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Discontinuities in Meta-Lapilli Ash Tuff (Sector X)
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Fault Discontinuities (Sector XII)
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Flow Boundary Discontinuity (Sector V)
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Piezometeric Data for Design Sector IXPiezometric data provided by WSDOT
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Piezometeric Data for Design Sector XPiezometric data provided by WSDOT
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Piezometeric Data for Design Sector XII (Western)Piezometric data provided by WSDOT
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Piezometeric Data for Design Sector XII (Eastern)Piezometric data provided by WSDOT
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Design Sector VIII (Snowshed) – Detailed Kinematic Analysis
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Snowshed East Portal PlanReference Drawing: from WSDOT
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T i l S ti 1363 50

Untensioned pattern dowels (L):
4 rows 100 kip ultimate

Typical Section 1363+50
Stabilization Applies to 1663+25 to 1664+25

Modify overburden template  
4 rows, 100 kip ultimate

12ft v x 12½ ft h, 25 ft long
and round crest to WSDOT 
M41-10 Section 2-03.3(5)

26002600

Slope drape from crest to nominal elevation 2535 ft

Shotcrete & spot tensioned rock bolts:
As required for poor quality rock zonesHorizontal drains:

50 ft spacing, 
Centers offset
50 ft long
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Slope drape from crest to nominal elevation 2535 ft50 ft long
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Design Sector IX Portal Area– Stabilization Detail



2675 Crest Dowels (L) per 

Slope drape coverage area.  “Stairstep” as 
required to provide minimum 10 ft setback 
from overburden crest

2650

X X

X X XX

X
XX

X
X X X X X

Untensioned pattern dowels (L):
2ft vert x 12½ ft hor
25 ft long

( ) p
Design Sector IX 
Requirements
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outside and below 
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Snowshed Roof
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10 ft max.

2500
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Portal Tower

Horizontal drains:

Grade line at hinge point of 
cut slope (toe of slope)
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Note: Uppermost dowels for each row closest to cut slope line to be installed prior to first lift of rock excavation.

50 ft spacing, 
Centers offset
50 ft long
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Design Sector IX Portal Area – Stabilization Layout
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Typical Section 1365+00

Modify overburden template 
and round crest to WSDOT 
M41-10 Section 2-03.3(5) 2650

Slope drape from crest to elevation 2600 ft

Untensioned crest dowels (L):
2 100 ki lt2 rows, 100 kip ult

12ft v x 12½ ft h
25 ft long

2600

Sh t t & t t i d k b lt

Horizontal drains:
50 ft spacing, 
Centers offset
50 ft long
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Shotcrete & spot tensioned rock bolts:
As required for poor quality rock zones

50 ft long
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Design Sector IX – Stabilization Detail
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GENERIC FLOW 
BOUNDARY 
STABILITY MODEL

( Fi 29)

Tension Crack

(see Figure 29)

±40 feet
Flow Boundary Discontinuity 
(Φ = 25°, c = 0)

±35°

±40 feet

As required, 120 kip working 
capacity tensioned rock bolts 
based on 40-foot thick volcanic 
flow.  Final design during 
construction to include 4-inch 
thick fiber-reinforced shotcrete .

Generic Stability Analysis

With bolt reinforcement of 50 kips / ft slopeWith bolt reinforcement of 50 kips / ft slope

FS = 1.24 drained slope
FS = 1.00 transient groundwater ≡ 50%

tension crack fill & base plane
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6 Bolt Design

50 kips/ft slope equivalent to 1.21 kips / sf

For 120 kip working load bolts, face area per bolt = 100 sf
Corresponds to nominal 10 ft x 10 ft pattern
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FLOW BOUNDARY STABILITY MODEL
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Vicinity Station 1372+00

Install seven tensioned rock bolts, each 40 feet long, 
i t t l ti b l 120 ki kiprior to cut slope excavation below, 120 kip working 

capacity.  Finalize locations during construction.

Approximate cut lineExtend 5 dowels to 75-
foot length and instrument in 
accordance with Section 10 7accordance with Section 10.7

Slope drape coverage area approximately 100,000 sf.  p p g pp y ,
“Stairstep” as required to provide minimum 10 ft setback 
from overburden crest

Continue 2 rows of crest dowels (L)  
Fi 40 d 44

2700

X

per Figures 40 and 44

2650

2600

X
X XX
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00
9 2600

2550 Continue 2 rows of drains per Figures 40 and 44

Bottom of drape at 72 feet above grade (nominal elevation 2600 ft). 
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Sector XSector IX

See portal area stabilization detail, Figures 38 and 39
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Design Sectors IX and X – Slope Drape Conceptual Layout
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Design Sector X – Detailed Kinematic Analysis
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Design Sector IX & X – Kinematic Analysis Faults & Flow Boundaries
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Typical Section 1372+25y

2650

Modify overburden template 
and round crest to WSDOT 
M41-10 Section 2-03.3(5) 

Slope drape from crest to elevation 2600 ft

Untensioned crest dowels (L):
2 rows, 100 kip ult

12ft v x 12½ ft h
25 ft long

2600

Shotcrete & spot tensioned rock bolts:
As required for poor quality rock zones
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Horizontal drains:
50 ft spacing, 
Centers offset
50 ft long
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Design Sector X – Stabilization Detail
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Design Sector XI – Detailed Kinematic Analysis

I-90 Snoqualmie Pass East
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KEY STABILIZATION ITEM ESTIMATED QUANTITY 

50 kip (working) tensioned rock bolt 8 x 25 ft = 200 ft (includes contingency)

50 kip (working)  untensioned rock dowel 4 x 20 ft = 80 ft (includes contingency)
Photograph “A”

Shotcrete 5 cy

General scaling / tree removal 50 crew hr

g p

Scaling and tree removal limits

Photograph “B”
Approximate shotcrete limits

1379+00 1379+50 1380+00

Section
1379+50 WB

ru
ar

y 
 2

00
9 Stabilization Sequence:

► Remove all coniferous trees greater than 4 inches at the butt from the rock face within scaling limit (Photograph “A”).  
► Perform general hand scaling to remove loose blocks from rock slope face to the scaling limits shown (Photograph “A”).

2575

D
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e:
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br ► Install rock bolts or dowels from top down at specified locations and as directed by the Engineer.  Dowels may be 
substituted for bolts at the discretion of the Engineer to suit rock conditions. (Photograph “B”).

► Apply shotcrete (3 inch minimum thickness) to seal fault to nominal limits shown (Photograph “B”)..
2550

o.
06

2-
20

02

Figure 472525

Pr
oj

ec
t N

o Figure 47
Design Sector XI – Stabilization Detail050100
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RKS-39-08: 75.0 – 88.0  

RKS-39-08

Flow 
Boundary

Flow boundary elevation in outcrop at this station 
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Design Sector XII – Detailed Kinematic Analysis
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Design Sector XII – Kinematic Analysis for Faults
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Section at 1385+25 WB

Material or Feature deg
c

psf
γ

pcfg p p

Domain 3 Rock mass (Hoek Brown) UCS=
3000psi

RMR =35
D=0.9 150

Domain 2
Rock mass strength 45 10,000 160

Joint 38 800
Model phreatic surface

Critical failure surfaces:
Circular

Non circular

Domain 1 Rock mass strength 50 15,000 160

Overburden Soil strength 35 100 120
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Design Sector XII – Back Stability Analysis

Overall: static 1.20 1.15

Overall: pseudo-static 0.07 g 1.05 1.02



Section at 1385+25 WB
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Domain 3 Rock mass (Hoek Brown) UCS=
3000psi

RMR =35
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Joint 38 800
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STABILITY RESULTS
Minimum  FS

Circular 
Surface

Non-circular 
Surface

I-90 Snoqualmie Pass East
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Design Sector XII – Forward Stability Analysis No Reinforcement

Overall: static ±1.8 1.01

Overall: pseudo-static 0.175 g ±1.4 0.74



Section at 1385+25 WB

Support Type: Passive dowels
Design Load:  225 kips
Ultimate Capacity: 491 kips

Material or Feature deg
c

psf
γ

pcf

Ultimate Capacity: 491 kips
Bond Strength:  35kips/ft
Pattern: 15ft h x 12 ft v

g p p

Domain 3 Rock mass (Hoek Brown) UCS=
3000psi

RMR =35
D=0.9 150

Domain 2
Rock mass strength 45 10,000 160

Joint 38 800

Model phreatic surface

Critical failure surface

Domain 1 Rock mass strength 50 15,000 160

Overburden Soil strength 35 100 120
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Measured water levels
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Figure 53

STABILITY RESULTS
Minimum  FS

Circular 
Surface

Non-circular 
Surface

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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o Figure 53
Design Sector XII – Forward Stability Analysis with Reinforcement

Overall: static ±2.0 1.24

Overall: pseudo-static 0.175 g ±1.6 0.99



 



2700

2650

2675

X X X X X X X X X XXXX
XX X X

Shotcrete coverage area, 
approximately 25,000 sf

Shotcrete to nominal
X

X
X

X

Instrument 75-foot long dowels 
in accordance with Section 10.7

2625

X X X X X X X X X XXXX
X X X X X X X X X XXX X X X X X X X X X X XXX X X X X XXX

X X X X X X X X X XXX X X X X X X X X X X XXX X X X X XXXX XX X
X X X X X X X X X X XXX X X X X X X X X X X XXX X X X X XXXX XX X

Shotcrete to nominal 
elevation 2590 ft MSL

X

2575

2600
X X X X X X X X X X XXX X X X X X X X X X X XXX X X X X XXXX XX X

X X X X X X X X X X XXX X X X X X X X X X X XXX X X X X XXXX XX XXX
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Uppermost dowels for each row closest to cut slope line to be installed prior to first lift of rock excavation.
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4 X 50 37 1850

5 X 40 51 2040

6 X 40 60 2400

51 @ 50 ft = 2550 ft. total
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Design Sector XII – Conceptual Stabilization Design7 X 30 84 2520

TOTAL 251 13550 ft

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Figure 55
Design Sector XVII – Detailed Kinematic Analysis

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Figure 56
Design Sector XVIII – Detailed Kinematic Analysis

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Design Sector IX to XII – Catchment DesignSlope height and catchment width  data provided by WSDOT,  January 22, 2009.



A: Rockfall Source at 144ft B: Rockfall Source at 96ft

25 30 3525 30 35

Comparative Data:C: Rockfall Source at 72ft Comparative  Data:

1. Rock Island Rock Cut:  97-ft high 
slope at ¼H:1V:  20% of rock 
airborne at 25 ft, 8% airborne at 30 ft. 
(ref. Norrish and Findley, 2005)

2 ODOT Design Guide: 80 ft high

25 30 35

Distance from toe of slope (ft)

2. ODOT Design Guide:  80-ft high 
slope at ¼H:1V: 99% probability first 
impact at 22 ft or less from toe. 
(ref: ODOT, 2001)
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Figure 58
Design Sectors IX and X – Rockfall Analysis

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam
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Recommended design configuration if 
upper slope is draped to provide an 
effective slope height of 72 feet. 
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CATCHMENT DESIGN GUIDE FOR 0.25H:1V ROCK SLOPESModified after Wyllie & Norrish, 2007b
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