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MONTHLY PROGRESS REPORT

Contract Title: Enhanced Abutment Scour Studies for Compound Channels
Contract No.: DTFHE1-94C-00198

Principal Investigator T. W. Sturm

Reporting Date: November 15, 1994

For the Month of: October, 1994

Accomplishments/Significant Findings by Task

TASK A: Scour data collected by Aftab Sadiq at Georgia Tech in the 56-ft long, 7-ft wide
compound channel, which has a fixed-slope of 0.005, were combined with Janjua's data from a
short, horizontal-bed, 9-ft wide compound channel. Sadiq collected his data by establishing
uniform flow conditions at the downstream end of the flume for a series of discharges and a
selected abutment length. Janjua’s experimental conditions were established by tailgate control
in order to maintain a constant approach depth upstream of the abutment. For a specified
upstream depth, several discharges were run for a given abutment length. Sadiq's compound
section was symmetric, while Janjua's was asymmetric. Backwater occurred for the inital
conditions of Sadiq's experiments, but backwater was insignificant for Janjua's experiments.
Several correlations of the combined data have been attempted, and the backwater appears to
cause the most significant difference between the data of the two investigators.

TASK B: Several sand samples from commercial suppliers were sieved to obtain their size
distribution. Very uniform samples are desired with o_ of the order of 1.2 to 1.3. The sediment
on hand has a median size of approximately 3.3 mm. A sand with a median size of 2.5 mm
was ordered and delivered from a Macon supplier. Another promising sand supply with a mean
size of approximately 1.5 mm was found in Texas.

A detailed weekly schedule for this task was developed with the lab technician, and an
undergraduate student was hired to assist with the construction of the proposed compound
channel section.

Some initial supplemental experiments were run in the existing compound channel with the
existing sediment in order to establish the time rate of development of scour.

Work Planned for Next Month
Task A: Continued comparisons of Sadiq's and Janjua's data are planned along with a
consideration of any additional data from the literature. Several modeling approaches will be
considered and studied.
Task B: Installation of the 2.5 mm sand in the existing cross section Is planned with additional

supplemental experiments on the time development of scour. Design and initiation of
construction of the new compound section is planned near the end of the month.

|dentification of Problems/Recommended Solutions

No problems at this time.



Table 1. Effort Expended by Key Personnel (Staff Hrs)

Contract No.: DTFH61-84-C-00198
Reporling Date:  November 15, 1994
For the Month of: October
Employee Contract Time Cumulative Cumulative
Allocated Last Month This Month
T.W. Sturm, P.I. 737 0 43
Scott Williams, 260 0 33
Technician

Notes: (1) Staff hours rounded to nearest hour

(2) Assumed 2080 staff hours = 12 staff months




Table 2. Fiscal Summary by Task

Contract No.: DTFH61-94-C-00198
Reporting Date: November 15, 1994
For the Month of: Qctober
Cumulative %
Task Title Budgeted Cumulative This Cumulative Work Completed
Last Month Month To Date To Date
A Preview of Existing Data
and Model Development $14,105 $0 $1,990 $1,990 12
B Supplemental Data and
Experimental Setup $19,509 $0 $2,387 $2,387 12
Cc Laboratory Experiments
$22,904 $0
D Analysis and Reporting
$19,003 $0
E Oral Presentation
$5,394 $0
F Draft Final Report and
Technical Summary $6,187 $0
G Final Report and
Technical Summary $2,816 $0




Table 3. Progress by Task (Cumulative % of Effort)
Contract No.: DTFH61-94-C-00198
Reporting Date: November 15, 1994
For the Month of: October
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MEMO

TO: J. Sterling Jones

Turner-Fairbank Highway Research Center
6300 Georgetown Pike, HNR-10, Em T-111
McLean, VA 22101

FROM: Terry W. Sturm '~22%2¢@2é::55

School of Civil & Environmental Engineering
Georgia Institute of Technology
Atlanta, GA 30332

RE: FHWA Contract No. DITFH61-94-C-00198

Enclosed are four copies of the November progress report. Please
advise if you have any questions or suggestions concerning the
research progress.

c: Ms. Carcol A. Nolan (FHWA)
' OCA Reports Coordinator (Georgia Tech)

An Equal Education and Employment Opportunity Institution A Unit of the University System of Georgia



MONTHLY PROGRESS REPORT

Contract Title: Enhanced Abutment Scour Studies for Compound Channels
Contract No.: DTFHE1-94C-00198

Principal Investigator: T, W, Sturm

Reporting Date: December 15, 1924

For the Month of: November, 1994

lishments/Significant Findings as
JASK A: Consideration was given to the most appropriate form of an abutment scour model.

Sadiq's scour-depth data were analyzed in terms of approach velocity and depth, and discharge
contraction ratio, which is based on the approach discharge distribution. Improved correlations
of scour-depth data were obtained by including the effect of backwater. Comparisons were also
made between M, the discharge contraction ratio, and experimental values of the ratio of
floodplain discharge per unit width, q,,lq,r2 between the approach and contracted sections,

Very little difference was observed in the prediction of scour depths using either of these

measures of discharge distribution. Direct correlations of scour depth with estimated point
velocities in the contraction are underway.

TASK B: A total of six experimental runs with a duration of 16 hrs each were completed in the
existing compound-channel section for varying discharges to determine the time development of
scour. Scour depths were measured at cumulative scour times of 0.5, 1, 2, 4, 8, and 16 hrs for
an abutment length of 1. &t in each of the 3-ft wide floodplains. It was determined that 16 hrs
was more than adequate for the full development of the equilibrium scour hole. Detailed

topographic maps of the equilibrium scour holes were developed for two of the experimental
runs.

The test section sediment with a diameter of 3.3 mm was removed and replaced with a
sediment having a median size of approximately 2.5 mm. Scour depths were determined for six
discharges for an abutment length of 1. ft, and they were consistently higher than the
corresponding scour depths for the 3.3 mm sediment, although not by much.

Demolition of the existing 7-ft wide compound channel was begun in preparation for installation
of the 14-ft wide compound section.

Work Planne ext Month

Task A: Continued development of a scour prediction model using Sadiq’s and Janjua's data as
well as the data collected in the supplemental experiments described above is planned. In
addition, a search for any additional data from the literature that may be appropriate will be
accomplished.

Task B: Demolition of the existing compound channel will be completed, and the flume walls
will be re-sealed. Design of the new 14-ft wide compound channel will be completed.

Identification of blems/Recommended Solution

No problems at this time.






Table 1. Effort Expended by Key Personnel (Staff Hrs)

Contract No.:
Reporting Date:

DTFHG1-94-C-00108

December 15, 1994

For the Month of: November
Employee Contract Time Curmulative Cumulative
Allocated Last Month This Month
T.W. Sturm, P.1. 737 43 86
Scott Williams, 260 33 76
Technician
Peter Hughes, 650 0 12

Undergrad. Asst.

Notes: (1) Staff hours rounded to nearest hour

(2) Assumed 2080 staff hours = 12 staff months




Table 2. Fiscal Summary by Task

Contract No.: DTFH61-94-C-00198
Reporiing Date: December 15, 1994
For the Month of: November
Cumulative %
Task Title Budgeted Cumulative This Cumulative Work Completed
Last Month Month To Date To Date
A Preview of Existing Data
and Model Development $14,105 $1,990 $1,990 $3,980 25
B Supplemental Data and
Experimental Setup $19,509 $2,387 $2,440 $4,827 25
C Laboratory Experiments
$22,904 $0
D Analysis and Reporting
$19,993 $0
E Oral Presentation
$5,394 $0
F Draft Final Report and
Technical Summary $6,187 $0
G Final Report and
Technical Summary $2,816 $0




Table 3. Progress by Task (Cumulative % of Effort)
Contract No.: DTFH61-94-C-00198
Reporting Date: December 15, 1994
For the Month of; November

1994

1995

1996

TASK

A M J J A IS |10 [N |ID |J F

A.

Preview of

Existing Data

12

25

100

Planned

Actual

and Mode!

Development

B

Supplemental

Data and

12

25

100

Planned

Actual

Experimental

Setup

C

Laboratory

Experiments

D

Analysis and

Reporting

E.

Qral

Presentation

F

Draft Final

Report and

Technical

Summary

G

Final Report

and Technical

Summary




: Geomﬁid YéCh School of Civil Engineering | f

Georgia Institute of Technology
Atlanta, Georgia 303320355
USA
404289492201
January 27, 1995 4£ﬂ512589m
MEMO
TO: J. Sterling Jones
Turner-Fairbank Highway Research Center
6300 Georgetown Pike, HNR=10, Rm T-111
McLean, VA 22101
FROM: Terry W. Sturm
School of Civil & Environmental Engineering
Georgia Institute of Technology
Atlanta, GA 30332
RE: FHWA Contract No. DTFH61-94-C-00198

Enclosed are four copies of the December progress report. Please
advise if you have any questions or suggestions concerning the
research progress.

& Ms. Carol A. Nolan (FHWA)
OCA Reports Coordinator (Georgia Tech)

An Equal Education and Employment Opportunity Institution A Unit of the University System of Georgia



MONTHLY PROGRESS REPORT

Contract Title: Enhanced Abutment Scour Studies for Compound Channels
Contract No.: DTFHE61-94C-00198

Principal Investigator:  T. W. Sturm

Reporting Date: January 15, 1995

For the Month of; December 1994

Accomplishments/Significant Findings by Task

TASK A: Approach conditions of velocity and depth in Sadiq's experiments (1994) were
computed using WSPRO and utilized to estimate scour depth. Deficiencies were found in this
attempt, and these studies are continuing to determine the most appropriate manner in which to
correct or modify WSPRO results. Computer runs of Biglari's 2DH turbulence numerical model
{1995) were also made to determine local velocities near the tip of the abutment with the aim of
relating scour depths to these local, maximum velocities that occur at the beginning of scour.
Additional scour data for rectangular channels have been found in the literature, and Melville's
data (1994) for compound channels with the abutment extending into the main channel have
been reviewed.

TASK B: Demolition of the existing 7-ft wide compound channel section has been completed.
The flume walls have been prepared for re-sealing, and the full 14-ft wide flume section is now
available. Extensive calculations were made for estimating scour in five trial cross-sections
with varying slopes, abutment lengths, sediment sizes, and discharges.

Work Planned for Next Month

Task A: Continued development of a scour prediction model is planned using both 1D and 2D
hydraulic computations.

Task B: The final cross-section design of the new compound channel will be selectad. The
flume walls will be sealed and approximately 40 tons of gravel will be moved into the flume.
Construction will begin on the fixed bed of the main channel.

Identification of Problems/Recommended Solutions

No problems at this time.



Table 1. Effort Expended by Key Personnel (Staff Hrs)

" Contract No.: DTFH61-94-C-00198
Reporting Date:  January 15, 1895
For the Month of: December
Employee Contract Time Cumulative Cumulative
Allocated Last Month This Month
T.W. Sturm, P.I. 737 86 129
Scott Williams, 260 76 119
Technician
P. Hughes;
J. Campbell 650 12 99

Undergrad. Asst.

Notes: (1) Staff hours rounded to nearest hour

(2) Assumed 2080 staff hours = 12 staff months




Table 2. Fiscal Summary by Task

Contract No.: DTFH61-94-C-00198
Reporting Date: January 15, 1995
For the Month of: December
. Cumulative %
Task Title Budgeted Cumulative This Cumulative Work Completed
Last Month Month To Date To Date
A Preview of Existing Data
and Model Development $14,105 $3,980 $1,990 $5,970 40
B Supplemental Data and
Experimental Setup $19,509 $4,827 $2,743 $7,570 40
Cc Laboratory Experiments
$22,904 $0
D Analysis and Reporting
$19,993 $0
E Oral Presentation
$5,394 $0
F Draft Final Report and
Technical Summary $6,187 $0
G Final Report and
Technical Summary $2,816 $0




Table 3. Progress by Task (Cumulative % of Effort)
Contract No.: DTFH61-84-C-00198
Reporting Date: January 15, 1995
For the Month of: December
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Georgia Institute of Technology
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March 20, 1995 AR
MEMO
TO: J. Sterling Jones
Turner-Fairbank Highway Research Center
6300 Georgetown Pike, HNR-10, Rm T-111
Mclean, VA 22101
FROM: Terry W. Sturm
School of Civil & Environmental Engineering
Georgia Institute of Technology
Atlanta, GA 30332
RE: FHWA Contract No. DTFH61-94-C-00198

Enclosed are four copies of the January and February progress
reports. Please advise if you have any questions or suggestions
concerning the research progress.

ct Ms. Carecl A. Nolan (FHWA)
OCA Reports Coordinator (Georgia Tech)

An Equal Education and Employment Opportunity Instirution A Unit of the University System of Georgia
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MONTHLY PROGRESS REPORT

Contract Title: Enhanced Abutment Scour Studies for Compound Channels
Contract No.: DTFHE1-94C-00198

Principal Investigator: T. W. Sturm

Reporting Date: February 15, 1995

For the Month of: January 1995

Accomplishments/Significant Findings by Task

JASK A: Studies have continued using Biglari's 2DH numerical turbulence model (1 895). The
k-e model has successfully reproduced measured velocity distributions (Sadiq, 1994) in both
uniform flow and in the approach and exit sections of square abutments terminating in the
floodplain. The numerical model is currently being used to generate numerical values of the
local velocities near the tip of the abutment in order to relate Sadiq’'s measured equilibrium
scour depths to these local, maximum velocities that occur at the beginning of scour. Initial

contacts have been made with GDOT and USGS to begin the search for available field scour
data from last summer's flood in Georgia,

TASK B: The flume walls have been sealed and approximately 40 tons of gravel (3.3 mm)
have been moved into the flume to form the base for the fixed bed as well as to serve as the
moveable bed in the test section. The final cross-section selected is asymmetric with a 12-ft
wide floodplain and 2-ft wide main channel with 2.5:1 side slope and 0.5-ft bottom width.

Work Planned for Next Month

Task A: Continued development of a scour prediction model using 2D hydraulic computations.

Yask B: Layout of the flume cross-section will be accomplished, and pouring of the fixed-bed
will begin.

Identification of Problems/Recommended Solutions

No problems at this time.



Table 1. Effort Expended by Key Personnel (Staff Hrs)

Contract No.: DTFH61-94-C-00198
Reporting Date:  February 15, 1995
For the Month of:  January
Employee Coniract Time Cumulative Cumulative
Allocated Last Month This Month
T.W. Sturm, P.I. 737 129 158
Scott Williams, 260 119 162
Technician
P. Hughes;
J. Campbell 650 99 210

Undergrad. Asst.

Notes: (1) Staff hours rounded to nearest hour

(2) Assumed 2080 staff hours = 12 staff months




Table 2. Fiscal Summary by Task

Contract No.:
Reporting Date:
For the Month of:

DTFH61-94-C-00198

February 15, 1995
January

Cumulative %

Task Title Budgeted Cumulative This Cumulative Work Completed
Last Month Month To Date To Date
A Preview of Existing Data
and Model Development $14,105 $5,970 $1,432 $7,402 50
B Supplemental Data and
Experimental Setup $19,509 $7,570 $3,179 $10,749 55
C Laboratory Experiments
$22,904 $0
D Analysis and Reporting
$19,993 $0
E Oral Presentation
$5,394 $0
F Draft Final Report and
Technical Summary $6,187 $0
G Final Report and
Technical Summary $2,816 $0




Table 3. Progress by Task (Cumulative % of Effort)

Contract No.:
Reporting Date:
For the Month of:
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MEMO
TO: J. Sterling Jones
Turner-Fairbank Highway Research Center
6300 Georgetown Pike, HNR-10, Rm T-111
Mclean, VA 22101
FROM: Terry W. Sturm
School of Civil & Environmental Engineering
Georgia Institute of Technology
Atlanta, GA 30332
RE: FHWA Contract No. DTFH61-94-C-00198

Enclosed are four copies of the January and February progress
reports. Please advise if you have any questions or suggestions
concerning the research progress.

c: Ms., Carol A. Nolan (FHWA)
OCA Reports Coordinator (Georgia Tech)

An Equal Education and Employment Opponuniry Institution A Unit of the University System of Georgia



MONTHLY PROGRESS REPORT

Contract Title: Enhanced Abutment Scour Studies for Compound tChannels
Contract No.: DTFHE1-94C-00198

Principal Investigator: T. W. Sturm

Reporting Date: March 15, 1995

For the Month of; February 1995

Accomplishments/Significant Findings by Task

TASK A: Numerical calculations using Biglari's 2DH numerical model have been completed for
the original experimental compound section used by Sadiq (1994). it has been shown that the
numerical values of V, /V, correlate with the measured values of the independent variable,
My.fy, , used by Sadiq to explain, in part, the experimental scour depths. (V, = abutment
approach velocity; V, =velocity at tip of abutment; M=discharge contraction ratio; y,=floodplain
flow depth on the downstream abutment face; and y,=approach floodplain flow depth).
Furthermore, measured scour depths correlated directly with (V/V,.-1) in which V. =critical
velocity at the tip of the abutment estimated from flume data of Pagan-Ortiz (1991).

TASK B: The main channel and one floodplain edge have been poured as a concrete fixed bed
using the 3.3 mm gravel as aggregate, thereby producing a fixed bed of roughness similar to
the moveable bed. The fixed bed has been poured at a constant slope of 0.0022, and it will be
used to measure the flow distribution and subsection roughness parameters in uniform flow
before adding the bridge abutment and moveable-bed test section.

Work Planned_for Next Month

Task A: Continued development of a scour prediction model using 2D and 1D hydraulic
computations.

Task B: Completion of the fixed-bed construction is planned in preparation for the beginning of
the uniform-flow tests.

Identification of Problems/Recommended Solutions

No problems at this time.



Table 1. Effort Expended by Key Personnel (Staff Hrs)

Contract No.:
Reporting Date:

DTFH61-94-C-00198
March 15, 1995

For the Month of:  February
Employee Contract Time Cumutative Cumulative
Allocated Last Month This Month
T.W. Sturm, P.1. 737 158 187
Scott Williams, 260 162 205
Technician
P. Hughes;
J. Campbell 650 210 364
Undergrad. Asst.
B. Biglari, 867 0 48

Grad. Student

Notes: (1) Staff hours rounded to nearest hour

(2) Assumed 2080 staff hours = 12 staff months




Table 2. Fiscal Summary by Task

Contract No.:
Reporting Date:

DTFH61-84-C-00198

March 15, 1895

For the Month of; February
Cumulative %
Task Title Budgeted Cumulative This Cumulative Work Completed
Last Month Month To Date To Date
A Preview of Existing Data
and Model Development $14,105 $7,402 $2,502 $9,904 70
B Supplemental Data and
Experimental Setup $19,509 $10,749 $3,419 $14,168 70
C Laboratory Experiments
$22,804 $0
D Analysis and Reporting
$19,993 $0
E Oral Presentation
$5,394 $0
F Draft Final Report and
Technical Summary $6,187 $0
G Final Report and
Technical Summary $2,816 $0




Table 3. Progress by Task (Cumulative % of Effort)
Contract No.: DTFH61-94-C-00198
Reporting Date: March 15, 1995
For the Month of: February
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MONTHLY PROGRESS REPORT

Contract Title: Enhanced Abutment Scour Studies for Compound Channels
Contract No.: DTFH61-24C-00188

Principal Investigator: T. W. Sturm

Reporting Date: April 15, 1895

For the Month of: March 1895

Accomplishments/Significant Findings by Task

TASK A: Numerical calculations using Biglari's 2DH numerical model have been completed for
the new experimental compound channel cross section under construction in the flume. The
calculations confirm an expected nonuniform velocity distribution with the main channel
discharge varying from approximately 30 to 60 percent of the total discharge over the expected
range of discharges to be tested. The best correlation of Sadig's scour results with Biglari's
numerical results was obtained by using as an independent variable for predicting scour the
product of the approach velocity ratio, V,/V_, and the numerical model value of V/V, , the ratio
of velocity at the tip of the abutment to approach velocity at the beginning of scour.

TASK E:' The main channel and floodplain fixed-bed construction was completed. The channel
is 60 ft long and 14 ft wide with a fixed slope of 0.0022.

Work Planned for Next Month

Task A: Continued development of a scour prediction model using 2D and 1D hydraulic
computations.

Task B: Reconstruction of the flume head tank, leveling of the carriage rails, and detailed
surveys of the final flume bed elevations are planned.

Identification of Problems/Recommended Solutions

No problems at this time.



Table 1. Effort Expended by Key Personnel (Staff Hrs)
Contract No.: DTFHE1-94-C-00198
Reporting Date:  April 15, 1995
For the Month of.  March

Employee Contract Time Cumulative Cumulative
Allocated Last Month This Month
T.W. Sturm, P.1. 737 187 216
Scott Williams, 260 205 248
Technician
P. Hughes;
J. Campbell 650 364 454
Undergrad. Asst.
B. Biglari, 867 48 127
Grad. Student

Notes: (1) Staff hours rounded to nearest hour
{2) Assumed 2080 staff hours = 12 staff months






