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Executive Summary

A Parametric Study was performed for the South Carolina Department of Transportation, Department of
Bridges and Structures examining the resulting maximum moments and shears at specific points of
interest from a suite of Design (AASHTO HL-93 Design Truck + Lane, HL-93 Design Tandem + Lane, and
HL-93 Truck Train + Lane for LRFR, HS-20 for LFR), Legal (AASHTO Legal Loads and specific South Carolina
Legal Loads), and Permit Trucks (including South Carolina specific trucks and trucks from adjacent states)
crossing the bridges of South Carolina. The purpose of the study was to summarize which trucks need to
be used for load rating the South Carolina bridges in order to be compliant with Federal Highway
Administration, Department of Transportation (FHWA) 23 CFR 650.307 c¢ (2) and 650.313 c Load Rating.

The final results of the study show that for Legal Loads, the HL-93 Variable Axle Design Truck with the
Design Lane Load (using Inventory level Rating Factor of 1.75) controls the Rating Factor for all Legal
Trucks (using an average Legal Load Rating Factor of 1.45) for all span lengths and critical force effects
for 1-Span bridge arrangements.

For 2-Span bridge arrangements, a specific South Carolina Legal Truck (SC SHV2B) using a Legal Load
Rating Factor of 1.45 controls the Rating Factor (over HL-93 Design Truck + Lane using Inventory level
Rating Factor of 1.75) for span lengths 15’ and less for both moment and shear. However, the HL-93
Design Tandem + Lane (using an Inventory level Rating Factor of 1.75) control the Rating Factor over the
SC SHV2B Legal Truck for span lengths less than 15’ in all 2-Span arrangements.

For 3-Span bridge arrangements, HL-93 Design Truck + Lane or HL-93 Truck Train + Lane design loading
with a 1.75 Inventory level Rating Factor controls over all the state and federal legal loads with a 1.45
factor.

Concerning the South Carolina specific School Bus (with a Legal Rating Factor 1.45), the bus controls the
Rating Factor (specifically over the SC-SU2 2-Axle Truck) for span lengths 20°-30" and less and therefore
must be included in Legal Load Ratings.

Another result is that the South Carolina Specialized Hauling Vehicles, allowed only on non-Interstate
roadways, control the Rating Factor over the AASHTO Specialized Hauling Vehicles. When only
comparing the AASHTO SHV Trucks, SU7 controls the Rating Factor, but when the Gross Vehicle Weight
(GVW) is divided out, the SU4 controls the actual Rating Tonnage. For non-Interstate System roads, it is
recommended the South Carolina Specialized Hauling Vehicles are load rated with only the SU4 and SU7
AASHTO Specialized Hauling Vehicles additionally run. For all Interstate System roads, the SU4, SU5, SU6
and SU7 AASHTO Specialized Hauling Vehicles must be load rated and the South Carolina Specialized
Hauling Vehicles can be omitted since they are precluded from traveling on Interstates.

Final results for Rating Tons of Single Unit Trucks (comparing Legal Trucks with the Gross Vehicle Weight
of the trucks divided out) show that for spans less than 20’-30’, the South Carolina School Bus (2-Axle
Truck) controls and for spans greater than 20’-30" the SC-SU2 (2-Axle Truck) controls. For 3-Axle Trucks,
a South Carolina Specific Legal Truck (SC SHV1A (65k)) controls almost all bridge arrangements, span
lengths, and critical force effects, except for a couple of isolated locations where AAHSTO’s SC-Type 3
Truck controls. For 4-or-More Axle Trucks, a South Carolina Specific Legal Truck (SC SHV2A (66k))
controls almost all bridge arrangements, span lengths, and critical force effects, except for a couple of
isolated locations where AAHSTO’s SU4 Truck controls. For Combination Unit Trucks of 5 or More Axles,
South Carolina Specific Legal Trucks (SC SHV3A (85k) and SC SHV3B (90k)), as well as modified AASHTO
SC-Type 3S2 Truck, control.



For Permit Loads the study shows that for short simple span bridges less than 35’, the South Carolina
Permit Cranes (with a 1.3 Permit Rating Factor) do not control over the remaining standard 100k, 120k
and 130k Permit Trucks (with a 1.3 Permit Rating Factor) being analyzed. However, for all 2- and 3-span
bridges, the Permit Cranes control for every span length and every critical force effect. In addition, the
177.7k Permit Crane controls over the smaller 160k Permit Crane for all span lengths greater than 35’.
For Permit Loads, controlling Rating Factors for all span arrangements, span lengths, and critical force
effects, can be obtained by rating the 177.7k Crane, SC-120k, and SC-130k Permit Trucks. However, it is
recommended that all 5 Permit Trucks from the study be run as SCDOT finalizes their permitting
procedures and methods because vehicles of certain weight may have different permitting allowances
such as yearly, monthly or daily permits.

Additionally, for design purposes, the study results show that the HL-93 Design Loading Trucks and
Lanes control the Rating Factor over all standard 100k, 120k and 130k permit trucks for all span
arrangements and span lengths. However, there are instances when the special permit cranes actually
control over the HL-93 Design Loadings as noted below.

The HL-93 Design Loading Trucks and Lanes control the Rating Factor over all Permit Trucks except for
the 177.7k Crane at Span Lengths of 70’-150’ for 1-Span arrangements.

The HL-93 Design Loadings (Trucks and Lanes) control the Rating Factor over all Permit Trucks except for
the 177.7k Permit Crane at 65’-120’ Span Lengths (for Shear points of interest), 177.7k Permit Crane at
80’-140’ Span Lengths (for Moment at .4L of Span 1) and both Permit Cranes at 30’-45’ Span Lengths (for
Max Moment at Interior Bent) for 2-Span arrangements.

For 3-Span arrangements, the HL-93 Design Loadings (Trucks and Lanes) control the Rating Factor over
all Permit Trucks except for the 177.7k and 160k Permit Crane at 55’-110’ Span Lengths (for Shear points
of interest), 177.7k Permit Crane at 70’-140’ Span Lengths (for Moment at .4L of End Spans and 0.5L of
Center Span) and both Permit Cranes at 25-45’ Span Lengths (for Max Moment at Interior Bent). .

This report contains details on the background and scope of the project, the methodology used, data
analysis, and corresponding conclusions and recommendations.



Definitions

AASHTO Design Loads — Vehicles/loads specified by AASHTO to be used for the initial design of a
structure.

AASHTO Legal Loads — Vehicles/loads provided by AASHTO for load rating bridges for routine legal
commercial traffic (including Type 3, 352, and 3-3, and Specialized Hauling Vehicles SU4 to SU7 as
defined in AASHTO MBE).

Legal Loads — The National Bridge Inspection Standards (NBIS) define Legal Loads as the maximum Legal
Load for each vehicle configuration permitted by law for the state in which the bridge is located.

Posting Vehicles — Vehicles developed to represent legal loads and used as vehicle models for load rating
and bridge posting.

Routine Permit Loads (Permit Vehicles) — The NBIS defines routine Permit Loads as a live load, which has
a gross weight, axle weight or distance between axles not conforming to the State statutes for legally
configured vehicles, authorized for unlimited trips over an extended period of time to move alongside
other heavy vehicles on a regular basis. The Permit Vehicles within this study are developed to represent
Permit Loads and are used in the permitting process to evaluate bridges for overweight vehicles.

Study Vehicles — Live loads, identified from various sources, used in this expanded parametric study.
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1 Introduction / Project Scope

In 2018, HDR Engineering, Inc. (HDR) performed a Parametric Study for the South Carolina Department
of Transportation (SCDOT) to ensure SCDOT’s compliance with Federal Highway Administration,
Department of Transportation (FHWA) 23 CFR 650.307 c (2) and 650.313 c Load Rating and FHWA 23
CFR 650.313 (g) Quality Control and Quality Assurance. FHWA 23 CFR 650.307 c (2) states that ‘each
state transportation department must include a bridge inspection organization that is responsible for
bridge inspections, reports, load ratings, and other requirements of these standards’.

In order to ensure compliance with the load rating portion of these requirements, HDR performed a
Parametric Study (study) to determine maximum moments and shears at specific points of interest for
six specialized hauling vehicles, South Carolina Representative School Bus, annual Permit Loads, AASHTO
Legal Vehicles (with an additional 2-Axle Truck and adjustments to axle weights for Type 3 and Type 352
Trucks to encompass South Carolina State Statutes), and SCDOT Special Permit Loads (evaluated super
and mega loads for common configurations along with Permit Trucks from adjacent states) all compared
to the LRFR HL-93 Design Truck + Lane, HL-93 Design Tandem + Lane, and HL-93 Truck Train + Lane.
Based on the results of the Parametric Study, HDR has developed a list of recommended rating vehicles.
In addition, for reference, graphs comparing unfactored maximum moments and shears (with no impact
included) of Legal and Permit Trucks to the HS-20 Design Truck (LFR) are included in the Appendix for
future rating of any South Carolina bridges using LFR.

2 Analysis Procedures

The following sections summarize the project approach and procedures used to evaluate the live load
analysis with respect to Legal and Permit Study Vehicles compared to the LRFR HL-93 Design Truck +
Lane, HL-93 Design Tandem + Lane, and HL-93 Truck Train + Lane (and LFR HS-20 Design Truck).

2.1 Live Loads

Live loads were identified from various sources for this study. These sources include AASHTO, South
Carolina Statutes and Permit Trucks from adjacent states to South Carolina. See Appendix B for figures
showing the axle weights and spacing of the vehicles used in the Parametric Study.

In order to encapsulate maximum loading scenarios, various truck configurations were included in the
Parametric Study. The study included LRFR HL-93 Design Loading Vehicles (HL-93 Design Truck + Lane,
HL-93 Design Tandem + Lane, and HL-93 Truck Train + Lane - for in-depth rating comparison), LFR HS-20
Design Truck (simple live load comparison), AASHTO and South Carolina Legal Loads and Permit Loads
developed for this study using State Statutes and previously permitted truck databases provided by the
SCDOT. See the table in Appendix B for final trucks chosen for the Parametric Study.

Design Loadings used for evaluation and comparison in the study are the following:
e HL-93 Design Truck with Design Lane (.64 kips/ft.) — LRFR
e HL-93 Design Tandem with Design Lane (.64 kips/ft.) — LRFR
e HL-93 Truck Train (90%) with 90% Design Lane (.576 kips/ft.) — LRFR
e  HS-20 Design Truck - LFR



Only the Design Loading Vehicles (HL-93 Design Truck + Lane, HL-93 Design Tandem + Lane, and HL-93
Truck Train + Lane) for LRFR are used for an in depth comparison (for determining trucks to be rated and
posted) because the purpose of the study is to see how the chosen Legal Loads (specifically South
Carolina Specialized Hauling Vehicles and Permits) compare to the HL-93 Design Loading Vehicles. In
order to simplify the comparison (since live load and impact factors must be applied) LRFR’s HL-93
Design Loading Vehicles and Lanes are chosen for this study due to the fact that LFR’s impact factors
vary with span length and load factors vary from operating to inventory ratings, while LRFR’s impact
factor is constant and the load factors for Legal and Permit Vehicles are the same for inventory and
operating ratings (according to the most recent Manual for Bridge Evaluation). However, in Appendix C,
graphs comparing the unfactored moments and shears of all Legal and Permit Trucks are compared to
LFR HS-20 Design Truck for reference in rating any bridges designed using LFD.

The Design Trucks HS-15, and HS-25 were not included for comparison in the study because they are
straight ratios from and have the same axle spacing as the HS-20 Design Truck (which is used for the LFR
comparison).

Legal Trucks used for evaluation in the study included the following (note that ‘SC’ stands for specific
South Carolina Legal Trucks):
e AASHTO Type 3 (modified to encompass SC State Statute Requirements)
e AASHTO Type 352 (modified to encompass SC State Statute Requirements)
AASHTO Type 3-3
2-0.75 AASHTO Type 3-3 + .2kif Lane
SC SHV1A (65k)
SC SHV1B (70k)
SC SHV2A (66k)
SC SHV2B (80k)
SC SHV3A (85k)
SC SHV3B (90k)
e SC School Bus
e SC-SU2 (40k)
e SHV-SUA4 (Specialized Hauling Vehicle)
e SHV-SUS (Specialized Hauling Vehicle)
e SHV-SUG6 (Specialized Hauling Vehicle)
e SHV-SU7 (Specialized Hauling Vehicle)

Note that AASHTO’s EV2 (Emergency Vehicle — 57.5k) and EV3 (Emergency Vehicle — 86k) Trucks are not
included within the study because they must always be run in rating analysis. Therefore, including EV2
and EV3 Trucks in the study is unnecessary.

The SC SHV Legal Trucks are developed from the South Carolina Code of Laws Section 56-5-41401.
Within this section of the South Carolina Legislature, subsection ‘e’, a weight limit is given: ‘Combination
of vehicles with five or more axles 73,280 lbs’. This weight limit does not include the 15% tolerance (also
mentioned in the Code of Laws). Other vehicles are allowed up to 80,000 |bs. if they meet the FHWA

1 South Carolina Legislature, South Carolina Code of Laws, Title 56 Chapter 5 (accessed September 7t,2018);
available from https://www.scstatehouse.gov/code/t56c005.php
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wheel spacing formula. The 73,280 lbs. limit is for wheel spacings that do not meet Federal Bridge
Weight Formula B and is a special State Statute for South Carolina. The SC SHV Legal Trucks within this
study envelope the State Statutes that allow for heavier axles and closer wheel spacings than what
FHWA would allow on Interstate routes. SC SHV1A/SHV1B Trucks envelope the Well Drilling Truck in SC
Code of Laws 56-5-4140 (C-(3)) limited to 70k Gross Vehicle Weight with 25k max axle weight. SC SHV2A
Truck envelopes the Concrete Mixing Truck in SC Code of Laws 56-5-4140 (C-(2)) limited to 66k Gross
Vehicle Weight with at least three axles. SC SHV2B Truck is developed to encompass the allowed
tolerance within the code on non-Interstate highways. For combination vehicles SC SHV3A/SHV3B the
code states (in 56-5-4140 (A-(g))) that a max of 73,280 Ibs. with an additional 15% tolerance is allowed
on non-Interstate highways. SC SHV3A encompasses this weight and tolerance, while SC SHV3B is
developed to encompass AASHTO’s SU trucks’ 17k axle weight plus a tolerance of 15%. South Carolina
Code of Law states in Section 56-5-4140 that these South Carolina specific Legal Trucks are only allowed
on non-Interstates: ‘Enforcement tolerance is fifteen percent for a vehicle or trailer transporting sod
only on non-Interstate routes.’

Within the Parametric Study, the South Carolina Specialized Hauling Vehicles and AASHTO Specialized
Hauling Vehicles were compared, and the controlling trucks were determined.

The South Carolina Legal School Bus consisting of a front axle weight of 12.05k and a back axle weight of
23k (with a spacing of 20’-10") is included in the study to encompass the max weights and spacing of
two types of buses (Types C and D). See Table 2-1 below for the South Carolina Department of
Education’s School Bus Requirements (School Bus Routing) with type and associated gross weight. After
the study was completed, it was determined that the SC-SU2 Truck controls over this School Bus for
span lengths over approximately 30’, so both the SC-SU2 Truck and School Bus are included in the
template to encompass maximum loading scenarios.

Table 2-1: School Bus Requirements?

Bus Type Capacity (Number of Passengers) Gross Weight (Pounds)
C 16 or 36 21,700
C 19 21,000
C 54 21,700
C 60 24,500
C 66 25,500
D 35 31,350
D 78 35,050

See Tables 2-2 and 2-3 below showing the South Carolina Legal Truck type or axle spacing with
associated max load from SC Title 56 Chapter 5 (used for research to ensure that truck configurations
used in the study representing South Carolina’s trucks are conservative).

2 South Carolina Department of Education, School Bus Routing, pg. 18 (accessed September 7%, 2018) available
from https://ed.sc.gov/districts-schools/district-schools-files/south-carolina-school-bus-routing-manual/

2007 South Carolina School Bus Specifications, (accessed September 7, 2018) available from
https://ed.sc.gov/scdoe/assets/File/districts-

schools/transportation/maintenance/SC School Bus Specifications 2007.pdf

3



Table 2-2: (Legal Loads on SC Highways in SC State Statutes)?

(a) Single-unit vehicle with 35,000 lbs.
two axles

(b) Single-unit vehicle with 46,000 lbs.
three axles

(©) Single-unit vehicle with 63,500 lbs.
four axles

(d) Single-unit vehicle with 65,000 lbs.
five or more axles

(e) Combination of vehicles 50,000 Ibs.
with three axle

€3} Combination of vehicles 65,000 lbs.
with four axles

(g) Combination of vehicles 73,280 lbs.
with five or more axles

For (a) in Table 2-2 above, SC-SU2 Truck covers this weight requirement. Type 3 Truck covers the weight
requirement for (b) in Table 2-2. Table 2-2 (c) is covered by SC SHV2A Truck, and (d) is covered by
AASHTO’s SU6 Truck (69,500 lbs). Table 2-3 below shows the grandfathered weight allowances for SC
Legal Trucks according to State Statutes (SC Code of Law Title 56 Chapter 5 Section 4140). Note that for
two axles, a tandem back axle weight of 35.2k is allowed. To encompass this grandfathered state
allowance and still meet AASHTQO’s Gross Vehicle Weight requirement, AASHTO’s Type 3 and Type 3S2
axle weights are modified (see Appendix B).

Table 2-3 (Cont. on Pg. 5): (SC Legal Trucks State Statute Requirements)*

Distance between the extremes of Maximum load in pounds carried on any group of
any group of 2 or more consecutive axles
2 or more consecutive axles (ft.)
2 axles 3 axles 4 axles 5 axles 6 axles 7 axles

4 35,200

5 35,200

6 35,200

7 35,200

8 and less 35,200 35,200

more than 8 38,000 42,000

9 39,000 42,500

10 40,000 43,500

11 44,000

12 45,000 50,000

13 45,500 50,500

14 46,500 51,500

15 47,500 52,000

3 South Carolina Legislature, South Carolina Code of Laws, Title 56 Chapter 5 Section 4140 (accessed September
7th,2018); available from https://www.scstatehouse.gov/code/t56c005.php
4 South Carolina Legislature, South Carolina Code of Laws, Title 56 Chapter 5 Section 4140 (accessed September
7th,2018); available from https://www.scstatehouse.gov/code/t56c005.php
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Distance between the extremes of any Maximum load in pounds carried on any group of 2 or
group of 2 or more consecutive axles (ft.) more consecutive axles

16 2axles | 3axles | 4axles | 5axles | 6axles | 7axles
16 48,000 52,500 58,000

17 48,500 53,500 58,500

18 49,500 54,000 59,000

19 50,500 54,500 60,000

20 51,000 55,500 60,500 66,000

21 51,500 56,000 61,000 66,500

22 52,500 56,500 61,500 67,000

23 53,000 57,500 62,500 68,000

24 54,000 58,000 63,000 68,500 74,000
25 54,500 58,500 63,500 69,000 74,500
26 55,500 59,500 64,000 69,500 75,000
27 56,000 60,000 65,000 70,000 75,500
28 57,000 60,500 65,500 71,000 76,500
29 57,500 61,500 66,000 71,500 77,000
30 58,500 62,000 66,500 72,000 77,500
31 59,000 62,500 67,500 72,500 78,000
32 60,000 63,500 68,000 73,000 78,500
33 64,000 68,500 74,000 79,000
34 64,500 69,000 74,500 80,000
35 65,500 70,000 75,000

36 68,000 70,500 75,500

37 68,000 71,000 76,000

38 68,000 71,500 77,000

39 68,000 72,500 77,500

40 68,500 73,000 78,000

41 69,500 73,500 78,500

42 70,000 74,000 79,000

43 70,500 75,000 80,000

44 71,500 75,500

45 72,000 76,000

46 72,500 76,500

47 73,500 77,500

48 74,000 78,000

49 74,500 78,500

50 75,500 79,000

51 76,000 80,000

52 76,500

53 77,500

54 78,000

55 78,500

56 79,500

57 80,000

Permit Trucks: South Carolina’s standard Permitting Vehicles included in the load rating analysis
encompass most of the possible truck loading scenarios. Statutes of SC Permit Vehicles as well as the
database history for trucks permitted within the state were researched and the common configurations
were chosen and used in the study.



The following Permit Trucks were used in the study:
e  SC-100k Permit (5 axles)
e SC-120k Permit (6 axles)
e SC-130k Permit (7 axles)
e SCCrane #544726 (160k)
e SCCrane #527568 (177.7k)

The 5, 6, and 7 axle “general” Permit Trucks not only encompass the maximum allowable sizes and
weights granted by permit (Section E of ‘Guidelines for Movement Over South Carolina Highways of
Oversize and Overweight (OSOW) Vehicles and Loads’) and South Carolina Code of Law, but also
encompass the regulations of Permit Trucks found in Georgia and North Carolina. In South Carolina the
weight limit for 5 axles is 90k, for 6 axles is 110k, and for 7 axles is 130k (per State Statutes 56-5-4010
through 56-4-4230 and 57-3-130 through 57-3-190). Information gathered from the State Statutes was
taken (including tolerances) and was compiled to develop these guidelines for oversize and overweight
vehicles and loads. The 100k and 120k Permit Trucks are conservative for South Carolina and also allow
safety for across the border travel from Georgia and North Carolina. Standard Permit Trucks for the
study follow standards of a typical annual Georgia oversize truck permit, the Oversize/Overweight
Permit Handbook of North Carolina, a typical South Carolina oversize/overweight truck multiple-trip
permit, and oversize/overweight permits for typical South Carolina Cranes (see Appendix A for the
documents supporting these Permit Trucks).

See Table 2-4 below for the summary of the requirements from the SC State Statutes for all Permit
Trucks. Trucks over 80k GVW will require permits except those trucks that are allowed on “non-
Interstates” by State Statutes. Those off system “legal” trucks (SC SHV) will be used to post non-
Interstate bridges. Any other trucks used (Permit or those over 80k GVW used on Interstates) will
require permits. The study “Permit” Trucks envelope SC State Statutes and neighboring state permit
vehicles.

Table 2-4: Limits for all SC Vehicles (State Statutes)®

Truck Type Max Load — Gross Weight (lbs)

Two Axle Single Unit 40,000

Three Axle Single Unit 50,000

Four or More Axle Single Unit 65,000

Combination of Vehicles with Three Axles 55,000

Combination of Vehicles with Four Axles 70,000

Combination of Vehicles with Five Axles 90,000

Combination of Vehicles with Six Axles 110,000

Combination of Vehicles with Seven Axles 130,000
Gross Tandem Axles

Single Axles 20,000

Tandem Axle 40,000

Tridem or Quad Axle 60,000

5 ‘Guidelines for Movement Over South Carolina Highways of Oversize and Overweight (OSOW) Vehicles and
Loads’ : Statue Authority — SC Code of Law Section 56-5-4010 through 56-5-4230 and 57-3-130 through 57-3-190
(Full Document in Appendix C)



2.2 Structure Types

The structures investigated were assumed to be typical bridges with uniform stiffness and with girder
spacings and span lengths within the range of application for the distribution factors of the AASHTO
Standard Specifications for Highway Bridges (LFD) and AASHTO LRFD Bridge Design Specifications (LRFD).
The analysis utilized base span lengths, ‘¢ shown in Figures 2-1 through 2-3, ranging from 10 feet to 200
feet (increments of 5 feet from 10 to 70 feet and increments of 10 feet from 70 to 200 feet).

Simple span (Figure 2-1), two-span continuous (Figure 2-2), and three span continuous structures (Figure
2-3) were considered. For the two-span continuous structures, the span arrangement of equal span
lengths was used (‘¢-¢’). For the three-span continuous structures, the span arrangement of ‘¢-1.3¢-¢
(¢=length of Spans 1 and 3) was used.

e P
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Figure 2-1: Simple Span Structures
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Figure 2-2: Two-Span Structure with Equal Spans
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Figure 2-3: Three-Span Structure

2.3 Force Effects

Influence line ordinates were determined for each of the force effects listed below for the different span
configurations described in the preceding section. The analysis assumed a prismatic cross-section for the
entire structure length. Influence line ordinates obtained at 20" points were found to provide sufficient
accuracy for this analysis.

The critical live load force effects (moments and shears) of interest were:

e For simple span structures:

0 Positive moment at midspan

0 Positive end shear
e For two-span continuous structures:

0 Positive moment at 0.4L of first span
Negative moment at interior support
Positive end shear
Negative shear left of interior support
Positive shear right of interior support

O O O O



e For three-span continuous structures:

(0]

O OO0 Oo0Oo

Positive moment at 0.4L of first span
Positive moment at 0.5L in center span
Negative moment at interior support
Positive end shear
Negative shear left of interior support
Positive shear right of interior support

2.4 Load Factors and Impact

Impact was included in the evaluation of the study vehicles in comparison to LRFR’s HL-93 Design
Loadings. In order to compare across categories (compare Legal Trucks and Permit Trucks to HL-93
Design Loadings) impact factors affect the results and must be included in the study. For LRFR

evaluations and comparisons, an impact factor of 33% and the appropriate load factors were applied to

all trucks (Permit, Legal, and Design), but not the lanes according to AASHTO LRFD Code.

A load factor of 1.75 is applied to the HL-93 Design Loadings according to Table 6A.4.2.2-1 ‘Limit States
and Load Factors for Load Rating’ in AASHTO Manual for Bridge Evaluation 2016 (See Figure 2-4 below).

Table 6A.4.2.2-1—Limit States and Load Factors for Load Rating

Design Load
Dead Load | Dead Load | Inventory | Operating Legal Load Permit Load
[Bridge Type | Linut State* Yo Yow Yir Yoz Yir Yoz
Strength I 1.25 1.50 1.75 1.35 Tables 6A . 4.4.2 3a-1 -
and 6A.4.4.2.3b-1
[Steel Strength IT 1.25 1.50 = — — Table 6A.4.5.4.2a-1
Service IT 1.00 1.00 1.30 1.00 1.30 1.00
Fatigue 0.00 0.00 0.75 - — —
Strength I 1.25 1.50 1.75 1.35 Tables 6A 442 3a-1 —
emforced and 6A.4.4.2.3b-1
ﬁoucre:e Strength IT 1.25 1.50 — — — Table 6A.4.5.4.2a-1
Service I j 1.00 - e — 1.00
Strength I 1.25 1.50 1.5 1.35 Tables 6A . 4.4.2 3a-1 —_
and 6A 442 3b-1
prestressed [ Stwength Tl | 1.5 150 — — — Table 6A.4.5.4.2a1
o Service III 1.00 1.00 0.80 — 1.00 —
Service I 1.00 1.00 — — — 1.00
Strength I 1.25 1.50 1.75 1.35 Tables 6A 4.4.2 3a-1 —
'Wood and 6A.4.4.2.3b-1
Strength IT 1.25 1.50 — = — Table 6A.4.5.4.2a-1

A load factor of 1.3 (average of load factors) is applied to all Permit Trucks (encompassing the range of

-~ -

Figure 2-4: Design Load Factors

load factors due to different criteria) according to 2013 revision of Table 6A.4.5.2a-1 ‘Permit Load
Factors’ in AASHTO Manual for Bridge Evaluation (See Figure 2-5 below).




Table 6A.4.5.4.23-1—Permit Load Factors: yL

Load Factor by
Permit Weight Ratio”
GVW 20< GVW/AL
ADIT (ome | AL<2 GVW/AL 3.0
Permit Type Frequency Loading Conditon DF* direction) (kip/ft) 3.0 &kipft) | (kip'ft)
Routine or Unlimired Mix with traffic Twoor 5000 140 138 130
Annual Crossings (other vehicles may | more lanes =1000 135 125 120
be on the bndge) e e
100 130 120 115
All Weights
Special or Single-Tnip Escored with no One lane NA 110
Limited other vehicles on
Crossing the bridsze
Single-Trip Mix with traffic One lane ALLADTTs 1.20
(other vehicles may
be on the bridge)
Multiple- Mix with traffic One lane Al ADTTs 140
Trips (less (other vehicles may
than 100 be on the brndge)
crossings

Figure 2-5: Permit Load Factors

A load factor of 1.45 is applied to all Legal Trucks according to the 2013 revision of Table 6A.4.4.2.3a-1
‘Generalized Live Load Factors for Routine Commercial Traffic’ in AASHTO Manual for Bridge Evaluation
(See Figure 2-6 below).

Table 6A.4.4.2.3a-1—Generalized Live Load Factors, vy for
Routine Commercial Traffic

Load Factor for Type 3
Traffic Volume Tape AnIoTvee -5 ap
(one direction) Lane Loads
Unknown 180 1.45
ADTT = 5.000 180 1.45
ADTT = 1.000 165 1.30

Figure 2-6: Legal Load Factors

For the LFR comparison (Legal and Permit Trucks to HS-20 Design Truck), no impact or load factors were
applied due to this comparison being for reference only (unfactored moments and shears).



2.5 Method of Evaluation

The critical force effects for all structure types and base span lengths were calculated for all study
vehicles. LARSA, a structural analysis software, was used to create models for each span arrangement
(1-span, 2-span, 3-span). Each of the trucks chosen were applied to a prismatic section as part of a single
lane moving load analysis. Maximum shear and moment results were enveloped and exported from
LARSA into Excel and then evaluated at the predetermined specific points of interest. As a part of the
post-processing of the LARSA data, the maximum moment and shear values at the points of interest
were sub-divided into the four categories of trucks (Legal — SU’s vs. HL-93 Design Loadings, AASHTO
Legal Trucks vs. HL-93 Design Loadings, SC Specific Legal Trucks vs. HL-93 Design Loadings, Permit vs.
HL-93 Design Loadings). Once divided into these categories, the moments and shears were normalized
to HL-93 Design Truck + Lane (1.0) by dividing the force effect of the Legal Trucks, Permit Trucks, HL-93
Design Tandem + Lane, and HL-93 Truck Train + Lane force effect by the corresponding HL-93 Design
Truck + Lane’s force effect. The normalized moments and shears (compared to the HL-93 Design Truck +
Lane) for each category were then graphed for each point of interest for Rating Factors.

For a Rating Ton comparison, only Legal Trucks were divided by their individual Gross Vehicle Weight
and the resulting moments and shears were then graphed for each point..

3 Results and Recommendations
3.1 Methodology

The following recommendations are based on the observations made from studying the results of the
Parametric Study. As discussed, the study divided the trucks into two groups to evaluate separately:
Legal Trucks and Permit Trucks compared to the LRFR HL-93 Design Loadings. In addition, the Rating
Tons of all Legal Trucks were compared to each other by dividing out the Gross Vehicle Weight of each
individual truck. One-, two- and three-span arrangements were analyzed for a suite of span lengths up
to 200’ for one-span, 200’-200’ for two-span and 200’-260’-200’ for three-span. There are 2 critical
force effects of interest for the one-span (simple) bridges, 5 for the two-span (continuous) bridges, and
6 for the three-span (continuous) bridges that were investigated. These were at locations of maximum
positive and negative live load shear and moment.

The graphs from which conclusions were drawn (for Rating Factor results) and referenced in this section
plot the maximum live load shear or moment at the critical locations for each truck for the different
span lengths normalized to the HL-93 Design Truck + Lane. The normalized shear or moment simply
means that the shear and moment results of each truck are divided by the corresponding shear and
moment result of the HL-93 Design Truck + Lane. This results in having the moment or shear of the HL-
93 Design Truck + Lane being equal to 1.0, with the values assigned to the other trucks as a ratio of the
HL-93 Design Truck + Lane.

The graphs from which conclusions were drawn (for Rating Ton results for Legal Trucks) and referenced
in this section plot the maximum live load shear or moment divided by the Gross Vehicle Weight of the
truck being graphed at the critical locations for each truck for the different span lengths. The span

lengths are plotted on the X-Axis, and the live load shears and moments are plotted on the Y-Axis. Note
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that for 2-Span Graphs the ‘X’ Axis is labeled ‘Max Span Length’ indicating ‘¢" in ‘¢-¢’ (see Figure 2-2) and
for 3-Span Graphs ‘X’ Axis is labeled ‘Min Span Length’ indicating ‘¢" in ‘¢-1.3¢-¢’ (see Figure 2-3).

The series represent each individual Legal or Permit Rating Truck (and HL-93 Design Loadings for
comparison for the Rating Factor graphs). Since the Legal and Permit Trucks are graphed separately and
there are 3 different span arrangements and 13 critical force effects of interest, and since the
presentation of graphs is further subdivided by range of span lengths, this produces 221 unique graphs
(and an additional 52 unique graphs for the HS-20 LFR Design Truck comparison) where the controlling
trucks can be observed. These are all located in Appendix C, while only “representative” graphs are
shown in the body of the report to summarize the results of all the plots which show similar conclusions.

For rating of Design Loads, HDR recommends following the standards and processes of the Manual for
Bridge Evaluation (MBE). HS-20 Design Live Loading (Design Truck and Lane Loading) must be used for
rating according to the MBE 6B.6.2 (the max of Design Truck or Lane Loading). The extreme live load
force effect to be used in the basic rating equation 6B.4.1-1 (MBE) should be determined using the HS-
20 Truck or Lane Loading as defined in the AASHTO Standard Specifications and shown in the MBE
Figures 6B.6.2-1 and 6B.6.2-2.

3.2 Legal Loads

The various families of Legal Loads were analyzed and compared within the graphs in the following
figures. These families of Legal Loads include the AASHTO Legal Loads (‘modified’ SC-Type 3, ‘modified’
SC-Type 3S2, and Type 3-3), 2-0.75 AASHTO Type 3-3 + .2kIf Lane, the AASHTO Specialized Hauling
Vehicles (SU4, SU5, SU6 & SU7) and the SCDOT Specialized Hauling Vehicles (SC SHV Types 1A, 1B, 2A,
2B, 3A & 3B, and SC-SU2). The SCDOT Specialized Hauling Vehicles cannot legally run on the Interstate.

Figure 3-1 shows the normalized end shear for simple span lengths up to 200’ for the South Carolina
Legal Trucks vs. HL-93 Design Truck + Lane, HL-93 Design Tandem + Lane, and HL-93 Truck Train + Lane.
One observation from this figure is that the HL-93 Design Truck + Lane controls (this is consistent for 1-
Span arrangements, all span lengths, and critical force effects for rating factors). Another observation
from this figure is that the SC SHV1B, 2B, and 3B Legal Trucks control for all Legal Trucks (this is
consistent for all span arrangements, span lengths, and critical force effects for rating factors). Figure 3-
2 shows the normalized end shear for simple span lengths up to 200’ for AAHSTO’s SHV-SU Trucks vs.
HL-93 Design Tandem + Lane, and HL-93 Truck Train + Lane. From this graph it can be concluded that the
SHV-SU7 Truck always controls (this is consistent for all span arrangements, span lengths, and critical
force effects) for Rating Factors. Another result found through analyzing the graphs in Figures 3-1 and 3-
2 is that the South Carolina Specialized Hauling Vehicles control over the AASHTO Specialized Hauling
Vehicles for Rating Factors (due to the normalized ratios in Figure 3-1 being greater than those in Figure
3-2).
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Figure 3-1: 1-Span Arrangements - HL-93 Design Loading Vehicles control Legal Trucks Rating Factor
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Figure 3-2: 1-Span Arrangements - SHV-SU7 controls Legal Trucks Rating Factor of AASHTO SHV Trucks

(HL-93 Design Loading Vehicles control overall Rating Factor)
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Graphs in Figures 3-3, 3-4 and 3-5 below show, for 2-span and 3-span arrangements, the HL-93 Design
Loadings (Truck + Lane, Design Tandem + Lane and Truck Train + Lane) controlling over South Carolina
Specialized Hauling Vehicles and AAHSTO Legal Trucks. Results from these graphs show that in order to
encapsulate the maximum moments and shears resulting from Legal Trucks SC SHV 1B, 2B, 3B and
AASHTO'’s 2-0.75 Type 3-3 + Lane for Rating Factors for all 2-and 3-span bridges, HL-93 Design Tandem +
Lane must be rated in addition to the HL-93 Design Truck + Lane. Another result from Figures 3-3 and 3-
4 is that South Carolina School Bus controls the Rating Factor (specifically over the SC-SU2, 2-Axle Truck)
for span lengths 20°-30" and less (this is consistent for all span arrangements, span lengths, and critical
force effects for rating factors).

Max Moment at Interior Bent - South Carolina Specific Legal Trucks vs. HL-93 Design Loading

a3

Moment - Normalized to HL

e 5C SHV1A

—p— 50 SHYIA

ol H 93 Truck Train + Lane Load il H| 93 Design Tandem + Lane Load

Figure 3-3: 2-Span Arrangements — HL-93 Design Loadings control South Carolina Legal Trucks
Rating Factor
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Figure 3-4: 3-Span Arrangements — HL-93 Design Loadings control AASHTO Legal Trucks Rating Factor
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In conclusion, based on the results of the Parametric Study, HDR recommends load rating non-Interstate
bridges using the standard Design Vehicles as described by the MBE (use the appropriate loading based
on LRFR or LFR) as well as the following Legal Trucks:

e AASHTO SC-Type 3

e AASHTO SC-Type 3S2

e AASHTO Type 3-3

e SCDOT Specialized Hauling Vehicles

e SC School Bus

e SC-SU2 (controls for spans greater than approximately 30)

e 2-0.75 AASHTO Type 3-3 + .2kIf Lane

e SHV-SU4

e SHV-SU7

For Interstate bridges, the suite of vehicles that should be rated includes the standard design vehicles as
described by the MBE (use the appropriate loading based on LRFR or LFR) as well as the following Legal
Trucks:

e AASHTO SC-Type 3

e AASHTO SC-Type 352

e AASHTO Type 3-3

e AASHTO Specialized Hauling Vehicles (SU4, SU5, SU6, SU7)

e SC School Bus

e SC-SU2 (controls for spans greater than approximately 30’)

e 2-0.75 AASHTO Type 3-3 + .2kif Lane

The SCDOT Specialized Hauling Vehicles can be omitted from Interstate bridge ratings since they are
precluded from traveling on Interstates (according to South Carolina Code of Laws Title 56 Chapter 5
Section 4140). For Rating Tonnage (or load effect per unit weight of vehicle), Table 3-1 is HDR’s
recommendation (based on the results of this study) for posting vehicles.

Table 3-1: Suite of Proposed Posting Vehicles

Proposed Vehicles
(Total Required = 14)

Single Unit 2 Axles SC-SuU2
School Bus
3 Axles SC SHV1A (65k) — Non-Interstate Only
SC — Type 3 (AASHTO)
4 or More Axles SC SHV2A (66k) — Non-Interstate Only
Su4
SU5
SU6
SuU7
Combination Unit 5 or More Axles SC SHV3A (85k) — Non-Interstate Only
SC SHV3B (90k) — Non-Interstate Only
SC — Type 352 (AASHTO)
Type 3-3 (AASHTO)
Dual Trucks 2-0.75 AASHTO Type 3-3 + .2klf Lane
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These posting vehicle recommendations come from conclusions based on the following “example”
graphs. Figure 3-4 above shows Dual Truck (2-0.75 AASHTO Type 3-3 + .2klf Lane) controlling the Rating
Factor for longer span lengths as well as other legal load comparison graphs in Appendix C and must
therefore be included among the Posting Vehicles in Table 3-1. See Appendix C for the entire set of
graphs from which these conclusions are based. For determining what vehicle to use for the 2-axle
trucks, Figure 3-6 shows the South Carolina School Bus controlling up to slightly over 30’ span lengths.
Figure 3-7 shows a typical location of SC-SU2 Legal Truck controlling for all span arrangements, span
lengths over 30’, and all critical force effects. Other typical results shown in Figure 3-7 are SC SHV1A
(65k) controlling for 3-Axle Trucks and SC SHV2A (66k) controlling for 4-or-More Axle Trucks. Figures 3-
7(a), 3-7(b), and 3-7(c) separate out the Legal Trucks in Figure 3-7 by number of axles in order to more
clearly see the controlling truck (for 2, 3, and 4-or-More axles).

Moment at .4L of Span 1 - Single Unit Legal Trucks w/o Gross Vehicle Weight (25'-40')

Vehicle Weight

without Gross

Moment

i Ty 3 =l 5C-5U2 - su4 SUS sod@asSUG »od@es SUT smiem SCSHYIA mm@em SCSHYIE =@ S0 SHYIA m i@ ST SHYJE s School Bus

Figure 3-6: 2-Span Arrangement — South Carolina School Bus controlling over SC-SU2 up to 30’
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Figure 3-7: 2-Span Arrangement — SC-SU2 Legal Truck controlling for 2-Axle Trucks; SC SHV1A
controlling for 3-Axle Trucks; SC SHV2A (66k) controlling 4-or-More Axle Trucks
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Figure 3-7(a): 2-Span Arrangement — SC-SU2 Legal Truck controlling for 2-Axle Trucks
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Figure 3-7(b): 2-Span Arrangement — SC SHV1A controlling for 3-Axle Trucks
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Figure 3-7(c): 2-Span Arrangement — SC SHV2A controlling for 4-or-More Axle Trucks
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SU4, SU7 and Type 3 Legal Trucks are included in the suite of posting vehicles for 3- and 4-or-More Axle
Trucks because they control at isolated locations for either Rating Factor or Rating Tonnage. See a
representative example of these results in Figures 3-8, 3-8(a) (3-Axle Trucks only), 3-9, and 3-9(a) (4-or-
More Axle Trucks only) below.

Max Moment at Interior Bent - Single Unit Legal Trucks w/o Gross Vehicle Weight (25'-40')

reight

ehicle V

without Gross V

Moment

- G0 GHY1A e G SHYIE smiem 5O SHYDA e S0 SHYZE ==l School Bu

Figure 3-8: 2-Span Arrangement — SC-Type 3 (AASHTO) Legal Truck controlling for 3-Axle Trucks
(up to approximately 33’ max span length)

Max Moment at Interior Bent - Single Unit Legal Trucks w/o Gross Vehicle Weight (25'-40')
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.
v\
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N
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\

Figure 3-8(a): 2-Span Arrangement — SC-Type 3 (AASHTO) Legal Truck controlling 3-Axle Trucks
(up to approximately 33’ max span length)
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Moment at .4L of Span 1 - Single Unit Legal Trucks w/o Gross Vehicle Weight (10'-20")

Shear - without Gross Vehicle Weight

Figure 3-9: 3-Span Arrangement - SU4 Legal Truck controlling for 4-or-More Axle Trucks
SU4 controls over all of AASHTO’s SU Trucks

Moment at .4L of Span 1 - Single Unit Legal Trucks w/o Gross Vehicle Weight (10'-20')

Figure 3-9(a): 3-Span Arrangement — SU4 Legal Truck controlling for 4-or-More Axle Trucks
(up to approximately 15’ max span length)
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For 5-or-More Axle Combination Trucks, Figures 3-10 and 3-11 show a representative example of the
recommended posting vehicles controlling (typical within span arrangements, span lengths, and critical
force effects). Other graphs can be found in Appendix C.

End Shear - Combo Unit Legal Trucks w/o Gross Vehicle Weight (45'-80')

Shear - without Gross Vehicle Weight

50 55 60 65 70 80

Max Span Length (ft.)

@ Type 352 =i Type 3-3 2-75Type3-3+ Llane  =m@em SCSHV3A  ==@== SC SHV3B

Figure 3-10: 2-Span Arrangement - SC-Type 3S2 (AASHTO) controlling for 5-or-More Axle Trucks
(Combination Trucks)
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Midspan Moment - Combo Unit Legal Trucks w/o Gross Vehicle Weight (45'-80")

75
Two different lines for SC " ’ ’
SHV3A and SC SHV3B (on / »
top of each other for this ,, //'/
£ location) '

without Gross Vehicle W

Moment

Figure 3-11: 1-Span arrangement - SC SHV3A and SC SHV3B controlling for 5-or-More Axle Trucks
(Combination Trucks)

3.3 Permit Loads

The Permit Trucks that were evaluated in the parametric study consisted of the SCDOT 100k, 120k and
130k Permit Trucks and the SCDOT 160k & 177.7k Cranes. As illustrated in Figure 3-12, for short 1-span
bridges less than 35’, the Permit Cranes do not control over the SCDOT “general” Permit Trucks. Figure
3-12 is representative for all span arrangements (including 2- and 3-span bridges) that for under
approximately 20’-35’, the SC-120k and SC-130k Permit Trucks control, while for over that length, the
177.7k Crane Permit Trucks control. However, it is still recommended that all 5 permit trucks from the
study be run as SCDOT finalizes their permitting procedures and methods as certain weight vehicles may
have different permitting allowances such as yearly, monthly or daily permits.

In comparison to the HL-93 Design Loading Vehicles, Figures 3-13 through 3-15 show locations where
the Permit Cranes do control over the HL-93 Design Loading Vehicles, while all the standard permit
trucks are less than the HL-93 Design Loadings. Appendix C has graphs with additional comparisons
between the HL-93 Design Loadings and the Permit Trucks for all span lengths and arrangements. For an
overall summary, please see the Executive Summary at the beginning of the report.
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Figure 3-12: 1-Span arrangement — 177.7k Permit Crane controls Permit Vehicles over 30’
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Figure 3-13: 3-Span arrangement — 177.7k Permit Crane controls
Rating Factor for Span Lengths 55’-90’
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Shear - Normalized to HL-93
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Figure 3-14: 3-Span arrangement — 177.7k & 160k Permit Cranes control
Rating Factor for Span Lengths 70’-110’
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Moment - Normalized to HL-93
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Figure 3-15: 1-Span arrangement — 177.7k Permit Crane controls
Rating Factor for Span Lengths 70’-170’
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APPENDIX A

Permit Truck Requirement Documents
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Web publication 05/01/2017

GUIDELINES FOR MOVEMENT OVER
SOUTH CAROLINA HIGHWAYS OF
OVERSIZE AND OVERWEIGHT (O50W) VEHICLES AND LOADS

Statute Authority: SC Code of Law Section 56-5-4010 through 56-5-4230 and 57-3-130 through 57-3-120
The caption and'or section headings contained in these guidelines are not binding and are only used
for reference purposes.

A, PARTIAL EXFMPTIONS FOR IMPLEMENTS OF HUSBANDRY. FIRE APPARATUS.
FORESTEY AND ROAD MACHINERY: S5C Code of Law 56-5-4020
(A) Except as provided in Section 56-5-4140(2), the provisions of this arficle governing size, weight, and
load do not apply to fire apparatus, road machinery or implements, and products of husbandry including
farm tractors, timber equipment, liquid fertilizer storage facilities. and vehicles or combinations of vehicles
used to transport, store, or spread lime nitrogen, or other soil improvement products for agricultural
purposes moved upon the highways so as not to damage the highways nor unduly interfere with highway
traffic, or to vehicles operated under terms of special permits issued pursuant to this chapter. The
exemptions do not apply to Section 56-5-4230. With regard to vehicles or combinations of vehicles used to
transport, store, or spread soil improvement products and fo transport products of husbandry exempted
pursuant to this section. the owners shall obtain an annual permit o operate the vehicle as provided in
Section 57-3-130 which prescribes the specific conditions of the exemption.
{(B) For purposes of this section, 'timber equipment' means implements of silviculture including, but not
limited to. machinery used in establishing. tending, harvesting, and protecting forest crops such as tree
shears, chippers. slashers_ log loaders, skidders, and fellers.
{C) None of the vehicles or devices exempted by this section may exceed twelve feet in width, except farm
implements which may not exceed sixteen feet in width, and thev may be moved only in clear weather
condifions durnng daylight hours.

B. DISCRETIONARY OS5/0OW PERMIT: The Department may exercise its discrefion m issuing pernuts for
transporting non-divisible loads and/or vehicles which exceed the legal size and weight limits, provided
that:

1) Non-divisible is defined as a load consisting of one single item that cannot be readily disassembled so as
to reduce the size and/or gross weight fo the legal limits. Emergency exceptions shall only be approved
by the Permit Director. See Code of Federal Regulations, Title 23, Part 658.5 for definition of non-
divisible load or vehicle.

2y Every such movement shall be routed over highways having 12 foot wide or wider lanes whenever
possible, except in emergencies or where there 15 good cause to show that such movement is in the
public interest.

3) The Department may limit or prescribe conditions of operation of such vehicles.

4) The Department may require such insurance and/or other security as it deems necessary.

5) Such movement is made so as not to damage the highways nor unduly interfere with highway traffic.

6) The permit nmst be carried in the vehicle or combination of vehicles to which it refers and must be open
to inspection by a police officer or an authorized agent of the authonty granting the permit. South
Carolina Code of Law
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E. MAXTMUM ATLOWABLE SIZES AND WEIGHTS GRANTED BY PERMIT: Any exceptions to the

maximum limits shall be submitted fo the Department with the appropriate drawings. pictures, requested
route and reasons for the move. The request shall be submitted no less than 5 davs mimmum of the
proposed move date for approval or disapproval. Any approval shall be at the discretion of the Department.

1)

2)

3)

4

3)

Overall Length:
a) Non Divisible Loads: The maximum overall length shall be 125 feet.

b) Mobile Homes: The maximum overall length shall be 100 feet (mobile home 80 feet or less).

c) Structural Material: A pole. pipe. log or other structural material exceeding 80 feet in length may not
be transported unless a permit is obtained. The load must be non-divisible. (See SC Code of Law
56-5-4020 for legal dimensions.)

Overhang:

a) Permits may be issued for a non-divisible load with a maximum rear overhang of 15 feet on a frailer
that is LZESS than 48 feet. A maximum rear overhang of 10 feet is allowed on a 48 foot or 53 foot
trailer. Flags and a rotating amber beacon or strobe light mmst be on the rear of the load OR flags on
the rear of the load and a rear civilian escort with such warning devices required by the Department.

b) A maximum of 3 feet front overhang is allowed on all trailers.

c) In all cases, loads on expandable or pole traidlers with more than a & feet rear overhang shall be
equipped with flags and a rotating amber beacon or strobe light on the rear of the load OR. flags and
a rear escort with such warning devices required by the Department.

Overall Height:

a) The maximmum overall height of any permitted load mmst be at least 3 inches less than any overhead
structures on a route granted by the permit.

b) The transporter shall be responsible for checking all overhead vertical clearances and shall make all
provisions for raising or removing overhead wires, cables, traffic signals. etc.. sufficiently in
advance and no less than a minimum of 3 working days prior to the move, to eliminate delays to the
highway traffic.

c) Route Survev: ALL loads 16 feet in height and above must provide a department approved route
survey priof to permit issuance. A front escort vehicle with a height pole shall be required during
the entire move.

Overall Width:
a) Mobile homes - 16 feet maximum
b) Non Divisible Loads - 16 feet maximum

Gross Weishts:

a) Two axle single unit vehicle 40,000 Ibs.
b} Three axle single unit vehicle 50,000 Ibs.
c) Four or more axle single unit vehicle 65,000 Ibs.
d) Combination of vehicles with three axles 55,000 Tbs.
¢) Combination of vehicles with four axles 70,000 Ibs.
f) Combination of vehicles with five axles 20,000 Ibs.
g) Combination of vehicles with six axles 110,000 1bs.
h) Combination of vehicles with seven axles 130,000 Ibs.
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xﬁ Oversize/Overweight Permission # 50624200011
Valid From: 6/24/116 To 8/20/15

South Caroling Department of Transportation

For the movement of : CRANE (SELF-PROPELLED)

Iszled o USDOT #; 544726,
ALLSTATE CRANE RENTAL INC . | SN\ ) State,fee: $10.00 ¢ )
117 MEDWAYRD ~  / “ /1) [ senthy: Fax-|(843) 57221422
GOOSE CREEK, SC 29445 | || Telephone #: (843),572-1697
Self-propelied - License'#: SM19338 (SG) Crdered by: BRANDI

Truck/Tractor VIN: 0000000000052204022

Overall Dimensions - Length; 67" Width: 12' 0" Height: 13' 6" Overhang Front: 4' 0" Rear
Gross Weight: 160,000  Trailer Length: Total Axles: 8
Axles: 1 P 3 4 ] 6 7
Weight: 20000 20000 20000 20000 20000 20000 20000 20000
Spacing: 102" 54" 814" &5 14'9" 41 g
MAXIMUM AXLE WEIGHTS: 20,000 Ibs on single axle, 40,000 Ibs on tandem axle, 60,000 Ibs on tridem
axle. Total not to exceed gross vehicle weight on permit. When transporting multiple pieces, gross
weight must be legal.
SEE ATTACHED PAGE(S) FOR ORIGIN, DESTINATION AND DEFINED ROUTES OF TRAVEL
No travel shall be allowed during inclement weather such as heavy rain or fog when visibility is restricted ta
less than 1000 feet. Travel prohibited during periods of high wind or when highways are slippery or hazardous
dug lo ice, snow or sleet,
The South Carolina Transport Police or Highway Patrol may direct a vehicle off the highway to a safe place.
Detour vertical abstructions where necessary.
The mover shall be responsible for checking all overhead vertical clearances and shall make provisions for
raising or removal of overhead wires, cables, traffic signals, etc. at least three (3) days in advance of move
In pursuant to SC Gode of Law 57-3-130 (B)(3)(c). t i the responsibility of the carrier to comply with all Federal
Motar Carrier Safety Regulations and applicable State and Federal Laws, including, but not limited to, spead, fire
size, brakes and lighting.
Far all railroad grade crossing, comply with 56-5-2725 of the SC Code of Laws.

Special Restrictions
The permittee shall provide signs, front and rear, reading WIDE LOAD or OVERSIZED LOAD with letters 12
inches high and at least 1 1/2 inches wide. Red flags must be displayed at each outer four corners of the load or
mobile home. Turn signals and brake lights in working order must be displayed.
TRAVEL PERMITTED one half (142) hour after sunrise to one half (1/2) hour before sunset Maonday through
Saturday EXCEPT travel prohibited in close praximity of large urban areas between Tam-9am all days and
3pm-6pm on school days and 4:30pm-Bpm on nen-schoal days. REDUCE SPEED WHENTRAVELING
THROUGH SCDOT WORK ZONE CONSTRUCTION SITES. Permittee is responsible for immediately replacing
to SCDOT standards all traffic control devices (signs, cones, barrels, efc.) that are knocked over or destroyed
upon contact. TRAVEL IS PROHIBITED on Friday and Saturday from Memarial Day through Labar Day over
routes east of |-95, including but nat limited to: US-378, US-327, US-76, US-576, US-501 AND SC-9. And on
LIS-17 from the NC State line to points south of Myrtle Beach and on any routes in the Myrtle Beach vicinity.
“*TRAVEL IS PROHIBITED OVER POSTED BRIDGES WITH WEIGHT. BRIDGES MAY BECOME POSTED
ALONG THE PERMITTED ROUTE DURING THE PERMIT DATE RANGE. IT IS THE RESPONSIBILITY OF
THE PERMITTEE TO CALL THE PERMIT OFFICE (B03) 737-6769 FOR ROUTE MODIFICATION. **
TRAVEL IS PROHIBITED an Sunday and from 12 noon the day before until 12 noon the day after the following
holidays: New Years Day, Memorial Day, Independence Day, Labor Day, Thanksgiving Day and Christmas Day.
Reduce speed to 45 MPH over all bridge crossings.
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xﬁ Oversize/Overweight Permission # 61215200081
Valid From: 1211516 To 211217

South Caralina Department of Transportation

For the movement of : CRANE (SELF-PROPELLED)

lasued to: USDOT #: 527566

WHITE CRANE COMPANY f _ ) State fee:, $10.00 () |

3414 AUGUSTA RDAD / / ! Sent by Email - |/~

WEST COLUMBIA, SC 29189 i ' Telephone #: (803),794-7194

Crane (300) - License # SM23084 (SC) QOrdered by: TONY

Truck/Tractor VIN: WMGE315L6DZ000234 |

Overall Dimensions - Length: 75" Width: 10" 6" Height: 14' 0" Overhang Front: Rear:
Gross Weight: 177,700  Trailer Length: Total Axles: 9

Axles: 1 2 3 4 5 B 7 & g

Weight: 15300 15600 22800 2290022800 22800 18500 18500 18500

Spacing: e &0 855 1080 55T 1400 4'10 4

MAXIMUM AXLE WEIGHTS: 20,000 Ibs on single axle, 40,000 Ibs on tandem axle, 60,000 Ibs on tridem
axle, Total not to exceed gross vehicle weight on permit. When transporting multiple pieces, gross
weight must be legal.

SEE ATTACHED PAGE(S) FOR ORIGIN, DESTINATION AND DEFINED ROUTES OF TRAVEL

Mo travel shall be allowed during inclement weather such as heavy rain or fog when visibility is restricted to
less than 1000 feet. Travel prohibited during pariods of high wind ar when highways are slippery or hazardous
due to ice, snow or sleet.

The South Carclina Transport Police or Highway Patrol may direct a vehicle off the highway to a safe place.
Detour vertical obstructions where necessary

The maver shall be responsible for checking all overhead vertical clearances and shall make provisions for
raising or removal of overhead wires, cables, traffic signals, etc, at least three (3) days in advance of mave.

In pursuant to SC Code of Law 57-3-130 (B)(3)(c), it is the responsibility of the carrier to comply with all Federal
Moter Carrier Safety Regulations and applicable State and Federal Laws, including, but not limited to, speed, tire
size, brakes and lighting.

For all railroad grade erossing, comply with 56-5-2725 of the SC Code of Laws.

Special Restrictions
TRAVEL PERMITTED SUNRISE TO SUNSET Monday through Saturday EXCEPT travel prohibited in close
proximity of large urban areas between Tam-9am all days and 3pm-6pm on school days and 4:30pm-6pm on
non-school days, )
TRAVEL IS PROHIBITED on Sunday and from 12 noon the day before until 12 noon the day after the following
holidays: New Years Day, Memorial Day, Independence Day, Labor Day, Thanksgiving Day and Christmas Day.
REDUCE SPEED WHEN TRAVELING THROUGH SCDOT WORK ZONE CONSTRUCTION SITES. Permittee
is responsible for immediately replacing to SCDOT standards all traffic control devices (signs, cones, barrels,
etc.) that are knocked over or destroyed upon contact,
TRAVEL IS PROHIBITED on Friday and Saturday from Memorial Day through Labor Day over routes east of
1-95, including but not limited to: US-378, US-327, US-76, US-576, US-501 AND SC-9. And on US-17 fram the
NC State line to points south of Myrtle Beach and on any routes in the Myrile Beach vicinity,
TRAVEL IS PROHIBITED OVER POSTED BRIDGES WITH WEIGHT. Bridges may become posted alang the
permitted route during the permit date range. It iz the respansiblity of the permittee to call the permit office for
route modification.
Reduce speed to 45 MPH over all bridge crossings.
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g Oversize/Overweight Multiple Trip Permit # RC252172715
Walid From: 3/718 To 31619
Continuous travel time (24hr/7days/365 days) is authorized.

South Carolina Department of Traneportation MUST HAVE INTERNATIONAL BILL OF LADING
For the movement of : CONTAINERIZED CARGO UP TO 100,000 LES

Issued To:

LEWIS TRUCKING LINES State Fee: $100.00

PO DRAWER 1687 Sent by: Fax - (B43) 248-2179
CONWAY, SC 28528 Telephone #: (843) 248-5984

USDOT & 1403513 Ordered by: KRISTIE

Truck-tractor - License #: P7522683 (SC) Trailer Length: N/A

Truck/Tractor Vin: SKJJABAVXAPMT2715

Overall Dimensions - Length: 75" Width: 8' 6" Height: 13' 8" Owverhang Front; Rear:
Gross Weight: 100,000 Total Axles: 5 or more

MAXIMUM AXLE WEIGHTS: 20,000 Ibs on single axle, 48,000 Ibs on tandem axle, 55,000 Ibs on tridem
axle. Total weight not to exceed gross vehicle weight of permit.

SEE ATTACHED PAGE(S) FOR ORIGIN, DESTINATION AND DEFINED ROUTES OF TRAVEL.

TRAVEL IS PROHIBITED OVER POSTED BRIDGES WITH WEIGHT. Bridges may become posted along
the permitted route during the permit date range. It is the responsibility of the permittee to select an alternate
route or call the permit office for route modifications.

The towing vehicle must be a truck or truck tractor at least three-quarter (3/4) ton or larger.

Mo travel shall be allowed during inclement weather such as heavy rain or fog when visibility is restricted to
less than 1,000 feet. Travel prohibited during periods of high wind or when highways are slippery or
hazardous due to ice, snow or sleet.

The South Carolina Transport Palice ar Highway Patrol may direct a vehicle off the highway to a safe place.
Detour vertical cbstructions where necessary, Observe all traffic, moter vehicle and other applicable SC laws.
Assume all liability and move at own risk.

In pursuant to SC Code of Law 57-3-130 (B)(3)(c), it is the responsibility of the carrier to comply with all Federal
Moater Carrier Safety Regulations and applicable State and Federal Laws, including, but not limited to, speed,
tire size. brakes and liahting.

Trailer length must be 40 feet or greater.

For any railroad grade crossing, comply with 56-5-2725 of the SC Cede of Laws.

The permittee must exercise caution and use flagmen where necessary over narrow roadways and bridges.
Movement is prohibited on Friday and Saturday from Memarial Day though Labor Day over routes East of
I-85, including, but not limited to 8, 38, 76, 327, 378, 501 and 576. Including US-17 to and from the Myrtle
Beach area from the North Carolina line to Georgetown, and any other routes in the Myrtle Beach vicinity.
This permit shall be open to inspection at any time by any uniformed officer or authorized agent of the
authority granting the parmit.
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Oversize Permit Unit
GEORGIA ANNUAL PERMIT # M1087931

The Issuance of this permit auihorizes the mavement of the vehicle or foad balow pursuant fo autharity comained m the Georgia
Code of Putic Transpanation, Chapler 3246, a3 amended, and the Regulations se! forih by fha State Transpartation Board,
Far infarmatsn, call 1 (BBS) 262-8306,

o - PERMIT INFORMATION N
Issued to: R1 CORMAN RATLROAD CO MATERIAL SALES-DOT# ' Account Ma: 99000
Cne Jay Station vaiid: 10/09/13 to 10/01/14
NICHOLASVILLE, KY 40359 DOT# 933168
Load Description: STEEL - RAILROAD MATERIAL
Tractor Make: N/A Licensa: NFA Traller License: N/A
Overall Dimensions: Width: 12'9" Height: 14'6" Length: 100'0"
Gross Weight: 100,000 on 5 axles
Origin: N/A Destination: N/A
State Fee: $150.00 Issued: 10/08/13 10:41 9840

SPECIAL CIRCUMSTANCES

Refor to GDOT Rule 672-2-.06 for escort requirements and Rule 6§72-2-.03 (i) for requirements on reporting accidentsfineidents involving
parmittod loads.

Travel allowed on all sutherized highways and roads during daylight hours 30 minutes after sunrise Bnd 30 minutes before sunset only.
Wo permitted lod is authorized to travel during Inclament westher and holldays as defined in Department Rule 672-2-.03.(c).

COPY OF THIS PERMIT NOT VALID

ALL PERMITTED LOADS WITH OR WITHOUT TRANSPONDERS MUST STOP AT EVERY WEIGH STATION,
GENERAL CONDITIONS

This permit is granted under and subject b tha vehicle laws af Gedrgis and to all applicable general and specific cenditions for oparating
ovaersize, as promulgeted and published by the State Transportation Board, In addition to complying with all applicable Federal and State
Lews and regulations, permittee must comply with applicable County and Municipal ordinances when traveling off the State Highway
System. Any false statement of & material fact on the permit application may result In the denlal of future permits to the permitbes,
Mon-compiiance with specific condltions stated in Uhe precading sections of this permit renders this permit subject to iImmediato
revocation and confiscation by any police officer or any authorized member of the Department.
This permit doos not give the permitten the right to use or damage private property In any way. The parmittee shall comply with 8l rules
posted on any bridge or road traversed. Any domage caused directly or indiractly t any read surface, bridge, or other structure, whether
maintained by the Georgia Department of Transportatien o by another, by the operation of the vehicle, i3 the responsibility of the
pormittes.
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NORTH CAROLINA '
NEPARTMENT OOF TRANSPORTATION

OVERSIZE/ OVERWEIGHT
PERMIT HANDBOOK

OVERSIZE/MOVERWEIGHT PERMIT UNIT
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Gross Weights

5, 6 or 7 axles 90,000 lbs.
(minimum 51-foot wheelbase)

{annual permit - not to cross posted roads or
posted bridges)

5 axles 94,500 lbs.*
{*112,000 pounds with minimum 51-foot wheelbase)
{annual permit - up to 10 specific routes) (PF-24)

& axles 108,000 lbs.*
(*120,000 pounds with minimum 51-faot wheelbasa)
(annual permit - one specific route) (PF-24)

7 axles 122,000 lbs.*
{*132,000 pounds with minimum 51-foot wheelbasa)
{annual permit - one specific route) (PF-24)

Annual Permit inguiries: 1-888-221-8166

Single Trip Permit

Fee $12 - $48 (state fee)
Valid 10 calendar days for one single trip

Width 15 feet maximum {mobile home
may be permitted up to 16 feet)

Length No overall length limitations,
with the following exception:
105 feet maximum for mobile
homes/total combination

Height Maximum determined by vertical
clearance along authorized route
of travel

Overweight One item route specific (exact
origin, detailed route and
destination)

Identified by Power unit license and
serial number

Issued to Registered owner of power unit
* The following weights do not apply to
self-propelled vehicles or off-road equipment.

« Maximum permit weight allowed is
determined by the number of lead supporting
axles; allowable bridge structure weights.

Axle weights:

Steer axle 20,000 Ibs,
Single axle 25,000 lbs.
Tandem axles 50,000 lbs.
Tridem axles 60,000 lbs.
4 or more axle grouping 68,000 Ibs.
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Hev, 82012
o TR, Publication C-11

NE-

Sealed Ship Containers

A sealed ship container is defined as containerized freight being transported to or from a
designated seaport and has or will be transported by marine shipment for International
trade with the original unbroken seal or a replacement seal affixed by an authorized
government agency.

A sealed ship container may qualify for a permit if:

b

All dimensions of width, height and length do not exceed limits as specified in North
Carolina General Statutes, and

Traveling to or from a designated seaport (either in state or out of state), and

Has been or will be transported intact by marine shipment, and

Power unit is licensed for 80,000 Ibs., and

Vehicle/vehicle combination has at least five axles, and

Proper documentation (shipper's bill of lading and/or trucking bill of lading) of sealed
commodity being transported is available for enforcement inspection.

VY YY

Annual Permit

Gross Weights -
5 axles - 112,000 Ibs. (94,500 Ibs. — wheelbase less than 51')
{Maximum of 10 specific routes with exact origin, detailed route of travel and exact desfination)

6 axles - 120,000 lbs. (108,000 Ibs. — wheelbase less than 517)
{One specific route with exact origin, detailed route of travel and exact destination)

7 awles - 132,000 Ibs. (122,000 Ibs. — wheelbase less than 51)
(One specific route with exact origin, detailed route of travel and exact destination)

or
90,000 Ibs. gross weight with a minimum of 5 axles and a minimum of a 51' wheelbase — good on all
roads, posted roads and posted bridges must be observed, (A combination with an extreme wheelbase
less than 51' does not qualify for this permit.}

Axle Weights -

Steer 20,000 lbs.

Single 25,000 Ibs,

Tandem 50,000 Ibs.

Tridem 80,000 Ibs.

Four or more grouping 68,000 lbs.

Width- 86" {legal)

Helght- 13'6" (legal)

Length- Legal limit as allowed by North Carolina General Statutes
Fee- 5100 per vehicle

Identified-  Truck license and last five digits of truck sefial number
Issued- To the registered owner of the power unit, if leased, copy of lease is required.
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APPENDIX B

Study Vehicle Configurations
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AASHTO Design Loads (LRFR)

32k 32k
HL-93 Design Truck
8k w/Lane (.64 kips/ft.)
| i ol TR (HS-20 Truck same
configuration without

’ | :
O O O Lane)

28.8k 28.8k 28.8k 28 8k
HL-93 Truck Train
w/Lane (.576 kips/tt.)
7.2k 7.2k
L 14 14 50' (min.) 14 14
IR S,
) () ) ()
25k 25k

HL-93 Design Tandem
w/Lane (.64 kips/ft.)

¢¢¢1‘¢¢¢¢¢¢¢¢¢¢¢¢¢¢ 0.64 kit HL-93 Design Lane
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AASHTO Legal Loads

14.8k 17.6k 17.6k
L AASHTO
(;) 15 4 SC - Type 3

15k 15k 17.6k 17.6k
AASHTO
SC - Type 3S2
16k

14k 14k AASHTO
Type 3-3

ok ok ok 12¢ 10.5k10.5k ok 9k ok 12K 10.5k10.5k

0.2 kIf

2-0.75 AASHTO
Type 3-3

+ .2 kIf Lane

(For Spans > 200°)
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South Carolina Posting Vehicles (Legal)

25k 25k

SC SHV1A (65K)
(Well Drilling Rig)

25k 25k

20k
SC SHV1B (70K)

11" | & (Well Drilling Rig)

O O O

20k 20k

SC SHV2A (66K)
(Concrete Mixing/
Aggregate Hauling)

20k 20k 20k 20k
SC SHV2B (80K)
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South Carolina Posting Vehicles (Legal) - (cont.)

19k 19k
22' 4' ;)

SC SHV3A (85K)

1Tk

20k

58

20k

SC SHV3B (90K)

e
gL
i

12.035K SC Representative
é 20'10" School Bus
é SC-SU2
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AASHTO Specialized Hauling Vehicles

12k 8k 17k 17k
SHV-SU4
12k Bk 8k 17k 17k
SHV-SU5
— ” g Tk 17K
SHV-SU6
11.5k 17k 17k
T P SHV-SU7

South Carolina Standard Permittin

Vehicles

22.5k 22.5k

22.5k 22.5k

SC — 100k Permit
(Assumed Similar to
NCDOT and IDOT)
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South Carolina Standard Permitting Vehicles — (cont.)

24k

24k

20k

20k 20k

OO

SC — 120k Permit
(Assumed Similar to
NCDOT and IDOT)

20k 20k 20k

SC — 130k Permit

20k 20k 20k 20k 20k 20k 20k 20k
SC Crane #544726
(160k)
208k 229k 228k 22.8k
i N | . 185k 185k  18.5k
’ ' SC Crane #527568
(177.7k)
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APPENDIX C
Live Load Results (All Spans — All Trucks)

Note: 2-Span Graphs — ‘y’ Axis is labeled ‘Max Span Length’ indicating ‘¢" in ‘¢-¢
3-Span Graphs — ‘y’ Axis is labeled ‘Min Span Length’ indicating ‘¢ in ‘¢-1.3¢-¢’
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Legal Trucks: 1-Span (Normalized to HL-93 Design Truck) — End Shear

Shear - Normalized to HL-93

1.05

0.85

0.65

0.45

0.25

End Shear - AASHTO Legal Trucks vs. HL-93 Design Loading

10

15 20

=8 Type 3

25

30 35

—&— Type 352

40

45 50

=@ Type 3-3

55 60 65 70 80 90
Span Length (ft.)

~fi== H|93 (Variable) + Lane Load
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«o . SC-SU2

wfli== H|93 Design Tandem + Lane Load




Shear - Normalized to HL-93

1.3

1.2

1.1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

10

15

20 25

——SU4

End Shear - AASHTO SU Legal Trucks vs. HL-93 Design Loading

30 35

=@==S5U5

40 45

=@==SU6

50

55

Su7

60

65 70 80 90 100
Span Length (ft.)

=== HL93 (Variable) + Lane Load

45

110 120 130 140 150 160

e=@==H| 93 Design Tandem + Lane Load

170

180

190

200



Shear - Normalized to HL-93

1.2

0.4

0.2

10

15

End Shear - South Carolina Specific Legal Trucks vs. HL-93 Design Loading

"...‘...l.....‘.
Oono.oooo..oo-
0.0000.0-.....-....00.‘... &
. 00.0..00.'
Cecoifieces LX T
L .ooo..oooom..oo.‘oooo'. o
cee oc-o.oa.o.

20

25 30 35
===@==SC SHV1A
SC SHV2B

oo oo School Bus

40

45

50

55 60 65 70 80 90
Span Length (ft.)

=@ SC SHV1B
=—=@=—SC SHV3A
e=f= H| 93 (Variable) + Lane Load
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100 110 120 130 140 150 160

=@ SC SHV2A
==@=—=SC SHV3B
e==fif== H| 93 Design Tandem + Lane Load

170

180

190

200



Permit Trucks: 1-Span (Normalized to HL-93 Design Truck) — End Shear

Normalized to HL-93

Shear -

1.3

1.2

1.1

0.9

0.8

0.7

0.6

0.5

End Shear - Permit Trucks vs. HL-93 Design Loading

10 15 20 25 30 35 40 45 50

ssd@e+s Crane (160k) »« @ «+ Crane (177.7k) ==@==SC-100k

55

60 65 70 80 9 100 110 120 130 140 150 160 170 180 190
Span Length (ft.)

s SC-120K i@ SC-130K wmellim= H 93 Design Truck + Lane e==fll=== H|93 Design Tandem + Lane Load
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Legal Trucks: 1-Span (Without Gross Vehicle Weight) — End Shear

End Shear - Single Unit Legal Trucks w/o Gross Vehicle Weight (10'-20')

15

1.4

bt
w

Shear - without Gross Vehicle Weight
- = o

o
o

08

0.7
10 15 20

Span Length (ft.)

@ Type 3 === SC-SU2 ++ @ +SU4 ++ @ +SUS s+ @+eSUG ++ @ +25U7 em@em SCSHV]A em@em SCSHVIE em@em SCSHV2A em@e= SCSHV2B ——@==School Bus
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Shear - without Gross Vehicle Weight

End Shear - Single Unit Legal Trucks w/o Gross Vehicle Weight (25'-40')

1.7

16

[y
w

=
»

[y
w

—
(8]

11

25 30 35 40
Span Length (ft.)

= Type 3 =B==SC-SU2 ¢+ @+ SU4«+ @ ++SUS se@esSUG ++ @+ ¢ SU7 em@am SC SHV1A em@em SC SHV1B == @em SC SHV2A e=@e= SC SHV2B === School Bus
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Shear - without Gross Vehicle Weight

End Shear - Single Unit Legal Trucks w/o Gross Vehicle Weight (45'-60')

18

1.75

1.7

1.65

16

1.55

15

14

135

@ Type 3 =@ SC-SU2 ++ @ ++ SU4

X 1L

50 55 60
Span Length (ft.)

SUS ¢o@eeSUG +« @ ¢4 SU7 am@em SCSHVIA em@em SCSHV1B =@ SCSHV2A == @em SCSHV2B ==@==School Bus
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Shear - without Gross Vehicle Weight

1.85

1.8

1.75

1.7

1.65

1.6

1.55

1.5

End Shear - Single Unit Legal Trucks w/o Gross Vehicle Weight (65'-80')

.
o 00-0""..
o

65 70 80
Span Length (ft.)

=@ Type 3 e=@===SC-SU2 <+ @ SU4 SU5 ec@ee SUG *»@ce SU7 em @== SC SHVIA «=@= SC SHV1B == @= SC SHV2A == @= SC SHV2B e===@===School Bus

51



Shear - without Gross Vehicle Weight

End Shear - S

1.85

ingle Unit Legal Trucks w/o Gross Vehicle Weight (90'-110')

-— - - -— - = =
- -— - = -—— = = - -— o = == -
-— -— e = eooococe?® LR
1.81 - = - = - -— .,...000....-..-.000

1.79

1.77

1.75

1.73

1.71

1.69

1.67

1.65 o’

e Type 3 em=@ue= SC-SU2 ¢« @+ SU4

100 110
Span Length (ft.)

SUS ec@ee SUG o*@ee SU7 @m @== SC SHVIA == @== SC SHV1B == @== SC SHV2A == @== SC SHV2B ===@=== School Bus
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Legal Trucks: 1-Span (Normalized to HL-93 Design Truck) — Midspan Moment

Midspan Moment - AASHTO Legal Trucks vs. HL-93 Design Loading
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Midspan Moment - AASHTO SU Legal Trucks vs. HL-93 Design Loading
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Permit Trucks: 1-Span (Normalized to HL-93 Design Truck) — Midspan Moment

Midspan Moment - Permit Trucks vs. HL-93 Design Loading
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Legal Trucks: 1-Span (Without Gross Vehicle Weight) — Midspan Moment

Midspan Moment - Single Unit Legal Trucks w/o Gross Vehicle Weight (10'-20")
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Legal Trucks: 2-Span (Normalized to HL-93 Design Truck) — End Shear

End Shear - AASHTO Legal Trucks vs. HL-93 Design Loading
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Permit Trucks: 2-Span (Normalized to HL-93 Design Truck) — End Shear

Shear - Normalized to HL-93
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Legal Trucks: 2-Span (Without Gross Vehicle Weight) — End Shear

End Shear - Single Unit Legal Trucks w/o Gross Vehicle Weight (10'-20')
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End Shear - Single Unit Legal Trucks w/o Gross Vehicle Weight (120'-140')

1.85
-_——‘
-----.--———---
-—--—.--———--— e
e - === == ST
- | 3oy -_----—:-.......Tk ............ - — 8
-- lllllllllllllll
e sssseassenssned : X
—--_-- =
o -__- GOV YT LILL
. o o B T e SRR
*--— ...... _.,,,:...__.___
1I7? ‘._-.. ,.,,__._..:
1.75

.
LA
sannd
sess?®

l.l..
.Il'l
.......-

1‘?3 .....a-.-a.ov

1.71

saseaans @
. .............. ssee
v .o--at--uc-
1.65
120 — 140
> Max Span Length (ft.)
Tvm 3 SCSU2 »o®@+sSUL v+ @+« SUS 0o @eeSUG o @ 25 SUUT o @am SC SHV]A e @em SC SHY 1B == @em SC SHV2A e==@== SC SHV2B .

87



Shear - without Gross Vehicle Weight

End Shear - Single Unit Legal Trucks w/o Gross Vehicle Weight (150'-170')

1.85 - = = = -

4 . - e TTTTTITITITIIIE
.-F- e m = = = = =g = T
1”83 = - — — ———— e esaaasss e Pttt
...........................
-l
- wm == = -— am = =
- - - - _F = 2 - Tt i e s rene 9
s
181 >~ - - - - e
1.79
o-no.oo-'|u.o.
L77 ....-...,,....ounuoo---

see
Ll
o ....-'ol'
sane?
sane?

@ereet’

1.75
e T Lk s ]
canuase® P TY F R s

. --o---ua-o oooooo

.... ------ .
171
150 : 170

Max Span Length (ft.)

e Type 3 el SCSU2 20 @eeSU4 <+ @ oSUS se@eeSUE ¢+ @erSUT7 em@em SCSHVIA em@em SCSHYIE ==@e= SCSHY2A e=@es SCSHYIE e School Bus

88



Shear - without Gross Vehicle Weight
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Legal Trucks: 2-Span (Normalized to HL-93 Design Truck) — Negative Shear Left of Interior Bent

Note: Spike at 50’ in the graphs for Max Negative Shear Left of Interior Bent is due to the spacing of the Truck Train Vehicles at 50’ (causing a
spike at that location)

Negative Shear Left of Interior Bent - AASHTO Legal Trucks vs. HL-93 Design Loading

1.2

0.8

0.6

Shear - Normalized to HL-93

04

0.2
10 15 20 25 30 35 40 45 50 55 60 65 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Max Span Length (ft.)

—lf Type 3 e Ty pe 352 e Type 3-3 2-75 Type 3-3 + Lane

sodes SCSU2 el H193 (Variable) + Lane Load sl HL93 Truck Train + Lane Load el HL93 Design Tandem + Lane Load

95



Shear - Normalized to HL-93
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Shear - Normalized to HL-93
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Permit Trucks: 2-Span (Normalized to HL-93 Design Truck) — Negative Shear Left of Interior Bent
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Legal Trucks: 2-Span (Without Gross Vehicle Weight) — Negative Shear Left of Interior Bent
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Negative Shear Left of Interior Bent - Single Unit Legal Trucks w/o Gross Vehicle Weight (10'-20')
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Shear - without Gross Vehicle Weight
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Negative Shear Left of Interior Bent - Single Unit Legal Trucks w/o Gross Vehicle Weight (25'-40")

25 30 35 40
Max Span Length (ft.)

—8—Type3 =—8—SCSU2++@++SU4++ @+ +SUS++@++SUG++ @ ++ SU7 mm@um SC SHV]A mm@um SC SHV1B == @em SC SHV2A == @e= SC SHY2B ==@==School Bus

100



Shear - without Gross Vehicle Weight
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Negative Shear Left of Interior Bent - Single Unit Legal Trucks w/o Gross Vehicle Weight (45'-60')
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Shear - without Gross Vehicle Weight

Negative Shear Left of Interior Bent - Single Unit Legal Trucks w/o Gross Vehicle Weight (65'-80")
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Shear - without GrossVehi