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20'0' 40'10'

OFFSET 19.93' RT.

TRAIL STA. 132+38.71

WALL STA. 3+15.74 =

PCC

SH 1
19

GROUND NAIL LAYOUT DIAGRAM

WALL 8

PLAN WALL 8

OFFSET 1.39' RT.

TRAIL STA. 134+27.22

WALL STA. 1+55.47 =

BEGIN WALL 8

OFFSET 1.15' RT.

TRAIL STA. 131+75.00

WALL STA. 3+81.91=

END WALL

OFFSET 11.78' RT.

TRAIL STA. 134+13.01

WALL STA. 1+72.25 =

PC

PROFILE WALL 8

GROUND NAIL (TYP.)

Sv = Vertical distance

Sh = Horizontal distance

Sv = 5'

Sh = 7'

9.5' Ground nail

SEE EXPANSION JOINT DETAIL ON SHEET XX 

ADJACENT CAST IN PLACE WALL. 

TRANSITION WALL BATTER TO VERTICAL TO MATCH 
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1.0 GROUND NAIL WALLS

2.0 GROUND NAIL WALL CONSTRUCTION SEQUENCE

3.0 GROUND NAIL WALL DESIGN PARAMETERS

5.0 GROUND NAIL WALL SPECIAL NOTES

GLOBAL STABILITY - FS=1.35
OVERTURNING - ECCENTRICITY<=B/6
BEARING CAPACITY - FS=2.5 

FACTORS OF SAFETY3.3

BOND STRESS (ALLOWABLE)
DESIGN SHEAR RESISTANCE 
UNIT WEIGHT
COHESION
ANGLE OF INTERNAL FRICTION

NO GROUNDWATER TABLE WAS ASSUMED. 3.2

    36   500     120   790GRANULAR SOIL        
ALLUVIAL/COLLUVIAL       (DEG)  (PSF)   (PCF)   (lb/ft) 

                                  c             Q

THE FOLLOWING VALUES HAVE BEEN USED FOR DESIGN PARAMETERS:3.1

          
          FACING PUNCHING FACTOR -  f=0.67
          FACING FLEXURE FACTOR -   f=0.67
          YIELD REDUCTION FACTOR -  y=0.55
          PULLOUT - FS=2.0

SEE SHEET B1 OF B24 FOR CUT STONE VENEER NOTES.
CUT STONE VENEER NOTES:5.6

SUBMIT TO THE ENGINEER FOR REVIEW AND APPROVAL.
PROFILES USING THE FIELD SURVEY INFORMATION AND
THE CONTRACTOR SHALL MODIFY THE PLAN WALL 5.5.3

SHOWN ON THE PLANS.
CONFIRM THE LINES, GRADES, AND EXCAVATION LIMITS 5.5.2

SURVEY THE LAYOUT LINE AND TOP OF WALL LINE.5.5.1

THE CONTRACTOR SHALL:
PRIOR TO BEGINNING EXCAVATION FOR THE GROUND NAIL WALL, 5.5

LENGTHS REQUIRED.
GROUND NAIL LENGTHS SHOWN ON THE PLANS ARE THE MINIMUM 5.4

MINIMUM ASSUMED FOR DESIGN.
THE BOND STRENGTHS (Q ) SHOWN ON THE PLANS ARE THE 5.3

NAIL WALL REDESIGN, AT ENGINEER'S DISCRETION.
NEARBY UTILITIES. CONFLICTING UTILITIES MAY REQUIRE GROUND 
THE CONTRACTORS ARE RESPONSIBLE FOR FIELD LOCATING ALL 5.2

CONSTRUCTION.
STABILITY ABOVE AND BELOW THE GROUND NAIL WALL DURING 
THE CONTRACTOR IS RESPONSIBLE FOR MAINTAINING SLOPE 5.1

THE MANUFACTURER'S RECOMMENDATIONS.
CENTRALIZERS SHOULD BE PLASTIC AND ATTACHED TO THE NAILS IN ACCORDANCE WITH 1.9

CONFORMANCE WITH CDOT REVISED SECTION 504.
STRIP DRAINS CONSIST OF 12" WIDE DIMPLED CORES WRAPPED IN GEOTEXTILE. IN 1.8

          FY=60,000 PSI
WALERS AND VERTICAL BEARING BARS SHALL BE IN ACCORDANCE WITH ASTM A615.1.7

 FY=60,000 PSI
WELDED WIRE MESH SHALL BE IN ACCORDANCE WITH ASTM A185.1.6

       FACE EXPOSED TO SOIL - 3"
       FACE EXPOSED TO WEATHER - 2"

AND NAIL END HARDWARE SHOULD BE AS FOLLOWS:
UNLESS OTHERWISE NOTED ON THE PLANS, MINIMUM COVER OF SHOTCRETE REINFORCEMENT 1.5

       F'C=4,500 PSI (28-DAY STRENGTH)
ASTM C33. ADMIXTURES, IF USED, SHOULD BE NON-CORROSIVE TO STEEL. 
ASTM C150, POTABLE WATER AND NORMAL WEIGHT AGGREGATE IN ACCORDANCE WITH 
SHOTCRETE - SHOTCRETE MIX SHALL CONSIST OF TYPE II CEMENT IN ACCORDANCE WITH 1.4

WITH ASTM A36, GRADE 36. 
NAIL MANUFACTURER'S RECOMMENDATIONS. BEARING PLATE SHALL BE IN ACCORDANCE 
END HARDWARE - NUTS AND WASHERS SHALL BE IN ACCORDANCE WITH GROUND 1.3

           F'C=3,000 PSI MINIMUM 7 DAY
PERIODS.                
AND 0.6 AND GROUT SHOULD DEVELOP THE FOLLOWING STRENGTHS AT THE SPECIFIED CURE 
ACCORDANCE WITH ASTM C150. WATER-CEMENT RATIO SHOULD BE BETWEEN 0.4 
GROUT - GROUT MAY BE NEAT-CEMENT OR WITH SAND, WITH TYPE II CEMENT IN 1.2

          FY=75,000 PSI
AS SHOWN ON THE DRAWINGS.
ASTM A615 AND EPOXY COATED IN ACCORDANCE WITH ASTM A775 
GROUND NAILS - GRADE 75 THREAD BAR OR EQUIVALENT IN ACCORDANCE WITH 1.1

AS SHOWN ON THE DRAWINGS.DRAINS 
AT THE BOTTOM LIFT, CONSTRUCT DRAINPIPE, FILTER MATERIAL, AND MANIFOLD GEOCOMPOSITE STRIP 2.7

STRENGTHS, REPEAT CONSTRUCTION SEQUENCE TO THE BOTTOM OF THE WALL.
ONCE THE GROUT AND SHOTCRETE OF THE CURRENT LIFT HAVE ATTAINED 50% OF THEIR SPECIFIED 2.6

COVERAGE FOR THE GROUND NAIL AND END HARDWARE.
VOID BEHIND THE PLATE. HAND TIGHTEN THE NUT. APPLY ADDITIONAL SHOTCRETE TO ATTAIN MINIMUM 
SHOTCRETE IS STILL WET, EMBED THE PLATE INTO THE SHOTCRETE SURFACE UNTIL THERE IS NO 
INSTALL THE GROUND NAIL END HARDWARE AFTER THE SHOTCRETE HAS BEEN INSTALLED. WHILE THE 2.5

BORE HOLE ABOVE THE GROUT LINE. COLD WEATHER PROTECTION MEASURES MAY BE NECESSARY.
MINIMUM COVERAGE'S SPECIFIED HEREIN. GIVE SPECIAL ATTENTION TO FILLING THE VOID IN THE 
INSTALL SHOTCRETE TO THE MINIMUM THICKNESS SHOWN ON THE DRAWINGS AND TO ATTAIN THE 2.4

NECESSARY.
THE DRAWINGS.  USE PLASTIC CHAIRS TO HOLD THE WELDED WIRE MESH AWAY FROM THE SOIL AS 
INSTALL STRIP DRAINS, WELDED WIRE MESH, WALERS AND VERTICAL BEARING BARS AS SHOWN ON 2.3

LOCATIONS SHALL BE 6 INCHES. TREMIE THE GROUT FROM THE BOTTOM OF THE HOLE UP.
OF NAILS SHALL BE WITHIN 3 FEET OF THE BOTTOM OF THE WALL. THE TOLERANCE FOR GROUND NAIL
ROW OF GROUND NAILS SHALL BE WITHIN 2.5 FEET OF THE TOP OF THE WALL. THE BOTTOM ROW 
INSTALL GROUND NAILS AT THE SPACINGS AND TO THE LENGTHS SHOWN ON THE PLANS. THE TOP 2.2

SHOTCRETE OF THE PRIOR LIFT.  
CARE SHOULD BE TAKEN DURING EXCAVATION THAT NO GROUND IS LOST FROM BEHIND THE 
MAY BE USED TO TEMPORARILY STABILIZE THE EXCAVATION PRIOR TO DRILLING GROUND NAILS.  
STABILIZING BERM AND/OR PLACEMENT OF A SACRIFICIAL REINFORCED SHOTCRETE FLASH COAT 
ARE ENCOUNTERED, GROUND NAILS MAY BE DRILLED AND INSTALLED THROUGH A TEMPORARY 
ACCORDING TO THE SPECIFICATIONS OF CDOT SECTION 206.03.  IF SLOUGHING GROUND CONDITIONS 
BACKFILL THE VOID WITH CLASS 1 STRUCTURE BACKFILL OR STRUCTURE BACKFILL (FLOW-FILL), 
EXCAVATION HAS ALREADY TAKEN PLACE FOR CBC OR ADJACENT CIP WALL CONSTRUCTION, 
BEDROCK MAY BE ENCOUNTERED AT ANY DEPTH OF THE EXCAVATION OR DRILLING.  WHERE 
EXCAVATE ONE LIFT TO A MAXIMUM DEPTH OF FIVE (5) FEET.  BOULDERS, COBBLES, AND/OR 2.1
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CLASS B
FILTER MATERIAL 

STRIP DRAIN

COLLECTOR PIPE.
4" DIA. PERFORATED 
UNDERDRAIN ADJACENT TO 
STRIP DRAINS INTO 
2% MIN. SLOPE. EXTEND

GEOTEXTILE(CLASS 3)(DRAINAGE)

(SMOOTH SCREED FINISH)
SHOTCRETE

SHOTCRETE BACKFILL
INCIDENTAL 

CENTRALIZER

OF WALL
BOTTOM 

WALL LAYOUT LINE

STRIP DRAIN

HEIGHT)
VARIES WITH WALL
(NUMBER OF ROWS
GROUND NAIL, 7' O.C. (TYP.)

EXISTING GROUND

(ALONG BOTTOM OF CUT)
UNDERDRAIN COLLECTOR
4" PERFORATED PIPE

SEE COPING DETAILS

FINISHED GRADE

(3) #5 CONTINUOS

GEOCOMPOSITE STRIP DRAIN
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Bearing plate

Nail grout

#4 bearing bars

Bearing plate

Soil Nail

Bottom of wall

shotcrete panel
Typical construction

Ground Nail

of panel where required.
Splice half of walers at edge

Bearing plate

Bottom of Ground Nail Wall

#4 continuous waler bars

Bottom of wall

#4 bearing bars

Borehole

Borehole

(bar dia. + ‚") 

Bolt hole 

Plastic Tube
Corrugated 

Grout
Installed 
Factory 

Grout
Installed 
Field 

Grout
Installed 
Field 

12" from nail ends.
also provide centralizers within
Centralizers @ max. 8' o.c.,

behind plate
@ 6" o.c. continuous
Waler bars (2) #4 bars

Encapsulation
Corrugated

@ 6" o.c. behind plate
Bearing bars (2) #4 bars Grade 60

Steel Bar
Epoxy-Coated

Steel Bar
Epoxy-Coated

backfill
Incidental shotcrete

encapsulation
with 3' min. corrugated 
steel bar, #8 Grade 75 
Epoxy coated deformed 

mesh

wire 

Welded 

(Smooth screed finish)

Shotcrete

Grade 36

(8"x8"xƒ")

Bearing plate

welded wire fabric
6" x 6", W2.0 x W2.0
1 layer of

x 5'
bearing bars
2 - #4 Grade 60

Welded Wire Fabric

every 7' o.c. (typ.)
steel bar, Grade 75

#8 bar epoxy coated

or spherical nut

Hex nut with wedge washer

strip drain

Geocomposite

waler bars (continuous)
2- #4 Grade 60

See Drainage Plans
downstream end of wall
Daylight underdrain at

See Underdrain detail

Geocomposite strip drain

Notes sheet)
(see Ground Nail 
Cut stone veneer

Wall layout line

Consulting Engineers & Scientists

Yeh and Associates, Inc.
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3'

Drilled nail length

1

N

NTS

TYPICAL GROUND NAIL DETAIL

BEARING PLATE DETAIL

TYPICAL STRIP DRAIN DETAIL

BOTTOM ROW OF GROUND NAILS

TYPICAL REINFORCEMENT

FACING PANEL REINFORCEMENT

TYPICAL SHOTCRETE

REINFORCEMENT - END OF  WALL (NOTE 1)

TYPICAL SHOTCRETE FACING

NTS

NTS NTS
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5' Typ. 

N

N

3" clr. (min.)
N

1

3" clr (min.)

(
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.)
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"
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.

CROSS SECTION  A-A'

GROUND NAIL

SECTION B-B'

GROUND NAIL CROSS 

NTS NTS

2(min)

3" clr (min.)

N

exposed to soil
3" min. cover on all reinforcing

exposed to air
2" min. cover on all reinforcing

and hardware
2" min. cover over nail end

N

N

N

(See Note 2)
3' (Max)

N

N

GROUND NAIL WALL DETAILS

4"

4
"

See Note 5

Min.

8"

(See nail layout)

north end of wall to match adjacent CIP wall.

Batter to transition to zero (i.e. vertical) at6.

hardware as required may be more.

thickness to provide coverage over end

strength is 8 in., however minimum shotcrete

Minimum shotcrete thickness for wall facing5.

N denotes non-coated reinforcing steel.4.

for wall face. 

The minimum shotcrete thickness is 8 in.3.

of wall.

each row of ground nails at end

Maximum edge distance of 3 ft for2.

beyond the ground nails.

shotcrete facing, including the facing

shall be installed throughout the entire

Reinforcement of the shotcrete facing1.

Notes:

(typ.) 6
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Centralizer

Keyhole bearing plate*

Grout tube

Free length

Washer (Beveled)*

Hex nut*

" Grade 150 Bar*
4

11

rock face

Drill hole

Grade 150 Bar

Grout

Grout

Grade 150 Bar

Drill hole

Hex Nut

(Chair)
Steel Frame

if required)
passing test,
(Lockoff after
Hex Nut

and Pressure Gauge
To Hydraulic Pump

Centralizers

Bar

with ground surface.

bar, regardless of angle

equipment parallel to installed

cribbing to keep testing

Beveled Shim Chair or

independent of wall
attached to supports
Dial Gauges

Bearing Plate
Jack Hydraulic Ram

Bar or Cable Coupler

support required)
Gauges (seperate 
Support for Dial

Consulting Engineers & Scientists

Yeh and Associates, Inc.

1.0  GENERAL NOTES FOR ROCK REINFORCEMENT

2.0  INSTALLATION CONSTRUCTION SEQUENCE

3.0  DESIGN ASSUMPTIONS

Resin anchoring systems will not be accepted.3.4

free length.  Single stage grouting with a bond breaker will not be accepted.

A two stage grouting process is required for anchoring along the entire 3.3

tested.  

Engineer, typically between 30 to 60 kips.  All Rock Reinforcement (Number 10) will be proof

The Design Load (DL) for the Rock Reinforcement (Number 10) will be as directed by the 3.2

rock with an ultimate unit bond stress of 12 ksf.

The design assumes the bond zone of the rock reinforcement will be in crystalline3.1

as approved by the Engineer. (See General Notes)

All components visible above ground after post tensioning and grouting shall be painted a color2.4

submitted to the Engineer for approval.

greater than 5000 psi and a 28 day strength greater than 8000 psi.  Product to be 

cost of the work. Grout shall be exterior grade with a minimim 7 day compressive strength

Flowable non-shrink grout may be necessary behind plates and is to be included in the 2.3

Second stage shall not be grouted until test results are accepted by Engineer.

Rock Reinforcement (Number 10) to be grouted in two phases to allow post tensioning of anchor. 2.2

                  

in the field which may range from top of brow to roadway level.

The Engineer will direct locations and orientations of the Rock Reinforcement (Number 10) 2.1

Contractor to verify quantities prior to ordering.1.2

will not be pinched by washer.

Keyhole plate shall allow for tensioning of anchors with two (2) grout tubes that

plate-keyhole 8"x8"x1/2" (A-36), beveled washers (ASTM A-536), hex nut (ASTM A-29).

Rock Reinforcement (Number 10):  Grade 150, 1 1/4" bar (ASTM A-722), bearing 1.1

ROCK REINFORCEMENT (NUMBER 10)

NOT TO SCALE

  shall be epoxy coated

* All hardware and barsInstallation)

Bearing Plate 

(Grout Prior to 

Grout tube

Bond length

Grout tube

Bond length

6" 
Max

.
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M
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A'

15°-30°

A

B

B'

CROSS SECTION B-B'

BONDED LENGTH 

NOT TO SCALENOT TO SCALE

CROSS SECTION A-A'

FREE LENGTH 

ROCK REINFORCEMENT (NUMBER 10)

NOT TO SCALE

TYPICAL LOAD TESTING SETUP (BAR)
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