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Memorandum:
To: Shawn Fitzpatrick, PE, City of Knoxville, Tennessee
FROM: Patrick Gallagher, PE, Senior Bridge Engineer

SUBJECT: Urban Wilderness Gateway, South Knoxville Bridge Analysis

SUMMARY:

In accordance with Contract No. C-20-0173 and Change Order No. 1 dated June 11, 2021, Vaughn
& Melton Consulting Engineers (V&M) performed a Load Rating Analysis of the South Knoxville
Bridge over the Tennessee River in Knoxville, Tennessee. The load rating was conducted based
upon as-built plans provided by the Tennessee Department of Transportation (TDOT) and the known
condition of the bridge at the time of the analysis. It was rated for the bridge configuration in the as-
built plans with the addition of a 12 foot wide sidewalk, and a concrete sidewalk and pedestrian/traffic
barrier placed near the east edge of the bridge deck.

The bridge consists of two approach structures and a structure crossing the main channel. The
approach structures are composed of concrete box beams skewed and with variable spacing. The
main channel structure consists of variable depth steel plate girder beams with constant spacing for
most of their length; flared at one end. It also has a line of steel stringers between the plate girders
connected to crossframes bracing the girders.

Since this is a scoping exercise, the analysis was performed with Bentley’s Leap Steel and Leap
Concrete programs. The rating was otherwise performed in accordance with TDOT’s Bridge
Evaluation Manual dated March 31, 2021 (BEM) and the 2013 AASHTO Manual for Bridge Evaluation
(MBE).

The minimum rating factors for the proposed modifications to the bridge for the design, legal, and
permit trucks are 1.21, 1.47, and 0.83 respectively. V&M recommends proceeding with the final
design of the addition of a sidewalk on the bridge utilizing a more sophisticated analysis program.
V&M believes the final design will have minimal impact on the overall rating of the bridge.

ANALYSIS APPROACH:

This analysis was intended to determine if there is a reasonable expectation that adding the sidewalk
would not overload the bridge. A Load and Resistance Factor Rating (LRFR) was performed on the
primary members of the superstructure of the bridge. Bent reactions were also considered to
validate the substructure capacity in the proposed condition.

Load rating analysis is divided up into a number of vehicles, depending upon the agency managing
the bridge. Three vehicle loading types are considered, Design, Legal, and Permit. Load rating
analysis also considers two different loading cases, Inventory and Operating. Differing axle
configurations common to Tennessee roads are reflected in the specific vehicles, differing use of the
bridge is reflected in the loading types, and different load frequency is distinguished in the different
cases.

For each vehicle, type, and case, a Rating Factor (RF) is assigned based upon the analysis. That RF
describes the adequacy of the bridge to support each vehicle for each use and frequency of loading
expected. A RF at or above 1.0 is satisfactory. Any portion of the RF value above 1.0 describes how

CONNECTING PEOPLE AND COMMUNITIES




DocuSign Envelope ID: A1916E96-0B67-47CA-BAGF-6543D6DFCAAF

much extra load of that vehicle, type, and case can be resisted by the bridge. It’s not uncommon for
some RFs to be close to 1.0 and others to be well above 1.0; it depends upon the characteristics of
the bridge being analyzed. For unusually heavy vehicles, such as the permit vehicles, it's not
uncommon for them to be below 1.0. The MBE and TDOT’s BEM lists over 20 vehicles to consider
for the inventory and operating loading cases making for over 40 evaluations to be performed. All
of the vehicles TDOT requires were evaluated for each type and case.

Structural modeling was done with a Leap Concrete and Leap Steel model. A grillage analysis
method in Leap Steel was selected due to the complexity of the steel bridge configuration. Leap
was selected as a reasonable means of determining the scope and potential success of the project.
In accordance with the BEM, AASHTO Ware and CSI Bridge should be used for a full-scale load
rating of this bridge in the final design analysis due to the size and configuration of this structure.

Leap steel does not precisely represent flared deck widths or the stringers between the girders. So,
additional loading due to the flare and stringer system was considered as added loads to a non-flared
model of the bridge with a constant deck width of 120 feet. Figures 1 through 4 describe the
structural models. Leap Steel also struggles with rating for shear in structures with longitudinal
stiffeners. To demonstrate adequacy in shear, the shear strength of the steel portions of the bridge
was compared to the maximum demand.

To overcome the concerns with the flare in Leap Concrete, the longest concrete box beam was
modeled with a straight alignment. Since the prestressed box beams are simple span, one span
length was considered. This condition captured the most impacted box beams.
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Figure 1: Structural Steel Model Rendering, Top Side
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Figure 3: Structural Concrete Model Rendering, Top Side




DocuSign Envelope ID: A1916E96-0B67-47CA-BAGF-6543D6DFCAAF

Representative cross sections of the superstructure and sidewalk are shown in Figures 5 through 7.
Figures 8 through 10 display the girder and skew configuration for each span. The concrete
approaches consist of pretensioned hollow concrete box girders spaced up to 17.3 feet apart and
spanning up to 120 feet. The main channel girders consist of variable depth steel plate girders
typically spaced at 22 feet on center and spanning up to 390 feet. Steel stringers and cross frames
support the deck between the plate girders. The sidewalk is 12 feet wide and has a 6 inch thick
concrete surface in the analysis. The concrete barrier between the sidewalk and traffic lanes is
designed with concrete and similarly sized as typical concrete bridge rails. The bridge is very wide,
yet typical design practice is to distribute loads at the edge of the deck equally to each of the girders.

Material strengths were based upon the material specifications noted in the plans. In accordance
with the material specified in the as-built plans, the primary steel elements considered steel strengths
of 50 ksi. Concrete strengths considered were those listed in the as-built plans for all concrete
elements except the deck. The concrete strength for the deck was not specifically stated in the as-
built plans. TDOT’s load rating policy was applied, allowing 3 ksi be considered in the deck.

The NBI bridge inspection report dated March 5, 2020 was used to establish the rating information
dependent upon the condition of the bridge. The superstructure is in good condition and the deck
is in satisfactory condition, coded a 6 and 7 respectively. The deck is smooth, and the bridge has
approach slabs. As a result, a condition factor 1.0 was considered and impact factors were not
increased beyond the minimum. The impact factor for the structure is based upon MBE Article
C6A.4.4.3. The ADTT was considered to be 1000 trucks per day for the rating factor calculations.

In addition to the complex structural models, a simplified approach was considered as a means to
verify the outcome of the complex analysis. The MBE does not require pedestrian live loads to be
applied at the same time as vehicular loading. The expectation is that when a design level vehicular
loading is applied to the bridge, it will not have a simultaneous design level pedestrian loading. This
simplified check compared the reactions to the piers of the bridge as it exists today and those with
a sidewalk added, both as a 6” thick overlay to the deck and with the top surface of the existing deck
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being used at the pathway where it currently meets ADA requirements.

It included the respective

barrier and lane configurations required to install the proposed pathway.

This simplified check was also considered as a means to verify the adequacy of the substructure.
While substructure elements are typically not considered in a load rating according to the MBE and
BEM, these specifications assume substructures are able to withstand the design loads placed on
the top of the bridge. Adding a pathway modifies the design load, making a reasonable effort to
verify the substructure adequacy necessary.

Figure 5: Concrete Approach Cross Half-Section, Current Configuration
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Figure 10: North Approach Spans, Current Configuration

RESULTS:

Figures 11 through 14 present moment and shear diagrams, showing the nature of the stress
distribution through the steel and concrete spans respectively.

Tabulated rating factors for the proposed configuration of the bridge are listed in Appendix A and B.
Rating factors for design and legal loads were above the threshold of 1.0. Permit load rating factors
were most often above 1.0, but lower in one case.

Shear capacity of the steel girders is 2562 kips. The maximum shear demand is 960 kips for the
Strength 1 load case, well below the capacity.

The results of the simplified approach outlined earlier is listed in Appendix C. The bent reactions for
the current condition, proposed condition with a 6” thick concrete sidewalk slab, and the proposed
condition without a 6” thick sidewalk slab were all very close to each other. With the addition of a
pedestrian walkway and 6” thick concrete overlay, the bent reaction increased by 1.25%. When a
pedestrian walkway was added without a 6” thick concrete overlay, the net bent reaction was
reduced by 6.78%. This change in reaction is directly reflected in the stresses in the superstructures
the bents support.

While the concrete model was based on the longest span and the exterior girder, it’s reasonable to
expect that a more detailed analysis would provide consistent results.
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Figure 11: HS-20 Design Load Moment, Steel Spans

ZF Analysis

Analysis options:
Type:

Line girder:

Group01:Member 01
Group01:Member 02
Groupo1:Member 03
Groupo 1:Member 04
Groupo1:Member 05
Groupo1:Member 06

Live Load Distr. Factors
Dynamic load allowance:
Design:
Fatique:

Analytic Contral:

nclude ive load analysis

Design lane -
poteo CER
Truck step:

Deck splits
per span:

Lane Setup (Fixed)
Multiple Presence Factors

FEM Meshing Settings

Use equivalent torsion 1

e baunchin section
property calculations

[ Compute flange lateral
bending per NCHRP 725

Preview analytical model

Run Analysis Q

Static resLits

Diagram
e
[No. egual splitsfspan:

All girders View Single Member

(0 Show load combinations:

Stage: (@ show load cases:

[JFinal - Self weight slab

Group0i:Member 01

Seale

1 X 1.000
Lane Load Detais

HS-20 (0% Positive
HS-20 DESIGN - Negative

Fy (kip)
134

-66

-132

Figure 12: HS-20 Design Load Shear, Steel Spans
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APPLICABILITY:

It’s our understanding that TDOT is conducting a research study for this type of bridge. The research
study is focused on live load distribution to the steel stringers and steel girders for bridges with this
unique configuration. It’s for this reason that the steel stringers were not evaluated.

It's advised that TDOT concludes their research on this type of bridge before commencing with
construction of the proposed sidewalk. Prior to construction, the rating of this bridge should be
verified with an analysis performed in conformance with the findings of that research project, and
with precise representation of the flared steel portions in CSI Bridge or AASHTO Ware. If the rating
of the bridge is not deemed adequate after applying those research findings to the bridge, alterations
to the bridge or sidewalk should be made to assure conformance to those research findings and in
a manner that preserves the bridge’s capacity to TDOT’s expectations.

Based upon our understanding of bridge performance for this type of structural system in Tennessee,
we expect TDOT’s findings to demonstrate that the stringer system is adequate. We understand that
the intent of the research is to resolve the conflict between analysis results and observed results in
the field. Apparently, the stringer systems typically rate poorly, yet show no signs of distress on
bridges currently in service. It’s for this reason we do not expect this research to hinder the

development of a walkway added to this bridge. Once again, this expectation should be verified
when that research is concluded.

CONCLUSION:

V&M believes the South Knoxville Bridge over the Tennessee River is able to load rate as favorably
with the addition of a pedestrian walkway at the east edge of the bridge.

V&M recommends considering the lightest reasonable sidewalk configuration possible so as to
minimize the addition of dead or vehicular load. We believe this can be done with the addition of a
walkway placed directly on top of the existing bridge deck when the superelevation accommodates
walkway requirements, and with a concrete rail installed between the walkway and vehicular traffic.
We also believe adding a concrete surface up to an average of 6” thick to the deck in portions where
the superelevation does not permit proper sidewalk cross slopes is feasible.

Final design and construction of the sidewalk and barriers should incorporate the elements noted
within the Applicability section of this report.

If you have any questions, please contact Patrick Gallagher at (984) 500-7124 or
prgallagher@vaughnmelton.com.

Sincerely,
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Appendix A:

MOMENT RATING ~ STEEL SPANS

ED.-’.D CASE GIFDER. 1 GIFDER. 2 GIFDER 3 GIFDEF 4 GIRDER. 3 GIFDER §
HL-03 DES INW SEEV 2 124 178 23 150 1.3 152
HL-93 DESIGY OPER. SEFN 2 190 3 337 338 iM 188
HS-20 DES INW SEEV 2 6.00 4.1 6.00 510 5.71
H5-20 DESIGIN OPER SERV 2 T80 .00 7491 741 743
H-13 DE5S INV 5ERV 2 14.02 13.33 1487 1515 1285 1297
H-15 DESIGN OPER. SERV 2 LS 2183 ELL 2320 217 il
H-15 LEGAL INV SERV 2 1402 13.33 14.87 1515 1295 1297
H-15 LEGAL OPER. SERV 2 105 2183 ELL 2329 21.71 .31
GELAVEL LEGAL INV SERWV 2 582 5.56 5.01 588 547 5.61
GEAVEL LEGAL OPER. SERWV 2 756 73 7.5 7.65 710 730
SCHOOL BUS LEGAL TNV SERV 2 1181 11.34 1156 12.10 1132 114
SCHOOL BUS LEGAL OPER. SEEV2 1640 1548 1878 10.76 1557 1=
EVILEGAL INV SERV 1 T44 706 157 50 700 505
EV1 LEGAL OPER SERV 2 057 olg 85 075 o1l a0
EV3 LEGAL INV SERV 1 400 480 507 503 460 477
EV3 LEGAL OPEF. SERV 2 640 [ 5.39 654 610 511
TYPE 3 LEGAL INV SEEV 2 840 o] L] B.68 811 B15
TYPE 3 LEGALOPEF. SEFV 2 1L18 1078 1135 112e 1035 10.73
TYPE 3-52 LEGAL INV 5ERV 2 627 631 .50 6.51 64 4910
TYPE 3-52 LEGAL OPER SERV 2 816 8320 B4 47 51 T8
TYPE 3-3 LEGALINV SEFV 2 382 506 5.08 6.03 5.8 5.68
TYPE 3-3 LEGALOPEF. SEEV 2 756 175 781 786 .65 138
U4 LEGAL INV SERV 2 792 745 B4 Ta1 735 156
514 LEGAL OFER. SEEV 1 1030 0.68 10.45 1028 056 ERH
5U5 LEGAL INV SERV 2 696 6.72 7.08 7.08 6.5 5.68
5U5 LEGAL OPER. SERV 2 bos i 2 ] 856 B.62
SUS LEGAL INV 5ERV 2 627 ] 537 6.33 507 5.05
SU6 LEGAL OPER SERV 2 216 17 b B23 .70 .86
SUT LEGAL INV S5ERV 2 5465 542 5.78 5.50 535 545
SUT LEGAL OPER. SEEV 2 135 T4 748 TAD [ 108
LL AASHTO 1 LEGAL INV SEEV 2 176 o B.11 506 TR 157
LL AASHTO 1 LEGAL OPER. SEEVI 1008 1033 053 1028 1011 EFL
LI AASHTC 2 LEGAL INV SEEV 2 i 5.50 5.32 59 543 I
LI AASHTC 2 LEGAL OFER SERV 2 84 115 5.52 6.58 15 588
LL GRAVEL 1 LEGAL INV SERV 2 582 5.56 5.91 558 547 3,61
LI GRAVEL 1 LEGAL OPER. SEFWV2 756 73 1.5 7.65 7.10 730
LL GRAVEL 2 LEGAL IMV SEEV 2 177 £ 313 333 3 205
LL GRAVEL 2 LEGAL OPEFR. SERV 2 3461 463 441 4461 454 362
(OW PERMIT MW SERV 2 TR 102 145 146 106 [FE]
\OW PEEMIT CPEE. SERV 1 125 157 2.60 150 1.52 1.61
AP] PERMIT INW SERV 2 175 ] 205 196 1m 182
AP] PERMIT OPEF. SEEV 2 320 ER1] 404 405 ER1] 311
AP PERMIT INV SERV 2 172 175 185 184 17 17
AP PERMIT OPEF. SERV 1 315 357 R E iss ils
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Appendix B:
MOMENT RATING ~ CONCRETE SPANS SHEAR RATING ~ CONCRETE SPANS
OAD CASE GIFDER 1 LOAD CASE GIFDER 1

HL-93 DESIGH INW 121 HL-93 DESIGN DNV 154
H5-20 DESIGHN INW 1.77 H5-20 DESIGN DNV 137
H-15 DESIGN INV jgs H-15 DESIGN INV 548
HL-93 DESIGH OFER 1.73 HL-93 DESIGH OPFER. 115
H5-20 DESIGN OFER 154 H5-20 DESIGN OFER ER L]
H-15 DESIGN OPER 5.56 H-15 DESIGN OPER 713
H-15 LEGAL 375 H-13 LEGAL INV B3l
GRAVEL LEGAL 1.61 GRAVEL LEGAL INV 344
SCHOOL BUSLEGAL 335 SCHOOL BUS LEGAL INW 714
[EVILEGAL 208 EVILEGAL INV 241
[EVILEGAL 147 EV3 LEGAL INV 312
TYPE 3 LEGAL 139 TYPE 3 LEGAL INWV 433
TYPE 3-52 LEGAL 184 TYPE 3-52 LEGAL INV 318
TYEE 3-3LEGAL 1391 TYPE 3-3 LEGAL INV 333
SU4 LEGAL 216 SU4 LEGAL INV 472
SUS LEGAL 193 SU3 LEGAL INV 415
SUG LEGAL 1.72 SUG LEGAL INV 378
SUT LEGAL 156 SUT7LEGAL INV 347
OW PEFMIT 1.50 OW PERMIT 147
|AP] PEFMIT 159 |AP] PERMIT 1.72
|AP] PEFMIT 127 API PFERMIT 144
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Appendix C:

BENT REACTION COMPARISONS.

LOADING CASE BEMT REACTION | % DIFFEREMCE

FROM CURRENT
|Errent Condition 3361 kips NA
Proposed with a sidewalk overlay 3403 kips 1.25

Proposed without a sidewalk overlay 3133 kips -6.78
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