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Notes:

30°

1. Boulders in excess of 5 ft diameter, cobbles and groundwater

S
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THE CONTRACTOR SHALL SUBMIT FOR
ENGINEER'S APPROVAL A METHOD TO
INSTALL GUARDRAIL POST THROUGH
GEOGRID REINFORCEMENT.

VARIES PER CONTRACTOR'S
FIELD SURVEY |

FULL HEIGHT PANEL
FACING (SEE PRECAST
PANEL FACING PLANS)

LEVELING PAD

PERFORATED PIPE /

(SLOPE TO DRAIN)

STRUCTURE BACKFILL

REINFORCEMENT (MINIMUM LTDS = 2000 LBS/FT)

A —X— — —X— — —X— — —X— — —X— — —=X—— —X—— =X
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STRUCTURE BACKFILL
(REINFORCED AREA)

\ BOTTOM OF SYSTEM

GEOGRID REINFORCEMENT

fe—— R —

LENGTH VARIES

IYPICAL SECTION
WALLS A, B, AND E

EXISTING GROUND
AREA OF EMBANKMENT FILL

GEOGRID REINFORCEMENT

MSE WALL GENERAL NOTES

1.0 MSE WALL MATERIALS

1.1 BACKFILL SOIL (REINFORCED FILL) SHALL MEET THE REQUIREMENTS OF STRUCTURE
BACKFILL (CLASS 1).

1.2 REINFORCEMENT SHALL HAVE A MINIMUM LONG TERM DESIGN STRENGTH OF 2000
LB/FT WHEN CALCULATED IN ACCORDANCE WITH SECTION 504 OF THE STANDARD
SPECIFICATIONS.

2.0 MSE WALL DESIGN AND CONSTRUCTION

2.1 MSE WALL DESIGN AND CONSTRUCTION SHALL BE IN ACCORDANCE WITH SECTION 504
OF THE STANDARD SPECIFICATIONS.

2.2 THE FOLLOWING SOIL STRENGTH PARAMETERS HAVE BEEN ASSUMED FOR THE
PRELIMINARY DESIGN:

@ c Y
(deg) (psf) (pcf)
STRUCTURE BACKFILL (CLASS 1) 34 0 135
SURFICIAL SOIL 30 50 120
BEDROCK 33 500 135

@ ANGLE OF INTERNAL FRICTION

C’ COHESION
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1.1

1.2

1.3
1.4

1.0 GENERAL NOTES

EXCEPT AS SHOWN IN THE PLANS, STRUCTURE EXCAVATION AND BACKFILL SHALL
BE IN ACCORDANCE WITH M—206—1 AND THE PROJECT SPECIAL PROVISIONS,
REVISION OF SECTION 504.

THE CONTRACTOR SHALL BE RESPONSIBLE FOR THE STABILITY OF EXCAVATIONS
DURING CONSTRUCTION.

EXPANSION JOINT MATERIAL SHALL MEET AASHTO SPECIFICATION M213.
ALL REINFORCING STEEL SHALL BE EPOXY—COATED UNLESS OTHERWISE NOTED.

1.5 @DENOTES NON—COATED REINFORCING STEEL.

2.1

2.2

2.3

2.4

2.0 DESIGN DATA

REINFORCED CONCRETE:

CLASS B CONCRETE:f'c = 4
CLASS D CONCRETE:f'e = 4,500 psi
REINFORCING STEEL: fy = 6

THE FOLLOWING TABLE GIVES THE MINIMUM LAP SPLICE LENGTH FOR EPOXY COATED
REINFORCING BARS PLACED IN ACCORDANCE WITH SUBSECTION 602.06. THESE SPLICE

LENGTHS SHALL BE INCREASED BY 25% FOR BARS SPACED AT LESS THAN 6" ON CENTER.

BAR SIZE #4 #5  He 47 48 #9 #10 #n
SPLICE LENGTH FOR
CLASS B AND 1"=3" 1'=7" 2'-5" 2'-10" 3-8" 4'-8" 5-11" 7'-3"

CLASS D CONCRETE

WHEN THE CONTRACTOR ELECTS TO SUBSTITUTE EPOXY COATED REINFORCEMENT FOR
BLACK REINFORCING BARS, THE MINIMUM LAP SPLICE SHALL BE AS DESCRIBED ABOVE.

THE FOLLOWING TABLE GIVES THE MINIMUM LAP SPLICE LENGTH FOR BLACK REINFORCING
BARS PLACED IN ACCORDANCE WITH SUBSECTION 602.06. THESE SPLICE LENGTHS SHALL
BE INCREASED BY 25% FOR BARS SPACED AT LESS THAN 6” ON CENTER.

BAR SIZE #4 #5 #6647 48 #o  #10  #11
SPLICE LENGTH FOR
CLASS B AND T=1" 1=4" 1'=7" 1'=11" 2—-6" F-1" 3F-11" 4-10

CLASS D CONCRETE

THE ABOVE SPLICE LENGTHS SHALL BE INCREASED BY 20 PERCENT FOR 3 BAR BUNDLES
AND 33 PERCENT FOR 4 BAR BUNDLES.

THE ABOVE SPLICE LENGTHS MAY BE REDUCED BY 20% WHEN 3” OF CLEAR COVER
EXISTS AND BAR SPACING IS 6” OR GREATER ON CENTER.

THE CONTRACTOR SHALL BE RESPONSIBLE FOR THE STABILITY OF THE STRUCTURE DURING
CONSTRUCTION.

FOR STRUCTURE NUMBER INSTALLATION, SEE STANDARD S—-614-12.

STATIONS, ELEVATIONS, AND DIMENSIONS CONTAINED IN THESE PLANS ARE CALCULATED
FROM A RECENT FIELD SURVEY. THE CONTRACTOR SHALL VERIFY ALL DEPENDENT
DIMENSIONS IN THE FIELD BEFORE ORDERING OR FABRICATING ANY MATERIAL.

THE INFORMATION SHOWN ON THESE PLANS CONCERNING THE TYPE AND LOCATION OF
UNDERGROUND UTILITIES IS NOT GUARANTEED TO BE ACCURATE OR ALL INCLUSIVE. THE
CONTRACTOR IS RESPONSIBLE FOR MAKING HIS OWN DETERMINATION AS TO THE TYPE AND

LOCATION OF UNDERGROUND UTILITIES AS MAY BE NECESSARY TO AVOID DAMAGE THERETO.

THE CONTRACTOR SHALL CONTACT THE UTILITY NOTIFICATION CENTER OF COLORADO AT
1-800—-922—-1987 AT LEAST 2 DAYS (NOT INCLUDING THE DAY OF NOTIFICATION) PRIOR
TO ANY EXCAVATION OR OTHER EARTHWORK.

3.1

3.2

3.3

3.4

3.5

3.6
3.7

3.8

3.9

4.1

4.2

4.3

4.4

4.5

4.6

4.7

5.1

5.2

5.3

5.0 SOIL _NAIL WALLS

SOIL NAILS — GRADE 75 THREADBAR OR EQUIVALENT IN ACCORDANCE WITH ASTM A615 AND
CORROSION PROTECTION GALVANIZED OR EPOXY COATED IN ACCORDANCE WITH ASTM A153
AS SHOWN ON THE DRAWINGS.

FY=75,000 PsI
GROUT — GROUT MAY BE NEAT—CEMENT OR WITH SAND, WITH TYPE Il CEMENT IN ACCORDANCE WITH
ASTM C150.  WATER—CEMENT RATIO SHOULD BE BETWEEN 0.4 AND 0.6 AND SHOULD DEVELOP THE

FOLLOWING STRENGTHS AT THE SPECIFIED CURE PERIODS.
F'C=3,000 PSI MINIMUM 7 DAY

END HARDWARE — NUTS AND WASHERS SHALL BE IN ACCORDANCE WITH SOIL NAIL MANUFACTURER’S
RECOMMENDATIONS. BEARING PLATE SHALL BE IN ACCORDANCE WITH ASTM A36, GRADE 36.
BEARING PLATE, NUTS AND WASHERS SHALL BE EPOXY—COATED.

SHOTCRETE — SHOTCRETE MIX SHALL CONSIST OF TYPE Il CEMENT IN ACCORDANCE WITH ASTM C150,
POTABLE WATER AND NORMAL WEIGHT AGGREGATE IN ACCORDANCE WITH ASTM C33.
ADMIXTURES, IF USED, SHOULD BE NON-CORROSIVE TO STEEL.

F'C=4,500 PS| (28—-DAY STRENGTH)

UNLESS OTHERWISE NOTED ON THE PLANS, MINIMUM COVER OF SHOTCRETE REINFORCEMENT AND
NAIL END HARDWARE SHOULD BE AS FOLLOWS:

FACE EXPOSED TO WEATHER — 2"

FACE EXPOSED TO SOIL — 3"

WELDED WIRE MESH SHALL BE IN ACCORDANCE WITH ASTM A185.

WALERS AND VERTICAL BEARING BARS SHALL BE IN ACCORDANCE WITH ASTM A615.
FY=60,000 PSI

STRIP DRAINS CONSIST OF 12" WIDE DIMPLED CORES WRAPPED IN GEOTEXTILE.

CENTRALIZERS SHOULD BE PLASTIC AND ATTACHED TO THE NAILS IN ACCORDANCE WITH THE
MANUFACTURER’S RECOMMENDATIONS.

4.0 SOIL NAIL WALL CONSTRUCTION SEQUENCE

EXCAVATE ONE LIFT TO A MAXIMUM DEPTH OF SIX (6) FEET. BOULDERS, COBBLES AND/OR BEDROCK MAY BE
ENCOUNTERED AT ANY DEPTH OF THE EXCAVATION OR DRILLING. IF SLOUGHING GROUND CONDITIONS ARE
ENCOUNTERED, GROUND NAILS MAY BE DRILLED AND INSTALLED THROUGH A TEMPORARY STABILIZING BERM. CARE
SHOULD BE TAKEN DURING EXCAVATION THAT NO GROUND IS LOST FROM BEHIND THE EXISTING SHOTCRETE.

FOLLOW FHWA GUIDELINES TO DETERMINE SOIL NAIL LOCATIONS. PROVIDE A NAIL LOCATION PLAN TO THE
ENGINEER FOR REVIEW. INSTALL SOIL NAILS AT THE SPACINGS AND TO THE LENGTHS SHOWN ON THE PLANS.
THE TOP ROW OF SOIL NAILS SHALL BE WITHIN 2.5 FEET OF THE TOP OF THE WALL. THE BOTTOM ROW OF
NAILS SHALL BE WITHIN 3 FEET OF THE BOTTOM OF THE WALL. THE TOLERANCE FOR SOIL NAIL LOCATIONS
SHALL BE 6 INCHES. TREMIE THE GROUT FROM THE BOTTOM OF THE HOLE UP.

INSTALL STRIP DRAINS, WELDED WIRE MESH, WALERS AND VERTICAL BEARING BARS AS SHOWN ON THE DRAWINGS.
USE PLASTIC CHAIRS TO HOLD THE WELDED WIRE MESH AWAY FROM THE SOIL AS NECESSARY.

INSTALL SHOTCRETE TO THE MINIMUM THICKNESS SHOWN ON THE DRAWINGS AND TO ATTAIN THE MINIMUM
COVERAGES SPECIFIED HEREIN. GIVE SPECIAL ATTENTION TO FILLING THE VOID IN THE BOREHOLE ABOVE THE
GROUT LINE. COLD WEATHER PROTECTION MEASURES MAY BE NECESSARY.

INSTALL THE SOIL NAIL END HARDWARE AFTER THE SHOTCRETE HAS BEEN INSTALLED. WHILE THE SHOTCRETE IS
STILL WET, EMBED THE PLATE INTO THE SHOTCRETE SURFACE UNTIL THERE IS NO VOID BEHIND THE PLATE. HAND
TIGHTEN THE NUT. APPLY ADDITIONAL SHOTCRETE TO ATTAIN MINIMUM COVERAGE FOR THE SOIL NAIL AND END
HARDWARE.

ONCE THE GROUT AND SHOTCRETE OF THE CURRENT LIFT HAVE ATTAINED 50% OF THEIR SPECIFIC STRENGTHS,
REPEAT CONSTRUCTION SEQUENCE TO THE BOTTOM OF THE WALL.

AT THE BOTTOM LIFT, CONSTRUCT DRAINPIPE, FILTER MATERIAL, AND GEOCOMPOSITE STRIP DRAINS AS SHOWN ON
THE DRAWINGS.

5.0 SOIL _NAIL WALL DESIGN PARAMETERS

THE SOIL NAIL WALL HAS BEEN DESIGNED IN GENERAL ACCORDANCE WITH PROCEDURES CONTAINED IN THE
FWHA "MANUAL FOR DESIGN AND CONSTRUCTION MONITORING OF SOIL NAIL WALLS”, REPORT NO.
FHWA—SA—-96—069R, USING ASD AND GEOTECHNICAL ENGINEERING CIRCULAR NO. 7 "SOIL NAIL WALLS”
PUBLICATION NO. FHWA 0-IF—03-017.

THE FOLLOWING VALUES HAVE BEEN USED FOR DESIGN PARAMETERS:

¢ c Y Quit Q
(DEG) (PSF) (PCF) (PSD)  (Ib/ft) ANGLE OF INTERNAL FRICTION
SURFICIAL SOIL 28 50 100  6.26 1240 S R
T B0, 10 oL 1908 Quit ULTIMATE SHEAR RESISTAMCE
- BETWEEN GROUT/GROUND BOND
NO GROUNDWATER TABLE WAS ASSUMED. Qq BOND STRENGTH (ALLOWABLE)

5.4 FACTORS OF SAFETY

6.1

6.2

6.3

6.4

6.5

PULLOUT — FS=2.0

YIELD REDUCTION FACTOR — ccy=0.55
FACING FLEXURE FACTOR — o f=0.67
FACING PUNCHING FACTOR —«< f=0.67
SEISMIC COEFFICIENT =0.04

BEARING CAPACITY — FS=2.5
OVERTURNING — ECCENTRICITY<=B/6
GLOBAL STABILITY — FS=1.30

6.0 SOIL NAIL WALL SPECIAL NOTES

THE CONTRACTOR IS RESPONSIBLE FOR MAINTAINING SLOPE STABILITY
ABOVE AND BELOW THE SOIL NAIL WALL DURING CONSTRUCTION.

THE CONTRACTORS ARE RESPONSIBLE FOR FIELD LOCATING ALL
NEARBY UTILITIES. CONFLICTING UTILITIES MAY REQUIRE SOIL NAIL WALL
REDESIGN, AT ENGINEER'S DISCRETION.

THE BOND STRENGTHS (Qq) SHOWN ON THE PLANS
ARE THE MINIMUM ASSUMED FOR DESIGN.

SOIL NAIL LENGTHS SHOWN ON THE PLANS ARE
THE MINIMUM LENGTHS REQUIRED.

PRIOR TO BEGINNING EXCAVATION FOR THE SOIL NAIL WALL, THE
CONTRACTOR SHALL:

6.5.1 SURVEY THE LAYOUT LINE AND TOP OF WALL LINE.

6.5.2 CONFIRM THE LINES, GRADES, AND EXCAVATION LIMITS SHOWN ON THE
PLANS.

6.5.3 MODIFY PANEL HEIGHTS AND/OR STEP ELEVATIONS TO CONFORM TO
THE SURVEY DATA AND CONTRACT REQUIREMENTS FOR TOP OF WALL
SMOOTHNESS.

6.5.4 SUBMIT SHOP DRAWINGS INCLUDING SOIL NAIL LAYOUT, PANEL DESIGN,
AND COPING DETAILS.

6.5.5 THE CONTRACTOR SHALL SUBMIT THE PROPOSED WALL PROFILE TO
THE ENGINEER FOR REVIEW AND APPROVAL.

FINAL REFERENCE DESIGN PLANS
JUNE 10, 2019
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>
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a
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©
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52 o
28 7
52 : Hydraulic ram jack
c
. — O Reference plate
Free Stressing Length g P
7 e
) inimum two dial gauges;

attach to supports
independent of wall.

-
B~

Unbonded length

Bonded length Bearing plates

Load cell
(Optional)

Steelbearing plate
Rigid support to prevent excessive movement

TYPICAL GROUND NAIL TEST SETUP
(NOT TO SCALE)

Welded wire fabric

Geocomposite

strip drain Existing reinforced

shotcrete facing

Previously installed nail

Geocomposite strip drain

‘\%\ X buried in berm
— Install nail through drillhole

in stabilizing berm

Stabilizing berm,
see note.

Final wall face 1:1 (typ.)

excavation line

NAIL INSTALLATION THROUGH

TEMPORARY STABILIZING BERM

(USE IN CASE OF SLOUGHING GROUND)
(NOT TO SCALE)

Note:

Excavate stabilizing berm to final wall face excavation line

for shotcrete placement. Contractor shall carefully excavate
stabilizing berm to avoid hitting ground nails buried in the berm.

GROUND NAIL TESTING NOTES:

1. See specifications for verification and proof test nailrequirements.

2. The test support system (eq. cribbing, chairs, bearing plates etc.
shallbe sufficient to complete the test without excessive deflection
or bearing failure.

3. A minimum of 2 verification tests are required for each soil nail wall.
Additional verification tests may be required by the Engineer if
ground conditions or construction methods change.

4. A minimum of 5% of the soilnails shallbe proof-tested.
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Borehole

3”7 cl. (min.)
Corrugated Plastic Tube / #4 bearing bars
5 ‘I—/V 3” cl. (min.
Top of Ground Nail Wall ]
Factory Installed Grou'f _\ Geocomposite Drain Strips | | X ¢ Soil Nail
[ i i = Gyp)

N
! | (Rows may be offset)

Field Installed Grout / ) / /‘ Ground [Nails
_l_ — — N

ya
i
I
Galvanized or @ @ é‘ },
gfeoe)iygggaied ,]:57“" /—Ground Nail Welded wire mesh
GROUND NAIL # il ' fist— fis} B —— T
CROSS SECTION— i5i i 2 \\ (/Jl‘ \
ENCAPSULATED LENGTH *
(NOT TO SCALE) =\ = \\ = . #4 continuous waler bars Bottom of wall
Borehole Contractor can also
offset every other row
Bottom of Ground Nail Wall

TYPICAL SHOTCRETE FACING

\ TYPICAL STRIP DRAIN DETAIL REINFORCEMENT — END OF WALL (NOTE 1)
(NOT TO SCALE) (NOT TO SCALE)

Field Installed Grout

Galvanized or
Epoxy—Coated

Steel Bar Typical construction
GROUND NAIL CROSS s~ 4o orese 50 /shofcrefe panel
SECTION—EPOXY COATED bearing bars ~ e
LENGTH - o Ground Nail

(NOT TO SCALE) [~ #4 bearing bars Bearing plate %vzvgle;f4bgssl1flnuous

Bearing plate

¢ d ‘
5 T 9

splice half of walers at edge
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L —+— Ground Nail
G \_] ‘ of panel where required
8 Lﬁ. B
47 x 47, WA.0 x W4.0 Grade 60
_l w welded wire fabric.
‘ O\ 8” |—3/4" Bottom of wall ! %
. . _ . ” Qly c
I j—NGI' Hole Diameter = Bar Diameter + 1/4 2 §¢:.
! L1 45 % B) .
~
88 TYPICAL SHOTCRETE
BEARING PLATE TYPICAL REINFORCEMENT ales FACING PANEL REINFORCEMENT
FRONT VIEW BEARING PLATE BOTTOM ROW OF GROUND NAILS (NOT TO SCALE)
—_— SIDE VIEW (NOT TO SCALE) FINAL REFERENCE DESIGN PLANS
JUNE 10, 2019
NOTES:
1. Reinforcement for the shotcrete facing
shall be mstalled throughou he entire
shotcrete facing, inclu mg the facing
beyond the ground nails.
2. The minimum splice length for #4 bars is 15 inches.
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Open vo

id

Fullheight precast——

concrete wall panel

Extend 4" pipe

(connected to continuous

Cast-in-place concrete cap
(see wallcap detail)

Y

TN

Ground nail wall with
shotcrete facing

— Continuous drain strip
on shotcrete facing

drain strip) l
daylight every +1
100 ft.
X "
~o” 2'-0
émo%
L

/

See panel facing—/

PANEL FACING WALL
(NOT TO SCALE)

details

Extend shotcrete
facing to bottom
of excavation
(depth varies)

M

M

Top row
ground nail

Extend drainstrip through shotcrete

Bottom row

ground nail

Shotcrete construction facing
Plate Embed nail encapsulation to provide minimum
3 in. shotcrete or nailgrout cover

Beveled washer

Centralizer @ max. 10 ft, o.¢c. and
provide centralizers within 2 ft

2 in. (min.) Cover —= )
from the top and bottom of drillhole

(epoxy coated)

Hex nut
(epoxy coated)

mUm df//
. |
%l nail bgr /engti? length)

UPPER & FEET ENCAPSULATED
EPOXY COATED SOIL NAIL DETAIL

(NOT TO SCALE)

2.5 ' Shotcrete final facing *\
Shotcrete facing

minimum 28-day compressive strength 4500 psi)

1" .
3 min., COVG/’

2 - no. 4 Verticalbars

Plate 2 - no. 4 Waler bars

Provide 2" cover over nailhead
Shotcrete or nailgrout

Steelbar
epoxy coated Steelbar with encapsulation corrosion

protection and centralizers

Steel spherical segt

nut or hex nut with H A
?eve\ed washer aitiini iz
allepoxy coated U 00,
5,25 in
(fh/'n)

4 x4 - w40 x w4.0
Weldwire fabric (60 ksi)
Geocomposite drain strip
see special provisions
for requirements.

FINISHED WALL SECTION
(NOT TO SCALE)
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6800 6800 25'
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WALL A L=130' END WALL A
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