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Description of LARS Analysis

The basic analysis methods (i.e., section property, influence lines, and dead load and live load
analysis) of the Load Analysis Rating System (LARS) are very similar to those that have been
employed in BARS. The majority of analysis results are presented in LARS reports that have
headings and labels that fairly clearly describe the associated data. The key values that control
the evaluation of the bridge are the moment capacity and available capacity for Live Load +
Impact (LL + IMP). These results are produced by executing calculations that are defined by the
AASHTO Bridge Specifications, while using the data describing member section properties and
the moment and shear values that are applied to the section being analyzed. The calculations are
intermixed with logical tests of the intermediate results of the calculations. These logical tests
guide the analysis to the various calculations that relate to the type of member section (e.g., non-
composite, composite, compact, braced non-compact or unbraced non-compact for steel) within
a material of construction type (i.e., for steel, composite steel and concrete, reinforced concrete,
prestressed concrete, composite prestressed concrete). The following descriptions are directed
toward the clarification of the logical criteria and the calculation methods that produce the
moment capacity and the available capacity for LL + IMP for structural steel, composite steel
and concrete, reinforced concrete, prestressed concrete and composite prestressed concrete.

The criteria for the selection of, and the computational processes, that make up the analysis
processes for the various types of member conditions are listed below. The member analysis
conditions for moment analysis are:

Steel Reinforced Concrete Prestressed Concrete Timber
ASD | Non-Composite Non-Composite Non-Composite Non-Composite
Composite Composite
LFD | Non-Composite Non-Composite Non-Composite
Compact Stress Block, Flange Stress Block, Flange
Braced Non-Compact Stress Block, Web Stress Block, Web
Unbraced Non-Compact Compression Steel Compression Steel
Non-Prestressed Steel Non-Prestressed Steel
Composite
Compact Composite
Braced Non-Compact Stress Block, Flange
Stress Block, Web
Compression Steel
Non-Prestressed Steel

The various criteria logic that is used to determine the calculation methods for the above
conditions are referenced in different sections by material of construction. The calculation
methods and formulae are described for each of the analysis criteria.
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LARS Analysis Methods for Flexural Members

The following is a discussion of the way in which LARS analyzes flexural members for the
various conditions of:

compression
e Prestressed concrete shape types and analysis methods

ASD or LFD analysis methods
Non-composite or composite action
Positive or negative bending
Analysis of top or bottom of section
Structural steel sections resistance to local buckling and torsional buckling

Reinforced concrete shape types with reinforcing for tension only, or tension and

The discussion utilizes a series of tables to depict the manner in which LARS performs its
analysis for the various interrelationships between each of these conditions. These tables address
only the general form of the analysis. Later sections of this document will describe the detailed
criteria to select the specific equations, and the formulae used in accordance with the Bridge
Specifications.

Table 1 - Analysis: Non-Composite/Composite Conditions - describes how LARS analyzes a
member section, depending upon its position along the member, and whether the member is
composite or non-composite at the location of the section. The “X” characters in the table
indicate whether the section is analyzed as:

composite or non-composite,
top or bottom of the section,
+ or - moment, and

within a span or at an interior support.

Table 1 - BridgeKey Analysis; Non Composite/Composite Conditions
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Table 2 - Basis for Moment Capacity Calculations - defines the type of capacity calculations
performed for SS, CSC, RC, PSC or CPS, for:

ASD or LFD,

non-composite or composite,

+ or - moment; top or bottom, and
in span or at interior supports.

The types of general calculation methods for available capacity for moment are:
e allowable stress,

e ultimate strength, and
e for prestressed concrete, low tendon analysis.

Table 3 - Basis For Momesd Capacity Caculalions
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Table 3 - LFD - Mu Calculations for Section Conditions - SS and CSC - describes the
general moment capacity calculation methods for the conditions of:

non-composite or composite,

+ or - moment,

top or bottom of section, and

for the cases of:

compact,

braced non-compact, and

four cases of unbraced non-compact sections.

The general calculation methods are defined using the AASHTO Standard Bridge Specification

notations.
Table 3 - LFD - Mu Calculations For Section Conditions - 88 & C3C
Flon Comgosbs Carpesia
Compach Braced UmBracad Ran Compact Sactan Compacl Section Bracad nBracad Non Compact Sactan
Seclion HarCompact Hea Compact
Secthann | Case]  Case? Case3 Cased | Casel CasellA CasellB| Section | Case| Cese? Cased Cosed
+M FyZ Fi5t MR MR MRS WD Mg Mg Mo - -
Toxp
o FyZ Fi5i M MrAD MIAD MAD - - - Fyst MR MEb MBb MEDb
+# FyZ = M M. MAD MED [ [ [ - - - - -
Bolam
=] FyZ FySb MIAD  MAD MIRD MAD FySD MMb  MEb MED WAL
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Table 4 - LFD - Mu Calculations for Section Types - RC - describes the general moment
capacity calculation methods for the conditions of:

e rectangular, T or I sections,
e stress block in flange or in stem,
e + or - moment, and
e with only tension reinforcing steel, or with both tension and compression reinforcing
steel.
Table 4 - LFD - Mu Calculations For Section Conditions - RC
Rectangular Section T Section | Section
Tensile Tensile & Tensile Tensile & Tensile Tensile &
Steel Compressive Steel Compressive Steel Compressive
Steel Steel Steel
+M Mn1 Mn3 Mn2 Mn4 Mn2 Mn4
Top
-M Mn1 Mn3 Mn1 Mn3 Mn2 Mn4
+M Mn1 Mn3 Mn2 Min4 Mn2 Mn4
Bottom
- hin1 Mn3 vin1 Mn3 Mn2 Mn4

Mn1 = Rectangular or T Sections, NA in flange, Tensile Resteel only
Min2 = T or | Section, NA In stem, Tensile Resteel only
Min3 = Rectangular or T Sections, NA in flange, Tensile & Compressive Resteel
Mnd =T or | Section, NA in stem. Tensile & Compressive Resteel
Mote: For simplification, T flange is assumed to be on top.
Assumption: Tensile steel only means that there is acting steel in the tension area of the section,
but any steel in the compression area of the section is not considered acting.

10
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Table 5a - Mu Calculations for Section Conditions - PSC - describes the general moment
capacity calculation methods for the conditions of:

rectangular sections,

I sections with neutral axis in flange,

composite I sections with neutral axis in stem, and
+ or - moment.

The moment capacity methods include:

e e¢lastic,
e ultimate, and
e low tendon analysis.

Not depicted in the Table are LARS analysis considerations for non-prestressed tensile and/or
compressive reinforcing steel.

Tahle 5a - Mu Calculations For Section Conditions - PSC

I San
Rectangquar Bacton | Sactan, MA in Flange I Bactan, MA in Sbam
Eliasies =kail) #Iail) #Iiail) *a(l) #Iail) #Rail) #Iiail) =Rail) #lail)
+B Uksmnata [FETR] iz L3 Ifaid LIS [T I T [ EETH LD
Ton Liow Tersdo Bl Bl Bl Bl Bl Bl Bl Bl Bl
Elarskic -kbail) -hesait] -kain) -Kbail) -kiail) -kbail) -Rail) -kbait) -kail)
-ml UEsnata TR M2 M3 I MUS [T T IS [FeT]
Lacrwy T oo - - - - - - - - -
Elgrsiiz k) i) k) il Hhle(k) ek il ek i)
+i UEemata [F=Th] P2 I3 Teid [Tl B IsuT g [T
Bomam L T o [} Al [} [} Al [} Al [} Bl
Elarsta: -Iielb) -] -Ilel) -ilell) -] -ile) -iiedin) -Ileli) -]
Bl Ukmata I TS [T [ESTE L 4] Il 1 [FET]E
Lew Tamc o 4 4 i S 4 4 4 i i

11



LARS Bridge™
Specification Analysis

Table 5b - Mu Calculations for Section Conditions - CPS - describes the general moment
capacity calculation methods for the conditions of:

flanged sections with neutral axis in the flange,
flanged sections with neutral axis in the stem,
sections in span or at interior supports, and

+ or - moment.

The moment capacity methods include:

e clastic,
e ultimate, and
¢ low tendon analysis.

Not depicted in the Table are LARS analysis considerations for non-prestressed tensile and/or
compressive reinforcing steel.

12
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Table 5b - Mu Calculations For Section Conditions - CPS

In Span
Flanged Section, NA in Flange | Flanged Section, NA in Stem
Elastic +he(t) +he(t) +he(t) +he(t) +hle(t) +he(t)
+M Ultimate Mu10 Mu11 Mu12 Mu13 Mu14 Mu15
Top Low Tendon it it it it it it
Elastic -Me(t) -Me(t) -Me(t) -Me(t) -Me(t) -Me(t)
-M Ultimate Mu10 Mu11 Mu12 Mu13 Mu14 Mu15
Low Tendon - - - - - -
Elastic +Me(b) +Me(b) +Me(b) | +Me(b) +Me(b) +Me(b)
+M Ultimate Mu10 Mu11 Mu12 Mu13 Mu14 Mu15
Bottom Low Tendon Mt Mt Mt Mt Mt Mt
Elastic -Me(b) -Me(b) -Me(b) -Me(b) -Me(b) -Me(b)
- Ultimate Mu10 Mu11 Mu12 Mu13 Mu14 Mu1s
Low Tendon - - - - - -
At Support
Rectangular Section | Section, NA in Flange
Elastic +Me(t) +Me(t) +Me(t) +Me(t) +Me(t) +Me(t)
+M Ultimate Mu1 Mu?2 Mu3 Mu4 Mub Mu6
Top Low Tendon Mt Mt Mt Mt Mt Mt
Elastic - - - - - -
-M Ultimate Mu10 Mu11 Mu12 Mu13 Mu14 Mu15
Low Tendon - - - - - -
Elastic +Me(b) +Me{b) +Me(b) | +Me(b) +Me(b) +Me(b)
+M Ultimate Mu10 Mu11 Mu12 Mu13 Mu14 Mu15
Bottom Low Tendon Mt Mt Mt Mt Mt Mt
Elastic - - - - - -
- Ultimate Mu10 Mu11 Mu12 Mu13 Mu14 Mu1s
Low Tendon - - - - - -

13
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SECTION 1

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

14
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G =

CSLA B =

CapA vai, =

Structural Steel (SS)/Composite Steel and Concrete (CSC)!

Depth of stress block (Article 10.50.1.1).

Area of reinforced steel in the slab.

Product of the area and yield point of that part of reinforcement which lies in the

compression zone of the slab.
Area of flange (Articles 10.48.2.1 or 10.53.1.2).
Area of compression flange (Article 10.48.4.1).

Area of each element (i.e., top flange, web, bottom flange, etc.)

(4,).

Area of web of beam (Article 10.53.1.2).

Effective flange width of slab (Article 10.50.1.1.1).
Capacity of section.

Compression force in top portion of section.
Bending coefficient (Article 10.48.4.1).

Capacity of slab.

Capacity of steel section.

Available moment capacity for Live Load + Impact.
Depth of beam or girder (Article 10.48.4.1).
Spacing of intermediate stiffener (Article 10.48.8).

Distance to the neutral axis of reinforcing steel in slab from top of slab.

Distance to the bottom of girder or beam from centroid of each element.

" Selected symbols and references are based on AASHTO Standard Specifications for Highway Bridges, Sixteenth
Edition, while other symbols and references are unique to LARS.

15
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Clear unsupported distance between flange components (Articles 10.34.3,
10.34.4, 10.34.5, 10.37.2, 10.48.1, 10.48.2, 10.48.5, 10.48.8, 10.49.2, 10.49.3.2,
10.50, and 10.50.2.1).

Clear distance between the neutral axis and the compression flange (Article
10.48.2.1(b), 10.48.4.1, 10.49.2, 10.49.3 and 10.50(d)).

Depth of the web in compression at the plastic moment (Articles 10.50.1.1.2 and
10.50.2.1).

D

Computed compressive bending stress (Articles 10.34.2 and 10.34.3).

Unit ultimate compressive strength of concrete as determined by cylinder tests at
age of 28 days, psi (Articles 10.38.1 and 10.50.1.1.1).

Unit shear stress (Article 10.34.4.4).

Specified yield stress of reinforcing steel.

Factor for rating type (inventory, operating, posting, etc.).

Allowable shear stress (Articles 10.34.4 and 10.40.2.2).

Specified minimum yield point of steel.

Specified minimum yield strength of the flange (Articles 10.48.1.1 and 10.53.1).
Specified minimum yield strength of the web (Article 10.53.1).

Moment capacity of a hybrid member.

Moment of inertia of member about the vertical axis in the plane of the web (in*)
(Article 10.48.4.1).

Moment of inertia of compression flange about the vertical axis in the plane of the
web (in*) (Article 10.48.4.1).

St. Veanat torsional constant (Article 10.48.4.1).

Unbraced length (Articles 10.48.1.1, 10.48.2.1 and 10.48.4.1).
Limited unbraced length (Article 10.48.4.1).

Limited unbraced length (Article 10.48.4.1).

16



LARS Bridge™
Specification Analysis

M =
M, and M, =
M. =
M =

M, =

Maximum bending moment (Article 10.48.8).

Moments at two adjacent braced points (Article 10.48.4.1).

Available member capacity for LL + IMP.

Live load moment at the section.

Dead moment at the section.

Full plastic moment of the section.

Lateral torsional buckling moment or yield moment (Article 10.48.4.1).
Superimposed dead load moment at the section.

Maximum bending strength (Articles 10.48, 10.50.1, 10.50.2, and 10.53.1).

Moment capacity at first yield (Article 10.50.1.1.2).

M., = Moment capacity of the section.

MLLHMP =

MV =

Sum of Live Load and Impact moment.
Maximum shear capacity under moment/shear interaction.

Radius of gyration in inches of the compression flange about the axis in the plane
of the web (Article 10.48.4.1).

Radius of gyration with respect to the Y-Y axis (Article 10.48.1.1).
Reduction factor for hybrid girder with LFD (Article 10.53.1.2).
Reduction factor for hybrid girder with ASD.

Bending capacity reduction factor (Article 10.48.4.1).

Ratio factor for a hybrid member.

Section modulus of a non-composite section.

Section modulus of composite section with (n=n).

Section modulus of a composite section with (n=3n).

17
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VA VAIL

VCAP

VDL

VLLHMP =

VSDL

S

Section modulus with respect to the compression flange (in’) (Article 10.48.4.1).
Thickness of the flange.

Effective thickness of slab.

Thickness of top flange (Article 10.50.1.1.1).

Web thickness, in (Articles 10.34.3, 10.34.4, 10.34.5, 10.37.2, 10.48, 10.49.2, and
10.49.3).

Shearing force (Article 10.48.8).

Dead load shear at a section.

Superimposed dead load shear at a section.

Maximum shear force (Articles 10.48.8, and 10.53.1.4).
Available shear capacity for Live Load + Impact.

Shear capacity.

Var

Sum of Live Load and Impact shear.

Viai

Location of steel sections from neutral axis (Article 10.50.1.1.1).
Plastic section modulus (Articles 10.48.1 and 10.53.1.1).
A constant related to limitation of D%, .

Area of the web divided by the area of the tension flange, 4,/4, (Articles 10.40.2,
and 10.53.1.2).

Distance from the outer edge of the tension flange to the neutral axis divided by
the depth of the steel section (Article 10.40.2).

18
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Inclination angle of a bent up reinforcement or minimum specified yield strength
of the web divided by the minimum specified yield strength of the tension flange
(Article 10.40.2).

Fy/Fyr (Atticle 10.53.1.2).

19
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SECTION 1.1

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

ALLOWABLE STRESS DESIGN METHOD

20
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Structural Steel (SS)/Composite Steel and Concrete (CSC)

The various criteria logic that is used to determine the calculation methods for the above listed
conditions are referenced below by number. The calculation methods and formulae are
referenced by number.

ASD

ASD analysis will be performed for every flexural member that has data sufficient for this
analysis, regardless of whether an LFD analysis is requested.

Non-Composite:
® A member will be considered as non-composite if the member is designed as SS.

e The values for available capacity for LL + IMP and moment capacity for all non-
composite members are calculated by the formulae of MS-1a and MS-1b for non-hybrid
girders, and MH-1a and MH-1b for hybrid girders.

® The radius for all available capacity for LL + IMP and shear capacity for all non-
composite members are calculated by the formulae of VS-1a and VS-1b, and VS2.1a and
VS.1b through VS-2.3a and VS-2.3b.

Composite:

® A member will be considered as composite if the member is designed as CSC, and
concrete slab has been described.

® The values for available capacity for LL + IMP and moment capacity for all composite
members are calculated by the formulae of MS-2a and MS-2b.

21



LARS Bridge™
Specification Analysis

SECTION 1.1.1

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

ALLOWABLE STRESS DESIGN METHOD

MOMENT ANALYSIS

22
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
ASD
Moment Analysis Method for SS Member

The following are descriptions of the methods used by LARS to perform ASD member moment
analysis when the structural steel member section is non-composite (i.c., there is no concrete
slab acting compositely with steel). The moment capacity is calculated by the formula in MS-1a,
and the available capacity is calculated for the formula in MS-1b.

MS-1la:

For a structural steel member, the maximum moment strength at the section Mc4p is calculated as
follows, in accordance with Bridge Specification 10.32.3.1:

Compression Flange M ,, = F,S, and Tension Flange M ,, = O.55FyS
91x10°C, (ch
S (F.SHU I
where (F.S.) =1.82
91x10°C, (ch
S (F.SH\U !

where (F.S.)=1.34
Cy= 1.75+1.05 (M;/M>) +0.3 (M;/M2)2 < 2.3 where M; is the smaller and M, the
larger end moment in the unbraced segment of the beam; M;/M; is positive when
the moments cause reverse curvature and negative when bent in single curvature.

Inventory: F, = N77zﬁ +987(4)" <55F,

Operating: F, = N.Wz,% +987(4)" <75F,

/= Length, in inches, of unsupported flange between lateral connections, knee braces,
or other points of support.
I,. = Moment of inertia of compression flange about the vertical axis in the place of the
.4
web in.

D = Depth of girder, in.
[(bﬁ)c +(br%) + Dtj]

J =
3
Sy= Section modulus with respect to compression flange (in.’).
E = Modulus of elasticity of steel.
r =  Governing radius of gyration.
L = Actual unbraced length.

MS-1b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

My = MCAP[F]i M, M,
where for inventory: F' = 0.55, and for operating and posting: F = 0.75
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
ASD
Moment Analysis Method for CSC Member

The following are descriptions of the methods used by LARS to perform ASD member moment
analysis when the composite steel and concrete member section is composite (i.e., there is a
concrete slab acting compositely with steel). The moment capacity is calculated by the formula
in MS-2a, and the available capacity is calculated by the formula in MS-2b.

MS-2a:

For a composite steel and concrete member, the maximum moment strength at the section Mc4p
1s calculated as follows:

MCAP = MAVAIL iMdl * Msdl

MS-2b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

_Ma'/ _Msdl j|S

M :|:Fy(F) S S

where for inventory: F=0.55, and

for operating and posting:  F=0.75
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SECTION 1.1.2

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

ALLOWABLE STRESS DESIGN METHOD

MOMENT ANALYSIS

FOR

HYBRID GIRDERS
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Structural Steel (SS)/Composite Steel and Concrete (CSC)

ASD
Hybrid Girders
Specification Reduction Factor Page
10.40.2 Non-Composite/Composite 26
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
ASD
Moment Analysis Method for SS/CSC Hybrid Member

The following are descriptions of the methods used by LARS to perform ASD member moment
analysis when the structural steel/composite steel and concrete member section is of hybrid
nature (i.e., the strength in the web is lower than one or both of the flanges). The moment
capacity is calculated by the formula in MH-1a, and the available capacity is calculated by the
formula in MH-1b.

MH-1a:

For a SS/CSC hybrid member, the maximum moment strength at the section Hyb Mcyp is
calculated as follows, in accordance with Bridge Specification 10.40.2:

Po(1- a)2(3 — ¢+ 9a)

6+ fo (S—ga)

Reduction Factor= R, =1-

Hyb Mcap - R,(M,)
For value of Mc4r =Moment Capacity, refer to Moment Analysis.

MH-1b:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:
CAP,;,; = [HbeCAP ][F] tM, M,

where for inventory: F =0.55, and

for operating and posting: F =0.75
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SECTION 1.1.3

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

ALLOWABLE STRESS DESIGN METHOD

SHEAR ANALYSIS
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Structural Steel (SS)/Composite Steel and Concrete (CSC)

ASD
Specification Transverse Longitudinal D, Page
Stiffener Stiffener P
10.34.4.1 N N 29
— <170
tW
10.34.4.2 Y Y* D 6000k 30
If|—|<
t, / F,
31
" 6000k D, 75004k
V F y tW Y F y
D, 7500vk 32
If >
t, [F,
* If no longitudinal stiffener is provided, then D,/t,, shall meet the following criteria:

D/t,, < 330 for F, = 36,000
D/t,, < 280 for F, = 50,000
D/, < 230 for F, = 70,000
D,/t,, < 210 for F, = 90,000

D,/t,, <200 for F, = 100,000

If not, a warning message is issued.

Check (d,/D,,) > 3.

If true,

issue a warning message.
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
ASD
Shear Analysis Method of SS/CSC Member

The following are descriptions of the methods for LARS to perform ASD shear analysis when
the member web is unstiffened. The shear capacity is calculated by the formula in VS-1a, and
the available capacity is calculated by the formula in VS-1b.

Note: Check D/t,,> 170. If true, issue a warning message.

VS-1la:

For a SS/CSC member with web unstiffened, the maximum shear strength at the section Veyp is
calculated as follows, in accordance with Bridge Specification 10.34.4.1:

733x107 _F,

(p,/1,)" 3

VCAP = Fv (Dw) (tw)
VS-1b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

Vivan = [VCAP] [F ] Vo +Venr

where for inventory: F=10.55,and

for operating and posting:  F=10.75
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
ASD
Shear Analysis Method for SS/CSC Member

The following are descriptions of the methods for LARS to perform ASD shear analysis when
the member web is stiffened transversely and/or longitudinally. The shear capacity is
calculated by the formula in VS-2.1a, and the available capacity is calculated by the formula in
VS-2.1b. If longitudinal stiffener is not provided, check D,/t, and issue a warning message
accordingly.

VS-2.1a:

For a SS/CSC member with web stiffened transversely and/or longitudinally, the maximum shear
strength at the section V¢yp is calculated as follows, in accordance with Bridge Specification

10.34.4.2:
D
If ( J < 6000£ ,
tW’ \ Fy
5
where k =5+ =
doj
DW’
then C=1.0
F 087(1-C F
and V,,=—|C+ ( )2 =—
3 d 3
1+( ”j
DW
VS-2.1b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

Vivan = [VCAP] [F ] Vo £V

where for inventory: F=10.55,and

for operating and posting:  F=10.75
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
ASD
Shear Analysis Method for SS/CSC Member

The following are descriptions of the methods for LARS to perform ASD shear analysis when
the member web is stiffened transversely and/or longitudinally. The shear capacity is
calculated by the formula in VS-2.2a, and the available capacity is calculated by the formula in
VS-2.2b. If longitudinal stiffener is not provided, check D,/t, and issue a warning message
accordingly.

VS-2.2a:

For a SS/CSC member with web stiffened transversely and/or longitudinally, the maximum shear
strength at the section V¢yp 1is calculated as follows, in accordance with Bridge Specification
10.34.4.2:

6000vk _ D, _ 75007k

If

where k =5+ > =
)
DW
then C:j)oo—oﬁ
mvﬂ
F, 0.87(1-C)
and V., =5 C+————

VS-2.2b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

Viyan = [VCAP] [F ] Vo £V

where for inventory: F=10.55,and

for operating and posting:  F=0.75
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
ASD
Shear Analysis Method for SS/CSC Member

The following are descriptions of the methods for LARS to perform ASD shear analysis when
the member web is stiffened transversely and/or longitudinally. The shear capacity is
calculated by the formula in VS-2.3a, and the available capacity is calculated by the formula in
VS-2.3b. If longitudinal stiffener is not provided, check D,/t, and issue a warning message
accordingly.

VS-2.3a:

For a SS/CSC member with web stiffened transversely and/or longitudinally, the maximum shear
strength at the section V¢yp 1is calculated as follows, in accordance with Bridge Specification

10.34.4.2:
(ij 75007k
If > ,
tw \/Fy
5
where k =5+ >
=)
DW
45(10) (k
then C= Lz()
DW
ZLW Fy
F, 087(1-C)
and Vi, =—|Ct———+
3 d
1+( ”j
DW
VS-2.3b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

Vivan = [VCAP] [F ] Vo Vs

where for inventory: F=10.55,and

for operating and posting: F=10.75
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
ASD
Moment - Shear Interaction Analysis

Specification Moment - Shear Interaction Page

10.34.4.4 V>0.75V, 34

V= le + Vsdl + VLL+IMP
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
ASD
Moment Shear Interaction Analysis Method for SS/CSC Member

The following is a description of a method for LARS to check ASD moment shear interaction
analysis when the member section is simultaneously subjected to bending moment and shear
such as V'>0.6 V,.

It MV.,> M., {0.754 ~034 j; -

y

} , 1ssue a warning message.
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
ASD
Stiffener Requirement

Specification D./ty, Requirements

10.34.3.1 v < 23000 <170 No stiffener required

t, S,
10.34.3.1 23000 D, < 46000 Transverse stiffeners required
\/7 < t,  \Jf /<340 No longitudinal stiffener required
b w b ' =
10.34.3.2.1 46000 D, Transverse and longitudinal stiffeners
\/7 < e required
b w
Note 1:

Jf»=20,000, 23,000/, f, =162.6=170

Note 2: Jf»=20,000, 46,000/ /1, =3253~=340

36



LARS Bridge™
Specification Analysis

SECTION 1.2

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

LOAD FACTOR DESIGN METHOD
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD
Qualifications for Determining Analysis Method for Member

The following are descriptions of the qualifications to determine the methods for LARS to
perform LFD member analysis. These qualifications are derived from the AASHTO Standard
Specifications for Highway Bridges, Sixteenth Edition, 1996. The qualifications for analysis
selection are listed separately for each LFD condition, along with references to the appropriate
Specification Number. The LFD analysis types are as follows:

e Non-Composite
e Compact
e Braced Non-Compact
e Unbraced Non-Compact

e Composite

e Compact
e Non-Compact
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD

The various criteria logic that is used to determine the calculation methods for the above listed
conditions are referenced below by number. The calculation methods and formulae are
referenced by number.

Non-Composite:

A member will be considered as non-composite if it is designated as SS.

1. Compact

The criteria to determine whether or not a member is to be analyzed by non-composite,
compact methods is determined by the logic and calculations shown on page 42.

The values for available capacity for LL + IMP and moment capacity and for non-
composite, compact members are calculated by the formulae discussed under SS-
MIland SS-M1b on page 45.

2. Braced Non-Compact

The criteria to determine whether or not a member is to be analyzed by non-
composite, braced, non-compact methods is determined by the logic and calculations
shown on page 43.

The values for available capacity for LL + IMP and moment capacity for non-
composite, braced, non-compact members are calculated by the formulae discussed
under SS-M2a and SS-M2b on page 45.

3. Unbraced Non-Compact

The criteria to determine whether or not a member is to be analyzed by non-
composite, unbraced, non-compact methods is determined by the logic and
calculations shown on page 44.

The values for available capacity for LL + IMP and moment capacity for non-
composite, unbraced, non-compact members are calculated by the formulae discussed
under SS-M3a and SS-M3b on page 48, where M, used in SS-M3a is computed for
the controlling case (I through IV) outlined under SS-M3 on pages 1-46 and 1-47.
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Composite:

A member will be considered as composite if the concrete slab has been described.

1. Compact

The criteria to determine whether or not a member is to be analyzed by composite,
compact methods is determined by the logic and calculations shown on page 1-50 to
1-55.

The values for available capacity for LL + IMP and moment capacity and for
composite, compact members are calculated by the formulae discussed in CSC-M1la
and CSC-M1b on pages 1-56 and 1-57.

2. Braced Non-Compact

The criteria to determine whether or not a member is to be analyzed by composite,
braced, non-compact methods is determined by the logic and calculations shown on
page 1-50 and 1-57.

The values for available capacity for LL + IMP and moment capacity for composite,
braced, non-compact members are calculated by the formulae discussed in CSC-M2a
and CSC-M2b on page 1-58.

3. Unbraced Non-Compact

The criteria to determine whether or not a member is to be analyzed by composite,
unbraced, non-compact methods is determined by the logic and calculations of 1-46
and 1-47.

The values for available capacity for LL + IMP and moment capacity for composite,
unbraced, non-compact members are calculated by the formulae of 1-48.
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SECTION 1.2.1

STRUCTURAL STEEL

LOAD FACTOR DESIGN METHOD

MOMENT ANALYSIS

FOR:

e COMPACT SECTION

e BRACED NON-COMPACT

e UNBRACED NON-COMPACT
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Structural Steel Section (SS)
LFD
Check for Non-Composite, Compact Section Compression Flange

Projecting Y b’ < 2,055 N
Compression Flange —=
t / Fy
Web
Thickness Y D < 19,230 N
tw B —\}Fvy
l

Y N
D _,19.230

w

=

Y 2+9.35(b—js33’650 N
t t

b/A

Y
L, _ [3.6-22(M,/M,)]x10° N
l"y Fy
Compact Check Far
Section Braced Non-Compact
My & My

SS-M1a, M1b @

Note: M, = Moment Capacity and M,. = Available Member Capacity for LL+IMP
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Structural Steel Section (SS)
LFD
Check for Non-Composite, Braced Non-Compact Section Compression Flange

SS-Q,
Y b 2,200 N
t  \JF,
Projecting
Compression
Flange
Y D, _ 15400 N
t, / Fy
Y 20x10° 4, N
L £————
Fyd
Check for
Stiffening
Section ID
Braced Check for
Non-Compact Unbraced
M, & Mac Non-Compact
SS-M2a, M2b Analysis Method

Note: M, = Moment Capacity
M,. = Available Member Capacity for LL+IMP
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Structural Steel Section (SS)
LFD
Non-Composite, Unbraced Non-Compact Section Compression Flange
Determine Analysis Case

I C
01<—=<09
I,

A
Or with < —
Longitudinal t, JF,

Stiffened Web Warning

| Message

SS-Mjs, Case | Warning
M;, Ry Message

Y L,<L N

SS-M3, Case I
Ml‘a Rb

Y 1 >L,>L] N

SS-M;, Case Il SS-Mj, Case IV
Mra Rb Mr, Rb

Check for
Stiffening
Section 1D

All Cases
MLH Mac
SS-M3a, M3b
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Moment and Available Capacity Analysis - Structural Members
LFD

Non-Composite, Compact - Moment Capacity for Compression Flange
SS-Mla:

For non-composite, compact sections, the maximum moment strength at the section M, is
calculated as follows, in accordance with Bridge Specification 10.48.1:

M,=FZ (i.e., Z is the Plastic Section Modulus)
SS-M1b:

The available capacity for LL + IMP is calculated by the formulae as follows:

M
Cap 41 = {I_;i M, =M, }[F] )

where, for inventory: =—,and

for operating and posting: F=

Non-Composite, Braced, Non-Compact - Moment Capacity for Compression Flange
SS-M?2a:

For non-composite, braced, non-compact section, the maximum moment strength at the section
M, 1is calculated as follows, in accordance with Bridge Specification 10.48.2:

M,=F,S
SS-M2b:

The available capacity for LL + IMP and moment capacity is calculated by the formulae as
follows:

F, M,
Ca vy Ma  Msa S [
P avaiL |: 13 S
. 3
where, for inventory: F= 5 and
for operating and posting: F=10
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Non-Composite, Unbraced, Non-Compact - Moment Capacity for Compression Flange
and Available Capacity for LL + IMP

SS-M3:

To establish the appropriate calculation method, a series of qualifications of the section will be
made in the following manner.

A non-composite unbraced section is analyzed in accordance with Bridge Specification
10.48.4.1:

where A= 15,400 for all members with a compression flange area equal to or greater
than the tension flange area.

= 12,500 for members with a compression flange area less than the tension

flange area.
SS-M3, Case |
D. A . o .
If 5 <—— or with longitudinally stiffened web,
w y

2
[’C
M, :91x106Cb( , j 0772 4087 | <m
L i L ’

b ye b

M, MY
where C, =175+105| —|+0.3 ,<23,
M M

2 2
or C, =10, if moment within unbraced length < M (Note*)
with M, = smaller moment
M, = larger moment

M

—L =+ where reverse curvature

M,

M

—L = - where single curvature

M,

bt*| +|bt*| +|Dt}

and where J=[ ]b [ ]t [ ]]

3

Note *: LARS may either compute the Cy, value oruse a Cp, = 1
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SS-M3, Case 11
yl (ch _ 18250

If —«<

and if L, <L,, where L, is input as braced length

9.500r'
and L =
P [
F-'y
M, = F,S
M, =M,

SS-M3, Case III

D
it A (_j _ 18250

—<|—| =

andif L, >L,>L,,where L, is input as braced length

572x10°7 d \
where L, = [———— and L, = 9,500
Fnyc le

L,-L,
M, =C,F.S_[1-05
’ L-L,

SS-M3, Case IV

yl (ch . 18250

If —«<

6
and if L, 2 L, , where & = 572x10"1.d
L FiSe
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Non-Composite, Unbraced Non-Compact- Moment Capacity for Compression Flange
SS-M3a:

For non-composite, unbraced non-compact section, the maximum strength at the section M, is
calculated as follows, in accordance with Bridge Specification 10.48.4:

For longitudinally stiffened girders, with symmetrical sections having b < 73,000

for longitudinally stiffened girders, with unsymmetrical sections, having D, > PR and

D, 36,500
<
t, F,
then R, =10
Otherwi R, =1-0.002 Dty | D 4 <1.0
Crwise: =1—VU. — A
’ Aﬂ tW V Mr /ch
Mu = MrRh
SS-M3b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

M
Cap 4 = {l_;i M,£tM, }[F] >

. 3
where, for inventory: F= 5 and

for operating and posting: F=10
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SECTION 1.2.2

COMPOSITE STRUCTURAL STEEL AND CONCRETE

LOAD FACTOR DESIGN METHODS

MOMENT ANALYSIS

FOR:

e COMPOSITE COMPACT SECTIONS

e BRACED, NON-COMPACT SECTIONS
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Composite Steel and Concrete Section (CSC)
LFD
Check of Composite Section

CSC-Qq
| + Moment Region | | - Moment Region |
CSC-M3
Y 2D 19230 N Including
<= Composite
t, JF ) Rebars
CSC-M1 Composite Compact Composite
Calculate Slab & Non-Compact
Steel Section | CSC-M2
Capability
CSLAB, CSTL
Y Cy, <Cqyp|l— N
CSC-M1, Case |
C=CSTL
Calculate M,
Y fo<(ar) N
CSC-M1, Case IIA CSC-M1, Case 1IB
Calculate M, Calculate M,

M, =M,
Mac
CSC-M1a, M1b

Note: The area of the slab steel is included in the resisting capacity of the steel or composite
section when the steel is defined on input (i.e., RT 14), the CP is in the negative moment
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area (i.e., within 0.3 of the span length either side of the interior supports of continuous
members, and then only for positive bending analysis).

Composite Steel and Concrete Members
CSC-Q1: Qualification for Compact Section of a Composite Member

The first step in the analysis of a composite member is to determine whether or not it is compact.
The following analysis checks makes that determination, in accordance with Bridge
Specification 10.50.1.1.2.

2D, 19,230
<

When the base steel member section is determined to be compact by the qualifications described
in CSC-Q1, Cases I, IIA and IIB, and the member is of composite construction, then the
maximum moment strength is calculated by the formula of CSC-Q1, Cases I, IIA and IIB with
the section tests and analysis methods described in the Bridge Specification Section 10.50.1.1.

Web thickness:

Composite, Compact - Moment Capacity

b = Effective Width

t. = Effective
Thickness

A,
"l:t .I.':I TDFI |: f:ITl:IFI
¥ z [tf)BDt I:"|lll.l'f:||3l:l’[
Slab Capacity: Covis = 0851, (0)(t,)+(A.1,).
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Steel Section Capacity: Cyp = [ (AFy )bf + (AFy )z/ + (AFy )W + (A(Fy ))COVERPLj|
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CSC-M1, Case I: Composite, Compact Section

~ b = Effective Width ~ 0.85 fr(h)
t. = Effective - - . -
Thickness [Ps e
L oo o RSe[| E
R S i WL
Jitfj_T':'_P — ( f)TDp I -
d) )
d Dy B ¥ ::
¥ ¥ I:tf:IBI:It I:Af:IBEIt ¥ ;
Casel- Cy; <Cypps then C=Cy,,
S C—(af,),
~085f.(b)

M, =1/2(0858.) (b) (a)° +(A.1,) [a~(d,).] +Z{ (F,)(a)[d-q; +(ts—a)]}
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CSC-M1, Case IIA: Composite, Compact Section

b = Effective Width I
t_= Effective > D;E‘E f.:;':li)
Thickness (s e
L o B0 |
R {3 = 1y 7 +_T3 El
AR Yl e I .
& in[t :I ( f:I ? : |
53 i Top_ Top
‘ D"-'"-" AW [
i
N - dl'llll
L] L I:tfleh:lt lef:lBDt L]

. Cqy —C
Case ITA Cy, >Cy s then C =2 S48

and if C <(Any)zf

Yy
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CSC-M1, Case IIB: Composite, Compact Section

b = Effective Width

t. = Eftective * D.:Bﬁfc[t;j
*  Thickness Ao
T Eesa sy T, T8
Slg ala e [ §
NS T S BT =
( A )
X t_j_T% - fTDp 7 -
d D,, Ao =
¥ \r(tf)BDt ILﬂll"\fleh:lt
. Cy = C
CaseIIB Cy,;, > Cy, 4 Then C :%
and if C Z(AFy)l/
C' -(4F,)
then )7=—’/ D )+(1),
2D, 19,230
and <2 , where D, =y-t,
tw ,Fy »
then

M, =085f.(b)(t, )(%+)7) +(Asfy)c[ts ~(d,).+7]+ C(%j +y {(Fy )(Ai )[d -

di

y

Y

-y
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Composite, Compact - Moment Capacity

CSC-Mla:

The maximum moment strength of a composite compact section is calculated as follows, in
accordance with Bridge Specification 10.50.1.1.1 and 10.50.1.1.2:

if D,<D'
then M, =M,

if D'<D, <5D'

SM —-085M_ 08SM -M (D
then M, =—2 L4 - 2l =2
4 4 D'
where:
D,
DV
(d+t, +t,)
D|: N
p 7.5

B =0.9 for Fy = 36,000 psi or 0.70 for 50,000 and 70,000 psi
M, = moment capacity at first yield of composite section

M, =FS

n=n(tension _ flange)

For continuous spans with compact composite moment section but with noncompact
noncomposite or composite negative moment pier sections, the moment capacity may be
computed as follows:

M, =M, +AM,-M,)

where:

pier

_Mdl+ Msdl + M

Y8, S

x x(n=n) S x(n=3n)

11+i

A(M M S) = M, is the noncompact moment capacity of the pier section

from 10.48.4.2 or 10.48.4
M; is elastic moment at the pier for the load producing
maximum positive bending in the span. For members with
adjacent spans, use the smaller of the pier sections for
interior spans
A =1 for interior spans
= Distance from end support to the location of the maximum positive moment
divided by the span length for end spans.

pier
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CSC-M1b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

M
Cap 4,1 = {I_;i MyxM, }[F] >

. 3
where, for inventory: F= 5 and

for operating and posting: F=10

CSC-M2

A 4

Compute Rb based on composite
compression flange

D, ot
R, = 1—0.002{&”“}{& —i} <1.0

A

fe(comp)

A4

Compute Mu - minimum of:
M,=F,S
Mu = F;rSRb
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Composite, Braced Non-Compact Section — Positive Moment Areas

If the base steel section of a composite member has been determined to be non-compact by the
qualifications of CSC-Q2, then the moment capacity and available capacity for LL + IMP are
calculated by the following formulae.

CSC-M2a:

For a composite, braced, non-compact section, the maximum moment strength at the section M,
is calculated as follows:

Compute Rb based on compression flange —

D, ot
R, =1- o.ooz[w}{& —i} <1.0

t, f,

Compute moment capacity based on F; and Fy
M,=FS
Mu = F;rSRb

Je(comp)

Use minimum of the two above values for M,

CSC-M2b:

The value of the available moment capacity for LL + IMP at the section is calculated as follows:

M, M
CAPAVAIL = |: 1 ; i Sdl i S = :|(Sn=n )[F]

n=3n
where, for inventory: F= g, and

for operating and posting: F=10
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Composite Negative Moment

Y Check Compact using 10.48.4.1
(see SS-M1A)

Y 20x10°4,
L<———"L

10.48.2.1

~ | &
Z

<24

D _36500 D 73,000

~

\ 4

10.48.4 — Partially Braced
See SS-M3

T Fd

10.50.2.2
fu (max) <min(F,=F, or F,.=FRy)

where:
fu (maX) = 1v[dl/S + Msdl/sn:n + Mll+i/sn:3n

2
F =(4400tj <F
cr b y

Rb=1—0.002{lz;t“}{Dv— A }SI.O

fc tw \ M r / sz‘

Where f,=M,/S.

M=F.Sx

10.50.2.2
Compression flange:

Fu: Fchb

Fu<My/Sxc

Where: M,, Sy from 10.48.4.1
Cp — from 10.48.41, use ratio of f;, at ends

instead of M /M,
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Composite, Braced Non-Compact Section — Negative Moment Areas

If the base steel section of a composite member has been determined to be non-compact by the
qualifications of CSC-Q3, then the moment capacity and available capacity for LL + IMP are
calculated by the following formulae.

CSC-M3a:

For a composite, braced, non-compact section, the maximum moment strength at the section M,
is calculated as follows:

Evaluate compactness based on 10.48.4.1 — see SS-M 1
M,=FZ
Evaluate braced non-compact criteria based on 10.48.2.1 — if the flange and web criteria
are met:
M, =FS
Where:
fy (max) < min(F,=f, or F,=FRy,)

2
F =(44ootj <F
cr b y

Dt, | D !
R,= 1—0.002{“1}{6 —} <1.0
A, |1, M, IS,

M

fb:Sr

xXc

M, calculated from 10.48.4

CSC-M3b:

The value of the available moment capacity for LL + IMP at the section is calculated as follows:

M, M M,
CAPAVAIL = |: 1 ; T Sdl * S = i|(Snn )[F]

n=3n
where, for inventory: F= 5 and

for operating and posting: F=10
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SECTION 1.2.3

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

LOAD FACTOR DESIGN METHOD

MOMENT ANALYSIS

FOR:

e HYBRID GIRDERS
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Structural Steel (SS)/Composite Steel and Concrete (CSC)

LFD
Hybrid Girders
Specification Reduction Factor Page
10.53.1.1 Non-Composite - Compact 63
10.53.1.2 Non-Composite - Braced Non-Compact 64
10.53.1.3 Non-Composite - Unbraced Non-Compact 65
10.53.2 Composite - Braced Non-Compact 66
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD
Moment Analysis Method for SS/CSC Hybrid Member

The following are descriptions of the methods used by LARS to perform LFD member moment
analysis when the structural steel/composite steel and concrete member section is of a hybrid
nature (i.e., the strength in the web is lower than one or both of the flanges), and qualifies as a
non-composite compact section. The moment capacity is calculated by the formula in MH-2a,
and the available capacity is calculated by the formula in MH-2b.

MH-2a:
For a SS/CSC hybrid member of non-composite compact section, the maximum moment

strength at the section Hyb M,, is calculated as follows, in accordance with Bridge Specification
10.53.1.1:

Ric = (F

yf)/F

y

Hyb Mu = RLC(Mu)

F
Note: For hybrid girder, revise (¢, )Hyb=1¢, | —————
F, (MIN)

For value of M,,= Moment Capacity, refer to Moment Analysis.

MH-2b:

For a SS/CSC hybrid member of a non-composite compact section, the value of the available
capacity for LL + IMP moment at the section is calculated as follows:

HybM ,
CAPAVAIL :{ 13 M,y iMsdll:|[F]
. 3
where for inventory: [F ] = 5 and

for operating and posting: [F ] =10
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD
Moment Analysis Method for SS/CSC Hybrid Member

The following are descriptions of the methods used by LARS to perform LFD member moment
analysis when the structural steel/composite steel and concrete member section is of a hybrid
nature (i.e., the strength in the web is lower than one or both of the flanges), and qualifies as a
non-composite braced non-compact section. The moment capacity is calculated by the
formula in MH-3a, and the available capacity is calculated by the formula in MN-3b.

MH-3a:

For a SS/CSC hybrid member of a non-composite braced non-compact section, the maximum
moment strength at the section Hyb M, is calculated as follows, in accordance with Bridge
Specification 10.53.1.2:

R = | Pe=p) (B pp)
6+ﬂ(0(3—(0)

Hyb M, R(F, /F,\(M,)

F,
Note: For hybrid girder, revise (tw )Hyb =t,|———
F,(MIN)

For value of M, = Ultimate Moment Capacity, refer to Moment Analysis.
MH-3b:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:

HybM ,
13

CAP,y = { IMytMy, }[F]

where for inventory: [F ] = % , and

for operating and posting: [F ] =10
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD
Moment Analysis Method for SS/CSC Hybrid Member

The following are descriptions of the methods used by LARS to perform LFD member moment
analysis when the structural steel/composite steel and concrete member section is of a hybrid
nature (i.e., the strength in the web is lower than one or both of the flanges), and qualifies as a
non-composite unbraced non-compact member. The moment capacity is calculated by the
formula in MH-4a, and the available capacity is calculated by the formula in MH-4b.

MH-4a:

For a SS/CSC hybrid member of a non-composite unbraced non-compact section, the maximum
moment strength at the section Hyb M, is calculated as follows, in accordance with Bridge
Specification 10.53.1.3:

R - Bo(1-p)’(3- ¢+ pp)
6+ Bo(3- )
Hyb M, = R M,

F,
Note: For hybrid girder, revise (tw )Hyb =t,|———
F,(MIN)

For value of M, = Ultimate Moment Capacity, see Moment Analysis.
MH-4b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

HybM ,
CAP,y = 13 IMytMy, [F]
. 3
where for inventory: [F ] = 5 and

for operating and posting: [F ] =10
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD
Moment Analysis Method for SS/CSC Hybrid Member

The following are descriptions of the methods used by LARS to perform LFD member month
analysis when the composite steel and concrete member section is of a hybrid nature (i.e., the
strength of the web is longer than one or both of the flanges), and qualifies as a composite
braced non-compact section. The moment capacity is calculated by the formula in MH-5a, and
the available capacity is calculated by the formula in MH-5b.

MH-5a:

For a CSC hybrid member of a composite braced non-compact section, the maximum moment

strength at the section Hyb M, is calculated as follows, in accordance with Bridge Specification
10.53.2:

| Bo(1-p)'(3- 9+ pp)

R = 1
6+ Bo(3- @)

Hyb M, = HybCAP,,,, t M, + M,

MH-5b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

F,R M, M
HybCAP,,, { o= :’;J(S”)[F ]

where for inventory: [F ] = % , and

for operating and posting: [F ] =10
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SECTION 1.2.4

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

LOAD FACTOR DESIGN METHOD

SHEAR ANALYSIS
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD

Value of ¢

D
W<6OOO*/E 10 k=S+—2

If ,c=1.
10.48.8.1 ;. \/I*Ty (d() jz

Specification

DW
i 6000vk _ D, _ 7500vk . 6000+/k
F ~t, [F ' (D,
JF JE ( : j T
D, _ 7500k 45(10)" k
If > , C= >
-
—| F
t}V g
Transverse Stiffener Web Condition Page
10.48.8.1 N Unstiffened Web 68
10.48.8.1 Y Stiffened Web 69
Check (do/D) <3
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD
Shear Analysis Method for SS/CSC Member

The following are descriptions of the methods for LARS to perform LFD shear analysis when
the member web is unstiffened. The shear capacity is calculated by the formula in VS-1a, and
the available capacity is calculated by the formula in VS-1b.

VS-la:

For a SS/CSC member with web unstiffened, the maximum shear strength at the section V,
calculated as follows, in accordance with Bridge Specification 10.48.8.1:

V,=0.58 F, (Dy) (t.)
V.=cV, ,for value of c, see page 68.
VS-1b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

VM
Viyan = KE} Vo TV }[F ]

where for inventory: F =§ , and

for operating and posting: F =1.0
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD
Shear Analysis Method for SS/CSC Member

The following are descriptions of the methods for LARS to perform LFD shear analysis when
the member web is stiffened. The shear capacity is calculated by the formula in VS-2a, and the
available capacity is calculated by the formula in VS-2b.

Note: Check (dy/D) > 3. If true, issue a warning message.

VS-2a:

For a SS/CSC member with stiffened web, the maximum shear strength at the section V,, is
calculated as follows, in accordance with Bridge Specification 10.48.8.1:

V,=058F,(D,)1,)

, for value of c, see page 68.

VS-2b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:
V.
Vivan = {(Ej iVt SDLj| [F]

where for inventory: F =§ , and

for operating and posting: F=1.0
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SECTION 1.2.5

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

LOAD FACTOR DESIGN METHOD

FOR

MOMENT - SHEAR INTERACTION
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD
Moment - Shear Interaction Analysis

Specification Moment - Shear Interaction Page

10.48.8.2 M >0.75 M, 72

M= Mdl + Msa’l + MLL+IMP
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD
Moment Shear Interaction Analysis Method for SS/CSC Member

The following are descriptions of the methods for LARS to perform LFD moment shear
interaction analysis when the structural steel/composite steel and concrete member is
simultaneously subjected to shear and bending moment such that M > 0.75 M,. The shear
capacity is calculated by the formula in MV-1a, and the available capacity is calculated by the
formula in MV-1b.

MV-la:

For a SS/CSC member with M > 0.75 M,,, the maximum shear strength at the section MV¢yp is
calculated as follows, in accordance with Bridge Specification 10.48.8.2:

iy -rf22- 1 31|

For value of V,, refer to Shear Analysis.

MV-1b:
The value of the available capacity for LL + IMP shear at the section is calculated as follows:

MV,p
1.3

CAP,,,, = { TV £V }[F ]

where for inventory: F= 5 and

for operating and posting: F=10
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SECTION 1.2.6

STRUCTURAL STEEL
AND

COMPOSITE STEEL AND CONCRETE

LOAD FACTOR DESIGN METHODS
FOR

STIFFENER REQUIREMENTS
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD

Stiffener Requirement

Specification Dy/tw Requirements

10.48.8.3 <150 No stiffener required
10.48.5.1 36500 D 73000 Transverse stiffeners required

<< No longitudinal stiffener required

| F, t, / F, g q
10.48.6.1 73000 D, Transverse and longitudinal stiffeners
< —_ .
required

F, 1, q

10.49.2 18250 (D.) 36500 Transverse stiffeners required
(Unsymmetrical < <
Section) F, L VE
D
when D, >( Wj
2
10.49.3.2 36500 D, Transverse and longitudinal stiffeners
< .
required
F, t, q
D
when D, >( 2”)
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SECTION 1.2.7

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

LOAD FACTOR DESIGN METHOD

FOR

SERVICEABILITY MOMENT ANALYSIS

76



LARS Bridge™
Specification Analysis

Structural Steel (SS)/Composite Steel and Concrete (CSC)
LFD
Serviceability Moment Analysis

Specification Member Page
10.57.1* Non-Composite Structural Steel (SS) 77
10.57.2%* Composite Steel and Concrete (CSC) 78

Also see Manual for Condition Evaluation of Bridges, 6.6.3.1.
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Non-Composite Structural Steel (SS)
LFD
Serviceability Analysis Method for Structural Steel Members

The following are descriptions of the methods used by LARS to perform LFD member
serviceability analysis when the structural steel member section is of non-composite
construction. The serviceability capacity is calculated by the formula in SMS-1a, and the
available capacity is calculated by the formula in SMS-1b.

SMS-1a:

For a structural steel member of non-composite construction, the maximum serviceability
strength at the section SMc4p is calculated as follows, in accordance with Bridge Specification
10.57.1:

SERV C4P=(08F,)(S,)

SMS-1b:

The value of the available serviceability capacity for LL + IMP movement at the section is
calculated as follows:

CAP,,,, = {SERV CAP+ M, + Msdl} [F]

where for inventory: [F ] = % , and

for operating and posting: [F ] =10
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Composite Structural Steel and Concrete (CSC)
LFD
Serviceability Analysis Method for Composite Structural Steel Member

The following are descriptions of the methods used by LARS to perform LFD member
serviceability analysis when the composite structural steel member section is of composite
construction. The serviceability capacity is calculated by the formula in SMC-1a, and the
available capacity is calculate by the formula in SMC-1b.

SMC-1la:

For a composite structural steel member of composite construction, the maximum serviceability
strength at the section SMc4p is calculated as follows, in accordance with Bridge Specification
10.57.2:

SERV CAP = CAP,,,,, T M, M,

SMC-1b:

The value of the available serviceability capacity for LL + IMP moment at the section is
calculated as follows:

CAP =|095F +ﬂ+& S F
AvalIL — | Y y = S - (n=n)[ ]
)

(n=3n
. 3
where for inventory: [F ] = 5 and

for operating and rating: [F ] =10
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SECTION 1.3.2

COMPOSITE STRUCTURAL STEEL AND CONCRETE

LOAD RESISTANCE FACTOR DESIGN METHODS

STRENGTH LIMIT STATE ANALYSIS

FOR:

e COMPOSITE COMPACT SECTIONS

e NONCOMPACT SECTIONS
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Composite Steel and Concrete Section (CSC)
LRFD
Check of Composite Compact Section

6.10.6.2
Fy <70 ksi
No holes in tension flange
Eq. 6.10.1.8-1 -- Holes in tension flange

A
f,0.84 A—g F,<F,

n

\ 4

Moment Redistribution
Article B6.2 (optional)

A\ 4

Composite Compact - 6.10.6.2.2
% Positive Bending N
Eq.6.102.1.1-1, 2 <150
: o, . [F
Eq. 6.10.6.2.2-1, =" =
CSC-Q2 q , 2376 3
6.10.7.1.2

A\ 4

Composite Compact - 6.10.6.2.3
Negative Bending

v | Eq.610623-1, 2D _ 54 /Fi N
tw ye

Eq. 6.10.62.3-2, L 5 03

yt
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Composite Steel and Concrete Section (CSC)
LRFD
CSC Compact Positive Flexure

CSC-Q2
6.10.7.1.2

\ 4

Y [ 610712 N
D, <0.1D,
A\ 4 y
Eq. 6.10.7.1.2-1 Eq. 6.10.7.1.2-2
M, =M, M, =M (1.07—0.7D”j
p D;
!
Y v

Number of span > 1

A 4

Span & adj. int. pier sect. = App. B6.2
Pier sections &,, > 0.009 rad

A 4
Eq. 6.10.7.1.2-3
M, =min|M, , 1.3R,M, |

»ld
L

A 4

Eq. 6.10.7.1.1-1
M, 4SS, S0,

Eq. 6.10.1.6-1
f, <0.6F,

A 4
Eq. 6.10.7.3-1
D, <0.42D,
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Composite Steel and Concrete Section (CSC)
LRFD
CSC Noncompact Positive Flexure

CSC-Q3
6.10.7.2.2

A 4
Eq. 6.10.7.2.2-1
ELC = Rthch

\ 4
Eq. 6.10.7.2.1-1
f;)u < ¢fF;tc

A 4
Eq. 6.10.7.2.2-2
eq = Rtht

A 4

Eq. 6.10.7.2.1-2
1
ﬁ)u +§f€ < ¢_/'E1t

Eq. 6.10.1.6-1
f, <0.6F,

A 4
Eq. 6.10.7.3-1
D, <0.42D,
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Composite Steel and Concrete Section (CSC)
LRFD
CSC Compact Negative Flexure

CSC-Q4
6.10.8
\ 4
. N
Discretely braced
compression flange?
Y A 4
v Eq. 6.10.8.1.3-1
A = bl f;)u < ¢thch

Eq.6.10.8.2.2-3, ™/ ~ 2,

CSC-Q4b

Eq. 6.10.8.2.2-4, 5 —o38 |-£
/ 6.10.8.1

ye

Y v
Compact
flange /1/ < ﬂ”’ '
v
Eq. 6.10.8.2.2-1 Eq. 6.10.8.2.2-5, 1 —0.56 [E
Fmp) < RRE, ’ E,
Eq. 6.10.8.2.2-2, . il E, A=Ay RRF
ne(FLB) R,E, | 2, -, || 0"

F,=min|0.7F, , F, |<05F,

CSC-Q4a
6.10.8.23
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Composite Steel and Concrete Section (CSC)
LRFD
CSC Compact Negative Flexure cont.

CSC-Q4a
6.10.8.23

|

Y ¢ N
L, < Lp ¢
v F,=min|0.7F, , F, |<0.5F,
Eq. 6.10.8.2.3-1 Eq. 6.10.8.2.3-5, I ow | E
Frewrs = RRyF, R
v N
Y | L,<L,<L, (———
Eq. 6.10.8.2.3-8
B C,n°E
v TSN
Eq. 6.10.8.2.3-2 (/)
F, YL, -L, '
F,,LY(LTB) = C,, I-|1- R,F L —L RthFyu < RI»RhFrL Eq 610823'3
- i ’ Ew = E‘r < RthEvc
< v
v
Eq. 6.10.8.2.3

F, :mlanm‘(FLB) > Fm‘(LTB)J

nc

Eq. 6.10.8.1.1-1
1
ﬁ?u +§ﬁ S¢anc

Eq. 6.10.1.6-1
f, <0.6F,

CSC-Q4b
6.10.8.1
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Composite Steel and Concrete Section (CSC)
LRFD
CSC Compact Negative Flexure cont.

CSC-Q4b
6.10.8.1

l

Discretely braced
tension flange?

A 4

v
Eq. 6.10.8.3-1 Eq. 6.10.8.1.3-1
Fnt = RhFVf f};u < ¢/‘Rtht

A 4

Eq. 6.10.8.1.2-1
1
ﬁ)u +§ﬁ < ¢_/"Fnt

Eq. 6.10.1.6-1
f, <0.6F,
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Note: The area of the slab steel is included in the resisting capacity of the steel or
composite section when the steel is defined on input (i.e., RT 14), the CP is in the
negative moment area (i.e., within 0.3 of the span length either side of the interior
supports of continuous members, and then only for positive bending analysis).
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Composite Steel and Concrete Section (CSC)
LRFD
CSC Compact Negative Flexure - Appendix A

CSC-Q4z
App. A
\ 4
Compact CSC-Q4b
6.10.8
Y
\ 4
Eq. A6.2.1-2
E
F, D
APW(D ) = 2 = ZVW ‘F]
D
(0.54 £ —0.09}
\ 4
Y | Eq. A6.2.1-1
Compact 2D
web P *< lpwux,,)
A 4 : A 4
Eq. A6.2.1-4, p M, Eq. A6.2.2-2, ; _2D.
pc — Myc tw
- E
Eq. A62.1-5, g <M BQ. A6223. ) —sq | E
pt M/w ye
Eq A622'6, l/mw() :ﬂ“/zw(D(,,)DicS A,

Eq. A6.2.2-4, ' _{1_ R, }[ A= 2o H M, M,

M, A= Aoy )| My M,
Eq A622-5, R o=l1-l1- RhMy[ Ay _ﬂ'pw(l)k) Mp < M[r
ne M, A=, )| M, M,
A4
CSC-Q4zb
A63a
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Composite Steel and Concrete Section (CSC)
LRFD
CSC Compact Negative Flexure Appendix A cont.

CSC-Q4zb
A63
A
Discretely braced N
compression flange? ¢
\ Eq. A6.1.3-1, s, =g,R M,
Eq. A63.2-3, 5 < De
',
' CSC-Q4zc
Eq. A6.3.2-4, ﬂ,yf»§0~38\/? AG3
Y ¢ N
A<,
A 4 v \ 4
ilt- ion? N
Eq. A.6.3.2-1 Built-up section?
Mm‘(FLB) = RpcMyC !
v k. =0.76
Eq. A6.3.2-6
4
k, =——
a
035 <k, <0.76

\ 4

Eq. A6.3.2-5, A6.3.2-2

::x! ’F‘JM} > OSFH

F, =min{o.7Fﬂ, . R,F,

Ek
A, =095 | =<

Y

CSC-Q4zd
A6.3.3.10

&9
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Composite Steel and Concrete Section (CSC)
LRFD
CSC Compact Negative Flexure Appendix A cont.

CSC-Q4zd
A6.3310

Eq. A6.3.310, b, or b,
h=——=t—w— =
2
12141 2l {2 104 D
3b,, d 3byt, hd
E
Eq A633-4, L,; =107
F
ye
v N
Y
Compact unbraced L,<L, L/
length - —min|07F, , RF, 5% F_|205F,
v ) ) b SXL» Y )
Eq. A6.3.3-1 J:Dl—’;+b/‘;3" (1—0.63%}—])“;}“ [1—0.63%]
fe it
Mnc(LTB) = RpcMyc
Y I N
L,<L,<L,
¥ Eq. A6.3.3-8
Eq. A6.3.3-2 o B
F,S. L -L, Fo = Lh T+ 0077 S“h( %J
Mo = Co| 1=\ 1= | T | R < R M A
v
P \ 4 Eq A633-3
A 4 Mm(LTB) =F,S, < R[H'Myc

M, :mln[Mnc(FLB) ) Mnc(LTB)J

'

Eq. A6.1.1-1
Mu +%~f/ch < ¢anc

Eq. 6.10.1.6-1
f, <0.6F,

CSC-Q4zc
A6.4
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Composite Steel and Concrete Section (CSC)
LRFD
CSC Compact Negative Flexure Appendix A cont.

CSC-Q4zc
A6.4

A 4

Discretely braced
tension flange?

\ 4
Eq. A6.4-1 Eq. 6.1.4-1
Mnt = RptMyt Mu < ¢prtMW

A 4

Eq. A6.1.2-1
Mu +%~f/Sxt < ¢ant

Eq. 6.10.1.6-1
f, <0.6F,
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Composite Steel and Concrete Members — 6.10.4.1.4
CSC-Q2a: Qualification for Compact Section of a Composite Member (+moment)

The first step in the analysis of a composite member is to determine whether or not it is compact.
The following analysis checks that determination, in accordance with Bridge Specification

6.10.4.1.2.
Web slenderness: 2D, <3.76 E
tw ch

The maximum positive moment strength of a composite compact section is calculated as follows,
in accordance with Bridge Specification 6.10.4.2.2:

CSC-M2a:

Mr = ¢an
where:
it D, <D'then M, =M , See Appendix A6.1 Plastic Moment

if Dp >D'and D'< Dp <5D' then

5M,-0.85M, 0.85M,-M,(D,
= + E
4 4 D

if D,>D"and D, >5D" then
M,=13RM ot M,=RM, +AM, -M,|
¢, =1.00

CSC-M2b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

CAP,yu :[Mr i(E XMdz)i(Fz XMsdl)]

where:
Fl1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Strength [ Yp Yp 1.75
Strength 11 Yo Yp 1.35
Service | 1.0 1.0 1.0
NOTE: Yp = 1.25-0.9 for DC

Yp = 1.50-0.65 for w.s.
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Composite, Compact — Negative Moment Capacity 6.10.4.1.4
CSC-Q2b: Qualification for Compact Section of a Composite Member (-moment)

The first step in the analysis of a composite member is to determine whether or not it is compact.
The following analysis checks that determination, in accordance with Bridge Specification
6.10.4.1.2,6.10.4.1.3,6.10.4.1.6 and 6.10.4.1.7

Web slenderness: 2D, <3.76 E

w ye

Compression flange slenderness: % _ 35y | £
F
\F.

2,
Moment and shear interaction: 2D, _ 0.75(3.76) | £~ or b 0.75(0.382) £
L, FVL‘ 2 t/ ’ F;L
2D, b
And 2 1935 L |<625 | £
tw 2tf F;L
Compression flange bracing: 1< {0.124 _ 0.0759( ;‘/j/f f Hl: gj }
P ye

CSC-M2c:

The maximum positive moment strength of a composite compact section is calculated as follows,
in accordance with Bridge Specification 6.10.5.2:

M, = ¢_/’Mn
where:

it D, <D'then M, =M , See Appendix A6.1 Plastic Moment

it D,>D"and D'<D,<5D' then
5M,~085M, 085M,-M, [Dp ]

4 4 D'
it D,>D"and D, >5D" then
M,=13R,M, or M,=RM, +4M, -M,|

¢, =1.00

CSC-M2d:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:
CAP,y,y = [Mr i(E XMdz)i(Fz XMsdl)]
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where:
Fl1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Strength [ Yp Yp 1.75
Strength 11 Yp Yp 1.35
Service [ 1.0 1.0 1.0
NOTE: Vp = 1.25-0.9 for DC

Yp = 1.50-0.65 for w.s.
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Composite, Noncompact Section 6.10.4.1.4

If the base steel section of a composite member has been determined to be noncompact by the
qualifications of CSC-Q3 then the moment capacity and available capacity for LL + IMP are
calculated by the following formulae.

CSC-Q3a:
6.10.4.1.4 compression flange slenderness b7f <12.0
2t
s
6.10.4.1.9 Compression flange bracing 7p < L, =176r, £
ye
6.10.4.2.4a Noncompact compression flange flexural resistance F, =R, R, F
where:
without longitudinal stiffeners o= 1.9(2)4E <F,
b ) [0
2, t,
with longitudinal stiffeners ~ 0.166E <F
cr bf 2 7 T ye
2,
6.10.4.2.4b Noncompact tension flange flexural resistance F, = R,R,F,,
CSC-Q3b:

6.10.4.1.9 Compression flange bracing 1p > L, =1.76r, £

ye
6.10.4.2.5a Noncompact composite flange flexural resistance based upon lateral
torsional buckling

L, <L, =444r | L
E,

i L, | |F
compression flange r —c,r,R,F [1.33—.187(”),/ SRR, F

h* yc r h* yc
E
L, >L =444r |—
F,

compression flange F,=C,R,R, 9.86E <R,R,F,

2

b

r
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6.10.4.2.5b Noncompact tension flange flexural resistance F, = R,R,F),
CSC-M3a:

For a composite, braced, noncompact section, the maximum positive moment strength at the
section M, is calculated as follows:

M, =4, F,4,

CSC-M3b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

CAP,,,, :[Mr i(Fl XMdl)i(Fz XMsdl)]

where:
F1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Strength 1 Yo Yp 1.75
Strength 11 Yp Yp 1.35
Service [ 1.0 1.0 1.0
NOTE: Vp = 1.25-0.9 for DC

Yp = 1.50-0.65 for w.s.
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SECTION 1.3

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

LOAD RESISTANCE AND FACTOR DESIGN METHOD
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SECTION 1.3.2

COMPOSITE STRUCTURAL STEEL AND CONCRETE

LOAD RESISTANCE FACTOR DESIGN METHODS

STRENGTH LIMIT STATE ANALYSIS

FOR:

o COMPOSITE COMPACT SECTIONS

e COMPOSITE NONCOMPACT SECTIONS
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Composite Steel and Concrete Section (CSC)
LRFD
Check of Composite Compact Section

CSC-Ql

A 4
6.10.6.2
Fy <70 ksi
Use net section if there are
holes in tension flange

v
Flange proportion — 6.10.2.2

bf
Eq. 6.10.2.2-1, - <12.0
2tf
Eq.6.10.2.2-2, b, > D/6

Eq. 6.10.2.2-3, ¢, 2 1.1z,

I,
Eq. 6.10.2.2-4, 0.1 <2< <10

vt

Y
Web slenderness — 6.10.2.1

Eq. 6.10.2.1.1-1, b <150 - wrstiff

Eq. 6.10.2.1.2-1, tg <300 - worstiff

w

A 4

Moment Redistribution
Article B6.2 (limitation)

A 4

CSC-QIA
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Composite Steel and Concrete Section (CSC)
LRFD
Check of Composite Compact Section

CSC-Q1A

6.10.7.3
Eq. 6.10.7.3-1, D, <0.42D,

A 4

Y Composite Compact - 6.10.6.2.2 N
Positive Flexure

Eq. 6.10.62.2-1, 222 <3 7¢ /F£ @
tw ye

A 4

Composite Compact - 6.10.6.2.3
Y Negative Flexure N

Eq. 6.10.6.2.3-1, 22 5,7\/£

t ye A\ 4

CSC-Q4b
6.10.8.3

I,
Eq. 6.10.6.2.3-2, ch >0.3

vt
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Composite Steel and Concrete Section (CSC)

LRFD

CSC Compact Positive Flexure

CSC-Q2
6.10.7.1.2

\ 4

Y [ 610712 N
D, <0.1D,
\ 4 y
Eq. 6.10.7.1.2-1 Eq. 6.10.7.1.2-2
M, =M, M,=M (1.07—0.7131’)
p D[
|
Y \ 4

Number of span > 1

\ 4

App. B6.2 - moment redistribution
Span & adj. int. pier sect.

D
2 <150, 222 <681 |-E D, <75D
tw t ch

D
’bfcz_aLbS 0.1-0.06 % ﬂ

yc
Pier sections 6,, > 0.009 rad

b <38 L
2, F,

A 4

Eq. 6.10.7.1.2-3
M, =min|M, , 13R,M |

n 2

»ld
Lt Dl

A 4

Eq. 6.10.7.1.1, M, +%f/,Sxt <4,M,
Eq.

6.10.1.6-1, f, <0.6F,
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Composite Steel and Concrete Section (CSC)
LRFD
CSC Noncompact Positive Flexure

CSC-Q3
6.10.7.2.2

\ 4

Compression Flange
Eq. 6.10.7.2.2-1
Fnc = Rthch

A 4

Lateral Bending
Eq. 6.10.7.2.1-1

f;m < ¢jE’tc

A 4

Tension Flange
Eq. 6.10.7.2.2-2
Fnt = Rtht

A 4

Lateral Bending
Eq. 6.10.7.2.1-2

1
ﬁm +§f;/ S¢f]-7mf

Eq. 6.10.1.6-1
f, <0.6F,
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Composite Steel and Concrete Section (CSC)
LRFD
CSC Negative Flexure

CSC-Q4
6.10.8

A 4

Discretely braced

compression flange?

Y

A 4

bfé’
21,

Compact Eq. 6.10.8.2.2-4, ; 038 |-£_
of ch

Eq.6.10.8.2.2-3, 7 =

Noncompact Eq. 6.10.8.2.2-5, A, =0.56 E
’ FVV

A 4

Eq. 6.10.8.1.3-1
f;m < ¢f‘Rthc

CSC-Q4b
6.10.8.1

Y v
Compact
flange ﬂ”f < ﬂ’pf
A 4
A 4
} F, Y4 -2,
Eq. 6.10.8.2.2-1 Fa.0108222p , -|1- 1—RF][ - l"/H&RhF‘,C

Fnc(FLB) = Rthch

F, =min|0.7F,, , F, |<05F,

CSC-Q4a
6.10.8.2.3
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Composite Steel and Concrete Section (CSC)

LRFD
CSC Negative Flexure cont.

CSC-Q4a
6.10.8.23

Eq. 6.10.8.2.3.9, b

12[1+1D0t“}
3b,t,
Eq.6.108.2.344, | _y, [

ye

Y i} N
L<L, —
v F,=min|0.7F, , F, |<0.5F,
Eq. 6.10.8.2.3-1 Eq. 6.10.8.2.3-5, , :’”\F
Fnc(LTB) = Rthch - A

v
L,<L, <L,

A 4

Eq. 6.10.8.2.3-2

Fyr L, - Lp
EIL‘(LTE) = Ch I-|1- RhF_ Lr _Lp RbR/szc < RbR/szc

ye

N
Eq. 6.10.8.2.3-8,E _GrE
LJ
(%)
Eq. 6.10.8.2.3-7
2
C, =1.75—1.05[f1j+0.3[f‘j <23
g g
[
Eq. 6108233, F, ) =F, <R,R,F,

. v

)l

A 4

Eq. 6.10.8.2.3

F,.= mm|_Fnc(FLB) > F;lc(LTB)J

'

Eq. 6.10.8.1.1-1, £, +%ﬂ <4,F,
Eq. 6.10.1.6-1, f, <0.6F,

CSC-Q4b
6.10.8.1
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Composite Steel and Concrete Section (CSC)

LRFD
CSC Negative Flexure cont.

CSC-Q4b
6.10.8.1

A 4

Discretely braced
tension flange?

A 4

A 4

Eq. 6.10.8.3-1 Eq. 6.10.8.1.3-1
Fnt = RhFVf f}‘m < ¢thFyt

A 4

Eq. 6.10.8.1.2-1

1
ﬁ)u +§ﬁ < ¢_/"Fnt

Eq. 6.10.1.6-1
f, <0.6F,
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Note: The area of the slab steel is included in the resisting capacity of the steel or
composite section when the steel is defined on input (i.e., RT 14), the CP is in the
negative moment area (i.e., within 0.3 of the span length either side of the interior
supports of continuous members, and then only for positive bending analysis).
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SECTION 1.2.5

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

LOAD RESISTANCE FACTOR DESIGN METHOD

SERVICE LIMIT STATE ANALYSIS
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LRFD
Service Limit State Analysis Method for SS/CSC Member

The following are descriptions of the methods for LARS to perform LFD service limit state
analysis. The elastic analysis specified in AASHTO LRFD 6.10.4 is used with the Load
Combination for Service Il in AASHTO LRFD Table 3.4.1-1. The additional requirements for
service limit state are shown in SMS-Q1, and the available capacity is calculated by the formula
in SMS-M1.

For a SS/CSC member the moment resistance capacity is computed according AASHTO LRFD
6.10.4. In addition, the following requirements must be fulfilled.

SMS-Q1:

Web requirement (6.10.3.2.2): for SS- 1 < 0.9Eck <F

2 yw
D
2)
0.9Eck
for CSC- f,, < <F,

-~ <
DC

( tw j

Minimum negative slab reinforcement requirement (6.10.3.7):

a) total cross-sectional area > 1% of total slab cross-section area
when:

slab longitudinal tensile stress > ¢f.
or
Load Combination Service II > ¢f,

b) F,>60ksi

c) Size > #6 bar
Flange stress (6.10.5.2): for SS - f, <0.95F,

for CSC - f, <0.80F,

NOTE: If satisfying the qualifications of 6.10.4.4 — moment redistribution may
be performed.

SMS-M1:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:
CAP,yy = [Mr i(Fl XMdz)i(Fz XMsdl)]

where:
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F1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Service 11 1.0 1.0 1.0
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SECTION 1.2.6

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

LOAD RESISTANCE FACTOR DESIGN METHOD

FATIGUE LIMIT STATE ANALYSIS
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LRFD
Fatigue Limit State Analysis Method for SS/CSC Member

The following are descriptions of the methods for LARS to perform LFD service limit state
analysis. The elastic analysis specified in AASHTO LRFD 6.10.4 is used with the Load
Combination for Fatigue in AASHTO LRFD Table 3.4.1-1. The additional requirements for
service limit state are shown in FM-Q1, and the available capacity is calculated by the formula in
FM-M1. The live load vehicles used for fatigue analysis are either HS20 with the rear axle fully
stretched to 30 feet or the tandem vehicle.

For a SS/CSC member the moment resistance capacity is computed according AASHTO LRFD
6.10.4. In addition, the following requirements must be fulfilled.

FM-QI1:
Web requirement (6.10.6.3):

If 2SO95 k_Eathen f;f Swa
: ;

w yw

2
otherwise fc_/. < O.9kE(%j

where:

D, is derived from 6.10.3.1.4a- D, = L d—tf
VAR

c

2
with longitudinal stiffeners - &k = 9.0(D£] >7.2

c

without longitudinal stiffeners —

if d, > 0.4, then
D

c

Minimum negative slab reinforcement requirement (6.10.3.7):
d) total cross-sectional area > 1% of total slab cross-section area
when:
slab longitudinal tensile stress >
or

Load Combination Service II > ¢f.
e) F,<60ksi

f) Size > #6 bar
Flange stress (6.10.5.2): for SS - f, <0.95F

for CSC - f, <0.80F,
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NOTE: If satisfying the qualifications of 6.10.4.4 — moment redistribution may
be performed.

SMS-M1:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:

CAP,yu :[Mr i(Fl XMdz)i(Fz XMsdl)]

where:
F1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Fatigue 0.0 0.0 0.75
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SECTION 1.2.3

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

LOAD RESISTANCE FACTOR DESIGN METHOD

MOMENT ANALYSIS

FOR:

e HYBRID GIRDERS
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Structural Steel (SS)/Composite Steel and Concrete (CSC)

LRFD
Hybrid Girders
Specification Reduction Factor Page
6.10.1.10.1 Reduction Factor 6-80
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Composite Steel and Concrete (CSC) Positive Flexure
LRFD
Moment Analysis Method for SS/CSC Hybrid Member

The following are descriptions of the methods used by LARS to perform LRFD
member moment analysis when the structural steel/composite steel and concrete member
section is of a hybrid nature (i.e., the strength in the web is higher or lower than one or
both of the flanges. The hybrid factor is calculated in MH-1a.

MH-1a:

I 12+,6’(3p—p3)
! 12425
R, =1.0 for hybrid section with a higher strength in the web than both flanges

Where:
2D t
ﬂ — n-w
4;,
p=smaller of —*and 1.0

n

A, = area of flange and coverplates on Dn (SS)

Including area of longitudinal slab reinforcement (CSC)

D = larger of the distance from elastic neutral axis to inside face of

flange (SS)
Distance from the neutral axis to the short-term composite section
to inside face of bottom flange (CSC)

f,, = when yields occurs first in the flange or coverplate or longitudinal
reinforcement on the side of the neutral axis corresponding to D, ,

largest of yield strength of each component included in 4, .
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SECTION 1.2.4

STRUCTURAL STEEL
AND

COMPOSITE STEEL AND CONCRETE

LOAD RESISTANCE FACTOR DESIGN METHOD

Load Shedding Factor
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Structural Steel (SS)/Composite Steel and Concrete (CSC)

LRFD
Hybrid Girders
Specification Reduction Factor Page
6.10.1.10.2 Reduction Factor 6-81
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LRFD
Load Shedding Factor - Ry

CSC and Eq. 6.10.2.1.1-1
Y IBSISO N

or longitudinal stiffeners and
Rq. 6.10.1.10.2-1

v D /Ek
— <095 |—
Rb = 10 tw ch

or Eq. 6.10.1.10.2-2
2D,
f

<A

w

R =1- De 2D._ 5 <10
1200+300a,, )\ ¢,

m
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LRFD
Load Shedding Factor - Ry

Load shedding factor R,

ML-2a:

When stiffeners are present or the following equation is satisfied:

If CSC and tBS 150

w

. D |E
or stiffeners are present and . <0.95 F—k
yc

w

or webs satisfy 2tDC <A,

Then

R,=1.0
Else

R =1- Due 2D._ 5 <10

1200+300a,, )\ ¢,

Where:

4, =57 =

F,
a,, = 2D, for all sections except below
selge
a, = 2D.1,, 7 for CSC longitudinally stiffened,
bt,+bt (1-"2%)/3n

ye
positive flexure
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SECTION 1.2.7

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

LOAD RESISTANCE FACTOR DESIGN METHOD

FOR

SERVICE LIMIT STATE ANALYSIS
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LRFD
Service Limit State Analysis

Specification Member Page
6.10.4.2.2* Non-Composite Structural Steel (SS) 6-93
6.10.4.2.2* Composite Steel and Concrete (CSC) 6-93

Also see LRFR Manual for Condition Evaluation of Bridges,
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Non-Composite Structural Steel (SS)
LRFD
Service Limit State Analysis Method for Structural Steel Members

The following are descriptions of the methods used by LARS to perform LRFD member Service
limit II state analysis when the structural steel member section is of non-composite
construction. The service capacity is calculated by the formula in SMS-1a, and the available
capacity is calculated by the formula in SMS-1b.

SMS-1a:

For a structural steel member of non-composite construction, the maximum service strength at
the section SM¢,p is calculated as follows, in accordance with Bridge Specification 6.10.4.2.2:

f +% <0.80R,F,
SERV CAP= ( f; +%)(Sx)

Where:
S, and f, are computed from strength limit state

f, <0.6F,, from 6.10.1.6

SMS-1b:

The value of the available service capacity for LL + IMP movement at the section is calculated
as follows:

CAP,y,y = [Mri(Edel)i(FZXMsdl)]

where:
F1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Service | 1.0 1.0 1.0
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Composite Structural Steel and Concrete (CSC)
LRFD
Service Limit State Analysis Method for Composite Structural Steel Member

The following are descriptions of the methods used by LARS to perform LRFD member Service
IT limit state analysis when the structural steel member section is of composite construction.
The service capacity is calculated by the formula in SMC-1a, and the available capacity is
calculated by the formula in SMC-1b.

SMC-1a:

For a structural steel member of non-composite construction, the maximum service strength at
the section SM¢y4p is calculated as follows, in accordance with Bridge Specification 6.10.4.2.2-1:

For flanges:
Sy <0.95R,F,

For bottom steel flange:
i
Sy +7 <0.95R,F,
For concrete — except composite sections in positive flexure where the

web satisfies 6.10.2.1.1 (t2 <150)

w

f<F

c crw

SERV CAP= ( fr ff+%j(sx)

Where:
S, and f, are computed from strength limit state
. :M , k= ) > from 6.10.1.9
D D,
D

2)

f, <0.6F,, from 6.10.1.6

SMC-1b:

The value of the available service capacity for LL + IMP movement at the section is calculated
as follows:

CAP,,; = [Mr i(E XMdl)i(szMsdl)]
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where:

F1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Service | 1.0 1.0 1.0
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SECTION 1.2.4

STRUCTURAL STEEL

AND

COMPOSITE STEEL AND CONCRETE

LOAD FACTOR DESIGN METHOD

SHEAR ANALYSIS
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6.10.9
Shear
Y N
Hybrid
v A 4
Eq. 6.10.9.2-1 Y Stiffener N
V,=CV, no long. stif
V,=0.58F, Dt, trans. spa < 3D
A 4
Eq. 6.10.7.2-1
V,=CVr,
A 4
Vy =0.58F,,Di, 6.10.9.3
A 4
Y Interior panel N v
6.10.9.3.2 End panel
2Dt Eq. 6.10.9.3.3-1
w <25 _
(bt +byt,) V,=CV,
V,=0.58F Dt,
A 4 A 4
Eq. 6.10.9.3.2-2 Eq. 6.10.9.3.2-8
vV =V C+70'87(1_C) V=V |C+ 0.87(1-C)

n P

7 2
l+[ j
D

n

P

2
1+(d”) +ﬁ
D D
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LRFD

Specification

Value of ¢
D . 5
6.10.9.3 If=<rn2 , C=1.0

k=5+

w wa do 2
D
1 1.12 [ EK <2 <140 | Bk oo 12 [Ek
EVW tw F yw ( 2 j wa
tV/

If 2 a0 |EX Lo 15T [Ek}
‘) F VaRY

2
w w D
( tW ]

End panels — 6.10.9.3.3
d,<1.5D

v, =058F, Dr,
V,=CV,

Spacing requirements of 6.10.9.3.3
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LRFD
Shear Analysis Method for SS/CSC Member

The following are descriptions of the methods for LARS to perform LFD shear analysis when
the member web is unstiffened for hybrid and homogeneous members. The shear capacity is
calculated by the formula in VS-1a, and the available capacity is calculated by the formula in
VS-1b.

For a SS/CSC member with web stiffened, the maximum shear strength at the section V,
calculated as follows, in accordance with Bridge Specification 6.10.9.2:

VS-0Q1:
v,=CV,
where
Vp =0.58F watw

VS-la:

For a composite, unbraced, noncompact section, the maximum positive moment strength at the
section V; is calculated as follows:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

CAP,,,, = [Vr i(F1 x de)i(Fz XV )]

where:
Fl1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Strength [ Yp Yp 1.75
Strength 11 Yp Yo 1.35
Service | 1.0 1.0 1.0
NOTE: Vp = 1.25-0.9 for DC

Yp = 1.50-0.65 for w.s.
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Structural Steel (SS)/Composite Steel and Concrete (CSC)
LRFD
Shear Analysis Method for SS/CSC Member

The following are descriptions of the methods for LARS to perform LRFD shear analysis. The
shear capacity is calculated by the formula in VS-2a, and the available capacity is calculated by
the formula in VS-2b.

Note: Check do > 3D. If true, issue a warning message.

For a SS/CSC member with unstiffened web, the maximum shear strength at the section V, is
calculated as follows, in accordance with Bridge Specification 6.10.9.3.3:

VS-Q2a:
If 2D, <o
(bfctfc + bﬁtﬁ)
Then j _ v|c+ 0‘87(1—C2 , for value of C, see page 1-51.
{5)
I+ —
D
VS-Q2b:
If DL o5
ibfctfc +b,t, )
Then vo-v|ce 0.87(1 —ZC) , for value of C, see page 1-51.
1+(d°) +ﬂ
D D
Where:
v, =0.58F, Di,
VS-1b:

For a composite, compact section, the maximum shear strength at the section V, is calculated as
follows:

V=gV

r v n
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VS-2b:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:

CAP,,,, = [Vr * (Fl xVy )i (Fz XV )]
F1 F2 F3

where:

Service State | DL - DC | DL — wearing surface | LL

Strength 1 Yo Yo 1.75

Strength 11 Yo Yo 1.35

Service I 1.0 1.0 1.0
NOTE: Yp = 1.25-0.9 for DC

Yp =1.50-0.65 for w.s.
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SECTION 2

REINFORCED CONCRETE
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.
I

= ™
I

B!
I

Reinforced Concrete (RC)2

Depth of equivalent rectangular stress block (Article 8.16.2.7).

Area of tension reinforcement, sq.in.
Area of compression reinforcement, sq.in.

Area of reinforcement to develop compressive strength of overhanging flanges of
I- and T-sections (Article 8.16.3.3.2).

Area of shear reinforcement within a distance s.

Width of compression face of member.

by

Web width, or diameter of circular section (Article 8.15.5.1.1).

Available capacity in moment for Live Load + Impact.

Distance from extreme compression fiber to centroid of tension reinforcement.

Distance from extreme compression fiber to centroid of compression
reinforcement, in.

Specified compression strength of concrete, psi.

Tensile stress in reinforcement at service loads, psi (Article 8.15.2.2).
Specified yield strength of reinforcement, psi.

Factor of rating type (inventory, operating, posting, etc.)
Compression flange thickness of I- and T-sections.

Section value in a reinforced concrete section with ASD related to equivalent
moment arm (jd).

Section value in a reinforced concrete section with ASD related to equivalent
compressive depth (kd).

? Selected symbols and references are based on AASHTO Standard Specifications for Highway Bridges, Sixteenth
Edition, while other symbols and references are unique to LARS.
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VAVAIL *=

VDL *

VSDL *

Computed moment capacity (Article 8.24.2.3).
Moment capacity.

Dead load moment at the section.

Nominal moment strength of a section.
Superimposed dead load moment at the section.
Factored moment at section.

Modular ratio of elasticity = E/E. (Article 8.15.3.4).

Spacing of shear reinforcement in the direction parallel to the longitudinal
reinforcement.

Allowable shear stress of concrete.

Allowable shear stress of shear reinforcement.

Total shear force at section.

Nominal shear strength provided by concrete (Article 8.16.6.1).

Nominal shear strength provided by shear reinforcement (Article 8.16.6.1).
Factored shear force at section (Article 8.16.6.1).

Available capacity in shear for Live Load + Impact.

Dead load shear.

Superimposed dead load shear.

Angle between inclined shear reinforcement and longitudinal axis of member.

Strength reduction factor (Article 8.16.1.2).

Tension reinforcement ratio = A/b,.d, A/bd.
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Reinforced Concrete (RC)

The various criteria logic that is used to determine the calculation methods for the various
analysis conditions are referenced below by number. The calculation methods and formulae are
referenced by number.

ASD

ASD analysis will be performed for every flexural member that has data sufficient for this
analysis, regardless of whether an LFD analysis is requested.

Non-Composite:

e All reinforced concrete members will be analyzed as non-composite since composite
reinforced concrete member analysis is not included in LARS Release 1.7 or 2.0.

e The values for available capacity for LL + IMP and moment capacity for all non-
composite members are calculated by the formulae.

LFD
Non-Composite:

e All reinforced concrete members will be analyzed as non-composite since composite
reinforced concrete member analysis is not included in LARS Release 1.7 or 2.0.

e The values for available capacity for LL + IMP and moment capacity for all non-
composite members are calculated by the formulae.
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SECTION 2.1

REINFORCED CONCRETE

ALLOWABLE STRESS DESIGN METHOD
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SECTION 2.1.1

REINFORCED CONCRETE

ALLOWABLE STRESS DESIGN METHOD

MOMENT ANALYSIS

137



LARS Bridge™
Specification Analysis

Reinforced Concrete (RC)
ASD
Moment Analysis Method for Reinforced Concrete Member

The following are descriptions of the methods used by LARS to perform ASD member moment
analysis of a reinforced concrete member. The moment capacity is calculated by the formula in
RC-M1a, and the available capacity is calculated by the formula in RC-M1b.

RC-Mla:

For a reinforced concrete member, the moment strength at the section is calculated as follows, in
accordance with Bridge Specification 8.15.3:

a.l Bending Positive Bottom or Bending Negative Top - Reinforced Steel Capacity
M, = f,A4,jd
a.2 Bending Positive Top or Bending Negative Bottom - Concrete Capacity

Ve = ZE ) 4,0

RC-M1b:

The value of available capacity for LL + IMP moment at the section is calculated as follows:
CAP,yyy = [Mcap] [F]iMdl M,

where for inventory: F=0.55, and

for operating and posting:  F=0.75
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SECTION 2.1.2

REINFORCED CONCRETE

ALLOWABLE STRESS DESIGN METHOD

SHEAR ANALYSIS
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Reinforced Concrete (RC)

ASD

Specification Shear Reinforcement Page
8.15.5.2.1 Vertical ~ Stirrup -  Shear  Reinforcement 88
8.15.5.3.2 Perpendicular to Axis of Member
8.15.5.2.1 Inclined Stirrup - Shear Reinforcement at Angle, 89
8.15.5.3.3 Alpha, to Axis of Member
8.15.5.2.1 Single or Single Group of Parallel Bars All Bent 90
8.15.53.4 Up at Same Distance from Support
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Reinforced Concrete (RC)
ASD
Shear Analysis Method for RC Member

The following are descriptions of the methods for LARS to perform ASD shear analysis when
the shear reinforcement is of vertical stirrups (i.e., shear reinforcement is perpendicular to the
axis of the member). The shear capacity is calculated by the formula in VR-1a, and the available
capacity is calculated by the formula in VR-1b.

VR-1a:

For a reinforced concrete member with vertical stirrups, the maximum shear strength at the

section Veyp is calculated as follows, in accordance with Bridge Specifications 8.15.5.2.1 and
8.15.5.3.2:

M

v, =097, +1 100pm(V(d)j <16/,

VR-1b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

Vivaw = [VCAP] [F ] Vo TVonr

where for inventory: F=0.55, and

for operating and posting:  F=0.75

141



LARS Bridge™
Specification Analysis

Reinforced Concrete (RC)
ASD
Shear Analysis Method for RC Member

The following are descriptions of the methods for LARS to perform ASD shear analysis when
the shear reinforcement is of inclined stirrups (i.e., shear reinforcement is at an angle, alpha,
with the axis of member). The shear capacity is calculated by the formula in VR-2a, and the
available capacity is calculated by the formula in VR-2b.

VR-2a:

For a reinforced concrete member with inclined stirrups, the maximum shear strength at the

section Veyp is calculated as follows, in accordance with Bridge Specifications 8.15.5.2.1 and
8.15.5.3.3:

v, =097 +1 100,%%) <16yf,

. AVfS(Szza+Cosa) and
WS

VR-2b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

Vivan = [VCAP] [F ] Vo £V,

where for inventory: F=0.55, and

for operating and posting:  F=0.75
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Reinforced Concrete (RC)
ASD
Shear Analysis Method for RC Member

The following are descriptions of the methods for LARS to perform ASD shear analysis when
the shear reinforcement is of a single bar or a single group of parallel bars all bent up at the
same distance from the support. The shear capacity is calculated by the formula in VR-3a, and
the available capacity is calculated by the formula in VR-3b.

VR-3a:

For a reinforced concrete member with shear reinforcement consisting of a single bar or a single
group of parallel bars, all bent up at one location, the maximum shear strength at the section V¢yp
is calculated as follows, in accordance with Bridge Specifications 8.15.5.2.1 and 8.15.5.3.4:

v, =09,/ +1100pm(%j <16y/f

= A f.Sina
N b}vd

when V, > 1.5\/7; (b,)(d) , issue a warning message
Vep = (vc + vs)bwd

VR-3b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

Vivan = [VCAP] [F ] Vo 2V,

where for inventory: F=10.55,and

for operating and posting:  F=0.75
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SECTION 2.2

REINFORCED CONCRETE

LOAD FACTOR DESIGN METHOD
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SECTION 2.2.1

REINFORCED CONCRETE

LOAD FACTOR DESIGN METHOD

MOMENT ANALYSIS
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Reinforced Concrete (RC)

Member Moment Analysis using LFD

Specification Section Description Page
8.16.3.2 Rectangular Tension Reinforcement Only 94
8.16.3.3 Flanged Tension Reinforcement Only 96
8.16.3.4 Rectangular Tension and 98

Compression Reinforcement

8.16.3.3 and Flanged Tension and 99

8.16.3.4 Compression Reinforcement

Note: For RC member, tension reinforcement must always be present.
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Reinforced Concrete (RC)
Load Factor
Ultimate Moment Capacity

Rectangular section having tensile reinforcement only:

085 ) (k)
o h I
[ [ 0.5 fé I:I::Ij [EI:I
A g //ﬁ [
i, (¢-5)
! il AT
Rectangular

Section

Flanged section with neutral axis located in the flange and having tensile reinforcement only:

then
) ] ) m.aia' fé‘) (b)
] VLTI 1= T, P

Flanged Section a < hy

Flanged section with neutral axis located in the stem, and having tensile reinforcement only.

‘ b ‘ 0.85f2 (h-b7) 0.85 . (K
* hfI [ h |
a ]
it
d_
L ) % ; - (_2 :I o K
AT 1 [ 2]
g ¥ L 4 ¥ g y
Agf fy (Age f&-sf)fh,
o bl In-

Flanged Section a > hy

147



LARS Bridge™
Specification Analysis

Reinforced Concrete (RC)
LFD
Moment Analysis Method for Reinforced Concrete Member

The following are descriptions of the methods used by LARS to perform LFD member moment
analysis when the member station is a rectangular section or flanged section with equivalent
stress block located in the flange tension reinforcement 4 only. The moment capacity is
calculated by the formula in RC-M2a, and the available capacity is calculated by the formula in
RC-M2b.

RC-M2a:
For a rectangular section or flanged section with an equivalent stress block located in the flange

with tension reinforcement only, the maximum moment strength at the section M, is calculated
as follows, in accordance with Bridge Specification 8.16.3.2:

oM, = [Asfy (a —%ﬂcﬁ

4.1,
085 1. (8))

where a =

MM = ¢Mf’l

RC-M2b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

Mlt
CAP,y = 13 tM, =M, [F]
. 3
where for inventory: F= 3 and

for operating and posting: F=10
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Reinforced Concrete (RC)
LFD
Moment Analysis Method for Reinforced Concrete Member

The following are descriptions of the methods used by LARS to perform LFD member moment
analysis when the member section is of flanged section with equivalent stress block located in
the stem and with tension reinforcement. The moment capacity is calculated by the formula in
RC-M3a, and the available capacity is calculated by the formula in RC-M3b.

RC-M3a:

For a flanged section with equivalent stress block located in the stem and with tension
reinforcement only, the maximum moment strength at the section M, is calculated as follows, in
accordance with Bridge Specification 8.16.3.3:

oM, = {(AS - 4,)f, (d - %j + A, f,(d-05h, )}zﬁ

085/.(b—b,)h,

where A4, =

RC-M3b:

The value of available capacity for LL + IMP moment at the section is calculated as follows:

MM
CAP,,y = {1_3 tM, M, }[F]

where for inventory: F= %, and

for operating and posting: F=10
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Rectangular section with tensile and compressive reinforcement.

b
Mg
o L 4
f [ - d'
L
A |dl (d-d')
* L 4 L 4 '
Aty

(0.85 fg ) (b)
Ia [ ]
a
(d-=]
(-'&-S_"&':SE-:.'

Rectangular Section

Flanged section with neutral axis located in the flange, with tensile and compressive
reinforcement.

. 085 1) ()
5 - 1'\_-'[l'-IS * * ' 'n;_?l * *
J 7 2 foe,
¥ (d-d') G
l'&'S__'L ¥ - L 4 - : 'IF_’
"&'ISf'_'." (aﬁxs'fe'ﬁlgjlf},.

Flanged Section, a < h¢

Flanged section with neutral axis located in the stem, with tensile and compressive
reinforcement.

0.85 1% (b-b" 0.85f. (b7

- b . .
) \_'&'IS 1 4 Enj il ¥
T hfI .u.‘_l * % )
3 h [
. _t
v % d| ey WEd [d_i]
2
"5‘5__:1‘. ¥ ¥ ¥ ¥ -
Asfy Asf f, (AsmAs-Aefli,
bl

L]
L

Flanged Section, a > h¢
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Reinforced Concrete (RC)
LFD
Moment Analysis Method for Reinforced Concrete Members

The following are descriptions of the methods for LARS to perform LFD member moment
analysis when the member section is a rectangular section or flanged section with equivalent
stress block located in the flange and with tension reinforcement A4, and compression

reinforcement AS,. The moment capacity is calculated by the formula in RC-M4a, and the
available capacity is calculated by the formula in RC-M4b.

RC-M4a:
For a rectangular section or flanged section with an equivalent stress block located in the flange

and with tension reinforcement and compression reinforcement, the maximum moment strength
at the section M, is calculated as follows, in accordance with Bridge Specification 8.16.3.4:

M, = [[A - AS']fy(d—g) + As'fy(d—d')}»

!

( AS_AS ) fy

0.85( fc'](b)

where a =

M, =¢M

RC-M4b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

MM
CAP,,y = {Fi My,£tM,, }[F]

where for inventory: F= %, and

for operating and posting: F=10
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Reinforced Concrete (RC)
LFD
Moment Analysis Method for Reinforced Concrete Member

The following are descriptions of the methods for LARS to perform LFD member moment
analysis, when the member section is of a flanged section with the equivalent stress block

!
located in the stem, with tension reinforcement 4 , and compression reinforcement 4 .

The moment capacity is calculated by the formula in RC-M5a, and the available capacity is
calculated by the formula in RC-M5b.

RC-M5a:

For a flanged section with an equivalent stress block located in the stem, with tension
reinforcement and compression reinforcement, the maximum moment strength at the section M,
is calculated as follows, in accordance with Bridge Specifications 8.16.3.3 and 8.16.3.4:

oM, = {(AS 4, - Abf)fy(d —%) YA f(d—d)+ A, (d —0.5hf)}¢

0857, (b-b')h,

where A, =

RC-M5b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

MM
CAP,y,y = {F tM, M, }[F]

where for inventory: F= % , and

for operating and posting: F=10
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SECTION 2.2.2

REINFORCED CONCRETE

LOAD FACTOR DESIGN METHOD

SHEAR ANALYSIS
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Reinforced Concrete (RC)

LFD

Specification Shear Reinforcement Page
8.16.6.2.1 Vertical Stirrup - Shear Reinforcement 102
8.16.6.3.2 Perpendicular to the Axis of Member
8.16.6.2.1 Inclined Stirrup - Shear Reinforcement at an 103
8.16.6.3.3 Angle, Alpha, to the Axis of Member
8.16.6.2.1 Single Bar or Single Group of Parallel Bars All 104
8.16.6.3.4 Bent Up at Same Distance from Support
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Reinforced Concrete (RC)
LFD
Shear Analysis Method for RC Member

The following are descriptions of the methods for LARS to perform LFD shear analysis when
the shear reinforcement is of vertical stirrups (i.e., shear reinforcement is perpendicular to the
axis of the member). The shear capacity is calculated by the formula in VR-1a, and the available
capacity is calculated by the formula in VR-1b.

VR-1a:

For a reinforced concrete member with vertical stirrups, the maximum shear strength at the

section V, is calculated as follows, in accordance with Bridge Specifications 8.16.6.2.1 an
8.16.6.3.2:

v, = {1.9@ +2500p,, (%d)ﬂ(bw )d) <357, (b,)d)

A fd
- S

4

s

V, =085V, +V,]

VR-1b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:
VM
Vivanw = E Vo TV [F ]

where for inventory F = %, and

for operating and posting F=1.0
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Reinforced Concrete (RC)
LFD
Shear Analysis Method for RC Member

The following are descriptions of the methods for LARS to perform LFD shear analysis when
the shear reinforcement is of inclined stirrups (i.e., the shear reinforcement is at an angle, alpha,
with the axis of the member). The shear capacity is calculated by the formula in VR-2a, and the
available capacity is calculated by the formula in VR-2b.

VR-2a:

For a reinforced concrete member with included stirrups, the maximum shear strength at the
section V, is calculated as follows, in accordance with Bridge Specifications 8.16.6.2.1 and
8.16.6.3.3:

v(d)

v, = [1.9\/7; +2500p, (Tﬂ(bw)(d) <351 (b, )(d)

V.= Av—fyd(Sina + Cosa)
s

vV, =083V, +V]

VR-2b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

v
Viyan = {(ﬁ) V£ SDL:| [F]

where for inventory F= % , and

for operating and posting F=1.0
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Reinforced Concrete (RC)
LFD
Shear Analysis Method for RC Member

The following are descriptions of the methods for LARS to perform LFD shear analysis when
the shear reinforcement is of a single bar, or a single group of parallel bars, all bent up at the
same distance from the support. The shear capacity is calculated by the formula in VR-3a, and
the available capacity is calculated by the formula in VR-3b.

VR-3a:

For a reinforced concrete member with shear reinforcement consisting of a single bar or a single
group of parallel bars all bent up at one location. The maximum shear strength at the section V,
is calculated as follows, in accordance with Bridge Specifications 8.16.6.2.1 and 8.16.6.3.4:

v(d)

v, = [1.9\/7; +2500p, (Tﬂ(bw)(d) <351 (b, )(d)

V, = A.f,(Sine) < 3 £.(b,)(d)
V, =083V, +V,]

VR-3b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:
V.,
Vavan = E Vo Vg [F ]

where for inventory F :% , and

for operating and posting F=1.0
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SECTION 2.2.2

REINFORCED CONCRETE

LOAD RESISTANCE DESIGN METHOD

STRENGTH MOMENT ANALYSIS
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Check Minimum
Reinforcement
57332

Compute “c” — Eq. 5.7.3.1.1-4
using rectangular formula
c= Asfc - AS fv'

0.85f. B,b

Y Check “c” < top flange depth

Rectangular behavior T-section behavior

Af -4 L [Asfs 4./ +0-85f;(b—bw)hf}
c=—"22__3-3 c=

0.85f.8.b 0.851.8b,

Compute ® — Eq. 5.5.4.2.1-2

0.75<¢=0.65+ O.IS[ﬂ— lj <09
c

a=cp,
_ A S (PR pop i [E
Mn—{Asf},(ds 2]+AS 7, (ds 2)+0.851L,(b bw)hf(z ZH
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Check minimum reinforcement - 5.7.3.2.2
M, >min(1.22% M, ,1.33M )

Eq. 5.7.3.3.2-1

S
Mcr =Sc(fr +fcpe)_Mdnc(S_c_1j2Scf‘r

nc

M, =ypcMp +VppMg, 7. M,

160



LARS Bridge™
Specification Analysis

Reinforced Concrete (RC)
LRFD
Strength Moment Analysis Method for Reinforced Concrete Member

The following are descriptions of the methods for LARS to perform LRFD member strength
moment analysis, when the member section is of a flanged section with the equivalent stress
block located in the stem, with tension reinforcement A4 , and compression reinforcement

!

A, . The moment resistance is calculated by the formula in RC-Mla, and the available

s

resistance is calculated by the formula in RC-M1b.

RC-Mla:

For a flanged section with an equivalent stress block located in the stem, with tension
reinforcement and compression reinforcement, the maximum moment strength at the section M,
is calculated as follows, in accordance with Bridge Specifications 5.7.3.2.2, 5.7.3.3.2:

_ AP Gop |9t
Mn_{ASfy(ds 2J+AS f, (ds 2j+0.85fc(b bw)hf[2 2]}
a=cp,

where:
|:Asf:€ - AS,f:S" + 085fc' (b - bw )hf}
0.85f. b,

Af -4 f
0.85f B,b

for flanged sections: ¢ =
for rectangular sections: ¢ =

M, =¢M,
d
where: 0.75<¢, =0.65+ 0.15[—’— lj <0.9
C
M, >min(1.22% M .,1.33M )

where:
Mcr = Sc(ﬁ) 2 Scf;

M, =ypcMp +VpuMg, 7 .M,
RC-M1b:

The value of the available resistance for LL. + IMP moment at the section is calculated as
follows:
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RES ., = [Mr i(Fl XMdl)i(Fz Xdez)]

where:
F1 F2 F3
Limit State | DL - DC | DL — wearing surface | LL
Strength I | vy, Yp 1.75
Strength II | vy, Yp 1.35
Service | 1.0 1.0 1.0
NOTE: Yp = 1.25-0.9 for DC

Yp =1.50-0.65 for w.s.
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SECTION 2.2.2

REINFORCED CONCRETE

LOAD RESISTANCE DESIGN METHOD

STRENGTH SHEAR ANALYSIS
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Reinforced Concrete (RC)
LRFD
Strength Shear Analysis Method for RC Member

The following are descriptions of the methods for LARS to perform LRFD shear analysis when
the shear reinforcement is of vertical stirrups (i.e., shear reinforcement is perpendicular to the
axis of the member). The shear resistance is calculated by the formula in VR-1a, and the
available resistance is calculated by the formula in VR-1b.

VR-1a:

For a reinforced concrete member with vertical stirrups, the maximum shear strength at the
section ¥, is calculated as follows, in accordance with Bridge Specifications 5.8.3.3, and 5.8.2.5 :

Where:

The simplified procedure described in 5.8.3.4.1 may be used:

=20
9 =45°

V. =0.03164/ 1 (b, )d

OR the simplified procedure described in 5.3.8.4.3 may be used:

V., =02/ bd, +V+’ "’@>17\/Tb

where: M, ( M e j

£, =027
S,

~ (00677 )bvdv 7,

Mdl(y_CbJ

X(Vl:}'l)
Sb
C 1s for non-composite section.

where: Soe =

y:
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V.= MIN(V,.V.,)
When V<V, cot3=1.0

Or

V.=V,

cw

For either simplified procedure:
A,.f.d, (cot 9+ cotar)sina

C0t8:1.0+3( S ]

N

lesser of:

S

V,=V.+V, +V, (for 5.8.3.43,V,=0)

V. =0.25fbd

c

VR-1b:

v

v

K" = ¢VV}'I

where: ¢, = ¢, except lightweight concrete where ¢, = 0.70

VR-1c:

(for 5.8.3.4.3, V, = 0)

The value of the available resistance for LL + IMP moment at the section is calculated as

follows:

RES ;. = [Vr T (Fl X le)i (Fz XV )]

where:
F1 F2 F3
Limit State | DL - DC | DL — wearing surface | LL
Strength I | vy, Yp 1.75
Strength II | vy, Yo 1.35
Service | 1.0 1.0 1.0
NOTE: Yp = 1.25-0.9 for DC

Yp =1.50-0.65 for w.s.

Bentley Systems, Inc.
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SECTION 2.2.3

REINFORCED CONCRETE

LOAD RESISTANCE DESIGN METHOD

SERVICE ANALYSIS
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Reinforced Concrete (RC)
LRFD
Service Analysis Method for RC Member

The following are descriptions of the methods for LARS to perform LRFD Service I Limit State
analysis

SR-1a:

For a reinforced concrete members, the service limit stress in the reinforcement is computed
using an elastic model of the cracked concrete section with transformed steel.

Compute: Stress ratio = &
Where:
(M, N2x(d, -7,.,,)
=2nx LL+IL ¢ .
fLL+P 1n=2n
Where ;, I,_ .1, _, arecomputed based on location
; in slab,
b, X;(;j +(nxAd,)
yn:n = — N
(be Xy)+(nXAs)
—\2
I, =ibe}3 +(be} 21+ (nx Ag(dq _})2
12 2 s\7s
; in beam,

(b, —t,)xt, (;j (e, x }(;J L (nxAd)

Yien = (be_tw)xtS)Jr(th;)Jr(nXAs)

2
1 -t 1 -3
I_ =—0b -t ) +b -t k| y—=] +—t
n=n 12( e W)b (8 W)b(y 2) 12 Wy

+ (;xtw)(%J +nx A, (ds —;)2

fs :fLL+1 +fDL
Jr =097,
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NOTE: When the stress ratio is less than 1, the rating factor is the value of the stress
ratio
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SECTION 3

PRESTRESSED CONCRETE

AND

COMPOSITE PRESTRESSED CONCRETE
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b’ =

bSLAB

bTOPFLG =

b WEB

Prestressed Concrete (PSC)3

Depth of compression block.

Distance from centroid of prestressing steel to lowest strand.
Area of prestressed concrete beam.

Area of non-prestressed tension reinforcement (Article 9.19).

Steel area required to develop the compressive strength of the overhanging
portions of the flange (Article 9.17).

Steel area required to develop the compressive strength of the web of a flanged
member section (Articles 9.17 - 9.19).

Area of compression reinforcement (Article 9.19).

Area of prestressing steel (Article 9.17).

Area of slab reinforcement.

Area of web reinforcement (Article 9.20).

Width of flange of flanged member or width of rectangular member.
Width of a web of a flanged member.

Effective width of the slab.

Width of top flange of the concrete section.

b’

Distance to the neutral axis from the top of the section.
Total compressive force in the section.

Available moment capacity of the section.

Equivalent compressive force to develop rectangular portion of the section.

? Selected symbols and references are based on AASHTO Standard Specifications for Highway Bridges, Sixteenth
Edition, while other symbols and references are unique to LARS.
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' =

fvy =
ﬁrSLAB =

Equivalent compressive force to develop overhung flanges of the section.
Distance from extreme compressive fiber to centroid of the prestressing force.
Distance of the centroid of slab reinforcement from the top of the section.

Distance from the extreme compressive fiber to the centroid of the non-
prestressed tension reinforcement (Articles 9.17 - 9.19).

Distance from centroid of slab reinforcement to bottom of section.
€c
Distance to centroid of PS/C beam from centroid of prestressing force.

Strain at extreme compression fiber.

Compressive strength of concrete at 28 days.

£ of the slab.

Stress due to unfactored dead load, at extreme fiber of section when tensile stress
is caused by externally applied loads (Article 9.20).

Compressive stress in concrete (after allowance for all prestress losses) at centroid
of cross section resisting externally applied loads or at junction of web and flange
when the centroid lies within the flange. (In a composite member, f,. is resultant
compressive stress at centroid of composite section, or at junction of web and
flange when the centroid lies within the flange, due to both prestress and moments
resisted by precast member acting alone.) (Article 9.20)

Compressive stress in concrete due to effective prestress forces only (after
allowance for all prestress losses) at extreme fiber of section where tensile stress
is caused by externally applied loads (Article 9.20).

Ultimate stress of prestressing steel (Articles 9.15 and 9.17).

Average stress in prestressing steel at ultimate load.

Yield stress of non-prestressed conventional reinforcement in tension (Articles
9.19 and 9.20).

f

Yield stress of slab reinforcement.
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tB()TFLG =

Yield stress of non-prestressed conventional reinforcement (Article 9.19).

Factor of rating type (inventory, operating, posting, etc.)
Final prestressing force.
Minimum

Moment causing flexural cracking at section due to externally applied loads
(Article 9.20).

Cracking moment (Article 9.18).

Dead load moment at the section.

Superimposed dead load moment at the section.

Factored moment at section < ¢ M, (Articles 9.17 and 9.18).

Maximum total moment at the section.

Ay/bd,, ratio of non-prestressed tension reinforcement (Articles 9.17 - 9.19).
Ag/db, ratio of slab reinforcement.

A, /bd, ratio of compression reinforcement (Article 9.19).

A, /bd, ratio of prestressing steel (Articles 9.17 and 9.19).

Section modulus of the section.

Section modulus at bottom fiber of the section for positive bending moment.
Section modulus at bottom fiber of the section for negative bending moment.
Section modulus at top fiber of the section for positive bending moment.

Section modulus at top fiber of the section for negative bending moment.
Serviceability moment capacity.

Average thickness of the flange of a flanged member (Articles 9.17 and 9.18).

Thickness of bottom flange of the concrete section.
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VA VAIL
VDL

VSDL

B

Total tension force in a section.

Equivalent tension force to develop rectangular portion of the section.
Equivalent tension force to develop overhung portion of the section.
Nominal shear strength provided by concrete (Article 9.20).

Nominal shear strength provided by concrete when diagonal cracking results from
combined shear and moment (Article 9.20).

Nominal shear strength provided by concrete when diagonal cracking results from
excessive principal tensile stress in web (Article 9.20).

Shear force at section due to unfactored dead load (Article 9.20).

Factored shear force at section due to externally applied loads occurring
simultaneously with M,,,, (Article 9.20).

Vertical component of effective prestress force at section (Article 9.20).
Nominal shear strength provided by shear reinforcement (Article 9.20).
Factored shear force at section (Article 9.20).

Available shear capacity for Live Load + Impact.

Dead load shear at the section.

Superimposed dead load shear at the section.

Distance from centroidal axis of gross section, neglecting reinforcement, to
extreme fiber in tension (Article 9.20).

Equivalent section modulus.

Factor for concrete strength as defined in Article 8.16.2.7 (Articles 9.17 - 9.19).
B1=0.85 for f. <4000ps
B1=0.85-(0.05) ( f - 4000) /1000 > 0.65
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Prestressed Concrete (PSC) and Composite Prestressed Concrete (CPS)

The various criteria logic that is used to determine the calculation methods for the above listed
conditions are referenced below by number. The calculation methods and formulae are
referenced by number.

ASD

The elastic stresses are checked to satisfy the Allowable Stress Design method.

LFD

Non-Composite:

A section will be considered as non-composite if the member is designated as PSC, or if the
member is designated as CPS, but the section is located in a range designated as non-composite.

1.

Composite:

Rectangular Section Analysis, PSC

The values for non-composite moment capacity and for available capacity for LL
+ IMP are calculated by the formulae PS-M1a and PS-M1b to PS-M3a and PS-
M3b, depending upon whether a section has tension and/or compression non-
prestressed reinforcing steel and whether the reinforcing index is < f3;.

I-Shape Section Analysis, PSC

The values for non-composite moment capacity and for available capacity for LL
+ IMP are calculated by the formulae PS-M4a and PS-M4b to PS-M9a and PS-
MOb, depending upon whether a section has tension and/or compression non-
prestressed reinforcing steel, the depth of the compression stress block is greater
or less than the I section flange and whether the reinforcing index is < f3;.

A section will be considered as composite if the member is designated as CPS, and the section is
located in a range designated as composite.

1.

[-Shape Section Analysis, PSC

The values for non-composite moment capacity and for available capacity for LL
+ IMP are calculated by the formulae CP-M1a and CP-M1b to CP-M6a and CP-
M6b, depending upon whether a section has tension and/or compression non-
prestressed reinforcing steel, the depth of the compression stress block is greater
or less than the I section flange and whether the reinforcing index is < f3;.
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Prestressed and Composite Sections

Case 1

E,=0.003 0,85,

3 7 7 [ ‘_b| _ 1 )
dl" / C / d 4 +—C

dt = — d

T

"E"tfstl + "E"sfs:,' - "E"Isf;y

Case II

. 0.851,

at| d

L
_|

Case III

] i 0,850, (b-b) 0857, (b)

] d. [ [ [ Cz [
t F t +
] / = 2 C4

2 ¥
. dt] o
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SECTION 3.1

PRESTRESSED CONCRETE

AND

COMPOSITE PRESTRESSED CONCRETE

ALLOWABLE STRESS DESIGN AND LOAD FACTOR DESIGN METHODS
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SECTION 3.1.1

PRESTRESSED CONCRETE

AND

COMPOSITE PRESTRESSED CONCRETE

ALLOWABLE STRESS DESIGN AND LOAD FACTOR DESIGN METHOD

MOMENT ANALYSIS
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Prestressed Concrete (PSC)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the elastic stress approach. The moment capacity is calculated by
the formula in MP-a, and the available capacity is calculated by the formula in MP-b.

MP-a: Prestressed Concrete Member - Moment Capacity

For a prestressed concrete member analyzed with the elastic stress approach, the maximum
moment strength at the section M, is calculated as follows, in accordance with Bridge
Specification 9.15.2.2:

M, =CAP,,, + M, + M,

MP-b: Prestressed Concrete Member - Available Capacity for LL + IMP

For a prestressed concrete member analyzed with the elastic stress approach, the value of the
available capacity for LL + IMP moment at the section is calculated as follows:

Bending Positive - Top CAP,,,, = O6f + (__ +

F Fe Mdl Msdl
4858, s

U s s s

F, F e M M, .
or CAP,y,, =| 04, + V) [ a_ ‘”J S, o)

Use whichever is smaller of the above.

F, Fe M M
Bending Negative - Top P = |:61/ +—— Si” + 5 sdl }St'(n n)
t(n=3n)

t

- F, Fe
Bending Positive - Bottom  CAP,,,,,, —{6\/7¢+—f+ ¢ My My } ;

A4S S Sl
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F, Fe M M
Bending Negative - Bottom CAP,,,, = O.6fc’+(—f oy S‘”J S, (n=n)

where F
A
€c

4SS S,

S
A4S S S,

F, F,e M M
or  CAP,,, = O.4fc’+%[— Ut A “”J S5 (v

Use whichever is smaller of the above.

= final prestressing force
= PSC beam area
= distance from centroid of prestressing force to centroid of PSC beam
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Prestressed Concrete (PSC) Member Moment Analysis

Based on

Flexural Strength Approach

Spec Section Equiv Stress Block Reinf Index | Non P/S
Reinf
9.17.2 Rectangular Not Applicable <0.36 B; N
9.17.2 Rectangular Not Applicable <0.36 B, Y
9.18.1 Rectangular Not Applicable > (.36 B, Y
9.17.2 | 1-Shape, PSC | < Top Compression Flange | <0.36 B, N
9.17.2 | 1-Shape, PSC | < Top Compression Flange | <0.36 B Y
9.18.1 | I-Shape, PSC | < Top Compression Flange | >0.36 B, Y
9.17.3 I-Shape, PSC | > Top Compression Flange | <0.36 B, N
9.17.3 I-Shape, PSC | > Top Compression Flange | <0.36 B, Y
9.18.1 I-Shape, PSC | > Top Compression Flange | > 0.36 B, Y
9.17.3 | Flanged, CPS | > Top Compression Flange | <0.36 B, N
9.17.3 | Flanged, CPS | > Top Compression Flange | <0.36 B, Y
9.18.1 Flanged, CPS | > Top Compression Flange | > 0.36 B, Y
9.17.2 | Flanged, CPS | < Top Compression Flange | <0.36 B, N
9.17.2 | Flanged, CPS | < Top Compression Flange | <0.36 B, Y
9.18.1 | Flanged, CPS | < Top Compression Flange | > 0.36 B; Y
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Prestressed Concrete (PSC)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the flexural strength approach. The member section is:

e Section: Rectangular

e [Equivalent Stress Block: Not Applicable

e Reinforcement Index: <0.36 B,

e Non-Prestressed Reinforcement: No, 4,=0,4,=0

The moment capacity is calculated by the formula in PS-Mla, and the available capacity is
calculated by the formula in PS-M1b.

* *

A
Equivalent Stress Block = Liu
085(f.)()
* *
Reinforcement Index = P S ff su

Rectangular Section with Reinforcement < 0.36 B; - Moment Capacity
PS-Mla:
For a rectangular section with reinforcement index < 0.36 B, and with no non-prestressing

reinforcement, the maximum moment strength at the section M, is calculated as follows, in
accordance with Bridge Specification 9.17.2:

M, = {A: f;d[l —-(06 )’i—fﬂ}¢

c

PS-M1b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

MM
CAP,,, = {1_3 tM, M, }[F]

where for inventory: F= %, and

for operating and posting: F=10
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Prestressed Concrete (PSC)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the flexural strength approach. The member section is:

e Section: Rectangular

e [Equivalent Stress Block: Not Applicable

e Reinforcement Index: <0.36 B,

e Non-Prestressed Reinforcement: Yes, A4, =0,4, =0

The moment capacity is calculated by the formula in PS-M2a, and the available capacity is
calculated by the formula in PS-M2b.

At AL
085(f/)(b) 0851, )(b)
TN AN
/e foNd /e

Note: If there is no non-prestressed tension steel in member, the 4, and p terms will be zero.
If there is no compression steel in member, the p “term will be zero.

Equivalent Stress Block =

Reinforcement Index =

Rectangular Section with Reinforcement Index < 0.36 B; and with Non-Prestressing
Tension Reinforcement - Moment Capacity

PS-M2a:

For a rectangular section with reinforcement index < 0.36 3; and with non-prestressing tension
reinforcement, the maximum moment strength at the section M, is calculated as follows, in
accordance with Bridge Specification 9.17.2:

B R L ipfsyD ) (ip*f; ij
Mu—{AS fmd{l (0.6){ 7 +d(f; }Asfsyd,{l (0.6) T + 7 ¢

PS-M2b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

M
CAPAVAIL = {1_;/ T Md, * Msdl }[F]

where for inventory F = % , and for operating and posting F = 1.0
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Prestressed Concrete (PSC)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the flexural strength approach. The member section is:

e Section: Rectangular

e [Equivalent Stress Block: Not Applicable
e Reinforcement Index: >0.36 B,

e Non-Prestressed Reinforcement: Yes

The moment capacity is calculated by the formula in PS-M3a, and the available capacity is
calculated by the formula in PS-M3b.

A S A Sy A Sy
085(/.)5) " 083(7.)(&) 085(7. )(8)
AN

e feNd/ .

Note: If there is no non-prestressed tension steel in member, the 4; and p terms will be zero.

Equivalent Stress Block =

Reinforcement Index =

If there is no compression steel in member, the A, and p’will be zero.

Rectangular Section with Reinforcement Index Greater than 0.36 B; and with Non-
Prestressing Reinforcement - Moment Capacity

PS-M3a:

For a rectangular section with reinforcement index greater than 0.36 3; and with non-prestressing
reinforcement, the maximum moment strength at the section M, is calculated as follows, in
accordance with Bridge Specification 9.18.1:

M, = [(0.36,81 ~0.085}) f;bdz] P
PS-M3b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

M
CAPAVAIL :{ 1;/ iMd, iMsdl}[F]

where for inventory: F= % , and

for operating and posting:  F=1.0
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Prestressed Concrete (PSC)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the flexural strength approach. The member section is:

e Section:
e Equivalent Stress Block:
e Reinforcement Index:

e Non-Prestressed Reinforcement:

I-Shape, PSC

< Top Compression Flange
<0.36 B;

No, 4,=0,4,=0

The moment capacity is calculated by the formula in PS-M4a, and the available capacity is
calculated by the formula in PS-M4b.

A S,
085( /)b ropric )

A (fj
bWEBd fc,

Flanged Section with Values of Equivalent Stress Block < Top Compression Flange and
with Reinforcement Index < 0.36 31 - Moment Capacity

Equivalent Stress Block =

Reinforcement Index =

PS-M4a:

For a flanged section with a value of equivalent stress block < top compression flange and with
reinforcement index < 0.36 3;, the maximum moment strength at the section M, is calculated as
follows, in accordance with Bridge Specification 9.17.2:

M, = {A;‘f;‘,d[l—(o.6)p?—f;}¢

c

PS-M4b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

M
CAPAVA]L = {1_3(] T M,,, t M, }[F]

. 3
where for inventory: F= 3 and

for operating and posting:  F=1.0
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Prestressed Concrete (PSC)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the flexural strength approach. The member section is:

e Section: I-Shape, PSC

e Equivalent Stress Block: < Top Compression Flange
e Reinforcement Index: <0.36 B,

e Non-Prestressed Reinforcement: Yes

The moment capacity is calculated by the formula in PS-M5a, and the available capacity is
calculated by the formula in PS-M5b.

Ajfv;: + Asfvy
085( . )bropric )
A S AS, AS,
r + ’ - r
busd(f.) by (1)) byssd'( 1)
Flanged Section with Value of Equivalent Stress Block < Top Compression Flange with

Reinforcement Index < 0.36 PB4, and with Non-Prestressing Tension Reinforcement -
Moment Capacity

Equivalent Stress Block =

Reinforcement Index =

PS-M5a:

For a flanged section with a value of equivalent stress block < top compression flange, with
reinforcement index < 0.36 B, and with non-prestressing tension reinforcement, the maximum
moment strength at the section M, is calculated as follows, in accordance with Bridge
Specification 9.17.2:

M, = {Affjd{l—(o.é){p*fm +ﬂpfsyﬂ+ Asfsydllzl—(O.6)(i%+pf_fyﬂ}¢

fc’ d fc’ dt fc’ fc
Note: If there is no tension steel in member, the A; and p terms will be zero.
If there is no compression steel in member, the p “term will be zero.

PS-M5b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

MM
CAP,,, = [F tM,t M, }[F]

where for inventory: F= %, and

for operating and posting: F=10
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Prestressed Concrete (PSC)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based in the flexural strength approach. The member section is:

e Section: I-Shape, PSC

e [Equivalent Stress Block: < Top Compression Flange
e Reinforcement Index: >0.36 B,

e Non-Prestressed Reinforcement: Yes

The moment capacity is calculated by the formula in PS-M6a, and the available capacity is
calculated by the formula in PS-M6b.

AL ATy
0-85(f c’,)(b TOPFLG ) O'SS(f c,)(bTOPFLG)

Equivalent Stress Block =

Afe AL, AJ,
buead (1)) buead (1) bued (1))

Reinforcement Index =

Flanged Section with Value of Equivalent Stress Block < Top Compression Flange and with
Reinforcement Index Greater than 0.36 B; and with Non-Prestressing Reinforcement -
Moment Capacity

PS-Méa:

For a flanged section with a value of equivalent stress block < top compression flange with a
reinforcement index greater than 0.36 3; and with non-prestressing reinforcement, the maximum
moment strength at the section M, is calculated as follows, in accordance with Bridge
Specification 9.18.1:

M, = {0365, 0084 )7ba’]+[0.851/(b - b')YeXd - 0.50)]}p
MS-Méb:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

M
CAP,,,y = {1_;/ T M,,, t My, }[F]

where for inventory: F= % , and

for operating and posting:  F=1.0
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Prestressed Concrete (PSC)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD moment
analysis based on the flexural strength approach. The member section is:

e Section: I-Shape, PSC

e Equivalent Stress Block: > Top Compression Flange
e Reinforcement Index: <0.36 B;

e Non-Prestressed Reinforcement: No, 4, =0,4,=0

The moment capacity is calculated by the formula in PS-M7a, and the available capacity is
calculated by the formula in PS-M7b.

. 085(1. J(b-1'),

sf *
fsu
. A S,
Asr = As +L*éy— Ab/f
~ A,f.
Equivalent Stress Block = T
0.85( /)by )
. A (1]
Reinforcement Index = | L
b'd\ f.

Rectangular Section with Value of Equivalent Stress Block Greater than Top Compression,
and Reinforced Index < 0.36 B; - Moment Capacity

PS-M7a:

For a rectangular section with a value of equivalent stress block greater than top compression
and a reinforcement index less than or equal to 0.36 B; the maximum moment strength at the
section M,, is calculated as follows, in accordance with Bridge Specification 9.17.3:

¥

M, = {AW f;d[l —(06 )[%?’;H +0857,(b-b")t)(d - o.5z)}¢

c

PS-M7b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

MM
CAP,,,; = {F tM, M, }[F]

where for inventory: F= % , and

for operating and posting: F=10
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Prestressed Concrete (PSC)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the flexural strength approach. The member section is:

e Section: I-Shape, PSC

e Equivalent Stress Block: > Top Compression Flange
e Reinforcement Index: <0.36 B;

e Non-Prestressed Reinforcement: Yes, 4, =0,4.=0

The moment capacity is calculated by the formula in PS-M8a, and the available capacity is
calculated by the formula in PS-M8b.

) 085(1. J(b-1'),
.

. A
A :A,+ﬁ—A

sr K * sf

A

Su

A S, + AL,
085(/.)(bres)
ﬁ(ﬁ} Afy AL,
b'd bd, (1)) bd(f))

Equivalent Stress Block =

Reinforcement Index =

fe
Rectangular Section with Value of Equivalent Stress Block Greater than Top Compression

and Reinforcement Index < 0.36 B; and with Non-Prestressing Reinforcement - Moment
Capacity

PS-M8a:

For a rectangular section with a value of equivalent stress block greater than the top compression
and reinforced index less than or equal to 0.36 ; and with non-prestressing reinforcement, the
maximum moment strength at the section, M, is calculated as follows, in accordance with Bridge
Specification 9.17.3:

*

M, = {AW f;d[l —(06 )[%H + A, f,(d, —d)+085f/(b—b")t)(d - o.5z)}¢

PS-M8b:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:

Mlt
CAP,,,, = {F tM, M, }[F]

where for inventory F= % , and

for operating and posting F=10
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Prestressed Concrete (PSC)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on flexural strength approach. The member section is:

e Section: I-Shape, PSC

e Equivalent Stress Block: > Top Compression Flange
e Reinforcement Index: >0.36 B,

e Non-Prestressed Reinforcement: Yes

The moment capacity is calculated by the formula in PS-M9a, and the available capacity is
calculated by the formula in PS-M9b.

_ 085, )(b-b),

sf *
.fsu
* Av s

Asr = As + “]:y - Asf

Su

A:}fb: + Asfsy
085(/.)(bues )
Asrf s: ASfiW A;f )"
' ' + ' ' - ' ' '
bd(f) bd(f) bd(r)
Rectangular Section with Value of Equivalent Stress Block > Top Compression Flange and
Reinforcement Index > 0.36 3; and Non-Prestressing Reinforcement - Moment Capacity

Equivalent Stress Block =

Reinforcement Index =

PS-M9a:

For a rectangular section with a value of equivalent stress block greater than the top compression
flange and a reinforcement index greater than 0.36 ; and with non-prestressing reinforcement,
the maximum moment strength at the section, M,, is calculated as follows, in accordance with
Bridge Specification 9.18.1:

M, = {[(0.36/3’1 ~00847)fb'd? ] +085/.(b—b ’)(t)(d - 9};;5
PS-M9b:
The value of the available capacity for LL + IMP moment is calculated as follows:

MM
CAP,,, = {1_3 tM, M, }[F]

where for inventory: F = % , and for operating and posting: F = 1.0
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Composite Prestressed Concrete (CPS)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the flexural strength approach. The member section is:

e Section: Flanged, Composite Prestressed
e Equivalent Stress Block: >Top Compression Flange

e Reinforcement Index: <0.36 B;

e Non-Prestressed Reinforcement: No, 4, =0,4,=0

The moment capacity is calculated by the formula in CP-Mla, and the available capacity is
calculated by the formula in CP-M1b.

4 - 0.85(f c' SLAB )(b ~bropric )t SLAB

sf .
fSM
. . A,
Asr = As + b]:by _Abf
i AS"}" fS :
Equivalent Stress Block = ’ u
08 S(f c )(b TOPFLG )
A *
Reinforcement Index = #
(b TOPFLGd )f ¢

Flanged Section with Value of Equivalent Stress Block > Top Compression Flange and
Reinforcement Index < 0.36 3; - Moment Capacity

CP-Mla:

For a flanged section with a value of equivalent stress block greater than top compression flange,
and reinforcement index less than or equal to 0.36 ;, the maximum moment strength at the
section, M, is calculated as follows, in accordance with Bridge Specification 9.17.3:

M, = {A;,f;d{l - (0.6{

CP-M1b:

A, fo :
#fm,j} + 085 fstas (b — bropric )(t SLAB )(d =05t 5145 ) /
bropricdf.

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

Mu
CAP,,,, = [F tM,tM, }[F]

) 3 . .
where for inventory: F = 3 and for operating and posting: F =10
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Composite Prestressed Concrete (CPS)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member moment
analysis based on the flexural strength approach. The member section is:

e Section: Flanged, Composite Prestressed
e Equivalent Stress Block: > Top Compression Flange

e Reinforcement Index: <0.36 B4

e Non-Prestressed Reinforcement: Yes

The moment capacity is calculated by the formula in CP-M2a, and the available capacity is
calculated by the formula in CP-M2b.

0.85(f c' SLAB )(b ~bropric )t SLAB

4 =
sf *
S
. AS,
A, =A + ‘f*‘} — Asf
A +4
Equivalent Stress Block = ”f”j , S
O-SS(J[C )(bTOPFLG )
L A Af
Reinforcement Index = Ao -+ o - — o —
(bTOPFLGd )f; bTOPFLGdtf;’ bTOPFLGdf;’

Flanged Section with Value of Equivalent Stress Block > Top Compression Flange and with
Reinforcement Index <0.36 ;, and with Non-Prestressing Reinforcement - Moment Capacity

CP-M2a:

For a flanged section with a value of equivalent stress block greater than the top compression, and
reinforcement index less than or equal to 0.36 B; and with non-prestressing reinforcement, the
maximum moment strength at the section, M, is calculated as follows, in accordance with Bridge
Specification 9.17.3:

! * A;r SZ '
M, = {Asrfsudl:l - (06)@)—]{}} +085/ 14 (b ~brorr1c )(tSLAB )(d = 0.5¢5 4 ) + Asfsy (dt o d)}(é

TOPFLG™J ¢

CP-M2b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

Mlt
CAP,,,, = {F tM, My, }[F]

3
where for inventory: F = 3 and for operating and posting: F = 1.0
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Composite Prestressed Concrete (CPS)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the flexural strength approach. The member section is:

e Section: Flanged, Composite Prestressed
e Equivalent Stress Block: > Top Compression Flange

e Reinforcement Index: >0.36 B,

e Non-Prestressed Reinforcement: Yes

The moment capacity is calculated by the formula in CP-M3a, and the available capacity is
calculated by the formula in CP-M3b.

B 0.85(f c, SLAB )(b ~brorric )t SLAB

! 1.
. A,
A, = A, + f} — A,
A +4
Equivalent Stress Block = “’f‘”: : “f“y
038 S(fc )(bTOPFLG )
A, S AL, Af,

Reinforcement Index = -+ - — —
(bTOPFLGd)ﬂ bTOPFLGdtﬂ bTOPFLGdﬂ

Flanged Section with Value of Equivalent Stress Block > Top Compression Flange and
Reinforcement Index > 0.36 B; and with Non-Prestressing Reinforcement - Moment
Capacity

CP-M3a:

For a flanged section with a value of equivalent stress block greater than the top compression
flange, and a reinforcement index greater than 0.36 3; and with non-prestressing reinforcement,
the maximum moment strength at the section M, is calculated as follows, in accordance with
Bridge Specification 9.18.1:

Mu = {[(0-36ﬂ1 - 0-08,812 )fc’bTOPFLGd ? ] + [0’85fc,SLAB (bSLAB - bTOPFLG )tSLAB (d - O'StSLAB )]} ¢
CP-M3b:

The value of the available capacity for LL + IMP moment is calculated as follows:

Mlt
CAP,,, = {F tM, M, }[F]

) 3 . .
where for inventory: F' = 3 and for operating and posting: /' = 1.0
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Composite Prestressed Concrete (CPS)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the flexural strength approach. The member section is:

e Section: Flanged, Composite Prestressed
e Equivalent Stress Block: < Top Compression Flange

e Reinforcement Index: <0.36 B;

e Non-Prestressed Reinforcement: No, 4, =0,4, =0

The moment capacity is calculated by the formula in CP-M4a, and the available capacity is
calculated by the formula in CP-M4b.

* *

A
Equivalent Stress Block = ,Sf“‘
0'85(f;'SLAB )(bSLAB)
. A, (1.
Reinforcement Index = e
bTOPFLGd fc

Flanged Section, Composite Prestressed, with Value of Equivalent Stress Block < Top
Compression Flange and Reinforcement < 0.36 B; - Moment Capacity

CP-M4a:

For a flanged section, where the composite slab acts as the flange, with a value of equivalent
stress block < top compression flange and reinforcement index < 0.36 [; and with non-
prestressing reinforcement, the maximum moment strength at the section M, is calculated as
follows, in accordance with Bridge Specification 9.17.2:

M, = {A: f;;d{1 —(0.6 )%}%

c¢SLAB

CP-M4b:

For a flanged section with a value of equivalent stress block < top compression flange and
reinforcement index < 0.36 3; and with non-prestressing reinforcement, the value of the available
capacity for LL + IMP moment at the section is calculated as follows:

MM
CAP,,, = {1_3 tM, M, }[F]

where for inventory: F= % , and

for operating and posting: F=10
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Composite Prestressed Concrete (CPS)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the flexural strength approach. The member section is:

e Section: Flanged, Composite Prestressed
e Equivalent Stress Block: < Top Compression Flange

e Reinforcement Index: <0.36 B,

e Non-Prestressed Reinforcement: Yes

The moment capacity is calculated by the formula in CP-M5a, and the available capacity is
calculated by the formula in CP-M5b.

. AL+ AL
Equivalent Stress Block = - B
O'Ss(f;’SLAB )(bSLAB)
A * * A ;
Reinforcement Index = _— [&j +— [fy j
bTOPFLGd fc bTOPFLGdt fc

Flanged Section, Where the Composite Slab Acts as the Flange, with Value of Equivalent
Stress Block < Top Compression Flange and with Reinforcement Index < 0.36 3; and with
Non-Prestressing Tension Reinforcement - Moment Capacity

CP-M5a:

For a flanged section with a value of equivalent stress block < top compression flange with
reinforcement index < 0.36 ; and with non-prestressing tension reinforcement, the maximum
moment strength at the section M, is calculated as follows, in accordance with Bridge
Specification 9.17.2:

el (PR ﬂpfsyJ B (ip*f; PfsyJ
M. ‘{Asf‘"d{l (0'6)( Fow 4 }A“f“yd’{l S VT

Note: If there is no non-prestressed tension steel in member, the 4; and p terms will be zero.
If there is no compression steel in member, the p “term will be zero.

CP-M5b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

M
CAP,,,, = {l—gf M +M, }[F]

) 3 . .
where for inventory: F = 3 and for operating and posting: F=1.0
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Composite Prestressed Concrete (CPS)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis based on the flexural strength approach. The member section is:

e Section: Flanged, Composite Prestressed
e [Equivalent Stress Block: < Top Compression Flange

e Reinforcement Index: >0.36 B,

e Non-Prestressed Reinforcement: Yes

The moment capacity is calculated by the formula in CP-M6a, and the available capacity is
calculated by the formula in CP-M6b.

A +Af
Equivalent Stress Block = - fb" oSy
0-85(f SLAB )(bSLAB)
A * * A ;
Reinforcement Index = e [&j +— (fy j
bTOPFLGd fc bTOPFLGdt fc

Flanged Section with Value of the Equivalent Stress Block is Not Greater than of
Compression Flange and with Reinforcement Index Greater than 0.36 B; and with Non-
Prestressing Reinforcement - Moment Capacity

CP-M6a:

For a flanged section, where the composite slab acts as the flange, with a value of equivalent
stress block < top compression flange and with a reinforcement index greater than 0.36 3; and
with non-prestressing reinforcement, the maximum moment strength at the section M, is
calculated as follows, in accordance with Bridge Specification 9.18.1:

M, = {[(0-36/61 - O_OSﬁlz )fc'bdz] + [0.85ﬂSLAB (bSLAB - b;‘OPFLG )(tSLAB )(d =055 4 )]} ¢
CP-M6b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

M
CAPAVAIL :{ 1;/ iMd, iMsdl}[F]

where for inventory: F= % , and

for operating and posting:  F=1.0
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Composite Prestressed Concrete (CPS)
ASD/LFD
Negative Ultimate Moment

The following are descriptions of the methods used by LARS to compute ultimate moment (M,)
for negative bending. It is calculated only for CPS when there is more than one span and slab
reinforcement is present.

ASL

Py = —L
SL bBOTFLG (d SL )

_ Lapgdg fosias

f;'SLAB

when a <t,,.

_ oo f
My = A5 fysnds {1 - (Q@(%ﬂ
cSLAB

when a >,

A = O'SS(ﬂSLAB XbBOTFLG _b')tFLG

sf
Y fsySLAB

ASR = ASLAB - ASF

A Sy,
MU = ASR sySLAB dSL {1 - (0-6{” (dS:L )A'Z;ZB H + AsffvySLAB [dSL - O‘S(tFLG )]

or

A
MU = ASR sySLABdSL {1 o (0-6{ 1 = SySL-AB j} + 0‘85f'cBEAM [bBOTFLG _b']tFLG [dSL o O‘S(ZFLG )]
b (dSL) chLAB
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SECTION 3.1.2

PRESTRESSED CONCRETE

AND

COMPOSITE PRESTRESSED CONCRETE

ALLOWABLE STRESS DESIGN AND LOAD FACTOR DESIGN METHOD

LOW TENDON ANALYSIS
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Prestressed Concrete (PSC)
ASD/LFD
Moment Analysis Method for Prestressed Concrete Member
Low Tendon Method

The following are descriptions of the methods used by LARS to perform ASD/LFD member
moment analysis, based on the low tendon approach. The moment capacity is calculated by the
formula in PT-M1a, and the available capacity is calculated by the formula in PT-M1b.

PT-Mla:

For a prestressed concrete member analyzed with the low tendon approach, the maximum
moment strength at the section M, is calculated as follows, in accordance with Manual Bridge
Specification 6.6.3.3:

PT-MIlb:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:

(MCAP)OUTLAYER < 0'9(0'85)Mu

d(1-k) }
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Non-Composite Prestressed Concrete Beam (3-32A)

Composite Prestressed Concrete Beam (3-32B)

) | |04z
%/ kd ? |
- Jd
L d (1-k)
"—"\-"E"E | I:fsljlcerdr icl i
®low _oefy
= [.9(0.85f5)
b '
0.42 kd|
/_/ AT F _
/1 b / kd 1
d (1-k) id
——+ A i (i) |
I L 09f
= 0.9(0.85f5)
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SECTION 3.1.3

PRESTRESSED CONCRETE

AND

COMPOSITE PRESTRESSED CONCRETE

ALLOWABLE STRESS DESIGN AND LOAD FACTOR DESIGN METHODS

SHEAR ANALYSIS

Bentley Systems, Inc. 200



LARS Bridge™

Specification Analysis

Prestressed Concrete (PSC) and Prestressed Reinforced Concrete (CPS)

ASD/LFD
Specification Data Limitation * Page
9.20.2.2 V.; need not be < 1.7(1/]1(,1 )(b'd) 139
9.20.2.3 In V.., d need not be <0.84 139
9.20.3.1 139

V, shall not> 8¢, (b'd)

1. In Vi, “s” shall not exceed 0.75h or 24"

2.1f V, >4 f.(b'd), “s” shall not exceed 0.375h
or 12"

50b ’(s)

3. Min A, =
fvy

4. fy shall not exceed 60,000

Check the above limitation. If true, issue a warning message.
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Prestressed Reinforced Concrete (CPS)
ASD/LFD
Shear Analysis Method for CPS Member
The following are descriptions of the methods for LARS to perform ASD/LFD shear analysis.
The shear capacity is calculated by the formula in VP-1a, and the available capacity is calculated
by the formula in VP-1b.
VP-la:

For a CPS member, the maximum shear strength at the section ¥, is calculated as follows, in
accordance with Bridge Specifications 9.20.2.2, 9.20.2.3, and 9.20.3.1.

Positive Bending Regions

V,=6fbd+V, + %X—M >17,/f b'd
MAX

where: M, = S,f(n=n)(6\/f7;+fpc _fd)
F, F.e
/ /
fpe A S;—
M M,
fd — -:1'[ i - sdl
Sb Sb(n=3n)

v = (3.5\/7; +3f, )b' d+V,

F Ffe(y_ Cb) Mdl(y_ Cb)
where: f,. = L +
oA 1 1

X X

y =
Cy is for non-composite section.

V,=MIN(V,.V.,)

Af d .
Vo= % <8fbd
where: d>8h

V,=09(V,+V,)
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Negative Bending Regions

MAX

v = {1.9\/7; + 2500pW(§ZAdJ }b'd's 35/ bd"

A, (excluding tension re—steel)

here: =
where . Ty
Af d ,
Vb — Vf\'y < 8 fc (b')d'
S
V,=9(V.+V,)

For definitions of d (positive bending) and d’(negative bending), see figures below.

Composite Prestressed Concrete Shear
Positive Moment Region (3-34C)

4y
_Z
L

H d=H+d-+t; -7
2
* 0 3

W

Negative Moment Region (3-34B)

N
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VP-1b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

VM
Vivan = |:Ei Voo £ VSDLi| [F]

: 3
where for inventory: F= 5 and

for operating and posting:  F=1.0
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SECTION 3.1.4

PRESTRESSED CONCRETE

AND

COMPOSITE PRESTRESSED CONCRETE

ALLOWABLE STRESS DESIGN AND LOAD FACTOR DESIGN METHODS

SERVICEABILITY MOMENT ANALYSIS
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Prestressed Concrete and Composite Prestressed Concrete

Serviceability Moment Analysis

LFD
Specification Member Page
M6.6.3.3 Prestressed Concrete (PSC)/Composite
Prestressed Concrete (CPS)
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Prestressed Concrete (PSC)/Composite Prestressed Concrete (CPS)
ASD/LFD
Serviceability Analysis Method for PSC/CPS Members

The following are descriptions of the methods used by LARS to perform ASD/LFD member
serviceability analysis when the member is of prestressed concrete or composite prestressed
concrete. The LARS serviceability analysis is based on ductility considerations as outlined in
the 1996 AASHTO Bridge Specification, Section 9.18, and the AASHTO Manual for Condition
Evaluation of Bridges, 1994, Section 6.6.3.3.

PV-Mla:

For prestressed concrete or composite prestressed concrete, the maximum serviceability strength
at the section SMc4p is calculated as follows, in accordance with the Manual for Condition
Evaluation of Bridges, 6.6.3.3:

SMCAP = k(¢Mn)

where: k= M, (when ¢M, <12M
1.2M

cr

else /=1.0)

Ay
M, =(f, +fpe)5<n:n> " MDL[ (;n) ) j

£, =15f

P :ii Fe
pe A

(n=n)

PV-M1b:

The value of the available serviceability capacity for LL + IMP moment at the section is
calculated as follows:

CAP,,,;y =SM ,p =M, + M, -inventory only
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LRFD Prestressed Concrete Losses — Estimate Method (5.9.5)

Total Loss for pretensioned members
A.pr = AprS + A\](‘pLT

Total Loss for post-tensioned members
A.pr :Apr +Apr+AprS +AprT

Loss Type Pretensioned Post-tensioned
fz: o N o =1 (1 - gi(mﬂa))
pF
anchorage From plans
Apr
elastic shortening E N-1\E
A s Vs =p S | Wms (WJE—J’
time dependent losses — Type A /A,
A or Aopr = 10-0%7;,7“ +12.07,7, + Af &
g
normal weight only
=1.7-0.01H
slabs only 7y =1.7-0.0
no-partially prestressed strands v = 5
st !
(1 + fci )
Af r =24 (low_lax), 10.0 (stress)
time dependent losses — Type B | Af, , =26.0+4.0PPR rect.,solid slab
A pir Af,,; =19.0+4.0PPR box
any members not in Type A e
con}pﬁsﬂe prestreszed A yr = 33.0{1 0-0.1 sch_} +6.0PPR T —bm,voided slab
partially prestresse
PPR = —A” o
NOTE:
For lightweight concrete — increase Af’ por DY 5.0 ksi
For low relaxation - decrease Af’ pur s 6.0 —rect., solid slab
4.0 for box girder
8.0 for T-bm, double tee, voided
slab, hollowcore sections
to}al loss Afﬂ = AprS + AprT AfPT = Apr + Apr + Aprs + AprT
A
pT
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Prestressed Concrete (PSC/CPS)
LRFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform LRFD member moment
analysis based on stress distribution. The member section is:

e Section: Rectangular
e Non-Prestressed Reinforcement: No, 4, #0,4, #0

The moment capacity is calculated by the formula in PS-Mla, and the available capacity is
calculated by the formula in PS-M1b.

Rectangular Section with Bonded Tendons
PS-M1la:

For a rectangular section with bonded tendons, the maximum moment strength at the section M,
is calculated as follows, in accordance with Bridge Specification 5.7.3.2:

a a ro ' a
Mn :Apsfps(dp _2J+Asfs(ds _2j+ As fv (ds‘ _Zj

ot [l_kch . where f,, >057,

p
k= 2(1.04 —fmj

pu

Bonded tendons only:

c= Apsfpu + Asfi» - As f:» N a = Cﬂl

0.85/ B+ kA, 2 o

P

Bonded and unbonded tendons:

c= Apsbfpu +Apsufpe +Asfv _As fy

0.85f, Bib+kA,, ’; =

p

Mr:¢an
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PS-M1b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:

CAP,yu :[Mr i(E XMdz)i(Fz XMsdl)]

where:
Fl1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Strength [ Yp Yp 1.75
Strength 11 Yp Yp 1.35
Service I 1.0 1.0 1.0
NOTE: ¥p = 1.25-0.9 for DC

Yp = 1.50-0.65 for w.s.

Bentley Systems, Inc.
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Prestressed Concrete (PSC/CPS)
LRFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform LRFD member moment
analysis based on stress distribution. The member section is:

e Section: Rectangular
e Non-Prestressed Reinforcement: No, 4, #0,4. #0

The moment capacity is calculated by the formula in PS-MIla, and the available capacity is
calculated by the formula in PS-M1b.

Rectangular Section with Unbonded Tendons
PS-M2a:

For a rectangular section with bonded tendons, the maximum moment strength at the section M,
is calculated as follows, in accordance with Bridge Specification 5.7.3.1.1 and 5.7.3.1.2:

a a o Coa
M, :Apsfps(dp —2j+ASfS(dS—2j+AS £, (ds —Zj

d,-c
fps:fpe+900 / Sfpy

(- 2¢,
2+ N,

CZApSfpSJ’-AS‘f:V_ASfy , a:C/BI
0.85f b
Mr :¢/Mn

PS-M2b:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:

CAP,yu :[Mr i(E XMdz)i(Fz XMsdl)]

where:
F1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Strength 1 Yo Yp 1.75
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Strength 11 Yp Yp 1.35
Service | 1.0 1.0 1.0
NOTE: Yp = 1.25-0.9 for DC

Yp = 1.50-0.65 for w.s.
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Prestressed Concrete (PSC/CPS)
LRFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform LRFD member moment
analysis based on stress distribution. The member section is:

e Section: T-section
e Non-Prestressed Reinforcement: No, 4, #0,4, #0

The moment capacity is calculated by the formula in PS-Mla, and the available capacity is
calculated by the formula in PS-M1b.

T-Section with Bonded Tendons

PS-M3a:

For a rectangular section with bonded tendons, the maximum moment strength at the section M,
is calculated as follows, in accordance with Bridge Specification 5.7.3.1.1:

a a "o a a h;
M,=4, d,——|+4,f,|d, ——|+4 d, ——|+085f" . (b-b)h (=——
n psfps( P 2J+ sfv( s Zj—’_ sf?( s 2j+ fc( w) /(2 2)

P [1_kjj . where f,, >057,

p

k= 2(1 .04 - f’”)
fpu

Bonded tendons only:

c= Apsfpu + Asf‘y - As fy _085]{‘(‘ (b_bw )h/ , a = CIBI
0.85f b, +kA,, Son
d!’
Bonded and unbonded tendons:
c= Apsbfpu + Apsufpe +Asfy _As fy _085f; (b_bw )h/ , a = CIBI

0.85/ b, +kA,, /; r

P

Mr = ¢an
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PS-M3b:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:

CAP,;,;, :[Mr i(Fl XMdl)i(Fz Xdel)]

where:
F1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Strength 1 Yp Yp 1.75
Strength 11 Yp Yp 1.35
Service | 1.0 1.0 1.0
NOTE: Yp = 1.25-0.9 for DC

Yp =1.50-0.65 for w.s.
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Prestressed Concrete (PSC/CPS)
LRFD
Moment Analysis Method for Prestressed Concrete Member

The following are descriptions of the methods used by LARS to perform LRFD member moment
analysis based on stress distribution. The member section is:

e Section: T-section
e Non-Prestressed Reinforcement: No, 4, #0,4. #0

The moment capacity is calculated by the formula in PS-MIla, and the available capacity is
calculated by the formula in PS-M1b.

T-Section with Unbonded Tendons
PS-M4a:

For a rectangular section with bonded tendons, the maximum moment strength at the section M,
is calculated as follows, in accordance with Bridge Specification 5.7.3.1.1 and 5.7.3.1.2:

a a o \ a , a h/-
Mn:Apsfps dp_g +Asfs ds_E +Asf:s ds _E +085f¢(b_bu)1hf(5_7)

d —c

(- 2¢,
2+ N,

At AL A, ~0.85/f,(b—b, ),
085fc‘ﬁ1bw

s a:Cﬁl

M, =4M,
PS-M4b:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:
CAP,,,, =M, +(F xM )+ (F,xM )]

where:

F1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
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Strength 1 Yp Yp 1.75
Strength 11 Yp Yp 1.35
Service 1 1.0 1.0 1.0
NOTE: Yp = 1.25-0.9 for DC

Yp =1.50-0.65 for w.s.
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Prestressed Concrete (PSC/CPS)
LRFD
Minimum Reinforcement Limit for Prestressed Concrete Member

e The following are descriptions of the methods used by LARS to perform LRFD minimum
reinforcement limit.

The cracking moment calculated by the formula in PS-M5a.
PS-MS5a:

M., is calculated as follows, in accordance with Bridge Specification 5.7.3.2:

Mcr :Sc(fr +f;'p€)_MdnL’(LS‘S:C_1jZSCf;‘
£, =037/

f,,. =compressive stress in concrete due to effective prestress forces
M, = total unfactored dead load acting on noncomposite section
M,,, = factored moment for strength load combination Table 3.4.1-1
M, > lesser(1.2xM, , 1.33M,,,)
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SECTION 3.1.3

PRESTRESSED CONCRETE

AND

COMPOSITE PRESTRESSED CONCRETE

LOAD RESISTANCE FACTOR DESIGN METHODS

SHEAR ANALYSIS
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Prestressed Concrete and Composite Prestressed Concrete (PSC/CPS)
LRFD
Shear Analysis Method for PSC/CPS Member

The following are descriptions of the methods for LARS to perform LRFD shear analysis when
the shear reinforcement is of vertical stirrups (i.e., shear reinforcement is perpendicular to the
axis of the member). The shear capacity is calculated by the formula in VP-1a, and the available
capacity is calculated by the formula in VP-1b.

VP-la:

For a prestressed concrete member with vertical stirrups, the maximum shear strength at the
section V,, is calculated as follows, in accordance with Bridge Specifications 5.8.3.4.3:

v, =02/fbd, +V, +1\l4 e > 1.7 fb.d,

M
where: =S (f + frpe = Sd”cj
£, =027

F, Fe
fcpe :_f_}_;
A4S

- (0.06\/7; +3f,, )bvdv +V,

where: =—— +
f” 4 I I

X X

y =
Cy is for non-composite section.

V.=MIN(V,.V,,)

ci?

When V<V, cot9=1.0

cw

Oor V,>V, cotz9=1.0+3[ Soe J
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_A,1.d, (cot 9+ cotar)sina

S

Vv

s

lesser of:
V.=V +V + Vp (for 5.8.3.4.3,V,=0)

V,=025f.bd, +V, (for5.83.43,V,=0)

VP-1b:

VP-lc:
The value of the available capacity for LL + IMP moment at the section is calculated as follows:

CAP,,; = [Vr T (Fl xVy )i (Fz Ve )]

where:
F1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Strength 1 Yo Yp 1.75
Strength 11 Yp Yp 1.35
Service | 1.0 1.0 1.0
NOTE: Yp = 1.25-0.9 for DC

Yp =1.50-0.65 for w.s.
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PRESTRESSED CONCRETE

AND
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SERVICEABILITY ANALYSIS
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Prestressed Concrete (PSC)/Composite Prestressed Concrete (CPS)
LRFD
Serviceability Analysis Method for PSC/CPS Members

The following are descriptions of the methods used by LARS to perform LRFD member
serviceability analysis when the member is of prestressed concrete or composite prestressed
concrete. The LARS serviceability analysis uses stress values not moment values and is based
on ductility considerations as outlined in the AASHTO Manual for Condition Evaluation of
Bridges, 2003, Section 6.6.3.37.

PS-1la:

For prestressed concrete or composite prestressed concrete, the maximum serviceability
resistance at the section Sfc4p 1is calculated as follows, in accordance with the Manual for
Condition Evaluation of Bridges, 6.6.3.3:

SfCAP = fr
where: S, = f,. +Allowable tensile stress
Allowable tensile stress =Table 5.9.4.2.2—1
;o= i N Fe
L’ Y

(n=n)

PS-1b:

The value of the available serviceability resistance for LL + IMP moment at the section is
calculated as follows:

CAP =S cup T(Fy X [ )£ (F, % fp,) - 0O operating

where:
F1 F2 F3
Service State | DL - DC | DL — wearing surface | LL
Strength 1 Yp Yp 1.75
Strength 11 Yp Yp 1.35
Service | 1.0 1.0 1.0
NOTE: Yp = 1.25-0.9 for DC

Yp =1.50-0.65 for w.s.
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TIMBER
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VA VAIL

VCAP

VDL

VSDL

Timber (TMB)*

Width of bending member.
Depth of bending member.
Allowable bending stress.

Allowable shear stress.

Factor of rating type (inventory, operating, posting, etc.).

Available shear capacity for Live Load + Impact.
Shear capacity.
Dead load shear at the section.

Superimposed dead load shear at the section.

* Selected symbols and references are based on AASHTO Standard Specifications for Highway Bridges, Sixteenth
Edition, while other symbols and references are unique to LARS.
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Timber
ASD
Moment Analysis Method for Timber Member

The following are descriptions of the methods used by LARS to perform ASD member moment
analysis for a timber member. The moment capacity is calculated by the formula in T-M1a, and
the available capacity is calculated by the formula in T-M1b.

T-Mla:

For a timber member, the maximum moment strength at the section Mc,p is calculated as
follows, in accordance with Bridge Specification 13.6.4:

M ,p :fb(S)

T-Ml1b:

The value of the available capacity for LL + IMP moment at the section is calculated as follows:
CAP,,,, = [MCAP tM,t M, [F] , and

where for inventory: [F ] =1.00, and

for operating and posting: [F ] =133

Bentley Systems, Inc. 226



BridgeKey LARS
SPECIFICATION ANALYSIS

Timber
ASD
Shear Analysis Method for Timber Member

The following are descriptions of the methods for LARS to perform ASD shear analysis of a
timber member. The shear capacity is calculated by the formula in VT-1a, and the available
capacity is calculated by the formula in VT-1B.

VT-la:

For a TMB member, the maximum shear strength at the section V4p is calculated as follows, in
accordance with Bridge Specification 13.6.5.2:

2

Vewr = gfv(b)(d)

VT-1b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

Vivan = [VCAP] [F ] Vo TV,

where for inventory: F=1.0,and

for operating and posting:  F=1.33
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Timber
LRFD
Stregnth Moment Analysis Method for Timber Member

The following are descriptions of the methods used by LARS to perform LRFD member strength
moment analysis for a timber member. The moment resistance is calculated by the formula in T-
M1a, and the available resistance is calculated by the formula in T-M1b.

T-Mla:

For a timber member, the maximum moment strength at the section M, is calculated as follows,
in accordance with LRFD Bridge Specification 8.6.2:

Mr = ¢Mn
where: M, =F,S .C,
¢=0.85

F,=F,,CuCy(Cp or Cv)CfuCiCdCl
F =reference design value

2. .
Cyr = 25 format conversion factor
C,, =1.0 - wet service factor

C,. =1.0 - size factor for sawn lumber

C, = [(I%Toj(%j(%ﬂ <1- volume factor for glulam

lumber
a =0.05 for southern pine, 0.10 for all other species
Use 0.05 as default
C,, =1.0 - flat use factor

C. = 0.8 - incising factor
C, =1.0 - deck factor
C,, =1.0 - flat use factor

C, = varies with limit state - time effect factor

E=E,C,C,
2
C, = Lrd_j0+d” 4 stability factor
1.9 3.61 0.95

F, o
A =—E parameter for beam stability
b
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K, E
FbE — bE2

RB

L.d
R, = B2

L, = effective unbraced length
b = net width
d = net depth

T-Mlb:

The value of the available resistance for LL + IMP moment at the section is calculated as
follows:

RES ;4 :[Mr i(Fl XMdz)i(Fz XMsdl)]

where:
Fl1 F2 F3
Limit State | DL - DC | DL — wearing surface | LL
Strength I | vy, Yp 1.75
Strength II | vy, Yp 1.35
Service | 1.0 1.0 1.0
NOTE: Yp = 1.25-0.9 for DC

Yp = 1.50-0.65 for w.s.
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Timber
LRFD

Strength Shear Analysis Method for Timber Member

The following are descriptions of the methods for LARS to perform LRFD strength shear
analysis of a timber member. The shear resistance is calculated by the formula in VT-1a, and the

available resistance is calculated by the formula in VT-1B.

VT-1a:

For a TMB member, the maximum shear strength at the section V, is calculated as follows, in

accordance with LRFD Bridge Specification 8.7:

Vr = ¢Vn
where: V, = £ [o]d]
1.5
¢$=0.75

Fv = FV(JCKFCMC[C],
F = reference design value

2.5 .
Cyr =—— - format conversion factor

C,, =1.0 - wet service factor
C. =0.8 - incising factor
C, = - stability factor (see MT-1a)

VT-1b:

The value of the available capacity for LL + IMP shear at the section is calculated as follows:

CAP,,,, = [Vr T (Fl XV, )i (Fz XV )]

where:
Fl1 F2 F3
Limit State | DL - DC | DL — wearing surface | LL
Strength I | vy, Yp 1.75
Strength IT | v, Yp 1.35
Service | 1.0 1.0 1.0
NOTE: ¥p = 1.25-0.9 for DC

Yp = 1.50-0.65 for w.s.
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