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Is this a problem?




SWGEC 2024

l Texas Department of Transportation

Scour at Bridges
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Bridge Foundation Exposure

* Loss of axial and lateral capacity

* Substructure slenderness concerns
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Embankment Instability

* Erosion around abutments
* Slope failures

* Undermining rigid structures
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Importance of Scour
* Most common cause of bridge failures nationwide

- Existing structures required to be evaluated for scour

vulnerability
- New bridge designs required to have a scour evaluation
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TxDOT bridge inventory
» 57,588 total bridges

- 45,703 bridges over water (79.3%)
= Of these:
- 20,887 bridge class culverts (45.7%)
- 26,904 on-system (57.1%)
- 19,609 off system (42.9%)

- <1% scour critical
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Bridge Division — Geotechnical Branch

* Office of primary responsibility for scour evaluation

* Scour is multidisciplinary

Geotechnical Branch

Bridge Inspection

Bridge Asset Management

Design Division — Hydraulics

* District bridge groups and consultants
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Importance of Documentation

* Scour vulnerability evaluation
- Rapid evaluation in flood response
- Prioritization of structures for replacement

- Identify structures requiring repair
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Scour Summary Sheet Contents

. . . . \ SCOUR DEPTHS
B rl d g e | n fO rm a t | 0 n Z| Scour depths are measured from the as-built channel profile.
| | Scour depths are measured from: |
g 7 0
L4 Englneer S seal and S|gnature | Abutment or Bent # ‘ Bent2 Abut 1
Yah or Yar [] 15
gnd Yal 25
* Countermeasure condition 1
Max Allowable Scour Depth!, y, 15 (Elev. 200)
Max Possible Scour Depth2 See Trigger
° g
Maximum allowable scour depth Coeutated Cotraction Seour ;
Calculated Pier Scour 25
Total Calculated Scour Depth 7.5
* Observed scour depth
Observed Scour Depth I 10 (Elev. 195) ‘ See below ‘
Notes: (1) Min (y5, or Y4, OF Y)). (2) ONLY applicable if a non-erodible stratum is pre:
L Tri g g e r e I eva ti 0 n (fo r reeva I u a t I O n ) Abutment Protection Condition: None or Minor Moderate  Major
(Describe below) ] X ] B.C.09

Form 2605
(Rev. 03/24)

® i i i Page3of3
Descrl ptlon fo r fUtu re a Ctlon TRIGGER ELEVATION & FUTURE ACTION

Refer to Chapter 10 of the Scour Evaluation Guide

Current scour at abutment exposed toe wall of CRR. Considered moderate exposure condition.

Re-evaluation will be needed:

-When scour exposed the bottom of abutment cap 1 0
|-When scour at Bent 2 exceeded 13 feet (Elev. 198")
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Scour Summary Sheet
* Span Bridges

- Based on vulnerability
assessment/analysis and field
observations

- Must be accompanied by
supporting documentation to
justify coding

* Bridge Class Culverts

- Based on field observations

Exposure Choose the Most Critical Mechanism
Item 113 and/or :
Coding Undermining Culvert/Pipe Culvert/Pipe Apron Apron
C: ' Underminin Toewall Underminin Toewall
ategory £ Exposure & Exposure
8 Minimal < 1ft < Y3 Hie < Vs Ly = Hia
4 Moderate 1-3fi. < Hie YsLa=s5La > Hia
2 Major = 3ft > Hi, = s L, -

Culvert Toewall I

Exposure

!

11
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Scour Evaluation Methods — Existing Structures

- Evaluations to accompany a Scour Summary
Sheet

Is this a bridge-class culvert? ~@ ++ Form 2606 (SSS)

= Screening
el -Q H—
(or any other significant body of water)? + No Scour Documentation Needed

- Identify low-risk structures

+ Form 538 (SVS)

Is the bridge founded in non-erodible bedrock i ’
ion exposure? + Form 2605 (SSS)

that prevents major foundatios

= Assessment

Is this a new span bridge + Documentation of Scour Analysis

- Detailed evaluation based on scour ««m»msmeme Q-
history

Do we have enough information (including % , * Risk Screening for Unknown Foundations
default assumptions] + Form 2605 (SSS)

= Analysis ® —_—

"+ Form 2605 (555)
+ Documentation of Scour Analysis
« Form 2605 (SSS)

_+ Form 537 (sVA)
« Form 2605 (5S)

$SS = Scour Summary Sheet SVA = Scour i SVS = Scour ility Screenin; g

1o use the SVA?

- Detailed analytical evaluation based
on hydraulic analysis

Is this a high-priority route defined by the District
and local agency & high vulnerability in scour? |

Figure 2-1 — Scour Evaluation and Documentation Flowchart

12
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Existing Structures

' !
Field Observation Prediction
Approach Approach
> ldeal for older structures and culverts » Required for new span bridges
» Evaluation based on current and » Evaluation based on analysis

historical performance _ »
» Required for critical structures

» Requires sufficient channel history

13
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Maximum Allowable Scour — Span Bridges

* Amount of scour that can
occur before a bridge
foundation becomes unstable
due to:

- Bearing capacity
- Lateral support
- Rotational stiffness

- Other applicable failure
modes
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Maximum Allowable Scour — Deep Foundations

* Geotechnical capacity []
assu m ptlonS (O circular Shape: . (ft) = 18 x Diameter (ft)

[ square/t-shape: yu (ft) = 24 x Width ()

- Factor of safety of 2 from
original embedment

I —Original
Channel

ngih, Ly

Profile

- Uniform material along
full length of element r

Observed or Calculated

Unbraced Le

- End-bearing neglected

- No disregard depth from
original channel profile

serve
or Calculated
Channel Profile —

15
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Exposure Categories - Deep Foundations

ICD Minor Foundation Exposure @l Major Foundation Exposure
fi} Moderate Foundation Exposure @j Extreme Foundation Exposure

¥, = Max Allowable Scour Depth (Refer to Ch. 2 in the Scour Evaluation Guide)

O M
As-Built As-Built
Channel Profile—, Channel Profile —,
- i - ]
® Sl =
o TT T
@ (¥, - Hy
= 2 o
— =
P
3 T S I '
\J__ @ (v, - He) =
4
@ 3) (- Hy)
ST B - !
- i
@ |:| \j * Hy = height of fill

*Note: When as-built Channel Profile is below the bottom of footing, Hi=0
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Exposure Categories - Abutments

Foundation Exposure Categories
for Spill-Through Abutments

Minor (1) Moderate (2)

= Mo significant undermining of riprap

= Significant undermining of riprap
= Embankment not affected

= Significant undermining of riprap
* Undermining extends to embankment.

| - concrete

Approach
Slab

» No significant undermining of cap » Significant undermining of cap

= Embankment not affected
» Bridge has concrete approach slab

Figure 8-2 — Foundation Exposure Categories for Spill-Through Abutments

» Significant undermining of cap
* Undermining extends to embankment

17
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Maximum Allowable Scour - Shallow Foundations

l':D Minor Foundation Exposure @l Major Foundation Exposure
"5:'} Moderate Foundation Exposure :_3? Extreme Foundation Exposure

¥, = Max Allowable Scour Depth (Refer to Ch. 2 in the Scour Evaluation Guide)

e e
As-Built ty = footing As-Built
Channel Profile —, thickness Channel Profile—
W, ! |
@] el e @ X
= f .
)] . e A A
| _

@] @ I

*— Eradible — Non-Erodible

Soil or Rock Rock

18
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Screening Evaluation

* Bridges founded in non-erodible stratum

* Evaluate bents at maximum possible scour
depth

As-Built
Table 4-1 — Channel Materials and Scour Vulnerability Channel Profile
TCP Values or
Material | Sub-Category Equivalent Strength | Scour Vulnerability
Data a .
g LA F—— [ Erodible Strata
Rock Hard (granite, limestone, shale) < 4 1n./100 blows Non-Erodible >
- . . R
Soft (shale, sandstone) < 12 in/100 blows | Mildly Erodible
Clay Hard (redbed, shaley clays, very stiff | <12in./100 blows | Mildly Erodible f
\l <
clays) Non-Erodible
Soft to Medium >121n./100 blows | Erodible Rock
Sand All All Very Erodible

19
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Scour Vulnerability Assessment

* Determine risk factors to identify scour vulnerability class

Channel Material Score * From boring (sand, clay, rock, etc.)
+ Channel Condition Score * NBI Item 61 coding
+ Scour History Score * Exposure Category

+ Channel Migration History Score « Amount of impact on bents

Total Score

Total Score = Sum of Risk Factor Scores = 3 Scour Vulnerability Class (Check One):

[ ] Normal (Total Score < 3) Enhanced (Total Score >= 3)

20
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Scour Coding - Existing Structures

o Maximum a”owable Scour Table 8-5 - SVA Scour Cuding Table

C .. Recommended Scour Coding
. . “urrent Scour Condition
- Based on controlling foundation or Scour Vulnerability Class
g Refer to Figures 8-1 and 8-2 for Definitions | Normal | Enhanced Normal Enhanced
St rU Ctu ra I Ca pa Clty of Foundation Exposure Categories I " "
Item 113 SNBI Item B.C.11
S & (Item B.AP.03)
Countermeasures Installed & 4109 4109
* Compared to evaluated scour Functioning 8 8 ) )
Minor Foundation Exposure 8 5 6, {;; Y 6[2:]
- Observed scour T -
Moderate Foundation Exposure 4 3 20 el
(A) (C or D)
" Assessment vu I nera blllty Category Major Foundation Exposure 2 2 2 or 3 i 2
) (Cor D) (CorD)
. _— 1 1
- Or calculated scour Bridge Closed ' ‘ (CorD) | (CorD)
Bridge Failed 0 0 0 0

21
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Scour Critical Bridges

* Classification for a bridge that is unstable or may become unstable, as determined
by a scour appraisal

- Item 113 coded asa 3, 2, or 1
= Observed scour depth in the "Major” scour category

= Calculated scour depth in the “Extreme” scour category
* Requires a Plan of Action

* Requires back-calculation to confirm scour critical results

22
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In-Depth Capacity Analysis

* Bridged determined to be scour critical from previous assumptions

DATE DRIVEN . ¢ ;o PILE SIZE .o, g,  DESIGN LOAD 33 Tens
e 37.00 20.L2 .050 1007,
n 37.00 20,20 .00C 1507
37.00 20,10 .050 100 //
35,88 1.\ 15.13 «000 150
%qu-%" (L
Intersection:
Bent: Factor of Channel Elev.
Pile: Safety (fL)
NBI #: 15 2513
Cesk: 11 2504
1 2502
3
AS'bU'It % —Vertical Capacity
225 I
Channel Surface 8 soeefs=is
Ig 2] F3=11
H — —F5=10
SCOUI’ 315 | ——Current Condition .
£ i <«— Enough Capacity
o 19 1
. - o :
Pile Tip . I
B
0 1
24000 250.00 260.00 27000

channel Elevation at Specified Bent (ft)

23
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New Structures

* Scour Analysis based on hydraulic and hydrologic analysis required for all bridges

* Bridges designed to resist damage resulting from the scour design flood

RIGHT (WERBAN 1
230 R I I R A R 4o 4o 4o 4o 230
- ! ! ! ! ! ! ! OVERALL LENGTH OF ! BRIDGE!= 2757.400° ! ! ! ! ! ! ! oA
210 _i L i _i L i _i L i _i L i _i L i _i_““_“ i _:_“““ i _:_“““ i _:_“““ i _:““ N i P 210
FROP US| 87 POL 20d YR oA YR
190 iR \ i __,{"___»13F|_-| Fic T §SEL=18%,95 ¢ 4 4 190
" o F T
LS ENNN NN S S N e W s S A : :
170 - i _I“_““ i _I““ i _I“““— i _I“"_“ [ _I ) i . i _I_ H- i _I_“““ i _I_“"“ i He 170
i [ THE "R WVACOES "SROWH ARE [ESTTMATED
© = M ATURALI— = {COLUMN HETGHTS, THE COMTRACTOR 15 .
o u it Y o |RESPONSIBLE FOR EALCULATING THE E: w
T GROUND A, & JACTUAL COLLMN HEJGHTS BASED ON X i
150 1A T N S 1 S S S . . AFIELD CONDITIONS _ — 1 ' S 150
—||h" T ' : :—||h'. T ' : : 'j; ' T T T R : : — : o =
3 - h6' DIa! H i L3 - 3Er DIa | oy f:‘_}'.l 3 - 36" DIA H | H | H IR I (O
130 [Ny H i i i [ i - St b i i i i i 1 i i i i [ 130
T R RO o SeduR EnvE] OpE U A I i R S S
¥ + = i i = i3 - 36! OlA =
@ ® @ | | @ @
110 ELEVATION 110
TT7E+00 TTZ9+00 TT30+00 TTE+00 TT32+00

24
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Scour Analysis Methods

* Contraction Scour * Pier Scour
- Traditional HEC-18 method - Traditional HEC-18 method
= Sandy Soils = Sandy Soils
- SRICOS method - SRICOS method
= Clay and soft rock = Clay and soft rock
- Pressure method - Annandale’s Erodibility Index method
= Water above bridge low chord = Fractured/jointed rock

25
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Disregard Depth

H
As-built Ground Level v Exposure Conditions
374 7y
J Calc. Scour depth (Yscal)
R e R e TR -] ]-- Minor, Yscal + 1/4 Eo’
1st Trigger
B2 mm oo A ,
Total embedment Eo \ ____________________ Z_HE Trigger v _|_ _. MOderate, Yscal + 3/8 Eo
, 3" Trigger w Major, Ya = Yscal + 1/2 Eo’
Designed Embedment Eo =Eo - [Yscal
Extreme
v

26
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Inspection Database Information

* Scour Summary Sheet ¢ As-built plans

- Trigger elevation - Soil borings
- Observed scour - Foundation Depth
depth

* Inspection Reports
- Maximum allowable

scour depth - Channel profile

- Evaluation notes - Inspector notes

- Maintenance history ° Inspection Photos

- Channel Condition

27
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Scour Summary Sheet

* Bridge inspectors check if scour exceeds trigger elevation

- Structure is flagged for reevaluation

®
* Scour Summary Sheet Form 2605
. (Rev. 03/24)
le s for Span Bridges Page 1012
of Transportation
DISTRICT: \ FEATURE CARRIED: \
COUNTY: | | FEATURE CROSSED: | |
NBI#: | | csy:| |
Recommended Scour Coding(s)
NBI CODINGS SNBI CODINGS
Item Description Coding Item Description Coding
Item 113 | Scour Critical Bridges i Scour Condition (Observed m
= B Scour Only) El
Item 113.1 | Scour Plans of Action =
BAPO3 | ScourVulnerability =
Item 1132 | Unknown Foundations =
B.AP.04 Scour Plan of Action =]
B.AP.03.1 Unknown Foundations =1

Engineer of Record for the Recommended Scour Coding(s)

Date of Recommendation: Seal, Signature, and Date 28
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Evaluation Examples

// / / / / / / / / | SCOUR DEPTHS
B B | g Scour depths are measured from the as-built channel profile.
|
| 12 \:! Scour depths are measured from: |
| )
i . - | Abutment or Bent # ‘ Bent #5 Bent #6
FOR BTEEL AAN)
Feerhom Ran! | \ 1
i Joga. 8 dso yradd_ ] Fel Yab 86 85
= = = = G5 |
_AA.D —z 1 \( ‘A (B | Yal 19.6' 17.8'
V. o002 > i .
ys, ' AL lev. 64919 - -
ey Gyrh. 97 -;'91 ‘u‘i v, c:ficfg Max Allowable Scour Depth 86 8.5
Coé}?y =hs P Ce /_.,},-05 Max Possible Scour Depth2 6.1' 6.3'
== - -} ;1 \] - ! | &3
[ '% | = A Calculated Contraction Scour - -
Pe—— b
ot/ + y, - o5 Calculated Pier Scour - -
E | [<) =] NN o
- - : Total Calculated Scour Depth
[ ) 7. V9873119
PHOTO 10 St 7°"'00F’ R ——
Description 10_Bent 5 drilled shafts are exposed § ft high (Looking South) - | oITRICT MO, Observed Scour Depth ‘ 57 5.8
BRIDEE LAYOUT

'DR\V’FQQ

Doy

RS SoU™M NOUM CR, BR. E.B.F.R.

* AR GIADER SPANS

MY poADwAY
BOMAL  TYPE T4 RAIL (M0O.)

9-2074% & 140

STA. N0

sTA. T99492.93

Ve Wit o

s QO F 100P (/8) ;15/:
thnary Sl

Bell 23/ & _:g b

29
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Latest Inspection Channel Profile
» As-built survey at Center Line, Inspection measured Latest Inspection Photo:

Downstream New bridge with no Scour

30
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_OVERALL LENGTH OF:SSTR = 2,419.79 L
272.00° PRESTR CONC 1-GIRDER UNIT
00
80

4-4
DRILLED SHAI
300 TO
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Desighed Countermeasure
- Detail sheet including fully detailed plan

- Calculations in accordance with design in HEC 23 and based on calculated
hydraulic data (flow velocity) at the bridge

160 ;‘7( Exist Columns;u;—-» 2 : 16-0"
E A)
| | |
PN e S S SO P iy =
< (=l (- 0 I
e ) > CHE B -
g 0 I | \ Q - .
%—%%%) | Exist Bent ‘Typ)—\ | | O OC - a)
3 N =
— = 5[?77 74‘77#{47777'777'7F?477777777P\+77\77'777Q o
N [ N 1344390 KT
. o) [ \ [ OOD st Cirmrons
iy | | | 9
. A O Q ‘ Exist 24" Cotumn (Typ) ="+ ‘ 7
é g | | | Oé%%g %
s o SR =3 LS Do il =
(200, CBD Do EBOL - odbPionod s T 7Y 1 =
! ! ! L
| | — | -
; ; ; | i
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Not-Desighed Countermeasure

- Countermeasure may not be
able to handle common
flows

- Countermeasures can have
a hegative effect on
structure if effects are not
evaluated

- May not fully arrest the
scour
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As-Built Accurac

« & 2 7705 KBS

2qi Ao # change BIA Ehg ned s~ T[T T9 A /2807 [recoicida evamtesing pared Tisnednons
— P Rz (Hien dereola s Ca doon )
DIER &Y LrAFTi GE BRI - fzz! 4
A‘ L L P p
2012} No Sighificant €hange | spuy | 1/ze/id
T 15" paes el maiv by (ze ) =g ok Az piomerr - Jolle Kiq & :
5 = overacle tenghy o reos e - Joaz® 7 744450 i :
— BN prop BR/ces -
reom A 2= P — =
- (,wﬁ L. w7 | qEHTEE |,
N
L W . — 3 | \ |
80 B
(OMferst Glanst | 5 ol cHl et - .
v =7 = T : =
" Ble75e (2 — ‘ F | &
__A | (R K= a3 Go
| 4 A ] e Thenon don i \'\ : A
2 —- Ao~ - [ I\ =
. 1 75 o R “ i
ad i e y P =y T F
2 1fp1 i Filssd?) I ks <% H. i
0 20 = 75 fows, i
i e il 705 5 [ Z BRIDGE "'LAYOUT
v Brazos River Bridge
s Feole:
T 1A o Vo= 0
s o5 : 223 == 7 )i
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Scour Response Efforts

Siructere Nuber T Feature Croe. T T ot Taien

Chiannel Profile Record
Fived Reference Piot: (cxangic - gt of Fined Reference
“Top o Deck o Beon 2) Beul TF | intwihe Wacer sartne: 285

Direction that the bt mumbers increase (exampie north (o south

Circle the Method Used : Welghted Tape and/or Shiflo
. iR KeONr
Pl Sonace, Soem,  Samiin il
e vt T e et s | et e
Betlen. Point 0 the measurement taken - (P ST | 1o gream Side
| side or down stream side) (N, S, E,or W)
Bottom.
‘ 3] ugstreand
Crs up strea
-1 45 streamt
56,4
$5.4 s drearm
u’o Frtesrd
3] wPctiear

374 dourr deam

P7re dowy sheam | |

Y7.6 Aownsham

oA o P

R A Ao n shecam ‘
| 43 dow  sfeeam

owp 5 Hew!

L REEEFEE
S
N

> of Farle 330 ¥
62¢ |
SR
" i
T

ofp
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Conclusions

* Required documentation should be tailored to:

Optimize emergency response

Determine when reanalysis is required

Prioritize structures to be replaced

Determine which structures need repair

* Prior preparation is essential to ensure public
safety and minimize traffic disruption
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Questions?

Ryan L. Eaves, P.E.
Bridge Division - Geotechnical Branch Manager
512-755-5595
Ryan.Eaves@txdot.gov
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content, including the date the content was copied. Entities or individuals that copy and present state
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must reflect the copyright, trademark, service mark, or other intellectual property rights of the state
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purposes. This presentation is distributed without profit and is being made available solely for
educational purposes. The use of any copyrighted material included in this presentation is intended to
be a “fair use” of such material as provided for in Title 17 U.S.C. Section 107 of the US Copyright Law.
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