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PROFILE AND CROSS-SECTION LEGEND

ABBREVIATIONS

STRATUM UNIT NUMBER KEY

i GRAVEL WITH SANDICOBBLES/BOULDERS (PRIMARILY FILL)
GRAVEL AND SAND WITH COBBLES/BOULDERS/

- ROCK FRAGMENTS (NATIVE SOILS)

ORGANIC SOIL

B SILTIFINE SAND

SAND/GRAVEL

i CLAY WITH GRAVEL

7 B CLAYEY SILT

I GRAVEL WITH SANDICOBBLES/BOULDERS

¥ BEDROCK

BORING LEGEND

BORING DESIGNATION (LAST NUMBER
CORRESPONDS TO YEAR DRILLED)

GROUND SURFACE ELEVATION IN FEET
OFFSET DISTANCE AND DIRECTION FROM

gg:;f CROSS-SECTION LINE EAST (E) AND WEST
Bled | = (W).
(=]
et
3“5& PROPOSED ROAD SURFACE
—d
owo TOP OF BORING (GROUND SURFACE)

STANDARD PENETRATION TEST (SPT)
RESISTANCE IN BLOWS/FOOT ("N")

WSDOT GROUP SYMBOL (COBBLES/BOULDERS)

L ¢

o amer’ GROUNDWATER LEVEL MEASURED IN OBSERVATION
e WELL ON JULY 30, 2009.

GR(CE]

o @ e GROUNDWATER LEVEL MEASURED DURING DRILLING
ol £ (UNSTABLE READING)

ROCK QUALITY DESIGNATION (RQD) OF ROCK CORE

o RECOVERY OF ROCK CORE (USED WHEN RQD IS NOT
y AVAILABLE)

BOTTOM OF BORING

00 egzgoenne o o
[9)

EEEE
K

'—' CROSS-SECTION LOCATION AND DESIGNATION

&) H-201-06 —=——— 2006 ROCKSLOPE BORINGS

® H-23-06 (OW)

A OBSERVATION WELL INSTALLED
—— 2006 BORINGS

€9 GCB-025-07(0W)

|

——— OBSERVATION WELL INSTALLED
2007 BORINGS

€9 RKS-01-07 <——— 2007 ROCK SLOPE BORINGS

#4 EMB-028-08 2008 AND 2009 BORINGS
AND TEST PITS
[Eﬂ TP-016-08

TEST PIT
BORING

69 RKS-32-08
2008 ROCK SLOPE AND MATERIAL
¢4 MRE-01-08 RESOURCE EVALUATION BORINGS

049 SSD-016-10
F 2010 BORINGS AND TEST PITS

[[ ™ INF-TP-011-10
TEST PIT

EB  EASTBOUND

EMB EMBANKMENT

CUL  CULVERT

L OFFSET LEFT OF THE CONSTRUCTION
CENTERLINE

MRE MATERIAL RESOURCE EVALUATION

R OFFSET RIGHT OF THE CONSTRUCTION
CENTERLINE

SECTION 1-1°
1354+36
H-17-75
H-3-74

RKS ROCKSLOPE

RCB  RESORT CREEK BRIDGES
CROSS-SECTION IDENTIFICATION —/ / RCW  RESORT CREEK WALL

STATION NUMBER AT SECTION

SCB  SLIDE CURVE BRIDGE
SCW  SLIDE CURVE WALL

BORINGS USED IN THE PROFILE SSD  SNOWSHED

SSE  SIGN STRUCTURE
TCC TOWNSEND CREEK CULVERT
WB  WESTBOUND

PROFILE AND CROSS-SECTION NOTES

1. REFER TO APPENDIX A FOR BORING LOGS.

2, THE LOCATIONS AND ELEVATIONS OF THE BORINGS WERE
DETERMINED BY WHITE SHIELD INC.USING A SURVEY-GRADE REAL-TIME
KINEMATIC (RTK) GPS.

3. KEECHELUS LAKE HISTORIC MAXIMUM AND MINIMUM, AVERAGE
MAXIMUM AND MINIMUM, AND AVERAGE ELEVATIONS WERE PROVIDED BY
WSDOT FOR THE 25-YEAR PERIOD BETWEEN 1980 AND 2004.

4, THE SOIL STRATA WERE INTERPRETED BASED ON AVAILABLE

AND APPLICABLE GEOTECHNICAL AND GEOLOGIC INFORMATION. THE
STRATIFICATION LINES SHOWN ON THE PROFILES AND THE CROSS-SECTIONS
ARE BASED ON INTERPRETATIONS BETWEEN WIDELY SPACED BORINGS AND
THUS REPRESENT THE APPROXIMATE BOUNDARIES BETWEEN SOIL TYPES.
ACTUAL TRANSITIONS MAY VARY FROM THOSE SHOWN.

5. EXAGGERATION OF VERTICAL SCALE FOR PURPOSES OF
PRESENTATION CAUSES TRENDS IN SOIL STRATA TO APPEAR MORE
PRONOUNCED THAN THOSE WHICH ACTUALLY EXIST.

6. OVERBURDEN UPSLOPE OF THE ROADWAY TYPICALLY IS NOT
SHOWN IN THE CROSS SECTIONS. OVERBURDEN THICKNESS INFORMATION
IS SHOWN IN WYLLIE & NORRISH 2009b, 2009c, AND 2008.

1. THE EB AND WB SUBSURFACE PROFILES WERE INTERPRETED
USING SOIL STRATA INTERPRETED AT CROSS-SECTIONS AT CONSTRUCTION
CENTERLINES OF THE EB AND WB CONSTRUCTION CENTERLINES

BORING RESPECTIVELY.
8. THE GRAPHIC LOG WITH SPT VALUES AND WSDOT GROUP
SYMBOLS IS NOT SHOWN ON THE PROFILES WHERE SPACE IS LIMITED.
9. WATER LEVELS MEASURED DURING DRILLING THAT ARE SHOWN
ON THE DRAWINGS MAY BE UNSTABLE AND SHALL NOT BE USED FOR
ANY DESIGN, ANALYSES OR CONSTRUCTION PURPOSES.
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Figure 3.1
Groundwater Levels, CUL-015-07 (OW)
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Figure 3.2
Groundwater Levels, H-24-06 (OW)
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Figure 3.4
Groundwater Levels, RCB-002-08 (OW)
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Groundwater Levels, RCB-003-08 (OW)
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NOTES:

1. BORING H-27-06(]) WAS ADVANCED ON 7/18/06 AND 7/19/06. BORING H-29-06(]) WAS
ADVANCED ON 6/20/06 AND 6/26/06. A 2.75 INCH DIAMETER (OD) INCLINOMETER
CASING WAS INSTALLED IN BOTH BORINGS ON 7/19/06 AND 6/26/06, RESPECTIVELY.

2. BORING H-27-06(E) WAS ADVANCED ON 8/4/06, 8/5/06 AND 8/6/06. BORING H-29-06(E)
WAS ADVANCED ON 6/27/06 AND 6/28/06.A 1 INCH OD PVC MAGNETIC
EXTENSOMETER WITH TELESCOPIC SECTIONS WAS INSTALLED IN BOTH BORINGS
ON 8/6/06 AND 6/28/06 RESPECTIVELY.

3. DRILLING AND INSTRUMENT INSTALLATION WAS PERFORMED BY WASHINGTON
STATE DEPARTMENT OF TRANSPORTATION (WSDOT) FIELD EXPLORATION UNIT (FEU).
OBSERVATION OF SOIL AND ROCK CONDITIONS AND INSTRUMENTATION
INSTALLATION WAS PERFORMED BY URS.

4. BORINGS H-1-05 AND H-1-97 (H-1-97 WAS LOGGED IN AS H-2-97) WERE ADVANCED
BY WSDOT FEU BETWEEN 4/20/05 AND 5/5/05, AND ON 11/25/97, RESPECTIVELY.
ICLINOMETERS WERE INSTALLED AT BOTH LOCATIONS BY WSDOT FEU.

5. DEFORMATION MONITORING POINTS (DMPS) 501 TO 515 WERE INSTALLED AT 100
FOOT SPACING BY WHITE SHIELD INC. ON EASTBOUND 1-90 SHOULDER NEAR
SLIDE CURVE ON 7/5/06. DMPS CONSIST OF RAILROAD SPIKES DRIVEN INTO
THE PAVEMENT AND STAMPED "X" DMP.
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Elevation Change from Baseline (inches)
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Note: 1. Baseline elevations surveyed on 7/5/06
. 2. Elevation change from baseline: +ve = downward movement; -ve = upward movement.
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Notes

1. Earth pressures in psf may be calculated using
the equations and values below.

P1 = KaqyH
P2 =Py - KarwHs
P3 = Koq (for rigid wall)
= Kaq (for flexible wall)
Py =vaHo
Ps = Ko(y - yw)Hs

Design Parameters for Calculating Lateral Earth
Pressures for Strength Limit State

Parameter Units Value
Soil Unit Weight, y pounds per | 135
cubic foot
(pcf)
Water Unit Weight, y,, pcf 62.4
Soil Friction Angle, ¢ degrees 40
Active Earth Pressure unitless 0.22

Coefficient, Ky

At-Rest Earth Pressure unitless 0.36
Coefficient, K,

Avalanche Debris and psf 1,750
Snow Surcharge Load, q

Passive Earth Pressure unitless use Ko
Coefficient, K, for level
finish ground line

2. The magnitude of the avalanche debris load
will vary over the length of the shed. The
maximum load is used in this figure.
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Figure 6.16

Unfactored Lateral Earth Pressure, One or Two Tieback System
Strength Limit State - Snowshed Pier 1
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2010 Geotechnical Analysis and Reporting



Unfactored Resistance, kips
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Figure 6.17

Unfactored Bearing Resistance

7-foot Diameter Shaft - Rock
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Resistance (Unfactored), kips

33758662_38.cdr

0 2,000 4,000 6,000 8,000 10,000 12,000 14,000
0 1 1 1 1 1 1 1 1 1 ; 1 ; 1 ; 1
| \ Depth D is measured (1) below any highly-fractured-rock
1 " regolith (2) at the shaft downslope face, which is
i approximately B*tan36-deg = 5.5 ft below the shaft
iy upslope face. B = Rock Socket Diameter (7.5-ft). 36-deg
5 AN N is approximate (assumed) slope of bedrock surface. ]
7 ~\
= . T
8 hS
.E" 10 BN
§ ] \ Rp = )
= | Tip Y Service at < 1 in of settlement:
x i . Full Tip + Residual Skin
3 i N\ (Unfactored): Dashed Line
v 15 ~
S - \ N\
X - A \ EN
Solid Lines: Strength and
1 Extreme Event Limit States: Max N N
’ End Bearing, Rp, and Skin
20 Friction, Rs N
- Rs = *
i Skin N\ N
s AN
Figure 6.18

Job No. 33758662

Unfactored Bearing Resistance
7.5-foot Diameter Shaft - Rock
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B = Shaft diameter in feet. For P, and P, use shaft diameter in rock.
V.= Estimated downdrag load
H; = Rock socket depth below downslope shaft face, feet. Minimum H; = 10 feet.

H, = Height of downslope pressure on shaft in rock, feet
(varies as required to provide force and moment equilibrium).

Hy= Height from roadway surface at Pier 2 to bedrock elevation at shaft centerline.

N Upslope Downslope
g Bedrock horizontal | resistance P1, P2, Vs
2 WB Sta H,, ft H, ft H1, ft | H2, ft kips/ft/shaft | kips/ft/shaft | .
S EL. (feet) load (L), (Pae), (Note 4) (Note 5) kips/shaft
kips/shaft kips/shaft
1352+50 2500 36 38 26 20 500 0 19 0 270
1353+00 2499 36 38 22 16 500 0 23 0 270
1353+50 2483 51 53 33 27 1000 100 30 7 520
1354+00 2468 65 67 45 39 1700 200 38 10 850
1354+50 2454 78 81 55 49 2400 300 44 12 1230
1355+00 2444 87 90 60 54 3000 400 50 15 1510
1355+50 2449 82 84 52 46 2600 300 50 13 1330
1356+00 2445 85 88 52 46 2900 300 56 13 1440
1356+50 2442 87 90 54 48 3000 300 56 13 1510
1357+00 2440 89 91 56 50 3100 300 55 12 1560
1357+50 2439 89 92 58 52 3100 300 54 12 1580
1358+00 2441 87 90 57 51 3000 300 53 12 1510
1358+50 2443 85 88 55 49 2900 300 52 12 1440
1359+00 2446 82 84 53 47 2600 300 49 13 1330
1359+50 2452 76 78 48 42 2300 200 48 10 1150
1360+00 2458 70 72 46 40 1900 200 42 10 980
1360+50 2463 66 68 45 39 1700 200 38 10 870
1361+00 2466 63 65 44 38 1600 200 36 10 790
1361+50 2470 59 61 44 38 1400 200 32 11 710
1362+00 2476 54 56 41 35 1200 200 29 12 590
1362+50 2482 48 50 36 30 900 100 25 7 470
1363+00 2488 43 44 31 25 700 100 22 8 370
1363+50 2497 34 36 24 18 500 0 21 0 240
Notes
1. Assumes shaft diameter (B) of 8 feet in soil and that soil loads act on shafts over a width of 2B. For other
shaft diameters, values of P, and P, can be calculated by multiplying the value shown by the ratio of the shaft
diameters. Shaft spacing should not exceed 3B.
2. Assumes lake side slope edge is 15 feet from shaft centerline.
3. The amount of rock resistance (P5 and P,) mobilized, the shaft embedment depth (Hz), and the value of H,
will vary depending on the magnitude of the unbalanced earth pressure and structure loads and the depth of
the rock socket.
4. Py =L/MH,
5. P, =P, /(H,/2)
6. P5=18.5(Hs-H,) + 26.1 B (kips/ft/shaft).
7. P, =6P5 (kips/ft/shaft).

Y ¥V ¥V VvV V ¥V v_ v ;
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Senks 135 _p‘Cf, e Shaft Cap
S e Py ,/[ 8 ft dia. Shaft
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L€ H3 - H4
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P \

Not to Scale

Figure 6.19

Lateral Earth Pressures
Pier 2 Drilled Shafts — MSE Wall Option — Extreme Event | Limit State
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Unfactored Resistance, kips
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Figure 6.20

Unfactored Bearing Resistance
3-foot Diameter Shaft - West Portal Tower and Generator Room
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Figure 6.21
Unfactored Bearing Resistance

4-foot Diameter Shaft - West Portal Tower and Generator Room
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Unfactored Bearing Resistance

Job No. 33758662 5-foot Diameter Shaft - West Portal Tower and Generator Room
WSDOT 1-90 Snoqualmie Pass East
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Unfactored Resistance, kips
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Unfactored Resistance, kips
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Figure 6.24

Unfactored Bearing Resistance
4-foot Diameter Shaft - East Portal Tower
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Unfactored Resistance, kips
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Figure 6.25
Unfactored Bearing Resistance
5-foot Diameter Shaft - East Portal Tower
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Proposed

Roadway Traffic

f Surcharge

1ft

v

Upslope Downslope
Bedrock f horizontal | resistance Py, P2 Vs
H,, ft . . _

WB Sta EL. (feet) w H, ft H1, ft load (L), (Pae), kips/ft/shaft | kips/ft/shaft Kips/shaft
kips/shaft kips/shaft

1352+20

Generator Room 2502 34 36 300 0 0 150

1352+50 Note 3 Note 3

W Portal Tower 2495 41 43 430 0 0 210

1363+50

E Portal Tower 2487 44 46 490 0 0 250

Notes

1.

Job No. 33758662

Assumes shaft diameter (B) of 5 feet and that soil loads act on shafts over a width of 2B. For other shaft
diameters, values of P, and P, can be calculated by multiplying the value shown by the ratio of the shaft
diameters. Shaft spacing should not exceed 3B.

The amount of rock resistance (P; and P,) mobilized, the shaft embedment depth (H;), and the value of H,
will vary depending on the magnitude of the unbalanced earth pressure and structure loads and the depth of
the rock socket.

P, =L/H;. The value of H{ can be calculated as the difference between the elevations of the top of shaft cap
and the top of bedrock at the upslope face of the shatft.

P, =18.5 (Hs-H,) + 26.1 B (kips/ft/shaft). [East Tower]
= 35.8 (H5-H,) + 50.6 B (kips/ft/shaft). [West Tower and Generator Room]

P, = 6P4 (Kips/ft/shaft).
B = Shaft diameter in feet.
Vg = Estimated downdrag load

H = Height from roadway surface, including superelevation, to bedrock elevation at shaft centerline, plus one
foot equivalent traffic surcharge.

Hy= Height from roadway surface at Pier 2 to bedrock elevation at shaft centerline.
H; = Rock socket depth below downslope shaft face, feet. Minimum H; = 10 feet.

H, = Height of downslope pressure on shaft in rock, feet
(varies as required to provide force and moment equilibrium).

L SUCN0 NI /NN AUUUL UL SV UL B 5
' Unitsland2
GG e T A0% G G ¢ «—— MSE Wall
S Uy 135 .p‘cf’ s el Shaft Cap
et B P1 >| ’ 5 ft dia. Shaft
A N R Work Bench
Bedrock ; ey é\_\\ A
Surface ] \\ —Existing
oo | AN / Ground
R I N\
> N
. , AN
Unit 3 i N
Shear Strength o | I
= 32 ksf (East Tower) i Hy
= 62 ksf (West Tower and RN | =~
Generator Room) Wi ‘
! > P2y
!\\ 1
! < Hi - H4
H4 ‘ 3 H3
B 2 e v
I _________ 1
—> <« B L P3
P, (Note 4)
(Note 5)

Not to Scale

Figure 6.26
Lateral Earth Pressures
Pier 2 Tower and Generator Room Shafts — Extreme Event | Limit State

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting



33758662_03.cdr

—(SEW) STRUCTURAL

—(SEW) STRUCTURAL
EARTH WALL

EARTH WALL

TEMPORARY SOIL NAIL WALL —__| 0/, 0,0
"4 o T

—

25%(TYP,) . 25°(TYP.) N
" N \)10NE ;
TIEBACK N TIEBACK NO’LOA Ao @ N
S
BEDROCK
onE
0 A
WOF wy
o5 Vore
A
. *&5
40°
\
M\SFEET
e e
Case 1. Bedrock Slope Flatter than 40° Case 2. Bedrock Slope Steeper than 40°

Figure 6.27

Job No. 33758662 No-Load Zone for Pier 2 Permanent Ground Anchors
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Notes
1. Earth pressures in psf for flexible walls that can deflect may be
calculated using the equations and values below.

P]_ = Kaé(Hl + Hz) EH LS =
PZ = Kaq ! —‘r
P3= Kpa(Hz - 2)
Design Parameters for Calculating Lateral Earth Pressures »
for Strength Limit State
Parameter Units Value
pounds per E—
Soil Unit Weight, & cubic foot 135 H
(pcf) <€—— Retaining Wall !
Soil Friction Angle, 6 degrees 40 -
Active Earth Pressure unitless 0.20 g
Coefficient, K, )
gnow surcharge loading, ost 320 >
Passive Earth Pressure -
e . . Finish Grad
Coefficient for Flexible unitless (ius:ocr)é%) ien e e_\ 4 Y
Retaining Walls, K, 9 Y 7R 2 A
A H
2. The backfill behind the wall is assumed to be < 2
fully drained. = P A
Pl PZ P3
Figure 6.28
Unfactored Strength Limit State
Job No. 33758662 Earth Pressures for Wall 1
URS WSDOT 1-90 Snoqualmie Pass East

2010 Geotechnical Analysis and Reporting



Notes
1.

2.

P, = O-SKEe(f)é(Hl + Hg)
P2= Kaena heq
P3 = er(f)a (Hz - 2)

Earth pressures in psf for flexible walls that can deflect may be
calculated using the equations and values below.

Design Parameters for Calculating Lateral Earth Pressures
for Extreme Event Limit State

Parameter Units Value
pounds per
Soil Unit Weight, & cubic foot 135
(pcf)
Soil Friction Angle, 6 degrees 40
Equivalent Height of Soil
for Vehicular Loading, feet 2.0
heq
Seismic Active Earth
Pressure Coefficient for .
Flexible Retaining Walls, unitless 0.31
Kae(n)
Seismic Passive Earth
Pressure Coefficient for . use 0.0
; . unitless .

Flexible Retaining Walls, (ignored)

Koe

Job No. 33758662

The backfill behind the wall is assumed to be
fully drained.

33758662_07.cdr

LS - include
EQ only if ygo >0
> > x
> >
——>> o
Hi
<€—— Retaining Wall
> -
> >
Finish Grade
R v v
» » NN N7 2’ A
H
2
<
> > < v
P1 P2 P3
Figure 6.29

Unfactored Extreme Event | Limit State
Earth Pressures for Wall 1
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<€<— Wall 9C
< 32 ft
251t
Note 1 ?; «—— Wall 9B
v
I< 42 ft y
«—12 ft—> y25Ht
10 it <«— Wall 9A
Note 2

Notes
1. Minimum long-term combined tensile strength of reinforcement B 27 ft

layers = 60,000 pounds per foot (Ibs/ft) for static loading and
75,000 lbs/ft for seismic loading. Minimum friction combined factor
(F*R,) = 0.42.

2. Minimum long-term combined tensile strength of reinforcement
layers = 15,000 Ibs/ft for static loading and 26,000 Ibs/ft for seismic
loading. Minimum friction combined factor (F*R_) = 0.21.

3. For wall sections where Wall 9B is not present, the reinforcement
requirements are provided in Note 1. For 9A, use the reinforcement
requirements shown for Wall 9B. /1=, /=)

F* = Reinforcement pullout friction factor.

R. = Reinforcement coverage ratio.

Figure 6.30

Job No. 33758662 Recommended Reinforcement for Compound Stability - Wall 9
WSDOT 1-90 Snoqualmie Pass East

URS 2010 Geotechnical Analysis and Reporting
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Earth Pressures Parameters
P1=KayH Soil Friction Angle, @=38°
P,=K,as Soi! Unit Weight, y=135 pcf. .

: H Active Earth Pressure Coefficient, K;=0.26
P3=KaeY Snow Load Surcharge, qg=Selected by Designer
P4=KoY(H-2) Seismic Active Earth Pressure Coefficient, K3g=0.41

At-Rest Earth Pressure Coefficient, K,=0.36

EQ ES EH _
(snow load surcharge) Passive
—» —» N Resistance
}
2 ft
— — H
pg > P, » P i P4
Extreme L Strength Limit State _ Strength gnq Extreme
Event Event Limit States
Limit
State
Figure 6.31
Unfactored Lateral Earth Pressures
Job No. 33758662 Snowshed Transformer Building
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Notes

1.

An L-type abutment is shown. For this type of abutment, earth pressures over the height of the
superstructure act on the abutment wall. For a stub-type abutment, earth pressures over the height of
the superstructure do not need to be included in the pressures that act on the abutment wall.

Earth pressures in psf for abutment walls that can deflect (active pressure conditions) may be
calculated using the equations and values below.

P1= Kad(Hi+ Hy)

P, = Kad(Hi+ Hy) + Kia'Hs
P3 = Kaé.heq

Ps= Kya(H; - 2)

P5 = Kpé(Hz - 2) + Kpé’Hg

Earth pressures in psf for rigid walls that cannot deflect (at-rest pressure conditions), including wing
walls within a distance H; of the abutment wall, may be calculated using the equations and values
below.

P1= Kod(H1+ Hy)

P> = Kod(H1+ Hy) + Ko’ (H3)
P3 = Koéheq

P4 = Koé.(Hz - 2)

P5 = Koé(Hz - 2) + Koé’Hg

The values of H, and Hz may be calculated assuming a water table elevation = 2517 feet, which
corresponds to high lake level conditions.

Design Parameters for Calculating Lateral Earth Pressures for Strength Limit State

Parameter Units Value
. . . x pounds per cubic
Soil Unit Weight, & foot (pcf) 135
Soil Effective Unit Weight, &’ pcf 73
Soil Friction Angle, 6 degrees 40
Active Earth Pressure Coefficient, K, unitless 0.22
At-Rest Earth Pressure Coefficient, K, unitless 0.36
Equivalent Height of Soil for Vehicular Loading 5<H<1O'_4'O
on Walls Perpendicular to Traffic, h, feet 10<H<20: 3.0
T H>20: 2.0
Equivalent Height of Soil for Vehicular Loading feet 20
on Walls Parallel to Traffic, heg" '
Passive Earth Pressure Coefficient, K, for level itl 46
finish ground line unitiess '

H = Height of top of approach fill above finish ground line elevation, feet
! Minimum distance from wall backface to edge of traffic = 1.0 foot

Job No. 33758662

3. Any fine-grained or organic soil encountered in the wall excavation must be removed and replaced

with compacted select fill.

4. Wall must be fully drained.

Final Grade

Superstructure

Abutment

Wall ———>»

EH LS

Figure 7.14

Strength Limit State Earth Pressures
Slide Curve Bridge - Pier 1 Abutment

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting
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Notes

1. An L-type abutment is shown. For this type of abutment, earth pressures over the height of the
superstructure act on the abutment wall. For a stub-type abutment, earth pressures over the height of
the superstructure do not need to be included in the pressures that act on the abutment wall.

2. Earth pressures in psf for abutment walls that can deflect (active pressure conditions) may be

calculated using the equations and values below.

P]_ - O.5Kae(f)§l(H1 + H2 + H3)
PZ =K ae(f)éEQ(aheq)

P3 = er(f)é(Hg - 2)

P4 - er(f)é(Hz - 2) + er(f)é’H3

Earth pressures in psf for rigid walls that cannot deflect (at-rest pressure conditions), including wing
wall within a distance H; of the abutment wall, may be calculated using the equations and values

below.

P1 = O.5Kae(r)é(H1 + Hz + H3)
P2 = Kae(r)éEQ (éheq)

P3 = er(r)é(Hz - 2)

Ps= er(r)é(HZ -2)+ er(r)é-’H3

The values of H, and Hz may be calculated assuming a water table elevation = 2517 feet, which

corresponds to high lake level conditions.

Design Parameters for Calculating Lateral Earth Pressures for Extreme Event Limit State

Job No. 33758662

Parameter Units Value
Soil Unit Weight, & pou?gjtp(;rcg)“b'c 135
Soil Effective Unit Weight, & pcf 73
Soil Friction Angle, 6 degrees 40
Active Earth Pressure Coefficient, K, unitless 0.22
At-Rest Earth Pressure Coefficient, K, unitless 0.36
Equivalent Height_ of Soil for Vt_ehicular Loading feet 150<<|_||_|<<1200':4é.00
on Walls Perpendicular to Traffic, heg H=20: 2.0
Equivalent Height of Soil for Vehicular Loading feet 20
on Walls Parallel to Traffic, he' :
Seismic Passive Earth Pressure Coefficient,
Keecr, for Level Finish Ground Line and Flexible unitless 4.21
Wall
Seismic Active Earth Pressure Coefficient for .
Flexible Retaining Walls, Kaee unitless 0.31
Seismic Active Earth Pressure Coefficient for .
Rigid Retaining Walls, K unitless 0.63
Seismic Passive Earth Pressure Coefficient for .
Level Finish Ground and Rigid Walls, Kpe unitless use Ko
Load Factor for Surcharge Load LS, yeo unitless 0.5

H = Height of top of approach fill above finish ground line elevation, feet

! Minimum distance from wall backface to edge of traffic = 1.0 foot

3. Any fine-grained or organic soil encountered in the wall excavation must be removed and replaced

with compacted select fill.

4. Wall must be fully drained.

Final Grade

Superstructure

Abutment
Wall ——]

LS — Include
EQ only if YEQ > 0.0

Figure 7.15

Extreme Event | Limit State Earth Pressures
Slide Curve Bridge - Pier 1 Abutment

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting
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Unfactored Resistance, kips
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] N rock regolith (2) at the shaft downslope face, which is
5 approximately B*tan36-deg = 6.5 ft below the shaft —

i \ \ upslope face. B = Rock Socket Diameter (9-ft). 36-
4 \ * N deg is approximate slope of bedrock surface.
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Figure 7.16
Unfactored Bearing Resistance
9-ft Diameter Rock Socket

Job No. 33758662 Slide Curve Bridge Pier 2
WSDOT 1-90 Snoqualmie Pass East
URS 2010 Geotechnical Analysis and Reporting



Unfactored Resistance, kips
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Unfactored Bearing Resistance
9-ft Diameter Rock Socket

Slide Curve Bridge Piers 3 and 4 (Inner)

URS
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Unfactored Resistance, kips
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Unfactored Bearing Resistance

9-ft Diameter Rock Socket
Slide Curve Bridge Pier 4 (Outer)
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Unfactored Resistance, kips
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Unfactored Bearing Resistance
9-ft Diameter Rock Socket
Slide Curve Bridge Pier 5

URS
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Unfactored Resistance, kips
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Figure 7.20

Unfactored Bearing Resistance
9-ft Diameter Rock Socket
Slide Curve Bridge Pier 6
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Unfactored Resistance, kips
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Figure 7.22

Unfactored Bearing Resistance
9-ft Diameter Rock Socket
Slide Curve Bridge Pier 8
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Unfactored Resistance, kips
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Unfactored Bearing Resistance
9-ft Diameter Rock Socket
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Lateral Loads on SCB Bridge Pier Shafts

Recommended Upslope Upslope
Recommended Bedrock EI. Horizontal Horizontal Downslope
Bedrock El. @ @ Outer Load (L) @ Load (L,) @ Resistance
Inner Bridge Bridge Shaft | Inner Bridge | Outer Bridge | (P,) @ Outer
Workbench Deck Shaft (ft) (ft) Shaft, Shaft, Bridge Shaft,
Pier No EB Station El. (ft) El. (ft) (Note 2) (Note 2) kips/ft kips/ft kips/ft
2 1373424 2510 2538 2487 2471 50 91 6.3
3 1374+43.5 2503 2538 2490 2473 3.9 21.6 3.9
4 1376+00 2496 2537 2482 2453 4.4 42.5 7.7
5 1377460 2484 2536 2477 2454 1.0 20.4 3.7
6 1379+20 2481 2535 2451 2443 17.9 33.1 6.0
7 1380+80 2492 2534 2460 2439 19.8 64.7 11.7
8 1382+36.5 2501 2533 2502 2465 0.6 29.4 5.3
9 1383+58 2512 2532 2500 2488 17 35 2.4
Notes

1. The amount of rock resistance (P5/P,) mobilized, the shaft embedment depth (Hz/H,)
will vary depending on the magnitude of the unbalanced earth pressure and structure
loads and the depth of the rock socket.

2. Recommended bedrock for design is equal to the estimated bedrock elevation minus

5 feet.

3. Py =L; x3B/H;, where L, can be taken from table above.

4. P, =L, x 3B/H,, where L, can be taken from table above.

5. P3 = Lg/H;, where L, can be taken from Table 7.10 based on pier number (inner).

6. P, =Lg/H, where Ly can be taken from Table 7.10 based on pier number
(outer).

7. Pg=P,

Vs1=
Vso=

B =

Vai=

Vo=

o [(H5/2).

0.64 x Ly(m x B/2).

0.64 x Ly(m x B/2).

Shaft diameter in feet.

Estimated downdrag load at inner bridge shaft.

Estimated downdrag load at outer bridge shaft.

= Work bench EL (ft) — estimated bedrock EL at inner bridge shaft (ft)

= Work bench EL (ft) — estimated bedrock EL at outer bridge shaft (ft)

Rock socket depth below downslope shaft face, feet. Minimum Hg = 10 feet.
Rock socket depth below downslope shaft face, feet. Minimum H, = 10 feet.

Lateral resisting force in kips.

Job No. 33758662
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Notes

1.

An L-type abutment is shown. For this type of abutment, earth pressures over the height of the
superstructure act on the abutment wall. For a stub-type abutment, earth pressures over the height of
the superstructure do not need to be included in the pressures that act on the abutment wall.

Earth pressures in psf for abutment walls that can deflect (active pressure conditions) may be
calculated using the equations and values below.

P1= Kad(Hi+ Hy)

P, = Kad(Hi+ Hy) + Kia'Hs
P3 = Kaé.heq

Ps= Kya(H; - 2)

P5 = Kpé(Hz - 2) + Kpé’Hg

Earth pressures in psf for rigid walls that cannot deflect (at-rest pressure conditions), including wing
walls within a distance H; of the abutment wall, may be calculated using the equations and values
below.

P1= Kod(H1+ Hy)

P> = Kod(H1+ Hy) + Ko’ (H3)
P3 = Koéheq

P4 = Koé.(Hz - 2)

P5 = Koé(Hz - 2) + Koé’Hg

The values of H, and Hz may be calculated assuming a water table elevation = 2517 feet, which
corresponds to high lake level conditions.

Design Parameters for Calculating Lateral Earth Pressures for Strength Limit State

Parameter Units Value
. . . x pounds per cubic
Soil Unit Weight, & foot (pcf) 135
Soil Effective Unit Weight, &’ pcf 73
Soil Friction Angle, 6 degrees 40
Active Earth Pressure Coefficient, K, unitless 0.22
At-Rest Earth Pressure Coefficient, K, unitless 0.36
Equivalent Height of Soil for Vehicular Loading 5<H<1O'_4'O
on Walls Perpendicular to Traffic, h, feet 10<H<20: 3.0
T H>20: 2.0
Equivalent Height of Soil for Vehicular Loading feet 20
on Walls Parallel to Traffic, heg" '
Passive Earth Pressure Coefficient, K, for level itl 46
finish ground line unitiess '

H = Height of top of approach fill above finish ground line elevation, feet
! Minimum distance from wall backface to edge of traffic = 1.0 foot

Job No. 33758662

3. Any fine-grained or organic soil encountered in the wall excavation must be removed and replaced

with compacted select fill.

4. Wall must be fully drained.
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Strength Limit State Earth Pressures
Slide Curve Bridge - Pier 9 Abutment
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Notes

1.

An L-type abutment is shown. For this type of abutment, earth pressures over the height of the
superstructure act on the abutment wall. For a stub-type abutment, earth pressures over the height of
the superstructure do not need to be included in the pressures that act on the abutment wall.

Earth pressures in psf for abutment walls that can deflect (active pressure conditions) may be
calculated using the equations and values below.

P]_ - O.5Kae(f)§l(H1 + H2 + H3)
PZ =K ae(f)éEQ(aheq)

P3 = er(f)é(Hg - 2)

P4 - er(f)é(Hz - 2) + er(f)é’H3

Earth pressures in psf for rigid walls that cannot deflect (at-rest pressure conditions), including wing
wall within a distance H; of the abutment wall, may be calculated using the equations and values
below.

P1 = O.5Kae(r)é(H1 + Hz + H3)
P2 = Kae(r)éEQ (éheq)

P3 = er(r)é(Hz - 2)

Ps= er(r)é(HZ -2)+ er(r)é-’H3

The values of H, and Hz may be calculated assuming a water table elevation = 2517 feet, which
corresponds to high lake level conditions.

Design Parameters for Calculating Lateral Earth Pressures for Extreme Event Limit State

Parameter Units Value
Soil Unit Weight, & pou?gjtp(;rcg)“b'c 135
Soil Effective Unit Weight, & pcf 73
Soil Friction Angle, 6 degrees 40
Active Earth Pressure Coefficient, K, unitless 0.22
At-Rest Earth Pressure Coefficient, K, unitless 0.36
Equivalent Height_ of Soil for Vt_ehicular Loading feet 150<<|_||_|<<1200':4é.00
on Walls Perpendicular to Traffic, heg H=20: 2.0
Equivalent Height of Soil for Vehicular Loading feet 20
on Walls Parallel to Traffic, he' :
Seismic Passive Earth Pressure Coefficient,
Keecr, for Level Finish Ground Line and Flexible unitless 4.21
Wall
Seismic Active Earth Pressure Coefficient for .
Flexible Retaining Walls, Kaee unitless 0.31
Seismic Active Earth Pressure Coefficient for .
Rigid Retaining Walls, K unitless 0.63
Seismic Passive Earth Pressure Coefficient for .
Level Finish Ground and Rigid Walls, Kpe unitless use Ko
Load Factor for Surcharge Load LS, yeo unitless 0.5

H = Height of top of approach fill above finish ground line elevation, feet
! Minimum distance from wall backface to edge of traffic = 1.0 foot

Job No. 33758662

3. Any fine-grained or organic soil encountered in the wall excavation must be removed and replaced
with compacted select fill.

4. Wall must be fully drained.
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A
Superstructure < <
Hy
Abutment < <
Wall ——»
 Z Final Grade
A 2 .
P2
Top of Shaft Cap or
Base of Wall
Figure 7.26

Extreme Event | Limit State Earth Pressures
Slide Curve Bridge - Pier 9 Abutment
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Unfactored Resistance, kips
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Unfactored Bearing Resistance
3-ft Diameter Rock Socket
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Unfactored Resistance, kips
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Unfactored Bearing Resistance
3-ft Diameter Rock Socket
Job No. 33758662 Slide Curve Bridge Tied-Shaft Wall, East of EB Sta. 1379+20
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Unfactored Resistance, kips
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Unfactored Bearing Resistance
4-ft Diameter Rock Socket

Slide Curve Bridge Tied-Shaft Wall, East of EB Sta. 1379+20
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Unfactored Resistance, kips
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Figure 7.30

Unfactored Bearing Resistance
5-ft Diameter Rock Socket
Slide Curve Bridge Tied-Shaft Wall, East of EB Sta. 1379+20
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Proposed Traffic 1 ft
Roadway /  Surcharge v

Bedrock EL. AN_ Y VvV V ¥V V V V |V 7\

Was" #7 | WBCL | Workbench| 4 Hoft | Hyft | Heft | H.ft | H,ft «— MSE Wall

ta EL. (feet) EL. (feet) (Note 2)
16+69.3 | 25427 | 24817 2476.0 16 45 5.7 62.0 67.7 Upslope e e Soil Nail Wall
16+90.6 | 2542.7 | 2481.0 2469.6 189 | 4238 11.3 62.7 74.1 Rock Angle Unisland2 |- /
17+18.0 | 2542.9 | 24806 2465.4 199 | 424 15.2 63.3 785 Varies og=ao oM / Shatt Cap
17+34.9 | 2543 2480.6 2462.3 207 | 417 18.3 63.4 81.7 SYEASSpel L T
17+51.0 | 2543.2 | 2481.0 2458.7 182 | 44.0 22.3 63.2 85.5 ot S / y_ \Work Bench
17+72.9 | 2543.4 | 24817 2451.2 16.1 | 45.6 305 62.7 93.2 H denlized keiip Pl Y
17+98.8 | 2543.7 | 2483.0 2441.8 158 | 449 41.1 61.7 | 102.9 Sgion o | Sl
18+22.2 | 2543.9 | 2484.4 2437.3 146 | 449 47.1 605 | 107.6 Surface o || shatt .
18+38.5 | 2544.1 | 24857 2437.0 137 | 44.8 48.7 504 | 108.1 Rt ol S
18+54.7 | 2544.3 | 2487.1 2439.2 133 | 43.9 48.0 58.2 | 106.1 sl kel gl Existing AN
18+74.2 | 25446 | 2488.9 2445.9 12.0 | 437 43.1 56.7 99.7 i ) Ground )
18+88.3 | 2544.8 | 24903 2453.1 123 | 423 37.1 55.5 92.7 \%\ — |
19+01.6 | 2545 2491.6 2463.1 120 | 413 285 54.4 82.9 ]!
19+16.5 | 25452 | 2492.7 2475.0 126 | 39.9 17.7 53.5 71.2 al B x tan (36)
19+40.8 | 25455 | 2494.0 2478.1 131 | 384 15.9 52.5 68.4 \ \ N
19+58.6 | 25458 | 2494.9 2480.5 132 | 377 14.4 51.9 66.3 11 \
19+72.7 | 2546 2495.6 2483.7 133 | 371 11.9 51.4 63.3 :
19+86.7 | 2546.2 | 2496.3 2487.5 133 | 367 8.8 50.9 59.7 Not to Scale h Hy
20+00.6 | 2546.5 |  2497.0 2491.4 134 | 361 5.6 50.5 56.1 | < \

Notes »{ };B b,

1. Linear interpolation can be used for H and H; for shafts located between stations. Do Downslope Rock Angle = 36°
not interpolate values of H. Shaft spacing should not exceed 3B. P 9

2. Estimated bedrock elevation 4 feet in front of wall 7 face. 100

3. The amount of rock resistance (P,) mobilized, and the shaft embedment depth (H,),
will vary depending on the magnitude of the unbalanced earth pressure and the depth 7

of the rock socket.

50 /

4. P, =L xS/,

5. P, = Lg/H,, where Ly can be taken from Table 7.10 based on shaft location and
diameter.

B Shaft diameter in feet.

H, = Rock socket depth below downslope shaft face, feet. Minimum H; = 10 feet.
L = Lateral force in kips/ft.

S = Shaft spacing in feet.

Lateral Force, L kips/ft (kpf)

Lgr = Lateral resisting force in kips.

CL: Centerline.

o o
HY = H;+H,+ 1. 20 30 40 50 60 70 80 90 100 110 120
H = H+H, H, ft

6. Downdrag loads, Vg, can be calculated as Figure 7.31

Vs = 0.64 Lnt (B/2) '
S Lateral Earth Pressures
Job No. 33758662 Slide Curve Bridge Tied Shafts — Extreme Event | Limit State
WSDOT 1-90 Snoqualmie Pass East
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Case A
MSE Wall Height =2 10’

See Note 1

N

|<71.3H’ +75ft————————— P
|

g,

See Note 2

A

5 ft

v

I
I

Same as MSE Wall

Case B
MSE Wall Height < 10’

NOTES

]

< 1.3H »
~
~
= _
~
See Note 1
N
N
AN

(1) MSE wall designer must design reinforcement in remaining wall area and internal stability for full wall

area.

(2) Long-term combined tensile strength of reinforcement layers > 15,000 Ibs/ft. Minimum of 6 reinforcement
layers. Minimum height of extended reinforcement zone = 5 ft. Uppermost reinforcement layer must be
no less than 5 feet above bottom reinforcement layer. Each reinforcement wrap must be designed to

provide > 2,500 Ibs/ft of pullout resistance.

Job No. 33758662

(Not to Scale)

(Not to Scale)

Figure 7.32

Slide Curve Bridge Approach Fills
MSE Wall Recommendations

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting



NOR NOTE: THIS CROSS-SECTION WAS DEVELOPED USING AN SOUTH

2600 - E > ALIGNMENT AS OF MAY 2010. 1 2600
©lrm < ~s= 2
2580 Q8™ g8 | 2580
= Slak
2560 - Qo i) + 2560
=N =W
O|J L. S| jw
2540 - UjEJO ?Ji;:ﬂ + 2540
2520 - » | @ % E% 7 2517.8 HISTORIC MAX. LAKE ELEV, + 2520
2500 - i Ny - 2500
. | Sy 01 NG L | 2e0
2460 - . : 1 2460
i 2439.8 AVG. MIN. LAKE ELEV. il
2440 7 2430.8 HISTORIC MIN. LAKE ELEV. 2440
—~2420 - + 2420
= =
m 2400 W
L 2400 - + w
2 2380 - + 2380 g
= 2360 - ~ 2360 E
Z z
W 2340 - 1 2340 W
L 1]
2320 + 2320
2300 - + 2300
2280 + 2280
2260 + 2260
2240 - + 2240
2220 - 2220
2200 + 2200
2180 + 2180
2160 - + 2160
2140 - | + 2140
|
2120 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 } 2120
-100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
DISTANCE FROM CENTERLINE (FEET)
WB STATION 1390475 SLIDE CURVE MEDIAN WALL e m m ' oo
VERTICAL EXAGGERATION = 1x
FILE_NAME \iseaocean\163\WSDOT 1-90 Snoqualmie Pass\07000 CADD\070100 CADD_2010\Sheet Files\Slide Curve Median Wall (SCW)\CROSSECTION 1-1 60 SEALE.dgn
TIME 131725;210 :)m REsioN | sTA | FED,AID PROJ.NO. URS A
DATE
DESIGNED BY Kranti Maturi 10 [WASH fﬁ'ffm' :\‘IJI?NALTEESUITE 1400 ';’ I-90 Snoqualmie Pass East FIGURE
ENTERED BY brenda_mcintosh 908 NuwsER SEATTLE, WA 98101 Hyak to Keechelus D Washingt
CHECKED BY Dave Walker 33758623 PHONE: (206) 438-2700 Washington State yak t0 Aeechelus Dam, vvashingion
ASST. PROJ. MNGR. Dav-e W?Iker CONTRACT No. LOGATION NO. FAX: (206) 438-2699 Department of Transportation 8.1
PROJ. MNGR. Cecil Urlich oA SLIDE CURVE MEDIAN WALL (SCW)- CROSS-SECTION 1-1'
REVISION DATE | BY| Y-9764 P.E.STAMP BOX




NORTH w = SOUTH
WB ol o ° ° a NOTE: I\E:g N%IlRE?ﬁ'S-ASSEchI:owIIAvYVAZSMDOEVELOPED USING AN
=] .0 [.O e . 1
2600 | ¢ 33 §$° 183 2 2600
2580 - ‘ SRl  Swih ghh oS . 2580
| G 2den TQn AN D
| ST SN KN oo N
2560 - ; Ol L OJd ‘vl i -+ 2560
. | owO »woO Iwo IO
2540 - . N / 2540
o .m - e i
UL L NE et 2%
® | VAN
2480 - . - o ' BOULDERS / : /24801 AVG.LAKE ELEV. + 2480
2460 . - ‘- / . g) 2460
N 7 2439.8 AVG. MIN. LAKE ELEV, 1
ol ] N Al v |
A2420 N —+ 2420|—:
e ] I 7
. @ 4444 [
= N N N [
212340 - | 2340
d B n
S . [
e |00 [
= AR [
=R I 15
e I [
=R I [
sl I [
i I [ o
il I [
2140 | T 2140
-=--- e e,
21 20 T i | T T T T | T | T T | | T | 21 20
-100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
DISTANCE FROM CENTERLINE FEETM 0 60 120 ORIZONTAL SCALE
\ ,‘ E 160’
WB STATION 1 399"'00 SLI DE CU EDIAN WALL e SN \ERTICAL EXAGGERATION = 1x
FILE NAME \\seaocean\163\WSDOT 1-90 Snoqualmie Pass\07000 CADD\070100 CADD 2010\Sheet Files\Slide Curve Median Wall (SCW)\CROSSECTION 2-2 60 SbALE.dgn
TIME 3:34:41 PM REsioN | sTA | FED,AID PROJ.NO. URS A
DATE 11/29/2010
25:::;? BI:{Y :::‘t’iaM;t;r;t“h 1: m:::s'-l ::;':Tfm :\%’rﬁésum 1400 ';’ I-90 Snoqualmie Pass East . FIGURE
CHECKED BY Dave Walker 33758623 §:3:2ﬁ’2::?4::_12%0 Washington State Hyak to Keechelus Dam, Washington 82
ASST. PROJ. MNGR. Dave Walker CONTRACT No. LOGATION NO. FAX: (206) 438-2699 Department of Transportation ’
PROJ. MNGR. Cecil Urlich — SLIDE CURVE MEDIAN WALL (SCW) - CROSS-SECTION 2.2
REVISION DATE By | Y-9764 PE.STAMP BOX




NORTH S()zlé;g
26207 WB = o o = NOTE: THIS CROSS-SECTION WAS DEVELOPED USING AN
i ol & - . 00 ) ALIGNMENT AS OF MAY 2010. 1 2600
2600 Qs 2 35 Qs -
S| = Ser- 1 RO 1
2580 - 83% g;g% g;:ltﬂ oS 2580
SNy Ny o’ Q%Y
2560 - Ol Ay e o L Ny T 2560
»nwo ITwo Ijwo N
2540 - o Iwo + 2540
2520 = e Bl / R B8 HRTORG MALIME ELEV. -+ 2520
R B bk, [
2480 _ . — \\\\\ M_OJ AVG. LAKE ELEV, € 2480
e |0 [ [
2439.8 AVG, MIN. LAKE ELEV. 1
i 2420 - 2420 i
S =
= 2400 2400 -
g .. NI R R R g
2 N N N N N N . S
>
e I N N N N N N -
w w
> 1 R N R R o
> 1 R N R R o
- 1 R R R N o
= 1 R B R o
= 1 R N R N o
= 1 R N N R o
= 1 R N N N .
I R N R R A o
- I I N R R R o
ol | o
2140 - 2140
2120 - 2120
- -50 0 50 100 150 350 450 500 550 600 650 700 750 770
80 FROM CENTERLINE (FE 0 60 120 L ORIZONTAL SCALE 1"-60
WB STATION 1 404+1 7 SL|DE CURVE MED'AN WALL ™ ™ MM, \ERTICAL EXAGGERATION = 1x
FILE NAME \\seaocean\163\WSDOT 1-90 Snoqualmie Pass\07000 CADD\070100 CADD 2010\Sheet Files\Slide Curve Median Wall (SCW)\CROSSECTION 3-3 60 SEALE. dgn
TIME 3:36:23 PM REsioN | sTA | FED,AID PROJ.NO. URS A
DATE 11/29/2010
25:::;? BI:{Y :::‘tilaM:;:t“h 1: m:::s'-l ::;':Tfm :\%’rﬁésum 1400 ';’ I-90 Snoqualmie Pass East . FIGURE
CHECKED BY Dave Walker 33758623 §:S:2ﬁ’2::?4::_1:,100 Washington State Hyak to Keechelus Dam, Washington 83
ASST. PROJ. MNGR. Dave Walker CONTRACT NO. LOCATION NO. FAX: (206) 438-2699 Depa rtment of Transpo rtation B
PROJ. MNGR. Cecil Urlich oA SLIDE CURVE MEDIAN WALL (SCW)- CROSS-SECTION 3-3'
REVISION DATE | BY| Y-9764 P.E.STAMP BOX




NORTH S SOUTH
— o _ w NOTE: THIS CROSS-SECTION WAS DEVELOPED USING AN -
2600 - B .2 .8 in ALIGNMENT AS OF MAY 2010. 1 2600
M~ - (1) o - "
il 'E o - o~ +
2580 i 2 E g 3 E T 2580
l an NP YT
2560 -~ FORMER - | _jic e i S0 T 2560
QUARRY AREA | mife) +iuo S
2540 - Ny — Ty o T 2540
c |° GW(CE) .
2520 B— F., =L  CRAVEL WTH SAND/ 25178 HISTORIC MAX, LAKE ELEV. 2520
2500 -“ 5o | — GRAVEL/SAND | 2500
- N : 1 LA LS | st
o R | 2460
-- 7 24398 AVG. MIN, LAKE ELEV. 1
2440 -- 24308 HISTORIC MIN. LAKE ELEV, 2440 _

2420 2420 &

; — :

L 2400 2400 =

- R 2

O 2380 2380 g

= R

[11]

. R P
2300 - 2300
- N 2280
o =- -
2140 2140

|
21 20 I } } } T T } I T T I I I I I I I I 2120
-100 =50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
DISTANCE FROM CENTERLINE (FEET) . % 2
WB STATION 1411+66 SLIDE CURVE MEDIAN WALL sy m— o AN - 14

FILE NAME \\ \163\WSDOT 1-90 Snoqualmle Pass\07000 CADD\070100 CADD 2010\Sheet Flles\Slide Curve Medlan Wall (SCW)\CROSSECTION 4-4 60 sbALE.dgn

TIME 3:37:28 PM REGION | STATE | FED.AID PROJ.NO. URS y N

DATE 11/29/2010

DESIONED BY _ Krant Matui 1 WA 1501 4Th AVENUE. SUTE 1400 7/ 1-90 Snoqualmie Pass East FIGURE

renda_mcintos| SEATTLE, WA 98101 i

CHECKED BY Dave Walker 33758623 PHONE: (206) 438-2700 Washington State Hyak to Keechelus Dam’ Washmton

ASST. PROJ. MNGR. Dave Walker CONTRACT No. LoEATIoN No. FAX: (206) 438-2699 Department of Transportation 84

PROJ. MNGR. Cecll Urlich DATE SLIDE CURVE MEDIAN WALL (SCW) - CROSS-SECTION 4-4'

REVISION DATE BY | Y-9764 PE.STAMP BOX




NORTH NOTE: THIS CROSS-SECTION WAS DEVELOPED USING AN SOUTH
2600 | WB = ALIGNMENT AS OF MAY 2010. - 2600
S
2580 - & S &l .8 w -+ 2580
I AN (=)
.-t S 2
2560 - SNp o L S -~ 2560
| Ol Ny N
| »uo i L S
| | wo NN s
2540 ‘ Ll 2540
s
wo
2520 SAND/COBBLES/ v 2517.8 HISTORIC MAX.LAKE ELEV. —-— 2520
v 2511.4 AVG. MAX. LAKE ELEV.

2500 — - 2500
2480 —— 2480
= -
W 2460 -~ 2460 W
w L
Z ELEV. Z
O 2440 - . -~ 2440 §
= KE ELEV. =
= <
W 2420 -+ 2420 @
w -

1]

2400 —- 2400
2380 - 2380
2360 - 2360
2340 - 2340
2320 1 - 2320

|
2300 - } -~ 2300

|

|
2280 | | | | | | | | 2280

-200 -150 -100 -50 0 50 100 150 200 250 300

DISTANCE FROM CENTERLINE (FEET)

WB STATION 1419+26 SLIDE CURVE MEDIAN WALL o o o omomsoncra

FILE NAME \163\WSDOT 1-90 Snoqualmle Pass\07000 CADD\070100 CADD 2010\Sheet Flles\Slide Curve Medlan Wall (SCW)\CROSSECTION 5-5 40 SEALE.dgn
TIME 3:38:43 PM Resion [ st [ FEDAID PROJ.NO.
DATE 11/29/2010
DESIGNED BY Kranti Maturi 10 WASH
ENTERED BY brenda_mcintosh JoB NUMBER
CHECKED BY Dave Walker 33758623
ASST. PROJ. MNGR. Dave Walker CONTRACT NO. LOCATION NO.
PROJ. MNGR. Cecll Urlich
REVISION DATE BY | Y-9764

P.E. STAMP BOX

DATE

URS E_3
%E;E:_i:fﬁ' S\Zé’ﬁ;'};sune 1400 '7’ I-90 Snoqualmie Pass East
PHONE: (206) 438.2700 Washington State Hyak to Keechelus Dam, Washington
FAX: (206) 438-2639 Department of Transportation
SLIDE CURVE MEDIAN WALL (SCW)- CROSS-SECTION 5-5'

FIGURE
85




ELEVATION (FEET)

2620

2600

2580

2560

2540

2520

2500

2480

2460

2440

2420

2400

2380

MATCHLINE STA 1401+00

NOTES:

% f i i | & ® T S 5
© N M < ~ 1H - ™ !
z g z © =z 2 Z < z z = o o 3 o S S | » !
> O o o) - O o g = g « 5 58 S = |2 I
B 85 & B 8§ s B I Sep B et HggE |
by 85 85 e B2 Bp By chds 8y 22 23 =232 2o ziz |
o A2 aE 22 md AL mr AL Y oF SO L8 323 228 2223 !
B° 36 3= 6 B° @6 AT 36 AT B i
L s '
=~ PROPODED GRADE ALONG E
PROPOSED SLIDE CURVE i
MEDIAN RETAINING WALL i
1
L EXISTING GRADE ALONG !
T V(;RAVEL/SAND/ PROPOSED SLIDE CURVE :
] | i i ot MEDIAN RETAINING WALL i
6 |wm——d 1
alpl|e ° I|\_n_ A ) i P ——— - !
50 ||o,| | 6P®) Y s y o % [ GP(C)
clOw @ 14 o T o oMo
e b Y orom 5 e ¢ 6“; ! s 6;2’
c [lo,||crcry © PYCP T T e
GWCE) C (o, GP c Gl
GW(C/B) & ?'\GP(U) c :IG ) ;ﬂl :tgP
| 5 |, 50 o )
C GP(C) c ) ¢
Q& c ) 10
e, 5
)
c
*,
"
!
| EXTENT OF PROPOSED 4,570' SLIDE CURVE MSE WALL :
[ .
1377+30 :
1374+00 1378+00 1382+00 1386+00 1390+00 1394+00 1398+00 '
1
i
!
1

WESTBOUND STATIONS(FEET)
1. THIS PROFILE WAS DEVELOPED USING PROPOSED ALIGNMENT AS OF MAY 2010.
2. BEDROCK SURFACE BETWEEN APPROX.WB STA,1403+00 AND 1409+00 IS BASED ON THE GEOPHYSICAL SURVEY THAT WAS CONDUCTED BY

NORTHWEST GEOPHYSICAL ASSOCIATES. BEDROCK ELEVATION AT WALL ALIGNMENT WAS ESTIMATED USING GEOPHYSICAL SURVEY LINE ROCK
ELEVATION AND OFFSET WITH ASSUMED BEDROCK SLOPE OF 2H:1V.

0 300 600

HORIZONTAL SCALE 1"=300'
VERTICAL EXAGGERATION = 10x

DATE

FILE NAME \\seaocean\163\WSDOT 1-90 Snoqualmle Pass\07000 CADD\070100 CADD 2010\Sheet Flles\Slide Curve Medlan Wall (SCW)\SLIDE CURVE MEDIAN WALL PROFILE_sht1 of 2.dgn
TIME 3:40:00 PM Resion ["sTaTe [ FED.AID PROJ.NO.
DATE 11/29/2010
DESIGNED BY Kranti Maturi 10 |[WASH
ENTERED BY brenda_mcintosh JoB NUMBER
CHECKED BY Dave Walker 33758623
ASST. PROJ. MNGR. Dave Walker CONTRACT NO. LOCATION NO.
PROJ. MNGR. Cecll Urlich
REVISION DATE BY | Y-9764

P.E. STAMP BOX

CENTURY SQUARE

1501 4TH AVENUE, SUITE 1400
SEATTLE, WA 98101

PHONE: (206) 438-2700

FAX: (206) 438-2699

A

7/

Washington State

I-90 Snoqualmie Pass East
Hyak to Keechelus Dam, Washington

Department of Transportation

SLIDE CURVE MEDIAN WALL - SUBSURFACE PROFILE

FIGURE
8.6A




MATCHLINE STA 1401+00

SCW SECTION 3-3'

OFFSET 17.66'R
1404+17

SCW-008A-08
1402+35

H-29-06(1)
SCW-009-08

SW2 SECTION 1-1'

1407+19

& .

EQOPODED RADE ALON:% o=

OPOSED SLIDE CURVE
INING WALL

MEDIAN RE

GRAVEL WITH
SAND/COBBLES/
BOULDERS

SW2-001-07

SW2 SECTION 2-2'

1408+55
SW2-003-07

SW2 SECTION 3-3'

1409+42
SW2-005-07

SCW SECTION 4-4'

1411+66

H-32-06
SCW-010-08

SCW-011-08

1415+14
OFFSET 15.73'L

GRAVELWITH TS
SAND/COBBLES
SAND/GRAVE

COBBLES

SCW-012-08
1418+33
OFFSET 34.09'L

RCW SECTION 1-1'

SCW_SECTION 5-5'
1419426
1422+00

H-34-06
SCW-012-08

CUL-007-07
SCW-013-08

GRAVEL WITH
SAND/COBBLES

SILTFFINE
SAND

!{ 2440
LEAN

2620

2600

2580

2560

2540

2520

2500

ELEVATION (FEET)

2480

2460

CLAY
2420

i 2400

i EXTENT OF PROPOSED 4,570' SLIDE CURVE MSE WALL |

I 1

i 1423+00

; 2380 0 300 600

11402+00 1406+00 1410+00 1414+00 1418+00 1422+00 - E—

: NOTES: WESTBOUND STATIONS(FEET) HORIZONTAL SCALE 1300

i 1. THIS PROFILE WAS DEVELOPED USING PROPOSED ALIGNMENT AS OF MAY 2010. VERTICAL EXAGGERATION = 10x

i 2. BEDROCK SURFACE BETWEEN APPROX.WB STA.1403+00 AND 1409+00 IS BASED ON THE GEOPHYSICAL SURVEY THAT WAS CONDUCTED BY

i NORTHWEST GEOPHYSICAL ASSOCIATES. BEDROCK ELEVATION AT WALL ALIGNMENT WAS ESTIMATED USING GEOPHYSICAL SURVEY LINE ROCK

i ELEVATION AND OFFSET WITH ASSUMED BEDROCK SLOPE OF 2H:1V.
FILE NAME \\seaocean\163\WSDOT 1-90 Snoqualmie Pass\01tl)00 CADD\070100 CADD 2010\Sheet Files\Slide Curve Median Wall (SCW)\SLIDE CURVE MEDIAN JNVALL PROFILE_Sht 2 of 2.dgn
TIME 3:43:51 PM REsioN | sTA | FED,AID PROJ.NO. URS A
DATE 11/2912010 10 |WASH CENTURY SQUARE 7-
Rt B renta iz s B T Ay ST 1t » et Pl T L L o . FIGURE
CHECKED BY Dave Walker 33758623 PHONE: (,zos) 438-2700 Washington State Hyak to Keechelus Dam’ WaShmgton 8.6B
ASST. PROJ. MNGR. Dav-e W?Iker CONTRACT NO. LOCATION NO. FAX: (206) 438-2699 Department of Transportation -
PROJ. MNGR. Cecil Urlich DATE SLIDE CURVE MEDIAN WALL - SUBSURFACE PROFILE

REVISION DATE BY | Y-9764 PE.STAMP BOX




Job No. 33758662

Distance Below Wall Top, H (ft)

10

40

50

60 =

20

30

33758662_42.cdr

@® @ @ rLAC-Rectangular MSE Wall
A——~A——A~A AASHTO-Simplified Method

® O @O rLAC-inverted MSE Wall
O—0O——© AASHTO Coherent Gravity Method-Rectangular
AASHTO Coherent Gravity Method-Inverted

Note: FLAC results for rectangular
And inverted wall are almost identical. \ N

1 2 3 4 5 6 7 8 9 10

Maximum Tension (kips/ft) Figure 8.7

Maximum Predicted Unfactored Reinforcement Forces,
Slide Curve Median Wall at WB Station 1399+00 - Static Loading

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting



Job No. 33758662

Distance Below Wall Top, H (ft)

60 = . .

o
2
30
o

50

33758662_43.cdr

@® @ @ rLAC-Rectangular MSE Wall
A——~A——A~A AASHTO Coherent Gravity Method - Rectangular

@® @ @ rLAC-Inverted MSE Wall

¥ %% AASHTO Coherent Gravity Method- Inverted

k, = 1/2 PGA

2 3 4 5 6 7 8 9 10 11 12
Maximum Tension (kips/ft)

Figure 8.8
Maximum Predicted Unfactored Reinforcement Forces,
Slide Curve Median Wall at WB Station 1399+00 - Seismic Loading

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting



NORTH _ _ SOUTH
.8 EB = NOTE: THIS CROSS-SECTION WAS DEVELOPED USING AN
2640 | 5qae o w THIS MONITORING WELL ALIGNMENT AS OF MAY 2010. | 2640
2 © ol MR QAR AW
m \ ~
2620 QD { g;,_ WERE NOT TAKEN > T 2620
. i Ll
2600 | Ante - SKo 3 5 | 2600
N - Bl 83
2580 - 3 »wOo 2N Do | 2580
| [={P=) =
‘ PROPOSED SLIDE S Sy w
2560 - i CURVE MEDIAN AND QNP + 2560
- | MSE WALL S jw S_i L
2520 -- RIS HRTORS Mok rE e 2520
2480 - ‘/ BOULDERS 7 24801 AVG. LAKE ELEV. 1 2480
oaco L] — e
Eoro | L] . 98 AN B | sl
L -- - 1724308 HISTORIC MIN. LAKE ELEV. L
2420 - 2420
5 L] r 0
22400 - ‘ 2400%
< L] - :
Wa3e0 | 2360
2340 | R I 2340
2320 | R | | Ny 2320
2300 | R I 2300
2280 | R I 2280
2260 | R I 2260
2240 | L I 2240
2220 | L I 2220
2180 ] ] 2180
2160 | | | | | | | | | | | | | | | - 2160
-250 -200 150 100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600
DISTANCE FROM CENTERLINE (FEET)
HORIZONTAL SCALE 1'=60' i
EB STATION 1406+07 STRUCTURAL WALL 2 e e (R SHELS
FILE NAME \\seaocean\163\WSDOT 1-90 Snoqualmie Pass\07000 CADD\070100 CADD 2010\Sheet Files\Slide Curve Embankment Stabilization (SW2)\P1234 RS_Section_1.dgn
TIME 3:48:05 PM REsioN | sTA | FED,AID PROJ.NO. URS A
DATE 11/29/2010
25:::;? BI:{Y :::‘t’iaM:;:t“h 1: m:::s'-l ::;':Tfm :\%’rﬁésum 1400 ';’ I-90 Snoqualmie Pass East FIGURE
GHECKED BY Dave Walker 33758623 FHONE: (208) 436.2700 Washington State Hyak to Keechelus Dam, Washington |
PROSMNGR. | Cocll Urlch s e FAY: (206 438-2699 Department of Transportation |“g| \ne "CURVE EMBANKMENT STABILIZATION (SW2)- -
REVISION DATE |BY| Y-9764 e sTaN BOX CROSS-SECTION 1-1'




NORTH SOUTH
5 w w =
0 © EB - 3 g NOTE: THIS CROSS-SECTION WAS DEVELOPED USING AN =
2640 5Rs 5 o _@ ALIGNMENT AS OF MAY 2010. olzs & + 2640
1 Sl ¢ SF- R SR
2620 8h ; IS - ~ il 1
I s 388 woRb SR o
2600 "o i Sk o Sk + 2600
2580 I | nwo Tuo FATTte)
I I- ‘ PROPOSED SLIDE CURVE T 2580
2560 . i MEDIAN MSE WALL | 2560
-- = | c L’ oo -
2520 - I---* ¢ e o / GRAVEL WITH SAND/COBBLES/BOULDERS v 2311.8 HISTORIC KE ELEV. 1 2520
2500 - P e + 2500
a0 H---_‘k/ o AYLAE B [
= I 8 A NG B e
w | / 2439.8 AVG, MIN. LAKE ELEV. 1 w
N | | | e [t
= IR . fas [
I, = | =
o o D | 0 0
2300 | I--- ---- LTY CLAY o 2300
N 0090900 - 0
I - ] o
N 0090900 --------- 0
il 0000 - =
2180 - .———=——— I e e Y e 2180
2160 | | | | | | | | | | | | | | - 2160
-250 -200 150 -100 .50 0 50 100 150 200 300 350 400 450 500 550 600
DISTANCE FEoM CERTERLINE {REET) . 0 W
e T — 1N =
EB STATION 1407+49 STRUCTURAL WALL 2 VERTICAL EXAGGERATION - x
FILE NAME \\ \163\WSDOT 1-90 Snoqualmle Pass\07000 CADD\070100 CADD 2010\Sheet Flles\Slide Curve Embankment Stabllization (SWZ)\P1234_Rs_$ct|0n_2.dgﬂ
TIME 7:58:44 AM REGION | STATE | FED.AID PROJ.NO. URS y N
DATE 11/30/2010
::::::EIIE:D B?{Y ::::!M:;:t“h 1:5 m::::SH ::;':T:ﬂ f\%’rﬁ:suns 1400 ';’ 1-90 Snoqualmie Pass East . FIGURE
CHECKED BY Dave V;alker 3‘:271.5"8:23 S g:g:;LE(’z::?4::jz‘;‘oo Washinton State Hyak tO KQQChelus Dam, WaShlnton 9.2
PROUMNOR. | Cooll Urlch ' ' __ FAY: (206) 438-2699 Department of Transportation |“g| \pE CURVE EMBANKMENT STABILIZATION (SW2)-
REVISION DATE |By| Y-9764 PE STAMP BOX CROSS-SECTION 2-2'




NORTH ] SOUTH
w o
2640 N EB 52 NOTE: THIS CROSS-SECTION WAS DEVELOPED USING AN | 2640
"'og. E q'.,,"_ ALIGNMENT AS OF MAY 2010.
(=]
2620 | A, T SRuw | 2620
Sm \ N
-7  Siw
2600 - T | nwo 4 2600
ko |
2580 - - | PROPOSED SLIDE CURVE T 2580
2560 | i MEDIAN MSE WALL | 2560
2540 -- ‘ /7 GRAVEL WITH SAND/COBBLES/BOULDERS 1 2540
520 | I O
2500 L ] b, A A MLEE ES | 500
yas0 L ] -h NG B | as0
yaso L ] h | 2460
yaso | L ] . A | yas0
2400 | - 24005
i L ] . i
L2380 |- - 2380L
z L ] N I z
02360 - - 23600
Z L ] N A Z
L2340 2340 S
i L ] - i
w2320 - 2320w
2300 | I - 2300
2280 | I o 2280
2260 | I o 2260
2240 | I o 2240
2220 | I o 2220
2200 | I o 2200
2| I R R 2150
|
2160 1 1 1 1 ! ‘ ‘ 1 1 ‘ 1 1 1 1 1 1 ‘ 2160
-250 -200 150 -100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600
DISTANCE FROM CENTERLINE (FEET) 0 60 120
HORIZONTAL SCALE 1"=60'
EB STATION 1408+42 STRUCTURAL WALL 2 O P {0 CAL EXAGGERATION = 1x
FILE NAME \\seaocean\163\WSDOT 1-90 Snoqualmie Pass\07000 CADD\070100 CADD 2010\Sheet Files\Slide Curve Embankment Stabilization (SW2)\P1234 RS_Section_3.dgn
TIME 7:59:34 AM REsioN | sTA | FED,AID PROJ.NO. URS A
DATE 11/30/2010
g?ﬁ:zin BI?{Y t::‘t’iamr:'t;ﬂt“h 1: "::::SH f;':Tfm :\?éjrﬁ?ésum 1400 ';’ I-90 Snoqualmie Pass East FIGURE
ﬁ:::f:mB:nNGR Dave \ialkar 33758623 I §ﬁg§;ﬁ5(;:‘;§‘4§§f,‘;‘°o Washington State Hyak to Keechelus Dam, Washington 03
PRO.MNGR. GocilUrlich ' ' | s Department of Transportation "s| o CURVE EMBANKMENT STABILIZATION (SW2)-
REVISION DATE |BY| Y-9764 P.E.STAMP BOX CROSS-SECTION 3-3'




SOUTH

NORTH : ) ) .
| s 2 s | < S
2660 & 5| S <: 8|8 | 2660
S 5 &% d & £ BE ok
o W= S Z - WSS e
2620 Sk PROPOSED GRADE LSS o = PSS EXISTING GRADE ALONG =i 2620
xo ALONG STRUCTURAL SgsS 5 g gggs sl;rll\isul_cl:ggRGhEWALL 2 S
CLAYEY WALL 2 s Has BB ( )
—~ 2580 GRAVEL (SOLID LINE) Sl & 2580 ~
e 75 m
w w
L 2540 TH SAND/ 2540
GRAVEL WITH SAND/
> 31 COBBLES/BOULDERS GRAVEL WITH SAND/ Criidanisidia =z
O 2500 COBBLES 2500 ©
>
o) 2460 — 2460 o
— 724398 AVG, MIN. LAKE ELEV. —
(11} 7 24308 HISTORIC_MIN. LAKE ELEV. -
2420 2420
2380 | 2380
B EXTENT OF PAVEMENT o
! DISTRESS AT SLIDE CURVE
2340 2340
1398+00 1399+00 1400+00 1401+00 1402+00 1403+00 1404+00 1405+00 1406+00 1407+00 1408+00 1409+00 1410+00 1411+00 1412+00
EASTBOUND STATIONS (FEET)
0 100 200 ORIZONTAL SCALE 1"-100
e  SMMNNNER. \[ERTICAL EXAGGERATION = 1x
FILE NAME \\seaocean\163\WSDOT 1-90 Snoqualmle Pass\07000 CADD\07900 CADD 2009\Sheet Flles\Slide Curve Embankment Stabllization\STRUCTURAL WALL 2 MIDDLE.dgn
TIME 8:05:05 AM REGoN [ STATE | FED,AID PROJ.NO. URS A
DATE 11,301.2010 : 10 |WASH CENTURY SQUARE 7
::::?:EEDD B?{Y :rantl Maturi o 1501 4TH AVENUE, SUITE 1400 " 1-90 Snoqualmie Pass East FIGURE
S SEATTLE, WA 98101 Hyak to Keechelus Dam, Washington
CHECKED BY Xiangdong Han 33758623 PHONE: (206) 438-2700 Washington State y ’ g 9.4
PROUMNOR. | Cooll Urlch e o FAY: (206) 438-2699 Department of Transportation |“g| |pE CURVE EMBANKMENT STABILIZATION (SW2)-
REVISION DATE |BY| Y-9764 e o sox EDGE OF THE EB LANE SUBSURFACE PROFILE




NORTH vv NOTE: THIS CROSS-SECTION WAS DEVELOPED USING AN TH
o B ALIGNMENT AS OF MAY 2010. sguzs4°
2640 E
2620 | W ww w 12620
A = = w
2600 - o~ oo o e = -+ 2600
Niin 1D - oo o
2580 - Q0 oA n GRAVEL/ Q= o | 2580
Sl | |2BY  GraveL mw SIIY =N
2560 - SN2 2NP sanpcossies NP oo ¥ L 2560
om6 | |2d6 oo QN
2540 - | 1o i | 2540
2520 . e /25178 HISTORIC MAX.LAKE ELEV. - 2520
SILTY SAND WITH R '
2500 7 Gl SN AT DECAYED WOOD -+ 2500
2480 | O] G sacoseLEs | e NGO 2 U801 AVG. LAKE ELEV. | 2480
] ﬁ g E SANDGRAVEL | ey -
~2460 - CLAYEY ¢ || | = ; ? 2 o0 o 2460
m [ GRAVEL | ! " SILT/FINE SAND | Rk 24398 AVG. MIN. LAKE ELEV L
L € ? ‘ . = s | | 724198 AVG. MIN. LAKE ELEV. |
L 2440 - i T — SILTY SAND WITH ] /24308 HISTORIC MIN.LAKE ELEV. 24400
| o " §__ DECAYED WOOD p
cz> 2420 - j ? + 2420%
P 1 =
§ 2400 - 2400;
2380 - 23804
w 1]
2360 - - 2360
2340 - 2340
-l e -
2300 | I | 2300
|
2280 - { -+ 2280
|
2260 - | | 2260
|
2240 - : -+ 2240
2220 | l 1 2220
|
2200 - : - 2200
2180 | l 1 2180
|
2160 | | | | | | | | | | | | | | | | 2160
-100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
DISTANCE FROM CENTERLINE (FEET) 0 80 120
HORIZONTAL SCALE 1"=60'
WB STATION 1421+99 RESORT CREEK EMBANKMENT VERTIOAL EKAGGERATION =
FILE NAME \\seaocean\163\WSDOT 1-90 Snoqualmle Pass\07000 CADD\070100 CADD 2010\Sheet Flles\Resort Creek Wall (RCW)\RCW CROSSECTION 1-1.dgn
TIME 8:06:56 AM REGION | STATE | FED.AID PROJ.NO. URS y N
DATE 11/30/2010
DESIGNED BY  Kranti Maturi 10 [WASH 7301 4TH AVENUE, SUTE 1400 '7’ I-90 Snoqualmie Pass East FIGURE
ENTERED BY brenda_mcintosh J0B NUMBER SEATTLE, WA 98101 Hvak t K hel D Washi t
CHECKED BY Dave Walker/Ken Yang 33758623 PHONE: (206) 438-2700 Washington State ya 0 Reecnelus Dam, vvashington 104
ASST. PROJ. MNGR. Dave Walker CONTRACT NO. LOGATION No. FAX: (206) 438-2699 Department of Transportation .
PROJ. MNGR. Cecll Urlich DATE RESORT CREEK WALL - CROSS-SECTION 1-1'
REVISION DATE BY | Y-9764 PE.STAMP BOX




NORTH NOTE: THIS CROSS-SECTION WAS DEVELOPED USING AN SOUTH
N ALIGNMENT AS OF MAY 2010. o
2640 2640
2620 - 12620
] L =
2600 - .8 R © +-2600
Siae SR o
2580 i o, 23 2580
S SR N
2560 NG GRAVEL WITH AT oS 2560
= SAND/COBBLES S| jiC ol o
2540 owo owo D i 12540
,,,,,,,,,,,,,,,,,,,,,,,,, GRAVEL WITH SAND/ Two
2520 " ?q COBBLES/BOULDERS 25178 HISTORIC MAX.LAKE ELEV. 2520
2500 - oz E' % Eﬁ“’ CLAY/CLAYEY SILT 2500
? [ o
2480 | ? g e S B 7 24801 AVG, LAKE ELEV. 12480
? gi"“ GRAVEL WITH SAND ?  ORGANIC SOL , ~"la 2 e
M u | oW
52460 1 ‘o - SILTIFINE SAND s o o ”2460',3
T 1 ‘ ’ 3 | ™2439.8 AVG. MIN. LAKE ELEV. 1 L
";2440 i S%%Mﬁ,‘,’é%m‘{”‘f" T ' s/ 24308 HISTORIC MIN. LAKE ELEV. 2440y
Z 2420 - 24202
ol I &
=
S I [
il 2380 |- 123804
Y o I :
- I [
- [
2320 - ‘ +2320
|
2300 - : +-2300
2280 | | 12280
|
2260 - \ 2260
|
2240 | { 12240
2220 | l 12220
|
2200 - : 2200
2180 | l 12180
|
2160 | | | | | | | | | | | | | | | | 2160
-100 -50 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
DISTANCE FROM CENTERLINE (FEET) 0 6 20
WB STATION 1424+97 RESORT CREEK EMBANKMENT ™ s ™ s ™ e Il YT D
FILE NAME \\seaocean\163\WSDOT 1-90 Snoqualmie Pass\07000 CADD\070100 CADD 2010\Sheet Files\Resort Creek Wall (RCW)\RCW CROSSECTION 2-2.dgn
TIME 8:08:12 AM REsioN | sTA | FED,AID PROJ.NO. URS A
DATE 11/30/2010
Eﬁi:;::éin B?{Y E:::’iamra:‘t;:t“h 1: ":ZQSH f;)':Trm :\%jrﬁ?ésum 1400 ';’ I-90 Snoqualmie Pass East FIGURE
CHECKED BY  Xiangdong Han 33758623 PHONE: (206) 438.2700 Washington State Hyak to Keechelus Dam, Washington
ASST. PROJ. MNGR. Dav? Wflker CONTRACT No. LOGATION NO. FAX: (206) 438-2699 Department of Transportation 10.2
PROJ. MNGR. Cecil Urlich DATE RESORT CREEK WALL - CROSS-SECTION 2-2'
REVISION DATE BY | Y-9764 PE.STAMP BOX




2580 i < SR N 2580
g g AR 2
3 a_E e 55 B5% 5 5 5
2560 *Qs = "RE HKUS S «9s S 2560
; Sl =& =30 ndd TP mitS AP PROPOSED GRADE ALONG
CREEK WAL " g2 ES5 833 882 38 853 S5 RESORT CREEK WALL
GRAVEL WITH
EXISTING GRADE ALONG SAND/BOULDERS
2540 RESORT CREEK WALL \ \ 2540
[ GRAVEL MITH | T —— e e
meg WO | S |
2520 2517.8 HISTORIC MAX. KEECHELUS L. ELEV. COBBLES/ A e 2520
+ BOULDERS \ g 3
725114 AVG. MAX, KEECHELUS L. ELEV. \ = ’ |— GRAVEL
X 4o | & WITH SAND/
b 8 | o / COBBLES/BOULDERS
2500 i HES our 2500
. T By WITH
\ ; ? o GRAVEL
63 M
?
—_ 2480.1 AVG, KEECHELUS L.ELEV. ) -
| 2480 . , | CLAYEY SILT 2480 m
w : SILTIFINE i
L SAND / L
SILTFINE
S 2460 54D A 2460 S
> GRAVEL WITH = >
§ SANDICOBBLES g———— §
w 1]
- 2439.3 AVG, MIN. KEECHELUS L.ELEV. ‘ -
o 2440 : 2440
_2430.8 HISTORIC MIN. KEECHELUS L. ELEV.
- . -
B . )
2380 2380
EXTENT OF
~——RESORT CREEK
2360 RETAINING WALL 2360
2340 1406+00 1410+00 1414+00 1418+00 1422+00 1426+00 1430+00 1434+00 1438+00 1442+00 2340
WESTBOUND STATIONS(FEET) 0 300 600
HORIZONTAL SCALE 1"=300'
VERTICAL EXAGGERATION = 10x
FILE NAME K:\WSDOT I-90 Snoqualmie Pass\07000 CADD\07900 CADD 2009\Sheet Files\Resort Creek Wall (RCW)\RESORT CREEK WALL PROFILE.dgn
TIME 11:43:05 AM REsioN | sTA | FED,AID PROJ.NO. URS A
DATE 1113012010 10 |WASH CENTURY SQUARE
e — ot S e v e 90 Snoqualmie Pass East | FGlRe
CHECKED BY Xiangdong Han 33758623 PHONE: (206) 438-2700 Washington State Hyak to Keechelus Dam’ WaShlngton 10.3
ASST. PROJ. MNGR. Dave Walker CONTRACT No. LOCATION NO. FAX: (206) 438-2699 Department of Transportation )
PROJ. MNGR. Cecil Urlich i RESORT CREEK WALL - SUBSURFACE PROFILE
REVISION DATE | BY| Y-9764 P.E.STAMP BOX




JCUT—————cu-cutr ——

— Cutr —
<2 @ T
—0

K

100

@ \\

®
g FILL ——— L ——
— r |
o T~ FLL — S g FiLL —
%. P
% z
\ //
. % —
O
\/\ <o ®
< %
\
[
% \

\\ "l

\o %/ ®

X < ps

(¢)
\ S — FILL —
- cutT —
\ I‘Sll \) 7777777777777
0 100 200

I — 110

$$$$5$$SDESIGNFILENAMES$$$$$

CENTURY SQUARE

1501 4TH AVENUE, SUITE 1400
SEATTLE, WA 98101

PHONE: (206) 438-2700

FAX: (206) 438-2699

Washington State
Department of Transportation

I-90 Snoqualmie Pass East

Hyak to Keechelus Dam, Washington

BORING LOCATION PLAN
RESORT CREEK BRIDGES

FIGURE
1141




NOTE: THIS CROSS-SECTION WAS DEVELOPED USING AN

ALIGNMENT AS OF MAY 2010.

NORTH = = 2 SOUTH
2560 g 3 3 |4 EB & | T 20
2 58 2R~ ¢ ¢ I sk x
Al - =15 = P15 - ! 150 |- s
2560 S| W 3w ~ Sgw gZguw 2560
gk 2% 85K 8Lk 354
| O WO &wo : WO Owo
2540 SILTFFINE SAND - 2540
T
-
w gl I
Ty R e ¢ @ o
> 2520 : :j - 3 ﬂz%i( 25178 HISTORIC MAX.LAKE ELEV. —— 2520
(o) - GRAVEL/SAND/ 4y 2511.4 AVG. MAX. LAKE ELEV.
= 2y «To  COBBLESBOULDERS lk: :
§ c :;oan(s) © Y G"‘%
iy 2500 c |, 8 oo 08| orep i CLAYEY SILT —— 2500
= ¢ T Go 3 s < Va !y 2 iy ..
11} P b %c) 2 1 T sM | :2 27 ::\
9 ¢ 1S e GRAVEL/SAND ¢ 1Yol \ & bl e
) & o S 50 [ o | M i L = B A T B AVE-FAKE-ELEY - -
2480 —— 5| | s ¢ [ || ere) | i R e 2480.1 "AVG. LAKE -ELEV. 2480
9 |~ ||sm | 5 SM
¢ | &% sLTY samp - | "
WITH GRAVEL | ] .
L . SILT/FINE |SAND
2460 - 3 - 2460
|
2440 : 7 24398 AVG. MIN. LAKE ELEV., 2440
GRAVEL/SAND ., "\ , 7 2430.8 HISTORIC MIN.LAKE ELEV.
(TILL)
N -- |-
2400 —— 2400
|
2380 | | | | | | | 2380
-200 -150 -100 -50 0 50 100 150 190

DISTANCE FROM CENTERLINE (FEET)

EB STATION 1426+15 RESORT CREEK BRIDGES WEST ABUTMENT (PIER 1)

0

™ —

30 60

ELEVATION (FEET)

HORIZONTAL SCALE 1"=30'
VERTICAL EXAGGERATION = 1x

FILE NAME \\seaocean\163\WSDOT 1-90 Snoqualmie Pass\07000 CADD\070100 CADD 2010\Sheet Files\Resort Creek Bridge (RCB)\P1234 RS_RCB_Section_1.dgr
TIME 8:16:32 AM REsioN | sTA | FED,AID PROJ.NO. A
DATE 11/30/12010 :; WASH (quARE T
DESIGNED BY _Kranti Maturi o 1501 4TH AVENUE, SUITE 1400 " I-90 Snoqualmie Pass East FIGURE
ENTERED BY _brenda meintosh SEATTLE, WA 96101 Hyak to Keechelus Dam, Washington
CHECKED BY Dave Walker/Ken Yang 33758623 PHONE: (206) 438-2700 Washington State y u ’ 9 11.2
ASST. PROJ. MNGR. Dave Walker CONTRACT NO. LOCATION No. FAX: (206) 438-2699 Department of Transportation )
PROJ. MNGR. Cecil Urlich DATE RESORT CREEK BRIDGE (RCB)- CROSS-SECTION 1-1'

REVISION DATE BY | Y-9764 P.E.STAMP BOX




NOTE: THIS CROSS-SECTION WAS DEVELOPED USING AN
ALIGNMENT AS OF MAY 2010.

NORTH SOUTH
2600 — EB —— 2600
w2 2 w . i = w
2580 in g O o z ‘ - - —+ 2580
. a . o A i 2 .0
588 2R 8 2gn - RE L
MO I Q- I ! O I
2560 Sl Sinl 2% 2R8  GROUNDWATER 338 284 - 2560
38 g5 5% B5L  reveLwas 854 35F
Oo xmo ZLO MO MEASURED ¥iC Omo
SEPTEMBER 9
- | - —
|:2540 CLAY WITH 13, 2008 | 540E
w GRAVEL ) - | w
w Ty - TH
< T GRAVELSILTY =
Q g :. i SAND/COBBLES 7 25114 AVG. MAX. LAKE ELEV. =
- 13 |o ¥¥ep N ! >
$ 5 P o ; : >
i 2500 p 5 ? i | 2500
m SANDIGRAVEL <&, i
2 0] emc ::3 8 . 76:(6 i ;; ;;;;;;;;;;;;;;;;
¢l u [ M ‘ 1 e EE—
v N | ;
w | SILTY SAND ¢ M |
w | | o WITH GRAVEL 7 | & | ° "
| | CRE | AR
2460 —— 0 — e ::s o :: | ¢ O cpeE) ? —— 2460
: o | & | B[O, s o 0 epice)
v & 7 & s le T
0 [ | GW(CE) 0 te— S | >Oo
2440 - g SAND/GRAVEL (TILL) _ 7_2439.8 AVG. MIN. LAKE ELEV. 2440
- 7 _2430.8 HISTORIC MIN. LAKE ELEV.
2420 — —+ 2420
2400 ‘ | | | | | | 2400
-200 -150 -100 -50 0 50 100 150 190
DISTANCE FROM CENTERLINE (FEET)
EB STATION 1427+55 RESORT CREEK BRIDGES EAST ABUTMENT (PIER 2)
0 % 60 HORIZONTAL SCALE 1"=30'
e MM \ERTICAL EXAGGERATION = 1x
FILE NAME \\seaocean\163\WSDOT 1-90 Snoqualmle Pass\07000 CADD\070100 CADD 2010\Sheet Flles\Resort Creek Bridge (RCB| \P1234_RS_RCB_Secﬂon_2.dgd
TIME 8:17:41 AM REGION | STATE | FED.AID PROJ.NO. URS A
DATE 11/30/2010
DESIGNED BY Kranti Maturi 10 [WASH fslf:.rfﬁ As\?EuI?lFEE,SUITE 1400 ';’ 1-90 Snoqualmie Pass East FIGURE
CHECKED BY B 375862 SEATTLE, WA 98101 Hyak to Keechelus Dam, Washington
CHECKED BY Dave Walker/Ken Yang 33758623 PHONE: (206) 438-2700 Washington State y ’ g 11.3
ASST. PROJ. MNGR. Dave Walker CONTRACT NO. LOGATION No. FAX: (206) 438-2699 Department of Transportation .
PROJ. MNGR. Cecll Urlich T RESORT CREEK BRIDGE (RCB)- CROSS-SECTION 2-2'
REVISION DATE BY | Y-9764 PE.STAMP BOX




2510

2500

2490

Job No. 33758662

500

1,000

Resistance (Unfactored), kips
1,500

2,000 2,500

3,000

Strength and Extreme Event
Limit States (solid lines)

Liquefaction Zone
(Bottom at El. 2440)

NN

N

N \:‘\\\\

\__|lines)

Service Limit State at 1

in. of Settlement (dashed

N

Tip

N

Maximum Depth
Explored = El. 2414

N

N

33758662_39.cdr

Figure 11.4

Unfactored Bearing Resistance

6-ft Diameter Shaft, Resort Creek Bridges West Abutment (Pier 1) - Soil

URS

WSDOT 1-90 Snoqualmie Pass East

2010 Geotechnical Analysis and Reporting



ft

-

Elevation

Job No. 33758662

2510

2500 1
2490 -
2480 -

2470 -

N
F-Y
[=2]
o

N
S
A
o

2440 A
2430
2420 -

2410 -

Resistance (Unfactored), kips

3,500

500 1,000 1,500 2,000 2,500 3,000
|
I

N |
}\,\ Strength and Extreme Event

NN Limit States (solid lines)

N \\ Liquefaction Zone
N (Bottom at EI. 2440)
~N
N
~N Service Limit State at 1

N N in. of Settlement (dashed
" N lines)

o e e —— e

Maximum Depth AN

Explored = EI. 2414 AN

33758662_39.cdr

Figure 11.5

Unfactored Bearing Resistance
7-ft Diameter Shaft, Resort Creek Bridges West Abutment (Pier 1) - Soil

URS

WSDOT 1-90 Snoqualmie Pass East

2010 Geotechnical Analysis and Reporting



Job No. 33758662

Elevation, ft

2510

2500 ]

2490

N
S
(24
o

2440 1
2430
2420 -

2410 -

500 1,000

1,500

Resistance (Unfactored), kips
2,000

2,500 3,000

33758662_39.cdr

3,500 4,000

Strength and Extreme Event

Limit States (solid lines)

.
N ) Liquefaction Zone
. (Bottom at El. 2440)
N N
\ Service Limit State at 1
~N \\ in. of Settlement (dashed
~ N\ lines)
~N
N
N SN 4

Maximum Depth
Explored = EI. 2414

Figure 11.6

Unfactored Bearing Resistance
8-ft Diameter Shaft, Resort Creek Bridges West Abutment (Pier 1) - Soil

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting



2500 1
2490 -

2480 -

Elevation, ft
N
H
N
o

2450 -
2440 -

2430 -

Job No. 33758662

500

Resistance (Unfactored), kips

1,000 1,500 2,000

2,500

3,000

Strength and Extreme Event
Limit States (solid lines)

Service Limit State at 1 in.

Liquefaction Zone
(Bottom at EIl. 2453)

N of Settlement (dashed lines)
N
N

2460 -

Tip

Maximum Depth N\

Explored = EI. 2431 N

\ Skin

33758662_39.cdr

Figure 11.7

Unfactored Bearing Resistance
6-ft Diameter Shaft, Resort Creek Bridges West Abutment (Pier 2) - Soil

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting



Job No. 33758662

2510 -
2500 -
2490 -

2480 -

Elevation, ft
N
NG
N
o

2450 :
2440 :

2430 -

Resistance (Unfactored), kips

2460 -

500 1,000 1,500 2,000 2,500 3,000 3,500
Strength and Extreme Event
Limit States (solid lines)
Liquefaction Zone
\ (Bottom at EI. 2453)
N Service Limit State at 1 in.
\\ of Settlement (dashed lines)
N
N
AN
N
A \ 4
| N <
| N
N Skin
| N
Tip N
I Maximum Depth \N
I Explorrd = El. 2431 \

33758662_39.cdr

Figure 11.8

Unfactored Bearing Resistance
7-ft Diameter Shaft, Resort Creek Bridges West Abutment (Pier 2) - Soil

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting



Elevation, ft

Job No. 33758662

2510
2500 i
2490 f
2480 E
2470 f
2460 E
2450 E
2440 E

2430

1,000

Resistance (Unfactored), kips

1,500

2,000

3,000

3,500

Strength and Extreme Event
Limit States (solid lines)

(Bottom at EI

Liquefaction Zone

. 2453)

Service Limit State at 1 in.
N of Settlement (dashed lines)

N \:f\\\\

N
"

\ Skin

Maximum D

epth

Explored = El. 2431

T

N

33758662_39.cdr

Figure 11.9

Unfactored Bearing Resistance

8-ft Diameter Shaft, Resort Creek Bridges West Abutment (Pier 2) - Soil

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting



33758662_39.cdr

Unfactored Resistance, kips

0 2,000 4,000 6,000 8,000
0 1 1 1 1 1 1 1 i 1 1 1
- \ Depth D is measured (1) below any highly-fractured-
i ‘ rock regolith (2) at the shaft downslope face where
| there is a significant rock slope (i.e., lowest rock
\ surface where that surface is not reasonably level).
5
.
= ] N Service at < 1 in of settlement:
a - Full Tip + Residual Skin
< 10 \‘ (Unfactored): Dashed Line
e
§' 1 .
% \
% i
8 . A Y
15 \
X
8 \ N
‘
(1 i Rp = Rs =
1 . Skin
Tip \
i \ .
20 \
] Strength and Extreme Event ¢
i Limit States: Max End Bearing, \
. Rp, and Skin Friction, Rs \
25 I A Y
Figure 11.10

Job No. 33758662

Unfactored Bearing Resistance

6-ft Diameter Shaft, Resort Creek Bridges West and East Abutments (Piers 1 and 2) - Rock

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting



Unfactored Resistance, kips

33758662_39.cdr

0 2,000 4,000 8,000
0 1 1 1 1 1 1 1 1 1
] \ : .
i \ Depth D is measured (1) below any highly-fractured-
| N rock regolith (2) at the shaft downslope face where
there is a significant rock slope (i.e., lowest rock
i surface where that surface is not reasonably level).
5
& 1 \
¥ i Service at < 1 in of settlement:
D.. 10 \ \ Full Tip + Residual Skin
% (Unfactored): Dashed Line
2 i
a i
k) \
X i Y
o i
8
® 15
8 i A 3
14 i
| Rp = \
Tip Rs = .
1 Skin \
20 N\ AJ
E A
- Strength and Extreme Event
i Limit States: Max End Bearing,
| Rp, and Skin Friction, Rs
25
Figure 11.11

Job No. 33758662

Unfactored Bearing Resistance

7-ft Diameter Shaft, Resort Creek Bridges West and East Abutments (Piers 1 and 2) - Rock

URS

WSDOT 1-90 Snoqualmie Pass East

2010 Geotechnical Analysis and Reporting



Unfactored Resistance, kips

33758662_39.cdr

0 2,000 4,000 6,000 8,000
0 1 1 1 1 1 1 1 1 1
i \ Depth D is measured (1) below any highly-fractured-
| rock regolith (2) at the shaft downslope face where
there is a significant rock slope (i.e., lowest rock
i surface where that surface is not reasonably level).
5
b = ] Service at < 1 in of settlement:
o . \ \ Full Tip + Residual Skin
_E- 10 \ (Unfactored): Dashed Line
Q. i
3 | \
E | A 3
S \
x 15 .
e | N\
| Rp = Rs = A
] Tip Skin \
20 AN .
i Strength and Extreme Event .
- Limit States: Max End Bearing,
i Rp, and Skin Friction, Rs \
25 [ L N
Figure 11.12

Job No. 33758662

Unfactored Bearing Resistance
8-ft Diameter Shaft, Resort Creek Bridges West and East Abutments (Piers 1 and 2) - Rock

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting



33758662_40.cdr

Notes

1.

A stub-type abutment is shown. For this type of abutment, earth pressures over the height of the
superstructure (indicated by dashed lines) do not act on the abutment wall. For an L-type abutment,
earth pressures over the height of the superstructure must be included in the pressures that act on the
abutment wall.

Earth pressures in psf for abutment walls that can deflect (active pressure conditions) may be
calculated using the equations and values below.

Pl = KaéHl

P2 = KadH; + Kad'(Hz + Ha)
P3 = Kaé.heq

P4 = Kpa'(Hg - 2)

Earth pressures in psf for rigid walls that cannot deflect (at-rest pressure conditions), including wing
and curtain walls within a distance H of the abutment wall, may be calculated using the equations and
values below.

P]_ = K0’€1H1

P2=KodH; + Kod’(Hz + Hy)
P3 = Koéheq

P4 = Koa’(Hg - 2)

The values of H; and H, may be calculated assuming a water table elevation = 2517 feet, which
corresponds to high lake level conditions.

Design Parameters for Calculating Lateral Earth Pressures for Strength Limit State

Parameter Units Value

A - pounds per cubic
Soil Unit Weight, & foot (pcf) 135
Soil Effective Unit Weight, & pcf 73
Soil Friction Angle, 6 degrees 40
Active Earth Pressure Coefficient, K, unitless 0.20
At-Rest Earth Pressure Coefficient, K, unitless 0.36
Equivalent Height of Soil for Vehicular Loading feet 150<<|;|_|<<12%A§00
on Walls Perpendicular to Traffic, hy H>20 2.0
Equivalent Height of Soil for VVehicular Loading feet 20
on Walls Parallel to Traffic, he,' '
Passive Earth Pressure Coefficient, K, for level nitl 10
finish ground line unitiess
Passive Earth Pressure Coefficient, Ky, for finish :
ground line sloped at 2H:1V unitless 2.07

H = Height of top of approach fill above finish ground line elevation, feet
! Minimum distance from wall backface to edge of traffic = 1.0 foot

Job No. 33758662

A
Superstructure
Hy
Abutment
Wall —»
y ¥y
A =
Ha
” A
21
\ 4
Ha 2
\ g
P, g

\ Top of Shaft Cap or Base of Wall

P>

A
U
w

Figure 11.13

Strength Limit State Earth Pressures — Resort Creek Bridges Abutments

URS

WSDOT 1-90 Snoqualmie Pass East
2010 Geotechnical Analysis and Reporting



33758662_41.cdr

Notes

1.

A stub-type abutment is shown. For this type of abutment, earth pressures over the height of the
superstructure (indicated by dashed lines) do not act on the abutment wall. For an L-type abutment,
earth pressures over the height of the superstructure must be included in the pressures that act on the
abutment wall.

Earth pressures in psf for abutment walls that can deflect (active pressure conditions) may be
calculated using the equations and values below.

P1 = 0.5Kae(f)é(H1 + Hz)

P2 = Kaé.H]_ + Kaé.’Hz
P3=KdH; + K@’ (Hz + Hy)
P4 = Kaéheq

P5 = eré’(H3 - 2)

Earth pressures in psf for rigid walls that cannot deflect (at-rest pressure conditions), including wing
and curtain walls within a distance H of the abutment wall, may be calculated using the equations and
values below.

Pl = O-SKae(r)é(Hl + HZ)

Pz = KoéHl + Koé,Hz

P3 = Koé.H]_ + Koé’(Hz + H3)

P4 = Koaheq

Ps = Koé1(H3 - 2)
The values of H; and H, may be calculated assuming a water table elevation = 2517 feet, which
corresponds to high lake level conditions.

Design Parameters for Calculating Lateral Earth Pressures for Extreme Event Limit State

Parameter Units Value
Soil Unit Weight, & pou?ggt'%%::%“b'c 135
Soil Effective Unit Weight, & pcf 73
Soil Friction Angle, 6 degrees 40
Active Earth Pressure Coefficient, K, unitless 0.20
At-Rest Earth Pressure Coefficient, K, unitless 0.36
Equivalent Height of Soil for Vehicular Loading foet 1EE)<<|;|—|<<12004300
on Walls Perpendicular to Traffic, hy H>20 2.0
Equivalent Height of Soil for VVehicular Loading feet 20
on Walls Parallel to Traffic, he,' '
Seismic Earth Pressure Coefficient for Flexible .
Retaining Walls, Kqes) unitless 0.30
Seismic Earth Pressure Coefficient for Shafts .
and Rigid Retaining Walls, Kaeq unitless 0.69
Seisr_nic Passive Earth Pressure _Coefficient for Unitless 10
Flexible Walls, K. for level finish ground line
Seismic Passive Earth Pressure Coefficient for
Flexible Walls, K, for finish ground line sloped unitless 1.61
at2H:1vVv

H = Height of top of approach fill above finish ground line elevation, feet
! Minimum distance from wall backface to edge of traffic = 1.0 foot
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NOTES

1. Effective footing length (L')=100 feet

2. Assumed groundwater elevation equal to footing elevation

3. Bearing resistance for the service limit state calculated
assuming 1.0 inch settlement
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Effective Footing Width (feet)

Figure 12.3
Unfactored Bearing Resistance vs. Effective Footing Width
Townsend Creek and Resort Creek Culverts
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Notes
1. Part of arigid concrete box culvert is shown. The water table is assumed at the bottom

) $ Surcharge Load, g
of footing level. For the surcharge load, g, on the roadway, use the larger of the vehicular

Roadway | (Vehicular Live Load or Snow Load)
load or snow load. Surface
\ Y VYV VY A A Y VY Yy A | A \ A
2. Earth pressures in psf for rigid culvert walls that cannot deflect (at-rest pressure A g =%
conditions) may be calculated using the equations and values below. \
\

P, = Kod(H-H3) Rigid Concrete
P3 =P, + Ko(@ - aw)Hs / Box Culvert

f
|
L

Pl: Koé.Hj_ H1 : \
|

- I

Pa=Koq v |

P5 = Ko(a - é.w)(Hz - 2) - >‘— )
Design Parameters for Calculating Lateral Earth Pressures for Strength Limit State H <
+ <
Parameter Units Value
S . R pounds per cubic <
Soil Unit Weight, & foot (pcf) 135 D
Water Unit Weight, &, pcf 624 Culvert v P, A
Soil Friction Angle, 6 degrees 40 TR T T Invert <_——- T T T = - -
At-Rest Earth Pressure Coefficient, K, unitless 0.36 \ <
Surcharge Load, q pounds per square selected by the 2,5_ RSREE
(Vehicular Live Load or Snow Load) foot (psf) designer Hs H :;gi’: = <
2 /4 $9.05020Y] <
-l p% «
3. Any fine-grained or organic soil encountered in the culvert construction must be v < gié |
removed and replaced with compacted select fill. The backfill should be free of Ps - N N

draining.

Ps P,
« EH LS
B

Footing Width
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Figure 12.4

Strength Limit State Earth Pressures
Townsend Creek and Resort Creek Culverts
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Notes
1. Part of arigid concrete box culvert is shown. The water table is assumed at the bottom

of footing level. For the surcharge load, g, on the roadway, use the larger of the vehicular
load or snow load.

2. Earth pressures in psf for rigid culvert walls that cannot deflect (at-rest pressure
conditions) may be calculated using the equations and values below.

Pl =05 Kae(r)YH

P,= Kae(r)qu - q
P3 = Kpeyy(H2 - 2)

Design Parameters for Calculating Lateral Earth Pressures for Extreme Limit State

Parameter Units Value

S . x pounds per cubic
Soil Unit Weight, & foot (pcf) 135
Soil Friction Angle, 6 degrees 40
Seismic Active Earth Pressure .
Coefficient for Rigid Wall, Kaeqr) unitless 0.63
Surcharge Load, q pounds per square selected by the
(Vehicular Live Load) foot (psf) designer
Seismic Passive Earth Pressure i 036
Coefficient for Rigid Wall, Ky unitiess :
Load Factor for Surcharge Load, LS, ye, unitless 0.5

3. Any fine-grained or organic soil encountered in the culvert construction must be
removed and replaced with compacted select fill. The backfill should be free draining.

Job No. 33758662
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Extreme Event | Limit State Earth Pressures
Townsend Creek and Resort Creek Culverts
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Unfactored Bearing Resistance
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Calculated Shear, 24-inch Diameter Shaft - Longitudinal Loading
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Calculated Line Load, 24-inch Diameter Shaft - Longitudinal Loading
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Calculated Deflection, 24-inch Diameter Shaft - Transverse Loading
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Calculated Shear, 24-inch Diameter Shaft - Transverse Loading
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Calculated Line Load, 24-inch Diameter Shaft - Transverse Loading
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