May 23, 2024

Ensuring Stability and Safety

in Texas Retaining Walls
Through Small Scale Repairs (if possible)

Edward Galbavy

TxDOT Bridge Division

Field Ops / Geotechnical Branch /|SOUTHWEST GEOTECHNICAL

ENGINEERING CONFERENCE

.H



=t

l ) 2024 SW Geotechnical Engineering Conference
Texas Department of Transportation

TxDOT Bridge Geotech Branch

* Standards, Specifications, Contracts,
Review, Recommendations, etc.

* Bridge Foundation Design
* Retaining Wall Design

* Slopes and Embankments
* Culverts and Scour

* Preliminary design, construction,
monitoring, maintenance, and repair
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Texas Geology

Foundations placed on earth, walls retaining earth

State is very diverse

Soils: Clays, Sands, Gravel, Muck, Fill, etc.

Bedrock: Everything
- Sedimentary (limestone/shale)
- Igneous (granite/basalt)

- Metamorphic (schist/gneiss)

254 Counties within 25 TxDOT Districts

Geologic Ma
Precambrian -.... of -?exas g
( more than 600 million years ago ) ==“..=§&
“llﬁ;:."llt 2
REr

@ raleozoic
( 600 to 240 million years ago )

. Pennsylvanian
@ Permian

Mesozoic
( 240 to 65 million years ago )
® Jurassic, Triassic Cenozoic
( beginning 65 million years ago )

Cretaceous (Gulf) @ Eocene
. Cretaceous (Comanche) . Pliocene, Miocene,
Oligocene
© Texas Almanac @ Igneous
Quaternary
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Texas DOT Retaining Walls

Retaining Wall By Type

* By ft2 of Exposed Wall..

29 4% 1%
5%

* MSE (panel type) most dominant

3%

* Pending formal inventory

* Temp. Special Shoring (mostly)
- TEW

Soil Nail

T2%

Sheet Pile

Solider Pile w/ Lagging

BMSE mConc. Block OCIP OSH mRN B 0S5 ®TH Oother
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MSEW and CB Walls Design Responsibilities

» External Stability Check by TXDOT or Consultant
— Sliding
Limiting Eccentricity
Bearing Capacity
Global Stability
Settlement

» Internal Stability Check by Vendor
— Tensile Resistance
— Pullout Resistance
— Face Element
— Face Element Connection

« MSEW reinforcement and wall type 1s NOT specified at
project bidding stage
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Failure

Definition: Inability of a component or structure to perform its intended function

Note: Failure does not necessarily involve collapse or rupture
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Causes of Failures

1. Design deficiencies
2. Material defects

3. Construction/Inspection deficiencies

4. Maintenance deficiencies

10
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1. Design Deficiencies (e.g., MSE Wall Placed on a Slope)

* Retaining walls are
sometimes placed on slopes
to minimize retaining wall
square footage
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MSE Wall Placed on a Slope - Wall Failure
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2. Material Defects (e.g., Fills)

* Gradation affects the performance of embankments & walls
* Backfill should not break down (compaction or water)

* Backfills with significant fine material:
- have lower drained shear strength

- retains water and allows pore pressures to build up

- can undergo large settlements
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Embankment and RW Fills — Item 132 : Embankment

Type: Definition Compaction: Ordinary or Density Controlled
A Granular material free from veg. meeting LL < 45, and PI < 15 as determined by plans
B Rock, loam, clay, or other approved as determined by plans
C Specifications shown on plans as determined by plans
D From required excavation areas show on the plans as determined by plans
CSAB Cement-Stabilized Backfill Density but default, unless indicated in plans
Flowable Fill Non-excavatable or Excavatable Fill in all air void areas
2024 Specifications 400
334 Cement-Stabilized Backfill. Backfill the excavation to the elevations shown with cement-stabilized backfill

when shown on the plans. Use cement-stabilized backfill that contains aggregate conforming to the gradation
limits shown in Table 1, water, and at least 7% hydraulic cement based on the dry weight of the aggregate, in
accordance with Tex-120-E

Place cement-stabilized backfill equally along the sides of structures to prevent strain on or displacement of

the structure. Fill voids when placing cement-stabilized backfill. Use hand-operated tampers, if necessary, to

fill voids. Compact the mixiure using density control unless otherwise shown on the plans. Place and

compact the backfill within 2 hr. of mixing. 14
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@

CSAB

in
Approach

Face af
atar biwd

@

CSAB

OFTION 1 ~ PLAN WITH WINGWALLS

NSE rataining wall—'

OPTION 1 ~ PLAN WITH MSE RETAINING WALLS

APPROACH SLAB

WITHOUT

WITH APPROACH SLAB
BAS- similar)

Abutment

SECTION A-A

[Showlng 45

SHEET 1 OF 2
2ol fse,
M Texas Department of Transportation | Standara
CEMENT STABILIZED

ABUTMENT BACKFILL
BRIDGE ABUTMENT

C5AB
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Semi-Integral Abutments (test bridges)

Approach —
Slab

v
v

C221-

Sleeper Slab —
(See BAS-A(MOD)) \
¥ Fiber Board -\ \
Exp Jt (See BAS-A (MOD)) ~ '\

\
sidewalk \
\L

ACP/Base Approach

m L

Metal beam
L _- guard fence
& P
R ,
| 21 / - Pavement
\ oo :
\ | o T '
‘ | @ N FA
| | | L ' /
ol = ' | |
7T = E T T
I T A 4
&N { )
B |
1

Semi-Integral ‘
Abut Backwall ———=

3 to 4

\, I' Max

layer spa

Centerline of abutment _
cap, drilled shaft, and brg -

Rock Backfill and
Geotextile & Geogrid

ABUTMENT BACKFILL DETAILS

16
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Embankment and RW Fills — Item 423 : Retaining Wall

Type: Definition Compaction: Ordinary or Density Controlled
AS Best Gradation Density but default, unless indicated in plans
BS Good Gradation, used for Permanent Walls Density but default, unless indicated in plans
CS Highest range of approved gradations, used for Temp Walls Density but default, unless indicated in plans
DS Gradation for better drainage, wall areas subject to inundation Density Controlled

Select Backfill Gradation Limits

Type Siev;‘Size Pen:ent[;?etained Houston District
TR 5100 !Drlmarlly Uses CSAB
AS # See Note in the MSE
#40 85-100
#200 95-100
¥ 0
#4 See Note
88 #40 40-100
#200 85-100
3 0
cs #4 See Note
#200 75-100
3 0
Ds 38 85-100
#200 95-100

Note—Use No. 4 sieve for determination of rock backfill in accordance with Section 2.4,

“Backfill.” 1 7
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3. Construction/Inspection Deficiencies (e.g., misc.)

i i

i

Compaction? |

Missing Reinforcement, Procedure? |

Obstruction Treatment?

18
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Long Term Performance

 Inspectors need to follow and enforce the
specifications.

» The behavior of the wall is highly dependent upon
the construction process

19
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RESPONSE AND INVESTIGATION

20
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Bridge Approach Slab - Settlement and Undermining

21
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Backfill Washout - Migration/Erosion (loss of material)

22
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Visits, Monitoring, and Instrumentation

Records (past inspections)
Crack Gauge Documentation
Photos

GPR and Concrete Coring
Boreholes, Inclinometers, Peizometers
FWD, DCP, LiDAR

Other Geophysical Tools (ERI/resistivity,

MASW/FWI/seismic)

23
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SMALL SCALE REPAIRS
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Approach Slab

* Crushed Rock (1" - 3")
* Cement Stabilized Sand
* Lean Concrete

* Grout

* Flowable Backfill

* Expansive (URETEK) Foam - Feasible
option with long term durability concerns,
only to be performed in localized
applications and verify qualifications of
contractor to ensure more problems are
not stemming from the pressurized
injections

Figure 5.18 URETEK Slab Jacking Process 2 5
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Drainage and Erosion
* Sealing Joints (and flashing)

* Curbs, Gutters, and Flumes
* Adding more Riprap
Limitation: Slope < 2:1 (Rule of Thumb)

Before

26
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NOT SOO SMALL SCALE REPAIRS

27
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RW Repair Options

* Monitor

* Remove and Replace (Partial or Complete)
* Structural Support

* Bury, Entomb, Buttress

* Other

28
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Lpl SB exit ramp MSE Wall @ Parmer Ln

051 1/ £l
EJ21 d.l-‘) (Plumbngss
T ;

I

lumbness Measurement)
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Lpl SB exit ramp MSE Wall @ Parmer Ln - Inclinometer

* ‘A’ Direction (perp. to traffic) ~0.1" sliding deflection over 6months

Parmer indinomater Pogitive direction is towarn rd Frontay e Rd. Positive Direction is toward abutrment
Wall HL "31 1t at inclinometer
A Direction - Change from Initial, inches B Direction - Change from Initial, 1/23/2020 Baseline
. 3/3/2020 1st Re: nth)
inches 4/24/2020 2nd Reading (15t Quarter)
a0s [ o5 01 015 02 21 A 0 005 01 o1s 0z 7/13/2020 3rd Resding (2nd Quarter)
—H=Lmonth - Wall Side {Direction of Frontage Road)
/242020
\\_ -\_ ~—7/13/2020 TOH Plan View, Change Deflection, inches
' 1 a1
10
M| [
006
s 14
004
E % -
oy
18 et 3
Towards
ol Austin
» (south) o1 008 006 904 00 o0z @04 005 008 01 Mot
002
2
00s
%
E!] | s 1marn 108
30 /2472020
| —m=7/132020 008
= L
a1
e
361 Embankment Side (| )
38
. =t §25 -
A= BRSPS
“ wmwporwoon | B RV4 B3 (95
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MSE Wall @ Parmer - Immediate Buttressing

Temporary Stabilization LPCTBs

31
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MSE Wall @ Parmer - Buttressing Effect

Avg Daily Movement of A (in) by Sampling Interval

0.0050000

0.0040000
CTB
installed
0.0030000 2021 1 CTB removed
Oct/Nov 2022
0.0020000
0.0010000
R.LP.
Inclinometer

Summer 2020 Summer 2021

8/27/2022 1W16/2022 12/5/2022 1/24/2033 3/15/2023

12010 1/20/2020 3/10/2020 4/29/2020 6/1B/2020 Ef7/2020 Of26/2020 11/15/2020 1/4/2021 2/23/202 14/2021 0/11/2021 10/31/2021 12/20/2021 3/30/2022  5/49/20 7/8/20322

Summer 2022
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MSE Wall @ Parmer - Long Term Support

* Solider Piles (& Tie-back anchors) Installed every 10ft between panels of existing
wall ==

EXISTING RETAIMING WAL

TOP OF PILASTER 11‘ FROM BOTTOM OF COPING)

|
o O SOIDERFLE (e e e alinie | | 3

B
3%@ #

e
AT SE seL
s e M iy &

CONGRETE PILASTER
R FILES (REF, DETAILS, SHEET 3)

EXISTINGIPROPOSED GROUND
/ faLore vaiEs)

3 Sea "Pllaster Helght and Anchor
Locatlon Table® farlengihs
DL C10 X 20 SOLDIER PILES @ 10 SPACING (REF,

| R

150 MM,

f &t tne Contraoctor’s option the ground anchors
may be instolled at an ongle between 20 and
30 degrees provided that the anchers maointain
t+he minimum bonded and unbonded lengths
and the minmum design lead is ochieved.

33
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MSE Wall @ Parmer - Now
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Sidewalk

SH 71 @ Burleson

09:2022 11:52 PM
“co5 2
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SH 71 @ Burleson - Immediate Response

Concrete Encased Water Line

Flowable Fill Bench

36
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SH 71 @ Burleson — Long Term Support

SE Wall Werilcal and |

Current Flowable
Flll Bench

Wall PanNs

Concrete Encased
Water Utity Line

Existing CRRE Flume —

Conecrete Cap ~\

J n 5. -
i Pl " | __-::::-:-"‘—
Fiawas / —""-::-_\-\-""__
II' :Flhnl‘llilr LT ? i [#] it
- Hank a R P | =
S N SR Ar P, | q .
i \Ul‘m#'ur:h

Typleal Sectlon
Soctlam A= A

_,\— Scour Ground Line

\— Sand Bags
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SH 71 @ Burleson — Long Term Fix

MSE Wall Vertical and
Harlzontal Control Palnt

— |

— I

R —

B 4 T & o= - s,
:a‘? ada, Aqﬂdd,n‘:ﬂaa|<ﬂ

Wall Panels v d et T . . . rm v s Tag o
.'.q et T A 4 P — PR P
o s &, T 8 D N
4 - &

e s d,‘ﬂ..-'\:f‘~
Culvert g Tt T e
15" MSE Relnforcement
Head Wall T e bt T
a_ * b & - - - < - 7 T .

4 4 < a A
CRR Flume — » 'BS' Select Backflll .
'|II ast « afa L, 4 . 24 &, 4
\ ., N CEEE= R
1 sy, cF a4 A T s ?
Ener l = e = -
— gy 4
{  Disslpators

Cement Stablllzed Backfll|

4" Pas
4" F e
g flaw
" LB
. e 4
P
at,’laat,
q* ey
s wn
L4
L
P
RN
-3 )
s
&‘Pah
A v
. s
"
Jr
Ib &
an"-p
nl‘rn.b
PO

Concrete Encased . . .
Water Line TyplCEl Section 2 Chimney

Sertlnn A - A 3 8

Redesign, pending construction
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US 290 @ Walnut Creek

39
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US 290 @ Walnut Creek - Limits

DESIGN CASE 104

Limits of

\
SCIAT 1

185 )

N-116+

M5 GRATE INL TY 2AD

STA, 52544411 | § 290EBFR)

TOP COF RAIL 10FF 0.08" 21)

\
COPINGS |

Ty - ADJ. TO ACP FH RAIL COP ING

DESIGN CASE 13 §  oesion case 12

PANEL COL PANEL COLUMN 20-21 A
ROV B-1 ROV §-121 W22 212"

ROV AN 6-8: W22'x20"

ROW 1452 m22' 24"

SPECIAL CIP (0P ING
18Y OT=ERS)

00

. 11480.

20,0080
|

20, L4 S—t—]

T — .

~ 2N L o —

——— T

COLUBMNS 10-15

204
~2 b
1 W ST 2¥.5A131 2-‘<.A~n~f
ted ol [ 811§ I A — — =
~1 K. 58135~ = E —%.5813%
" e b . o = 3 LA v
¢ 2 > | 20
THEDSE T ICAL l - Qe
LEVELING PAD INISHED a /
IFRONT OF WAL N5 /
/ )
( 245
P =
*SOTTOM MAT ROW REQUIRES 4 MATS =)

30°-0"

nte 2

70° -0
L _S2-04 - FRONT FACE ELEVATION
FINISH SCHEDULE
L BLISH HANSVER WH T REVEALS
NG FORM FINISH SMOOTH/BUSH HAMMVER FINISH
R FORM FINISH SMOOTH
315 FORM FiN SH SMOOTH

*BOTTOM 2 MAT ROWS REQUIRE 4 MATS ]

COLUMNS 16-21

Limits of failed
Foundation Soll

QUANTITY SUMMARY WALL 52-04

|OVERALL WALL FACE [L)
|OVERALL PANIL FACE | |
CAST IN PLACE LEVELING PAD. 01
AD). TO AC? FH RAIL COPING 130

Void Extended 16’
behind wall face

Need to remove trench

box and recompact

material in front of wall

Ground Improvement
Needed at Toe and Wall

Foundation
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US 290 @ Walnut Creek - Plan

AN

(VAN
N

¥

{ A

SR
s
v.“.l

ISOMETRIC VIEW - MSE 52-04
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US 290 @ Walnut Creek - Foundation Improvement

requiraments

Shorln
8240, Type 2. ’/—--'"-'f---sl Wall
| direction par aile _ I Parers

Fottom af Wail

Ei. 52258

|

By

(M
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[2 Spa. &' = 55§

1@ dia 05

ol B8 H B S ihd ® "‘(b < b b d“_L‘.'*.J.&" !
D 566 6 5985 6560187 \ 7
AR R ‘ 'L | |
Sta 522444 21 I| Faundation Mal J_ -
§us _;:-5.55;:,'?. | 4 Orilied Shaft 18" h |
e 5 Shoring ’ 3 Spac. 4-6" = (3£ '

Section A-A

f\
| F
Existin ,ll
IN-IT6 Groung Improv..—
Aus Grate {n! Ty A40 | | |
.Tf'""‘-'"'f"’i?' STA 523+44.11 (@ ZR0EBFR) '
5»5-\.'!5['52‘:?-1-""'@'_\& {0.08 RT-remove/install] | Nl |
T -
§22500 Tof m T R T |
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i gl il 3 | il il 1 foe rEmolEa L T | | | g
: o M b
i il Sl T
2 ] .
AL i i

IIHBE bbb < T b0 b o i
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Conclusion

* Proactive design and diligent construction inspection make solid retaining walls
* Problems rarely happen, but..

* Quick action and monitoring will lead to severity

* Follow up action can be as intense as we deem

* Geotechnical efforts are appreciated by all levels within the DOTs
44
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THANK YOU

QUESTONS
Please CONTACT:

Edward Galbavy, P.E.
Ryan Eaves, P.E.

Or any of the great engineers w/in:

TxDOT Bridge Division -
Geotechnical Branch

45
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