10.18
-1.02 -10.18
~1:02 =10:18
RIGHT SIDE
WALL BOTTOM
~-56_.70 1.84
=56. 70 1.84
-56.70 1.84
-56. 70 1.84
-56.70 1.84
-56.70 1.84
~56.70 1.84
-56.70 1.84
-56.70 1.84
=BB. 70 1.84
=56 70 1.84

INTERIOR WALL TOP

Soil

Press
(Min)
K

-0.
—0.
.32
32
-0.
-0.
=,
.32
=,
F2
-0.

-0

-0

OO DO oo OO o e C

32
32

32
3%
32
32

32

56
.56
«58
.56
.56
.56
.56
.56
=56
A
.56

.64
.64
.64
.64
.64
.64
.64
.64
.64
.64
.64

Surch Water
Press

Hgt.

K

-0

=

OE G 00 OaE O 8 O

.03
03
.03
.03
.03
.03
.03
.03
.03
.03
03

31
-0.
-0.
-0.
=0
ool
-0.
=0.
=
-0.
=0,

31
ai.
31
31

31
31
31
31
31

.05
.05
.05
.05
.05
.05
.05
=05
.05
05
D5

{(Max)

K

L I i Bl e B o o I o E oI B - A [ i} [an T an Bl o I < B o S <l i o> R b Y i B

Do OO0 o0 o0 0 oo

.00
-00
.00
.00
.00
.00
-00
.00
.00
.00
=00

.00
.00
.00
.00
.00
.00
.00
- 00
.00
.00
.00

-00
.00
.00
<00
00
.00
.00
.00
.00
.00
.00

LIVE
Pcs

COoOC OO0 0000 OO0 o000 00 oo

e N an I o B v T o B o B o T e o i o I

.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08

.08
.08
.08
.08
.08
.08
.08
.08
.08
.08
.08

-00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

LOADS

Neg

K

=
=
.81
=0
-0.
=
-0.
.81
-0.
=0
=0..

81
81

81
81
81
81

81
81
81

.13
.13
13
.13
3
.13
13
il
#1.3
w13
.13

.55
55
.85
.55
i
+ 55
D
.55
D5
ks
55

138



BOTTOM SLAB LEET

4-
4-
4-
&=
47
o s
4-
o =
Wi
4

4-10

0

oy WP O

W
o acv [ ot e M o N v f s . 0 i e i

.96
. 96
.96
.86
.96
.96
.96
.96
.96
.96
.96

SIDE
-11

=11
=il
=11
=3
=13

=

=11 .
=1l
-11.
= 1,

.40
40
40
40
40
40
.40
40
40
40
40

BOTTOM SLAB RIGHT SIDE

Factors for Ductility
Redundancy
Cperations

PAGE

20

DATE 10/27/2014
BRASS-CULVERT (LRFD)

CENTENNIAL
=8 89 =
=3. 99 -0
-3.99 -0
—3w 99 -0
-3.99 =0
=8.. 99 -0
=3, 99 =]
=3 99 -0
-3, 99 -0
—3. 98 -0
=3. 599 -0

1.00
1.05
1.00

- DOUBLE 157

<30
.30
.30
.30
.30
.30
.30
.30
.30
.30
.30

Version 2.3.6

OO oo o000 00O

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

X7

L= Bl e e B o S R o T e R o 8 v R <o

RCB

12
.12
s12
12
12
L2
12
e
.12
.12
.12

.08
.08
.08
.08
.08
.08
.08
.08
.08
]
.08
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PAGE 21
DATE 10/27/2014
BRAS3-CULVERT (LRFD) Version 2.3.6
CENTENNTAL - DOUBLE 15' X 7' RCB

Fatigue Checks
fi<=1£=24-0336;,(5.5.3.2-1)
where:
f, = actual stress range in the reinforcement

[ = maximum allowable stress range

: Result

|  Member | Loeation |  fu,(kip). | f(kp) . f(kip)
IEXTERIOR WALL{. - Bottom = | @ 0000 . | " 2392 . {.  08L
EXTERIOR WALL | ~ Middle- | 0.000 e
et e e e
e s e
TOPSLAB . |  Middic+ - 0.000 238 T
e e s e s

Pass

- 233 L pass

Pass

~Pass

Pass
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LRFD Crack Control Computation

PAGE

22

DATE 10/27/2014
BRASS~-CULVERT (LREFD)

CENTENNIAL - DOUBLE 15

Version 2.3.6
' X 7' RCB

Current Vehicle: AASHTO LRFD HL-93 Design Truck (US)

Location Ye

h(.i_n.)_ ?d(-(in;) ]

| Topslab, 4,4 60000000

¢ outside corner

{Top slab, inside 14 50000000
face o :

£
E

12.00000000 250000000

| Max Spacing (
e

B,

Current Allowable Stress  Actual Stress(

{kip) o)y

137593985 | 1676.09985352

: : Spacing (in.) |

8.00000000 = 468255517578 | 3631502533

16.00000000 2.50000000

L Topslab, 454 60600000 |
i (Jul_szde f'c_lce =

. Bottom slab, |

i B 12000000000
. outside corner

‘Bottom slab, e

inside face- 120.00000000

00000000 2.63
b i

i

500023

T i
126455021 | 1785.92846680 |

8.00000000  5086.09326172  37.09069443

~ 6.00000000

| 5812.67919922 | 33.13494110

12.00000000 2.43750000
§

18.00000000 §2.50(}00060'

136414564 | 1838.49743652

7.00000000  5159.46044922 | 33.40453720

123041475 | 1740.38708496 |

Bottom slab,
outside face

- Ext. wall,
! outsiclc facc

120.00000000

120.00000000

12.00000000

18.00000000 '3.63500023

i
i

136149371 | 184356848145

§

E ; ;
i2.25000000
i

132967031 | 1270.481933359

6.00000000

9.00000000  4858.95068359  39.11434174

| 4636.71972656  33.33459091

700000000 | 549166796875 | 49 54858780

Ext Wa]lC inside
face

0.8";f, > fc,. therefore no check flec_essary. .

;- Interior wall =

0.8%f > £, therefore no check nccessmy :

i

i
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used.

used.

PAGE Z3

DATE

CENTENNIAL -

Lateral Distribution Steel:

Span Length

Percentage of main reinforcement regquired
Main reinforcement area

10/27/2014
BRASS-CULVERT (LRFD)

Version 2.3.6
DOUBLE 15" X 7
= 1
= 2

(top slab)

Required lateral distribution area

Because the required area is less than the minimum,

Bar size
Spacing
Area of steel

Main reinforcement area

(C100)
(C100)
(C100)

{bottom slab)

#

Required lateral distribution area

Because the required area is less than the minimum,

Bar size
Spacing
Area of steel

(C200)
(Cz00)
(C200)

= #
i

12.000

' RCB

6.000 feet
5.000% , less than or equal to 50%
1.185 in”2

0.000 in~2

an area of steel of 0.200 in”2 is
4

in

T2

in~2

i@

an area of steel of

0.200
1.053
0.000
0.200 in”2 is

4
2.000 in
0.200 in"2

Bar sizes and spacings with computed areas of steel

Areas of steel

are in in2/ft

Top slab
LEFT SIDE CENTER
area 1.1850 inZ area 1.1850 in2
size 8 spaced at 8.00 in. size 8 spaced at

RIGHT SIDE

R i o i S e U R o o e i

Ext
TOP
area
size

INSI
area
size

QuTs
area
size

BOTT
area
size

erior wall

1.1850 inZ
8 spaced at

DE FACE
0.2000 inZ
4 spaced at

IDE FACE
0.3429 in2
4 spaced at

OM
1.0286 in2
7 spaced at

8.00 in.

12.00 in.

7.00

7068 ink

IR R EEE R R R RS EEEEEEEE S S SR RS SRR S SRS R e e i A e e e

Bottom slab

LEFT SIDE CENTER
area 1.0286 inZ2 area 1.0533 in2
size 7 spaced at 7.00 in. size 8 spaced at

area 2.5400 in2
8.00 in. size 10 spaced at 6.00 in.
Interior wall
TOP
area 0.2000 in2
size 4 spaced at 12.00 in.
EACH FACE
area 0.2000 in2
size 4 spaced at 12.00 in.
BOTTOM
area 0.2000 inZ2
size 4 spaced at 12.00 in.
RIGHT SIDE
area 2.5400 in2
9.00 in. size 10 spaced at 6.00 in.
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The minimum temperature and shrinkage steel for the:

Ma

Bl
B3
CT
Gl
c2

Top slab(s) = FH.1180 inZ
Bottom slab(s) = (0.1100 in2
Exterior wall(s) = 0.1100 in2
Interior wall(s) = 0.1100 inZ2
Splice Lengths Chart
rk Size Splice Length
(Ft—-1In) (m)

4 1- 9 @833

4 1= 9 0.533

4 1- 9 0533

00 4 1- 9 (.533
00 4 1~ 19 D533

BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15°' 7' RCB
Reinforcing Steel Bar Schedule
Location Mark Oty Size Type Length Wgt H Leg V Leg
(Ft-In) (Lbs) (Ft-In) (Ft-In)
TOP SLAR (Inside) BRB100 225 8 STR 0- 0 0
BOT SLAB (Inside) A200 200 8 STR 0- 0 0
TOP SLAB (Outside) A300 300 10 STR 0- 0 0
BOT SLAB (Outside) A400 300 10 STR 0- 0 0
CORNER (Top) Al 450 8 L-BAR 10- 2 12215 5- 7 4- 7
CORNER (Bottom) A2 516 7 L-BAR = 3 7645 3- 5 3-10
EXTWALL (Inside) Bl 300 4 STR = 1504
EXTWALL (Outside) B2 516 4 STR 0- 0 0
INTWALL B3 300 4 STR 0- 0 0
LONGITUD. { 3) Ccl 342 4 STR 51- 1 11677
LONGITUD. { 3) c100 0 4 STR 51= 1 0
LONGITUD. { 3) c200 0 4 STR 51~ 1 0
Total weight black bars 33041
Total weight all bars 33041
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BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15' X 7' RCB

Factored Actions for Load and Resistance Factor Design at Tenth Points (per unit design width)

M-Pt +Momernt —Moment +A.F. -A.F. +Shear -Shear
(Kft) (KEft) (Kips) (Kips) (Kips) (Kips)

EXTERIOR WALL BOTTOM

1- 0 =23.183 —35.798 -19.5%82 -30.262 15.898 9.194
1= 1 =16, 031 -24.291 =19, 582 -30.262 12.370 6.914
T 2 =5 1,54 -17.260 -20.071 -29.783 8.942 4,702
1- 3 =3.152 -14.048% -20.071 -29.783 5,615 2.556
1- 4 0.082 -12.700 -20.071 -29.783 2.389 0.477
1- 5 0.676 =13.083 -20.071 29783 =0 73T <1538
1- & =1, 25% =10 T30 -20.071 —=29.783 -2.699 -4.544
12 7 =5. 673 =18.905 -20.071 —-29.783 —4.577 =7.470
1- 8 -12.505 -24.177 -20.071 -29.783 -6.388 =10.295
1- 9 -20.421 -32.195 -19.592 -30.262 =8 1.32 =13.0318
1-10 -27.877 -44.263 =19.592 -30.262 -9.810 -15.643

EXTERTOR WALL TOP

TOP SLAB LEFT SIDE

2- 0 =27.977 -44.263 -10.434 -16.611 30.116 19.496
2- 1 3.124 -5.398 -10.8867 -16.178 23.172 14.97%
Z= 2 33.593 0.000 -10.867 -16.178 16.372 10.437
2- 3 53.364 0.000 -10.867 -16.178 9. 552 5.863
2— 4 62.231 0.000 -10.867 -16.178 2.838 1.218
2- 5 60.118 0.000 ~10.867 -16.178 -2.167 =5.190
2= 6 47.047 0.000 -10.867 -16.178 -6.804 =11.967
2= 7 23.244 0.000 -16.237 -10.808 =11 . 405 ~18.763
2- 8 -6.288 -14.213 -15.804 =11.241 =13.812 -25.570
2- 8 —36.274 =59.361 -15.804 -11.241 -20.511 -32.384
2-10 -72.920 -116.135 -15.804 -11.241 -25.029 -39.071

TOP SLAB RIGHT SIDE

INTERIOR WALL BOTTOM

3-0 0.363 -0.722 -51.495 =T w92l 0.287 -0.203
3- 1 0.182 -0.481 -51.4895 -77.521 0.287 -0.203
3- 2 0.022 -0.239% -51.495 =77 .521 0.287 -0.203
3~ 3 0.033 —@ 181 =51 495 =7 <52, 0.287 -0.203
3- 4 0.260 =Fo3 3] -51.495 =TT B2 0.287 -0.203
3= .5 0.488 -0.493 -54.680 =77.521 0.287 -0.203
3- 6 0.729 -0.663 -74.682 -54.334 0.287 -0.203
3~ 7 0.970 -0.834 ~-74.682 -54.334 0.287 -0.203
3-8 1.212 -1.005 -74.682 -54.334 0.287 -0.203
3= 9 1.454 -1.176 -74.682 -54.334 0.287 -0.203
3-10 1.695 ~1. 387 =74 682 =54 .334 0.287 -0.203

INTERIOR WALL TOP
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CENTENNIAL — DOUBLE 15' X 7' RCB

" BOTTOM SLAB LEFT SIDE

4- 0 =04.. 193 =3&5.798 -9.647 -15.548 29.601 19. 696
4- 1 11.687 -1.057 -9.238 =15.957 22.603 Lo 13
4- 2 41.178 0.000 =32 38 =15.957 15.604 10.350
4- 3 59.571 0.000 -9.238 -=15.957 8.606 5.688
4- 4 66.778 0.000 =9.238 =15.5857 1.643 £.:.085
4- 5 G2 187 0.000 =9, 238 B -3.036 =5
4- 6 47.598 0.000 =9 238 =15 957 —7.698 =12 .98%6
4~ 7 21.544 0.000 =15.183 -10.012 -12.361 ~19.985
4— 8 —8: 817 -16.503 ~1 o582 -9.602 -17.024 —26.8583
4- 9 -39.913 -65.243 -15.592 -9.602 -21.686 -33.992
4-10 -78.341 -125.228 =15.592 -9.602 -26.349 -40.99%0

BOTTOM SLAB RIGHT SIDE

Output complete for a HL-93-TRUCK vehicle

LRFD Live Load Distribution Factor Computation

Input Values

Depth 6f Fill -+ =9000 #
Span Length = =1500" ft.
Truck Gage e =600 R
Soil Distribution Factor = 1.10

Tire Patch Widtﬁ ' = '20.'()(.) in.
Bridge Width - =150.00 ft.
Length = 130.00 ft.

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)

Controlling Distribution Factor
Final Strip Width =30.57 ft.

Final Distribution Factor = 1/Final Strip Width = 0.033 Lanes per ft. of width
Multiple Presence Factor = 1.20

Distribution Factor * Multiple Presence Factor = 0.039

Dynamic Load Allowance Calculation - Article 3.6.2.2
IM=33(1.0-125D,)

IM =33(1.0 - 1.25(20.00) )

IM = 0.0000

Notes:

1. Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence
[actor for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1, 3.6.1.3.3, and 4.6.2.10.

2. Lane loads are not applied. See 3.6.1.3.3. This applies to all approximate strip methods.

3. The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. See 3.6.1.2.6.

AASHTO Specifications state that no live leoad

is to be used when the fill is greater than 8 feet
and the fill is greater than the total span length
The f£ill is greater than 8 feet but less than the
total span length of 32.00 feet
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CENTENNTAL - DOUBLE 15' X 7' RCB

For a HL-93-TANDEM Vehicle
Description AASHTCO LRFD HL-93 Design Tandem (US)
The Number of axles = 2
Axle Weights Spacing
{kips) (ft)
25.00 4.000
25.00 0.000
Totals 50.00 4.000
Tire Contact Area = 200.0000 sg.in.
ire patch Width = 20.00000 in.
Tire Patch Length = 10.00000 in.
Vehicle Axle number = 1
Fill = 20.00 ft.
Distripbution slope = 1.10
LL Longitudinal Distribution Length = 22.83 ft.

[slope(fill) + lcongitudinal tire patch]

Tire Contact Area = 200.0000 sg.in.

Tire patch Width = 20.00000 in.
Tire Patch Length = 10.00000 Jitis

Vehicle Axle number = 2

Fill = 20.00 ft.
Distribution slope = 1.10

LL Longitudinal Distribution Length = 22.83 ft.

[slope(fill) + longitudinal tire patch]
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CENTENNIAL - DOUBLE 15°
For a HL-93-TANDEM Vehicle
Description AASHTO LRFD HL-93 Design Tandem (US)
The number of simulated axles based on fill = 26

The number of

simulated axles is calculated based

3.6
x 7

on the longitudinal distribution length of each axle
divided by the simulated axle spacing of 1 foot
and the simulated axle weights are calculated by
dividing the wehicle axle weights by the number of
simulated axles per vehicle axle.

Truck facing backwards

Axle wts. Spacing
(kips) (ft)
1.14 0.000
sl 1.000
1.14 1.000
1.14 1.000
2,27 1.000
2T 1.000
2.27 1.000
2 27 1.000
2 27 1.000
T2 1.000
P 27 1.000
2.27 1.000
227 1.000
&2 1.000
28T 1.000
2.27 1.000
AT 1.000
.27 1.000
) 1.000
L] 1.000
227 1.000
Dol 1.000
1.14 1.000
Lol d 1.000
1.14 1.000
1.14 1.000
Totals 50.00 25.000

Note: Impact

Factors for

or distribution is not included in the above table.

Ductility 1.00
Redundancy 1.05
Operations 1.00

Truck facing forward

Axle wts. Spacing
(kips) (£t)

1.14 0.000
1.14 1.000
1.14 1.000
1.14 1.000
2.2 1.000
22T 1.000
2.27 1.000
2.27 1.000
2.2 1.000
2.27 1.000
2,97 1.000
2.27 1.000
2.27 1.000
2.27 1.000
2.27 1.000
2.27 1.000
2027 1.000
2.27 1.000
2.27 1.000
2.27 1.000
2.27 1.000
25277 1.000
1.14 1.000
1.14 1.000
1.14 1.000
1.14 1.000
50.00 25.000

RCB
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Fatigue Checks
f, <= fy=24- 0.33£,:, (5.5.3.2-1)
where:
f; = actual stress range in the reinforcement

{r= maximum allowable stress range

! Member - ; ; Location

{

U twQap) T R f o qQae)y ] Rewk |
IBXTERIOR WALL | = Botont. . |- 2. 0000 . |, 2392 . @ 0B, "3b Faw
[EXTERIOR WALL-{ - Bddle= = o[-~ poo: * - Fo 3598 T 17 a7 :
EXTERIOR WALL | Top 0.000 . | 9383 ke
TOPSLAB « |~ “Left: e e e e
TOP SLAB Middle+ = 0.000 ficayed ol 1.63
CoEl e T 067

- Pass

Pass

- Pass

. Pass

" Pass
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LRFD Crack Control Computation

Current Vehicle: AASHTO LRFD HL-93 Design Tandem (US)

Max Spacing ( ~ Current Allowable Stress ?Actual Stress.(
in)  Spacing (in.) | ( kip) (. kip)

Location 7. h(in) | d.(in.) B

t

¥

~Topsslab, 54 66000000 11200000000 [2.50000000 1.37593985 | 1681.43798828 | 8.00000000 | 468255517578 36.20007324
outside corner s i T 258 : i S I 5 :

i

Top slab, inside |
’ e s

120.00000000 |16.00000000 2.50000000 11.26455021 | 179523742676~ 8.00000000  5086.09326172 | 36.89889908

6.00000000

© 112000000000 16.00000000 2.63500023 128165257 | 1980.21936035 | S812.67919922  33.00968552

8

Bottom slab, -

b v 1.36414564 | 183866735840
outside comner 1564, .

120.00000000 12.00000000 2.43750000 7.00000000 5159.46044922 3340145874

%ﬁ‘;‘;‘(’;;‘gj{'};_12‘0.00000000é__s.oo_()ooooo 2.50000000 1.23041475 | 174626831055 = 9.00000000 | 4858.95068350  38.98298264

%ﬁ'{tb‘l’xiﬁ’: 112000000000 |18.00000000 363500023 136149371 | 1850.88781738 | 6.00000000 | 463671972656 = 3320328522

Ext. wall,
ouis_ide face

12000000000 2'12.00'0000_00 2.25000000 1.3296703121273.58178_711 700000000 | 5491.66796875 | 49.42841339

(Ext. wall, inside
fade e

0.8%f. > [, _thcfcforc no check nc@c's'sa'ry.

o Interior wall | : © o 0.8*f > f,, therefore no check necessary.
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BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNTIAL - DOUBLE 15" X 7' RCB
Lateral Distribution Steel:

Span Length = 16.000 feet

Percentage of main reinforcement required = 25.000% , less than or equal to 50%

Main reinforcement area (top slab) = 1.185 in%Z

Required lateral distribution area = 0.000 in~2

Because the required area is less than the minimum, an area of steel of 0.200 in”2 1is
used.

Bar size (C100) = ¥ 4

Spacing (C100) = 12.000 in

Area of steel (Cl100) = 0200 in%2

Main reinforcement area (bottom slab) = 1.053 in?2

Required lateral distribution area = 0.000 in~2

Because the regquired area is less than the minimum, an area of steel of 0.200 in”*2 is
used.

Bar size (C200) = # 4

Spacing (C200) = 12.000 in

Area of steel (C200) = 0.200 in™2

Bar sizes and spacings with computed areas of steel

Areas of steel are in in2/ft

Top slab
LEFT SIDE CENTER RIGHT SIDE
area 1.1850 in2 area 1.1850 inZ area 2.5400 in2
size B8 spaced at 8.00 in. size 8 spaced at 8.00 in. size 10 spaced at 6.00 1in.

iR S SE Rt SR S E SRSt SRS SRR EREE RS EEERESESERSESER SR RS SRR R R RS SRR

Exterior wall Interior wall

TOE TOP

area 1.1850 in2 area 0.2000 inZ2

size B8 spaced at 8.00 in. size 4 spaced at 12.00 in.
INSIDE FACE EACH FACE

area 0.2000 in2 area 0.2000 inZ2

size 4 spaced at 12.00 in. size 4 spaced at 12.00 in.

QUTSIDE FACE
area 0.3429 in2
size 4 spaced at 7.00

BOTTOM BOTTOM
area 1.0286 in2 area 0.2000 in2
size 7 spaced at 7.00 in. size 4 spaced at 12.00 in.

AhkAhkhkhbhkhrhrbrhkhbhdbrkhrohrrhbhhhkrhkbdrhdbhkhhkrhhbhdbhhhhbhbrrdhdbrbdbrbhhbrhbhkbhdbrhdhbihkhkk

Bottom slab
LEFT SIDE CENTER RIGHT SIDE
area 1.0286 in2 area 1.0533 inZ area 2.5400 in2
size 7 spaced at 7.00 in. size B8 spaced at 9.00 in. size 10 spaced at 6.00 in.

Reinforciﬁg_gggglﬂBar Schedule

Location Mark Qty Size Type Length Wgt H Leg V Leg
(Ft-TIn) (Lbs) (Ft-In) (Ft-In)
TOP SLAB (Inside) Al00 225 8 STR 0- 0 0
BOT SLAB (Inside) A200 200 8 STR 0- 0 0
TOP SLABR (Cutside) A300 300 10 STR 0- 0 0
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BOT SLAB (Outside) 2400
CORNER  (Top) Al
CORNER  (Bottom) A2
EXTWALL (Inside) Bl
EXTWALL (Outside) B2
INTWALL B3
LONGITUD. { 3) Cl
LONGITUD. ( 3) C100
LONGITUD. { 3) c200

The minimum temperature and shrinkage steel

Mark

Bl
B3
cl
C100
Cz00

Total weight black bars
Total weight all bars

300
450
516
300
A
300
342

0

0

0
8
7
4
4
1
4
4
4

Top slab(s) = 0.1100 in2
Bottom slab(s) = 0.1100 in2
Exterior wall({s) = 0.1100 inZ
Interior wall{s) = 0.1100 in2
Splice Lengths Chart
Size Splice Length
(Ft—-In) (m)
4 1- 9 0.533
4 1- 9 0.533
4 1= 9 0.533
4 1= 9 0.533
4 1—9 0 .533

STR
L-BAR
L-BAR

STR

STR

STR

STR

STR

STR

) 33041

33041

0- 0
10= 2
7- 3
T- 6

0- 0

0- 0
Bl= 1
51— 1
51- 1
for the:
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CENTENNTAL - DOUBLE 15" X 7

' RCB

Factored Actions for Load and Resistance Factor Design at Tenth Points (per unit design width)

M=BL
EXTERICR
1- 0

i

1- 2

1= 3

1- 4

1- 5

1- 6

I= @

1- 8
N
1-10
EXTERIOR
TOP SLAB
2- 0

2— 1

2- 2

2~ 3

2— 4

2= B

Z2- 6

2=

2- 8

2= 9
2-10
TOP SLAB
INTERIOR
3-0

3~ 1

3- 2

3= 3

3- 4

2= 5

3- 6

3= 7
3-8

3= 9
3-10
INTERIOR

+Moment ~Moment +4.F. —A. F.
(Kft) (Kft) (Kips) (Kips)
WALL RBOTTOM
=23.221 -35.797 -19.604 -30.082
-16.028 -24.264 -19.604 -30.082
-9.151 ~=17.154 -20.082: -29.604
=31 50 =13.975 —-20.082 -29.604
0.093 -12.639 -20.082 -29.604
0.873 ~13 35 -20.082 -29.604
-1.273 -15.107 -20.082 -29.604
-5.699 -18.797 -20.082 -29.604
=12.533 -24.044 -20.082 -29.604
—-20.453 =32 033 -19.604 -30.082
=28 . 01 -44.075 -19.604 -30.082
WALL TOP
LEFT SIDE
-28.011 -44.,075 -9.855 -15.681
2.958 =5.333 -10.266 =158
33.276 0.000 -10.266 =152 L
52.985 0.000 -10.260 =15 271
61.793 0.000 -10.266 =18 27FL
59.676 0.000 -10.266 =15:271
46.644 0.000 -10.266 =S L
22.919 0.000 -15.340 -10.1987
-6.498 -14.036 -14.929 -10.607
-36.318 -58.976 =14, 829 -10,607
~72.917 ~115.543 -14.5929% -10.607
RIGHT SIDE
WALL BOTTOM
0.321 -0.665 -51.494 -77.413
0.166 -0.443 -51.494 =77 413
0.012 =0L221 -51.454 -77.413
0.029 -0.170 -51.4594 =-77.413
0.238 -0.311 -51.494 =79 ALS
0.447 -0.452 -54.679 -77.413
0.668 -0.605 =74.681 -54.226
0.850 -0.760 -74.681 -54.226
A A T52 -0.914 -74.681 -54.22¢6
1.334 -1.068 -74.681 -54.22¢6
15586 -1.223 -74.681 -54.226
WALL TOP

+Shear
(Kips)

15.
12.

8.

B

2
-G,
=2,
~4.
-6.
=B
-9.

29
23.
16.

=25
-6.
=110,
SR
-20.
=25

OO OO OO0 00O

897
369
942
615

. 388

738
700
578
389
133
811

.835

007
292

-466
.742

230
840
422
978
511
029

. 264
.264
.264
.264
.264
.264
.264
.264
.264
.264
.264

—Shear
(Kips)

223
.943
L7130
.584

0.505
=1 507
-4.515
-7.441
-10.266
=12.830
-15.614

(B s p RN}

13.508
14.993
10.478
5.918
1.2395
-5.069
-11.800
-18.563
-25.350
-32.160
-38.853

-0.183
-0 .183
-0.183
-0.183
-0.183
-0.183
-0.183
-0.183
=B 183
~0 .183
-0.183
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BRASS-CULVERT (LRFD)
CENTENNIAL - DOUBLE 15' X 7' RCB

BOTTOM SLAB LEFT SIDE
4— 0 —23. 221 -35 787 -9.086 -14.624 29.442 1.9 675
4- 1 11.628 -1.053 -8.700 sl JELA 22.483 15.012
4- 2 41.012 0.000 -8.700 -15:011 15.525 193560
4- 3 59.304 0.000 -8.700 =15 1. B.566 5.687
4- 4 66.466 0.000 -8.700 =15.011 1.638 0.885
4- 5 62.494 0.000 -8.700 -15.011 -3.036 -5..962
4- 6 47.389 0.000 -8.700 =15.011 -7.699 =12 ;821
4- 7 21. 515 0.000 -14.292 ~5.419 ~12..361 -19.879
4- 8 -8. 925 -16.494 -14.678 -9.033 -17.024 ~26.837
4- 9 -39. 916 -64.924 -14.678 -9.033 -21.687 -33.796
4-10 -78.344 ~124.550 -14.678 -9.033 ~26.349 -40.754

BOTTOM SLAB RIGHT STIDE

Output complete for a HL-93-TANDEM vehicle
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Serviceability, Fatigue, and Other Checks

=@ Based on crack control check
AASHTO 5.7.3.4 LRFD

Slenderness check on walls passed
Eccentricity check on walls passed

Reinforcing Bar Stresses Sizes and Spacing

Note: Bar stresses are based on bending and axial stress only
Stresses are in ksi
Area of steel in sguare inches per ft
Spacing and H and V legs are in inches
Bar Mark Description
Al Top Ceorner OQutside face Max Neg Moment
Al100 Top Slab Inside face Max Pos Moment
A300 Top Slab Outside face Max Neg Moment Interior support
A2 Bottom Corner Qutside face Max Neg Moment
AZ200 Bottom Slab Inside face Max Pos Moment
AAOOD Bottom Slab Cutside face Max Neg Moment Interior support
B2 Exterior Wall Outside face Max Neg Moment
B1 Exterior Wall Inside face Max Pos Moment
B3 Interior Wall Both faces o
‘/“{ ug‘ a?@é
ey
Bar Type Fs Act. Fs All. Area steel Size ©Spacing/ H \4
Required  Provided us /
(Ksi) (Ksi) (InZ2) (In2) (In) (In)
a1 36.20 60.00 1.1238 1.1850 8.0 67 55
A2 33.40 60.00 0.9078 1.0286 7.0 41 46
A100 36.90 60.00 1.1140 1.1850 8 8.0
A300 33.01 60.00 2.2960 2.5400 10 6.0 ll
2200 38.98 60.00 1.0415 1.0533 8 9.0 tse d 7@4" ,Js:t.za,a'/ﬂ
B400 33.20 60.00 2.3052 2.5400 10 6.0
Bl 0.00 60.00 0.0106 0.2000 4 12.0
B2 49.43 60.00 0.3309 0.3429 4 7.0
B3 2.54 60.00 0.0010 0.2000 4 12.0
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Notes:

1.

Area of steel is the maximum required for all
limit states. The strength computations are shown in
the results at critical sections table.

Design thickness shown in the following tabkle is

based on the appropriate cover minus half the diameter
of the bar in the above table or one-half

the diameter of a #6 bar. The actual half bar diameter
is used ocnce the steel has been selected

and the #6 bar is used in design iterations.

For a Design review run the actual bar stresses shown
can be the stress at either side of a member corner or
the stress at the middle of the slab for a multiple cell
group. The required As is actual in a Design review.

If the user wishes to ignore crack contrecl the allowable
steel stress is set at 0.95 Fy. This limit will likely
not control the design, but it if should, this will
control yielding under service loads.
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CENTENNTAL - DCUBLE 15" X 7' RCB
Output at Critical Sections (per unit design width)

Member No. = 1 EXTERIOR WALL Thickness = 12.00 (in)

Clear cover at end = 3.00 (in)

Clear cover at middle = 2.00 (in)

Bar diameter (bot ) = 0.88 (in)

Bar diameter (mid+) = 1.00 (in)

Bar diameter (mid-) = G N Ui g )

Bar diameter (top ) 0.50 (in)

Coin. Resistance
Moment Axial Shear Shear Po Mu Mbal Pbal Steel Mom. Des. Design
Force Force Cap Cap Cap Cap Cap Area Cap Thk Ratio
Kft Kips Kips Kips Kips Kft KEft Kips In2 Kft in

BOT ~35:8 19.6 g.3 20T 328.7 41.6 61.7 107.6 1.0286 41.6 9.56 0.9
MID 0.7 19.6 a7 45.2 300.6 9.2 50.3 150:5 0.2000 9.2 9,75 0.1
MID- -13.1 20.1 1.5 18.7 305.4 15.3 52.5 143.6 0.3429 15.3 9.75 0.9
TOP -44 .3 20.1 10.9 11.7 334.0 46.7 63.5 99.1 1.1850 46.7 9.50 0.9
Member No. = 2 TOP SLAB Thickness = .00 (in)

Clear cover at end = 3.00 (in)

Clear cover at middle = 2.00 (in)

Bar diameter (1t ) = 0.88 (in)

Bar diameter (mid ) 1.00 (in)

Bar diameter (rt ) = 1.27 (in)
LT -44_3 10.4 ZZ. 9" 21.3 431.9 67.7 111.1 164.8 1.1850 67.7 13.50 0.7
MID 62 .2 10.9 &2 18.8 431.9 67.7 111.1 164.8 1.1850 67T T35 0.9
RT -116.1 10.9 F2L* 21.5 4779 1184 139.3 9.5 2.5400 118.4 13.36 1.0
Member Mo. = 3 INTERICR WALL Thickness = 2.00 (in)

Clear cover at end = 3.00 (in}

Clear cover at middle = 2.00 (in)

Bar diameter (bot ) = 0.88 (in)

Bar diameter (mid+) = 1.00 (in)

Bar diameter (mid-) = 1.27 (in)

Bar diameter (top ) = 0.50 (in}
BOT =0..7 51.5 0.3 5.8 300.6 14,1 50.3 150.5 0.2000 1z.1 . Th L N
MID FiaB 51.:5 0.3 5%.9 300.86 ¥2.1 50.3 150.5 0.2000 32 % 9.75 0.0
M1D— -0.5 51.5 5.3 57.9 300.6 kL2 50.3 150.5 0.2000 i o 9.75 0.0
TOP -1.3 51.5 8.2 554.6 300.6 121 5083 150.5 0.2000 12.1 9.'75 0.1
Member No. = 4 BOTTOM SLAB Thickness = 18.00 (in)

Clear cover at end = 3.00 (in)

Clear cover at middle = 2,00 (in)

Bar diameter (1t ) = 0.88 (in)

Bar diameter (mid ) = 1.00 (in)

Bar diameter (rt ) 1.27 (in)
LT ~38.8 9.6 21.9 23.0 475.6 64.2 129.2 189.7 1.0286 64,2 14.56 0.6
MID 66.8 8.2 3.0 21.6 476.4 70.1 135.6 203.9 1.0533 70.1 15.50 1.0
RT ~128.52 S 333 2 W ) 526.9 132.9 1e0.4 114.0 2.5400 132.2 14.36 0.9

Warnings:
i For exterior corners, BRASS-CULVERT does not perferm a check on both the exterior wall and top or

bottom slab.
BRASS-CULVERT only checks the location that it has determined requires a
Because of

greater area of steel.

this, BRASS-CULVERT may check cone location for a particular culvert (e.g. top of the wall) and a
different
location (e.g. left end of top slab) for the same culvert with a different depth of fill.
2. If the flexural resistance is zero and rebar has been entered, it could be due to the axial

load being higher than the tensile capacity of the rebar provide. For example,
is greater than the area of steel times the yield strength of the bars.

the axial load
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- DOUBLE 15' X 7' RCB

Volume of Concrete and Weight of Reinforcing Steel

Thickness

Top Bottom Exterior Interior Volume Steel
Slab Slab Wall Wall
(In) (In) (In) (In) (Cy/Ft) (Lb/Ft)

16.00 18.00 12.00 12.00 4,241 1100
Reinforcing Steel Bar Schedule

Location Mark Qty Size Type Length Wgt H Leg V Leg

(Ft-In) (Lbs) (Ft-In) (Ft-In)
TOP SLAB (Inside) Al00 225 8 STR 32- 8 19625
BOT SLAB (Inside) A200 200 8 STR 32- 8 17444
TOP SLAB (Cutside) A300 300 10 STR 32- 8 42171
BOT SLAB (Outside) A400 300 10 STR 32- 8 42171
CORNER  (Top) Al 450 3 L-BAR 10- 2 12215 5- 7 4- 7
CORNER (Bottom) A2 Zl6 7 L-BAR 7- 3 7645 3- 5 3-10
EXTWALL (Inside) Bl 300 4 STR - 6 1504
EXTWALL (Outside) B2 516 4 STR -0 2414
INTWALL B3 300 4 STR 9~ 5 1688
LONGITUD. { 3) 5 B 342 4 STR Sl= & LTETT
LONGITUD. { 3) C100 93 4 STR 51- 1 3175
LONGITUD. ( 3) C200 93 4 STR 51~ 1 3175
Total weight black bars 165104
Total weight all bars 165104

The minimum temperature and shrinkage steel for the:

Mark

Bl
B3
cl
C100
c200

Top slab(s) = (0.1100 in2
Bottom slab(s) = 0.1100 in2
Exterior wall(s) = 0.1100 in2
Interior wall(s) = 0.1100 in2

Splice Lengths Chart

Size

T T =

Splice
(Ft—-In)
1— 8
1= 9
T
)
I= 9

Length
(m)
.533
- 533
.533
533
933

o Cc o oo
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BRASS-CULVERT - (z) 15'x 7" RCE w/ 33" Max %ol Lover

BRASS-CULVERT (LRFD)

DATE 10/27/2014 TIME
Input Filename

15%7 — 33 feet.DAT
Output Filename

15x7 - 33 feet.xml
Output Filename for Live Loads

15x7 - 33 feet LL.OUT

The following filenames may be used in this run
F:

Live Load Influence Values
654\Division\Strl\Calcs\Centennial
Drawing
654\Division\Strl\Cales\Centennial
Live Load Influence Ordinates
654\Division\Strl\Calcs\Centennial
Live Load Actions {(w/o DF or IM)
654\Divisicon\Strl\Calcs\Centennial
Intermediate Computations
654\Division\Strl\Calcs\Centennial
Data Modelling
654\Division\Strl\Calcs\Centennial

COMMENT S THIS FILE WAS CREATED BY
COMMENT § DO NOT EDIT THTS FILE!
COMMENT S JOB DESCRIPTION:
TITLE CENTENNIAL — DOUBLE 15' X
STRUCTID

REGENCY

COMMENT S 33' MAX SOIL COVER
UNITSIN Us

UNITSOUT us

COMMENTS ANALYSIS CONTROL:
TYPE CIP

FUNCT DESIGN

LRFR NO

TRELEASE NO

TDSN LRED

KBASE FULL

KHACH NO

EPOXY NO

EDGE-STRIP NO

LRFD-SHEAR 0

IFATIG YES

DNEG 0.0000

COMMENTS DESTGN CONTROL:
I5AMS MO

ISAMW NO

ADDS 1.0000

ADDW 1.0000

MAXSTIZ 11

MINSIZ 1

SPCMAX 12.0000

SPCMIN 6.0000

ISPCGING MAX

PAS 0.012000

CUSTOM STD

EAR DE Us

COMMENT S OUTPUT CONTROL:
MTEN YES

IBSH YES

IINFEN NO

LIVELC NO

14:10:26

Version 2.3.6

PAGE 1

F:\Projects\400\412-654\Division\Strl\Calcs\Centennial Double

F:\Projects\400\412-654\Division\Strl\Calecs\Centennial Double

F:\Projects\400\412-654\Division\Strl\Calcs\Centennial

File name
Double 15x7
File name
Double 15x7
File name
Double 15x7
File name
Double 15x7
File name
Double 15x7
File name
Double 15x7

P

-

\Projects\400\412-
33 feebt INF.OUT

:\Projects\400\412~

33 feet.drw
\Projects\400\412~
33 feet.ill

:\Projects\400\412-

33 feet.oll

:\Projects\400\412-

33 feet.ooo

:\Projects\400\412-

33 feetC.tmp

THE BRASS-CULVERT GUI.
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DEFAULTS
LOOPS
INTERMEDIATE
COMMENTS
FCONC

CE

CWGT
COMMENTS
COMMENTS
COMMENTSS
ZEE
COMMENTS
COMMENTS
COMMENTS
EXP FACTOR
GAMMA MIN RE 1
GAMMA MIN RE 3
EWGT

AWGT

FYST

CN
COMMENTS
NBOX

NSPAN
NHITE

LENG
BWIDTH
CBWIDTH
TSLAB
KFXTS
BSLAB
KFXBS
WALLR

KFXW
TWALLR
KFXI
COMMENTS
CSKEW
LSKEW
RSKEW
COMMENTS

PAGE 2
DATE 10/27/2014

BRASS-CULVERT (LRFD) Version 2.3.

6
CENTENNIAL - DOUBLE 15' X 7' RCB

YES

NC

NC

MATERIAL PROPERTIES:
4500.000

3865202.000

150.000

THE IGNORE CRACK CCNTROL OPTION WAS SPECIFIED.
THEREFORE, Z WILL BE SET TO A LARGE VALUE 50
CRACK CONTROL WILL NOT BE CRITICAL

20000.0

THE IGNORE CRACK CONTROL OPTION WAS SPECIFIED.
THEREFORE, EXPOSURE FACTOR WILL BE SET TO A LARGE
VALUE SO CRACK CONTROL WILL NOT BE CRITICAL
120.0

1.600

0.750

125.000

145.000

60000.000

7.5028

BOX GECMETRY:

2

15.0000

7.0000

150.0000

150.0000

0.0000

20.0000

P

22.0000

F

15.0000

F

12.0000

F

SEEW:

0.0000

90.0000

90.0000

CONCRETE COVER:
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COovs

COVB

COVW
COVIN
COMMENT S
PRESS
PMIN

PWAT
NEFILL
NWEAR
FILLFA
TYFILL
COMMENTS
LVLD

LVLD
LVOMT
LLPATCH
SURCH USE
LIMIT DIST
LREDDE

PRAGE

3

DATE 10/27/2014

BRASS-CULVERT (LRFD)
CENTENNIAL -

.0000
.0000
.0000
.0000

DEAD LOADS:
100.000
35.000
0.000
33.0000
6.0000
1.1000
COMPACT
LIVE LOADS:
HL-93-TRUCK
HL-93-TANDEM
YES

PL

YES

NO

YES

NN W N

End of Input File No. 1

Version 2.3.6
DOUBLE 15" X 7!

RCB
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BRASS-CULVERT (LRFD)

PAGE 4

DATE 10/27/2014

Version 2.

CENTENNIAL - DQUBLE 15'

3.6
X 7' RCB

Note:

The fcllowing list of variables are used in the

application.

that is the internal computational mode.

The first set are the variables defaulted
from input and the second set are system
variables.

Units

USSI_UNITS:
USSI_UNITS_OU:

They are shown in US units because

Input Units
Output Units

mﬁésign Variables

LREDDE:
CUTYPE :
IDSN:
FUNCT :

TRELEASE:

DNEG:

CUSTOM :
TSAMS:
TSAMW:

Use LRFD methed for bot slab load distrib.
or Cast in Place (CIP)

Precast (PC)
Design Method
Design (DESIGN)

or Design Review
Moment Continuity Released

Culvert

(DESREV)
(@ end of wall

Distance to Neg. Moment Computation Point

Default bar spacing and design check control =

Design Same Top and Bottom Slab
Design Same Interior-Exterior Wall

Cutput Control Variables

MTEMN :
TINFN:
IBSH:

Output Moment-Shears
Output Influence Line
Qutput Bar Schedule

T

= CIp
LRED
DESIGN
F

= 0.00
STD
F

= E

8]

Standard Load Variables
Live Load Vehicle Name
Live Load Vehicle Name
Neglect LL for Fill &gt;

LVLD:
LVLD:
LVOMT :

8Ft &amp; Fill &g

= HL-93-TRUCK
= HL-93-TANDEM
t; Span = T

162



BRASS-CULVERT (LRED)

PAGE 5
DATE 10/27/2014

Version 2.3.6
CENTENNIAL - DOUBLE 15" X 7!

Uniform Dead Load Variable

EDLU: Extra Uniform Dead Load (Lbs/Ft) = 0.0
NWEAR : Thickness of Wearing Surface (in) = 6.0
Concentrated Dead Load Variables

EDLC1 : Extra Concentrated Dead Load (Lbs) = 0.0
EDLX1: Position of Load from CL of Left Wall (Ft) = 0.0
EDLC2: Extra Concentrated Dead Load (Lbs) = 0.0
EDLX2: Position of Load from CL of Left Wall (Ft) = 0.0
EDLC3: Extra Concentrated Dead Load (Lbs) = 0.0
EDLX3: Position of Load from CL of Left Wall (Ft) - 0.0
Soil and Water Pressure Variables

SURCH: Depth of Surcharge = 2.0
PRESS: Maximum Scoil Equiv. Fluid Pressure(Pcf) 100.0
PMIN: Minimum Seoil Equiwv. Fluid Pressure(Pcf) = 35.0
PWAT : Internal Water Pressure = 0.0
Geometry — Box Dimension Variables

NBOX: Number of Boxes (1 TO 4) = 2
NSPAN: Clear Span (Ft) = i )
NHITE: Clear Height (Ft) = 7.0
NFILL: Design Fill Measured from Top of Tep Slab(Ft) = 33.0
LENG: Section length(PC)-Culvert Length(CIP) (Ft) = 150.0
Geometry - Slab Thickness Variables

TSLAB: Minimum Value for Top Slab (In) 20.0
KFXTS: Code for Top Slab(F=Fixed,V=Variable) = F
BSLAB: Minimum Value for Bottom Slab (In) 22.0
KFXBS: Code for Bottom Slab({F=Fixed,V=Variable) = F
WALLR: Minimum Value for Exterior Wall (In) = 180
KFEXW: Code for Exterior Wall (F=Fixed,V=Variable) = F
IWALLR: Minimum Value for Interior Wall({In) = 12.0
KFXI: Code for Interior Wall (F=Fixed,V=Variable) = F
IWALLR: Minimum Value for Interior Wall (In) = 12.0
KFXTI: Code for Interior Wall (F=Fixed,V=Variable) = F
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CENTENNIAL - DOUBLE 157

3.6
X 7" RCB

gGeomeLry - Skew and Haunch Variables

LSKEW: Left End Skew Angle (Deg) = 90.0
RSKEW: Right End Skew Angle (Deq) 90.0
CSKEW: Culwvert Skew Angle {(Degq) = 0.0
TELILT: Top Haunch (In) = 0.0
BFILT: Bottom Haunch (In) = 0.0
KHACH: Haunches used in Analysis (YES/NQ) i NO
“Eeometry — Clear Concrete Cover -
COVS: Extericr Concrete Cover Top 3lab (In) - 2.0
COVB: Exterior Concrete Cover Bottom Slab (In) = 3.0
COVW : Exterior Concrete Cover Walls (In) = 2 .0
COVIN: Interior Concrete Cover (In) = 2.0
Reinforéiﬁd_éér variables and Thickness Increment
SPCMAX : Default Max. Bar Spacings (In) = 12.0
SPCMIN: Default Min. Bar Spacings (In) = 6.0
MAXSIY: Default Bar Sizes (US) = 1
MINSIZ: Default Bar Sizes(US) = 4
ISPCGINC: Reinforcing Bar Minimum Increment = T
EPOXY: Top Reinforcing Mat FEpoxy Coated = F
ADDS: Added Slab Thickness Increment (In) = 1.0
ADDW : Added Wall Thickness TIncrement (In) = 1.0
MaterléirProperties Variables T
EWGT: Weight of Soil (Pcf) 125.0
FYST: Yield Strength of Reinf. Steel (Psi) = 60000.0
FSTL: Allowable Stress of Reinf. Steel (Psi) (ASD) = 36000.0
FCONC: Compressive Strength of Concrete (Psi) = 4500.0
TSHR: Shear in Concrete (Psi) (RASD) = 0.0
FSTIR: Allowable Stress in Stirrups (Psi) (ASD) = 0.0
CWGT: Weight of Concrete (Pcf) = ERO ..
AWGT: Weight of Wearing Surface (Pcf) 145.0
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CENTENNIAL - DOUBLE 15" X 7' RCB
ZEE Crack Width Parameter from AASHTO = 20000.0
CN: Modular Ratio of Concrete 7.5
[0y Modulus of Elasticity of Concrete(ksi) = 3865.2
ZEE: Crack Width Parameter from AASHTO = G.9
CN: Modular Ratio of Concrete = 0.9
CE : Modulus of Elasticity of Concrete(ksi) =
Service-I load and resistance factors
EV: Vertical Earth Pressure max-min 1.00 1.00
DC: Components max-min 1.00 1.00
DW: Wearing Surfaces max-—min 1.00 1.00
EH: Horizontal Earth Pressure At-Rest 1.00
LS: Live load surcharge 1.00
WA: Water load and stream pressure 1.00
LL: Vehicular live load 1.00
Strength-I lcad and resistance factors
EV: Vertical Earth Pressure max-min 1.30 0.90
DC: Compeonents max-min 1.25 0.50
DW: Wearing Surfaces max-min 1.50 0.65
EH: Horizontal Earth Pressure At-Rest 1.35
LS: Live load surcharge 175
WA: Water load and stream pressure 1.00
LL: Vehicular live load L+75
Strength-IT load and resistance factors
EV: Vertical Earth Pressure max-min 1.30 @.90
DC: Components max-min 1.25 0. 90
DW: Wearing Surfaces max-min 1.50 0.65
EH: Horizontal FEarth Pressure At—-Rest 1.35
L3: Live load surcharge 135
WA: Water load and stream pressure 1.00
LL: Vehicular live load LB
Fatigue load and resistance factors
EV: Vertical Earth Pressure max-min 0.00 0.00
DC: Ccmponents max-min 0.00 0.00
DW: Wearing Surfaces max-min 0.00 0.00
EH: Horizontal Earth Pressure At-Rest 0.00
LS: Live load surcharge Q.75
WA: Water load and stream pressure 0.00
LL: Vehicular live load 0.75
BB: Factor Load Factor Po and Pb AASHTO = 0.80
BETAD: Dead Load Multiplier for Load Factor = 1.0000
BETAL: Live Load Multiplier for Load Factor = 0.0000
PHIMOM: Phi Factor for Moment = 0.9000
PHISHR: Phi Factor for Shear = 0.8500
BB: Factor Load Factor Po and Pb AASHTO = 1:30
BETAD: Dead Load Multiplier for Load Factor =
HAFBAR: Assumed Half a Bar Dia. of #6 Barmiiﬁymmm—__ = 0.375
I300: A300 and A400 Bars to TRUE = i
T400: A300 and A400 Bars to TRUE = T
TCHANG: Initial Settings = F
TCUT: Cut Bars Due to Skew = T
ICUTSM: Bar Cuts Symmetrical = F
TFIXB: Defaults for Slab Thickness Incrementing = E
IFIXI: Defaults for Wall Thickness Incrementing = F
IFIXT: Defaults for Slab Thickness Incrementing = F
IFIXW: Defaults for Wall Thickness Incrementing = F
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IFATIG: Check Fatigue = E
THAUCH: Code for Considering Haunch in Analysis = E
ILESS: Code for Span Less Than 5 ft = E
ISHR: Code for Shear Stress Check = E
ILOCP: Loop Counter for Design Iterations = 0 T
INTERM SWITCH: Turn on Intermediate Results Output = F
ISTORE: Design Moments to Zero = 0
KPASS: Variable Dimen (use in fixed thickness design)= VAR
KBASE : Bottom Slab Support Code (FULL, FIXED, HINGED) = FULL
LDPASS: Bypass Live Load if no wvehicle input = F
LONGB: Leongitudinal Bar Code = F
MESSGE: Code for Message Printout = T
PAS: Maximum AS/BD Desired = 0.012
JOB DESCRIPTION

Title : CENTENNIAL - DOUBLE 15' X 7' RCR

Structure ID

Agency name STD
Input units : US

Output units : US

ANALYSIS CONTROL

Moment Bottom Slab Negative
Construction Design/ Continuity Support Moment
Type Review Released Code Position
CAST-IN-PLACE DESIGN NO FULL 0.00
Consider Haunches in Analysis : NO
Perform Edge Beam reinforcement computations : NO
Use epcxy coated bars in teop mat of reinforcement: NO
in top slab
Design Limit State Load and Resistance Factors
Method Ductility Redundant Operations
LOAD & RES. 1.0000 1.0500 1.00
DESIGN CONTROLS
Design Design
Same Same Round-up Increment
Thickness Thickness Thicknesses Bar Spacing
Slabs Walls Slabs Walls File
(In} (In)
NO NC 1.00 1.00 Standard
Bar Spacing US-Bar Size Bar Spacing
Max Min Max Min Increment
(In) (In)
12.0 6.0 11 4 1 INCH
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BRASS-CULVERT (LRFD) Version 2.

CENTENNIAL - DOUBLE 15°'

OUTPUT CONTROLS

3.6
X7

RCB

Drawing File: NO
Actions at tenth Points: YES
Bar Schedule: YES
Live Load Influence Ordinates: NO
Live Load Actions Envelope: NO
Default Output: YES

Intermediate Design Iteration Computations: NO
Intermediate Computations NO

 MATERIAL PROPERTIES

Concrete Concrete Crack Width Steel Steel
e Ec Gamma E Fy n
(Psi) (Psi) (Kip/in) (Psi)
4500. 3865202. FhEH 60000. 7.50
Note:
1. The concrete unit weight used for the

Ec computation is 5 pcf less
than used for lcocad computatiocns

The crack width coefficient is the

coefficient in Eq. 5.7.3.4-2 for the

crack width parameter Z

Unit Weights

Concrete Scil Fill Wearing Surface
(Pcf) (Pcf) (Pcf)
1585 125. 145.
Note:

1. The Soil Structure Interaction Factor
from AASHTO is computed and applied to the
weight of earth input
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" BOX GEOMETRY

Culvert Span Clear Centerline
Cells Length Height Length
(Ft) S8, (Ft)

DOUBLE 1500 7200 150.00

Bridge Number of

Width Traffic Lanes

(Ft)

150.00 1 and 2 lanes investigated

Slab and Wall Information

Top Bottom Exterior Interior
Slab Slab Wall Wall

(In) (In) (In) (In)

20.00 Fixed 22.00 Fixed 15.00 Fixed 12.00 Fixed

LIVE LOADS

Vehicle Designation

HL-93-TRUCK

HL-93-TANDEM

Live Load Control: YES
(Neglect Live Load if fill is greater than 8 ft.
and fill is greater than culvert span)

Tire application model: patch load
Live Load Surcharge: 2.0 Ft

DEAD LOADS

Concentrated Loads

Wgt. Dis. Wat. Dis. Wgt . B E.
(Kips) (Ft) (Kips) (Ft) (Kips) (Ft)
0.0 0.0 0.0 0.0 0.0 0.0
Soil Water
Pressure Density
Max Min
{(Pct) (Pct) (Pct)
HEE 35.0 0.0
Wearing
Uniform Surface Fill
Load Thickness Height
(plf) (in) (Ft)
0.0 6.00 33.00
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SKEW

Skew Skew Skew

Left Right Center
(Deq) (Deqg) (Deqg)
90.0 90.0 0.0

HAUNCHES

Top Haunch Bottom Haunch

Height Height
(In) (In)
0.0 0.0

~ CONCRETE COVER to face of bar

Top Bottom Exterior Interior

Slab Slab Wall Wall

(In) (In) (In) (In)
2.00 3.00 2.00 2.00

LRFD Live Load Distribution Factor Computation

Ihput Values .

Depth of Fill L =33.00

Span Length = 1500 f

Truck Gage =600 fi..
Sail Di_?’tribution Factor = 1.10

‘Tire Patch Width =20.00 in.

Bridge Width ~ =150.00 ft. -
Lengthi ==~ 00 o = 150000

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater strip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)
Controlling Distribution Factor

Final Strip Width = 44.87 ft.
Final Distribution Factor = 1/Final Strip Width = 0.022 Lanes per ft. of width
Multiple Presence Factor = 1.20

Distribution Factor * Multiple Presence Factor = 0.027
Dynamic Load Allowance Calculation - Article 3.6.2.2

IM=33(1.0-1.25D,)
IM = 33(1.0 - 1.25(33.00))
IM = 0.0000

Notes:

Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence
factor for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1, 3.6.1.3.3, and 4.6.2.10.
Lane loads are not applied. See 3.6.1.3.3. This applies to all approximate strip methods.
The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. Sece 3.6.1.2.6.
169

Ld I



PAGE 12
DATE 10/27/2014
BRASS-CULVERT (LRFD} Version 2.3.6
CENTENNIAL - DOUBLE 15' X 7" RC

Number of cells = 2
Top Slab thickness = 20.0000
Bottom Slab thickness = 22.0000
Exterior Wall thickness = 15.0000
Interior wall thickness = 12 .0¢ Tn
Design Span(c-c walls) = 16.1250
Design Height (c—c slabs) = 8.7500
Fill Height(top of slab) = 33.0000
Wearing surface thickness = 6.0000
Loads based on 1 feoot unit width
Soil Structure Interaction Factor = 1.1500
Barth Weight for f£fill computations = 0.1437
Weight of Fill without wearing surface 4.6719
Weight of Wearing Surface = 0.0725
Weight of Top Slab = 0.2500
Weight of Extra Uniform Dead Load = 0.0000
Uniform Dead Load on Top Slab = 4.9944
Weight of Walls divided by culvert width - 0.1140
Uniform Dead Load on Bottom Slab = 5.1083
So01l pressure at center of top slab = 3.3833
Soil pressure at center of botteom slab = 4.2583
Soil pressure due to live load surcharge = 0.0700
Impact Factor on Top Slab & Walls = 0.0000
Tmpact Facter on Bottom Slab = 0.0000
Axle Load Distribution Factor on:
Top Slab & Walls = Q..0287
on Bottom Slab = 00267
Note:

1. The weight of the walls is computed by taking the
interior wall thickness plus twice the exterior wall
thickness and multiplying by the clear height of the
culvert and the weight of concrete. That result is
divided by the span length times the number of cells
plus the wall thicknesses.

2. The soil pressure computations use the fill height
and the culvert height for appropriate values for
lateral earth pressures. Wearing surface, fill
height, and slab thickness are used in vertical dead
load computations.

3. The distribution width and asscociated distribution
factor for the top slab is computed according to
AASHTO LRFD 4.6.2.10 for £ill depth less
than 2 ft. and AASHTO LRFD 3.6.1.2.6 for fill
depths over 2 ft. Also, see 3.6.1.3.3.

No live load used

Fill greater than 8 feet and span length

Factors for Ductility 1.00

Redundancy 1.05
Operations 1.00

Design Iteraticn Loop Number 1

B

In.
Tt
In.
Ft.
=
Ft.
T1le

Kcf

K1f
K1f
K1lf
K1f
K1f

K1f
K1f

K1f
K1£
K1f
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Current Live Load:

BRASS-CULVERT (LRFD)

HL-93-TRUCK

PAGE 13
DATE 10/27/2014
Version 2.3.6
CENTENNIAL - DOUEBLE 157

T

RCB

Unfactored

MOMENT S

(per unit design width)
due to Dead and Live Loads including Distribution and Impact

M—PT
EXTERIOR
1- 0
1-1
1— 2
1~ 3
1- 4
2= B
1- 6
1- 7
1- 8
1— 8
1-10
EXTERIOR
TOP SLAB
20
2= ]
2~ 12
2- 3
2— 4
=
2— 6
2=
2- 8
2= 9
2-10
TOP SLAB
INTERIOR
3- 0
3- 1
=2
8= 3
3- 4
B 1B
3- 6
3=
3-8
3— 9
3-10

De
Lo

KL

WALL
=2

=23
-24.
=P8
=2 b
=28
-29.
~ 3
=31.
=33

-34
WALL

LEFT
-34

13.
47.
69.
78.
e
56.
26.

=17

i
-142.

RIGHT

WALL BOTTOM

-0.
=i
=B
=0k

ad Soil Soil
ad Press Press
(Max) {(Min)
t Kt KEE
BOTTOM
.97 -20.00 -7.00
22 -6.08 =2.13
47 4.65 1.63
T2 142 2% 4. 29
97 16.81 5.88
21 18.36 6.43
46 16.99 5.95
71 TR T8 4._47
96 5.74 2.01
21 -4 .01 -1.40
.46 -16.41 -5.74
TOP
SIDE
.46 -16.41 —~5.7T4
1.5 -13.896 -4.89
8 VB2 =403
42 -9.07 -3.18
07 ~5.563 =232
73 -4.18 -1.46
41 -1.73 -0.61
1; 0.71 .25
.19 3186 i1 il
46 5.60 1.96
73 8.05 2.82
SIDE
17 -0.06 -0.02
14 -0.05 =02
10 -0.03 -0.01
07 -0.02 -0.01
403 =0 . QL -0.00
=] -0.00 -0.00
.03 0.01 0.00
.07 0.02 0.01
10 0.03 004
.13 0.05 0.02
ST 0.06 0.02

INTERIOR WALL TCP

Surch

Hgt .

Kft

|

OO Dooooo

.36
«12
.08
22
.30
.34
.32
.24
sl
BT
.30

+ 30
.26
.21
.17
12
.08
.03
¢ Jue
.06
.10
Rl /]

.00
.00
.00
.00
-00
.00
.00
.00
.00
.00
.00

Wa
Pr

(M
Kt

[ e o SRl oo K o oo Qo S oo IS o S s JC ol i L B i B o i S oI o o e ) > B o

8O O NG S OO B

ter
€58
ax)
76

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

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

.00
.00
.00
.00
-00
.00
.00
.00
.00
.00
.00

LIVE
Pos

Kft

o s 200 DE O e O O OO O 0C0c oo Do oo

[=o e N oo I ev N oo BN e B an H o B aw B o B e

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

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

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

LOADS
Neg

Kft

O OO OO0 0O OO oo oo oOoOocoOoOooo

[N il ol o i o B o i o Bl e e i o N o]

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

=00
.00
.00
.00
.00
.00
.00
-00
.00
.00
.00

-Q0
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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BOTTCM SLAB LEFT SIDE

4- 0 =21
4- 1 24 .
4- 2 5 -
4- 3 .
4- 4 84 .
4- 5 7.
4- 6 57 .
4- 7 24.
4— 8 -22
4= g -81
4-10 -155

97
49
67
57
1%
52
57
34
.17
L9
U5

=20
o1 e A
-14.
=11,
-8.
5.
—2

1.
.00
.00
10.

4
7

BOTTOM SLAB RIGHT SIDE

Qo
00
00
0o
00
00
00
0o

0o

-4

=]

W N

PAGE 14
DATE 10/27/2014

BRASS—CULVERT (LRED)
CENTENNIAL - DOUBLE 15'

.00
-5
.90
=3.
=2.
75
.70
.35
.40
.45
.50

95

85
80

Version 2.3.6

.30
.31
J25
.20
o5 i
109
.04
.02
.07
.13
18

@ O OO @O oD 2

X 17

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

(en e [ an B < Jit o BT o B o T e i e Y o Y o

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

o0 CcCOoOOoO o0 0Cco

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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Current Live Lo

ad:

BRASS-CULVERT (LRED)
CENTENNIAL - DOUBLE 15°

HL-93-TRUCK

PAGE

1h

DATE 10/27/2014
Version 2.3.6

X7

RCB

Unfactored

SHEARS
due to Dead and Live Loads including Distribution and Impact

(per unit design width)

De

M=PT Lo

K

EXTERIOR WALL
L~ D -1.

1- 1 =il

1= 2 =]

e B =&

1- 4 |

I— 5 =k

1- 6 =1,

1- 7 =1z

1- 8 =l

— 9 =l 5
1-10 =1.
EXTERIOR WALL
TOP SLAB LEFT
2.0 33.

2- 1 25

2— 2 LT

2— 3 2,

2— 4 1.

2— 5 -6,

2- 6 -14.

2- 7 =22.

2— 8 -=30.

2- 9 -38.
2-10 -46.

TOP SLAB RIGHT
INTERIOR WALL
3- 0 0
=1 0

I 2 0

3— 3 0

3- 4 0

3= 5 0

3- 6 0

3= " 0

3— 8 0

3= 2 0
3-10 0

INTERICR WALL

ad Soil
ad Press
(Max)
K
BOTTOM
43 17.77
43 14.08
43 10.47
43 693
43 3.47
43 0.09
43 -3.21
43 —-6.44
43 =9, 59
43 -12.67
43 -15.867
TOP
SIDE
55 1.52
.50 L.52
45 1.52
39 1.52
34 1:582
71 1.52
77 1.52
82 1.52
87 1.52
93 1.52
98 1.52
SIDE
BOTTOM
.04 0.01
.04 0.01
.04 0.01
.04 0.01
.04 0.01
.04 0.01
.04 001
.04 0.01
.04 0.01
.04 0.01
.04 0.01
TOP

Soil

Press
(Min)

K

= DS o Oy

(ev il Jilen B oo Il oo O oo Bl e B o i e Bt e B o

& DaG &G Ex

L= Qoo Fl o I 5 P 2

22
A3
.06
.43
22
0.
..
=2 .
=3
-4,
=5

03
12
25
36
43
48

+53
93
453
“BE
93
83
.53
B3
.53
A3
D3

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
+80

Surch Water
Press

Hgt.

K

O & O OneE S O 8

s B0 o S = I - T o R > 2o M o M oo M o

i
.25
LY
w3
.07
01
.05
.12
«18
.24
.30

.03
.03
.03
.03
.03
.03
-3
=03
.03
.03
.03

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

{(Max)

K

o oo

o O

[T = o= B o

[T o B e 1 o i ce T e B - TN o R e R - B

[en R en [ an T an B oo i an B oo B e B o B o 8 @

.00
.00
.00
.00
.00
=00
.00
.00
.00
.00
.00

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

iglo)
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

LIVE
Pos

K

o OO

CoOOocoOo0 Qo0

C O oo O0OOoO00O0O

(snfiier ol ar i e I an oo dE o i i e B e

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

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

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

LOADS

Neg

K

D0 @0 O 0 0 s O T

o
]

O DOooOooe.g

[N i o B e I o B o i ol o o B o i o

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

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

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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. BRASS-CULVERT (LRED)
CENTENNIAL - DOUBLE 15'

BOTTOM SLAB LEFT SIDE

4- 0 32.83 1
4— 1 24.70 e
4- 2 16.46 1
4- 3 8.22 1
4- 4 -0.02 i
4- 5 =8.25 1.
4- 6 -16.49 il
4— 7 -24.73 1
4- 8 -32.96 il
4- 9 -41.20 1.
4-10 -49.44 1.
BOTTOM SLAB RIGHT SID

E

.86
.86
.86
.86
.86

86

.86
.86
.86
.86
.86

PAGE

16

DATE 10/27/2014
Version 2.3.6

O O

O 20 80 olg Oha

.65
.65
.65
.65
.65
.65
.65
.65
.65
.65
.65

[ e B e O i A v i o T e B e A o

: 03
.03
« 03
.03
03
.03
.03
<03
.03
.03
.03

= O S DRG0 OE OHE e

.00
.00
-00
.00
.00
.00
.00
.00
.00
.00
.00

X

7

O oC OO0 oo O

RCB

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

L= ot ot B i i e A o Tl w0 M oo B o JO o B

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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Current Live Load:

BRASS-CULVERT (LRED)
CENTENNIAL - DOUBLE 15’

PAGE

17

DATE 10/27/2014
Version 2.3.6

HL-93-TRUCK

X1

RCB

Unfactored

AXTAL FORCES

(per unit design width)
due to Dead and Live Loads including Distribution and Impact

Dead Soil
M-PT Load Press
(Max)
K K
EXTERIOR WALL BOTTOM
1—0 —-32.52 -1.47
-1 =32.52 =1.47
de=e 3 =30, 52 e B
1— 3 =3Z.52 -1.47
1- 4 -32.52 -1.47
1l— b =32,52 -1.47
11— 6. =32.52 -1.47
1- 7 =32.52 =1.47
3-8 =32.52 —1.47
1- 9 -=32,.52 -1.47
1-106 =32.52 =Tl
EXTERIOR WALL TOP
TCP SLAB LEFT SIDE
2— 1 -1.51 -16.60
2= 1 -1.51 -16.60
2— 2 =-1.51 -16&.60
2— 3 -1.51 -16.60
2= 4 -1.51 -16.60
2= 5 =1.51 ~-16.60
2— 6 -1.51 -16.60
2= 7 -1.51 -16.60
2— B -1.51 -16.60
2— 9 =1.51 =16.60
2-10 =1.51 =1§.60
TOP SLAB RIGHT SIDE
INTERIOR WALL BOTTOM
3- 0 -87.01 2.82
3- 1 =-87.01 2.82
3= 2 =87.02 2.82
3= 3 =87.01 2.82
3— 4 ~8B7.01 2.82
3—5 —87,01 2.82
3—- 6 —-87.01 2.82
3= "7 =B7.01 2.82
3—=8 =B7.01 2.82
3- 9 -87.01 2.82
3-10 -87.01 282
INTERIOR WALL TOP

Soil

PBress
(Min)
K

-3

-5.
-9
=5.
.81
=5
=
-5.
-5.
=i
=5

O C OO o000 OO 0oO0o

Bl
SNl
.
51
.51
.51
=51
.ol
Bl
.51
«51

.81

81
81
81

81
81
81
81
81
81

S99
~ 29
99
+ 39
98
~24
Tes
Y
.89
.99
R e

Surch Water
Press

Hgt.

K

=0
=iz
03
=~
.03
=,
.03
-0.
.03
.03
=8

-0

-0

e cow B o oo B o i o Y > L T w0 I o i

03
03

03

03

03

03

.32
.32
.32
Bt
.32
.32
)
32
e 1
3
o

05
.05
.05
.05
05
~05
=5
.05
.05
.05
.05

{Max)

K

OO OO0 000 oCoOD OO C OO0 00 oo

lec i en B ex o Bl an o [ oo B o B oo BN @ (o

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

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

By
.00
.00
.00
.00
00
.00
.00
.00
.00
.00

LIVE
Pos

O e 10 G O & O oo CcCoO oo oo ooO0o

o0 090 Da o oo D

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

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

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

LOADS
Neg

K

(== o B e I o Y oo I o A oo 01 S o B o B

[

O Do OoO0O0ooo

(e en oo e Bl en e Sl e B oo B e B B oo

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

.00
.00
.00
-00
.00
.00
.00
.00
.00
.00
.00

.00
-00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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BOTTOM SLAB LEFT

47
47
4
4—
4_
47
47
47
4—

1

O WU W N O
g

=
=
o

.36
.36
.36
. 3%
.36
.36
.36
.36
.36
.36
« 36

SIDE

-16.
-16.
-16.
-16.
=16,
=1
—16.
=165
-16.
~16.
=16.
BOTTCM SLAB RIGHT SIDE

Factors for Ductility

Redundancy
Operations

94
94
94
924
94
94
94
94
94
94
94

PAGE

18

DATE 10/27/2014
BRASS-CULVERT (LRFED)

CENTENNIAL
=5,.93 =
=593 -0
=5.893 -0
=B I3 -0
~5.93 -0
=593 =)
=5.93 -0
=5.93 -0
-5.93 -0
=593 -0
=5.93 -0

1.00
1. 05
1.00

- DOUBLE 15'
.30 0.00
.30 0.00
.30 0.00
30 0.00
30 0.00
.30 0.00
.30 0.00
.30 0.00
=30 0.00
.30 0.00
30 0.00

Version 2.3.

X

6
-

G O @D 200 QD SN O

RCB

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

o O

o= en B e I en i oo B e B oo S e BN

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
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PAGE 18
DATE 10/27/2014
BRASS5-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15' X 7' RCB

No Fatigue Checks Required for this Live Load
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PAGE 20
DATE 10/27/2014
BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15" X 7' RCB

LRFD Crack Control Computation

Current Vehicle: AASHTO LRFD HIL-93 Design Truck (US)

Bging |

i (m) B Max Spacing ( | - ‘Current = | Allowable Siress ;Actual Stress (

i Location oy,

i Topslab,

| in.) " | Spacing (in.) | (kip) L kip)
i -outside corner. i

1120.00000000 | 15.00000000 256400013 11.29453659 | 182853771973 |- 8.00000000 | 4923.64306641 | 3538708496

Top slab, inside |y 54 10000000 120.00000000 2.56399918 11.21007431 | 1869.49865723 | 8.00000000 | 525837988281 = 37.02989197

i - face

Ol;‘)s?df?:ge': 1120.00000000 20.00000000 12.70499992 |1.22343373 | 1741.70520020 | 7.00000000 | 5530.77441406  39.29861832

Bottom slab,
outside corner

12000000000 |15.00000000 2.50000000 128571427 | 1778.25708008 | 8.00000000 500437451172 | 3663708115

S0 B g s i s

Bottom slab,
inside face

0.0000000022.00000000 1256399918 1.18845725 ; 1764.89855957 : 9.00000000 4982.17480469 : 39.93152618

i
H
i

3

Bottomsslab, 4,4 10000000 2200000000 13.70499992 11.28930616 | 1614.25048828 ~ 7.00000000 = 4510.86621004 | 40.17568207
: LR = | : Bl S -

outside face
- Ext wall,
_ outside face  :

£

000000000 |15.00000000 2.31250000 |1.26038003 1276.83349609 - 9.00000000 | 487367675781 | 52.00836945

Ext. wall, inside .

| : - 0.8*[ > [ therefore no check necessary.
Sofage e i p

0.8*f, > [, therefore no check neccssary

. Interior wall |
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BRASS-CULVERT (LRED)

PAGE 21
DATE 10/27/2014

CENTENNIAL - DOUBLE 15°'

Lateral Distribution Steel:

Span Length

Percentage of main reinforcement required
Main reinforcement area

(top slab)

Reguired lateral distribution area

Because Lhe required area is less than the minimum,

X

Version 2.3.6

7

16
24.
1z
0.

RCB

125 feet
903% ,
500 inn2
000 in~2

used.
Bar size (C100) = # 4
Spacing (C100) = 12.000 in
Area of steel (C100) = 0, 200 4ino2
Main reinforcement area (bottom slab) 1.333 in"2
Required lateral distribution area = 0.000 in"2
Because the required area is less than the minimum,
used
Bar size (C200) = # 4
Spacing (C200) = 12.000 in
Area of steel (C200) 0.200 in~2
Bar sizes and spacings with computed areas of steel
Areas of steel are in in2/ft
Top slab
LEFT SIDE CENTER
area 1.5000 in2 area 1.5000 in2
size 9 spaced at 8.00 in. size 9 spaced at 8.00 in.

an area of steel of

an area of steel of

RIGHT SIDE
area 2.6743 in2
size 11 spaced a

hhkkkhkkhkhhhbhkhbhbhhdbhbbhhhhhhbhdddbrrrhdaodbtddrdddbhrhhdbhArhbrhbrhhdhdrhhrThaddrk

Exterior wall
TOP
area
size

1.5000 in2
9 spaced at

INSIDE FACE
0.2000 in2
4 spaced at

area
size

OUTSIDE FACE

area 0.4133 in2
size 5 spaced at
BOTTOM

area 1.1850 in?2
size B8 spaced at

8.00

12.00

8.00

in

in.

5 [ 0

Interior wall

khhkkbkdkkbhkhhdbhhhdhbhddhhbddrbr ok ddrhhhddrdrbdhrdrhbrbrhhrhbbhdrbrardhbdrbdbrrrrdis

LEFT SIDE
area
size

1.1850 in2
8 spaced at

8.00 in.

Bottom slab
CENTER
area
size

1.3333 inZ2
9 spaced at

9.00 in.

less than or egual to 50%

0.200 in™2 is

0.200 in™2 is

t 7.00 in.

TOP

area 0.2000 inZ2

size 4 spaced at 12.00 in.
EACH FACE

area 0.2000 inZ2

size 4 spaced at 12.00 in.
BOTTOM

area 0.2000 in2

size 4 spaced at 12.00 in.
RIGHT SIDE

area 2.6743 inZ2

size 11 spaced at 7.00 in.
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PRAGE 22

DATE 10/27/2014
BRASS-CULVERT (LRFD)

Version 2.3.6

CENTENNTAL - DOUBLE 15" X 7' RCB
Reihforcjng Steel Bar Schedule
Location Mark Qty Size Type Length Wgt H Leg V Leg
(Ft—In) (Lbs) (Ft—-In) (Ft-In)
TOP SLAB (Inside) AI100 225 9 STR 0- 0 0
BOT SLAB (Inside) A200 200 9 STR 0= i@ 0
TOP SLAB (Outside) A300 258 11 STR 0- 0 0
BOT SLAB (Outside) A400 258 11 STR 0- 0 ]
CORNER Top) Al 450 9 T.-BAR 12- 4 18868 6— 9 55 b
CORNER Bottom) Az 450 8 L-BAR 9- 0 10814 41— 3 4- 9
EXTWALL (Inside) Bl 300 4 STR 7= 6 1504
EXTWALL (Outside) B2 400 5 STR 0- 0 0
INTWALL B3 300 4 8TR 0- 0 0
LONGITUD. ( 3) Ccl 351 4 STR 51— 1 11985
LONGITUD. ( 3) C100 0 4 STR = 3 0
LONGITUD. { 3} c200 0 4 STR Bl 1 0
Total weight black bars 43171
Total weight all bars 43171

The minimum temperature and shrinkage steel for the:
Top slab(s)
Bottom slab(s) =

Ma

B1
B3
cl
cl
(6%

Exteriocr wall (s)

Interior wall(s) =

0.1100
0.1100

= 0.1100

0.1100

Splice Lengths Chart

rk Size
4
4
4

00 4

00 4

Splice
{FL—Tn)
-9
1- 9
1= 19
1- 9
1—=9

Le

in2
in?2
in2

in2

ngth

(m)

oo oo

BB E]
.5933
533
.533
#5133
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CENTENNIAL - DOUBLE 15" X 7' RCB

Factored Actions for Load and Resistance Factor Bégfﬁn at Tenth Points (per unit design width)

M-Pt +Moment ~Moment +A.F. -A.F. +3hear —Shear
(Kft) (Kft) (Kips) (Kips) (Kips) (Kips)

EXTERIOR WALL BOTTOM

1- 0 -39,585 -59.000 -31.998 -46.496 24.414 14.841
T -27.601 -40.510 -31.998 -46.496 19.074 11.356
1- 2 -16.295 -28.984 =32, 12 -45.7561 13.843 7.944
1— -3 -6.432 -23.500 -32.742 —45.751 8.720 4.603
1- 4 -1.003 -20.807 =32.742 -45.751 3.706 1.336
1= 5 0.085 -21.142 -32.742 —45. 751 -1.200 -1.860
1- 6 i X050 -24.141 -32.742 -45.751 -4.380 -6.601
1- 7 -10.379 -29.841 -32.742 —45.751 -7.430 =17 280
1- 8 -21.741 =88 ol -32.742 -45.751 -10.409 =15.870
L= B -35.046 -51.110 -31.998 -46.496 -13.315 -20.342
1=10 —-47.941 -70.826 -31.998 -46.496 -16.149 -24.705

EXTERIOR WALL TOP

TOP SLAB LEFT SIDE

2- 0 —-47.941 -70.826 -17.110 -26.175 47.876 33.01e6
2- 1 4.748 -7.886 -17.749 —25.536 36 389 25.435
2- 2 54.296 0.000 -17.748 -25.,536 26.002 L7 .855
2= 3 86.127 0.000 -17.749 -25.536 15.015 10.274
2- 4 100.242 0.000 ~17.749 —2:D .330 4,028 2.694
= 5 96.641 0.000 =17-749 -25.536 -4.119 =T TE7
2- 6 75.324 0.000 ~17.749 =25 .536 -11.699 -18.713
2= 1 36.651 0.000 -26.175 -17.110 Sl ) -29.700
2~ 8 -11.582 -20.460 -25.536 -17.749 -26.860 -40.687
2= 3 -61.015 -94.826 —25:. 536 -17.749 -34.440 -51.674
2-10 -122.662 -187.108 -25.536 =17 149 -42.021 -62.661

TOP SLAB RIGHT SIDE

INTERICR WALL BOTTOM

3- 0 -0.213 ~0..316 -79.234 -114.607 0.072 0.0438
3= 1 -0.170 =0.2563 ~-79.234 -114.607 0.072 0.048
3= 2 -0.128 -0.190 -79.234 -114.607 0.072 0.048
3~ 3 -0.086 =-0,127 -79.234 -114.607 0.072 0.048
3- 4 -0.043 -0.064 -79.234 -114.607 0.072 0.048
3= 5 -0.001 -0.001 -82.614 -114.607 0.072 0.048
3—- 6 0.062 0.000 -114.607 -79.234 0.072 0.048
3- 7 0.125 0.000 -114.607 -79.234 0.072 0.048
3- 8 0.188 0.000 -114.607 -79.234 0.072 0.048
3- 9 0.250 0.000 -114.607 =79,234 0.072 0.048
3-10 0.313 0.000 -114.607 -79.234 0.072 0.048

INTERIOR WALL TOP
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BOTTOM SLAE LEFT SIDE

4- 0 -39.585 -59.000 -14.730 -22.709 47.628 32.757
4- 1 17.344 -1.619 -14.154 —23.285 36.391 25.004
4- 2 65.446 0.000 -14.154 ~23..285 25.153 17.250
4- 3 95.427 0.000 ~14.154 —23.285 13.816 9.497
4- 4 187288 0.000 -14.154 —23.285 2.685 1.737
4- 5 101.029 0.000 -14.154 -23.285 -5, 068 -9.501
4- 6 76.649 0.000 ~14.154 -23.285 -12.822 -20.738
4- 7 34.653 0.000 =22, 709 -14.730 =20. 575 -31.976
4- 8 =15.071 -26.473 =23..285 -14.154 -28.329 -43.213
4- 9 -67.003 -105.214 =23 280 -14.154 —-36.082 -54.451
4-10 -131.436 -202.076 -23.285 -14.154 -43.836 -65.688

BOTTOM SLAB RIGHT SIDE

Output complete for a HL-93-TRUCK vehicle

LRFD Live Load Distribution Factor Computation

Input Values

Depth of Fill =33.00 fi
Span Length RS0
Truck Gage =600 f
Soil Distribution Factor = 1.10

‘Tire Patch Width =20.00 in.
Bridge Width = 150.00 f
Length = 150,00 ft.

Fill greater than 2 feet - Article 3.6.1.2.6
Use greater sirip width between 4.6.2.10 and 3.6.1.2.6 (use better distribution)

Controlling Distribution Factor

Final Strip Width = 44.87 fi.

Final Distribution Factor = 1/Iinal Strip Width = 0.022 Lanes per {t. of width
Multiple Presence Factor =1.20

Distribution Factor * Multiple Presence Factor = 0.027

Dynamic Load Allowance Calculation - Article 3.6.2.2
IM=33(1.0-1.25D,)

IM =33(1.0 - 1.25(33.00) )

IM = 0.0000

Notes:

1. Only the one lane loaded case is considered for 4.6.2.10, which provides an upper bound on the distribution plus multiple presence
factor for all cases. The one lane loaded multiple presence factor is used. See 12.11.2.1, 3.6.1.3.3, and 4.6.2.10.

2. Lane loads are not applied. See 3.6.1.3.3. This applies to all approximate strip methods.

3. The distribution factor for fills of 2 feet or greater is bounded by the distribution factor computed in 4.6.2.10. See 3.6.1.2.6.

No live load used
Fill greater than 8 feet and span length

Factors for Ductility 100
Redundancy 1.05
Operations 1.00
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No Fatigue Checks Required for this Live Load
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LRFD Crack Control Computation

Current Vehicle: AASHTO LRFD HL-93 Design Tandem (US)

Allowable Stress ‘Actual Stress (

! Max Spacmg( Current- §
100 § (kip).+ . - kip)
o

Location A h(in) | de(in) B ) zspacmg(m)

Top slab,

S 120.00000000 |15.00000000 12.56400013 1,2945365_9 1828. 53771973 : 800000000
outside corner % il

4923 64306641 | 3538708496

Top slab inside
: fdht‘,

; 5258.37988281 ; 37.02989197

120.00000000 20.00000000 2.70499992 122343373 | 2023.64831543 | .’6.0000'0000' | 6013.72216797

_ 12(}.0000()()00 20.00000000 §2.563.9991_8 1.21007431'_g 1869.4_9865723 '8 00000000

s

lop 3]db
outside face

BO‘F"”‘S“‘]’* 190()0000000 15.06000000 2,50000000 128571427 | 1778.25708008 | 8.00000000 | 500437451172 | 36.63708115
;outsu:k comer . | i : ; heiind i

3 Bottom slab
inside face

;120.000'00000 22.00000000 §2.5639991_8._1.18845_72’5_@ 1764.89855957 | 9.00000000 | 498217480460 | 39.93152618

? Bottom slab,
| outside face

L Bxtwall o0 06000000 15.00000000 ?2.31250000-231.2603_8003
outside face - | st : Tt D :

120.00000000 22.00000000 3.70499992 128930616 1876_03454590 . 6.00000000 | 484138427734 | 34.59157944

1276. 8334960) 9.00_00000_0}' | 487367675781 | 52.00836945

Ext. wall, mdelll Do R e e e T e

. e '
Face 0.8 > 1 th§refor§ no check necessary.

3 Interior wall ; Ghnna iR e e g e therefore no check“riecess_ary. :
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CENTENNIAL - DOQUBLE 15' X 7' RCB

Lateral Distribution Steel:

Span Length = 16.125 feet
Percentage of main reinforcement required = 24.903% , less than or equal to 50%
Main reinforcement area (top slab) = 1.500 in™2
Reguired lateral distribution area = 0.000 in"2

Because the required area is less than the minimum, an area of steel of 0.200 in~2 is

Bar size (C100) = # 4

Spacing (C100) = 12.000 in
Area of steel (C100) = 0.200 in"2
Main reinforcement area (bottom slab) = 1. 383 1nme
Required lateral distribution area = 0.000 inn2

Because the required area is less than the minimum, an area of steel of 0.200 in"2 is

Bar size (C200) = # 4
Spacing (C200) * = 12.000 in

Area of steel (C200) = 0.200 inn2

Bar sizes and spacings with computed areas of steel

Areas of steel are in in2/ft

Top slab
LEFT SI1DE CENTER
area 1.5000 inZ2 area 1.5000 inZ2

RIGHT SIDE
area 3.1200 in2

size 9 spaced at 8.00 in. size 9 spaced at 8.00 in. size 11 spaced at 6.00 in.
*hkkkhkhkhkkhkhkhkhbhkhhkhkhbhbhkhbdrhdddxhbhhdbdhbhkrdhdhd ok drdrddddrrdrxdrbrhbhbdhbhbkhbkhdhhhbhbhhhdhhddkhi

erior wall

1.5000 inz
9 spaced at 8.00 in.

DE FACE
0.2000 in2
4 spaced at 12.00 in.

IDE FACE
0.4133 in2
5 spaced at 9.00

oM
1.1850 in2
8 spaced at 8.00 in.

Interior wall
TOP
area 0.2000 in2
size 4 spaced at 12.00 in.

EACH FACE
area 0.2000 in2
size 4 spaced at 12.00 in.

BOTTOM
area 0.2000 inZ2
size 4 spaced at 12.00 in.

R R RS TR R SR RS EE R SRR R RS R R R R B R R R T T S e T

Bottom slab

LEFT SIDE CENTER
area 1.1850 in2 area 1.3333 in2
size 8 spaced at 8.00 in. size 9 spaced at

RIGHT SIDE
area 3.1200 in2
9.00 in. size 11 spaced at 6.00 in.

Reinforcing Steel

Bar Schedule

Location

TOP SLAB (Inside)
BOT SLAB (Inside)
TOP SLAB (Outside)

Mark Oty Size Type Length

(Ft—In)
AJ00 225 ] STR 0- 0
A200 200 9 STR 0- 0
A300 300 11 STR 0- 0

Wgt H Leg V Leg
(Ft-In) (Ft-In)
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BOT 5
CORNE
CORNE
EXTWA
EXTWA
INTWA
LONGT
LONGL
LONGI

LABR (Cutside)
R (Top)

R (Bottom)
LL (Inside)
LL {OCutside)

LL
TUD. ( 3)
TUD. ( 3)
TUD. { 3)

2400

Al
AZ
Bl
B2
B3
€1

C100
c200

Total weight black bars
Total welght all bars

300
450
450
300
400
300
351

0

0

B T & = w o S e

STR
L-BAR

L-BAR

STR
STR
STR
STR
STR
STR

The minimum temperature and shrinkage steel for

Mark

B1
B3
cl
Cl00
Cc200

Top slab(s)

Bottom slab(s

Exterior wall(s)

Interior wall(s)

Splice Lengths

Size

[~ T TS T Ty

=0
) =0
=0
=0
Cha
Splice
(Ft-1In)
1= 19
I~ '9
I= 19
-9
I8

L1100 in2
1100 in?2
L1100 in2
L1100 inZ2
i
Length
(m)
0.533
0.533
0.533
0.533
0.533

HEHEROODODO O

43171
43171

the:
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CENTENNIAL - DOQUBLE 15°
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X 7' RCB

Factored Actions for Load and Resistance Factor Design at Tenth Points

(per unit design width)

M-Pt +Moment —-Moment
(Kft) (Kft)

EXTERIOR WALL BOTTOM

1- 0 —38. 585 =585
1= 1L -27.601 ~40.
i—- 2 -16.295 -28.
1= 3 -6.432 =23.
1= 4 ~1.003 =20
1- 5 0.085 =2
1- 6 =3 072 -24.
1- 7 -10.379 =28.
I= B -21.741 -38.
1= 9 -35.046 #5ils
1=10 -47.941 el e,

EXTERIOR WALL TOP

TOP SLAB LEFT SIDE

2- 0 ~AT, G471 =7
2— 1 4.748 =7.
2— 2 54.256 Q.
2- 3 86.127 0
2— 4 100.242 0
2= 5 96.641 0
2—- 6 15.324 0
2— 7 36.651 0.
2= 8 -11.582 -20.
2— 9 -61.015 -94.
2-10 -122.662 -187.

TOP SLAB RIGHT SIDE

INTERIOR WALL BOTTOM

3= 0 -0.213 -0.
= 1 = 170 =0 -
G~ 2 -0.128 ~0,
3= 3 -0.086 -0
3- 4 -0.043 -0.
3— 5 -0.001 -0.
3= B 0.062 0.
3= 7 . 125 0
3— 8 0.188 0
3— 9 0.250 0
3-10 8.313 0

INTERIOR WALL TOP

000
510
984
500
907
142
141
841
179
110
826

826
886
000

.000
.000
.000
-000

000
460
926
108

316
253
180

127

064
001
000

.000
.000
.000
.000

+4.F.
(Kips)

=31
-31.
=32
=32.
~3
=325
~3d
=32.
-32.
=31
=3l

~1
=17,
=17
L7459
=17,
=1
=1iF,
-26.
.536
—25.
=25,

-17

=25

-79,
=79
=i,
=8
=19,
-B2.
-114.
-114.
=114.
-114.
. 607

-114

998
398
742
742
742
742
742
742
742
998
998

110
749
749

748
749
749
175

536
536

234
234
234
234
234
614
607
607
607
607

-A.F.
(Kips)

-46.
-46.
-45.
-45.
-45.
-45.
-45.
-45.
—45.
-46.
—46.

—~ B
=25,
=Py
=25,
—Z 5",
=B
=25,
=7 &
L7495
=17 &
-17.

-17

-114

-114.
-114.
-114.
-114.
.607
—79
=8
=
=8
=-79.

-114

496
496
751
751
751
751
751
751
751
496
496

175
536
536
536
536
536
536
110

749
749

. 607

607
607
607
607

234
234
234
234
234

+Shear
(Kips)

24.
18,
13
8.
3.
=1.
-4 .
.430
-10.
st
-16.

=7

47.
36.
26.
15.
4.
-4.
=1l
=19,
-26.
-34.
~42.

ODOoODOUODOoOO0COoUT

414
074
843
720
706
200
380

409
Fibis
149

976
989
0oz
015
028
119
699
27%
860
440
021

.072
072
.072
872
~OT2
072
.072
JQT2
.Q72
+072
.072

—-Shear
(Kips)

14.
.356
. 944

4.

Ti
L.
=6
.290
—15.
=20
—24.

11
7

=11

33.
25.
17.
10.
.694

=7
-18.
=29,
—40.
~5ls
-62.

[ I - B i B i T e T I o R i S i o S o

841

603
336
860
601

870
342
705

016
435
855
274

T2
713
700
687
674
661

.048
.048
.048
.048
.048
.048
.048
.048
.048
.048
.048

187



PAGE 29

DATE 10/27/2014
BRASS-CULVERT (LRED)

Versicon 2.3.6

32
25.
I
.497
L1371

=8
=20 .
=Bl
-43.
-54.
=65

sy
004
250

501
738
976
213
45]
688

CENTENNIAL - DOUBLE 15" X 7' RCB
BOTTOM SLAB LEFT SIDE
4- 0 ~35-585 -59.000 -14.730 -22.709 47.0628
4- 1 17.344 -1.619 -14.154 =23.285 36.391
4- 2 65.446 0.000 -14.154 -23.285 25.153
4- 3 95.427 0.000 -14.154 -23.285 13.916
4- 4 107.288 0.000 -14.154 =23.285 2.685
4- 5 10E. 025 0.000 -14.154 -23.285 -5.069
4- 6 76.649 0.000 -14.154 -23.285 ~12.822
4- 7 34.653 0.000 -22.709 -14.730 2. 575
4- 8 -15.071 -26.473 =23.285 -14.154 -28.329
44— 9 -67.003 -105.214 -23.285 -14.154 -36.082
4-10 -131.436 -202.076 =23..285 -14._.154 -43.836
BOTTOM SLAB RIGHT SIDE
Output complete for a HL-93-TANDEM vehicle
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CENTENNTAL — DOUBLE 15' X 7' RCB
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BRASS-CULVERT (LRFD) Version 2.3.6
CENTENNIAL - DOUBLE 15" X 7' RCE

Serviceability, Fatigue, and Other Checks

—p. Based on crack control check
ARSHTO 5.7.3.4 LRFD

Slenderness check on walls passed
Eccentricity check on walls passed

Reinforcing Bar Stresses Sizes and Spacing

Note: Bar stresses are based con bending and axial stress only
Stresses are in ksi
Area of steel in square inches per ft
Spacing and H and V legs are in inches

Bar Mark
Al

A100
A300

A2

A200
A400

B2

B1

B3

Bar Type

nl
a2
atook
A300 Rk
2200 &
A400**
Bl

B2

B3

Description
Top Corner Outside face Max Neg Moment
Top Slab Inside face Max Pos Moment
Top Slab Outside face Max Neg Moment Interior support
Bottom Corner Outside face Max Neg Moment
Bottom Slab Inside face Max Pos Moment
Bottom Slab Outside face Max Neg Moment Interior support
Exterior Wall Outside face Max Neg Moment
Exterior Wall Inside face Max Pos Moment
Intericr Wall Both faces

Fs Act. Fs All. Area steel Size Spacing H
Required Provided us
(Ks1) (Ksi) (In2) (In2) Bars (In) (In)
3539 60.00 1.3694 1.5000 9 8.0 81
36.64 60.00 1.1397 L. 1350 8 8.0 51
37 .03 60.00 1.3862 1.5000 9 8.0
33.84 60.00 2.5964 212008 11 6.0
35.53 60.00 1.3317 1.3333 9 9.0
34.59 60.00 2.6529 3.1200 11 6.0
0.00 60.00 0.0026 0.2000 4 12.0
52.01 60.00 0.4072 0.4133 5 . B
0.24 60.00 0.0010 0.2000 4 12.0

K For A0 aw Azoo, dse 4 @ e rz” + $7c12"

v
(In)

57} Use #BeE"
v Ag « 1-47.'4"/(1

= 079 + o460 = 1,39 /A

¥k soe Asoo A Ayoo, ke #ilerz" + diogiz"

Ayc 156 + 127 = 283l - S calc

o) folios g
PALE
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Concrete Beam Design
Used to determine reinforcing requirements

Factored Moment, Mu=| 20270 |k*ft
Depth of beam or thickness of slab = 22.0 inches
Width of Beam, b = 12.0 inches

Size of Rebar = ey
Clearance to Reinforcing = 3.0 inches
d= 18295 inches
0= 0.90
fc= 4000 psi
fy = 60000 psi

R=Mu/($*b*dr2)

= (202.70 * 12000) / (0.9 * 12 * 18.30°2)

= 67289

m=fy/0.85*fc
= 60000 / 0.85 * 4000
= 1765

p=1/m (1-sart(1 - 2mR / fy))

= (1/17.65 ) * (1 - sqrt(1 - (2 * 17.65 * 672.89 / 60000 ))

= 0.01262
Min p = 3*sqrt(f'c) / fy but not less than 200 / fy
= 0.00333
Instead of p min, you can use 4/3 p= 4/3 *0.0126
= 0.0168

Usep=[ 001262

Required As= p*b*d
0.0126 * 12 * 18.295
2.77 sq. inches

Il

Use As =
T= fy*As r ()4
= 169.8 kips

o))
!

T/(0.85*fc*b)
416176 inches

dMn= ¢*T(d-al2)

dMn= 20649 Kkt

[ 2 Bsq. iniches: ~—(1J #1 BAK

(Eq. 10-3)

(10.5.3)
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Notes:

T

Area of steel is the maximum required for all
limit states. The strength computations are shown in
the results at critical sections table.

Design thickness shown in the following table is

based on the appropriate cover minus half the diameter
of the bar in the above table or one-half

the diameter of a #6 bar. The actual half bar diameter
is used once the steel has been selected

and the #6 bar is used in design iterations.

For a Design review run the actual bar stresses shown
can be the stress at either side of a member corner or
the stress at the middle of the slab for a multiple cell
group. The required As is actual in a Design review.

If the user wishes to ignore crack control the allowable
steel stress is set at 0.85 Fy. This limit will likely
not contrel the design, but it if should, this will
control yielding under service loads.
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CENTENNIAL - DOUBLE 15" X 7' RCB
Output at Critical Sections (per unit design width)
Member Ne. = 1 EXTERIOR WALL Thickness = 15.00 (in)
Clear cover at end = 3.00 {in)
Clear cover at middle = 2.00 (in)
Bar diameter (bot ) = 1.00 (in)
Bar diameter ({(mid+) = 1.13 (im)
Bar diameter (mid-) 1.41 (in)
Bar diameter (top ) = 0.50 (im)
Coin. Resistance
Moment Axial Shear Shear Po Mu Mbal Pbal Steel Mom. Des. Design
Force Force Cap Cap Cap Cap Cap Area Cap Thk Ratio
Eft Kips Kips Kips Kips Kft Kft Kips In2 Kft in
BOT -59.0 32.0 12.4 18.0 453.0 64.5 106.8 167.2 1.1850 64.5 12.50 0.9
MID -1.0 32.0 1.2 63.5 419.8 12T 87.8 219.0 0.2000 12.7 12.75 0.1
MID- -21.1 B2 i3 32.9 427.0 24.6 52.0 207.8 0.4133 24.6 12.69 0.9
TOP ~70.8 B2 T 15.8 17.4 463.7 TESE 1125 151.0 1.5000 79.6 12.44 0.9
Member No. = 2 TOP SLAB Thickness = 20.00 (in)
Clear cover at end = 3.00 (in)
Clear cover at middle = 2.00 (in)
Bar diameter (1t ) 1.00 (in)
Bar diameter (mid ) = 1.13 (in)
Bar diameter (rt ) = 1.41 (in)
LT -70.8 17.1 3355 29.5 601.4 111.9 194.2 240.86 1.5000 111.9 17.44 0.6
MID 100.2 17.7 4.1 25.9 601.4 112.0 194.2 240.6 1.5000 112.0 17.44 0.9
RT -187.1 17.7 49.0% 28.2 640.9 188.5 227.3 181.7 3.1200 188.5 17.30 1.0
Member Wo. = 3 INTERIOR WALL Thickness = 12.00 (in)
Clear cover at end = 3.00 (in)
Clear cover at middle = 2.00 (in)
Bar diameter (bot ) 1.00 (in)
Bar diameter (mid+) = 1.13 (in)
Bar diameter (mid-) 1.41 (in)
Bar diameter (top ) = 050 (1)
BOT -0.3 79.2 1t 75.8 3372 16.3 5.7 165.2 0.2000 16.3 875 0.0
MID -0.0 it s 0.1 7548 337.2 16.3 55.7 1e5.2 0.2000 16.3 2. 75 0.0
MID- -0.1 T9.2 0.1 75.8 337.2 16.3 55.%1 165.2 0.2000 16.3 9.75 0.0
TOP 0.0 79.2 -0.0 3269.6 337.2 16.3 55.7 163.2 0.2000 16.3 9.75 0.0
Member No. = 4 BOTTOM SLAB Thickness 22.00 (in)
Clear cover at end = 3.00 (in)
Clear cover at middle = 2.00 (in)
Bar diameter (1t ) = 1.00 (im)
Bar diameter (mid ) = 1.13 (in)
Bar diameter {(rt ) 1.41 (in)
L =5%.8 14.7 32.2% 30.9 645.8 95.1 214.8 274.8 1.1850 951 18.50 0.6
MID 167432 14.2 5.1 28.8 650.8 112.0 226.6 284.5 1.3533 112.0 19.44 1.0
RT L T4.2 51.8% 3.2 696.0 200.2 256.6 199.6 3.1200 200.2 18.30 1.0
Warnings:
Lo For exterior corners, BRASS-CULVERT does not perform a check on both the exterior wall and top or
bottom slab.
BRASS-CULVERT only checks the location that it has determined requires a greater area of steel.
Because of
this, BRASS-CULVERT may check one location for a particular culvert (e.g. top of the wall) and a
different
lecation (e.g. left end of top slab) for the same culvert with a different depth of fill.
2 If the flexural resistance is zero and rebar has been entered, it could be due to the axial

load being higher than the tensile capacity of the rebar provide.
is greater than the area of steel times the yield strength of the bars.

For example,

the axial load
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BRASS—CULVERT (LRFD)

PAGE 34
DATE 10/27/2014

Version 2.3.6

CENTENNIAL - DOUBLE 15' X 7' RCB

Volume of Concrete and Wei@ﬂgrdf Reinforcing Steel

Thickness

Top Bottom Exterior Intericr Volume Steel

Slab Slab Wall Wall

(In) (In) (In) (In) (Cy/Ft) (Lb/Ft)

20.00 22.00 15.00 12.00 5.250 1388
Reinforcing Steel Bar Schedule
Location Mark Qty Size Type Length Wgt H Leg vV Leg
(Ft-TIn) (Lbs) (Ft—-In) (Ft-In)
TOP SLAB (Inside) A100 225 9 STR 33— 2 25370
BOT SLAB (Inside) R200 200 9 STR 33- 2 22551
TOP SLAB (Outside) A300 300 88 STR 33- 2 52870
BOT SLAB (Outside) A400 300 11 STR 33- 2 52870
CORNER (Top) Al 450 9 L-BAR 12- 4 18868 6- 9 5= 7
CORNER (Bottom) A2 450 8 L-BAR 9- 0 10814 4- 3 4- 9
EXTWALL (Inside) Bl 300 4 STR 7= 6 1504
EXTWALL (Outside) B2 400 8 STR -0 2920
INTWALL B3 300 4 STR 10- 1 2022
LONGITUD. ( 3) Ccl L 4 STR 51— 1 11885
LONGITUD. ( 3) C100 93 4 STR 51- 1 3175
LONGTITUD. { 3) C200 93 4 STR 51- 1 3175
Total weight black bars 208124
Total weight all bars 208124

The minimum temperature and shrinkage steel for the:
Top slab(s)
Bottom slab(s) =

Exterior wall (s)

Mark

BL
B3
Gl
Ccl00
C200

Interior wall(s) =

Splice Lengths

Siz

B s

e

in2
in2
Ing

in?

ngth

(m)

.

= 0.1100
0.1100
= (0.1100
0.1100
Chart
Splice Le
(Ft-In)
1- 9 g
1- 9
1- 9 0
=G 0
i) 0

533
533
=533
- 333
.533
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G. C. WALLACE, INC. Title Headwall 4.0 (G) Page:

1555 S. Rainbow Blvd. Job #_ ‘ 412-654 Dsgnr: DAT Date: 28 SEP 2014
Las Vegas, NV 89146 Description....
T: (702)804-2000 4'-0" Headwall with traffic surcharge load (240 psf)

F: (702)804-2299

“his Wall in File: f:\projects\400\412-654\division\stri\calcs\headwall. RPX

[etainPro 10 (c) 1987-2014, Build 10.14.8.13

Il__ij%egﬁge: ?g':ogsé?%ALLACE, INC. Cantilevered Retaining Wall Design Code: IBC 2012 ACI 318-11, ACI 530-11

Criteria @ | Soil Data :
Retained Heigt =  4.00 ft Allow Soil Bearing = 20000 psf
. ; _ Equivalent Fluid Pressure Method
WVl he'gh_t RS = RS Heel Active Pressure = 45.0 psf/ft
Slope Behind Wall = 0.00:1 —
Height of Soil over Toe = 0.00in Passive Pressure = 250.0 psfift
Water height over heel = 0.0ft Soil Density, Heel = 120.00 pcf
Soil Density, Toe = 0.00 pcf s
Footing||Soil Friction = 0.250 :
Soil height to ignore b "
for passive pressure = 12.00 in e
LSurcharge Loads ! Lateral Load Applied to Stem ' ’AdTaE(_ant Footing Load
Surcharge Over Heel = 240.0 psf Lateral Load = 0.0 #/ft dan Footing Load = 00lbs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 ft Footing Width = 0.00 ft
Surcharge Qver Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in
_Used for Sliding & Overturning The above lateral load Wall to Fig CL Dist = 0.00 ft
Axial Load A Iied tO Stem . has been increased 1.00 Fooﬁng Type Line Load
S pp ot DR, by a factor of Base Above/Below Soil i i
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem = 0.0 psf at Back of Wall :
Axial Live Load = 0.0 Ibs Paisson's Ratio - 0.300

Axial Load Eccentricity 0.0in

Design Summary Stem Construction i Top Stem - -
T T e A e e T R RV T A AT m OK
Wall Stability Ratios Design Height Above Fte ft= st 0_(-:?}0
Overturning = 3.18 OK Wall Material Above "Ht" = Concrete
Slab Resists All Sliding ! Thickness = 12.00
Rebar Size = # 5
Total Bearing Load = 3,460 Ibs Rebar Spacing = 12.00
...resultant ecc. = 713 in Rebar Placed at = 9.69i
. Design Data —— —
Soil Pressure @ Toe = 1,636 psf OK b/EB + fa/Fa - 0.148
Soll Pressure @ Heel = adipst O Total Force @ Section lbs=  1,152.0
Allowebie - 2,000 pef Moment.... Actual fr#t= 19200
oil Pressure Less Than Allowable

ACI Factored @ Toe _ 1,963 psf Moment..... Allowable _= 13,007.3
ACI Factored @ Heel = 113 psf Shear.....Actual psi= 9.9
Footing Shear @ Toe = 0.0 psi OK Shear,,.d:ﬂllowable PRIz &0
Footing Shear @ Heel = 7.9 psi OK Wal Weight T 0.0
Allowable = 75.0 psi Rebar Depth 'd' I 2.69
Sliding Calcs Slab Resists All Sliding | LAPSPLGE [PABCUE = 2840

Lateral Sliding Force = 1,065.6 lbs EARSPLICE [ BELOW: s
i HOOK EMBED INTO FTGin= 6.00

Hook embedment reduced by stress ratio
Masonry Data
fm psi=
Fs psi=

Solid Grouting =

Modular Ratie 'n'

Load Factors - —— Short Term Factor

Building Code IBC 2012,ACI Equiv. Solid Thick -

BtadLLojd }'égg Masonry Block Type = Medium Weight
= e ; Masonry Design Method = ASD

Earth, H 1.800 ConcreteData —mM8M8M8Mm

Wind, W 1.000 fc psi=  2,500.0

Seismic, E 1.000 Fy psi= 60,000.0
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G. C. WALLACE, INC.

1555 S. Rainbow Blvd.
Las Vegas, NV 89146

T: (702)804-2000

F: (702)804-2299

Title Headwall 4.0 (G) Page:
Job#  412:654 Dsgnr:  DAT Date: 28 SEP 2014
Description....

4'-0" Headwall with traffic surcharge load (240 psf)

“his Wall in File: f:\projects\400\412-654\division\strl\calcs\headwall. RPX

etainPro 10 (c) 1987-2014, Build 10.14.8.13
License : KW-06057302
License To : G. C. WALLACE, INC.

Cantilevered Retaining Wall Design

Code: IBC 2012 ACI 318-11,ACI 530-11

| Footing Dimensions & Strengths

~ Heel

Toe Wi ' Toe

Heel Width = 4.00 Factored Pressure = 1,963 113 psf

Total Footing Width = 4.00 Mu' - Upward = 0 2,590 ft-#

Footing Thickness = 14.00 in Mu' : Downward = 0 5,265 ft-#

) _ ) Mu: Design = 0 2,675 ft-#

Eey ‘éV'd”r‘] = g-gg in Actual 1-Way Shear = 0.00 7.90 psi
ey Dept - S9N Allow 1-Way Shear = 0.00 75.00 psi

Key Distance from Toe = 0.00 ft Toe Reinforcing = None Spec'd

fo = 2,500 psi Fy = 80,000 psi Heel Re.\infor(_:ing = None Spec'd

Footing Concrete Density = 150.00 pef Key Reinforcing = None Spec'd

Min. As % = 0.0018 Other Acceptable Sizes & Spacings

Cover@Top 200 @Btm= 3.00in a : PReing

Toe: Notreq'd, Mu<S ™ Fr
Heel: Not req'd, Mu < S * Fr
Key: No key defined

S

-of ve rnih Resistin Forces & Moment
~ __OVERTURNING...

Force Distance Moment Force Distance Moment
ltem lbs ft ft-# Ibs ft -

Heel Active Pressure = 600.6 1.72 1,034.4 Soil Over Heel = 1,440.0 2.50 3,600.0
Surcharge over Heel 465.0 258 1,201.3 Sloped Soil Over Heel =

Surcharge Over Toe = Surcharge Over Heel = 720.0 2.50 1,800.0
Adjacent Footing Load = Adjacent Footing Load =
Added Lateral Load = Axial Dead Load on Stem=
Load @ Stem Above Soil = * Axial Live Load on Stem =
= Soil Over Toe =
Surcharge Over Toe =

Total m’ O.T.M. *22*35*7 Stem Weight(s) N = 600.0 0.50 300.0
Earth @ Stem Transitions =

= Footing Weight = 700.0 2.00 1,400.0
Resisting/Overturning Ratio = 3.18 Key Weight =
Vertical Loads used for Soil Pressure = 3,460.0 Ibs Vert. Component =

Total = 3,460.0 Ibs R.M.= 7,100.0

* Axial live load NOT included in total displayed, or used for overturning
resistance, but is included for soil pressure calculation.
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G. C. WALLACE, INC. Title Headwall 4.0 (S) Page:
1555 S. Rainbow Bivd. Job #_ ) 412-654 Dsgnr: DAT Date: 28 SEP 2014
Las Vegas, NV 89146 Description....
T: (702)804-2000 4’-0" Headwall with seismic load
F: (702)804-2299
“his Wall in File: f\projects\400\412-654\division\strl\calcs\headwall. RPX
cetainPro 10 (c) 1987-2014, Build 10.14.8.13 . o W . L ——————
Li : KW-06057302 ode: . 11, E
Hicense : 1N 08051302 | | ACE, INC. Cantilevered Retaining Wall Design
Criteria ¢ |Soil Data i
Retained Height = 400& Allow Soil Bearing = 2,000.0 psf
. 3 _ Equivalent Fluid Pressure Method
Wall heightatove spl. = 0.004 Heel Active Pressure = 45.0 psfift
Slope Behind Wall = 0.00:1 -
Height of Soil over Toe = 0.00 in Passive Pressure = 250.0 psf/ft
Water height over heel = 0.0t Sail Density, Heel = 120.00 pcf
Sail Density, Toe - 0.00 pcf
Footing||Soil Friction = 0.250
Saoil height to ignore e
for passive pressure = 12.00 in

LSurcharge Loads o I ‘ Lateral Load Applied to Stem I

Surcharge Over Heel = 0.0 psf Lateral Load =
Used To Resist Sliding & Overturning ...Height to Tog =
Surcharge Over Toe = 0.0 psf ...Height to Bottom =

Used for Sliding & Overturning The above lateral load

| Axial Load Applied to Stem h Loy

Axial Dead Load = 0.0 Ibs Wind on Exposed Stem =
Axial Live Load = 0.0 Ibs
Axial Load Eccentricity = 0.0in

‘ Earth Pressure Seismic Load ! Kae for seismic earth pressure
BDesigt ki - 0.200 Ka for static earth pressure

Difference: Kae - Ka
Using Mononobe-Okabe / Seed-Whitman procedure

Stem Weight Seismic Load B Fp/ Wy Weight Multiplier

0.0 #/t
0.00 ft
0.00 ft

1.00

0.0 psf

= 04388
= 0330
= 0158

= 0200g

Adjécent Fb_oting Load

Adjacent Footing Load = 0.0 Ibs
Footing Width = 0.00 ft
Eccentricity = 0.00in
Wall to Ftg CL Dist = 0.00 ft
Footing Type Line Load
Base Above/Below Soil

at Back of Wall - 0f#
Poisson's Ratio = 0.300
Added seismic base force 177.2 Ibs
Added seismic base force 84.0 lbs
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G. C. WALLACE, INC. Title Headwall 4.0 (S) Page:
1555 S. Rainbow Blvd. Job#  412:654 Dsgnr:  DAT Date: 28 SEP 2014
Las Vegas, NV 89146 Description. ...

T: (702)804-2000 4'-0" Headwall with seismic load

F: (702)804-2299
“his Wall in File: f\projects\400\412-654\division\stri\calcs\headwall.RPX

{etainPro 10 (c) 1987-2014, Buiid 10.14.8.13
License : KW-06057302
License To : G. C. WALLACE, INC.

Cantilevered Retaining Wall Design  Code: IBC 2012,ACI 318-11,ACI 530-11

Cover @ Top 2.00 @ Btm= 3.00 in

Other Acceptable Sizes & Spacings
Toe: Notregd, Mu<S™*Fr
Heel: Not req'd, Mu < S * Fr
Key: No key defined

Design Summary [ Stem Construction Top Stem B
Wall Stability Ratios Design Height Above Ftc  fi= Ste”{‘)%
Overturning = 2.87 OK Wall Material Above "Ht" = Concrete
Slab Resists All Sliding ! Thickness = 12.00
Rebar Size = # 5
Total Bearing Load = 2,740 Ibs Rebar Spacing = 12.00
...resultant ecc. = 8.89 in Rebar Placed at = 969
i Design Data - N ———— _
Soil Pressure @ Toe = 1,451 psf OK b/FB + fa/Fa - 0.105
Si'npressl“'e G, == ) 008 “’S: QK Total Force @ Section Ibs= 8477
Og;l F?ressure Less Than AilowableFJS Mameiit...Actual fedh= 1,372
ACI Factored @ Toe = 1,741 psf Moment.... Allowable = 13,0073
ACI| Factored @ Heel = 0 psf Shear.....Actual psi= 6.0
Footing Shear @ Toe = 0.0 psi OK ShEar. ... ff\!lowable - psi= 750
Footing Shear @ Heel = 4.2 psi OK Wall Weight = 150.0
Allowable 75.0 psi Rebarbepth 'd ih= 9.69
Sliding Cales Slab Resists All Sliding ! ﬁg gE‘dgE ::_ ggfg\i " 25t
LeteralSldlngFaree. = BELGlbs HOOK EMBED INTO FTG in = 6.00
Hook embedment reduced by stress ratio
Masonry Data -
fm psi=
Fs psi=
Solid Grouting =
Modular Ratio 'n' =
Load Factors -
Building Code IBC 2012,ACI Ezﬁz ng? i FT?’::‘,’(' -
Dead Load 1.200 ) ) _ ; ;
) Masonry Block Type = Medium Weight
Eiua Load 13200 Masonry Design Method = ASD
Earth, H 1.600 a o Dot
Wind, W 1.000 f(?(l;]CI'E € pSi= 2,500.0
Seismic, E 1.000 Fy pSi = 50'000_0
| Footing Dimensions & Strengths :
Toe Width = 0.00 ft
Heel Width = 4.00 Factored Pressure = 1,741 0 psf
Total Footing Width = 4.00 Mu' : Upward = 0 1,646 ft#
Footing Thickness = 14.00 in Mu' : Downward = 0 3,537 ft-#
_ . Mu: Design = 0 1,891 ft-#
Eey \I_{)Vldm i 888 n Actual 1-Way Shear = 0.00 4.21 psi
ey ep AL Allow 1-Way Shear = 0.00 75.00 psi
Key Distance from Tce = 0.00 ft Toe Reinforcing = None Specd
fc = 2,500 psi Fy = 60,000 psi Heel Reinforcing = None Spec'd
Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd
Min. As % = 0.0018
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G. C. WALLACE, INC. Title Headwall 4.0 (S) Page:

1555 S. Rainbow Blvd. Job#  412:654 Dsgnr:  DAT Date: 28 SEP 2014
Las Vegas, NV 89146 Description....
T: (702)804-2000 4'-0" Headwall with seismic load

F: (702)804-2299

This Wall in File: f:\projects\400\412-654\division\stri\calcs\headwall. RPX

tetainPro 10 (c) 1987-2014, Build 10.14.8.13

Ei%?lfgé %%VEO&QSE?%ALLACE, i Cantilevered Retammg Wall Des|gn Code: IBC 2012 ,AC| 318-11 ACI 530-11

Summary of Overturning & Resisting Forces & Moments _— _
.....OVERTURNING..... I - ~  ...RESISTING....
Force Distance Moment Force Distance Moment
tem s ® ft# bs ft ft#
Heel Active Pressure = 600.6 1.72 1,034 .4 Soil Over Heel = 1,440.0 2.50 3,600.0
Surcharge over Heel = Sloped Soil Over Heel =

I
1

Surcharge Over Toe
Adjacent Footing Load
Added Lateral Load

Load @ Stem Above Soil

Surcharge Over Heel

Adjacent Footing Load

Axial Dead Load on Stem
* Axial Live Load on Stem

1
il

Seismic Earth Load = 177.2 3.10 549.3 Soil Over Toe =
Seismic Stem Self Wt = = 84.0 317 266.0 Surcharge Over Toe =
Total 861.8 OT.M. 18497 Stem Weight(s) = 600.0 0.50 300.0
Earth @ Stem Transitions=
= = Footing Weighi = 700.0 2.00 1,400.0
Resisting/Overturning Ratio = 2.87 Key Weight =
Vertical Leads used for Soil Pressure = 27400 Ibs Vert. Component =
Total = 2,740.0 lbs R.M.= 5,300.0
If seismic is included, the OTM and sliding ratios * Axial live load NOT included in total displayed, or used for overturning
be 1.1 per section 1807_.2.3 of IBC 2009 or IBC 201 resistance, but is included for scil pressure calculation.
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G. C. WALLACE, INC. Project Title:

: \\ , \ “ 1555 S. Rainbow Bivd. Engineer: Project ID:
\ \\/ Las Vegas, NV 89146 Project Descr:
' T: (702)804-2000
F: (702)804-2299

Printed: 14 OCT 2014, 8:29AM

File = F1\Projecls\t00\# 2-654 Division\StT\Calcs\41 2-654.6c6
C0n0r9t9 Beam ENERCALG, INC. 1983-2013, Build:6,13.8.31, Ver’6.13.12.31

‘ Description ” 105’ RCB Penetration Into 22x7' RCB - Beam Spanning Over Opening

CODE REFERENCES i i Ly
Calculations per ACI 318-08, IBC 2009, ASCE 7-10
L.oad Combination Set : IBC 2009

Material Properties

e s = 4.50 ksi ¢ PhiValues Flexure: 0.90
fr=fc™ *7.50 = 503.12psi Shear: 0.750
W Density = 145.0 pcf By = 0.8250
A LtWt Factor £ 1.0
Elastic Modulus = 3,122.0 ksi Fy - Stirrups 60.0 ksi 2
fy - Main Rebar = 60.0 ksi BB, IR ?
E-MainRebar =  29,000.0 ksi P B
Number of Resisting Legs Per Stirrup = 2
Load Combination IBC 2009
24in
D(4) L(3.6) H(24.4) D(3.27) L{(3.1) H(20.9)
¥ B Z—— . . v — v
g e : : : |
7 T }\.
24"wx 32" h 24" wx 32" h
Span=12.0 ft Span=12.0 ft
7Cross Section & Relnforcmg Details -
Rectangular Section, Width = 24.01in, Height=32.0in
Span #1 Reinforcing....
6+#9 at 3.50 in from Bottom, from 0.0 to 12.0 ft in this span 6+#9 at 3.50 in from Top, from 0.0 to 12.0 ft in this span
Span #2 Reinforcing....
649 at 3.50 in from Bottom, from 0.0 to 12.0 ft in this span 6-#3 at 3.50 in from Top, from 0.0 to 12.0 ft in this span
Applied Loads : _ Service loads entered. Load Factors will be applied for calculations.
Load for Span Number 1
Uniform Load : D=4.0, L=23.60, H=24.40kfft, Tributary Width = 1.0 ft
Load for Span Number 2
Uniform Load ;: D=3.270, L=3.10, H=20.90 k/ft, Tributary Width =1.0ft
_ DESIGN SUMMARY I
Maximum Bending Stress Ratio = 0.768: 1 Maximum Deflection
Section used for this span Typical Section Max Downward L+Lr+S Deflection 0.002 in Ratio= 82182
Mu : Applied -550.39 k-ft Max Upward L+Lr+S Deflection 0.000in Ratio= 0<360
Mn * Phi - Allowable 716.98 k-ft Max Downward Total Deflection 0.015 ;'n Rat!o = Q9795
Load Combination +1.2500+0,50Lr+1.750L+1.350H Wezx Unward Tatal Deflestion Q:0BQn: Refie= 90848
Location of maximum on span 0.000ft
Span # where maximum occurs Span #1
_Vertical Reactions - Unfactored N  Support notation : Far leftis #1
Load Combination Support 1 Support 2 Support 3
Overall MAXimum 148186 271.686 123.728
D Only 24.547 43.621 19.072
L Only 21.975 40.201 18.225
D+ 46.522 83.821 37.297

H Only 148.186 271.686 123728

Shear Stirrup Requirements ;

Between 0.00 to 1.25 ft, Vs>(4bdfc? 5) ACI 11.5.5.3, Req'd Vs = 138.070, use stimups spacedat  4.000in o[ fet 767 20200 Foinf vs thocd Ploe 4ol
Between 1.31 to 440 ft, PhiVc < Vu, Req'd Vs = 0.6885, use stirrups spaced at  5.000 in

Between 4.46 o 5.31 ft, PhiVc/2 < Vu <= PhiVe, Req'd Vs =Min 11.4.5.1, use stirrups spaced at 14.000 in

Between 5.37 to 6.86 ft, Vu<Phive/2, Req'd Vs = Not Reqd, use stirrups spaced at 0.000 in 201
Between 6.91 to 7.77 ft, PhiVc/2 < Vu <= PhiVc, Req'd Vs =Min 11.4.5.1, use stirrups spaced at 14.000 in




\ o G. C. WALLACE, INC. Project Title: .
1555 S. Rainbow Blvd Engineer: Project D

\ \\/ Las Vegas, NV 89146 Project Descr:

T: (702)804-2000
F: (702)804-2299
Printed: 14 OCT 2014, 8:29AM

File = FProjects\400\412-654\Division\Str\Calcs\412-554.2¢6
ENERCALC, ING. 1963-2013, Build:6.13.8.31, Ver:
2 W

i 06002262
Description : 10'x5' RCB Penetration Into 22'x7' RCB - Beam Spanning Over Cpening

Shear Stirrup Requirements

Between 7.83 10 10.91 ft, PhiVc < Vu, Reg'd Vs = 135.892, use stirups spaced at  5.000in
Between 10.97 to 12.40 ft, Vs>(4bdf'ch.5) ACI 11.5.5.3, Req'd Vs = 139.527, use stirrups spaced at  4.000 in
Between 12.46 to 16.06 ft, PhiVic < Vu, Req'd Vs = 1.552, use stirrups spaced at  5.000 in

Between 16.11 to 17.20 ft, PhiVe/2 < Vu <= PhiVc, Req'd Vs = Min 11.4.5.1, use stirups spaced at 14.000 in
Between 17.26 to 19.03 ft, Vu < PhiVc/2, Req'd Vs = Not Reqd, use stimups spaced at  0.000 in

Between 19.09 to 20.11 ft, PhiVe/2 < Vu <= PhiVc, Req'd Vs = Min 11.4.5.1, use stirrups spaced at 14.000 in
Between 20.17 to 23.94 ft, Vs>(4bdfch.5) ACI 11.5.5.3, Req'd Vs = 144.842, use stirrups spaced at  5.000 in

Overall Maximum Deflections - Unfactored Loads

Load Combination Span Max. ' Defl  Location in Span o Load Combination Max. "+ Defl Location in Span
“HOny 1 S 00147 6200 D+ - ~0.0000 12.200
H Only 2 0.0100 6.200 0.0000 12.200
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Design Top Slab - io'xs’ fee ¢l @

Design top slab as simply supported beam with L =

o [F 7 Py LR

fc= 4000 psi
fy = 60000 psi
Length of Span= 10.50 ft
Thickness of Top Slab = 12 inches
Soil Cover Depth over Slab = 10.0 ft
Truck Load = 250 psf
Soil Unit Weight = 125 psf

Soil-Structure Interaction Factor = 1.15 (Per Eq. 12.11.2.2.1-2)

Unfactored Loads

Wt of Concrete = 150 psf Dead Load, DC
Wt of Soil = 1437.5 psf Earth Load, EV
Wt of HS-20 Truck = 250 psf Live Load, LL

AASHTO LRFD Load Factors Per Table 3.4.1-1
= yDC*DC)+yEV*EV)+yLL*(LL)

v DC= 125
7 EV= 130
y LL= 175

Factored Load, w = 2.494 Kksf

Tributary width = 1.00 ft
Usew = 2.49 k/ft Check Shear
Factored Moment, My = WwL*/8 Vu = w*(Clear Span)/2
= 34.37 k*ft/t = 11.85 kips
Divide by 2 for 2-way slab design = N
Factored Moment, M, =  34.37 k*ft/ft
Bar Size to Use = 5 |Per AASTHO 8.16.6.7
diameterof bar=  0.625 in oV, = 3*¢*sqrt(fc)b*d
d= 9.6875 inches = 18.75 Kkips
b= 12 inches
R = My/(.9bd?) Shear OK
= 406.889
m = fy/(fc*0.85)
17.65
p = 1/m[1-sgri(1-(2mR/fy))]
= 0.00724 Greater than p min
Area of Steel Required = pbd

= 0.84 sq. inches Use #6 @ 6", As = 0.88 sq. inches

Bottom Slab

Use the same reinforcing as the top slab. Loads to the bottom slab will be about the
same as the top slab since wheel loads will distribute out.

203



Design walls to span vertically. Length of wall =

fc=

fy =

Wall Height =

Thickness of Wall =

Soil Cover Depth over Slab =
Thickness of Top Slab =
Surcharge load = 2' of soil =
EFP at Rest=

Design Walls
6 feet

4000 psi
60000 psi
6 ft
12 inches
13 ft
12 inches
240 psf
60 psf (per AASHTO 3.11.5)

(AASHTO Table 3.11.6.4-2)

Pressure at top of wall = EFP * (Soil Cover + Top Slab Thickness) + .5(Truck Surcharge)

Pressure at bottom of wall =

960 psf

EFP * (Soil Cover + Top Slab Thick+Wall Height) + .5(Truck Surch.)

1320 psf

AASHTO LRFD Load Factors (Table 3.4.1-1 - Strength 1)

Load Factor =

Wall is designed as pinned at top and bottom

Factored pressure at top =
Factored Pressure at bottom =

Factored Moment, My
W

W =
Factored Moment, My, =

Bar Size to Use =

diameter of bar =

Center Reinforcing in Wall (Y or N) =
d=

b
R

I

m

p

Area of Steel Required

4/3pbd

1.50 "EH  (Could use 1.35 for EH and 1.5 for ES)
Conservatively use 1.5 for both

1.50

TRUCK SURCHARGE

o il Qb il S o O A
=0.5 % SURCHARGE PRESSURE

1.44 ksf
1.98 ksf

EFP = 80PCF

[wL?/ 8] + .1283WL -

| \<’RESSURE AT

112 (1.98 - 1.44)(6) L B
1.62 k
1.44 kit

TOP OF WALL

FHET

7.73 K*ifit

PRESSURE AT

4
0.5 in
n
9.75 inches
12 inches
My/(.9bd?)
90.31574

= fy/(f'c*0.85)

17 .65
1/m[1-sqrt{1-2mR/fy))]

0.00153 Less than min. Use 4/3 p

BOTTOM OF WALL

LATERAL
SOIL PRESSURE

Use#5 @ 12" O.C.
As = 0.31 sq. inches.

0.24 sq. inches
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G. C. WALLACE, INC.
1555 S. Rainbow Bivd.
Las Vegas, NV 89146
T: (702)804-2000
F; (702)804-2299

Project Title:
Engineer:
Project Descr:

Project ID:

L
Y

Printed” 14 OCT 2014, & 20AM
File = F:\Projects\400\412- 654\Dw|S|un\St[I\Caics\4‘12-554 ech

Concrete Beam

. 6'x5' RCB Penetration Into 22'x7* RCB - Beam Spanning Over Opening

Descnpt on: '

CODE REFERENCES
Calculations per ACI 318- 08, IBC 2009 ASCE 7-10

Load Combination Set : IBC 2009
Material Properties -
e = 4.50 ksi ¢ PhiValues Flexure: 0.90
fr=fc " *750 = 503.12psi Shear: 0.750
[/ Density E 145.0 pef By = 0.8250
A Ltwt Factor = 1.0
Elastic Modulus = 3,122.0 ksi Fy - Stimups B60.0ksi .
fy - Main Rebar = 60.0 ksi Etj—rimgg?&ze # i ‘;2#9,000.(5) RSI i
E-MainRebar =  29,000.0 ksi P
Number of Resisting Legs Per Stirrup = 2
Load Combination IBC 2009 i

2
D(3.27) L{3.1) H(20.9)
b1 s ¥ = v v v,
R i s i st i = : = E :
24"wx 32" h
Span=14.50 ft

__Cross Section & Reinforcing Details
Rectangular Section, Width =24.0in, Height=32.0in
Span #1 Reinforcing....
649 at 3.50 in from Bottom from 0.0to 14.50 1t i in this span
_ Applled Loads

Load for Span Number 1
Uniform Load ; D=23.270, L=23.10, H=20.90 k/ft, Tributary Width = 1.0 ft

DESIGN SUMMARY

649 at 3.50 in from Top, from 0.0 to 14.50 ft in this span
Service loads entered. Load Factors will be applied for calculations.

Maximum Bending Stress Ratio = 0.922:1 Maximum Deflection
Section used for this span Typical Section Max Downward L+Lr+S Deflection 0.003 in Ratio= 57818 :
Mu : Applied -661.0 k-ft Max Upward L+Lr+S Deflection 0.000 in Ratio = 0<360 |
Mn * Phi - Allowable 716.98 k-ft Max Downward Total Deflection 0.028 in Ratio= 6161
Load Combination 125000 50Lr+1.750L+1.350H Max Upward Total Deflection 0000 Raflo=  Su9<i8 |
Location of maximum on span 0.0001t :
Span # where maximum occurs Span#1
Vertical Reactlons Unfactored Support notatin : Far left is #1
Load Combination Support 1 Support 2
Overall MAXimum 151525 151525 ;
D Only 23.708 23.708
L Only 22475 22475
D+ 46.183 46.183
H Only 151.525 151.525

Shear Stirrup Requirements -

Between 0.00 to 1.55 f, Vs>(4bdf‘c".5)_ACI 11.5.5.3, Reqd Vs = 138,538, use stirups spaced at 4.000in
Between 1.58 to 5.32 ft, Phivc < Vu, Req'd Vs =0.05880, use stimups spaced at  5.000 in

Tk

Between 5.35 to 6.32 ft, PhiVe/2 < Vu <=PhiVe, Req'd Vs=Min 11.4.5.1, use stirrups spaced at 14.000 in
Between 6.35t0 8.15 ft, Vu <PhiVce/2, Regd Vs = Not Reqd, use stirups spaced at  0.000 in

Between 8.18 t0 9.15 ft, PhiVe/2 < Vu <=PhiVe, Req'd Vs =Min 11.4.5.1, use stirrups spaced at 14.000 in
Between 9.18 to 12.92 ft, PhiVe < Vu, Req'd Vs =137.322, use stirrups spaced at  5.000in

Between 12.95 to 14 47 ft, Vs>(4bdfc”.5) ACI 11.5.5.3, Req'd Vs = 197.083, use stirrups spaced at 4.000in

Typ dell Feind s Ue

:.v.F =+ H{—f{\"‘:‘. T,‘(lj‘
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1555 S. Rainbow Blvd. Engineer: Project ID;

\ \\/ Las Vegas, NV 89146 Project Descr:

T: (702)804-2000
F: (702)804-2299

\ \ G. C. WALLACE, INC. Project Title:

Printed: 14 0CT 2014, 8:27AM
File = F:\Projects\4001412-654\Division\Sir\Calcs\412-654.ec6

Concrete Beam
RICCHIKWAOB002262 -
Description : 6'x5' RCB Penetrafion Into 22'x7' RCB - Beam Spa

g Over Opening

 Overall Maximum Deflections - Unfactored Loads o B
Load Combination Span Max. "-"Defl  Location in Span L.oad Combination Max. "+' Defl Location in Span

“Honly 1 00282 7.105 o Q00000 0000
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Design Top Slab - ¢'x4 Ee# shub @ M

Design top slab as simply supported beam with L =

fc=

fy =

Length of Span =

Thickness of Top Slab =

Soil Cover Depth over Slab =
Truck Load =

Soil Unit Weight =

Soil-Structure Interaction Factor =

L686 Trfen

7t

4000 psi
60000 psi
7.00 ft
12 inches
10.0 ft
250 psf
125 psf
1.15 (Per Eq. 12.11.2.2.1-2)

Unfactored Loads

W1t of Concrete =
Wit of Soil =
Wit of HS-20 Truck =

150 psf Dead Load, DC
1437.5 psf Earth Load, EV
250 psf Live Load, LL

AASHTO LRFD Load Factors Per Table 3.4.1-1

7 DC=
v EV=
¥ LL=

Factored Load, w =
Tributary width =
Usew=

Factored Moment, M, =

11

Divide by 2 for 2-way slab design =
Factored Moment, M,

Bar Size to Use
diameter of bar =
d =
b =
R=

m

p

Area of Steel Required =

Bottom Slab

¥DG*(DC)+yEV*(EV)+yLL*(LL)

1.25
1.30
1.75
2.494 ksf
1.00 ft
2.49 k/ft Check Shear
wL“/ 8 Vu = w*(Clear Span)/2
15.27 k*fi/ft = 7.48 kips
N
15.27 k*ft/ft
5 Per AASTHO 8.16.6.7
0.625 in oV, = 3*¢*sart(f'c)*b*d
9.6875 inches = 18.75 kips
12 inches
My/(.9bd?) Shear OK
180.839

fy/(fc*0.85)

17.65
1m[1-sqrt(1-(2mR/fy))]
0.0031 Less than p min, Use 4/3 p
4/3pbd

0.48 sq. inches Use #5 @ 6", As = 0.61 sq. inches

Use the same reinforcing as the top slab. Loads to the bottom slab will be about the
same as the top slab since wheel loads will distribute out.
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Design Walis

Design walls to span vertically. Length of wall = 6 feet
fc= 4000 psi
fy = 60000 psi
Wall Height = 6 ft
Thickness of Wall = 12 inches
Soil Cover Depth over Slab = 13 ft
Thickness of Top Slab = 12 inches
Surcharge load = 2' of soil = 240 psf (AASHTO Table 3.11.6.4-2)
EFP at Rest = 60 psf (per AASHTO 3.11.5)
Pressure at top of wall = EFP * (Soil Cover + Top Slab Thickness) + .5(Truck Surcharge)
= 960 psf
Pressure at bottom of wall = EFP * (Soil Cover + Top Slab Thick+Wall Height) + .5(Truck Surch.)
= 1320 psf

AASHTO LRFD Load Factors (Table 3.4.1-1 - Strength 1)
= 150 *EH (Could use 1.35 for EH and 1.5 for ES)
Conservatively use 1.5 for both

LLoad Factor = 1.50
TRUCK SURCHARGE

= 0.5 x SURCHARGE PRESSURE

Wall is designed as pinned at top and bottom

Factored pressure at top = 1.44 ksf

SRR EFP = 60PCF
Factored Pressure at bottom 1.98 ksf \(
[WL?/ 8] + .1283WL e PRESSURE AT

I}

Factored Moment, My, =
W = 1/2 (1.98 - 1.44)(6) L ] I 'Q\TOF' OF WALL
= 162 k 4 -
w= 1.44 kit o -
Factored Moment, M, = 7.73 K/t |
PRESSURE AT
Bar Size to Use = 4 REERRErENG.
diameter of bar = 0.5in LATERAL
Center Reinforcing in Wall (Y or N) = n ™ i PRESSURE
= 9.75 inches
b= 12 inches
R = My/(.9bd?)
= 90.31574
m = fy/(fc*0.85)
= 17.65
p = 1/m[1-sgrt(1-(2mR/fy))]
= 0.00153 Less than min. Use 4/3 p
Area of Steel Required = 4/3pbd
0.24 sq. inches Use#5 @ 12" O.C.

As =0.31 sq. inches.
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22-“-4 & 22-H-2 (continued)

D LuaD TABLE

goyqjqr 224124 245U 10909 GoB2 4848|3562 2727 2155|1745 1443 1212 891 62
2224124 260 °°° ¢ 109090 8727 7273|6234 5455 4,848| 4364 3.967 3.636| 3117 2727
3" x 5/15" 22-4-125 307 4091 U 13,636 8,727 6,061 | 4,453 3,409 2,694 2182 1,803 1515] 1,113 B52
22-2-125 327 ' C 13,636 10,909 9,091 | 7,792 6,818 6,061 | 5,455 4,859 4545]| 3,896 3,409
3"y 3/8,, 22-4-126 364 4900 U 16,364 10,473 7273 | 5343 4,091 3,232| 2618 2,164 1,818| 1,336 1,023
22-2-126 384 ' G 16,364 13,091 10,909 | 9,351 8,182 7273 | 6,545 5850 5455 | 4675 4,091
3-1 /4.. X 1/4“ 22-4-134 26.4 3841 U 12,803 8,194 5,690| 4,181 3,201 2,529 | 2,048 1,693 1,423 | 1,045 800
22-2-134 27.9 ’ G 12,803 10,242 8535| 7,316 6,402 5690 5121 4,656 4,268 | 3,658 3,201
3_1/4,. X 5/1 6" 22-4135 334 4501 U 16,004 10,242 7.113| 5226 4,001 3,161 | 2561 2116 1,778 1,306 1,000
22-2135 351 : C 16,004 12,803 10,669 | 9,145 8,002 7,113 | 6,402 5820 5,335 4,573 4.001
3_1/4" X 3/8" 22-4-136 392 = 761 U 19,205 12,291 8535 6,271 4,801 3,793 ) 3,073 2,539 2134 1,588 1,200
22.2.436 413 >'°' ¢ 19205 15364 12,803 10,974 9,602 8535|7682 6,983 65402 | 5487 4,801
3_1/2“ X 1/4" 22-4-144 283 4455 U 14,848 9503 6,599 4,848 3,712 2,933 2,376 1,963 1,650} 1,212 928
22-2-144 288 ’ C 14,848 11,879 9,899 | 8,485 7,424 6,599 | 5939 5399 4949 | 4,242 3,712
3_1/2.. X 5/16.. 22-4-145 355 5568 U 18,561 11,879 8,249 | 6,061 4,640 3,666| 2,970 2,454 2062] 1,516 1,160
22-2-145 375 C 18561 14,848 12,374 |[10,606 9,280 8249 7,424 6,749 6,187 5303 4,640
3-1 /2,. X 3/8" 22-4-146 421 6682 U 22273 14255 9,899 | 7,273 5568 4400|3564 2945 2475| 1,818 1,392
‘ 22-2-146 441 ’ C 22273 17,6818 14,848 12,727 11,136 9,899 8,909 8,099 7424 | 6,364 5568
4" x 1/4.. 22-4-164 3241 5818 U 19394 12412 8620 | 6,333 4,848 3,831| 3,103 2564 2155|1583 1212
22-2-164 336 ' C 19,394 15515 12,929 11,082 9,697 8620 7,758 7,052 6485| 5541 4,848
A" x 5/1 " 22-4-165 40.2 7973 U 24,242 15515 10,774 | 7,916 6,061 4,789| 3,879 3,206 2,694 | 1,979 1,515
22.2165 423 C'° ¢ 24242 19394 16,162 [13,853 12,121 10,774 | 9697 8,815 8081 | 6,9% 6,061
4n 3/8" 22-4-166 478 U 29,091 18,618 12,929 | 8,499 7,273 5,746| 4,665 3,847 3,232]| 2,375 1,818
X 22-2-166  49.8 bre C 29,091 23,273 19,394 16,623 14,545 12,929 11,636 10,579 9,697 | 8,312 7,273
4_1/2., X 1/4,, 22-4-184 359 7364 U 24,545 15,709 10,909 | 8,015 6,136 4,848 | 3,927 3,246 2,727| 2,004 1,534
22-2-184 374 ' C 24,545 19,636 16,364 |14,026 12,273 10,909 | 9,818 8,926 8,182| 7,013 6,136
‘/2.. X 5/1 & 22-4-185 450 4205 U 30,682 19,636 13,636 (10,019 7,670 6,061 | 4,509 4,057 3409( 2505 1918
22-2-18% 17.0 ’ C 30,682 24545 20455 117,532 15,341 13,636 (12,273 11,157 10,227 | 8,766 /.70
4_1/2“ X 3/8" 22-4-186 535 11045 U 36,818 23,564 16,364 (12,022 9,205 7,273 | 5,891 4,869 4,091 3,006 2301
22-2-186 555 ' C 36,818 29455 24545 (21,039 18,409 16,364 (14,727 13,388 12,273 |10,519 9,205
Gy g 224204 298 U 30,303 19,304 13,468 | 9,805 7,576 5986 | 4,848 4007 3367 | 2474 1894
X 22.2.208 413 % ¢ 30303 24242 20,202 [17,316 15,152 13.458 [12,121 11,019 10,101 | B,658 7,576
By 5 224205 48 U 37,870 24,242 16,835 [12,360 9,470 7,482 | 6,061 5000 4208 | 3,092 2367
X 22-2-205 518 Thand C 37,879 30,303 25,253 |21,645 18,939 16,835 [15,152 13,774 12,626 (10,823 9,470
gu 3/8" 22-4-206 592 U 45,455 25,091 20,202 14,842 11,364 8,979 7,273 6,011 5051 | 3,711 2,841
X 22-2-205 61.3 T C 45,455 36,364 30,303 |25,974.22,727" 20,202 18,182 16,529 15,152 |12,987 11,364
6" x .1/ " 2?f4'?44 47.4 13.001 U 43,636 27,927 19,394 (14,249 10,909 8,620 | 6,982 5,770 4,848\ 3,562 2,727
22-2-244 489 ’ C 43,636 34,909 29,091 24,935 21,818 19,394 |17,455 15,868 14,545 [12,468 10,909
6" % 5/16" 22-4-245 593 16.364 U 54,545 34,909 24,242 17,811 13,636 10,774 | 8,727 7,213 6,061 | 4453 3,409
22-2-245 614 ’ C 54545 43,636 36,364 (31,169 27,273 24,242 (21,818 19,835 18,182 15584 13,636
Gy 3/ 224248 707 U* 65,455 41,891 29,001 |21.373 16,364 12,928 [10,473 8655 7,273 | 5,343 4,001
i X3/ 222246 727 P ¢ 65455 52,364 43,636 [37,403 32,727 29,091 |26,182 23,802 21,818 [18,701 16,364
H-22 P{'\NEI: WIDTH (iﬂChES) Note: H-Heavy Duty cross rods may extend 1/8" each side. Panel widths do not include these extensions,
No. of Bars 2 3 4 5 6 7 B 9 10 1 12 13 14 15 16 17 18 19 20
1/4" Bar 15/s 3 By 5B Ve 8 9% 11 12% 14 15%s  16%s 18 10 207 224 235 25 26%s
516" Bar  1'he 3w 47he 5% T3he 8% 9'%e 1% 127is 14%ie 1678 16%%46 18%s 19%e 20%%s 2254s 23V 25Yie  267f1s
3/8" Bar 18 s 4% 5 Ty 8% 10 113 123 14 152 167 184 19s 21 2% 23%¢ 25e 262
No. of Bars 21 22 23 24 25 26 27
1/4"Bar  27%s 29% 30 317 33Y4 345 36
516" Bar  27%s 20%s 30%e 31%%hs 33%1s 34"e 3676
3/8"Bar 277/ 29's 30% 32  33%s 34%: 36V

%

0306
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G.C. Wallace, Inc.

.Las Vegas, NV 89146
(702) 804-2000

ateel Beam

Grate Support Beam

Descnptlon

CODE REFERENCES

1555 South Rainbow Blvd

Project Title:
Engineer:
Project Descr:

Eric G. Project ID:

File = c:\MyFiles\ERICGI~ 1\EGGF|L~1\EnerCa c\2014\451-00~1.EC8

_ Material Properties

Analysis Method : Allowable Strength Design

Beam Bracing:  Completely Unbraced
Bending Axis:  Major Axis Bending
Load Combination ASCE 7-02

D(0.05)

50.0 ksi
29,000.0 ksj

Fy : Steel Yield :
E: Modulus :

L(21.é’) 7

r
Aot

s
SR

Applied Loads _
Beam self weight calculated and added to ioads
Load(s) for Span Number 1

Span=10.0ft

W‘i 2x30

Ser\nce loads entered. Load Factors will be applied for calculations.

Point Load : D=0.050 k @ 0.0 ft, (Dead Load)

PointLoad: L=21.30k @ 5.01t
_ DESIGN SUMMARY

Maximum Bending Stress Ratio = 0.499:1 Maximum Shear Stress Ratio = ;
Section used for this span W12x30 Section used for this span W12x30
Ma : Applied 53.624 k-ft Va : Applied 10.80 k
Mn / Omega : Allowable 107.535k-ft Vn/Omega : Allowable 63.960 k
Load Combination +D++H Load Combination +D++H
Location of maximum on span 5.0001t Location of maximum on span 0.000 ft
Span # where maximum occurs Span #1 Span # where maximum occurs Span # 1
Maximum Deflection
Max Downward L+Lr+S Deflection 0.112 in Ratio= 1,072
Max Upward L+Lr+S Deflection 0.000 in Ratio = 0 <360
Max Downward Total Deflection 0.113 in Ratio= 1083
_ Max Upward Total Deflection 0.000 in Ratio = 0 <180
Maximum Forces & Stresses for Load Combinations 7 - -
Load Combination ngVStress Ratios Summary of Moment Values Summary of Shear Values
Segment Length Span# M vV Mmax + Mmax Ma - Max Mnx  Mnx/Omega Cb Rm Va Max Vnx  Vnx/Omega
DOnly o -
Dsgn. L= 10,00 ft 1 0.004 0.002 0.37 0.37 169.59 10155 114 1.00 0.15 9594 63.96
+HDH +H
Dsgn. L= 10.00 t 1 0.499 0.169 53.62 5362 179.58 10753  1.31 1.00 10.80 9594 63.96
Qverall Maximum Deflections - Unfactored Loads
Load Combination Span Max."" Defl  Location in Span Load Combination Max. "+ Defl  Location in Span
oL 1 0.1129 5.050 ' - 00000 0000
Vertical Reactions - Unfactored Support notation : Far left is #1 Values in KIPS
Load Combination Support 1 Support 2
Overall MAXimum 10.850 10.800 T T - B
D Only 0.200 0.150
L Only 10.650 10.650
D+ 10.850 10.800
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) Y \ G.C. Wallace, Inc. Project Title:
\ Engineer:  Eric G, Proiect ID:

' \ “-\ . 1555 South Rainbow Blvd ‘ :
\ \/ Las Vegas, NV 89146 Project Descr:
' (702) 804-2000

uoncrete Beam

File = c:\MyFiles\ERICGI-NEGGFIL~T\EnerCalc\2014\451 00~1 ECB
ENERCALC, INC. 1983-2013, Build:6.13.8.31, Ver.13.12.31
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CODE REFERENCES

Material Properties
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f = 4.0 ksi ¢ PhiValues Flexure: 0.90 |

fr= f!C *7.50 = 474.342 DSi Shear: 0.750 }

Y Density = 145.0 pcf By = 0.850 \

A LWt Factor = 1.0 ;
Elastic Medulus = 3,605.0 ksi Fy - Stirups A40.0 ksi 1 ;
fy - Main Rebar = 60.0 ksi gﬂ-rrSJlrrggrs Size tt i 2#9’000‘2 « "

E - Main Rebar = 29,000.0 ksi P i

Number of Resisting Legs Per Stirrup = 2 i

|

Load Combination ASCE 7-02 i
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- Cross Section & Reinforcing Details o
Rectangular Section, Width = 12.0 in, Height=60.01in
Span #1 Reinforcing....
349 at 3.0 in from Bottom, from 0.0 to 23.0 ft in this span
Applied Loads ! Service loads entered. Load_F__actors WI|| be applied for calculations.
Beam self weight calculated and added to loads
Load for Span Number 1
Uniform Load : D = 0.250 k/ft, Tributary Width = 1.0 ft, (Dead Load)
Point Load : L=21.30k @ 13.0 ft, (Wheel Load 1)
Point Load : L=21.30k @ 11.50 ft, (Wheel Load 2)
DESIGN SUMMARY i -
Maximum Bending Stress Ratio = 0.600:1 Maximum Deflection
Section used for this span Typical Section Max Downward L+Lr+S Deflection 0.024 in Ratio= 11424
Mu : Applied 443,726 k-ft Max Upward L+Lr+S Deflection 0.000 jn Ratio= 0<360
Mn * Phi : Allowable 739.72 k-ft Max Downward Total Defll_action 0.032 @n Rat!o = 8615
Load Combination +1.200+0.50Lr+1.60L+1.60H MewUpward Tolel Ditiection 0.00Cim Ratie= 999
Location of maximum on span 11.500ft
Span # where maximum occurs Span #1
Vert;cq]‘R_eact[_o_IE “UnfEEt_Q@d_ Gl iR g o SuppErf notation : Far left is #1 B -
Load Combination : Suppon 1 SuppcrtZ
Overall MAXimum 31.123 33.902 -
D Only 11.212 11.212
L Cnly 19.911 22 689
D+l 31.123 33.902

__Shear Stirrup Requirements
Between 0.00 to 11.50 ft, PhiVe/2 < Vu <= Phivc, Req d Vs = Min 11.5.6.3, use stirups spaced at 24.000 in
Between 11.55 to 12.98 ft, Vu < PhiVc/2, Req'd Vs = Not Reqd, use stirups spaced at  0.000 in

Between 13.03 to 22.95 ft, PhiVe/2 < Vu <= PhiVe, Req'd Vs =Min 11.5.6.3, use stirrups spaced at 24.000 in
Maximum Forces & Stresses for Load Combinations
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Concrete Beam Design
Used to determine reinforcing requirements

Factored Moment, Mu = 443.70 |k*ft
Depth of beam or thickness of slab = 60.0 inches
Width of Beam, b = 12.0 inches

Size of Rebar = 6
Clearance to Reinforcing=|{ - 3.0 inches
d= 56625 inches
¢ = 0.90
fc= 4000 psi
fy= 60000 psi

R=Mu/($*b*d"2)
= (443.70 * 12000) / (0.9 * 12 * 56.63"2)
= 153.76
m = fy/0.85 *f'c
= 60000/ 0.85 * 4000
= 17.65
p=1m (1-sgrt(1 - 2ZmR / fy))
=(1/1765)* (1 -sari(1-(2*17.65*153.76 / 60000 ))

- 0.00262
Min p = 3*sqrt(f'c) / fy but not less than 200 / fy (Eq. 10-3)
= 0.00333
Instead of p min, you can use 4/3 p = 4/3 * 0.0026 (10.5.3)
= 0.0035
Required As= p*b™d

Il

0.0033 * 12 * 56.625
= 2.27 sq. inches \

UseAs=|  279|sq.inches ~~ ()"
= s 4 (! ) - B8 B2
= 167.4  kips L
a=T/(0.85*fc™*b) ' 7‘
4.10294 inches [
dMn= ¢*T(d-a2)
¢Mn= 68517 Kt
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Design 6'x3' RCB Plug

Design walls to span vertically. Length of wall= 4 feet
fc= 4000 psi
fy = 60000 psi
Wall Height = 4 ft
Thickness of Wall = 8 inches
Soil Cover Depth over Slab = 10 ft
Thickness of Top Slab = 0 inches
Surcharge load = 2' of soil = 250 psf (AASHTO Table 3.11.6.4-2)
EFP at Rest = 60 psf (per AASHTO 3.11.5)
Pressure at top of wall = EFP * (Soil Cover + Top Slab Thickness) + .5(Truck Surcharge)
= 725 psf
Pressure at bottom of wall = EFP * (Soil Cover + Top Slab Thick+Wall Height) + .5(Truck Surch.)
= 965 psf

AASHTO LRFD Load Factors (Table 3.4.1-1 - Strength 1)
= 1.50"EH (Could use 1.35 for EH and 1.5 for ES)
Conservatively use 1.5 for both

Load Factor = 1.50
‘ TRUCK SURCHARGE )
Wall is designed as pinned at top and bottom ‘ ~ B R
§>\\/<\m /;\_l_’ . S
Factored pressure at top = 1.09 ksf R EFP = 60PCF
Factored Pressure at bottom = 1.45 ksf (
Facterod Moment, My = 117/ 8] + 1283WL oo T T\ pressisen
W = 1/2 (1.45-1.09)(4) $ ! " ~\ TOP OF WALL
= 0.72 k o —
w = 1.09 kfft }(
Factored Moment, M, = 2.54 k*ft/ft
: PRESSURE AT
Bar Size to Use = 4 RETOM S AL
diameter of bar = 05in ORI
Center Reinforcing in Wall (Y or N) = N P I PRESSURE
d= 5.75 inches
b= 12 inches
R = M/(.9bd?)
= B85.51158
m = fy/(fc*0.85)
17.65
p = 1/m[1-sgrt(1-(2mR/fy))]
= 0.00144 Less than min. Use 4/3 p
Area of Steel Required = 4/3pbd
= 0.13 sq. inches Use#d @ 12" O.C.

As = 0.20 sq. inches.
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