INNOVATIVE RETAINING WALL SYSTEM
FOR THE DALLAS HIGH FIVE PROJECT

by
Dr. William J. Neely, P.E.

Vice President, Product Development
The Reinforced Earth Company
1660 Hotel Circle North, Suite 304
San Diego, CA 92108

< e-mail: wneely@reinforcedearth.com /
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Engineer: HNTB Corporation
General Contractor: Zachry Construction Corporation

Retaining Walls: Designed and supplied by Foster
Geotechnical (The Reinforced Earth Company after February
20006)

Total Contract Value: $261 million

Retaining Wall Materials, Coping and Traffic Barrier: $4.5
million

Project was completed a year ahead of schedule

Bonus for early completion: $11.5 million ($32,000/day with a
maximum of 360 days) /
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Interchange of Interstate 635 and U.S. 75
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A High Five
For Dallas

Thanks to innovative contractual and construction
measures, major work on an ambitious, five-level
highway interchange in Dallas is expected to be
complete by the end of the year, a full 12 months
ahead of schedule. By Jay Landers

ORES- T024- NI MY LORE /32540 pev article

The g ge of 635
and U.S. 75, above jeft, features direct connec-
tors that enable vehicles to pass quickly from
one freeway to another rather than encounter
bottlenacks on cloverleaf ramps and left-hand
exits. Thirty-one bridges had to be demolished
as part of the Dallas High Five project, and 35
concrete bridges, including those shown here,
center, will have been built for the new inter-
change by the time it s completed. The future
lanes of northbound U.S. 75 just north of 1635,
opposite, are under construction. The tallest
bridge s the reversible high-occupancy vehicle
lane, and crossing beneath it is the direct con-
nector from hbound U.S. 75 to

1635, The other lanes convey traffic from east-
bound 1635 to northbound U.5. 75.

Civil Engineering MARCH 2005
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Total Wall Area: 265,000 SF

193,000 SF in fill
72,000 SF in cut
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Walls in cut areas would also require expensive
temporary shoring

Contract documents specified the use of cement-
stabilized backfill for MSE walls

This would complicate wall construction by having to
place MSE backfill and common embankment fill at the

same time

Unique artwork requiring precision in liner fabrication,

\ panel casting, and erection in the field
DGI-MENARD 5
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retaining wall systems instead of as-designed MSE
walls

 These had the advantages of

— simplifying construction in both cut and fill situations
— reducing the impact on traffic flow during construction by
significantly reducing time

— use of large, full-height panels reduced the number of units
to be handled in difficult access
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Permanent tied-back soldier pile and
lagging walls with 10-foot wide, full-
height precast concrete fascia panels

(Permanent lagging consists of CIP
reinforced concrete)
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GROUND ANCHOR TENDON
ASSEMBLY, SEE DETAIL

GROUND ANCHOR TENDON
ASSEMBLY, SEE DETAIL

“0" - DRILLED

SHAFT LENGTH

—————————DOUBLE~CHANNEL SOLDIER PILE

C.LP. CONCRETE LAGGING
THICKNESS VARIES

REMOVE LEAN=MIX BACKFILL
TO POUR C.LP. LAGGING

SIZE VARIES.

_FRONT FACE OF
FASCIA PANEL

FILL BEHIND PANEL TO
TOP OF BARRIER (TYP.)

— FINISH
/' GROUND

FIG.1 TYPICAL SECTION AT
SOLDIER PILE WALL

UNREINFORCED CONCRETE
LEVELING PAD (1"-0"x1'—8")

LEAN MIX
CONCRETE

PERMANENT TIED—-BACK
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FIG.2 TIED-BACK SOLDIER PILE WALL SHOWING CIP CONCRETE LAGGING
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FIG.3  FULL-HEIGHT FASCIA PANEL FOR SOLDIER PILE WALLS /
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WEDGE (IF REQUIRED)

6" PERFORATED

UNDERDRAIN (IF REQU

2"x4" BLOCKING

NAILED TO PAD
2 PER PANEL

C.L.P, CONCI!(ETE

FASCIA PANEL

~———FRONT FACE OF

LAGGING

e TR et ek CONTINUOUSLY REINFORCED

CONCRETE PAVEMENT
(10 TO 14 INCHES)

23— HOT MIX ASPHALTIC CONCRETE

1 KRSRRTRS
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X

BOTTOM OF LAGGING : s l\./(>\/ 7\///>\//‘>\//>L///X4
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2

LEVELING PAD DETAIL FOR FULL—HEIGHT
PANELS AT SOLDIER PILE WALLS

1 /2 = 1'-¢

1'—0" x 1'—8" UNREINFORCED

\_LEVELING PAD (f'c=4000psi)
#6 DOWEL (GALV. OR

OXY COATED)
PER PANEL

(TYPE B)(4 TO 6 INCHES)

— LIME TREATED SUBGRADE

(8 TO 14 INCHES)
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STATIONS &
[=——0FFSETS PER
PLAN VIEW

HD—SPL RAIL. SEE CONTRACT———
DOCUMENTS SHEET 1220

PRECAST COPING. SEE
SHEETS 25, 26 FOR DETAILS

3/4" PREMOLDED EXPANSION
JOINT MATERIAL

TYPE "A" CONCRETE FLUME

TOP OF COPING

ELEVATION

(TYP.)

SEE CONTRg\CT DOCUMENTS,

SHEET 10

C.L.P. GROUT

USE LEAN MIX CONCRETE-
TO FILL VOIDS AS NECESSARY

0
=

| (3" MIN.)
(15" MAX.)

l - .
I s
|~VARIES

4%.

VARIES
=" —
o F M
i Ll

REMOVE LEAN—MIX BACKFILL
TO POUR C.IL.P. LAGGING

SOLDIER PILE, SIZE AND TYPE
SEE TABLE SHEET 65.

C.I.P. CONCRETE LAGGING

=—FRONT FACE
ARCH. RELIEF

TOP OF WALL DETAIL
W/ INFINITE SLOPE

1 3/ = 1"=0"
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TYPE C201 RAILING AND COPING '
SEE DETAIL, SHEET 27 Car

STATIONS &
OFFSETS PER
PLAN VIEW

TOP OF COPING
ELEVATION (TYP.)

C.I.P. GROUT

(3" MIN.)

(15" MAX)
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REMOVE LEAN—MIX BACKFILL
TO POUR C.LP. LAGGING

SOLDIER PILE, SIZE AND TYPE
SEE TABLE SHEET 65

C.I.P. CONCRETE LAGGING

FRONT FACE
ARCH. RELIEF

TOP OF WALL DETAIL
W/ TRAFFIC BARRIER
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in-plce srip footings
 All precast concrete elements are full-height ranging
from about 2 feet high to almost 30 feet

« All elements are 10 feet wide, giving completed
walls a uniform appearance regardless of whether
they are in cut or in fill

* Three types of precast elements:

L-panels (up to 70" high)
Double-T panels (75" — 230" high)

Triple-T panels (= 235" high) /
wie:ld T ] ff
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FIG.4 L-PANELS ON CIP CONCRETE FOOTINGS
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PLAN_STATIDNING
~_AND OFFSETS.

C.LP. GROUT,
THICKNESS
VARIES

3" MIN. B e
147 MAX, H

FRONT FACE OF ARCH.
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FIG. 5 TYPICAL SECTION AT DOUBLE-T PANEL
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FIG.6  TYPICAL DOUBLE-T PANEL
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DOUBLE-T PANELS:

DESIGN PROCEDURE: _PRECAST WA
TRAFFIC SURCHARGE = 250 PSF

. ALL WALLS hp>70" TO BE i
DOUBLE-T PANELS (OR =

-
1

TRIPLE-T AT hp>230").

. PANELS ARE CONNECTED
TO FOOTING USING POST-
TENSIONED BARS (fy =
150 ksi) FOR MOMENT
DESIGN AT BASE OF WALLS.

DESIGN HEIGHT "H"

ik

. SHEAR AT BASE IS RESISTED
BY "LUG" ON TOE OF
FOOTING

“1

. POST-TENSIONING FORCE IS SELECTED TO LIMIT CONCRETE STRESSES AT SERVICE LOADS
TO MAXIMUM ALLOWABLE COMPRESSION AND TENSION LIMITS.

5. VERTICAL REINFORCING IS PROVIDED IN FACE PANEL TO RESIST TENSION STRESSES AT
TRANSFER OF POST—TENSIONING FORCE. (BEFORE SOIL LATERAL LOADS)

6. CHECK ULTIMATE MOMENT CAPACITY.

7. DESIGN ANCHORAGE ZONE REINFORCEMENT FOR POST-TENSIONING FORCE.

8. DESIGN STEM ABOVE TRANSITION STEP AS CONVENTIONAL REINFORCED ELEMENT.

9. DESIGN FOUNDATION.

NOTE: DESIGN IS BASED ON ACTIVE EARTH PRESSURE CONDITIONS.

09,/20/05 é
s=s=5] DOUBLE—T PANEL DESIGN PROCEDURE: Fgﬁ&ﬁ!
WIN PRECAST WALL STEMS AT BASE i e Y
DGI-MENARD Wil f
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ERECTED DOUBLE-T PANELS
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posSItlion the ancnor devices

« After placement, panels were shimmed and dry-packed
with non-shrink grout

« The high strength all-thread bars were then installed
through the preformed holes in the vertical stems into the
footing and threaded into the nut on the underside of the
anchor plate

» Post-tensioning force applied and locked off

« Assembly grouted in place /
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« Displacements to be monitored for at least 6 months
under traffic loading

 Measurements were made on reflector-plate targets on a
single vertical line on selected wall panels

« Initial readings were taken after panels were placed and
post-tensioned

» Reflector-plate targets were installed on 29 panels,
ranging from 3 feet to 29 feet high, in 6 different retaining

walls /
viNnel ff
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Although seemingly relatively stiff it was judged that
active conditions would develop

Backfill comprised a low plasticity silty/sandy clay with an
estimated drained friction angle of 30 degrees

Movements to reach active (or passive) condition are
roughly proportional to height

« A movement of no more than 1 inch in 20 feet, or A/H =
0.004, was considered sufficient to reach active

conditions /
DGI-MENA'RD wirt<d |1 f.’
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A/H =0.01 at end of

L35 / PANEL COLUMN 31

backfilling
Recovery of displacement 0 6/25/03
t | ti f 1 7/9/03 (+50% COMPLETE)
suggests relaxation o 2 7/16/03 (100% COMPLETE)
compaction-induced 3 7/17/03
pressures e
|
0.1 | =—— L35 PANEL
| (PANEL COLUMN NO. 31)
(FEET) |
|
— 0.2 0.1 2 :
E 0 1 1 \\1.401 ELEV. 525.32 (STA 13+09.25)
= |
3
N
| ELEV. 523.840
-0.1 - P - A /
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Depth Below Top of Fill (m)

10 20 30

Laterd Earth Pressure (kPQ)

40 50 60 70 80

— K,=1-sin¢
——— K, - Compaction Resultant

——— Field Data: 10-29-98, 14:30
—— Field Data: 10-29-98, 15:30
—-— Field Data: 10-29-98, 17:00
—- - Field Data: 10-31-98, 13:00

DGI-MENARD
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Table 1. Total Lateral Force on Stem for Various Backfill Heights

Backfill Height (m) Lateral Force on Stem from EPCs (kN/m)
t=0 t=12hr

3.7 97.0 75.2

5.5 122.2 109.9

6.1 169.0 142.8

DGI-MENARD VvinhCI f.‘.
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Height Above Footing (m)

—e—t{t=0hr

—s—t=12hr

—-4— Ka=0.249

60

Lateral Stress (kPa)

Fig. 2. Estimated compaction-induced lateral
stresses for backfill height of 7.6m
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Panel translated 0.02’ during
backfilling. DT 120 / PANEL COLUMN 61

Over the next 3-4 months there was 0 6/25/03

1 7/9/03 (£50% COMPLETE)

settlement of 0.05’, giving a final 2 7/16/03 (100% COMPLETE)
A/H of 0.008 3 7/25/03

4 10/28/03
0.05 -

ELEV. 529.41 (STA 16+09.26)

0 . . ry ELEV. 526.33 (STA 16+09.62)
E —0.05 L Sp42 DT 120 PANEL
TS (PANEL COLUMN NO. 61)
4
-0.10b {FEET)
: 0.2 0.1
0 L ‘ 01 ELEV. 523.25 (STA 16+09.54)
= 2,3
&
g —0.05 |- 521340
4 /
-0.10 L
‘\ /
N 5
N o o e 4

FIG. 10 OBSERVED DISPLACEMENTS OF 120-INCH HIGH DOUBLE-T PANEL (WALL 635C)
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DT 165 / PANEL COLUMN 24

o 7/31/03
1 B/06/03 (£6' BACKFILL)
2 B/11/03(+£12' BACKFILL)
4 3 8/12/03 (COMPLETE)
FEET
—0.1(0 )—0_05 4 B/14/03
I 1

5 B/27/03
ELEV. 572.50 (STA 11489.99) 9/08/03

7 10/07,/03
8 4/22/04

ELEV. 568.29 (STA 11+89.71)

translated 0.1’ or A/H =
0.007

s o Movements continued
(FeEn) for 2 months, but at a
-0.15 -0.10 -0.05 O .
0 : A ELEV. 56261 (STA 11+89.73) decreasing rate.
No%%mnou POINT OBSTRUCTED .
§ -oos v 6 months under traffic
- loading produced
~0.10' almost no additional
% e 7 movement

FIG. 11 OBSERVED DISPLACEMENTS OF 165-INCH HIGH DOUBLE-T PANEL (WALL 635Z)
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L4

Vertical Displacement (ft)
o o o o o
IS, = o o (=] [=]
N - [v=) (=)} . %]

o
—
s

o e 9
o (=] o
(o] = %] o

Horizontal Displacement (ft)
o
(v 2]

Retaining Wall 635Z: DT165/Panel Column 24

Time from Start of Backfill Placement (days)
50 100 150 200

® Top Reflector Plate
A Center Reflector Plate
Backfilling

Time from Start of Backfill Placement (days)
50 100 150 200 250 300

® Top Reflector Plate
A Center Reflector Plate
Backfilling
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(FEET)
-0.15 -0.10 -0.05
-1 : ELEV. 576.27 (STA 10480.09)

a2

o 7/31/03

1 8/06/03 (+8' BACKFILL)
2 B/11/03(£12" BACKFILL)
3 B/12/03 (COMPLETE)

4 B/14/03

5 8/27/03

& 9/08/03

(FEET)
=0.15 -0.10 -0.05 1 o
R ELEV. 569.63 (STA 10+80.09)

clay over bedrock.

Backfilling resulted in a
translation of 0.06’ or
n_as.l— i ?;,g:?f ;&N&u NO. 35) A/ H — 0_004

(FEET) ’
-0.15 -0.10 -0.05 Oy
0 A o B o e ELEV. 563.48 (STA 10+80.09)
s,

.05 | "
5 - ELEV. 560.523
/

(FEET)
)
(=]
w

-0.10

_________

FIG. 12 OBSERVED DISPLACEMENTS OF 200-INCH HIGH DOUBLE-T PANEL (WALL 635Z)
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(FEET)
0.2 0.1

(FEET)
0.2 0.1
0 = o) - B I

. (FEET)
| 0.2 0.1
- L

T 23 PANEL COLUMN 10

ELEV. 543.880 (STA 10+95.90)

0 8/05/03
1 9/10/03 (£50% COMPLETE)
2 10/10/03(+100% COMPLETE)
3 4/22/04

ELEV, 536.250 (STA 10+495.90)

[——TT 235 PANEL
(PANEL COLUMN NO. 10)

ELEV. 52B8.810 (STA 10+95.88)

—ELEV. 525.840

_ﬂi
s
32
o
0 | e .
[ 1
— | 2
E-um 3
L
—0.10 .

o

and rotation. At end of
backfilling, A/H = 0.004.

Six months under traffic
loading increased
movements by a
maximum of 0.02 feet.

FIG. 13 OBSERVED DISPLACEMENTS OF 235-INCH HIGH TRIPLE-T PANEL (WALL 75J1)
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accepted on an experimental basis
* Field monitoring of almost 30 individual wall elements
— Short (< 6 feet) L-panels
« small movements (0.02 — 0.03 feet)
« A/H=0.004
* recovery of outward displacements
— Double-T panels

» shorter panels behaved much the same as L-panels,
including displacement recovery

* movements were combined translation and rotation with
AIH > 0.004

DGI-MENARD vViNned f.p /
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displacements increased only 0.02 feet

Impairment

DGI-MENARD
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« Although the largest measured vertical displacement of
0.12 feet occurred over a 9-month observation period,
there was no evidence of any damage or function

« Since measured displacements are similar to those of
other conventional retaining systems, including MSE
walls, the post-tensioned wall system was released from
experimental status by TxDOT in January 2005.
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