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Presenter
Presentation Notes
Thank you very much for the introduction W.

It is my pleasure to speak with you this morning about TDOT’s Pilot Project with SRH-2D software in Hydraulic modeling of the SR-76, Hatchie River Bridge replacement Project in West TN.

This project is the first project that TDOT elected to use this software.
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5. SMS SRH-2D model results
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Briefly what I will speak about.

I will describe the site, talk about justification of the project, discuss why we chose SMS SRH-2D for this particular project, I will describe the SMS model details, and then I will describe some of the results that we’ve got from the model.


1. Site description
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So, site description.
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Presentation Notes
The project lies largely on the Hatchie National Wildlife Refuge. 

SR-76 runs through the refuge.

Hatchie River is a Tennessee Scenic River and a Class 1 Natural River Area.

It is the only river system in West TN that has not been straightened or channelized.
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The bridges are on parallel routes, SR-76 and I-40. 

The floodplain distance between the routes is approximately 1850 ft. 

The bridge being replaced in the project is on SR-76 over the Hatchie River. 

You can see denoted by the yellow pins the SR-76 and I-40 bridges over the Hatchie River.

SR-76 overflow bridges are denoted by blue pins and I-40 overflow bridges are denoted by green pins.

The only bridge replaced is where the yellow pin is on SR-76.

There are 13 overflow structures on Sr-76 and 4 overflow structures on I-40.

All of the 19 structures are included in the model.
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Presentation Notes
The bridge being replaced is an overhead high steel truss bridge constructed in 1947. 

So, it is near its useable life.

All the other bridges are concrete girder bridges.


~ ™

Bridge Data for SR-76 over Hatchie River

I L

Type 4 — span Concrete Girder Truss main span and 9
Bridge concrete approach spans

Length (ft) 425 416

Width (ft) 46 24
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Read the table.

You can see that we are slightly lengthening the total spans and almost doubling the width.

Also, we are removing some piers.
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The truss main span is 100 ft. and the approaches are roughly 43 ft. each varying slightly.
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This is a shot of the main span taken last year.
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Here you can see taken from the deck one of the overflow bridges.

Typical girder span for the overflow bridges is 28’ – 6”.


2. Justification for project




° Originally constructed in 1947
¢ Insufficient lane width and number

® Minor section loss, cracking, spalling and scour observed in

inspection reports
® Scour critical rating
* Inspection reports indicate need of repair

® Classitied tunctionally obsolete, structurally deficient, and

fracture critical

° Sufficiency rating of 11.9 out of 100.
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Why replacing SR-76 over the Hatchie River?

The bridge was originally constructed in 1947.

For the current traffic both the lane width and lane numbers are Insufficient to handle that traffic.

The steel members do have minor section loss, there is some cracking, some spalling in the concrete, and has been some scour observed in inspection reports to the point that the bridge has received scour critical rating.

The inspection reports do indicate the need of repairs.

The truss is classified functionally obsolete, structurally deficient, and fracture critical.

The sufficiency rating is quite low, as you can see, it is 11.9 out of 100.


3. Why SMS SRH-2D?
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So, why did we choose such a large project with 19 bridges for SMS SRH-2D?


Meandering river with good floodplain connection
Extremely wide tloodplain (approximately 19,000 feet)
19 bridges within the floodplain on 2 parallel routes

Quick access to accurate data such as velocities, water depth, and

water elevation for multiple structures in the same model

Ability to assign custom hydraulic data
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First of all, Hatchie River is a meandering river with a good floodplain connection, and extremely wide floodplain – approximately 19,000 ft.

It is a complicated problem, there are 19 bridges on 2 parallel routes. This is a complicated hydraulic problem.

We need quick access to accurate data such as velocities, water depths, and water elevations. 

For multiple structures to have all that in the same model is a big advantage.

Finally, in SMS with a 2D model as oppose to 1D model you have the ability to assign custom hydraulic data to the entire floodplain and channel.




4. SMS SRH-2D model details



Presenter
Presentation Notes
So, the details of the SMS model which I created for the project.


Six materials (trees, channel, road, grass, ..

All 19 bridges included in 1 model
26 mi? area

Utilized existing Lidar data from NRCS

)
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The model has 6 different materials: trees, channel, road, grass, etcetera.

All 19 bridge structures are included in the same model.

The model is a 26 mi2 area (26 mi area of Lidar data (3300x3300x11x6=26 mi2).

And we were able to utilize existing Lidar data from NRCS (Natural Resources Conservation Service) to help create this hydraulic model in SMS.


Channel 0.035
Road 0.013
Grass 0.060
Trees & Grass 0.100
Trees 0.120
Overflow 0.050

Rip-Rap 0.045
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As an example, some of the data used as INPUT  in SMS for the channel material we used a manning’s coefficient of 0.035, for the road 0.013, for the grass 0.06 and so on.

You can see that each material can have its on manning’s coefficient.

It is certainly one way to do a hydraulic modeling.
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This is the area which encompasses the model.

It is a 11 x 7 tiles. One tile about 3300 ft x 3300 ft and represents 1 Lidar LAS file. 

The source for the Lidar file is Natural Resources Conservation Service.

Lidar from NRCS is in Geographic Coordinate System (Lat/Long)

TDOT survey and design uses the Tenn. State Plane coordinates system (feet).

TDOT’s GIS team created a standard map tile grid for the Lidar data received from NRCS to match the county assessors maps, and that is what you actually see in this image.
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In this slide, the scatter points are turned on in SMS.

So, for the final SMS model, after a lot of processing of Lidar data, I ended up with 498,000 Plus scatter points, and almost 1 million scatter triangles.

Note that each Lidar tile was processed and opened in SMS, then all 11 x 7 tiles, so 77 tiles, were merged together. 

That’s how I came up with this large scatter set.
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In this slide, the contours are turned on in SMS, and you can see the quality of the contours, after being processed as stated in the previous slide.


ol

Processing LIDAR Data for SMS
SRH-2D

e Used to describe the topography in SMS
* Conversion to readable format required

® Requires high power computing (experienced frequent

crashes using unfiltered data)
® Geopak was used to do the initial filtering

® Data was further reduced once loaded in SMS
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Now let’s talk a minute about Lidar data processing for use in SMS.

Lidar stands for Light Detection And Ranging. 

The Lidar data is used to describe the topography in SMS, primarily the topography of the floodplain. 

The Lidar data in its native LAS file format has to be converted to something that SMS can read.

It thus require some high power computing.

In my experience with this Pilot Project at TDOT we had frequent crashes using unfiltered data.

Therefore, we used Geopak to do the initial filtering of the Lidar data.

Once we got the filtered data into SMS we further reduced it within SMS.

So, we used both Geopak and SMS to do multiple levels of filtering for the original Lidar data.

I found that SMS is starting to act up if scatter data gets to be  up to 500 MB and the particular computer I modeled this project on had 8 GB RAM and we’ve got frequent crashes on that machine when the data got to 150 MB.


Processing LIDAR Data for SMS
SRH-2D

Method 1

* Start with a Microstation dgn file which used the
ImageStation DTMQue software to import a LAS file

o All global coordinates are correctly translated into SMS
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So, let’s talk about a couple of different methods of processing Lidar data for SMS.

This first method is the preferred method. In fact is the only method I could use in Microstation Geopak.

We will start with a Microstation dgn file which has been created from the original Lidar LAS file using ImageStation DTMQue.

The huge advantage of this method is that all global coordinates are correctly translated into SMS.

TDOT’s photogrammetrists used the ImageStation software.  

If Lidar data is not in our state plane then ImageStation DTMQue is used to convert it.

As I mentioned earlier, Lidar from NRCS is in Geographic Coordinate System (Lat/Long) while TDOT’s Survey and Design uses the Tenn. State Plane coordinates system (feet).



” Processing LIDAR Data for SMS

SRH-2D

Method 2

e Start with a LAS file using Geopak without using
ImageStation DTMQue software

® The resulting XML file exported by Geopak lacks all of the

required global coordinate data
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Method 2 is not recommended. I mention it because I did try this method, and not until I actually had filtered the data and got it into SMS I discovered that would not give me information I needed in SMS.

If you start with a Lidar Las file without the intermediate step using ImageStation DTMQue software, the resulted XML file exported by Geopak lacks all of the required global coordinate data.

This is the problem and due to this fact it is not of much use in SMS.



Method 1: used by TDOT

In Microstation Geopak

*  Open Civil Workflow

e DTMTools

* Extract Graphics

* Create Spots and Append Breaklines

Filter the DAT file created in the previous step
* Open Civil Workflow

e DTMTools

e TFilter vertices

* Input the z - tolerance and Xy — tolerance

Convert filtered DAT file to TIN file
*  Open Civil Workflow

e DTMTools

* Build Triangles

Convert TIN file to LandXML file
* Open Civil Workflow

e DTMTools

* Export LandXML
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Now I will go in a little more detail for Method 1 because we found to be the most useful at TDOT.

Read first step, 
Read second step, then - we’ve got about 78% reduction in the file size and the contours still looked accurate.
Read third step
Read forth step, then – I found that LandXML file worked well in SMS.

So you can see that each step is done in Geopak in Civil Workflow with DTM Tools.




5. SMS SRH-2D model results
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Some of the results obtained from SMS model.


Mesh Module Vel_Mag

Mesh Module Velocity
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This slide shows the velocity graphical representation for the entire project.

I will mention velocities values in a later slide.



Mesh Module Water_Depth_ft
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This slide shows the water depth graphical representation for the entire project.

I will mention water depths values in a later slide.
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This slide shows the water elevation graphical representation for the entire project.

I will mention water elevations values in a later slide.



Mesh Module Vel_Mag

Mesh Module Velocity
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So, this is a magnified view of the velocity graphical representation. 

It shows that in the vicinity of SR-76 the maximum velocity is about 3.6 fts for the 100 yrs. recurrence interval.

We also analyzed  the 500 yrs. recurrence interval. I will just talk about the 100 yrs. recurrence interval.

The higher velocities are at I-40 bridge, the value is more than doubled compared with SR-76, almost 10 fts.

At least part of this is explained by the fact that there are 13 overflow structures on SR-76 and only 4 on I-40.

Notice the velocity vectors direction and size to get an idea of the velocity distribution on the flood plain and velocity magnitude. 

The red area indicate higher velocities.


Mesh Module Water_Depth_ft
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On SR-76 the water depth for the 100 yrs. event in the vicinity of the bridge is 20.4 ft.

There are higher water depth on I-40, got up to 28 ft.

The red area indicate deeper water.
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The water elevation on SR-76 is 298.25 ft at 100 yrs event and on I-40 is  297 ft for the 100 yrs event as well.

The SR-76 bridge doesn’t get overtopped. 


Hydraulic Data for SR-76 over Hatchie River

_____|Proposed [Existing

Drainage Area (mi?) 1,849 1,849
Design Frequency (year) 100 100
Design Discharge (cfs) 8,267.2 8,245.03
Design Velocity (fts) 3.10 3.08
Design Water Area (sft) 2,667.00 2,677.00
Design Backwater (ft) 0.17 0.14
Design Backwater Elevation (ft) 298.25 298.22
Roadway Overtopping Elevation (ft) 302.50 302.50
500 yr. Design Backwater (ft) 0.21 0.19

500 yr. Design Backwater Elevation (ft) 299.55 299.53
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The results in this table are all from SMS and represent the 100 yrs event and just the backwater info for 500 yrs event.

Read: drainage area and design frequency.

Design discharge through the proposed bridge is slightly higher compared with existing bridge. Same, velocity is slightly higher. The design discharge water area went down slightly.

The proposed backwater slightly higher by 0.03 ft compared with existing backwater.

Roadway overtopping elevation does not  change between proposed and existing conditions.

For the 500 yrs event the proposed backwater slightly higher by 0.02 ft compared with the exiting bridge.

The total design discharge that covers the entire floodplain is 57, 000 cfs  and represents the 100 yrs event.

The USGS stream gaging stations near limits of the model at Bolivar and Stanton were used for the calibration of the model.

(Design discharge under bridge determined using monitor lines (different from the discharge of 5,488.92 used in scour analysis contracted area).



Scour Data for SR-76 over Hatchie River

-

100 yr Total Scour Depth (ft)
500 yr Total Scour Depth (ft)

10.05
18.88

Table 4, Summary of 100-Year Event Scour Computations

Type of
Scour
Substructure Aggradation/ | Contraction Local Total
Degradation Scour
Left Abutment 0 5.9 17.9 23.8
Bents 1, 2, & 3 0 5.9 2.6 85
Bents 4 & 5 0 5.9 4.2 10.1
Pier 1 0 13.2 8.0 21.2
Pier 2 0 13.2 9.6 22.8
Bents 6 & 7 0 13.2 4.2 17.4
Right Abutment 0 13.2 19.9 33.1
1
Motes: 1. Aggradetion/degradation assumed to be 2ev0. No significant changes in streambed
due to aggradation/degradation.

2. Mo skew adjustments required.

3. Froehlich’s equation was used for abutment scour.
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After completing the Hydraulic Analysis that verify that the new bridge will be acceptable we performed scour analysis.

For the proposed bridge the 100 yrs total scour depth is 10.05 ft and the 500 yrs total scour depth is almost 19 ft.

The existing Scour Analysis was done using equations from the HEC-18 (Evaluating Scour at Bridges) 3rd Edition, November 1995 (FHWA-IP-90-017).
The input data in the scour analysis was from SMS FESWMS-2DH Application  done in 1997(FESWMS-2DH Finite Element Surface Water Modeling System-2 Dimensional Hydrodynamic). 



ol

Scour Data for SR-76 over Hatchie River

Pier Scour in Cohesive Materials
100 YRS CHANMNEL

Contraction Scour in Cohesive Materials
100 yrs CHANMEL

Pier Scour for Cohesive Materials:

Ultimate Scour for Cohesive Materials:

] - x, =
g S5 =K 183, Dup
¥y = 2.2K3 K;a"%5 (%) Eq. 7.35 Vpmgte = 0.94y, —— + Eq.6.6
v Va8 gny, '3
15.4 Upst flow depth (ft.

10 K, Correction factor for pier nose shape from Table 7.1 Yy pstream average flow depth (ft.

. 25 W, Average velocity in the contracted section (ft/s)
1.0 K, Carrection factor for angle of attack of flow from Table 7.2 or Eq. 7.4 . 3 : -

_ ) 0.0027 T, Critical shear stress (Ib/ft") T, = 0.05(Dg,) 04
5 a Pier width (ft) _ z i
) ) _ 0.035 n Manning n , W 4o i8f
32 W, Mean velocity of flow of directly upstream of the pier (ft/s) ) ) T, =01302— = 00027 —
v N ) o ] ] ) 1.486 Ky 1.486 (English units) m ft
1.1755 c Critical welocity for initiation of ?rnslon of the cohesive material (ft/'s) 329 e Acceleration of gravity (ft/s’)
32.2 g Acceleration due to gravity (ft/s”) . . 1939 p Density of water tslugs,n'fta]
Ve =K,y '¢D 73 = 1.1795 [ts

7.36 ¥s  Total Scour 2.69 Ysur  Ultimate Scour

Pier Shear Stress for Cohesive Materials: Initial shear stress for a specific flaw:

¥y KV ArE oy
Toigr = - Eq. 7.36 =y[—] ¥
piar 13 b { hl _} g T ]r'{ K, Yo '3 Eq. 6.7
1
) 62.366 ¥ Specific weight of water {Ibs,a'fta]
62.4 ¥ unit weight of water (Ib/ft") 25 V,  Average velocity in the contracted section (ft/s)
20.1 ¥y Depth of flow at pier (ft) 0.035 n Manning n
0.035 n Manning n of the channel bed 1.486 K, 1.486 (English units)
2 K Velocity coefficient = 2.0 for dircular piers, 2.5 for square piers 201 Yo Depth of flow in the contracted bridge section before scour
1.486 Ky Constant
T = T. contraction scour will occur for the flow period
0.08 T Initial shear stress

0.52 Tpier Shear stress at pier

FTDET 4
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These are screen shots from TDOT’s spreadsheet developed using FHWA’s HEC-18, 5th edition (April 2012).

Contraction and Pier Scour are calculated for cohesive material.

For Contraction Scour in Cohesive Materials I used Equation 6.6 and I determined the Initial Shear Stress for Specific Flow using Equation 6.7.

For Pier Scour in Cohesive Materials I used Equation 7.35 and I determined the Pier Shear Stress in Cohesive Materials using Equation 7.36.
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The reason we used cohesive soil is that we examined the Soil Survey of Haywood County, TN from United States Department of Agriculture – Natural Resources Conservation Service, and Tennessee Agricultural Experiment Station and they did indicate CL – ML type material to a depth of 60 inches. 

So, the soil is cohesive.



0 - 7 inches
Silt Loam  |average
Sand 0.2 0.00041
Silt 0.7 0.00008
Clay 0.1 0.00000
XW 0.00014
7 - 46 inches NN
Very Fine Sandy Loam Silt Loam Loam " ) 60\ 50 30\ 20\ 10
0.7 0.00041 0.2] 0.00041 0.3] 0.00041 /AT Hyzz'\
0.2 0.00008 0.7] 0.00008 0.4 0.00008
0.1 0.00000 0.1] 0.00000 0.2] 0.00000
0.00030 0.00014 0.00017
46 - 60 inches
Silt Loam Silty Clay Loam oo A 7
0.2] 0.00041 0.1] 0.00041
0.7] 0.00008 0.6] 0.00008
0.1] 0.00000 0.3] 0.00000
0.00014 0.00009
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Here you can see how I determined the D50. I used the soil triangle, read the percentage of Sand, Silt, and Clay, and came up with the weighted average for D50.

Scour analysis will be done on all bridges in the floodplain to update scour rating based on latest information.

D50=0.00030 used in the scour analysis. 
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I would like to give special thanks to Scott Hogan for assistance in debugging my SMS models.

I plan to take in the coming month a training class called “2014 LP360 Training Event by Qcoherent” to further enhance my expertize and my ability to take advantage of the real power of SMS.

2014 LP360 Training Event by QCoherent
In-depth look at using LP360 for QA/QC of LIDAR data. 
Focus on the standard and advanced levels of the product. 
Extraction and enforcement of breakline features in the ArcGIS environment. 
Learn how to use the manual and automated classification tools, including classifying ground, model key points and buildings. 
Creation of on-the-fly 3D points, polylines and polygons, cross sections and volumetric analysis.



QUESTIONS:
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