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Why use TDA for retaining
wall backfill?

Low unit weight
(0.8 Mg/m?3)

Free draining
(k > 1 cm/s)

Good thermal
Insulation

(8 X better than
soll)

100 tires per m3!




Five full-scale instrumented Walls

« UMaine Test Wall (three trials)

 North abutment Merrymeeting Bridge
(Topsham, ME)

* Limestone Run Bridge (Tarrtown, PA)
 Wall 119 (Riverside, CA)
 Wall 207 (Riverside, CA)
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UMaine instrumented front wall
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At-rest stress distribution at
35.9 kPa surcharge
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Rotating wall
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Stress at 35.9 kPa surcharge
and 0.01H rotation

granular fill -
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Effect of rotation on earth
pressure coefficient
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North Abutment of
Merrymeeting Bridge
Topsham, ME

Bridge approach underlain by weak clay
Existing factor of safety = 1.1

Excavate upper portion of existing slope
14 ft of TDA fill covered by 6 ft of soll
Used 400,000 tires




Cross section of north abutment

Station
53+72.0
@ Center Line

229 mm Bituminous
Concrete Pavement

el. 11.3 m

el. 10.7 m
el. 10.1 m
el.9.4m

el.8.2m

Station
53+35.4

Station
53+50.6

Aggregate
Subbase

=~ Concrete

Approach Slab
Granular

Common

Borrow
Clay

Type A
Tire Shreds

Tire Shreds

Native J

Sail

IR ERIRE
K

KK

S

XK KK X XK X X X X
REERKKS
5

*
* %
KRR
S5
GIRRIIRAIHRKS
SZRIRKRS

<
2

Borrow

Geotextile

Aggregate
Subbase




Placement with Dump Truck




Compaction with 10-ton Ro




Pressure Cell Locations
North Abutment




Limestone Run Bridge
Tarrtown, PA

 Two massive pile supported bridge
abutments

 Abutment 1 had a single 10-ft thick layer
of TDA overlain by 4.5 ft soll

 Abutment 2 had 10-ft thick TDA layer
overlain by 3-ft soll, then second TDA
layer with 3-ft thickness at the abutment
overlain by 4.5 ft soll




Wall 119 in Riverside, CA

Freeway widening

Three sections with TDA and one with
soll

Length: 79 m
Tires used: 75,000 PTE




Wall 119 cross section

salL COVER
(2 FT THICK)

TIRE SHREDS
(10 FT THICK)




Compactlng TDA




Placing soll cover

Heavy equipment
Immediately behind
walll!!




Wall 119 instrumentation
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Wall 207 In Riverside, CA

e Two sections with soil backfill

e Two sections with TDA backfill




Wall 207 Station A
E/m

PRESSURE
TILT METER E SENSOR (TYP)

B #301
in ZULs TEMPERATURE
940,56 TOW oc4 /

SENSOR (TYP)

1
A
o N R L = == == =
sk Al IS =il=] =l ==l ==l =l == =] EXISTING

El=EEE = EEEEEIEIEL TNTERSTATE 218
=IE=EEEEEEEEEEE
=il=l=ll=l=l=ll=l=)=l=]=] ===
S=l=l=l=l=l= == ===
ey wazzs | [ |- #ses ] | [ | = | I [[ = N H TS [=
= ===l =] ==]{E===1 == =l = =] ==
=== ===
(PC) #4335 =18 :(TEFJ #ﬁi‘ﬁ:m:m:m:m:m:m:m:n

=i =l=l=l=li=il==ll=l=l=]
E=EEEEEETEEE
axase || H | [ NS T T

o\ | [T T I =
crmls s =l ===

A = i i easan ||| =] [HIHI =)

916.77 (TOF) 2 L by ..._Fm;mﬁMmQﬁQF
[ e Y Y e

K e

CONDUIT TO DATA STATION A (206+90)

COLLECTION BOXES — SCALE:1=F

ETITE - kY
STRAIN GAGES

9,0




Wall 207

-

PRESSURE

WITH {4277 ON 5/15/07
- SENSOR (TYF)
in \ TEMPERATURE
939.24 (Tow){ ™ 1) ' SENSOR (TYP)
g T TT=——TTT—TTT—TTI

. —|| = | |—= | 11=I1] u .
= |I [ .M. [ .m || | COMPACTED A EXISTING

(PCy #4346 | [ (TEMP) "“'5?":| | |: lI=lll= | — | = =T STERSTATE I

TILT METER #3017 (REFLACED . ‘

P
[}

(PC) #4342

(PC) #4341

(PC) #4338

920,23

_ < e
| (eow) ‘_\ |:| | I 1= ||:| | |:|| |:| | |:|| |:
T 17— CITEMP) #4567 T T7—T 11— 1 11— 1 F-
—— [ EEI=IE

ﬁ (PC) #4338 |- '_|§|5|_|E| | |:

s S (PC|J |1l:_:14|3|:|

916.77 (TOF) g [==TIE=IT=l==]
A AR ==
NN\

FFEE

STRAIN GAGES
SEMSOR WIRES
ROUTED THROQUGH

CONDUIT TO DATA STATION B {2[]?1-3!:]]

COLLECTION BOXES — BCALE: =8




Wall 207 Station C
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Wall 207 Station D

TILT METER

35,82 (TOW)

#3055
AR
- n,

SOUMDWALL

PRESSURE

SENSOR (TYP)
TEMPERATLURE
SE“\IE-DR (TYF)

923,15 (TOEF/

e |
- = [

RS

(PC) #4353

©
e i

(PC) #4352

ﬁl—lll—ll
1= |||—||—||—|||—||—||
—[=11=]|

|:|||—|||—||

COMPACTED SDIL | |
—I | I'

925,82
[BOW)

T
g—| EIEI=
Sl

" (PC) #4'351

):Jh[[l".ll;

EGIL ”\\

Fa4
Fa453
Fa4
Fdd

STRAIM GAG ES

SENSOR WIRES
FROUTED THROUGH
CONDUIT TO DATA

!11 Lajunajun
I

COLLECTION BOXES —

/,f

STATION D (207+80)

SCALE: 1°=F

EXIZTING

INTERSTATE 215




. Time

9]
>
&)
| -
.
7p]
(7))
(D)
 —
al
'
i

120N

Example of Hor

PC #4342
Station B (207+30)

Sensor Located on Backfill Face of
Wall 7.5 ft Below TOW in Compacted TDA

(Jsd) aunssald [ejuoziioH
o o o

o

(@] o Te]
Te] o N
N N —
_ _ _

31371dNOD NOILLONYLSNOD TTVMANNOS/TVY-X B INFNIOV1d ISvEans__ |

SNI93d INTWIDVYTd 35VEENS ¥ SANT ININID Ve 110S JIA0D
SNIS3E INFWIOVId TI0S YIA0D -

SAN3 LNIWIDVTd 110S WH3d MO

SAN3 INJW3OV1d val

SNI939 ONILOOH J3A0 LNINIDOVd 10S ¥IMOT

_
OOO
n < o™

(edM) @inssald [e1UOZIIOH

800¢/cT/c
800¢/ST/T

L00¢/5¢/6
£,00¢/8¢/8
L00¢/1€/L
L00¢/E/L

L00¢/S/9

,00¢/8/S

,00¢/0T/y
L00¢/ET/E
L00¢/ET/C
2002/9T/T

900¢/9¢/6
900¢/6¢/8
900¢/1/8




Summary of horizontal stress
vS. vertical stress

Five projects had pressure cells in TDA
Three projects had pressure cells in soll

Three projects had negligible wall
movement (at rest conditions)

Three projects expected to have some
wall movement away from backfill
(potential for active conditions)




Horizontal vs. Vertical Stress (Cells in Soil)

Vertical Stress (psf)
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Wall 119 - Soil Control Section
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*Rock Fill consists of + 6-in. ripped angular bedrock fragments




Horizontal vs. Vertical Stress (Cells in TDA, At Rest Sections)

Tarrtown - TDA Test Abutments (Cells in TDA)
Merrymeeting Bridge - TDA Test Abutment (Cells in TDA)
Tweedie, At Rest Conditions (Cells in TDA)*

Tweedie, At Rest Conditions (Cells in TDA)**
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Horizontal vs. Vertical Stress (Cells in TDA, Active Sections)

v Wall 207 - TDA Test Sections (Cells in TDA)
& Tweedie, Active Conditions (Cells in TDA)*
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Example of Potential Benefits

Horizontal Pressure (psf)
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Summary of Research Findings

 Current CALTRANS earth pressure
coefficient (K = 0.3) applicable to both
soll and TDA backfill

Use equivalent fluid pressure for soill
packfill equal to 36 pcf

Use equivalent fluid pressure for TDA
packfill equal to 15 pcf
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Objective

Compare Caltrans Type 1 Concrete
Retaining Wall using soil backfill versus
tire derived aggregate (TDA) backfill

Determine if additional effort to develop
standard plans and specifications for
TDA backfilled walls is warranted.

W% Envsrieering, fuc.
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QU.'NCY ENGINEERING, INC. QU.'NCY ENGINEERING, INC.
TDA 20’ Type 1T CalTrans ASD Case 1 Project: TDA 20’ Type 1T CalTrans ASD Case 1
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Load Demand Allowable per Load Demand Capacity Demand to Minimum D/C
Std Plan B3-1 Capacity (Safety Factor)
Ratio
Toe Pressure 4.3 ksf 4.3 ksf
Overturning 76.3 k-ft 161.3 k-ft 2.1 2.0
L Celgeeisy | BEMErE D sliding 9.87k 17.05 k 17 15
Capacity ' ' ' '
Ratio
Shear Soil Backfill Demand vs Capacity
Moment (Ib-in)
Stem (at base) 9.87 k 13.34 k 1.4
\ \ -+-Total Moment Demand
Toe 8.93 k 11.99 k 1.3 €, 2 Moment Mak Capacity
3
Heel 11.40k 11.61k 1.0 g
‘E 10 N \'
Moment ° \ L
3 ]
g \ T ——
Stem See Chart i ]
Toe 246k-ft 407kt 17 [
20 \-‘
Heel 44.6 k-ft 44.0 k-ft 1.0

Qe



Western

Results — TDA Backfill Engimeers

Seminar

Load Demand Allowable per Load Demand Capacity Demand to Minimum D/C
Std Plan B3-1 Capacity (Safety Factor)
Ratio
Toe Pressure 3.7 ksf 4.3 ksf
Overturning 61.51 k-ft 127.61 k-ft 2.1 2.0
Load CEpRESy || REERC Sliding 7.45k 14.23k 1.9 15

Capacity

Ratio

TDA Backfill Demand vs Capacity
Shear Moment (Ib-in)
Stem (at base) 7.45k 13.34 k 1.8 1
\ \ —+-Total Maomeant Demand
Toe 7.64 k 11.99 k 1.6 £, ~+Moment Max Capacity
3
Heel 8.76 k 1155 k 13 g
e " \
Moment ) \ L
= ]
§ \s“‘
Stem See Chart g~
Toe 21.3k-ft  40.7k-ft 1.9 \\\‘
Heel 32.7 k-ft 44.0 k-ft 1.3
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Soil b
Demand bemand A (%)
3.7 16

Toe Pressure 4.3 -
Overturning 76.3 k-ft L -19
Sliding 9.87 k 7.45 k -25

Shear
Stem (at base) 9.87k 7.45 k -25
Toe 8.93 k 7.64 k -14
Heel 11.40 k 8.76 k -23
Moment

Stem (at base) el 49.8 k-ft -20
Toe 24.6 k-ft 21.3 k-ft -13
Heel 44.6 k-ft 32.7 k-ft -27
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Construction

Costs

Reduced Concrete
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Conclusions

Effective use for previously
considered “waste” tire material.

Reduced construction costs through
use of less materials and labor.

Spread footings usable at sites
where previously not feasible due to
unfavorable soil conditions.

W% Envsrieering, fuc.



Next Steps

Develop design and standardized
plans for Reinforced Concrete Type
1T retaining walls with TDA backfill
using the LRFD Specifications

Identify and conduct additional
studies and tests to further validate
the TDA properties and behavior.

W% Envsrieering, fuc.
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