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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

BrDR Training

MBE 2023 Spec Interim Shear Rating Iteration Example

This example illustrates the effects of using concurrent load effects, iterative shear rating and Modified Compression
Field Theory (MCFT) control options for Load and Resistance Factor Rating (LRFR) shear rating of concrete
structures (prestressed, post tensioned and reinforced) based on the MBE 3™ edition, 2023 specification interim

update.

Topics Covered

e  Concurrent forces considered for non-iterative shear rating

e Control option added to consider iterative shear rating

e  Control option added to consider modifying MCFT theta

e Control option added to consider modifying MCFT size effect

e MBE 2023 specification interim update for reinforced concrete box culverts

This tutorial uses the bridge from prestressed concrete structure tutorial PS3. From the Bridge Explorer import the

bridge given with the PS3 tutorial.

Concurrent forces considered for non-iterative shear rating

This section discusses the effects of using concurrent forces for LRFR shear rating of concrete bridges without any
iterations. This is applicable to all concrete structures, i.e., reinforced concrete, prestressed concrete, post tensioned

concrete and reinforced concrete box culverts.

Member Alternative Description — Control options
Navigate to the member alternative Precast Box Alternative of member G2, double click on it (or click the Open
button from the WORKSPACE ribbon) to open its Member Alternative Description window. Navigate to the

Control options tab as shown below.
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Uncheck the Ignore design & legal load shear and Ignore long. reinf. in rating for this example.

&M Member Alternative Description

Member alternative: Precast Box Alternative

Description  Specs  Factors  Engine  Import

LRFD

21 Points of interest
Generate at tenth points except supports
Generate at suppert points

Generate at support face & critical shear points

Generate at section change points

Generate at user-defined points
(1 Shear computation method
Ignore
© General procedure

General procedure - Appendix B3

LFR
31 points of interest
Generate at tenth points except supports
Generate at suppert points
Generate at support face & critical shear points

Generate at section change points

B Generate at user-defined points
[E15hear computation method

Ignore

Use AASHTO 1979 interim code
O use current AasHTO

Control options

LRFR
QD Use gross section properties

Use transformed section properties
EIMulti-span analysis

Continuous
Continuous and simple
Ignore permit load shear
Consider legal load tensile concrete stress
Consider splitting resistance article

v Ignore tensile rating in top of beam

Consider deck reinf. development length

nsider permit load tensile steel stress

[T ignore long. reinf. in rating

Distribution factor application method

By axle
Q &yrol
Allow negative epsilon in general shear method
Allow moment redistribution
Consider iterative shear rating
Modify MCFT theta
Modify MCFT size effect

OK

Apply

[m]

Cancel

ped

Click OK to apply the data and close the window.

LRFR Rating

Perform an LRFR rating of the member alternative using the analysis settings shown below.

Dy Analysis Settings

Design review () Rating

Analysis type: Line Girder

Vehicles ~ Qutput  Engine  Description

Traffic direction: Both directions ~
Vehicle selection

Bl -Vehicles
E-Standard
Ev2
EV3
--H 15-44
H 20-44
--HL-03 (SI)
HL-93 (US)
--HS 15-44
--HS 20 (SI}
HS 20-44
Lane-Type Legal Load
- LRFD Fatigue Truck (SI)
LRFD Fatigue Truck (US)
NRL
..5Ud
SU5
..SUG
su7
Type 3
- Type 3-3
Type 352
- Agency
User defined
Temporary

Reset Clear Cpen template

Remove from

Save template

Rating method: LRFR. -

Apply preference setting: None v

Refresh Temporary vehicles Advanced

Vehicle summary

5 Rating vehicles
S-LRFR
Design load rating
Inventory

Operating

Add to

Fatigue

----- LRFD Fatigue Truck (US)
Legal load rating

Routine

Specialized hauling
~Permit load rating

<<

CK Apply

O

Cancel

X
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Specification Check Detail
When the rating is finished, the specification check detail can be reviewed by clicking the Specification Check Detail
button from the Results group of the DESIGN/RATE ribbon.

r -
E Bridge Workspace - PSAdjBoxTrainingBridge ANALYSIS REPORTS 7 — [m] *

BRIDGE WORKSPACE

& < B B % B

Analysis Analyze Analysis  Tabular| Specification | Engine Results  Save
Settings Events  Results| Check Detail JOutputs Graph Results

WORKSPACE

TOOLS

VIEW DESIGN/RATE REPORTING

Analysis Results

The window shown below will open. Navigate to the Stage 3 specification check detail for the analyzed member

alternative and select the Span 1 — 19.00 ft point of interest.

M Specification Checks for Precast Box Alternative - 26 of 671 — [m| X
Articles
y 'j All articles -
. =
Properties Generate Format
Bullet list e
Specification filter Report
4 |_j Superstructure Component Specification reference Limit State Flex. Sense Pass/Fail
» |_| Prestress Calculations /' 54.2.1 Compressive Strength N/A Passed
» || Stage 1 5.4.2.5 Poisson's Ratio MN/A General Comp.
b |_|Stage 2 5.4.2.6 Madulus of Rupture N/A General Comp.
4 |_|Stage 3 5.4.2.8 Concrete Density Modification Factor N/A General Comp.
4 || Precast Box Alternative| | s 5532 Reinfarcing Bars and Welded Wire Reinforcement N/A Not Required
Iy Span 1-000 f. 5.5.4.2 PS Strength Limit State - Resistance Factors N/A General Comp.
- zpan 1 . ig? : [B 5.6.2.2 Rectangular Stress Distribution M/A General Comp.
- Span . i 9'50 ﬂ- v/ 5.6.3.2 PS Flexural Resistance (Prestressed Concrete) MN/A Passed
an 1-9.50 ft.
= Sp TTo00R v/ 5.6.3.3 Minimum Reinforcement /A Passed
an 1 - 19. :
& SZan ass0n & 5.7.4 Interface Shear Transfer N/A Mot Required
o Span 1 - 3BI00 ﬂ. A 5.7.4.2 Minimum Area of Interface Shear Reinforcement MN/A Mot Required
[{Span 1-47.50 ft v/ 5.9.2.3.2b Tensile Stresses M/A Passed
|4 Span 1 - 57.00 ft 5.9.4.3.2 Bonded Strand MN/A General Comp.
|_1Span 1- 66,50 ft. v/ 64.4.2.1 Design Load Rating Prestress Service Il Tensile Stress N/ Passed
|1 5pan 1-76.00 ft. v/ 6A4.2.1 General Load Rating Equation - Concrete Flexure MAA Passed
|2 Span 1 - 85.50 ft. X 6A.4.2.1 General Load Rating Equation - Concrete Shear MAA Failed
|4 Span 1-91.99 ft. ', 64.4.2.1 Shear-5.6.3.3 Minimum Reinforcement MN/A General Comp.
| Span 1-93.00 ft. v/ 64.4.2.1 Shear-3.7.2.5 Minimum Transverse Reinforcement N/A Passed
|1 Span 1 -95.00 ft. v/ 64.4.2.1 Shear-3.7.2.6 Maximum Spacing of Transverse Reinforcement MAA Passed
6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance /A General Comp.
p
\ 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance N/A General Comp.
¥ 6A.5.8 Evaluation for Shear MN/A Failed
Computation of Vp MAA General Comp.
Cracked_Moment_of_Inertia Section Property Calculations MAA General Comp.
PS_Basic_Properties Calculation N/A General Comp.
P p
PS_Gross_Composite_Section_Properties PS Gross Composite Section N/A General Comp.
P p P p

The highlighted articles for MBE 6A.4.2.1 shear rating are available for an LRFR shear rating of concrete structures.
These articles along with 6A.5.8 Evaluation of Shear and 6A.4.2.1 General Load Rating Equation — Concrete Shear

articles, use the concurrent load effects to compute the shear capacity and rating factors.

Following sections highlight the MBE 3™ edition 2023 spec interim implementation for an LRFR analysis.
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Article 6A.4.2.1 Shear-5.6.3.3 Minimum Reinforcement computes the cracking moment (Mcr) for each load case as

shown below.

A new column — “Governing Action” has been added to indicate the primary action considered. For example, in
2022 interim, rating factors were computed using the envelope moment and shear values. In 2023 interim, shear
concurrent actions with maximum (Max M) and minimum (Min M) moment, moment concurrent actions with

maximum (Max V) and minimum (Min V) shear are being considered for load rating.

ﬂ Spec Check Detail for 6A.4.2,1 Shear-53.6.3.3 Minimum Reinforcement

(AASHTQO Manual

PS Box Rect Void - At Location = 19.0000 (ft) - Left

Shear -

5 Concrete Structures
5.6 Design for Flexural and Axial Effects - B Regions

Stage 3

Crosa Section Properties for Prestress box beam with Rectangular woid

Name: BIII

Beam Height

Top Slab Width
Top Slab Thick
Bottom 3lab Width
Bottom 31lab Thick

Shear Key
Shear Key
Shear Key
Bl

Slab f'ec
Effective
Effective

Input:
Ir beam =
ScTop
ScBot
Gammal
Gamma2
Gamma3
Gamma3

Mcr = Gamma3
Hote: If the

48 Girder f'c = 5.00(ksi)

Girder f'ci = 4.00(ksi)

Side Wall Thickness

Top
Height
Depth
= 0.00 (k3i)
Slab Width = 0.00(in) Haunch Width
Slab Thickness = 0.00(in) Haunch Thickness
0.54ksl
-85€9.07in"3 Mdnc = §812.35kip-in
8734.21in"3 SncBot = 8734.21in~3

{Prestressed Concrete)
{Reinforced Concrete)

O e

* [( geammal*fr + Gamma2*fcpe)*Sc - Mdnc *
capacity has been overridden,
Otherwise the Resistance is computed as per the Specification.

{Sc/Snc - 1)]
the Resistance 13 computed as override phi*override capacity.

for Bridge Ewaluation, Third Edition with 2023 Interims)

5.00(in)

(5.6.3.3-1)

Limit Load fepe fr Gamma3 Gowerning Mu vu

State Comb ksi ksi Action kip

STIR-1 1, Deslnv 2.2z 0.54 1. Max M g

STIR-1 1, DesInv 2.2z 0.24 1. Min M B

SIR-1 1, Deslnv 2.22 0.54 1. Max V B

SIR-I 1, Deslnv 2.22 0.54 1. Min V B

STR-T 1, DesOp 2.22 0.54 1. Max M

STR-T 1, Deslp 2.22 0.54 1. Min M 8

STR-T 1, DesCp 2.22 0.54 1. Max V 8

STIR-I 1, DesOp 2.2z 0.34 1. Min V g

SIR-I 2, DesInv 2.22 0.54 1. Max M g

STIR-1 2, Deslnv 2.2z 0.24 1. Min M B -
SIR-1 2, Deslnv 2.22 0.54 1. Max V B .
SIR-I 2, Deslnv 2.22 0.54 1. Min V B .
STR-T 2, DesOp 2.22 0.54 1. Max M -
SIR-1 2, DesCp 2.22 0.54 . Min M .18
STR-T 2, DesOp 2.22 0.54 1. Max V .18
STIR-I 2, DesOp 2.2z 0.34 1. Min V .18
SER-III 1, DesInv 2.22 0.54 1. Max M . .18
SER-IIL 1, Deslnv 2.2z 0.54 1. Min M 26 .18
SER-III 1, DesInv 2.2z 0.34 1. Max V =13 1.18
SER-III 1, Deslnv 2.22 0.54 1. Min V .52 1.18
SER-TIT 2, DesInv 2.22 0.54 1. Max M Ba .18
SER-III 2, DesInv 2.22 0.54 1. Min M 28 .18
SER-TIT 2, DeslInv 2.22 0.54 1. Max V 16610.61 48 .18
SER-IIT 2, DesInv 2.22 0.54 1. Min V 14554.01 .97 1.18

HL-93 (US) - Truck + Lane
HL-93 (US) - Tandem + Lane

Figure 1 - 6A.4.2.1 Shear-5.6.3.3 Minimum Reinforcement

Note: Article “LRFD 5.6.3.3 Minimum Reinforcement” will only be applicable for determining Mcr for flexural

resistance using the envelope moment.
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

[ Spec Check Detail for 64.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance

€2.4.2.1 Shear - 5 Concrete Structures
€R.4.2.1 Snear - 5.7 Shear and Torsion
€A.4.2.1 Shear - 5.7.3 Sectional Design Model
6A.4.2.1 - 5.7.3.

.1 She: or Shear B
{RASHTO Manual for Bridge Evaluation, Third Edition with 2023 Imterims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Calculation of Beta/Theta

0.000 (kips/in~2)
0.900
5.000 (kips/in~2)
0.837 (kips/in~2)
60.000 (kipa/in~2)
1,000
0.000 (kips)
Ep = 28500.000 (kips/in~2)
0.000 (in“2) (used for Bositive Mu
0.000 (in"2) (used for Negative Mu)
4.284 (in"2) (used for Positive Mu)
= 0.306 (in*2) (used for Negative Mu)

183.000 (kips/in~2)
EC = 4592.232 (kips/in~2)

Beta Calc (used in table below) :
1) - Beta = 4.3 / (1 + 750 Epsilons)
(4.8 / (1 + 750 Epsilens) )} *

(2) - Beta = (51 7 (39 + swe) )

sme = sx * (1.33 / (ag + 0.63) )

Mu_calc = Max(Mu, |Va - ¥p| * dv)
Modify MCFI Thet: No
Modify MCFT Size Effect: Ko
fpc / f'c = 0.1
Limit Load Epsilon Theta Beta Governing Mu Mu Calc Vu Nu bv dv Sx Sxe Beta Calc Rct Av &s
State Comb Action
(kip-in) (kip-in) (kips) (kipa) (in) (in) (in) {in) (in~2) (in~2)
STR-I 1, DesInv 0.002471 1.68 Max M 33228.57 33228.57 127.29 33.77 33.77 - 1) 0.40 0.00
STR-I 1, DesInv 4.230 Min M 11318.63 11318.68 37.57 33.77 33.77 - (1) 0.40 0.00
STR-I 1, DesInv 1.81 Max V 32064.13 32064.13 128.56 33.77 33.77 - (1) 0.40 0.00
STR-L 1, DesInv 4.80 Min V 22779.24 22779.24 25.01 33.77 33.77 - (1) 0.40 0.00
STR-T 1, DesOp 2.64 Max M 28220.60 28220.60 106.78 33.77 33.77 - 1) 0.40 0.00
STR-I 1, DesOp 4.80 Min M 11318.68 11318.68 37.57 33.77 33.77 - (1) 0.40 0.00
STR-1 1, Desop 2leo wax v | zazzol  27asslal 107.77 33017 3307 - o.an 0l00
SR 1 1, Desop also winv | z01sses  2oassies  27.88 33l17 3317 T o.a0 0l00
STR-I 2, DesInv 2.30 Max M 29541.81 29541.81 111.12 33.77 33.77 - 1) 0.40 0.00
STR-T 2, DesInv 4.80 Min M 11318.62 11318.88 37.57 33.77 33.77 - 1) 0.40 0.00
STR-I 2, DesInv 2.55 Max V 28377.37 28377.37 112.38 33.77 33.77 - (1) 0.40 0.00
STR-L 2, DesInv 4.80 Min V 23878.56 23878.56 23.80 33.77 33.77 - (1) 0.40 0.00
STR-L 2, DesOp 3.93 Max M 25376.52 25376.52 94.31 33.77 33.77 - (1) 0.40 0.00
STR-I 2, DesOp 4.80 Min M 11318.62 11318.88 37.57 33.77 33.77 - 1) 0.40 0.00
STR-I 2, DesOp 4.51 Max V 24478.24 24478.24 95.29 33.77 33.77 - (1) 0.40 0.00
STR-I 2, DesOp 4.20 Min ¥ 21007.73 21007.73 26.95 33.77 33.77 - (1) 0.40 0.00
SER-III 1, DesInv 4.80 Max M 18828.30 18828.30 70.27 33.77 33.77 - (1) 0.40 00
SER-IIT 1, DesInv 4.8 Min M 8812.35 8812.35 29.28 33.77 33.77 - 1) 0.40 0.00
SER-IIT 1, DesInv 4.8 Max V 18295.99% 18295.99 70.88 33.77 33.77 - (1) 0.40 0.00
SER-IIT 1, DesInv 4.8 Min V 14051.47 14051.47 23.52 33.77 33.77 - (1) 0.40 0.00
Sta1nl 2, Desnv also waxw | 1714703 17112083 62.88 33l17 3307 - m o.a0 0l00
SER-IIT 2, DesInv 4.80 Min M 8812.35 8812.35 29.28 33.77 33.77 - 1) 0.40 0.00
SER-IIT 2, DesInv 4.8 Max V 16610.61 16610.61 63,48 33.77 33.77 - 1) 0.40 0.00
SER-ITT 2, DesInv 4.8 Min ¥ 14554.01 14554.01 22.97 33.77 33.77 - (1) 0.40 0.00
Load Combination Legend:
Code Vehicle
1 HL-93 (US) - Truck + Lane
2 HL-93 (US) - Tandem + Lane
Figure 2 - 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance
m Spec Check Detail for 6A.4.2.1 Shear-5.7.2.5 Minimum Transverse Reinforcement
©8.4.2.1 Shear - 5 Conorete Structures
€81421 Shear - 5.7 Shear and Torsion
G2130311 Shear - 5.7.2 General Reguizemencs
Ga13.211 Shear - 5.7.2.5 Vinimum Transverse Reinforcement
(RASHTO Memual for Bringe Evalustisn, Tnira Edicion with 2023 Interims)
Bs Box Reot Vsid - At Locazion - 19.0000 (fo) - Lefc  Stage 3
Creck
Vu > 0.5 * phi * (Vc + Vp) (5.7.2.3 = 1)
Av >= 0.0316 * lambda * SQRT(f'c) * bv * = / fy (5.7.2.5 - 1)
i - 5.000ks:
£y~ 60 000ks1
£ns - 01300
Tambas < 1.000
Note: Ty - Yiela strength of transverse reinforcement (ki) =< 100 ksi.
Limit Load Vo Governing Vu Var El AV »= 0.0316 *lambda *SQRT(f'c) *bv * s/fy Pass/Fail
State Comb {kip) Action (kip) 0.5*phi* (Vo+Vp) (in) Provided(in~2)
STR T 1, Destav 013 sax 12729 res 12.00 0.14 Pass
STR 1 1) Destav 114,52 win 31,57 i 1200
STR-I 1, DesIav 43.22 Max V 128.56 Yes 1z.00 Pass
STR-I 1, DesIav 114.52 Min V 25.01 No 12.00
STR-I 1, DesaOp €3.05 Max M 106.78 Yes 12.00 Pass
STR-I 1, DesaOp 114.52 Min M 37.57 No 12.00
STR-I 1, DeaOp €9.03 Max V 107.77 Yes 1z.00 0.14 Pass
STel 1 teson 1315 v 3758 e 1300 -
TR 1 3, Deslny si.07 Max 1t 11,12 Tes 1300 011 Pass
TR 21 DesTny 13352 g 3.5 o 130
sTR1 2, DesTav 60.51 Max v 112,38 Tes 1300 0.1 Pass
TR 1 3, DesTav 132,52 win v 33.50 v 1300
TR 5, Desop 93.59 o 5431 ves 1300 Bass
e 2, pescp 1125 rin 31157 i 100
SRl 3, pesop 10755 rax v 3529 e 1300 011 bass
TR 2, peson 1145 win v 26,05 o 100
SR 1, Destnv 1145 e 027 res 100 o.11 Bass
SEI 1) Desnv FEvit] rin 29126 o 1300
SRII 1) Desnv 1145 rax v 0.6 res 100 en bass
SRIn 1) Desv 1343 win v 23052 o 1300
SteIn 2, Desuv 11415 o a2los res 1300 0.1 Bass
SR 2, Destuv 11415 win 25126 o 1300
SRl ) Deswv 1345 rax v ) ves 1300 014 Bass
SR 2, Destv 11415 rin v 2.3 w 1200

Load Combination Legend:

Code Venicle

1 HL-23
2 HL-23

(US) - Truck + Lane
(US) - Tandem + Lene

Figure 3 - 6A.4.2.1 Shear-5.7.2.5 Minimum Transverse Reinforcement
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[ Spec Check Detail for 64.4.2.1 Shear-5.7.2.6 Maximum Spacing of Transverse Reinforcement

6A.4.2.1 Shear - 5 Concrete Structures
€A.4.2.1 Shear - 5.7 Shear and Torsion
€A.4.2.1 Shear - 5.7.2 General Requirements
6A.4.2.1 Shear - 5.7.2.6 Maxirum Spacing of Transverse Reinforcement
(RASETO Manual for Bridge Evaluation, Third Edition with 2023 Interims)
PS Box Rect Void - At Location = 19.0000 (£t) - Left Stage 3
Calculacion of Shear Stress on the concrete
Va > 0.5%phi * (Ve+Vp) (5.8.2.4-1)
phi = 0.9000
f'c = 5.000ksi
Limit Load Ve Ve Governing Vu v av vu s Spacing Status
State Comb (kip) (kip) Action (xip) 0.5¥phi* (Ve+Up) {in) (in) (ksi) 0.125%f'c (in) criteria
STR-I 1, DesInv 40.13 0.00 Max M 127.28 TRUE 10.00 33.77 0.42 TRUE 12.00 Pass
STR-I 1, DesInv 114.52 0.00 Min M 37.57 FRLSE NA NA HR MR NR Pass
STR-I 1, DesInv 43.22 0.00 Max V 128.56 TRUE 10.00 33.77 0.42 TRUE 12.00 Pass
STR-I 1, DesInv 114.52 0.00 Min ¥ 25.01 FALSE WA Y NA Pass
STR-I 1, Des0p 63.05 0.00 Max M 106.78 TRUE 10.00 33.77 0.35 TAUE 12.00 Pass
STR-I 1, DesOp 114.52 0.00 Min M 37.57 FALSE NA NA NR NR Pass
STR-I 1, DesOp 69.03 0.00 Max V 107.77 TRUE 10.00 33.77 0.35 TRUE 12.00 Pass
STR-I 1, DesOp 114.52 0.00 Min V 27.88 FALSE NR MR NR NR Pass
STR-I 2, DesInv 54.97 0.00 Max M 111.12 TRUE 10.00 33.77 8.37 TRUE 12.00 Fass
STR-I 2, Deslnv 114.52 0.00 Min M 37.57 FALSE WA WA NA NA Fass
STR-T 2, Deslnv 60.94 0.00 Max ¥ 112.39 TRUE 10.00 33.77 0.37 TAUE 12.00 Pass
STR-I 2, Deslnv 114.52 0.00 Min V 23.80 FALSE NA NA NR NA NER Pass
STR-I 2, DesOp 93.69 0.00 Max M 94.31 TRUE 10.00 33.77 0.31 TRUE 12.00 Pass
STR-I 2, DesOp 114.52 0.00 Min M 37.57 FALSE NR MR NR NE Pass
STR-I 2, DesOp 107.53 0.00 Max V 85.29 TRUE 10.00 33.77 0.31 TRUE 12.00 Pass
STR-I 2, DesOp 114.52 0.00 Min ¥ 26.85 FALSE WA WA NA NA Fass
SER-IIT 1, Deslnv 114.52 0.00 Max M 70.27 TRUE 10.00 33.77 0.23 TAUE 12.00 Pass
SER-IIT 1, Deslnv 114.52 0.00 Min M 29.26 FALSE WA WA NA NA Pass
SER-IIT 1, DesInv 114.52 0.00 Max V 70.86 TRUE 10.00 33.77 0.23 TRUE 12.00 Pass
SER-IIT 1, DesInv 114.52 0.00 Min V 23.52 FALSE NR MR NR NR - Pass
SER-IIT 2, DesInv 114.52 0.00 Max M 62.88 TRUE 10.00 33.77 0.21 TRUE 12.00 Pass
SER-IIT 2, Deslnv 114.52 0.00 Min M 22.26 FALSE WA WA WA NA - Pass
SER-IIT 2z, Deslnv 114.52 0.00 Max ¥ 63.46 TRUE 10.00 33.77 0.21 TRUE 12.00 Fass
SER-IIT 2, DesInv 114.52 0.00 Min V 22.97 FALSE NA NA NR NA NR - ———-n/a~ Pass
Y J
Load Combinstion Legend:
Code Vehicle
1 HL-93 (US) - Truck + Lane
2 HL-93 (US) - Tandem + Lane
Figure 4 - 6A.4.2.1 Shear-5.7.2.6 Maximum Spacing of Transverse Reinforcement
E Spec Check Detail for 64.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance
BA.4.2.1 Shear - 5 Concrete Structures
6A.4.2.1 Shear - 5.7 Shear and Torsion
EA.4.2.1 Shear - 5.7.3 Sectional Design Model
6R.4.2.1 Shear - 5.7.3.3 Nominal Shear Resistance
{AASHTO Manual for Bridge Ewvaluation, Third Edition with 2023 Interims)
PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3
Calculation of Shear Resistance Vr
Ve = 0.0316¢ * Beta * lambda * S0RT(f'c) * bv * dv {3.7.3.3-3)
vl * fyl * dv (cot(theta) + cot(alphal)) * sin{alphal)
Vsl = * lambda duct {5.7.3.3-4)
E
Vs2 Av2 * fy2 * sin(alpha2) * lambda_duct {5.7.3.3-
Vs2Max = 0.0895 * lambda * SQRT(f'c) #* bv * dw {5.7.3.3-6
Vs = Vsl + min(Vs2, Vs2Max)
Post tensiocned = FARLSE
lambda_duct = 1.0000
Vnl =Vc + Vs + Vp {3.7.3.3-1)
Vn2 =0.25 * £f'c * bv * dv + Vp {5.7.3.3-2)
Vn = min{Vnl, Vn2)
vr = phi * Vn (5.7.2.1-1)
Resistance due to CONCTETE.
Registance due to stirrupa.
Resistance dus to only center 3/4 of sloped perticn of the longitudinal bars. {Article 5.7.3.3)
Resistance dus to prestressing.
Resistance due to force in inclined bars.
*Note: Vr includes the value Vrsl
Avl: Area of stirrups.
fyl: Yield Strength of stirrupa.
alphal: Angle of inclination of stirrups.
RAvl: Area of bent up longitudinal rebars.
fy2: Yield Strength of bent up longitudinal rebars.
alpha2: BAngle of inclination of bent up longitudinal rebara.
Input:
ohi = 0.300
f'c = 5.000 (k3i)
£yl = £0.000 (ksi}

alphal = %0.000 (Degrees)
lambda = 1.000

Consider
Consider
Consider
Consider

inclined forces option: No

sloped portion of longitudinal rebar option: Ho
iterative shear rating cpticn
MCFT theta option: Mo

Shear computation metheod: General
Iteration reguired: No

Figure 5 - 6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance Part 1
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{applies cnly to General and GenerallppB shear computation methods): Mo
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Figure 6 - 6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance Part 2

—-- Override ---
V=2 Vs2Max Ve Vnl Vn2 Vn
{kip) (xip) (kip) (kip) {kip) Phi (kip)

0.0 71.73 0.00 422.06 - -—
0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.0 71.73 0.00 422.06

0.00 71.73 0.00 238.35 122.06 212.71

Figure 7 - 6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance Part 3

In 2022 interim, the load cases shown in the LL column are only envelope shear actions.

[ Spec Check Detail for 6A.4.2.1 General Load Rating Equation - Concrete Shear - O

esistance Factor Rating
ting Procedure
al Load-Rating Equation

4.2 crece she eral

(AASHTO Manual for Bridge Evaluation, Third Edition with 2022 Interims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Snear Rating Factor Calculatiens

design & legal shear: False
Tmit shear: e

the Resistance 1z
2s per the Spec:

Note: If the capacity phi*override capacity.
o

nas
rwise the Resist.

Load Factors

Load Limit

Load Combo  State nc Di  DW-W5 L Bhi
Designlnv 1.25 1
DesignInv 1.25 1
DesignOp 1.25 1
DesignOp 1 1.25 1
Designlnv 2 1.28 1
DesignInv 2 1.25 1
Designop 2 1.25 1
Designop 2 1.25 1

Lead Combination Li

Venicl

- Truck + Lane

X

Figure 8 - 6A.4.2.1 General Load Rating Equation - Concrete Shear MBE 3rd edition, 2022 interim

Last Modified: 7/16/2024 7

Limit Load  Governing Mu Mul MuTL Vu VuDL Nu av Avl cot
State Combo Action  (kip-in)  (kip-in)  (kip-in) {kip) (kip) (xip) (in) (in) {in~2) Beta (Theta) ~ Epsilon
STR-I 1, DesInv Max M 33228.57 11318.68  21909.89 127.29 37.57 0.00 10.00 33.77 0.40 1.682 1.296  0.00247L
STR-I 1, DesInv Min ¥ 11318.68  11313.68 9.00 37.57 37.57 0.00 10.00 33.77 0.40 4.800 1.804  0.000000
STR-T 1, DesInv  Max V. 32064.13  11318.68  20745.45 128.56 37.57 a.00 10.00 33.77 0.40 1.812 1.342  0.002199
STR-T 1, DesInv  Min V 22779.24  11318.68  11460.56 25.01 37.57 a.00 10.00 33.77 0.40 4.800 1.80  0.000000
STR-I 1, Desop  Max M 28220.60 11318.68 16901.91 106.78 37.57 0.00 10.00 33.77 0.40 2.643 1.551  0.001088
STR-I 1, DesOp  Min M 11318.68  11313.68 9.00 37.57 37.57 0.00 10.00 33.77 0.40 4.200 1.804  0.000000
STR-T 1, DesOp  Max V. 27322.31 11313.68  16003.63 107.77 37.57 a.00 10.00 33.717 0.40 2.283 1.596  0.00087%
STR-T 1, DesOp  Min V. 20159.68  11318.68  8841.00 27.88 37.57 a.00 10.00 33.77 0.40 4.800 1.80¢  0.000000
STR-T 2, DesInv  Max M 29541.81 11318.68  18223.13 111.12 37.57 0.00 10.00 33.77 0.40 2.308 1.479  0.001444
STR-I 2, Deslnv Min M 11318.68  11313.68 9.00 37.57 37.57 0.00 10.00 33.77 0.40 4.200 1.804  0.000000
STR-T 2, DesTnv  Max V. 28377.37 11318.68  17053.69 112.38 37.57 a.00 10.00 33.77 0.40 2.554 1.534  0.001172
STR-T 2, DesInv  Min V 11318.68  12559.88 23.80 37.57 a.00 10.00 33.77 0.40 4.800 1.804  0.000000
STR-T 2, DesOp  Max M 11318.68  14057.84 $4.31 37.57 0.00 10.00 33.77 0.40 3.927 1.729  0.000296
STR-I 2, Desop  Min M 11318.68 9.00 37.57 37.57 0.00 10.00 33.77 0.40 2.800 1.804  0.000000
STR-T 2, DesOp  Max V. 11318.68  13159.56 85.23 37.57 a.00 10.00 33.77 0.40 4.507 1.782  0.000087
STR-T 2, DesGp  Min V 11318.68  9689.05 26.95 37.57 a.00 10.00 33.77 0.40 4.800 1.804  0.000000
SER-TIT 1, DesInv Max M 8812.35 10015.95 70.27 29.26 0.00 10.00 33.77 0.40 2.800 1.804  0.000000
SER-III 1, DesInv Min M £8812.35 9.00 29.26 29.26 0.00 10.00 33.77 0.40 2.800 1.804  0.000000
SER-III 1, DesInv Max V. 8812.35  9433.63 70.86 29.26 0.00 10.00 33.77 0.40 4.200 1.204  0.000000
SER-ITT 1, DesInv  Min V 8812.35  5239.11 23.52 29.26 a.00 10.00 33.77 0.40 4.800 1.804  0.000000
SER-TIT 2, DesInv  Max M 8812.35  8330.57 62.88 29.26 a.00 10.00 33.77 0.40 4.800 1.806  0.000000
SER-III 2, Deslnv Min M 8812.35 9.00 29.26 29.26 0.00 10.00 33.77 0.40 4.800 1.804  0.000000
SER-III 2, DesInv Max V 8812.35  7793.26 63.46 29.26 0.00 10.00 33.77 0.40 4.200 1.804  0.000000
SER-TIT 2, DesInv  Min V. 8812.35  5741.66 22.97 29.26 a.00 10.00 33.77 0.40 4.800 1.804  0.000000
Load Combination Legend:
Code Vehicle

1 HL-95 (US) - Truck + Lane

2 HL-93 (US) - Tandem + Lane
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In 2023 interim, the LL values shown for governing action Max V and Min V are the envelope shear values. For

govening action Max M and Min M, shear concurrent with moment are considered. This results in new load cases.

[l Spec Check Detail for 64.4.2.1 General Load Rating Equation - Concrete Shear - o X

€A Load and Resistance Factor Rating H

€A.4 Load Rating Procedures
€R.4.2 General Load-Rating Equation

€A.4.2.1 Concrete Shear General

(BASHTO Manual for Bridge Evaluation, Third Edition with 2023 Interims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Shear Rating Factor Calculacions

Input:
Cendition Factor = 1.0000
Systen Factor = 1.0000

DC Shear (Max)
DC Shear {Min)

25.2718 (kip)
25.2718 (kip)

DW Shear (Max) 3.9900 (kip)
DW Snear (Min) 3.9900 (kip)
DW-WS Shear (Max) 0.0000 (kip)
DW-WS Shear (Min) 0.0000 (kip)

Ignore design & legal shear: False

Ignore permit shear: True

Neve: If the capacity has been cverridden, the Resistance is computed as override phitoverride capacity.
Ocherwise the Resistance is compuced as per the Specification.

Y EE— Load Factors -- Override — —_—
Iead Limit Governing adi.

Load Combe  State Action 1L L 1 W DW-WS had Ens Vo Eni o RF | capacity
(k1p) (k1p) (kip) (kip) (Ton)
DesignInv 1 STR-T Max M 51.26 1.25 1.50 1.50 1.75 0.30 127.67 0.262 31.03
Designinv 1 1.2% 1.50 1.50 1.75 0.30 236.35 99,000 | 3564.00
DesignIny 1 1.25 1.50 1.50 1.75 0.90 133.83 0.911 32.79
Designlnv 1 1.25 1.50 1.50 1.75 0.30 | -236.35 19,917 717.02
DesignOp 1 1.2% 1.50 1.50 1.35 0.30 167.80 1,639 52,01
DesignOp 1 1.25 1.50 1.50 1.35 0.30 236.35 99.000 | 3564.00
DesignOp 1 1.25 1.50 1.50 1.35 0.30 176.78 1,731 62.33
DesignOp 1 1.25 1.50 1.50 1.33 0.90 | -238.35 25,819 929.47
DesignInv 2 1.25 1.50 1.50 1.75 0.30 154.88 1.3834 43,38
DesignInv 2 1.25 1.50 1.50 1.75 0.30 236.35 99.000 | 3564.00
DesignInv 2 1.25 1.50 1.50 1.75 0.90 164.51 1.477 5318
Designlnv 2 1.25 1.50 1.50 1.75 0.0 | -236.35 8.174 654.26
DesignOp 2 1.2% 1.50 1.50 1.35 0.30 210.48 2.677 96.36
DesignOp 2 1.25 1.50 1.50 1.33 0.90 236.35 99.000 | 3564.00
DesignOp 2 1.25 1.50 1.50 1.35 0.30 227.86 2.902 104.47
DesignOp 2 1.2% 1.50 1.50 1.3% 0.0 | -236.3% 23,559 848.12
(N

Load Cembination Legend:

Code Vehicle
v
Pl >
oK

Figure 9 - 6A.4.2.1 General Load Rating Equation -Concrete Shear MBE 3rd edition, 2023 interim

Highlighted portion in image below shows the improvement of rating factor from 0.848 in 2022 interim t0 0.911 in

2023 interim for Design inventory, load case 1, STR-1 limit state.

MR R e

\A m—wwwfw *\/\Aﬂnw,ﬁw
Load Factors -- Owerride ——
Load Limit Governing 2023 interims
Load Conmbo State Acticn 1L Dc oW DW-W3 1L Phi Vn Phi Vn e eemeerssedpacity
{kip) {kip) {kip) {Ton)
DesignInwv 1 STR-I Max M 51.28 1.25 1.50 1.50 1.75 0.90 127.87 0.862 31.03
Designinv 1 SIR-I Min M 0.00 1.25 1.50 1.50 1.75 0.90 236.35 99.000 3564.00
DesignInv 1 STR-I Max V 51.99 1.25 1.50 1.50 1.75 0.90 133.83 0.911 32.79
Designlnv 1 SIR-I Min V -7.18 1.25 1.50 1.50 1.75 0.90 -236.35 15.917 717.02
DesignOp 1 STR-I Max M 51.26 1.25 1.50 1.50 1.35 0.90 167.80 1.639 59.01
DesignOp 1 STR-I Min M 0.00 1.25 1.50 1.50 1.35 0.90 236.35 99.000 3564.00
DesignOp 1 SIR-I Max V 51.99 1.25 1.50 1.50 1.35 0.90 176.78 1.731 82.33
DesignOp 1 STR-I Min V -7.18 1.25 1.50 1.50 1.35 0.90 -236.35 25.819 829.47
DesignInv 2 STR-I Max M 4z2.02 1.25 1.50 1.50 1.75 0.90 154.88 1.384 49.34
DesignInv 2 STR-I Min M 0.00 1.25 1.50 1.50 1.75 0.90 236.35 99.000 3564.00
DesignInwv 2 STR-I Max V 42.75 1.25 1.50 1.50 1.75 0.90 164.51 1.477 53.16
Designinv 2 SIR-I Min V -7.87 1.25 1.50 1.50 1.75 0.90 -236.35 18.174 854.26
DesignOp 2 SIR-I Max M 4z2.02 1.25 1.50 1.50 1.35 0.90 210.48 2.877 86.36
DesignOp 2 STR-I Min M 0.00 1.25 1.50 1.50 1.35 0.90 236.35 99.000 3564.00
DesignOp 2 STR-I Max V 42.75 1.25 1.50 1.50 1.35 0.90 227.86 2.902 104.47
DesignOp 2 STR-I Min V -7.87 -— 1.25 1.50 1.50 1.35 0.90 -236.35 — -— 23.559 848.12
B i I I TP U NS S L

Figure 10 - 6A.4.2.1 General Load Rating Equation -Concrete Shear rating comparison

Last Modified: 7/16/2024 8



MBE 2023 Spec Interim Update - Shear Rating Iteration Example

R Spec Check Detail for 6A.5.2 Evaluation for Shear

€A Load and Resistance Factor Rating

€R.5 Concrete Structures

€A.5.8 Evaluation for Shear

(ARSHTO Manual for Bridge Evaluation, Third Edition with 2023 Interims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Longitudinal Reinforcement

From LRFD 5.7.3.5-1

1HS or Tr = ApS*fps + As*fy

1Mu| Hu 71 va I \
+ ||---- - ¥p| -0.5 * V3| * cot(theta) (LRFD 5.7.3.5-1)
du*phif phic  \|phiv I /
IMuDLI NuDL VDL 1
T(DL) = SignMDL * ————-——— + 0.5 * SignNDL * ——- + (SignVDLp * |-—- - Vpl — 0.5 * Va) * cot(theta), where Vs = min(Vs, Vu/phiv) (Based on LRFD 5.7.3.5-1 and MBE R.5.%)
dv*phif phic |phiv |
IMuLL HuLL |VaLL|
T(LL) = SignMIL * ——— + (SignVLL = |-——| ) * cot(theta) (Based on LRFD 5.7.3.5-1 and MBE 6A.5.8)
dv*phif phic Iphiv]
Where:
VuDL + VuLL VuDL
Mu = MuDL + MulL; Nu = NuDL + NuLL; VT = — - Vp; VuDlp =
phiv phiv
/ MuDL \ / NubL \ / VuDLp \ / MuLL \ / WuLL \ / VulL \
SignMOL = Sign of |--—-—- I; SignNDL = Sign of | ------ |: SignVDLp = Sign of | -—--—- |: SignMIL = Sign of | ---—- |: SignNLL = Sign of | ----- |; SignVLL = Sign of | —---- |
VoM S A owNag VT VoM S VoM s NOVT O/
T(r) - T(DL)
BF = ———mmmmmm e
T(LL)
Ignors design & legal shear : No
Ignore permit shear 1 Yes
Consider iterative shear razing : No
Consider MCFT theta : No
Shear computation method type @ General
Iteration required : No
phif = 1.000
phic = 0.750
phiv = 0.900
s (pos) 0.000 (in~2) (used for Pesitive Mu)
Es(neg) = 0.000 (in"2) (used for Negative Mu)
fy(pes) = 0.000 (ksi) (used for Pesitive Mu)
fy(neg) = 0.000 (ksi) (used for Negative Mu)
Ipsipes) = 4.284  (in~2) (used for Pesitive Mu)
Ipsineg) = 0.306 (in~2) (used for Negative Mu)
fpsipos) = 245.606 (ksi) (used for Pesitive Mu)
fpsineg) = 141.252  (ksi) (used for Negative Mu)
Sv(pos) = 10.000 (in) (used for Positive Mu)
Buineg] = 10.000 (in) (used for Negative Mu)
Dv(pos) = 33.765 (in) (used for Positive Mu)
Dvineg) = 28.080 (in) (used for Negative Mu)

Figure 11 - 6A.5.8 Evaluation for Shear MBE 3rd edition, 2023 interim

vadL

Apaefps
(czpa)

(kips)

(kipa)  (kpa)

Wall Vel |q;=-.v,=n sese S s ™
i

3.

Figure 12 - 6A.5.8 Evaluation for Shear MBE 3rd edition, 2023 interim
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Control option added to consider iterative shear rating

This section details the effects of considering an iterative process to compute the shear capacity used in the LRFR
shear rating of concrete bridges. The shear strength for a load rating with Modified Compression Field Theory
(MCFT) is an iterative process due to the underlying differences in strain's role in determining shear capacity in
design versus load rating. In the iterative process, the factored shear capacity (C = PhiC * PhiS * ¢Vn) is compared
to the applied Vu. If they are not equal, iterations will begin by updating Vu, Mu and Nu by proportionally
increasing or decreasing the live load portion of these force effects until the C is equal to the applied Vu. This is
applicable to all concrete structures, i.e., reinforced concrete, prestressed concrete, post tensioned concrete and

reinforced concrete box culverts.

Member Alternative Description — Control options
Navigate to the member alternative Precast Box Alternative of member G2, double click on it (or click the Open
button from the WORKSPACE ribbon) to open its Member Alternative Description window. Navigate to the

Control options tab as shown below.

Check the box - Consider iterative shear rating as shown below.

M Member Alternative Description — O
Member alternative: Precast Box Alternative
Description Specs Factors Engine Import  Control options
LRFD LRFR
(1 Points of interest - O Use gross section properties -
Rl Generate at tenth points except supports Use transformed section properties
Generate at support points 3 Multi-span analysis
Generate at support face & critical shear points o Continuous
Generate at section change points Continuous and simple
Generate at user-defined points [ Ignore design & legal load shear
[E15hear computation method Ignore permit load shear
Ignare Consider legal load tensile concrete stress
o General procedure Consider splitting resistance article
General procedure - Appendix B3 v Ignore tensile rating in top of beam
Consider deck reinf. development length
LFR
Points of interest a Consider permit load tensile steel stress
Generate at tenth points except supports [ Ignore long. reint. in rating ]
Generate at support points O Distribution factor application method
i Gener support poin
. By axle
Rl Generate at support face & critical shear points
Qo
Generate at section change points o
) ) Allow negative epsilon in general shear methed
Generate at user-defined points
. Allow moment redistributi
1 5hear computation method Ao moment redisuhen
Ignore [ Consider iterative shear rat'"g]
Use AASHTO 1979 interim code Medify MCFT theta
o Use current AASHTO - Modify MCFT size effect -
QK Apply Cancel

Click OK to apply the data and close the window.

Last Modified: 7/16/2024 10
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Run an LRFR analysis using the analysis settings shown in the previous step.

Specification Check Detail
Once the analysis is complete, open the Specification Check Detail. The specification check articles for the analyzed
member alternative for Stage 3 at Span 1 — 19.00 ft, is shown below. Highlighted are the articles where the iteration

process is detailed.

4Dy Specification Checks for Precast Box Alternative - 26 of 671 - O X
Articles
N All articles v
&
Properties Generate Format
Bullet list e
Specification filter Report
4 | Superstructure Component Specification reference Limit State Flex. Sense Pass/Fail
® |_| Prestress Calculations +/ 54.2.1 Compressive Strength N/A Passed
» |_j5Stage 1 5.4.2.5 Poisson's Ratia NA General Comp.
B |_jStage 2 5.4.2.6 Modulus of Rupture /A General Comp.
4 |_y5tage 3 5.4.2.8 Concrete Density Madification Factor N/A General Camp.
4 [y Precast Box Altenative | WA 5532 Reinforcing Bars and Welded Wire Reinforcement N/A Not Required
i Span1-0.00ft 5.5.4.2 PS Strength Limit State - Resistance Factors N/A General Comp.
o zpan : ) jg? 2 5.6.2.2 Rectangular Stress Distribution N/A General Comp.
=pan 1= ) +/ 5.6.3.2 PS Flexural Resistance (Prestressed Concrete) N/A Passed
| Span 1-9.50 ft. Rk i
v 5.6.33 Minimum Reinforcement N/A Passed
“ySpan 1-19.00 ft. .
NA 5.7.4 Interface Shear Transfer N/A Not Required
| Span 1- 2830 ft.
NA 5.7.42 Minimum Area of Interface Shear Reinforcement N/A Mot Required
| Span 1-38.00 ft. 3
|ySpan 1-47.50 f + 5.8.23.2b Tensile Stresses N/A Passed
|45pan 1-57.00 ft 5.9.4.3.2 Bonded Strand N/A General Comp.
|_5pan 1 - 6650 f +" 6A4.2.1 Design Load Rating Prestress Service Il Tensile Stress N/A Passed
(L4 5pan 1-76.00 ft. +/ 6A.4.2,1 General Load Rating Equation - Concrete Flexure N/A Passed
[L4Span 1-8550ft X 64421 General Load Rating Equation - Concrete Shear N/A Failed
[_15pan 1-91.99 ft 64.4.2.1 Shear-5.6.3.3 Minimum Reinforcement N/A General Comp.
(] Span 1-93.00 ft. +/ 6A4.2.1 Shear-5.7.2.5 Minimum Transverse Reinforcement N/A Passed
(1 5pan 1-95.00 ft. +/ 6A4.2.1 Shear-5.7.2.6 Maximum Spacing of Transverse Reinforcement N/A Passed
| 6A4.2.1 Shear-5.7.3.3 Nominal Shear Resistance N/A General Comp.
6A4.2.1 Shear-3.7.3.4 Procedures for Determining Shear Resistance N/A General Comp.
|X 6A.5.8 Evaluation for Shear N/A Failed
Computation of Vp N/A General Comp.
Cracked_Moment_of_Inertia Section Property Calculations N/A General Comp.
PS_Basic_Properties Calculation N/A General Comp.
PS_Gross_Composite_Section_Properties PS Gross Compeosite Section N/A General Comp.

Double click on the 6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance article to view the iterations. Additional
columns in the final iteration table (shown below) details the status of iteration, convergence, and any failure reason,
if applicable, for each load case. If iterations for a given load case converge, then this table will show the result of
the final iteration. The capacity from the final iteration is used in the rating equation. If the iteration process does not

converge, then the corresponding row from the initial capacity table will be used.
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|El spec Check Detail for 64.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance - - o

Limit Load  Governing M DL MuLL va vanL VoIl ¥u - av . 2wl cot ve Va1 Ve Ve2Max vp vz
State Combo  Action (kip-in)  (kip-in)  (kip-in) {kip) {kipy (kip) (xip) tin) tin) (iny tin"2) Beta (Theta)  Epsilon (eip) (kip) (xip) {kip) (kip) (xip)
STR-I 1, DesInv Max M 33228.57 11318.68  21909.89 127.29 37.57 89.71 0.00 10.00 33.77 12.00 0.40 1.682 1.296  0.002471 20.13 87.53 0.00 71.73 0.00 114.30
STR-1 1, DesInv  Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 .00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-I 1, DesInv Max V 32064.13  11318.68  20745.45 128.56 37.57 90.99 0.00 10.00 33.77 12.00 0.40 1.812 1.342  0.002199 43.22 90.61 0.00 71.73 0.00 120.45
STR-I 1, DesInv in V. 22779.24 11318.68 11460.56 25.0L 37.57 -12.57 9.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-1 1, DesOp  Max M 28220.60 11318.68  16301.91 106.73 37.57 €9.21 .00 10.00 33,1 12.00 0.40 2,643 1.551  0.001088 63.05 104.75 0.00 7173 0.00 1s1.02
STR-I 1, DesOp Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-1 1, DesOp  Max V. 27322.31 11318.68  16003.63 107.77 37.57 70.19 .00 10.00 33.77 12.00 0.40 2.893 1.596  0.000879 69.03 107.76 0.00 71.73 0.00 159.11
STR-1 1, Desop  Min V. 20159.68 11318.68  6841.00 27.88 37.57 -9.69 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 7173 0.00 212.71
STR-T 2, DesInv  Max M 29541.81 11318.68 18223.13 111.12 37.57 73.54 9.00 10.00 33.77 12.00 0.40 2.304 1.479  0.001444 54.97 9,91 0.00 71.73 0.00 139.39
STR-1 2, DesInv  Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 .00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-I 2, DesInv Max V 28377.37 11318.68  17058.69 112.39 37.57 74.82 0.00 10.00 33.77 12.00 0.40 2.554 1.534  0.001172 60.94 103.58 0.00 71.73 0.00 148.06
STR-I 2, Deslnv Min V.  23878.56 1131 12559.88 23.8 37.57 -13.77 9.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-1 2, Des Max M 25376.52 11318.68  14057.6 54.31 37.57 56.73 0.00 10.00 3.1 12.00 0.40 3.927 1.723  0.000296 93.69 116.75 0.00 7173 0.00 189.43
STR-I 2, DesOp Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
STR-1 2, DesOp  Max V. 24478.24 11318.68  13159.56 95.29 37.57 57.72 9.00 10.00 33.77 12.00 0.40 4.507 1,782 0.00008 107.53 120.32 0.00 71,73 0.00 205.07
STR-I 2, DesOp Min V 21007.73  11318.68 9638.05 26.95 37.57 -10.62 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-III 1, DesInv Max M 18828.30 £812.35  10015.95 70.27 29.26 41.01 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-TIT 1, DesInv  Min M 8812.35  8812.35 0.00 28.26 29.26 0.00 .00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-IIT 1, Deslnv Max V 18295.99 8812.35 9483.63 70.86 29.26 41.58 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-IIT 1, DesInv Min V. 14051.47  8812.35  5239.11 23.52 20.26 -5.74 9.00 10.00 33.77 12.00 0.40 4.300 1,304  0.000000 114.53 121.83 0.00 71.73 0.00 212.71
SER-IIT 2, DesInv  Max ¥ 17142.93  8812.35  8330.57 62.88 29.26 33.62 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-IIT 2, DesInv Min M 8812.35 £812.35 0.00 29.26 29.26 0.00 0.00 10.00 33.77 12.00 0.40 4.200 1.204  0.000000 114.52 121.83 0.00 71.73 0.00 212.71
SER-III 2, DesInv  Max V. 16610.61  BE12.35  7798.26 62.46 29.26 34.20 9.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71,73 0.00 212.71
SER-IIT 2, DesInv Min V 14554.01 £812.35 5741.66 22.97 29.26 -6.30 0.00 10.00 33.77 12.00 0.40 4.200 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71

NOTE: In the table below, live load is increased or decreased to achieve, if possible, the final shear capacity when

C = VuDL + VuLL = Vu
whers shear rating capacity
€ = phi S+ phi * Vo

- (68.4.2.12)

with conaiticn, system, and resistance factors

phiC 1.00¢

Ehis - 1.000

ri = 0.500
and phiC * phiS >= 0.85

—--- Override -
Limit Load Governing MuDL MuLL Vu VuDL Vull dav E] vl Vc Vsl Vs2 Vs2Max Vp Vn c / Failure \
scate Comps  Aetien  (kip-in  (kip-in)  (gipeim) (Kip) e (eip) (1) (i) (i m (n2) seta (Tneta)  Epsilen  (kip) (xip) (xip) xip) p) i (kip) (xip) [Toerased> Converged: Reason
STR-T 1, DesInv Max M 31965.50 11318.68  20646.82 122.11 37.57 84.54 0.00 10.00 33.77 12.00 0.40 1.852 1.355  0.002122 44.18 21.50 0.00 71.73 0.00 122.12 fes Yes -
STR-I 1, DesInv Min M 11318.68 11318.68 0.00 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.204 0.000000 114.52 121.83 0.00 71.73 0.00 212.71 Yes No Zere live load
STR-I 1, DesInv Max V 31298.33 11318.68 19975.65 125.20 37.57 87.63 0.00 10.00 33.77 12.00 0.40 1.928 1.37% 0.00198 46.00 93.12 0.00 71.73 0.00 125.21 Yes Yes -
STR-T 1, DesInv Min V 109188.20 11318.68  97869.52 -68.74 37.57 -107.31 0.00 10.00 33.77 12.00 0.40 0.873 0.83%  0.006000 20.32 56.66 0.00 71.73 0.00 £2.74 fes Yes
STR-1 1, DesCp Max M 31965.49 11318.68 20646.8; 122.11 37.57 B84.54 0.00 10.00 33.77 12.00 0.40 1.852 1.355 0.002122 44.18 91.50 0.00 T1.73 0.00 12z.12 Yes Yes
STR-T 1, DesOp Min M 11318.68  11318.68 0 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71 Yes Ne Zero live lead
STR-T 1, DesCp Max V. 31298.30 11318.68  19979.62 125.20 37.57 87.63 0.00 10.00 33.77 12.00 0.40 1.928 1.379  0.001986 26.00 93.12 0.00 71.73 0.00 125.21 Yes Yes
STR-1 1, DesCp Min V 109188.16 11318.68 97869.48 -69.74 37.57 -107.31 0.00 10.00 33.77 12.00 0.40 0.873 0.839 0.006000 20.8: 56.66 0.00 7173 0.00 69.74 Yes Yes
STR-T 2, DesInv Max M 32107.99  11318.68  20789.31 121.47 37.57 £3.90 0.00 10.00 33.77 12.00 0.40 1.836 1.350  0.002152 43.81 21.16 0.00 71.73 0.00 121.47 fes Yes
STR-T 2, DesInv Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71 Yes No Zero live load
STR-I 2, DesInv Max V 31298.32 11318.68 199759.64 125.20 37.57 87.63 0.00 10.00 33.77 12.00 0.40 1.928 1.37% 0.00198 46.00 93.12 0.00 71.73 0.00 125.21 Yes Yes
STR-T 2, DesInv  Min V 109188.22 11318.68  97869.53 -£3.74 37.57 -107.31 0.00 10.00 33.77 12.00 0.40 0.873 0.839  0.006000 20.82 56.66 0.00 71.73 0.00 69.74 Yes Yes
STR-1 2, DesCp Max M 32108.06 11318.68 20789.38 121.47 37.57 £83.90 0.00 10.00 33.77 12.00 0.40 1.836 1.350 0.002152 43.8: 9l.16 0.00 7173 0.00 121.47 Yes Yes -
STR-I 2, DesOp Min M 11318.68  11318.68 0.00 37.57 37.57 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71 tes ne Zers live load
STR-T 2, DesCp Max V. 31298.29  11318.68  19979.60 125.20 37.57 87.63 0.00 10.00 33.77 12.00 0.40 1.928 1.379  0.0019836 26.00 93.12 0.00 71.73 0.00 125.21 Yes Yes -
STR-I 2, DesCp Min V 109188.17 11318.68 97869.49 -69.74 37.57 -107.31 0.00 10.00 33.77 12.00 0.40 0.873 0.839 0.006000 20.8: 56.66 0.00 71.73 0.00 69.74 Yes Yes
SER-IIT 1, DesInv Max M 31740.40 £812.35  22928.05 123.14 29.26 93.88 0.00 10.00 33.77 12.00 0.40 1.877 1.363  0.002076 44.78 82.04 0.00 71.73 0.00 12:3.14 fes Yes
SER-IIT 1, DesInv  Min M 2812.35 8812.35 0.00 29.26 29.26 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.204  0.000000 114.52 121.83 0.00 71.73 0.00 212.71 Yes No Zero live load
SER-TIT 1, DesInv Max V 31006.19 B812.35 22193.8. 126.60 29.26 37.34 0.00 10.00 33.77 12.00 0.40 1.963 1.38 0.001927 46.34 93.83 0.00 71.73 0.00 126.80 Yes Yes
SER-IIT 1, DesInv Min V 99100.49 8812.35  90288.14 -69.74 29.26 -99.00 0.00 10.00 33.77 12.00 0.40 0.873 0.83%  0.006000 20.32 56.66 0.00 71.73 0.00 £2.74 fes Yes
SER-III 2, DesInv Max M 31897.41 £812.35 23085.06 122.42 29.2¢ 93.16 0.00 10.00 33.77 12.00 0.40 1.859 1.357 0.002109 44.36 91.66 0.00 7173 0.00 12z.42 Yes Yes
SER-IIT 2, DesInv  Min M 8812.35 8812, . 29.26 29.26 0.00 0.00 10.00 33.77 12.00 0.40 4.800 1.804  0.000000 114.52 121.83 0.00 71.73 0.00 212.71 tes nNe Zero live lead
SER-IIT 2, DesInv  Max V 31006.19 8812.35  22193.84 126.60 29.26 97.34 0.00 10.00 33.77 12.00 0.40 1.963 1.389  0.001927 26.31 93.83 0.00 71.73 0.00 126.60 Yes Yes
SER-IIT 2, DesInv MinV 99100.50 B812.35 90288.14 -65.74 29.26 -99.00 0.00 10.00 33.77 12.00 0.40 0.873 0.839 0.006000 20.8: 56.66 0.00 71.73 0.00 69.74 Yes Yes
«

Figure 13 - 6A.4.2.1 Shear-5.7.3.3 Nominal Shear Resistance
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Here is a comparison of rating factors at this location with and without iterations.

(R Spec Check Detail for 6A.4.2.1 General Load Rating Equation - Cancrete Shear - u]
62 Load and Resistance Factor Rating
6A.4 Load Rating Procedures
63.4.2 General Load-Rating Equation
6A.4.2.1 Concrete Shear General
(RASHTO Manual for Bridge Evaluation, Third Edition with 2023 Interima)
PS Box Rect Void - At Location = 18.0000 (ft) - Left Stage 3
Shear Rating Factor Caleulations
Input:
Condition Factor 1.0000
System Factor 1.0000
DC Shear (Max) 25.2718 (kip)
DC Shear (Min) 25.2718 (kip)
DW Shear (Max) 3.9900 (kip)
DW Shear (Min) 3.9900 (kip)
DW-HS Shear (Max) 0.0000 (kip)
DW-S Shear (Min) - 0.0000 (kip)
Ignore design & legel sheaz: False
Ignore permit shear: Irue
Note: If the capacity has been overridden, the Resistance is computed as override phi*override capacity.
Otherwise the Resistance is computed as per the Specification.
P rr—— i Load Factors JR—
Load Limit Governing adj.
Load Combo  State Action 1L e W DA-RS L Ehi Vo Phi Va RF |Capacity
(Xip) (kip) {Ton)
Designlnv 1 STR-I Max M 1.25 1.50 1.50 1.75 0.90 127.67 -— -— 31.03
DesignInv 1 STR-T Min M 1.25 1.50 1.50 1.75 0.90 236.35 99.000 | 3564.00
DesignInv 1 STR-I Max V 1.25 1.50 1.50 1.75 0.90 133.8. 0.911 32.79
DesignInv 1 STR-I Min V 1.25 1.50 1.50 1.75 0.90 | -236.35 19.917 717.02
DesignOp 1 STR-I Max M 1.25 1.50 1.50 1.35 0.90 167.80 1.639 59.01
DesignOp 1 STR-I Min M 1.25 1.50 1.50 1.35 0.90 236.35 99.000 | 3564.00
DesignOp 1 STR-I Max V 1.25 1.50 1.50 1.35 0.90 176.78 1.731 62.33
DesignOp 1 STR-I Min V 1.25 1.50 1.50 1.35 0.90 | -236.35 25.819 929.47
DesignInv 2 STR-T Max M 1.25 1.50 1.50 1.75 0.90 154.88 1.38 49.84
DesignInw 2 STR-I Min M 1.25 1.50 1.50 1.75 0.20 235.35 99.000 | 3564.00
DesignInv 2 STR-I Max ¥V 1.25 1.50 1.50 1.75 0.90 164.51 1.477 53.16
Designlnv 2 STR-I Min ¥V 1.25 1.50 1.50 1.75 0.90 | -236.35 18.174 654.26
DesignOp 2 STR-I Max M 1.25 1.50 1.50 1.35 0.20 210.42 2.677 96.36
DesigaOp 2 STR-I Min M 1.25 1.50 1.50 1.35 0.90 236.35 99.000 |  3564.00
DesignOp 2 STR-I Max V 1.25 1.50 1.50 1.35 0.90 227.8 2.902 104.47
DesignOp 2 STR-I \ Min ¥ / 1.25 1.50 1.50 1.35 0.90 | -236.35 — -— 23.559 848.12
Load Combination Legend:
Code Vehicle
.
OK
[ Spec Check Detail for 6A4.2.1 General Load Rating Equation - Concrete Shear - o
&3 Load and Resistance Factor Rating
3.4 Load Rating Procedures
63.4.2 General Load-Rating Equation
€1.4.2.1 Concrete Shear General
{ARSHTO Manual for Bridge Evaluation, Third Editicn with 2023 Interims)
PS Box Rect Void - At Location — 19.0000 (f1) - Le Stage 3
Shear Rating Factor Calculations
Input:
Condition Facter 1.0000
System Factor 1.0000
OC Shear (Max) 25.2718 (kip)
DC Shear (Min) 25.2718 (kip)
DW Shear (Max) - 3.8900 (kip)
DW Shear (Min) 3.9900 (kip)
DW-WS Shear (Max) 0.0000 {kip)
DW-WS Shear (Min) 0.0000 {kip)
Ignore design & legal shear: False
Ignore permit shear: True
Note: If The capacity has been overridden, The Resistance i3 computed as override phi*override capacity.
Otherwise the Resistance is computed as per the Specificatien.
Load Factors -- Override —- —
Losd Limit / Governing '\
Load Combo  State Action e D DA-HS L Bni vn Phi vn RF | Capacity
(kip) (kip) (Ten)
DesignInv 1 STR-T Max M 1.25 1.50 1.50 1.75 0.30 135.68 -— - 0.942 33.92
Degignlnv 1 SIR-I Min M 1.25 1.50 1.50 1.75 0.90 236.35 99.000 | 3564.00
DesignInv 1 STR-T Max ¥ 1.25 1.50 1.50 1.75 0.90 139.12 0.963 34.67
DesignTnv 1 5T2-1 Min ¥ 1.25 1.50 1.50 1.75 0.30 -77.48 8.540 307.43
DesignOp 1 STR-T Max M 1.25 1.50 1.50 1.35 0.90 135.68 1.222 43.98
DesignOp 1 5T2-1 Min M 1.25 1.50 1.50 1.35 0.30 236.35 92.000 |  3564.00
DesignOp 1 STR-T Max V 1.25 1.50 1.50 1.35 0.90 139.12 1.248 44.94
DesignOp 1 STR-T Min ¥ 1.25 1.50 1.50 1.35 0.30 -77.48 11.070 398.52
Degignlnv 2 SIR-I Max M 1.25 1.50 1.50 1.75 0.90 134.97 1.141 41.07
DesignInv 2 STR-T Min M 1.25 1.50 1.50 1.75 0.90 236.35 99.000 | 3564.00
Degignlnv 2 SIR-I Max V 1.25 1.50 1.50 1.75 0.90 139.12 1.171 42.16
DesignInv 2 STR-T Min ¥ 1.25 1.50 1.50 1.75 0.90 -77.49 7.792 280.52
DesignOp 2 5T2-1 Max M 1.25 1.50 1.50 1.35 0.30 134.%7 1.273 53.24
Design0p 2 STR-T Min M 1.25 1.50 1.50 1.35 0.90 236.35 99.000 |  3564.00
DesignOp 2 5T2-1 Max W 1.25 1.50 1.50 1.35 0.30 133.12 1.518 54.66
DesignOp 2 SIR-I  \ Min ¥V 1.25 1.50 1.50 1.35 0.90 -77.49 10.101 363.64
-
oK

Figure 15 - 6A.4.2.1 General Load Rating Equation - Concrete Shear with iterations
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

Image below highlights some examples of improvements in rating factors with the iteration process.

With iterations

Load Factors

Lozd Limit Governing
Load Combo  State Action Dc DW  DW-WS L Bhi Vn Phi Va RF Capacity
(kip) {kip) (Ton)

DesignInv 1 STR-I Max M 1.25 i, A 1. 0.9 135.68 0.842 33.92
DesignInv 1 STR-T Min M 1.25 1. 1. 1.7 0. 236.35 99.000  3564.00
Designlnv 1 SIR-I Max V 1.25 1 1. 1 0. 0.963 34.67
Designlnv 1 STR-I Min ¥ 1.25 1 1.50 1.7 0.8 8.540 307.43
DesignOp 1 STR-T Max M 1.25 1 1. 1. 0. .222 43.98
DesignOp 1 STR-I Min M 1.25 1 1. 1. 0. 99.000  3564.00
DesignOp 1 SIR-I Max V 1.25 i, o 1. 0. 1.248 44.94
DesignOp 1 SIR-I Min V¥ 1.25 1 1. 1. 0. 7 398.52
DesignInv 2 STR-T Max M 1.25 1 1. 1.7 0. 41.07
DesignInv 2 STR-I Min M 1.25 1 1. 1.7 0. 3564.00
DesignInv 2 STR-I Max V 1.25 1 1. 1.7 0. 42.16
DesignInv 2 STR-I Min ¥ 1.25 1 1. 1.7 0. 280.52
DesignOp 2 STR-T Max M 1.25 i, i, 1. 0. 53.24
DesignOp 2 STR-T Min M 1.25 1. 1. 1. 0. 356400
DesignOp 2 STR-I Max ¥ 1.25 1. 1. 1. 0. 54.66
DesignOp 2 STR-I Min ¥ 1.25 i 4= 1. 0.9 -—- - 363.64
Load Combinaticn Legend:

Code Vehicle -

- »
OK

4= - \Without:iterations

Load Factors

Load Limit Governing adj.
Load Combo  State Aetion L 1L nc oW DH-WHS L Bhi Phi Vn RF Cepacity
{kip) {Ton)
DesignInv 1 STR-I Max M 1,76 i
DesignInv 1 STR-I Min M 1.25 1.
Designiny 1 STR-I Max V 1.25 1.
Designinv 1 STR-I Min V 1.25 1.
DesignOp 1 STR-T Max M 1.25 1. 0
DesignOp 1 STR-T Min M 1.25 1. 5
Designop 1 STR-I Max V .7 s 176.78
Designop 1 STR-I Min V 1.25 1. -236.35
DesignInv 2 STR-T Max M 1.25 1. 154.88
Designinv 2 STR-I Min M 1.25 1. 236.35
Designinv 2 STR-I Max V 1.25 1. 164.51
DesignInv 2 STR-I Min V 1.25 1. -236.35
DesignOp 2 STR-I Max M 1.25 o 210.48
DesignOp 2 STR-I Min i 1.25 1. 236.35
DesignOp 2 STR-I Max V 1.25 1. 227.88
DesignOp 2 STR-I Min V 1.25 o -236.35
Load Combination Legend:
Code Vehicle
v
L] »

oK

Figure 16 - 6A.4.2.1 General Load Rating Equation - Concrete Shear rating comparison

Longitudinal reinforcement evaluation for shear rating is based on the equilibrium of tensile capacity and demand of
the longitudinal reinforcement (LRFD eq. 5.7.3.5-1) determined by iterating the live load component of Vu, Mu and
Nu.

[Z Spec Check Detail for 6A 5.8 Evaluation for Shear

€A Load and Resistance Factor Rating
EL.5 Concrete Structures

€A,5.8 Evaluaticn for Sheal

(BASHTO Manual for Bridge Evaluation, Third Edition with 2023 Interims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left  Stage 3

Longitudinal Reinforcement

From LRFD 5.7.3.5-1

IHS or Tr = Aps*fps + Re*fy

1Mul N /1 va \
BHS = - 4 0.5 oo + |l-——— - Vp| -0.5 = Vs| * cot(theta) (IRFD 5.7.3.5-1)
avrphir phic  \|phiv | g
IMaDL| it IVaDL |
T(DL) = SignDL * -——--——- +0.5 % - 4 (S1gAVDLp * |-—-- - Vpl - 0.5 * VUs] * cot(theta), whers Us = min(Vs, Vu/phiv) (Szsed on IRED 5.7.
dvrphir Iphiv |
IVaLL|
T(LL) = SignLL * 5 + (S1gnVLL * |-——-| ) * cot(theca) (Based on LAFD 5.7.3.5-1 and MBE GA.5.%)
Ipnzv]

Where:

Ma = MuDL + MuLL; Nu = NuDL + Null; VT = - Vp; VadIp =
/ MaDL \ 7 WuDL \ / aDIp \ / ML\ / WulL \ / VuLL \

SignMDL = Sign of |-—--— |7 SignNDL = Sign of | —-——v |7 SignVDlp = Sign of | —--— |; SignMLL = Sign of | —--— |7 SignNLL = Sign of | ---— |; SignVIL = Sign of | --—— |
\ Mno/ v s Vv v v/ vy

Tiz) - T(DL)
BF = ———--mmame
T

Ignore design & legal shear i No

Ignore permit shear  Yes

Consider iterative shear rasing : Yes

Consider MCFT theta : No

Sheer computation method type  : General

Iteration required

1.

phit
o

phiv

Figure 17 - 6A.5.8 Evaluation for shear — Part 1
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MBE 2023 Spec Interim Update - Shear Rating Iteration Example

E Spec Check Detail for 6A.5.8 Evaluation for Shear

Load Combination Legend:

Vehicle

HL-93 (U3)
HL-93 (US)

- Truck + Lane
- Tandem + Lane

As{pos) = 0.000 (in~2) {used for Positive Mu)
As(neg) = 0.000 (in~2) {used for Negative Mu)
fyipos) 0.000 (ksi) {used for Positive Mu)
fyineqg) 0.000 (ksi) {used for Negative Mu)

Aps (po3) 4.284 (in~2) (used for Positive Mu)

Zps (neg) 0.306 (in~2) {used for Negative Mu)

fps (pos) 245.606 (ksi) {used for Positive Mu)

fps(neq) 141.252  (ksi) {used for Negative Mu)
Bv (pos) 10.000 (im) {used for Positive Mu)
Bv (negq) 10.000 ({im) (used for Negative Mu)
Dwv (pos) 33.765 (im) {used for Positive Mu)
Dw (negq) 28.080 (im) (used for Negative Mu)

Mcr (pos) 233801.178 (kips-in) (used for Positive Mu)

Mcr(neg) = -4929.748 (kips-in) (used for Negative Mu)

fy(shear) = 60.000 (kai)
Limit Load
State Comb dw As*fy Aps*fps Ir MuDL NuDL VuDL Vo Governing MuLL NuLL VuLL

{im) (kipa) {kips) {kips) (kip-in) {kips) (kips) (kips) Rection {kip-in) {kips) (kips)

STR-I 1, DesInv 33.77 0.00 1052.17 1052.17 11318.63 0.00 37.57 0.00 Max M 21908.8 0.00 89.71
STR-T 1, DesInw 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Min M 0.00 0.00 0.00
STR- 1, DesInv 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Max V 20745.43 0.00 90.99
STR-T 1, DesInw 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Min ¥ 11460.56 0.00 -12.57
STR-I 1, DesCp 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Max M 16501.91 0.00 ©9.21
STR-I 1, DesCp 33.77 0.00 1052.17 1052.17 11318.63 0.00 37.57 0.00 Min M 0.00 0.00 0.00
STR-T 1, DesCp 33.77 0.00 1052.17 1052.17 11318.68 0.00 37.57 0.00 Max V 16003.63 0.00 70.1%
STR-I 1, DesCp 33.77 0.00 1052.17 1052.17 11318.63 0.00 37.57 0.00 Min V¥ 5841.00 0.00 -5.69
STR-I 2, DesInv 33.77 0.00 1052.17 1052.17 11318.68 0.00 37.57 0.00 Max M 18223.13 0.00 73.54
STR- 2, DesInv 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Min M 0.00 0.00 0.00
STR-T 2, DesInw 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Max V 17058.69 0.00 74.82
STR-T 2, DesInw 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Min V 1255%.838 0.00 -13.77
STR-I 2, DesCp 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Max M 14057.84 0.00 56.73
STR-T 2, DesCp 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Min M 0.00 0.00 0.00
STR-I 2, DesCp 33.77 0.00 1052.17 1052.17 0.00 37.57 0.00 Max WV 13158.56 0.00 57.72
STR-T 2, DesCp 33.77 0.00 1052.17 1052.17 11318.68 0.00 37.57 0.00 Min ¥ 9689.05 0.00 -10.62

Figure 18 - 6A.5.8 Evaluation for shear — Part 2

Shown below is a comparion of rating factors between non-iteration and iteration from LRFD equation 5.7.3.5-1

Non-T g — Tierated —
epsilon beta theta v s Vs DL TLL  LHS/RES | RF epsilon beta theta v B Vs TDL TLL  LHS/RHS | RF  |Cepacity
(Deg.)  (in~2) (in) (kips)  (kips}  (kips) (Deg.)  (in~2) (in} (kips)  (kips)  (kips) (Ton)
0.002471 1.68 37.65  0.40 12.00  87.53 332.60 778.10  0.95 0.925 - - - - - - - - 33.29
0.000000 4.8 29.00 .40 12.00 121.83 372.88  0.00 2.82  [99.000 - - - - - - - - 3564.00
0.002199 1.81 36.70  0.40 12.00  90.61 330.45 750.05  0.97 0.962 - - — - - - - - - - 34,64
0.000000 4.80 29.00  0.40 12.00 121.83 385.47 314.23  1.50 2.122 | ©0.002006 1.92 36.02  0.40 12,00  92.87 373.53 320.22  1.00 2.119 | 76.38
0.001088 2.64 32.31  0.40 12.00 104.75 318.74 619.85  1.12 1.183 | 0.001986 1.93 35.95  0.40 12.00  93.11 328 €06.60  1.00 1.193 | 42.60
0.000000 4.80 28.00  0.40 12.00 121.83 372.88  0.00 2.82  |[98.000 -- - - - - - - - - 3564.00
0.000879 2.88 32.08  0.40 12.00 107.76 315.87 598.42  1.15 1.230 | 0.001963 1.94 35.89 0.40 12.00  93.39 328.38 581.83  1.00 1.244 | 42.30
0.000000 4.80 29.00  0.40 12.00 121.83 382.59 242.41  1.63 2.762 | 0.002006 1.92 36.02  0.40 12,00  92.88 371.32 247.02  1.00 2.756 | 93.44
0.001444 2.30 34.06  0.40 12.00  99.81 323.08  660.60  1.07 1.104 | 0.001882 1.92 35.87  0.40 12.00  93.05 328.64  €52.28  1.00 1.108 | 33.73
0.000000 .80 29.00  0.40 12.00 121.83 372.88  0.00 2.82  [99.000 - - - - — - - - - 3564.00
0.001172 2.55 33.10  0.40 12.00 103.58 318.82 632.72  1.10 1.157 | 0.001964 1.94 35.87  0.40 12,00 93.38  328.3%  €20.18  1.00 1.167 | 41.67
0.000000 4.80 28.00  0.40 12.00 121.83 386.68 344.37  1.44 1.932 | 0.002006 1.92 36.02  0.40 12.00 2.87  374.45 350.33  1.00 1.931 | 62.57
0.000296 3.93 30.04  0.40 12.00 116.79 316.81 525.36  1.25 1.400 | 0.001985 1.93 35.95  0.40 12,00  93.12 328.58 503.27  1.00 1.438 | 50.39
0.000000 4.80 28.00  0.40 12.00 121.83 372.88  0.00 2,82 |[eg.000 -- - - - - - - - - - 3564.00
0.000087 4.51 28.30  0.40 12.00 120.32 315.28 504.00  1.23 1.462 | 0.001966 1.94 35.88  0.40 12,00  93.36 328.40 478.40  1.00 1.513 .
0.000000 4.80 28.00  0.40 12.00 121.83 383.53 285.66  1.82 2.517 | ©.002006 1.92 36.02  0.40 12,00 92.88  372.05 270.72  1.00 12 (

Figure 19 - 6A.5.8 Evaluation for shear — Part 3

Last Modified: 7/16/2024
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Control option added to consider modifying MCFT theta

This section discusses the control option “Modify MCFT theta” added for all concrete structures, i.e., reinforced

concrete, prestressed concrete, post tensioned concrete and reinforced concrete box culverts.

Member Alternative Description — Control options

Navigate to the member alternative Precast Box Alternative of member G2, double click on it (or click the Open
button from the WORKSPACE ribbon) to open its Member Alternative Description window. Navigate to the
Control options tab as shown below. Check the box - Modify MCFT theta as shown below.

Member alternative: Precast Box Alternative

D Member Alternative Description — O *

Description Specs Factors Engine Import
LRFD LRFR
(1 points of interest O Use gross section properties -
Generate at tenth points except supports Use transformed section properties
Generate at support points =] Multi-span analysis
Generate at support face & critical shear points o Continuous
Generate at section change points Centinucus and simple
Generate at user-defined points | Ignore design & legal load shear
Shear computation method Ignore permit load shear
Ignare Consider legal load tensile concrete stress
o General procedure Consider splitting resistance article
General procedure - Appendix B3 Ignore tensile rating in top of beam
IR Consider deck reinf. development length
Points of interest Consider permit load tensile steel stress
Generate at tenth points except supports [ Ignore long. reint. in rating l
Generate at support points O Distribution factor application method
. By axle
M Generate at support face & critical shear points
Q & rol
Generate at section change points
Allow negative epsilon in general shear method
Generate at user-defined points o
Shear computation method Allow moment redistribution
Ignore Consider iterative shear rating
Use AASHTO 1979 interim code | Modify MCFT theta l
o Use current AASHTO Modify MCFT size effect v
(014 Apply Cancel

Click OK to apply the data and close the window.

Run an LRFR analysis using the analysis settings shown in the previous step.

Last Modified: 7/16/2024
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Specification Check Detail

Once the analysis is complete, open the 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance article

for the analyzed member alternative for Stage 3 at Span 1 — 19.00 ft. This article highlights the status of the “Modify

MCFT Theta” control option. With this control option checked, in areas of low strain where the section remains

uncracked i.e., if the factored moment at this section is less than the cracking moment (Mu < Mcr), the strain es may

be assumed to be zero regardless of the values of moment (Mu) and shear (Vu), therefore, “Theta” can be taken as

29°.

E Spec Check Detail for 64.4.2.1 Shear-3.6.3.3 Minimurn Reinforcement

6A.4.2.1 Shear -
6A.4.2.1 Shear -
ERh.4.2.1

Concrete Structures
§ Design for Flexural and Axisl Effects - B Regions

3
3.

.2.1 Shear - 5.6.3 Flexural Members
e

6A.4.2.1 Shear -

6.3.3 Minimum Reinforcement

(BRASHTO Manual for Bridge Ewaluation, Third Edition with 2023 Interims)

PS5 Box Rect Void - At Location

19.0000 (ft) - Left

Stage 3

Cross Section Properties for Prestress box beam with Rectangular wvoid

Name: BIII-48

Beam Height

Top Slab Widch
Top Slab Thick
Bottom Slab Width
Bottom Slab Thick

Girder f'

c

Girder f'ci = 4.00(ksi)

Side Wall Thickness

Shear Key
Shear Key
Shear Key
Bl
B2
B3
B4

S5lab f'c
Effective
Effective

Input:
fr beam =
ScTop
ScBot =
Gammal
Gamma2
Gamma3
Gamma3

Mcr = Gamma3d * [ gammal*fr + Gamma2#fcpe)*Sc - Mdnc *
Note: If the capacity has been overridden,
Otherwise the Resistance iz computed as per the Specificaticn.

Top
Height
Depth

Slab Width
Slab T kness =

0.54ksi
-8569.07in"3
8734.21in"3

00 {Prestressed Concrete)

1.
1.10
1.
0.67 {Reinforced Concrete)

= 0.00(ksi)
= 0.00(in)
0.00(in)

Haunch Width

Mdnec =
SncBot =

BEl2.35kip-in
8734.21in"3

{Sc/Snc - 1)]
the Resistance is computed as

5.00(in)

{5.6.3.3-1)
override phi*owverride capacity.

Limit Load fepe fr Garma3 Governing Mu Sc Mcr

State Comb k=i ksi Action kip-in in~3 kip-in
1, DesInv 2.22 0.54 Max M 33228.57 g 2BB01.18

1, DesInv 2.2z 0.54 Min M 1131&8.68 g 2BB01.18

1, DesInv 2.22 0.54 Max V 32064.13 g 2BB01.18

1, DesInv 2.22 0.54 Min ¥ 22779.24 B 2B801.18

1, DesOp 2.22 0.54 Max M 28220.60 B 2B801.18

1, DesOp 2.22 0.54 Min M 11315.68 B 2B801.18

1, DesOp 2.22 0.54 Max ¥ 27322.31 g 2B801.18

1, DesOp 2.22 0.54 Min ¥ 20159.68 g 2B801.18

2, DesInv 2.22 0.54 Max M 29541.81 g 2B801.18

2, DesInv 2.22 0.54 Min M 113158.68 g 2B801.18

2, DesInv 2.22 0.54 Max ¥ 28377.37 g 2B801.18

2, DesInv 2.22 0.54 Min ¥ 23878.56 g 2B801.18

2, DesOp 2.22 0.54 Max M 25376.52 g 2B801.18

2, DesOp 2.z22 0.54 Min M 11318.68 g 2B801.18

2, DesOp 2.22 0.54 Max ¥ 24473.24 g 2B801.18

2, DesOp 2.22 0.54 Min ¥ 21007.73 g 2B801.18

1, DesInv 2.z22 0.54 Max M 18828.30 g 2B801.18

1, DesInv 2.z22 0.54 Min M 8812.35 g 2B801.18

1, DesInv 2.22 0.54 Max ¥ 18295.99 g 28801.18

1, DesInv 2.22 0.54 Min ¥ 14051.47 g 28801.18

2, DesInv 2.z22 0.54 Max M 17142.93 g 2B801.18

2, Deslnv 2.22 0.54 Min M 8812.35 g 28801.18

2, Deslnv 2.22 0.54 Max ¥ 16610.61 g 28801.18

2, DeslInv 2.2z 0.54 Min ¥ 14554.01 g7 2B801.18

Figure 20 6A.4.2.1 Shear 5.6.3.3 Minimum Reinforcement
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E Spec Check Detail for 84.4.2,1 Shear-53.7.3.4 Procedures for Determining Shear Resistance

.1 Shear - 5 C
.1 Shear - 5.7
5.7

A2 n ?
A2 Shear and Torsion

.4.2.1 Shear - .3 Sectional Design Model

.4.2.1 Shear - 5.7.3.4 Procedures for Determining Shear Resistance

oncrete Structures

BEE D

(RASHTO Manual for Bridge Ewvaluation, Third Edition with 2023 Interims)
PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Calculatiocn of Beta/Theta

Ez = 0.000 (kipa/in~2)
phi = 0.900
f'c = 5.000 (kips/in~2)
fpc = 0.937 (kips/in~2) "
fy = €0.000 (kips/in~2)
Agg diam = 1.000 (im)
Vp = 0.000 (kips)
Ep = 28500.000 (kips/in~2)
E=z(po3) = 0.000 (in~2) {uzed for Positiwve Mu)
E=z(neg) = 0.000 (in~2) {uzed for Hegatiwve Mu)
Lps(pos) = 4.234 (in*2) {used for Positiwve Mu)
kps(neg) = 0.306 (in~2) {used for Hegatiwve Mu)
fpo = 189.000 (kips/in~2)
Ec = 45%92.232 (kipsa/in~2)
Beta Calc (used in table below)

{1} — Beta = 4.3 / {1 + 750 Epsilons)
{2) — Beta = { 4.8 / (1 + 750 EpsilenS) ) #* (51 / (3% + s3=e) )
whersa:
gxe = sx * (1.38 / {(ag + 0.63) )
Mu calc = Max(Mu, |[Vo - Vp| * dwv)
Mpdify MCFT Theta: Yes

Modify MCFT Size Effect: Ho

fpc / f'c = 0.19
Limit Load Epsilen Theta Beta Governing Mu
State Comb Letion

(kip-in)
STR-I 1, DesInwv 0.002471 37.65 1.868 Max M 33228.57
STR-I 1, DesInwv 0.000000 29.00 4.8 Min M 11318.68
STR-I 1, DesInv 0.002189 36.70 1.8 Max V 32064.13
STR-I 1, DesInv 0.000000 29.00 4.8 Min V 22779.24
STR-I 1, Deslp 0.000000 29.00 4.8 Max M 28220.60
STR-I 1, Deslp 0.000000 29.00 4.8 Min M 1131E.68
STR-I 1, Deslp 0.000000 29.00 4.8 Max V 27322.31
STR-I 1, DesOp 0.000000 29.00 4.8 Min V 20159.68
STR-I 2, DesInwv G.001444 34.06 2.30 Max M 29541.81
STR-I 2, DesInv ¢.000000 29.00 4.8 Min M 1131E.68
STR-I 2, DesInv ¢.000000 29.00 4.8 Max V 28377.37
STR-I 2, DesInv ¢.000000 29.00 4.8 Min V 2387E8.56
STR-I 2, Deslp 0.000000 29.00 4.8 Max M 25376.52
STR-I 2, Deslp 0.000000 29.00 4.8 Min M 1131E.68
STR-I 2, Deslp 0.000000 29.00 4.8 Max V 24478.24
STR-I 2, Deslp 0.000000 29.00 4.8 Min V 21007.73
SER-III 1, DesInv 0.000000 29.00 4.8 Max M 13828.30
SER-IIT 1, DesInwv 0.000000 29.00 4.8 Min M 8812.35
SER-IIT 1, DesInwv 0.000000 29.00 4.8 Max V 13285.998
SER-III 1, DesInv 0.000000 29.00 4.8 Min V 14051.47
SER-III 2, DesInv 0.000000 29.00 4.8 Max M 17142.93
SER-III 2, DesInv 0.000000 29.00 4.8 Min M 8312.35
SER-III 2, DesInv 0.000000 29.00 4.8 Max V 16610.61
SER-III 2, DesInv 0.000000 29.00 4.8 Min V 14554.01

Figure 21 6A.4.2.1 Shear 5.7.3.4 Procedures for Determining Shear Resistance
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Control option added to consider modifying MCFT size effect

This section discusses the control option “Modify MCFT size effect” added for prestressed concrete and post-

tensioned concrete structures only. This does not apply to reinforced concrete structures and culverts.

Member Alternative Description — Control options

Navigate to the member alternative Precast Box Alternative of member G2, double click on it (or click the Open
button from the WORKSPACE ribbon) to open its Member Alternative Description window. Navigate to the

Control options tab as shown below. Check the box - Modify MCFT size effect as shown below.

M Member Alternative Description

Member alternative: Precast Box Alternative

Description Specs Factors Engine Import  Control options
LRFD
Paints of interest -

Generate at tenth points except supports
Generate at support points

Generate at support face & critical shear points
Generate at section change points

Generate at user-defined points
E15hear computation method

Ignore
o General procedure
General procedure - Appendix B -
LFR
[E1 points of interest -

Generate at tenth points except supports
Generate at support points
Generate at support face & critical shear points
Generate at section change points
Generate at user-defined points
Ershear computation method
Ignore

Use AASHTO 1979 interim code
0 Use current AASHTO -

LRFR
o Use gross section properties
Use transformed section properties
] Multi-span analysis
Continuous
Continuous and simple
Iu Ignore design & legal load shear
Ignore permit load shear

Consider legal load tensile concrete stress

Consider splitting resistance article
Ignore tensile rating in top of beam
Consider deck reinf. development length

Consider permit load tensile steel stress

I Ignore long. reinf. in rating

1 Distribution factor application method

By axle
Qeyrol
Allow negative epsilon in general shear method
Allow moment redistribution
Consider iterative shear rating

(] Modify MCFT theta

Meodify MCFT size effect

OK

Apply

- [m]

Cancel

x

Click OK to apply the data and close the window.

Run an LRFR analysis using the analysis settings shown in the previous step.

Last Modified: 7/16/2024
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Specification Check Detail

Once the analysis is complete, open the 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance article
for the analyzed member alternative for Stage 3 at Span 1 — 19.00 ft. This article highlights the status of the “Modify
MCEFT size effect” control option. With this control option checked, if the ratio fpc/f’c is greater than 0.02, the size
effect is neglected regardless of the amount of shear reinforcement present. The article is shown below.

’ﬁ Spec Check Detail for 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance

5 Concrete Structures

5.7 Shear and Torsion

5.7.3 Sectional Design Model
6R.4.2.1 Shear - 5.

(BASHTO Manual for

7.3.4 Procedures for Determining Shear Resistance
Bridge Evaluation, Third Edition with 2023 Interims)

PS Box Rect Void - At Location = 19.0000 (ft) - Left Stage 3

Calculation of Beta/Theta

0.000 (kips/in~2)
.200

5.000 (kips/in~2)
0.937 (kips/in~2)

60.000 (kips/in~2)

1.000 (in)

0.000 (kips)

28500.000 (kips/in~2)

(in"2) ({used for Positive Mu)
{in~2) (used for Negative Mu)
(in"2) {used for Positive Mu)
{in~2) (used for Negative Mu)

é:l
fpo = 189.000 (kips/in~2)
Ec = 4592.232 (kips/in~2)
Beta Calc (used in table below) :
(1) - Beta = 4.8 / (1 + 750 EpsilonS)
(2) - Beta = { 4.2 / (1 + 750 ZpsilonS) ) * (51 / (3% + sxe) |
where:
sxe = sx * (1.38 / (ag + 0D.63) )
Mu_calc = Max(Mu, |Vu - Vp| * dv)

Modify MCFT Theta: Ho

Mpdify MCFT Size Effect: Yes
fpe / £'c = 0.19

Limit Load Epsilon Taeta Beta Governing Mu Mu Calc va Nu bv av sx Sxe Beta Calc
state Conb Zction
(kip-in) (kip-in) {kips) (kipa) (in) (in) {in) (in)

STR-I 1, DesInv  0.002471 37.65 1.68 Max M 33228.57  33228.57 127.29 0.00 10.00 33.77 33.77 - (1)
STR-I 1, DesInv  0.000000 28.00 4.80 Min M 11318.68 11318.868 37.57 0.00 10.00 33.77 33.77 - (1)
STR-I 1, DesInv  0.002199 36.70 1.81 Max V 32064.13  32064.13 128.56 0.00 10.00 33.77 33.77 - (1)
STR-I 1, DesInv  0.000000 29.00 4.80 Min V 22779.24  22779.24 25.01 0.00 10.00 33.77 33.77 - (1)
STR-I 1, DesOp  0.001088 32.81 2.64 Max M 28220.60  23220.60 106.78 0.00 10.00 33.77 33.77 - (1)
STR-T 1, DesOp  0.000000 28.00 4.80 Min M 11318.68 11318.868 37.57 0.00 10.00 33.77 33.77 - (1)
STR-1 1, DesOp  0.000879 32.08 2.89 Max V 27322.31  27322.31 107.77 0.00 10.00 33.77 33.77 - (1)
STR-I 1, DesOp  0.000000 28.00 4.80 Min V 20155.63  20153.68 27.88 0.00 10.00 33.77 33.77 - (1)
STR-1 2, DesInv  0.001444 34.06 2.30 Max M 28541.81  28541.81 111.12 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesInv  0.000000 28.00 4.80 Min M 11318.68 11318.868 37.57 0.00 10.00 33.77 33.77 - (1)
STR-1 2, DesInv  0.001172 33.10 2.55 Max V 28377.37  28377.37 112.39 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesInv  0.000000 29.00 4.80 Min V 23378.56  23878.56 23.80 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesOp  0.000296 30.04 3.93 Max M 25376.52  25376.52 94.31 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesOp  0.000000 29.00 4.80 Min M 11318.68 11318.68 37.57 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesOp  0.000087 29.30 4.51 Max V 24478.24  24478.24 95.2¢9 0.00 10.00 33.77 33.77 - (1)
STR-I 2, DesOp  0.000000 29.00 4.80 Min V 21007.73  21007.73 26.395 0.00 10.00 33.77 33.77 - (1)
SER-ITT 1, DesInv  0.000000 29.00 4.80 Max M 18328.30  13828.30 70.27 0.00 10.00 33.77 33.77 - (1)
SER-III 1, DesInv  0.000000 29.00 4.80 Min M 8812.35 8812.35 29.26 0.00 10.00 33.77 33.77 - (1)
SER-ITT 1, DesInv  0.000000 29.00 4.80 Max V 18295.99  13295.8% 70.26 0.00 10.00 33.77 33.77 - (1)
SER-IIT 1, DesInv  0.000000 29.00 4.80 Min V 14051.47 14051.47 23.52 0.00 10.00 33.77 33.77 - (1)
SER-ITT 2, DesInv  0.000000 28.00 4.80 Max M 17142.93  17142.83 62.88 0.00 10.00 33.77 33.77 - (1)
SER-III 2, DesInv  0.000000 29.00 4.80 Min M 8812.35 8812.35 29.26 0.00 10.00 33.77 33.77 - (1)
SER-IIT 2, DesInv  0.000000 28.00 4.80 Max V 16610.61  16610.61 63.46 0.00 10.00 33.77 33.77 - (1)
SER-III 2, DesInv  0.000000 298.00 4.80 Min V 14554.01  14554.01 22.87 0.00 10.00 33.77 33.77 - (1)

iv

1

Figure 22 6A.4.2.1 Shear-5.7.3.4 Procedures for Determining Shear Resistance
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MBE 2023 specification interim update for reinforced concrete box culverts

The specification update for culvert will impact culvert wall (6A.4.2.1-5.7.3.3 Nominal shear resistance) and culvert
slab specification checking (6A.4.2.1-5.7.3.3 Nominal shear resistance and 6A.4.2.1-5.12.7.3 Nominal shear
resistance).

Import the culvert bridge provided with the CVT1 tutorial. Expand the Bridge Workspace tree and navigate to the
CULVERT ALTERNATIVES node. Double click on Culvert Alt 1 to open the culvert alternative. Navigate to the
Control options tab of the Culvert Alternative Description window to access the LRFR control options.

Consider iterative shear rating and Consider MCFT theta control options are added for iterative shear rating.

M Culvert Altemative Description
Culvert alternatives: Culvert Alt 1
Descriiption  Specs  Factors | Control options
LRFD LRFR
& points of interest E1points of interest
[ Generzted at tenth paints B8 Generated at tenth points
Generated at s Generated at s ange points
Generated at user-defined points Generated at user-defined points
Shear computation method Shear computation methad
Ignore Ignare T
General procedure Q) General procedure 3
© simpiified procedure Simplified procedure
Exclude bottom slab Exclude bottom sla
Include haunch stiffness in FE model Include haunch stiffness in FE model
Strength design method (23 5trength design method
RC Box Q reeex
RC Pipe RC Pipe
Cansider modified shear strain capacity

Ignore effects from negligible LL

Consider iterative shear rating

Modify MCFT theta

These options are applicable when General procedure - Shear computation method is used. Select these options to
perform iterative shear rating and consider modifying the MCFT theta value and view results as discussed in

previous sections of this tutorial.
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The following articles detail the iterative process of shear rating.

™ Specification Checks for Culvert Seg 1 - 9 of 857

Articles
) Pp All articles v
Properties Generate  Tormat
Bullet list A
Specification filter Report
4 |_| Culvert Component | Specification reference Limit State Flex. Sense Pass/Fail
54.2.8 Concrete Density Modification Factor N/A General Comp.
4000 f. v/ 5.64.5.BaxCulvert Biaxial Flexure /A Passed
(07 B 5.6.7.CrackBoxCulvert Control of Cracking by Distribution of Reinforcement N/A General Comp.
1120 B 6A.4.2.1 Shear-5.6.3.3.BoxCulvert Minimum Reinforcement N/A General Comp.
(24240 ft B 6A.4.2.1 Shear-5.7.3.3 Box Culvert Nominal Shear Resistance MN/A General Comp.
380 f B 6A.4.2.1 Shear-5.7.3.4.BoxCulvert Procedures for Determining Shear Resistance N/A General Comp.
48 +/ 6A.4.2.1BoxCulvert.Concrete Shear General Load Rating Equation - Concrete Shear MN/A Paszed
L4500 +/ APPCE.1 P-M Interaction Diagram MN/A Paszed
720 B Cracked_Moment_Of Inertia_BoxCulvert Section Property Calculations N/A General Comp.
11840 ft.
|_19.60 ft.
11080 ft.
41127 fr.
| 12,00 ft.
Figure 23 - Specification check article for Exterior wall 1
M Specification Checks for Culvert Seg 1- 11 of 857 -
Articles
) Pp All articles v
Properties Generate Format
Bullet list e
Specification filter Report
4 |_| Culvert Component | Specification reference Limit State Flex. Sense Pass/Fail
B || EBxt Wall 1 B 5.4.2.8 Concrete Density Modification Factor M/A General Comp.
» | Int. Wall 1 B 5.54.2.BoxCulvert Strength Limit State - Resistance Factors M/A General Comp.
B | Ext Wall 2 " 5.6.3.2.BoxCulvert Flexural Resistance (Reinforced Concrete) NSA Passed
+/ 5.6.3.3.BoxCulvert Minimum Reinforcement N/A Passed
(4000 f. B 5.6.7.Crack.BoxCulvert Control of Cracking by Distribution of Reinforcement /A General Comp.
&orsh B 6A.4.2.1 Shear-5.12.7.3.BoxCulvert Design for Shear in Slabs of Box Culverts /A General Comp.
L1120% 6A4.2.1 Shear-3.6.3.3.BoxCulvert Minimum Reinforcement N/A General Comp.
L2408 B 6A.4.2.1 Shear-5.7.34.BoxCulvert Procedures for Determining Shear Resistance N/A General Comp.
L300 + 6A.4.2.1.BoxCulvert.Concrete Flexure General Load Rating Equation - Concrete Flexure MSA Passed
z:’gg : % 6A.4.2.1.BoxCulvert.Concrete Shear General Load Rating Equation - Concrete Shear N/A Passed
720 Cracked_Moment_Of_Inertia_BoxCulvert Section Property Calculations N/A General Comp.
11840 ft.
|1 9.60 ft.
|1 10.80 ft.
1124 fr.
| 12,00 ft.

Figure 24 - Specification check articles for Top slab 1
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