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1.0 INTRODUCTION  

1.1 PURPOSE 

The purpose of this study is to perform a load rating analysis of the superstructure of the KY 676 
twin-bridges over the Kentucky River.  Only the post-tensioned segmental boxes were rated.  The 
load rating was performed for HL-93 Truck, KY Type 1-4 Trucks, SHV Types SU4 - SU7, and the 
Emergency Vehicles EV2 and EV3 as part of the 2015-16 Statewide Bridge Inspection – Contract 
Package 3.  

1.2 GENERAL DESCRIPTION 

The KY 676 Bridge is located over the Kentucky River in Franklin County, Kentucky.  The bridge 
consists of twin side-by-side three-span post-tensioned segmental box girders.  The load rating 
includes the three continuous spans for both bridges.  The spans are 222’–5 ”, 323’, and 234’-
6 ”. Class D concrete with grade 60 epoxy-coated reinforcement was used for the precast 
segments and cast-in-place portions of the box girders. The post-tensioned tendons are 
composed of twelve 270 grade ½” diameter seven wire strands.  The bridge was built utilizing 
balanced cantilever construction. 

1.3 HISTORY 

Built in 1979, the bridge was designed per the AASHTO Standard Specifications for Highway 
Bridges, 1973 edition, with a live load of HS 20-44. In 2001, the bridge was dedicated to former 
Kentucky Governor Julian Carroll. The structures carry two traffic lanes with shoulders and barriers 
on both sides.
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2.0 SCOPE OF SERVICES 

2.1 LOAD RATING 

The load rating was performed in accordance with the AASHTO LRFD Bridge Design 
Specifications, 7th Edition (2014) (LRFD) and AASHTO Manual for Bridge Evaluation (2011) (MBE) 
with all applicable interim revisions.  Guidance was taken from Volume 10A – Load Rating Post-
Tensioned Concrete Segmental Bridges from the Florida DOT New Directions for Florida Post-
Tensioned Bridges Report (FDOT PT); refer to Appendix D for the report.  Per KYTC direction, the 
HL-93 inventory and operating load ratings and the operating ratings of the KYTC Type 1-4 (See 
Figure 2.1), FHWA Specialized Hauling Vehicles SU4-SU7 (See Figure 2.2), and FHWA Emergency 
Vehicles EV2 and EV3 (See Figure 2.3) were evaluated utilizing the load and resistance factor 
rating method (LRFR). The load ratings were performed using a combination of CSiBridge analysis 
software, Mathcad templates and Microsoft Excel worksheets. The CSiBridge models were 
converted to MIDAS Civil for submittal.  

The inventory rating, calculated for the HL-93 loading only, provides the largest HL-93 load that 
can safely utilize the structure for an indefinite period of time.  The maximum permissible vehicle 
load that may utilize the structure at any given time is determined by the operating rating.  The 
operating rating is computed for the HL-93 loading, as well as the KYTC prescribed posting 
vehicles, the FHWA specialized hauling vehicles, and FHWA emergency vehicles.  These vehicles 
could cause excessive deterioration if permitted to use the bridge on a regular basis when the 
rating factor is below 1.0.  The rating factors are measures of the member strengths, and thus do 
not include fatigue considerations. 



KY 676 OVER KENTUCKY RIVER (037B00074N),  
SUPERSTRUCTURE LOAD RATING 

2.2 
KY 676 over Kentucky River Load Rating Report.docx 

 

Figure 2.1: KYTC Posting Trucks 

 

 

Figure 2.2: SHV Posting Trucks 
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Figure 2.3: Emergency Vehicles 
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3.0 STRUCTURAL ANALYSIS METHODOLOGY 

3.1 BRIDGE MODEL 

CSiBridge models were used to capture the self-weight, post-tensioning, and live load effects on 
the bridge. 

3.1.1 Longitudinal Model 

The bridge superstructure and the piers were modeled with roller supports at the abutments to 
simulate the expansion bearings.  The structural model used straight frame elements for both the 
post-tensioned segments and the piers.  Geometric variations in the total depth and bottom slab 
thickness were utilized to capture the non-prismatic properties of the box sections.  Tendon 
objects were used to model the post-tensioning tendons and bars.  Both instantaneous and 
long-term losses were applied by CSiBridge to the tendon objects according to CEB-FIP 90 
Model Code.  Post-tensioned members were assumed to be jacked from both ends and loss 
parameters were taken from the design criteria sheet in the bridge plans.  To obtain accurate 
stresses in the structure, a staged construction case was analyzed that mimicked the balanced 
cantilevered construction sequencing.  CSiBridge automatically calculated the secondary 
effects from the prestressing of continuous spans. 

Per MBE 6A.4.3.2.1, HL-93 live loading per LRFD were used for design load ratings (see MBE 
Appendix C6A).  Per MBE 6A.4.4.2.1a, three live loading conditions were checked for posting 
ratings: 1) single vehicle, 2) 75% of single vehicle and 0.2 klf lane load, 3) 75% of two vehicles 30 
feet apart and 0.2 klf lane load (for negative moment and interior reactions only).  Per MBE 
6A.5.11.4 and 6A.5.11.5, for all strength and inventory level service load ratings the live loads 
were applied to the bridge using the number of design lanes per LRFD and for all operating level 
service load ratings the number of striped lanes were used.  An impact of 33% for dynamic load 
allowance was applied to all axle loads, but not to the lane loadings.  The controlling ratings 
were also calculated for the case of 10% impact assuming a reduced speed. 

For HL-93 loading, the following multi-presence factors were used: 1.2 for one lane, 1.0 for two 
lanes, and 0.85 for three lanes. For posting vehicle loading, the following multi-presence factors 
were used: 1.0 for one and two lanes and 0.85 for three lanes.  Per FDOT PT 8.2.3, this reduction in 
multi-presence factor for legal loads is because the loads are defined trucks and not notional 
loads or rogue vehicles. 
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Figure 3.1: CSiBridge Model

3.1.2 Transverse Model 

The bridge superstructure was modeled as a single span with roller supports along the bottom 
slab of the box section to prevent longitudinal forces from affecting the transverse results.  
Models representing the shallow and deep sections were created to envelope the results.  Post-
tensioning forces were input as uniform line loads and moments, applied along the edge of the 
top slab.  Instantaneous and approximate long-term losses were determined according to LRFD.  
CSiBridge automatically calculated the secondary effects from the prestressing. 

Per MBE 6A.4.3.2.1, HL-93 live loading per LRFD were used for design load ratings (see MBE 
Appendix C6A).  The uniform lane load was not applied. For all load ratings, the live loads were 
applied to the bridge using the number of design lanes per LRFD.  An impact of 33% for dynamic 
load allowance was applied to all axle loads.  The controlling ratings were also calculated for 
the case of 10% impact assuming a reduced speed. 

For HL-93 loading, the following multi-presence factors were used for the inventory rating: 1.2 for 
one lane, 1.0 for two lanes, and 0.85 for three lanes. For HL-93 operating rating and posting 
vehicle loading, the following multi-presence factors were used: 1.0 for one and two lanes and 
0.85 for three lanes.  

 
Figure 3.2: CSiBridge Model 
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3.2 LOAD RATING 

Load Ratings were performed using the guidance of the MBE and FDOT PT. For all ratings, the live 
loads were positioned to create the maximum force effect, which includes placing the vehicles 
in the shoulders. 

3.2.1 Longitudinal Rating 

The longitudinal load rating was carried out using Microsoft Excel to calculate the flexural and 
shear capacities at each segment interface and pulling forces or stresses from CSiBridge at 
concurrent locations to calculate rating factors.   

3.2.1.1 Strength Limit State 

A strength load rating of the design and posting vehicles was performed for flexure and shear at 
the Strength I limit states per MBE 6A.5.11.4 and FDOT PT 2.4.  A system factor of 1.0 was used per 
MBE Table 6A.5.11.6-1.   A condition factor of 0.85 was used based on widespread cracking of 
the concrete box sections observed during inspection.  Per MBE Table 6A.4.3.2.2-1, a live load 
factor of 1.75 was used for inventory design live loads and a factor of 1.35 was used for 
operating design loads.  Per MBE Table 6A.4.4.2.3a-1 (2013 Interim) and assuming an ADTT of 
1000, a live load factor of 1.30 was used for posting load ratings.  This assumption is based on a 
future ADT of 19,343 with 5% trucks as displayed in the BrM. 

The staged construction flexural loads that are pulled from CSiBridge contain loading from the 
self-weight of the girder, primary post-tensioning effects, and secondary effects from post-
tensioning.  Only the self-weight and the secondary moments should be included in the rating 
factor equation.  Because the load factors for dead loads and secondary effects are different, 
the final staged construction load components had to be separated.  The secondary moment 
(MP) was calculated by subtracting the self-weight moment (MDC) and the final axial load (PST) 
[post-tensioning force] multiplied by the known tendon eccentricity (e) from the total final 
staged construction moment (MST). ܯ = ௌ்ܯ െ ܯ െ ( ௌ்ܲ × ݁) 
For shear ratings, the combined force effects of shear and torsion were applied to consider the 
maximum shear force on a single box section web.  Shear rating factor calculations utilized 
modified compression field theory to capture the full reinforcement contribution to shear 
capacity.  This methodology is explained in Appendix B.3 of FDOT PT. 

3.2.1.2 Service Limit State 

A service load rating of the design and posting vehicles was performed for longitudinal stresses, 
principal stresses at the neutral axis of the girder, and tendon stresses at the Service I and/or 
Service III limit states per MBE 6A.5.11.5.1. The inventory load rating was performed using the LRFR 
number of design lanes and the operating load rating was performed using the number of 
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striped lanes. All service stresses were rated using 1.0 for all load factors per MBE Tables 6A.4.2.2-1 
and 6A.4.2.2-2 (2016 Interim). 

3.2.2 Transverse Rating

The transverse load rating was carried out using Mathcad to calculate the flexural capacities at 
each segment interface referenced in Figure 3.1 and pulling forces from CSiBridge at concurrent 
locations. Microsoft Excel was used to calculate rating factors at the strength limit state. 
Mathcad was used to calculate rating factors at the service limit state.  

 

 

Figure 3.1: Transverse Load Rating Locations 

 

3.2.2.1 Strength Limit State 

A strength load rating of the design and posting vehicles was performed for flexure at the 
Strength I limit states per MBE 6A.5.11.4 and FDOT PT 2.4.  A system factor of 1.0 was used per MBE 
6A.5.11.6.   A condition factor of 1.0 was used.  Per MBE Table 6A.4.3.2.2-1, a live load factor of 
1.75 was used for inventory design live loads and a factor of 1.35 was used for operating design 
loads.  Per MBE Table 6A.4.4.2.3a-1 (2013 Interim) and assuming an ADTT of 1000 (see discussion 
in 3.2.1.1), a live load factor of 1.30 was used for posting load ratings. Per AASHTO LRFD Table 
3.6.2.1-1, a dynamic load allowance of 33% was used for all cases.  The controlling ratings were 
also calculated for the case of 10% impact assuming a reduced speed. 

The flexural loads that are pulled from CSiBridge contain loading from the self-weight of the 
girder, primary post-tensioning effects, and secondary effects from post-tensioning.  Only the 
self-weight and the secondary moments should be included in the rating factor equation.  
Because the load factors for dead loads and secondary effects are different, the final loads had 
to be separated.  The secondary moment was calculated by subtracting the expected post-
tensioning moment (post-tensioning force multiplied by the known tendon eccentricity) from the 
final post-tensioning moment. 



KY 676 OVER KENTUCKY RIVER (037B00074N),  
SUPERSTRUCTURE LOAD RATING 

3.5 
KY 676 over Kentucky River Load Rating Report.docx 

3.2.2.2 Service Limit State 

A service load rating of the design and posting vehicles was performed for flexural stresses at the 
Service I limit states. The inventory and operating load ratings were performed using the LRFR 
number of design lanes. For the operating rating, the multi-presence factor for one lane was 
reduced to 1.0. The flexural compression and tension stresses, at the extreme fibers of the 
sections were rated using 1.0 for all load factors per MBE Tables 6A.4.2.2-1 and 6A.4.2.2-2 (2016 
Interim). 
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4.0 LOAD RATING RESULTS 

Tables 4.1 through 4.7 give the controlling load ratings for each vehicle.  Refer to Appendix A for 
the complete Load Rating Summary tables and Appendix C and D for the longitudinal and 
transverse load rating calculations, respectively.  

4.1 LONGITUDINAL RATINGS 

4.1.1 Flexural Strength 

Rating factors for the flexural strength are presented in Table 4.1.  

Location 
HL-93 Type 1 Type 2 Type 3 Type 4 SU4 SU5 SU6 SU7 EV2 EV3 

Inv. Oper. Operating 

Between Segments 10 & 11 1.10 1.43 3.88 3.10 2.60 2.53 3.24 2.96 2.74 2.52 3.12 2.24 

Table 4.1: Controlling Flexural Strength Rating Results 
 

4.1.2 Shear Strength 

Rating factors for combined shear and torsion are presented in Table 4.2. 

Location 
HL-93 Type 1 Type 2 Type 3 Type 4 SU4 SU5 SU6 SU7 EV2 EV3 

Inv. Oper. Operating 

Between Segments 48 & 49 0.37 0.53 1.71 1.33 1.08 1.03 1.39 1.25 1.15 1.05 1.32 - 

Between Segments 99 & 100 - - - - - - - - - - - 0.90 

Table 4.2: Controlling Shear Strength Rating Results 
 

4.1.3 Flexural Stress 

Rating factors for the flexural stresses are presented in Table 4.3. These ratings are based on 
allowable compressive and tensile stress in the extreme fibers of the section. 

Stress Location 
HL-93 Type 1 Type 2 Type 3 Type 4 SU4 SU5 SU6 SU7 EV2 EV3 

Inv. Oper. Operating 

Compression Between Segments 
23 & 24 2.01 2.56 5.87 2.80 3.79 3.63 4.78 4.34 4.00 3.69 4.55 3.34 

Tension Between Segments 
116 & 117 0.40 0.51 1.33 1.06 0.89 0.87 1.11 1.01 0.94 0.87 1.06 0.79 

Table 4.3: Controlling Flexural Stress Rating Results 
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4.1.4 Principal Stress 

Rating factors for the principal stress at the neutral axis of the box are presented in Table 4.4.  

Location 
HL-93 Type 1 Type 2 Type 3 Type 4 SU4 SU5 SU6 SU7 EV2 EV3 

Inv. Oper. Operating 

Between Segments 72 & 73 0.24 0.66 1.75 1.39 1.16 1.11 1.45 1.32 1.22 1.14 1.39 1.03 

Table 4.4: Controlling Principal Stress Rating Results 
 

4.1.5 Tendon Stress 

Rating factors for the tendon stress are presented in Table 4.5. 

Tendon 
HL-93 Type 1 Type 2 Type 3 Type 4 SU4 SU5 SU6 SU7 EV2 EV3 

Inv. Oper. Operating 

66 13.22 16.72 47.76 40.60 35.28 33.68 41.61 38.79 36.44 34.26 40.31 32.17 

Table 4.5: Controlling Tendon Stress Rating Results 
 

4.2 TRANSVERSE RATINGS 

4.2.1 Flexural Strength

Rating factors for the flexural strength are presented in Table 4.6. 

Location 
HL-93 Type 1 Type 2 Type 3 Type 4 SU4 SU5 SU6 SU7 EV2 EV3 

Inv. Oper. Operating 

Beginning of Fillet 1.11 - - - - - - - - - - - 

Exterior Face of Wall - 1.59 - 1.67 1.52 2.17 2.04 1.95 1.85 1.81 - 1.30 

Centerline of Slab - - 1.95 - - - - - - - 1.84 - 

Table 4.6: Controlling Flexural Strength Rating Results 
 
 
 
 
 
 
 

4.2.2 Flexural Stress

Rating factors for the flexural stresses are presented in Table 4.7. These ratings are based on 
allowable compressive and tensile stress in the extreme fibers of the top slab. 
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Stress Location 
HL-93 Type 1 Type 2 Type 3 Type 4 SU4 SU5 SU6 SU7 EV2 EV3 

Inv. Oper. Operating 

Tension 
Beginning of Fillet 0.93 - - - 1.02 - 1.37 1.31 1.25 1.23 - - 

Centerline of Slab - 1.03 1.05 1.08 - 1.46 - - - - 1.00 0.85 

Compression 
Beginning of Fillet 3.35 - - - 3.66 - - - 4.49 4.42 - - 

Centerline of Slab - 3.49 3.56 3.66 - 4.95 4.77 4.65 - - 3.38 2.86 

Table 4.7: Controlling Flexural Stress Rating Results 
 
 
 
 
 
 
 
 
 
 
 



KY 676 OVER KENTUCKY RIVER (037B00074N),  
SUPERSTRUCTURE LOAD RATING 

5.1 
KY 676 over Kentucky River Load Rating Report.docx 

5.0 CONCLUSION 

The superstructure was load rated at inventory and operating level for HL93 loading and at 
operating level for the KYTC 1-4 trucks, FHWA Specialized Hauling Vehicles SU4-SU7, and FHWA 
Emergency Vehicles EV2 and EV3 per LRFD, MBE, and FDOT PT guidelines.   
 
The post-tensioned box girders were rated longitudinally for flexural strength, combined shear 
and torsional strength, longitudinal stress, principal stress at neutral axis, and tendon service 
stresses, and transversely for flexural strength and service stresses.  Table 5.1 provides a summary 
of the load rating results and indicates which check controlled for each vehicle.  The rating in 
tons does not correlate with the rating factor for load cases that include lane load because the 
allowable vehicle weights are determined by scaling the truck load effects only. 
 

Rating 
Vehicle 

Controlling Rating Controlling  
Factor Tons Check 

HL-93 – Inv. 0.24 - Principal Stress 
HL-93 – Oper. 0.53 - Long. Tensile Stress 
KY Type 1 1.05 21.0 Trans. Tensile Stress 
KY Type 2 1.08 30.6 Trans. Tensile Stress 
KY Type 3 0.89 31.4 Long. Tensile Stress 
KY Type 4 0.87 33.1 Long. Tensile Stress 
SU4 1.11 31.3 Long. Tensile Stress 
SU5 1.01 31.6 Long. Tensile Stress 
SU6 0.94 31.8 Long. Tensile Stress 
SU7 0.87 32.3 Long. Tensile Stress 
EV2 1.00 28.8 Trans. Tensile Stress 
EV3 0.79 31.3 Long. Tensile Stress 

Table 5.1: Load Rating Summary 
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Stantec Consulting Services Inc.
3052 Beaumont Centre Circle,

Lexington KY  40513-1703

037B00074N
KY 676 over Kentucky River
3-Span, Twin Post-Tensioned Concrete Continuous Segmental Box Girders

Report Date: 2/28/2018
Design Loading: HL-93
Rating Methods: LRFR for Design and Posting Loads with 33% Impact

LOAD RATING SUMMARY TABLE
Rating Rating Controlling Location w/
Type Vehicle Factor Tons** Observed Deterioration

Inventory HL-93 0.24 - Principal Stress Between Segments 10 and 11
Operating HL-93 0.51 - Long. Tensile Stress Between Segments 116 and 117
Posting* KY Type 1 1.05 21.0 Trans. Tensile Stress Centerline of the Deck
Posting* KY Type 2 1.08 30.6 Trans. Tensile Stress Centerline of the Deck
Posting* KY Type 3 0.89 31.4 Long. Tensile Stress Between Segments 116 and 117
Posting* KY Type 4 0.87 33.1 Long. Tensile Stress Between Segments 116 and 117
Posting* SU4 1.11 31.3 Long. Tensile Stress Between Segments 116 and 117
Posting* SU5 1.01 31.6 Long. Tensile Stress Between Segments 116 and 117
Posting* SU6 0.94 31.8 Long. Tensile Stress Between Segments 116 and 117
Posting* SU7 0.87 32.3 Long. Tensile Stress Between Segments 116 and 117
Posting EV2 1.00 28.8 Trans. Tensile Stress Centerline of the Deck
Posting EV3 0.79 31.3 Long. Tensile Stress Between Segments 116 and 117

MEMBER DESCRIPTIONS
Member Description

*Per MBE 6A.4.4.2.1a, three live loading conditions were checked for legal loads longitudinal ratings.
     1) Single vehicle
     2) 75% of single vehicle and 0.2 klf lane load
     3) For negative moment and interior reactions only, 75% of two vehicles 30 feet apart and 0.2 klf lane load
**Rating in tons does not correlate with rating factor for load cases that include lane load.
Allowable vehicle weights are determined by scaling truck load effects only.

LOAD RATING SUMMARY SHEET
BRIDGE INFORMATION

Controlling Rating Controlling Check

Location Analyzed LOS 
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Stantec Consulting Services Inc.
3052 Beaumont Centre Circle,

Lexington KY  40513-1703

037B00074N
KY 676 over Kentucky River
3-Span, Twin Post-Tensioned Concrete Continuous Segmental Box Girders

Report Date: 2/28/2018
Design Loading: HL-93
Rating Methods: LRFR for Design and Posting Loads with 10% Impact

LOAD RATING SUMMARY TABLE
Rating Rating Controlling Location w/
Type Vehicle Factor Tons** Observed Deterioration

Inventory HL-93 0.26 - Principal Stress Between Segments 10 and 11
Operating HL-93 0.57 - Long. Tensile Stress Between Segments 116 and 117
Posting* KY Type 1 1.27 25.4 Trans. Tensile Stress Centerline of the Deck
Posting* KY Type 2 1.31 37.1 Trans. Tensile Stress Centerline of the Deck
Posting* KY Type 3 1.03 38.1 Long. Tensile Stress Between Segments 116 and 117
Posting* KY Type 4 1.00 40.1 Long. Tensile Stress Between Segments 116 and 117
Posting* SU4 1.27 37.9 Long. Tensile Stress Between Segments 116 and 117
Posting* SU5 1.16 38.3 Long. Tensile Stress Between Segments 116 and 117
Posting* SU6 1.08 38.5 Long. Tensile Stress Between Segments 116 and 117
Posting* SU7 1.01 39.2 Long. Tensile Stress Between Segments 116 and 117
Posting EV2 1.21 34.8 Trans. Tensile Stress Centerline of the Deck
Posting EV3 0.91 38.0 Long. Tensile Stress Between Segments 116 and 117

MEMBER DESCRIPTIONS
Member Description

*Per MBE 6A.4.4.2.1a, three live loading conditions were checked for legal loads longitudinal ratings.
     1) Single vehicle
     2) 75% of single vehicle and 0.2 klf lane load
     3) For negative moment and interior reactions only, 75% of two vehicles 30 feet apart and 0.2 klf lane load
**Rating in tons does not correlate with rating factor for load cases that include lane load.
Allowable vehicle weights are determined by scaling truck load effects only.

LOAD RATING SUMMARY SHEET
BRIDGE INFORMATION

Controlling Rating Controlling Check

Location Analyzed LOS 

A.3
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KY 676 over Kentucky River 
Franklin County, Kentucky 

Appendix B – Longitudinal Load Rating Calculations 
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KY 676 over Kentucky River – Longitudinal Load Rating QC 
IDC By:  JTP  02/26/2018 

In order to check the load rating calculations by CNG, a full Independent 
Design Check (IDC) was performed.  The IDC utilized BD2 software, maintained 
and distributed by Interactive Design Systems (IDS), to model the dead load and 
post-tensioning, including secondary effects and losses.  The live load effects 
were determined from a CSi model generated completely independent of the 
CSi model used for the original load rating calculations.  Section checks were 
performed using excel spreadsheets. 

In general, results between the original analysis and the IDC analysis are in good 
agreement.  The differences between the analyses are rooted in the loss 
determination.  CSi predicts more losses than BD2, but the CSi losses are 
reasonable.  Since the original rating calculations using CSi yield lower rating 
factors, the differences were considered conservative and acceptable. 
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TENDON SERVICE STRESS  
LOAD RATING 

B.261



KY 676 over Kentucky River     .
Job No.  178565012                      .

By:                  CJE   2/27/2018        .
Checked:                                         .

IM 0 %

fpy 229.50 ksi
fpe 183.60 ksi AASHTO Table 5.9.3-1

ASTRAND 1.836 in2

Station LL ST

ft ksi ksi
HL93_INV TEN066 - R 76.60 1.86 158.97 13.22
HL93_OPER TEN066 - R 76.60 1.47 158.97 16.72
KY1 TEN066 - R 76.60 0.52 158.97 47.76
KY2 TEN066 - R 76.60 0.61 158.97 40.60
KY3 TEN066 - R 76.60 0.70 158.97 35.28
KY4 TEN066 - R 76.60 0.73 158.97 33.68
SU4 TEN066 - R 76.60 0.59 158.97 41.61
SU5 TEN066 - R 76.60 0.64 158.97 38.79
SU6 TEN066 - R 76.60 0.68 158.97 36.44
SU7 TEN066 - R 76.60 0.72 158.97 34.26
EV2 TEN066 - R 76.60 0.61 158.97 40.31
EV3 TEN066 - R 76.60 0.77 158.97 32.17

LRFR Tendon Stress Service Load Rating

Load Case Tendon RF

B.262



REDUCED IMPACT LOAD RATINGS (10%) 

B.263



LONGITUDINAL FLEXURAL STRENGTH  
LOAD RATING 

B.264
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KY 676 OVER KENTUCKY RIVER (037B00074N),  
SUPERSTRUCTURE LOAD RATING 

C.1 

 – TRANSVERSE LOAD RATING CALCULATIONS 



 
 

KY 676 over Kentucky River 
Franklin County, Kentucky 

Appendix C – Transverse Load Rating Calculations 
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⋅

0.36−

0.36−

kip ft⋅

4.16

24.60

23.10

0.36−

0.36−

ft·kip=:=

Section_1

Section_2

Section_3

Section_4

Section_5

MLL.max.1

0.28

0.27

0.25

0.21

0.18

0.16

0.15

0.15

0.15

0.15

kip ft⋅:= MLL.max.2

1.77

1.77

1.00

1.41

1.59

1.29

1.20

1.29

1.34

1.35

kip ft⋅:= MLL.max.3

1.16

1.07

0.63

0.89

1.11

1.13

0.82

0.92

1.02

1.13

kip ft⋅:= MLL.max.4

2.14

2.14

1.65

1.59

1.77

1.66

1.35

1.45

1.54

1.64

kip ft⋅:=

HL93INV

HL93OPER

KY1

KY2

KY3

KY4

SU4

SU5

SU6

SU7

MLL.min.1

8.53−

7.13−

5.81−

7.06−

7.81−

5.28−

5.80−

6.05−

6.37−

6.47−

kip ft⋅:= MLL.min.2

17.04−

17.04−

14.13−

16.92−

18.60−

13.03−

13.86−

14.48−

15.23−

15.58−

kip ft⋅:= MLL.min.3

16.89−

16.89−

13.99−

16.66−

18.26−

12.54−

13.58−

14.23−

15.00−

15.24−

kip ft⋅:= MLL.min.4

4.77−

4.77−

4.07−

4.78−

5.30−

3.95−

3.96−

4.11−

4.30−

4.42−

kip ft⋅:=

HL93INV

HL93OPER

KY1

KY2

KY3

KY4

SU4

SU5

SU6

SU7

MLL.max.5

8.39

8.39

8.22

8.00

7.85

5.92

6.14

6.29

6.43

6.47

kip ft⋅:= MLL.min.5

0.44−

0.44−

0.27−

0.39−

0.48−

0.46−

0.36−

0.40−

0.44−

0.49−

kip ft⋅:=

HL93INV

HL93OPER

KY1

KY2

KY3

KY4

SU4

SU5

SU6

SU7
C.55



COMPUTATION SHEET
KENTUCKY TRANSPORTATION CABINET____________________________________________________________________________________________________________

By:       CJE      Date:   12-14-2017             .
Checked:           Date:                          .
Subject:     KY 676 over KY River Load Rating     .
Drawing No.:               Job No.:   178565012   .

- Permanent Moment in Slab: Mp MDL MPT+

0.99−

8.76

12.16

2.89−

0.06

ft·kip=:=

Section_1

Section_2

Section_3

Section_4

Section_5

NOTE: Positive sress is in compression

- Permanent Stress in Slab: fp.t
Pf
Ac

Mp
Sx

+

0.34

0.44

0.52

0.20

0.42

ksi=:=

Section_1

Section_2

Section_3

Section_4

Section_5

fp.b
Pf
Ac

Mp
Sx

−

0.48

0.03

0.05−

0.63

0.41

ksi=:=

Section_1

Section_2

Section_3

Section_4

Section_5

- Live Load Stress: Positive moment will put the top of the slab
in compression and bottom in tension.

Negative moment will put the top of the slab
in tension and bottom in compression.

Section 1:

fLL.max.1
MLL.max.1

Sx1

0.02

0.02

0.02

0.02

0.01

0.01

0.01

0.01

0.01

0.01

ksi=:= fLL.min.1
MLL.min.1
Sx1

0.63−

0.53−

0.43−

0.52−

0.58−

0.39−

0.43−

0.45−

0.47−

0.48−

ksi=:=

HL93INV

HL93OPER

KY1

KY2

KY3

KY4

SU4

SU5

SU6

SU7

Section 2:

fLL.max.2
MLL.max.2

Sx2

0.04

0.04

0.02

0.03

0.04

0.03

0.03

0.03

0.03

0.03

ksi=:= fLL.min.2
MLL.min.2
Sx2

0.40−

0.40−

0.33−

0.40−

0.44−

0.31−

0.32−

0.34−

0.36−

0.37−

ksi=:=

HL93INV

HL93OPER

KY1

KY2

KY3

KY4

SU4

SU5

SU6

SU7
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Section 3:

fLL.max.3
MLL.max.3

Sx3

0.03

0.03

0.01

0.02

0.03

0.03

0.02

0.02

0.02

0.03

ksi=:= fLL.min.3
MLL.min.3
Sx3

0.40−

0.40−

0.33−

0.39−

0.43−

0.29−

0.32−

0.33−

0.35−

0.36−

ksi=:=

HL93INV

HL93OPER

KY1

KY2

KY3

KY4

SU4

SU5

SU6

SU7

Section 4:

fLL.max.4
MLL.max.4

Sx4

0.16

0.16

0.12

0.12

0.13

0.12

0.10

0.11

0.11

0.12

ksi=:= fLL.min.4
MLL.min.4
Sx4

0.35−

0.35−

0.30−

0.35−

0.39−

0.29−

0.29−

0.30−

0.32−

0.33−

ksi=:=

HL93INV

HL93OPER

KY1

KY2

KY3

KY4

SU4

SU5

SU6

SU7

Section 5:

fLL.max.5
MLL.max.5

Sx5

0.62

0.62

0.61

0.59

0.58

0.44

0.45

0.47

0.48

0.48

ksi=:= fLL.min.5
MLL.min.5
Sx5

0.03−

0.03−

0.02−

0.03−

0.04−

0.03−

0.03−

0.03−

0.03−

0.04−

ksi=:=

HL93INV

HL93OPER

KY1

KY2

KY3

KY4

SU4

SU5

SU6

SU7
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 LRFR Load Rating

- Stress Limits: fc 0.60 f'c⋅ 3.30 ksi=:= AASHTO Table 5.9.4.2.1-1

ft 0.19ksi
f'c
ksi

⋅ 0.45 ksi=:= AASHTO Table 5.9.4.2.2-1

- Service I Load Factors: γDL 1.0:= γLL 1.0:=

- Live Load Impact: IMLRFR 0.10:=

Section 1

RFc.1i
min

fc γDL fp.t1
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.1i
⋅

fc γDL fp.b1
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.1−( )
i

⋅
, := RFc.1i

4.05

4.85

5.95

4.89

4.42

6.54

5.96

5.71

5.42

5.34

=

RFt.1i
min

ft− γDL fp.b1
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.1−( )
i

⋅

ft− γDL fp.t1
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.1i
⋅

, := RFt.1i

1.13

1.35

1.65

1.36

1.23

1.82

1.66

1.59

1.51

1.49

=

Section 2

RFc.2i
min

fc γDL fp.t2
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.2i
⋅

fc γDL fp.b2
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.2−( )
i

⋅
, := RFc.2i

7.45

7.45

8.99

7.51

6.83

9.75

9.16

8.77

8.34

8.15

=
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RFt.2i
min

ft− γDL fp.b2
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.2−( )
i

⋅

ft− γDL fp.t2
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.2i
⋅

, := RFt.2i

2.01

2.01

2.42

2.02

1.84

2.63

2.47

2.36

2.25

2.20

=

Section 3

RFc.3i
min

fc γDL fp.t3
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.3i
⋅

fc γDL fp.b3
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.3−( )
i

⋅
, := RFc.3i

7.70

7.70

9.30

7.81

7.12

10.37

9.58

9.14

8.67

8.54

=

RFt.3i
min

ft− γDL fp.b3
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.3−( )
i

⋅

ft− γDL fp.t3
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.3i
⋅

, := RFt.3i

2.21

2.21

2.67

2.24

2.04

2.98

2.75

2.62

2.49

2.45

=

Section 4

RFc.4i
min

fc γDL fp.t4
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.4i
⋅

fc γDL fp.b4
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.4−( )
i

⋅
, := RFc.4i

6.88

6.88

8.07

6.87

6.19

8.31

8.29

7.99

7.63

7.43

=
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RFt.4i
min

ft− γDL fp.b4
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.4−( )
i

⋅

ft− γDL fp.t4
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.4i
⋅

, := RFt.4i

1.65

1.65

1.94

1.65

1.49

2.00

1.99

1.92

1.83

1.78

=

Section 5

RFc.5i
min

fc γDL fp.t5
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.5i
⋅

fc γDL fp.b5
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.5−( )
i

⋅
, := RFc.5i

4.22

4.22

4.31

4.43

4.51

5.98

5.77

5.63

5.51

5.47

=

RFt.5i
min

ft− γDL fp.b5
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.5−( )
i

⋅

ft− γDL fp.t5
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.5i
⋅

, := RFt.5i

1.25

1.25

1.27

1.31

1.33

1.77

1.70

1.66

1.63

1.62

=
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 Transverse Service Load Rating Summary

RFi min RFc.1i
RFt.1i

, RFc.2i
, RFt.2i

, RFc.3i
, RFt.3i

, RFc.4i
, RFt.4i

, RFc.5i
, RFt.5i

, :=

RFi

1.13

1.25

1.27

1.31

1.23

1.77

1.66

1.59

1.51

1.49

=

HL93INV

HL93OPER

KY1

KY2

KY3

KY4

SU4

SU5

SU6

SU7
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KY 676 OVER KY RIVER TRANSVERSE SERVICE LOAD RATING
- Girder Final Concrete Strength: f'c 5500psi:=

- Slab Width: b 12in:=

- Prestress Force: Pf 44.39kip:=

- Slab Thickness: t

9

16

16

9

9

in:=

Section_1

Section_2

Section_3

Section_4

Section_5

- Section Modulus: Sx
t2 b⋅
6

162

512

512

162

162

in3⋅=:=

Section_1

Section_2

Section_3

Section_4

Section_5

- Section Area: Ac t b⋅

108

192

192

108

108

in2⋅=:=

Section_1

Section_2

Section_3

Section_4

Section_5
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 Stresses

- Unfactored Loads:

MDL

1.45− 3.49− 0.21−

7.73− 7.03− 1.08−

7.03− 2.65− 1.26−

1.17− 1.15− 0.21−

0.69 0.50− 0.23+

kip ft⋅

5.15−

15.84−

10.94−

2.53−

0.42

ft·kip=:= MPT

4.16

61.50
8
20

⋅

57.76
8
20

⋅

0.36−

0.36−

kip ft⋅

4.16

24.60

23.10

0.36−

0.36−

ft·kip=:=

Section_1

Section_2

Section_3

Section_4

Section_5

MLL.max.1
0.27

0.27
kip ft⋅:= MLL.min.1

6.17−

9.01−
kip ft⋅:=

EV2

EV3

MLL.max.2
1.23

1.92
kip ft⋅:= MLL.min.2

15.18−

21.72−
kip ft⋅:=

EV2

EV3

MLL.max.3
0.86

1.31
kip ft⋅:= MLL.min.3

14.88−

21.25−
kip ft⋅:=

EV2

EV3

MLL.max.4
1.97

2.27
kip ft⋅:= MLL.min.4

4.47−

6.25−
kip ft⋅:=

EV2

EV3

MLL.max.5
8.67

10.22
kip ft⋅:= MLL.min.5

0.37−

0.55−
kip ft⋅:=

EV2

EV3

- Permanent Moment in Slab: Mp MDL MPT+

0.99−

8.76

12.16

2.89−

0.06

ft·kip=:=

Section_1

Section_2

Section_3

Section_4

Section_5

NOTE: Positive sress is in compression

- Permanent Stress in Slab: fp.t
Pf
Ac

Mp
Sx

+

0.34

0.44

0.52

0.20

0.42

ksi=:=

Section_1

Section_2

Section_3

Section_4

Section_5

fp.b
Pf
Ac

Mp
Sx

−

0.48

0.03

0.05−

0.63

0.41

ksi=:=

Section_1

Section_2

Section_3

Section_4

Section_5 C.63
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- Live Load Stress: Positive moment will put the top of the slab
in compression and bottom in tension.

Negative moment will put the top of the slab
in tension and bottom in compression.

Section 1: fLL.max.1
MLL.max.1

Sx1

0.02

0.02
ksi=:= fLL.min.1

MLL.min.1
Sx1

0.46−

0.67−
ksi=:=

EV2

EV3

Section 2: fLL.max.2
MLL.max.2

Sx2

0.03

0.05
ksi=:= fLL.min.2

MLL.min.2
Sx2

0.36−

0.51−
ksi=:=

EV2

EV3

Section 3: fLL.max.3
MLL.max.3

Sx3

0.02

0.03
ksi=:= fLL.min.3

MLL.min.3
Sx3

0.35−

0.50−
ksi=:=

EV2

EV3

Section 4: fLL.max.4
MLL.max.4

Sx4

0.15

0.17
ksi=:= fLL.min.4

MLL.min.4
Sx4

0.33−

0.46−
ksi=:=

EV2

EV3

Section 5: fLL.max.5
MLL.max.5

Sx5

0.64

0.76
ksi=:= fLL.min.5

MLL.min.5
Sx5

0.03−

0.04−
ksi=:=

EV2

EV3

 LRFR Load Rating

- Stress Limits: fc 0.60 f'c⋅ 3.30 ksi=:= AASHTO Table 5.9.4.2.1-1

ft 0.19ksi
f'c
ksi

⋅ 0.45 ksi=:= AASHTO Table 5.9.4.2.2-1

- Service I Load Factors: γDL 1.0:= γLL 1.0:=

- Live Load Impact: IMLRFR 0.10:=
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Section 1 RFc.1i
min

fc γDL fp.t1
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.1i
⋅

fc γDL fp.b1
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.1−( )
i

⋅
, := RFc.1i

5.60

3.84
=

RFt.1i
min

ft− γDL fp.b1
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.1−( )
i

⋅

ft− γDL fp.t1
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.1i
⋅

, := RFt.1i

1.56

1.07
=

Section 2 RFc.2i
min

fc γDL fp.t2
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.2i
⋅

fc γDL fp.b2
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.2−( )
i

⋅
, := RFc.2i

8.37

5.85
=

RFt.2i
min

ft− γDL fp.b2
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.2−( )
i

⋅

ft− γDL fp.t2
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.2i
⋅

, := RFt.2i

2.25

1.58
=

Section 3 RFc.3i
min

fc γDL fp.t3
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.3i
⋅

fc γDL fp.b3
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.3−( )
i

⋅
, := RFc.3i

8.74

6.12
=

RFt.3i
min

ft− γDL fp.b3
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.3−( )
i

⋅

ft− γDL fp.t3
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.3i
⋅

, := RFt.3i

2.51

1.76
=

Section 4 RFc.4i
min

fc γDL fp.t4
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.4i
⋅

fc γDL fp.b4
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.4−( )
i

⋅
, := RFc.4i

7.34

5.25
=

RFt.4i
min

ft− γDL fp.b4
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.4−( )
i

⋅

ft− γDL fp.t4
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.4i
⋅

, := RFt.4i

1.76

1.26
=

Section 5 RFc.5i
min

fc γDL fp.t5
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.5i
⋅

fc γDL fp.b5
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.5−( )
i

⋅
, := RFc.5i

4.08

3.46
=

RFt.5i
min

ft− γDL fp.b5
⋅−

1 IMLRFR+( ) γLL⋅ fLL.max.5−( )
i

⋅

ft− γDL fp.t5
⋅−

1 IMLRFR+( ) γLL⋅ fLL.min.5i
⋅

, := RFt.5i

1.21

1.02
=

 Transverse Service Load Rating Summary

RFi min RFc.1i
RFt.1i

, RFc.2i
, RFt.2i

, RFc.3i
, RFt.3i

, RFc.4i
, RFt.4i

, RFc.5i
, RFt.5i

, := RFi
1.21

1.02
=

EV2

EV3C.65
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