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What is EPS fill?

Expanded Polystyrene Foam —
Also commonly referred to as
"EPS", "Geofoam", “Styrofoam”
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Why use EPS fill?

* Accelerates project schedules

« Easy to handle — light weight

« Unaffected by weather

 Easily shaped on site to suit the needs of the project

o NextLevel




Project Background:
[-69 and SR 252 Interchange

South-Central Morgan County, IN
* SR 252 interchange is located
on a steep incline leading into
Martinsville, Indiana

 Soil conditions are highly
variable
» Geologic deposition
transitions from southern

edge of glaciation to White
River outwash valley




Design Considerations and Constraints
(cont’d)

| - | | r F;avement E!(CE.! tion EClr Bril.‘jE es |
Roadway ——
a. Flattening and lengthening of | g g
proposed profile was required | ———— | ——— —_——
- : — B L e e e e o s — T
b. Mainline I-69 profile grade was R N e
- — = —— - -
raised 24 to 40 feet at SR 252 e e D e mison
. Allowed SR 252 to remaln at \\“—— F'roﬂie Grade Line;'PR-A];" SOUﬂ;‘lbOLlnd. gz : | -
grade, S|mpl|fy|ng | (Mamhesmrthbagnd P“?ﬁle " tgheare-a} EE -ré\}une "PR-SR|252"
construction e
c. Narrow right-of-way due to e e —
existing development —retaining - \ =
walls were needed et -~ Existing grade —
| —
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Construction Schedule

e Let late 2019
» Off-line work 2020
* Full closure 2021

» Settlement
« 8°-12” over 6-12 months

 But... After built the SR 252 bridge can'’t settle due to vertical clearance
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Design Considerations and Constraints
(cont’d)

Allowable Settlement Times Mote: Areas detailed are those with

30 days proposed embankment fill heights
1-3 months »5' above existing ground.
6-12 months

Construction Schedule Requirements
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Design Considerations and Constraints
(cont’d)

Maintenance of Traffic
a. Accelerated construction schedule S

SR 37

Closed between SR 39
and Morgan 5t for cne
CONSLruction season
Me through traffic

44
while SR 37 is closed for construction B
for 1 year e O taffic only 7l i
* Imperative this is met — construction of
entire Section 6 corridor was contingent GRAND VALLEY BLYD Cysan g i sckisn
On this timeline Open duning construction .
b. SR 252 must remain open at all times  cuosn T e
. . . MAHALASVILLE RD
to maintain access to |lU Hospital

-0

\

c. SR 44 can experience periodic closures

ARTESIAN AVE
Open during construction
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Design Considerations and Constraints
(cont’d)

Structural A oSl S
a. Retaining walls for grade separation gmf;/ - ) =N
b. Tallest MSE Wall heights from I P A

approximately 25 feet at the bridge end ==« _r_z’;;%__._;_:,_ i BN NS

bents to 40 feet at the SR 252 A O 5 1 = D
iInterchange ramps 11k

c. Preventing downdrag on piles and
potential settlement of bridge

a. Limited tolerance between SR 252 and
bottom of bridge

d. Aesthetics

535+00
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Finale of Design Schedule

Final
Tracings 1

*7/1/19

Geotech
Addendum 1
(EPS)

e 7/18/19

Geotech
Addendum 2

(SR 252 bridge)
* 8/9/19

Geotech
Addendum 3
(Signs)

* 8/23/19

Decision to
push to
November
Letting

® 9/24/19

Final
Tracings 2

* 9/27/19

Letting
* 11/14/19
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Preliminary Design
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Preliminary Design
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e Typlcal Sectlons ®

2" Sand (Structural

for Pavement Structure Backflll Type 3, 904.05 Proposed Ground
Sta, 539+59 +/- Size No, 4 or No. 30) Crushed Umestone 2l
//-Embankment EPS 29 No. 53, 1'6" Min, & £l o ®
EPS Transltlon Area Geomembrane f__? " ‘E _~ Underdraln
+— \ A \\ CIRAN /
/ ANEAY V4 / N\ AN |
_ N BNV X —
——————— 5
__________ o Pl ) srgermmy,
__________ NSA A A A A A 53985A, /Joooooooopoond Ty
« 539+86 +/-
wwwwwwwwwwwwww AN A A A A AIBOO0O0OC0OCOCOpPpOOO, —_—
omemorane
————————————————— O0000000 DDEJ“: / L
> ' /-G Around >
————————————————————— A AA A Joooocooocopoooi g™
——————————————————————A\ A AIBBOD0D00O00POOQ Y Bty Groune
CzFrr— = © “locooooooboog il 2]
| |Oraln $3d Pad | i l i i i i i i o N\ 50%0" Min. EPS Fl _L|: A Embankament
i | /ri | | | | i | | (6;'0; i "\- 440" M. Excavation for IS Fal :I:
i | | i | i | i i [P 2" Sand (Structural ' Soldler Plle
i AN O BT | e i oo
. ' . ' )/ I ; . ' ; Underdraln 2'<0" @) Drilled Shaft

s Profile

Below EPS (Typ.)

)

Brdge Pllling (see DES
1800351 and 1800353)
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Crushed Limestona

Mo, 53, 1-6" Min. Guard Rall (Typ.)
‘E E Line "PR-A1"
2" Sand (Structural 3 = N Proposed Ground
Backll Type 3, 904.05 _ f? I w
Slze No. 4 or Mo, 30) ) - F-'q = Geomembrane
Proposed Ground m - a EPS 29
S ] ]
Geomembrane 1% Slope 1% Sloy

2" Sand {Structural
Backflll Type 3, 904,05
Slze No. 4 or No. 30)

Proposed Ground

Embankment \

T / I [ I [ [ [ [
2-0" Wick Draln Sand Pad ! ! ! | ! ! '
oo ||
_/ '
Wick Draln

[ [ I [ [ [ I [ I [
| | | | | | l ! ! . "‘k\\‘_ Exdstlng Ground T

=

MTerypa]!

s Cross Section — begin EPS
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Geotechnical Investigation at SR 252

68=TE=41 TEST BORING & Ef—-RW-816 -' &

preiep e IR %,

a. SPT Test Borings to 110 ft
for the bridges

b. Borings from 25 ft to 65 ft for
MSE Walls

c. CPT probes near SR 252
bridge end bents

d. Lab testing of soil samples:
a. Classification Tests
b. Consolidation Tests
c. Strength Tests




Boring and CPT Logs

 Highly Variable Soil
Conditions

 Borings with 110 feet of silty
clay at NE corner of Bridges

* Loose sands/gravels over
deeper compressible cohesive
solls

 Layers of softer, more
compressible, cohesive soils
with layers of very loose sand to
dense sand and gravel
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Dwganic -
Clarys - clay o
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B 4 Sitt mintures - dayey sill 1o sity day
5 Sand mixiures - sity sand io sandy st [ll8  Very st sand 1o cayey sand =
Wery a8l fine grained **

Gravelly sand io sand

€ Sands - dean sand o silty sand
*SBT: Robertson 1990; “*Overconsoiidaled or Cemented, “SBTISPT CORRELATION: UBC-1983



Subsurface Bridge N
Profile

* Layers of softer, more
compressible, cohesive solils
with layers of very loose to
dense

a. Compressible layers of
clay, silty clay at the
bridge location

b. Cohesive soils have higher
natural moisture contents in

many cases (up to 35%)

a. Ground water generally
below 8 feet

p xaicedrd i1




Findings and Conclusions

a. Estimated settlement ~8 to 12 inches for MSE Walls
b. Estimated 8 inches settlement at bridge end bents

c. Anticipate high downdrag on bridge piles due to depth of
compressible cohesive solils

| & Proposedl69 & |
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S]] NN A

— |l p— i L
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| o | | ; | | |

- . . - . . - ? . . . ﬂ |Fr.| - . . - . . - . . . . - .
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Conclusions

a. Ground improvement | ]
methods considered for B T Fommmn] swwenn
the MSE walls: e —— £\ m—

——50IL REINFORGEMENT

P ] P
U soiL REINFORCEMENT [:_5: —————=====-. Luﬁgﬁ"‘;"’fﬁ: ER
| - T [ [ e
I.  Aggregate columns and rigid MSE WALL WITH
inclusions GROUND IMPROVEMENT
ii' Staged ConStrUCtion = PRELOAD SURCHARGE = PRELOAD SURCHARGE
- . . w [IF NECESSARY) Q [IF NECESSARY)
iii. Wick drains and surcharge 2 j
V. D_eep SC?I| ml)_(mg | PhBS — RRURFIL] ewewwmeNt | pawels —| GRANOARFEL| ewemienT
v. Lightweight fills, such as Y e ——— | I E—
"GRADEY | Y oA lf"anF\., | sl
cellular concrete or geofoam S T R aNrorcevenT |— RENFORCEMENT
I'Eg \?ﬁF?SégEmE_jr ‘ ‘ T [ ‘ ‘ WICK DRAINE
FINISH MSE WALL
LINE BUILT IN PHASES MSE WALL WITH WICK DRAINS



Solution:

« Combination of Wick Drains with
Surcharge Loading in areas
away from bridge abutments

- Expanded Polystyrene (EPS) at
the bridge abutments

* Rigid Inclusions for other
structures
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Approach to Embankment and Bridge
Construction

a. Increase the number PILE LOADING FOR GEOTECHNICAL TESTING
. . NORTHBOUND SOUTHBOUND
Of p | pe p | IeS LOCATION BENT 1 BENT 2 BENT 1 BENT 2
16" PP x 0.312" | 16" PP x 0.312"| 16" PP x 0.312" | 16" PP x 0.312"
b. Revised deSign load PILE SIZE, TYPE & GRADE GRADE 3 GRADE 3 GRADE 3 GRADE 3
. _ : FACTORED DESIGN LOAD, Q (kips) 160 160 160 160
— 1 60 k| p S / p| |e FACTORED DESIGN SOIL RESISTANCE, R, (Kips) 160 160 160 160
RESISTANCE FACTOR, @ o 0.80 0.80 0.80 0.80
. . . DOWNDRAG LOADS, DD (Kips 0 0 0 0
c. 16 inch pipe piles NOMINAL SO RESISTANCE. & ()
5 DOWNDRAG FRICTION, R suu{kiPE} 0 0 0 0
d. Perform a static load test [scourzone riction, & w. i 0 0 0 0
RELAXATION OF TIP IN SHALE, R .y, (Kips) 0 0 0 0
NOMINAL DRIVING RESISTANCE, R,y (kips) 200 200 200 200
ESTIMATED PILE TIP ELEVATION 653 545 653 545
UPLIFT RESISTANCE FACTOR, @ - - - -
NOMINAL UPLIFT RESISTANCE (Kips) - - - -
FACTORED UPLIFT RESISTANCE (lips) - - - -
STATIC LOAD TEST IN ACCORDANCE WITH STANDARD
TESTING METHOD SPECIFICATION 701.05(c) AND PDA IN ACCORDANCE
WITH STANDARD SPECIFICATION 701.05(b).
1-69
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Approach to Embankment and Bridge
Construction (cont’d) ... .

Use geofoam at the bridge
abutments and wick drains for
general roadway
embankments/walls

a. Due to risk of settlement

b. Deeper cohesive soils may
create significant downdrag on
piles at bridge that cannot be e ey
reliably accommodated by the Geomembrane/separaton ayer

gFINISH plleS
LINE
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Approach to Embankment and Bridge
Construction (cont’d)

a. Install geofoam (EPS) within 50 feet of piles and transition to full
embankment height

b. Net zero load applied to the underlying soil from the approach
embankment and pavement.
a. Piles can be driven first
b. No downdrag load on piles

ASTM D6817 Physical Property Requirements of EPS Geofoam

Density, min., 11.2 [0.70] 14.4 [0.90) 18.4 [1.15] 21.6 11.35] 28.8 [1.80] | 38.4 12.40] 45.7 (2.85]
kg/m[Lb/ i)

Compressive Resistance, min., 15 (2.2] 25 [3.48) 40 [5.8] 50 [7.3] 75 [10.9) 103 (15.0) 128 [18.&)
kPa I[::-..I at 1 %

Compressive Resistance, min., 35 (5.1 55 [8.0] o0 [1a.al 115 [14.7] 170 [24.7) | 247 [35.0] 300 [43.5]
kPa [p

S OImpres R [ [ ] 70 [10.2] 110 [1&.0] 135 [19.5] |

kPa [ps

Flex | I 110 | 0 07 130.0] | 240 [35.0] 0 1 0.0 1

24
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Approach to Embankment and Bridge
Construction (cont’d)

T iy
a. Geofoam to be encased in - 9
soldier pile and concrete .
lagging walls

b. Concrete Panels to match MSE
wall panels

NextlLevel




Approach to Embankment and Bridge
Construction (cont’d)

a. Wick drains installed for general MSE walls and embankments (away
from bridge)
a. 6 feet triangular pattern
b. installed to depths of up to 80 feet, or as deep as possible

b. 8 ft surcharge load planned
c. 6 week minimum delay period for settlement 8 ft Surcharge

80" Surcharge Loa
Control Line 1 (Neat Line) —~_ ¢ P.G. 722.98 / rol Line 1 (Neat Line]
Temparary Wire Face Wall*

Temporary Wire Face Wall® d I
Control Lin Z{NEEtLH_T j: Control Line 2 (Neat Ling)

10" Min Proposed Roadway -//

. 10° Min.
Front of Wall \—ant Facegf Front Face of / i' Front of Wall

Permanent Wire Wall

= el =

-

——

— _ — i — — —
—— e — -t

Vertical Prefabricated
‘Wick Drain,

]- L] 1| 1
I
||
|
|
' Trlangular Pattern (Typ.) f";ﬁ
I i
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Construction Challenges

* Difficulty installing wick
drains in previous SR 37
embankment

 Additional SPT borings and
CPT probes performed in
wick drain zone between
Station 534+00 to Station
539+00

1-69
FINISH
5 LINE

n

.
e e NextlLevel




Construction Challenges

* Encountered an upper stratum
of stiff and/or dense
embankment soil overlying
deeper soft cohesive solls

* Wick drains were incapable of
penetrating through the stiff
existing embankment soils in
certain areas

Depth
(ft)

10

20

30

50

B0

70

80

Class. PP
(Rob. 1990)
50 0

VLI

JHIETY

™

byl )
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Considerations for Post Constructlon
Settlement

* Eliminate wick drains in :
the existing SR 37 AT
Embankment - HHET

* Increase the surcharge
from 8 ft to 12 ft

* Monitor settlement plates - i

* Maintain wick drains in all
areas where possible to
install

1-69
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Settlement Monitoring

- Settlement plates to be _—
installed during construction — |

* Estimated settlement amounts
on the magnitude of
approximately 8 to 12 in.

| B Locations of Settlement Plates - _|_ T |
Station, Line Orifgat Locations of Settlement Plates
‘ 523+00, PR-A1 50 ft Left and 40 & Right
E2E+50, PR-A1 70 it Left and 50 ft Right Station, Line Offset
5289+00, PR-A1 T0 It Laft and 50 it Right 535+00, PR-A1 120 fit Lefl
| 532400, PR-A1 BO It Lefl and 50 I Faght S3R4+00, PR-A1 130 1 Lefl
533+50, PR-A1 BO f Left and 30 ft Right 53T+00, PR=-A1 145 ft Left
535+00, PR-A1 &0 ft Left and 30 ft Right 3R+00, PR-A1 150 fit Lefl
538+00, PR-A1 50 ft Left and 30 Tt Right
533+00, PR-A1 40 It Left and 40 Tt Right - .

1-69
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Settlement Monitoring

Settlement Plate: Station 535+00, 60 ft Left

O L Time
. - ek - - - g - " - - - - - - ' % - i - % - L -
e el I Iel I OI II Orll lg LS . Gt o SR G Gl ) T;.‘ L qt‘j\' . S i \\9" R S G N R g & 8 A
B S A LU T AP L L S LN L L L LU A o S A L A AP L S LN L L
VAR R R 1 T S (A A VL N P Ol S ST 1 A I (G LA A

From ~March to Oct. * T

2021 2 \_\\j* Surcharge Grade /_/_/
 Total observed | |

settlements ranged
from approximately 2
to 11 inches

» Post-surcharge delay

period of

approximately 5 to 6
weeks

Final Grade

il

Settlement

Total Settlement (Inches)
o,

Fill Height

«—

Full

Height

1-69
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LINE = Seiilement (in) s Tplal Thickness of Material [Embankment + Surcharge) above Original Ground Surface, ft
Final Thickness of Material between Driginal Ground Surface and Final Pavement of Grownd Surface =——Final Surcharge Thickrness above Orignal Ground Surfaoe

Surcharge *~

k -

Total Embankment Height (ft)




Post Pavement Settlement Monitoring

- Roadway paved late 2021 to maintain construction schedule

» Additional settlement stakes installed and monitored post
paving —prior . N e

- g Lowl
- — Artaking bt
M = fa— a3 i

W a B om ow E d

) 1T Min. mrnmﬂ'umm N
% 5o 5 D000 e PRLAT* 'T!-DI'

to final surface |

R

EE R R R R R AN

Sia P
Liras PRI
AT
Il
Sim SA0490.9
| Line FEAT|
4T = 8550
Saa 40 1972 Line 1

: . ’ DRGSO -55%2;5” & ) fas
ISH : . . e y el — Sty ch':;'::-;'r:l-a:"l
& s e R S\

III | bt i .-'. .'"

co-
Z27

A o

s
Lp®s {
" e SR T e ER-ATE S
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Post Pavement Settlement Monitoring

» Settlement stakes Station 538+00

* » +—8 » » »

monitored from January to
May 2022

 Post paving settlement of
~ Y2 inch to 2 inches

 Final surface paved in June
2022

- Paved to design profile grade oot —er0 i —es0f R —etisr
to account for additional
settlement

Settlement, Inches
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I [am } - L = = [ [} [am ] -
[ [ oo & o] - (o] [ =5
I + + o} + ¥ + + + +
] T o m o] ) ] 1 C3
”1 ™~ M3 M =t = = =+ =
ut [T4 o dn ua u u1 ul T4
CGECOKWEMBRAKE I,f i o < o i..-f r1= |q: - CUT M SITE
(BY OTHERS) — ™\ @ : o w i tn tn w| FehYo sur e,
\ i
-, T
. . kY I { e e LAYER 15 EL. 7127
° . B i R | R | LAYER 14 L 7107
I I . [ | | [ [ AYLE 14 | A S
[T T T 1 [ 1 [ I | [ MER 17 fl. P06
3 [ | | [ | | | | \ | | | [ LAYER 11 EL. F04.7
LAYER 10 ZL. F02.7
« ~210,000 ft° EPS e
1 LATER 8 L. 6987
LATER 5Dl R96 T
an AYERE & DL sed.d
AFR 5 OFL. H9R7

BLOCK QUANTITY SUMMARY

BLOCKTYPE| LxWxD | QUANTITY [VOLUME (y&*)] VOLUME (i)

A1| EPS22 96x48x24 2,660 6,305 170,240

A2 | EPS22 48x48x24 203 359 9,696

A3 | EPS22 96x24x24 122 145 3004

A4 | EPS22 482424 23 14 368

c1| eps2g 96x48x24 321 7641 20,544

c2 | eps29 48xA8x24 21 25 672

c3 | Epsza 96x24x24 12 14 384

c5 | eps2g 96x48x12 128 152 4096

c6 | EPS29 48x48x12 17 10 272
1-69 c7 | EPs29 96x24x12 4 2 64
FINISH EPS22 3,108 5,823 184208 | APPROXIMATE No OF
LINE EPS29 503 964 26032 | CONNECTOR PLATES

TOTAL 3611 7787 210,240 6178
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[ [ (=] =] [ =] (=] (=] [=] uy
- PR OE OB OB OE OB OE O EE
E P S F I I I 3 3 3 X 3 3 3 X 3|3
CUT ON SITE ¢ { ; 1 { { { i . ¢ ) )
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EPS Fill

* Becoming more common on
large scale projects

» Recently used on I-74 over
White River in Dearborn Co.

* As execution becomes more
common it is expected that
cost may reduce — or less of
an obstacle in selecting EPS
as a viable option
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Lessons Learned?

e Weather can affect these EPS units
* Windy conditions make it difficult to work EPS blocks

* Extreme rain events can float the blocks if not properly
backfilled

* Extreme care is needed to not damage the EPS blocks or the
geomembrane that protects the EPS product

* Specialty tools are needs to properly cut the blocks
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1-69 Finish Line Video




Construction Photos
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Questions?
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