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Background and Significance of the Work
• NDOT Approximately 500 slab bridges
• Built as early as 1930’s
• fy = 33 ksi, f’c about 3000 psi
• Failing Standard permit vehicles and P3
• BrR  has several options for bridge alternatives (use-cases)
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Summary Statement

Create an APPlet for rigorous analysis of slab bridges using finite element 
analysis (FEA) to determine the live load distribution factors (LLFD or 
widths) for load rating, allowing improved computations.

APPlet: A focused, parametrically defined problem that is solved with 
refined FEA methods. 
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Approach
• Develop an “APPlet” to rigorously analyze slab bridges
• Rigorous effective widths (distribution factors)

• Erigorous into AASHTOWare BrR  and Superload  for the bridges*
• Load rates for target vehicle
• User controls parametric inputs

• Benefit:  better load rating practice
• Saves $
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Parametric definition
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Assumptions
• Linear elastic isotropic material properties (uncracked concrete)

• Prismatic deck

• Pinned or roller supports

• Shell elements located at the mid-surface of the deck

• Max of three spans of individual lengths

• Axle loads will be modeled with patch loads defined by weight, gage, and truck spacing.  

• One line of axles will be positioned at a user-defined transverse location (this was automated from one 
location to three during the project)

• Optionally include barrier stiffness

• Distribution width computed at midspan (M+) and supports (M-)
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Typical Output Graphics

Typical one-lane load
For two-lane, the other patch
are loaded

Meshing is automated
Mesh study was conducted

Typical bending moment (one and two lanes)
Automatically compute distribution width
for each span M+ and support M- as desired
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MBE: Example A7
• One span slab bridge
• Length = 21.5 ft
• Width = 43 ft
• Thickness = 14 in
• Analysis section = 12 in
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Example: one span at 21.5 ft 
with a concentrated load of 32 
kips applied at midspan. The 
statics-based reactions and 
bending moment diagram for 
the bridge as a beamline are 
shown.

The equilibrium moment is 
172 ft-kip assuming a 
concentrated load. 
Considering the patch load 
over 10 in, the moment is 
168.7 ft-kip.

Ratio = 1.02

Summary: FEA and hand with 
concentrated load should be 
within plus or minus 2%

P =32 kips

21.5'

10.75'

R1 = 16 kip

32 kips

R2= 16 kip

M1 = 172 ft-kip

P =32 kips

21.5'

10.75'

R1 = 16 kip R2= 16 kip

M1 = 16(129) -  3.2(5)(2.5) = 2024 in-kip
M1 = 168.7 ft-kip

w = 32/10 =  3.2 kips/in

w = 32/10 =  3.2 kips/in



SlabDF Demonstration

• Use if available in the meeting
• Skip screenshot slides 

8/16/2026 Load Rating of Slab Bridge by Rigorous Analysis 10



Geometry and Loads (base case)
Parameter Value

Span 1 Length 21.5 ft (one-span bridge)

Width 43 ft

Thickness 14 in

Wheel load 16 kips

Edge truck position from edge of travelway 24 in

Truck gage 72 in

Truck separation 48 in

Tire width 20 in

Tire length 10 in

Left barrier width 18 in

Right barrier width 18 in

Barrier stiffness Ignore

Skew 0 degrees
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Mesh

Simple Supports

Wheel Patch Loads = 16 kips (uniform load)
(20” x 10”)

Evaluation Section Mequilibrium = 32 kips (21.5 ft)/4 = 172 ft-kip = 2064 in-kip (also beamline for design)

Optional Beam Elements
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Neglected Barrier assigns small section 
stiffness with zero eccentricity

Inputs
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Echo Report for 
Input Parameters
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Moments 
(Mxx) – 
Edge 
position 
(one lane 
loaded)

Max Mxx = 11.7 kips

Min Mxx = 0.0 kips

Analysis section = gage + one wheel width
Typical = 6 + 20/12 = 7.66 = 92 in
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Moments 
(Mxx) – 
Edge 
position 
(two lanes 
loaded)

Max Mxx = 14.9 kips

Min Mxx = 0.0 kips

Analysis section = 2 x gage + 2 x wheel width + separation
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Translations 
Both Lanes 
loaded

Translations (in)
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Midspan Translation

One lane loaded

Second lane loaded

Both lanes loaded

Unused for one span

Unused for one span
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Midspan Moments Mxx

One lane loaded

Second lane loaded

Both lanes loaded

Unused for one span
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Moments Across Evaluation Section

12.8 kip

9.9 kip
Unused for one span

Unused for one span

Mtotal – one lane (from statics1) = 172 ft-kip = 2064 in-kips
Mtotal – one lane (from statics2) = 168.7 ft-kip = 2024 in-kips

MAverage between axles – one lane = 9.9 kips
MAverage between axles – two lanes = 12.8 kips
Mtotal – one lane (from FEA) = 161.25 ft-kip = 2032 in-kips

E1 =2032/ 9.9 = 205 in
E2 =2032/ 12.8 = 159 in

1. Statics – concentrated load (2064/2024 = 1.02)
2. Statics – patch load (2024/2024 = 1)
3. FEA (2032/2024) = 1.004
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Live Load Distribution Details

Typical Values of Interest (minor rounding in 
hand computations

Computations (edge position):
E1 = 206 in
E2 = 159 in
Skew factor = 1
Percent (fraction) to slab = 1
Mx (total section) = 2032 in-kip
M1xx (average) = 9.9 kip
E1 = 2032/9.9 = 206 in
M2xx (average) = 12.8 kip
E2 = (2032/12.8 = 159
LLDF1 = 12 (in design section)
 /206 = 0.058
LLDF2 = 12/159 = 0.075
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Live Load Distribution Summary
Positions

• Both lanes loaded edge

• One lane loaded middle LLDF

Typical Values of Interest
1. One lane edge position (0.058) <<<<< critical E1 = 207 in
2. Both lanes edge position (0.076) <<<<< critical E2 = 158 in
3. Both lanes in middle position (0.067)
4. One lane in middle position (0.045)

• Both lanes loaded middle LLDF
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AASHTO 4.6.2.3

AASHTO
E1 = 137 in 
E1 = 164 in (without m=1.2) LLDF = 0.073
E2 = 128 in LLDF = 0.094
Eedge = 68 in (one wheel line)
Eedge = 134 in (lane) LLDF = 0.090
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Comparison Edge Loading

No. Lanes 
Loaded

FEA AASHTO (m = 1.2) AASHTO (m = 1.0) Ratio

1 207 137 164 207/164 = 1.26

2 158 n/a 128 159/128 = 1.24

1 edge strip 207 128.5*1.2 = 154 n/a 207/128.5 = 1.34
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Reaction Summary

Statics is checked for all load cases and positions 
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Mxx –One lane positioned in the middle 
(position 3)
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Comparison – load in middle

No. Lanes 
Loaded

FEA AASHTO (m = 1.2) AASHTO (m = 1.0) Ratio

1 267* 183 164 267/164 = 1.63

2 180 n/a 128 180/128 = 1.41

* FEA does not include m = 1.2
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Geometry and Loads (with barrier stiffness)
Property Value

Ax 612 in2

Iz 89812 in4

Iy 27266 in4

J 36000 in4

e 25.88
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Inputs

Add barrier stiffness

Width is used for 
travelway edge
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No Barrier

Max Mxx = 6.43 kips (55%)Max Mxx = 11.6 kips

With Barrier
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Max Mxx = 13.1 kips Max Mxx = 12.2 kips (93%)

No Barrier With Barrier
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Summary – Load position (no consideration of barrier rail stiffness)

No. Lanes 
Loaded

Load Position FEA/
Model

AASHTO E1 
(m = 1.0)

AASHTO E2 
(m = 1.0)

Ratio

1 Edge 207 164 n/a 207/164 = 1.26

2 Edge 158 n/a 128 159/128 = 1.24

1 Edge strip rules 207 164 n/a 207/164 = 1.26

2 Edge strip rules 158 n/a n/a n/a

1 Middle 267 164 n/a 267/164 = 1.63

2 Middle 180 n/a 128 180/128 = 1.41
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Summary – Load Position (considering barrier rail stiffness)

No. Lanes 
Loaded

Load 
Position

FEA/
Model

Percent 
to Slab

AASHTO 
E1 (m = 
1.0)

AASHTO E2 
(m = 1.0)

Ratio

1 Edge 274 73 164 n/a 274/164 = 1.67

2 Edge 187 81 n/a 128 187/128 = 1.46

1 Edge strip 
rules

274 73 164 n/a 274/164 = 1.67

2 Edge strip 
rules

274 n/a n/a n/a 274/136 = 2.01

1 Middle 261 92 164 n/a 267/164 = 1.64

2 Middle 182 90 n/a 128 182/128 = 1.42
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Success Story

• Use existing curb 
and/or new rail

• Keep existing 
superstructure

• Saving ~$450K @ 
$125/ft2
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AASHTO BrR Interface

SlabDF formatted LLDF 
table

Excel spreadsheet – 
programmed to meet specific 
needs

AASHTO BrR



SlabDF-BrR
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SlabDF-BrR
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SlabDF-BrR
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Summary
• Developed SlabDF – rigorous FEA application
• Optional Detailed Self-documenting Reports
• Static Checks are always available
• Interface spreadsheet SlabDF ->>> BrR
• Numerous examples
• How to video is available
• Nonstandard gage permit vehicles
• Already saved $450K 
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Big Picture Takeaway 

• We can develop APPLETs to perform significant, rigorous analysis
• Address specific problems (parametric definition)
• New term “democratization of simulation”
• New approach to solving complex bridge engineering problems
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Availability
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NDOT_SlabDF_2026-06-15.zip

https://puckettresearch-my.sharepoint.com/:u:/p/jaypuckett/IQCwj9fg_QccQb5FJKttalGcAaCsB55Vmv6f-7GOTDBmKT8?e=oSA5LK
https://puckettresearch-my.sharepoint.com/:u:/p/jaypuckett/IQCwj9fg_QccQb5FJKttalGcAaCsB55Vmv6f-7GOTDBmKT8?e=oSA5LK
https://puckettresearch-my.sharepoint.com/:u:/p/jaypuckett/IQCwj9fg_QccQb5FJKttalGcAaCsB55Vmv6f-7GOTDBmKT8?e=oSA5LK
https://puckettresearch-my.sharepoint.com/:u:/p/jaypuckett/IQCwj9fg_QccQb5FJKttalGcAaCsB55Vmv6f-7GOTDBmKT8?e=oSA5LK
https://puckettresearch-my.sharepoint.com/:u:/p/jaypuckett/IQCwj9fg_QccQb5FJKttalGcAaCsB55Vmv6f-7GOTDBmKT8?e=oSA5LK


Availability
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Jay Puckett
Puckett Research, LLC
JayPuckett@PuckettResearch.com 

NDOT SlabDF APPLET

• Email me
• Put NDOT SlabDF in the subject
• Free
• We will keep track of downloads until I get this automated

mailto:JayPuckett@PuckettResearch.com
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