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Technical Memorandum
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Date: 9-17-15 Project Manager: Matt Miller
' To: Tuttle Engineering Principal in Charge: Matt Miller
’ Cpast
Attn: | John Tuttle Project Name: 61 Culvert
7 7 - Replacement
Address: Project No: " KE 140704A

Subject: = Gabion Wall Design

Attached is a plan sheet and wall calculation for the Gabion Wall section located at the upstream and
downstream headwalls of the new culvert.

if you have any question please feel free to contact Matt Miller, PE at 425-827-7701
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GABION GRAVITY WALL CALCULATIONS SHEET10F 4/

Project: 61st Street Culvert replacemnet Date: 9/15/2015 Checked: M. Miller
Structural Dimensions ENTER VALUES IN BLUE.
Parameter] Value Units  [Description
Hw 9.00 ft inclined wall height
Hemb 1 ft wall embedment
He - ft exposed vertical wall height
H ft design wall height
B, 6.00 ft bottom width of wall
B 3.00 ft top width of wall
3 deg _|[inclination of back of wall measured clockwise from horiz plane
B 18 deg [inclin. of ground slope behind wall - counterclockwise from horiz plane
o 4.75 deg |wall batter measured clockwise from the vertical
Yblocks 0.115 kcf unit weight of blocks
Soil Parameters
Parameter] Value Units  {Description
Yretained 0.130 kef retained soil unit weight (total)
retained deg friction angle of retained soil
Sretained deg |friction angle retained/wall (sands=3/40, sandy silts/clays=1/20)
Cretained ksf soil cohesion of backfill
Ka - active earth pressure coefficient
P kip/it |resultant of active earth pressure
Py kip/ft  |horizontal component of P
Py kip/ft lvertical component of P
Surcharges
Parameter| Value Units  |Description
au ksf traffic or other uniform live load
Paw ki/ft resultant horizontal load from uniform live load based on p = 0.4q;,
Qine k/ft continuous footing or other dead line load
XLNE ft distance of line load from face of wall m=
Pune k/ft horiz. resultant from line load (NAVFAC 7.2-74) applied atR=H *

g design horizontal ground acceleration

g AASHTO recommended adjustment, A, = (1.45-A)A
k/ft horizontal inertial force, applied at 0.5H
k/ft dynamic horizontal thrust, 50% applied at 0.6H

Units  |Description
ft horizontal arm of W measured from toe in XY planes
ft vertical arm of P,, measured from toe in XY planes
ft horizontal arm of P, measured from toe in XY planes
ft vertical arm of Pg; . measured from toe in XY planes
ft vertical arm of P, measured from toe in XY planes
ft vertical arm of P, measured from toe in XY planes
ft vertical arm of P, measured from toe in XY planes
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Geometry Zoe |0
# Blocks Height (ft)

8 20 Y USE "BORDER" TOOL TO QUTLINE FULL OR HALF BLOCKS

3H:1V Backfill

4
3 9
3
2 6
2
1 3
1
origin
X
Center of Gravity of Wall
Mass Unit| Area X'l Y'l Weight Mass Moment X' Mass Moment Y'
(sq ft) (ft) (ft) k/ft (k-ft per linear ft) (k-ft per linear ft)
Block 1 36.00 3 1.5 A 2420 62y
Block 2 9.00 1.5 4.5
Block 3 9.00 1.5 7.5
Block 4
Block 5
Block 6
Block 7
Block 8
Soil 1
Soil 2
Total 13.50
xI
yl
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GABION GRAVITY WALL CALCULATIONS SHEET 3-0F~4

LY At
Evaluation of Overturning Stability
Parameter] Value Units  |Description
M | k-ft/ft [resisting moment
Mg static k-ft / ft |driving moment, static
Mg seismic k-ft / ft |driving moment, seismic
FSo static OK |[static>27?
FSo seismic OK seismic>1.17
Evaluation of Sliding Stability
Parameter| Value Units  |Description
Osdn 45 deg |[friction angle of base pad soils (min. 6 in. of crushed rock recommended)
Ssubgrade .8 deg friction angle blocks/subgrade (sands and gravels = 0.756)
F ‘ - coefficient of friction between wall and foundation soil
Nstatic k/ft reaction at base of wall, static
Nseismic k/ft reaction at base of wall, seismic
F k/ft sum of forces providing resistance to sliding, static
Fr seismic k/ft sum of forces providing resistance to sliding, seismic
’ Fd static k/ft sum of forces driving the wall in sliding, static
B F 4, seismic k/ft sum of forces driving the wall in sliding, seismic
FS; static OK |static>1.57
FS; seismic OK seismic>1.17?
Evaluation of Bearing Capacity and Foundation Stability
Parameter] Value Units |Description
By 0 - width of wall footing
Yedn kef subgrade soil unit weight (total)
Osn deg |[friction angle of subgrade soil (crushed rock base pad)
Ssubgrade deg friction angle blocks/subgrade (sands=0.756, sandy silts/clays=0.50)
Crdn psf soil cohesion of subgrade
q ksf overburden surcharge (assume 8" base pad)
N - bearing cap. factor, Eqn. 12.5, Fund. Of Geotech. Eng. , (Das 2005)
N - bearing cap. Factor, Eqn. 12.4, Fund. Of Geotech. Eng. , (Das 2005)
N - bearing cap. Factor, Eqn. 12.6, Fund. Of Geotech. Eng. , (Das 2005)
Quit ksf ultimate bearing capacity
Ca ksf allowable bearing capacity (q,/2.5)

Eccentricity and Bearing Pressures

Parameter| Static Seismic Units |Description
N k/ft reaction at base of wall
Ny k/ft vertical component of reaction at base of wall
Ny k/ft horizontal component of reaction at base of wall
X ft horizontal distance of normal force from toe
€y ft eccent. of base rxn from ctr of wall base meas. along plane || to base
check - B,/3 <= X/ cosa ?
check - By, -X /cosa <= 2B,/3 ?
Uoe ksf maximum bearing pressure
Uheel ksf minimum bearing pressure
FSpearing - factor of safety for bearing capacity (min. 2.5 static, 1.5 seismic)
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GABION GRAVITY WALL CALCULATIONS SHEET +0OF4

Horio
Project: 61st Street Culvert replacemnet Date: 9/15/2015 Checked: M. Miller
Structural Dimensions ENTER VALUES IN BLUE.
Parameter| Value Units  |Description
Hy 6.00 ft inclined wall height
Hemb 1.00 ft wall embedment
ft exposed vertical wall height
- ft design wall height
B, 6.00 ft bottom width of walll
B, ft top width of wall
6 deg inclination of back of wall measured clockwise from horiz plane
B 18 deg [inclin. of ground slope behind wall - counterclockwise from horiz plane
o 475 deg [wall batter measured clockwise from the vertical
Yolocks 0.115 kcf unit weight of blocks

Soil Parameters

Parameter| Value Units  [Description
Yretained 0.130 kef  |retained soil unit weight (total)
Oretained 32 deg |[friction angle of retained soil
Sretained 24.0 deg |[friction angle retained/wall (sands=3/40, sandy silts/clays=1/26)
Cretained 0.00 ksf soil cohesion of backfill

- active earth pressure coefficient
kip/ft  |resultant of active earth pressure
kip/ft |horizontal component of P
Kip/ft  |vertical component of P

Surcharges
Parameter| Value Units |Description
du ksf traffic or other uniform live load

resultant horizontal load from uniform live load based on p = 0.4q;,
continuous footing or other dead line load

distance of line load from face of wall m
horiz, resultant from line load (NAVFAC 7.2-74) appliedat R=H *

design horizontal ground acceleration

AASHTO recommended adjustment, A, = (1.45-A)A
horizontal inertial force, applied at 0.5H

dynamic horizontal thrust, 50% applied at 0.6H

Description

horizontal arm of W measured from toe in XY planes
vertical arm of P, measured from toe in XY planes
horizontal arm of P, measured from toe in XY planes
vertical arm of P, measured from toe in XY planes
vertical arm of P, measured from toe in XY planes
vertical arm of P, measured from toe in XY planes
vertical arm of P, measured from toe in XY planes
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Geoimetry

# Blocks Height (ft)

8 20 Y USE "BORDER" TOOL TO OUTLINE FULL OR HALF BLOCKS
7 17.5
6 15
5 12.5
4 10
3H:1V Backfill
3 10 "
2 6
2
1 3
1
origin
X
Center of Gravity of Wall
Mass Unit| Area X Y Weight Mass Moment X' Mass Moment Y'
(sq ft) (ft) (ft) (k-ft per linear ft) (k-ft per linear ft)
Block 1 18.00 3 1.5 S ! . el 0
Block 2 9.00 1.5 4.5 4
Block 3
Block 4
Block 5
Block 6
Block 7
Block 8
Soil 1
Soil 2
Total 6.00
Xl
yl
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GABION GRAVITY WALL CALCULATIONS SHEET 3:0F-4
Lo o

Evaluation of Overturning Stability
Parameter, Units  !Description
M 520 | k-ft/ft |[resisting moment
6 || kft/ft |driving moment, static
k-ft / ft |driving moment, seismic
OK static> 2 ?
OK seismic > 1.1 ?

Md,stalic

Md,seismic

Fso,static
FSosoiemi

Evaluation of Sliding Stability

Parameter] Value Units  |Description
Ordn 45 deg [friction angle of base pad soils (min. 6 in. of crushed rock recommended)
Bsubgrade 33.8 deg friction angle blocks/subgrade (sands and gravels = 0.750)
F ‘ | - coefficient of friction between wall and foundation soil

ki/ft reaction at base of wall, static

k/ft reaction at base of wall, seismic

k/ift __|sum of forces providing resistance to sliding, static
k/ft sum of forces providing resistance to sliding, seismic
k/ft sum of forces driving the wall in sliding, static

k/ft sum of forces driving the wall in sliding, seismic

OK static>1.57?

OK seismic>1.1?

Nslatic

Nseismic

Evaluation of Bearing Capacity and Foundation Stability

Parameter, Units |Description
By - width of wall footing
Ydn kef subgrade soil unit weight (total)
Ofdn deg |[friction angle of subgrade soil (crushed rock base pad)
Ssubgrade deg friction angle blocks/subgrade (sands=0.756, sandy silts/clays=0.56)
Cidn psf soil cohesion of subgrade
q ksf overburden surcharge (assume 6" base pad)
N - bearing cap. factor, Eqn. 12.5, Fund. Of Geotech. Eng. , (Das 2005)
Nq - bearing cap. Factor, Eqn. 12.4, Fund. Of Geotech. Eng., (Das 2005)
Ny - bearing cap. Factor, Eqn. 12.6, Fund. Of Geotech. Eng. , (Das 2005)
Quit ksf ultimate bearing capacity
Qant ksf allowable bearing capacity (q,/2.5)

Eccentricity and Bearing Pressures

Parameter| Static

Units  [Description
k/ft reaction at base of wall
k/ft vertical component of reaction at base of wall
kift horizontal component of reaction at base of wall
ft horizontal distance of normal force from toe
ft eccent. of base rxn from ctr of wall base meas. along plane || to base
- By/3 <= X/ cosa ?
- B, -X / coso <= 2B./3 ?
ksf maximum bearing pressure
ksf minimum bearing pressure
- factor of safety for bearing capacity (min. 2.5 static, 1.5 seismic)
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GABION GRAVITY WALL CALCULATIONS SHEET 4-0F-4

Parameters and methodology based on Ultrablock Design Manual for Lock-Block Gravity and MSE Wall Systems (Adettiwar, 2003). 1 olip
Project: 61st Street Culvert replacemnet Date: 9/15/2015 Checked: M. Miller
Structural Dimensions ENTER VALUES IN BLUE.
Parameter] Value Units  {Description
Hy 3.00 ft inclined wall height
Hemb 0.50 ft wall embedment
He .49 fit exposed vertical wall height
H ft design wall height
By ft bottom width of wall
B; 3.00 ft top width of wall
9 8 | deg linclination of back of wall measured clockwise from horiz plane
B 18 deg inclin. of ground slope behind wall - counterclockwise from horiz plane
o 4.75 deg |wall batter measured clockwise from the vertical
Yblocks 0.115 kef unit weight of blocks
Soil Parameters
Parameter| Value Units  |Description
Yretained 0.130 kef retained soil unit weight (total)
Oretained deg |friction angle of retained soll
Sretained deg [friction angle retained/wall (sands=3/46, sandy silts/clays=1/20)
Cretained ksf soil cohesion of backfill
Ka - active earth pressure coefficient
P kip/ft _|resultant of active earth pressure
Py kKip/ft |horizontal component of P
Py kip/ft jvertical component of P
Surcharges
Parameter| Value Units  |Description
du 0.000 ksf traffic or other uniform live load
Pai. - k/ft resultant horizontal load from uniform live load based on p = 0.4q,
Qiine ki/ft continuous footing or other dead line load
XUNE ft distance of line load from face of wall m
Pune k/ft horiz. resultant from line load (NAVFAC 7.2-74) applied at R=H *
Seismic Parameters
a g design horizontal ground acceleration
An g AASHTO recommended adjustment, A, = (1.45-A)A
Pr k/ft horizontal inertial force, applied at 0.5H
Pae ki/ft dynamic horizontal thrust, 50% applied at 0.6H
Moment Arms
Parameter| Value Units  [Description
a 8311 ft horizontal arm of W measured from toe in XY planes
b .83 ft vertical arm of P,, measured from toe in XY planes
e 08 ft horizontal arm of P, measured from foe in XY planes
[T 6200 ft vertical arm of Pq., measured from toe in XY planes
baiine 81 ft vertical arm of P, measured from toe in XY planes
bpir B2 ft vertical arm of P, measured from toe in XY planes
bpae 94 ft vertical arm of P, measured from toe in XY planes
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Geometry ? o o
# Blocks Height (ft)

8 200y USE "BORDER" TOOL TO OUTLINE FULL OR HALF BLOCKS
7 17.5

6 15

5 12.5

4 10

3 10

3H:1V Backfill

2 6
1 3
1
origin
X
Center of Gravity of Wall
Mass Unit| Area X1 Y'l Weight Mass Moment X' Mass Moment Y'
(sq ft) (ft) {ft) (k-ft per linear ft) (k-ft per linear ft)
Block 1 9.00 3 1.5 ’ .
Block 2
Block 3
Block 4
Block 5
Block 6
Block 7
Block 8
Soil 1
Soil 2
Total | . 150
X
Y
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GABON GRAVITY WALL CALCULATIONS SHEET.3.0F4

q 6F (o
Evaluation of Overturning Stability '
Parameter Units _ |Description
M, k-ft / ft {resisting moment
M static k-ft / ft |driving moment, static
My seismic k-ft / ft |driving moment, seismic
FS, static OK static>2 ?
F8, seismi OK  |seismic>1.17?
Evaluation of Sliding Stability
Parameter| Value Units  |Description
Ot 45 deg |[friction angle of base pad soils (min. 6 in. of crushed rock recommended)
Bsubgrade 33.8 deg friction angle blocks/subgrade (sands and gravels = 0.750)
F 0.67 - coefficient of friction between wall and foundation soil
Nstatic l 1420 k/ft reaction at base of wall, static
Naeismic ‘ kit  |reaction at base of wall, seismic
F static kit |sum of forces providing resistance to sliding, static
Fr seismic k/ft sum of forces providing resistance to sliding, seismic
F 4 static k/ft sum of forces driving the wall in sliding, static
Fd seismic k/ft sum of forces driving the wall in sliding, seismic

Fss,static

Fss,seismic

OK static> 1.5 ?
OK seismic>1.17?

Evaluation of Bearing Capacity and Foundation Stability

Parameter| Value Units  [Description

B 1350 - width of wall footing
Yidn 0.130 kcf subgrade soil unit weight (total)
Otan deg |friction angle of subgrade soil (crushed rock base pad)

Bsubgrade deg friction angle blocks/subgrade (sands=0.750, sandy silts/clays=0.50)
Ctan psf soil cohesion of subgrade
q ksf overburden surcharge (assume 6" base pad)
N, - bearing cap. factor, Eqn. 12.5, Fund. Of Geotech. Eng., (Das 2005)
Nq - bearing cap. Factor, Eqn. 12.4, Fund. Of Geotech. Eng. , (Das 2005)
Ny - bearing cap. Factor, Eqn. 12.6, Fund. Of Geotech. Eng. , (Das 2005)
Quit ksf ultimate bearing capacity
Qan ksf allowable bearing capacity (q/2.5)

Eccentricity and Bearing Pressures

Parameter| Static Units |Description
N k/ft reaction at base of wall
Ny k/ft vertical component of reaction at base of wall
Ny kit horizontal component of reaction at base of wall
X ft horizontal distance of hormal force from toe
ey it eccent. of base rxn from ctr of wall base meas. along plane || to base
check - By/3 <= X/cosa ?
check - By -X /cosa <= 2B,/3 ?
Otoe ksf maximum bearing pressure
Uheel ksf minimum bearing pressure
FSpearing | - factor of safety for bearing capacity (min. 2.5 static, 1.5 seismic)
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DESIGN EXAMPLE

Toe

Heel

Wall Cross-Section
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