Buoyancy Calculations

Tucannon
Project Number

Project:
Project No.:

Spreadsheet Description

- The spreadsheet below is used to calculate the Factor of Safety against Buoyant uplift of the LWM

Assumptions:

1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints

2) The LWM structure will be submerged during the design event.
Negative buoyancy is uplift, positive numbers equals downward.
Ballast material remains intact and is not scoured out.

The uplift due to racking material is evenly dividing among all layers.

oo

3
4
5

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells automatically populated from Input to Interface Tab)

Input (Cells requiring input from a dropdown list)

|Output (Cells automatically updated with previously calculated values are this color)l

FBD and Equations:

Fihid + Fhuuldars + Froti HFpiles—a

FOS, =

Equation 18

|F et # Fi]

FO3, = buoyancy factor of safety

* PROJECT NAME has a "XXXX" Public Safety Risk Factor and a
"XXXX" Property Damage Risk Factor. The Design buoyancy factor
of safety (FOS,,) for this structure is #.# per Table 4 "Minimum
Recommended Factors of Safety”.

1. Large Wood Material Force - Dry (F) wn4)

Frwaa = Viwma * Ywood Equation 3

Vinms = volume of dry lorge wood material

Comment: Assumed to be zero because structure assumed to be submerged during design event.

2. Boulder Ballast Force (F, )

N Number of submerged boulders
bouldersub (from design)

d 25 it Effective diameter of submerged
. : boulder (ft, from spec)

7 boulder 146 Ib/ft®  |unit weight of boulders (Table 5)

7 water 62.4 Ib/ft®  |unit weight of water

N Number of dry boulders (from detail)
boulderdry

Effective diameter of dry boulder (ft,
Gooutdercry 2 ft from spec

Analyst: ASD
Calculations Checked By: ALJ
Latest Revision: _ 2/27/2023
Table 4 Minimum recommended factors of safety.
Property Stability
Public Safety 2 FOS
" Damage | DesignFlow | FOS,.,. |FOS_ .., -
i Risk Criteria FOS cetaring
High High 100-year 175 20 175
High WModerate S0-year 5 1.75 15
High Low 26-year 5 1.75 15
Low High 100-year 1.75 20 175
Low Moderate 25-year 15 1.75 15
Low Low 10year i25 1.5 128
Fyowrder = Fyoutaersuv + Fooutaerary Equation 5
Fpowaersub = Npowraersun *% * djowdersub * (Vboutaer = Vi) Equation 6
Nooutdersup = NUmber of submerged boulders
dpouidersub = effective diameter of submerged boulders
Phoulder = Unit weight of boulders
Fyowraerary = Npoutaerary * % * dguuldm'dry *Vboulder Equation7

Noouiderary = Number of unsubmerged boulders
dyouiderary = effective diameter of unsubmerged boulders

Comment: The intent is design without the use of boulders so it is assumed no boulders are used.



Buoyancy Calculations

Project:
Project No.:

Tucannon
Project Number

3. Soil Backfill Force (F..i)

Specific Gravity of bank/backfill
7 so 78 DI | 2 oria (Tabley5)
7 water 62.4 Ib/f®  |Unit weight of water
SGrouk 264 Specific Gravity of Rock (Using unit
’ weight of bedrock from Table 5)

Analyst: ASD
Calculations Checked By:  ALJ
Latest Revision:  2/27/2023
Foort = X Vsottsuby * Ysou + Vsoutary,; * Vsoit Equation 8
Vsottsub; = Leb;Aote; Nsotisuny Equation 9

Visoitsubi = Volume of submerged soil above log i
L.y = embedded length of log i

dyorer = bole diameter of log i

Rsoiisuni = height of submerged soil above log i

Vsouary, = Leb;@bote; Nsontary,
Veoitaryi = volume of dry soil above log i
hisoitaryi = height of dry soil above log i

Vsoit = (99.2 + 18.6 ~ log(dsp))
dsg = median grain size in millimeters

F, e
Vsoit = ¥Vsat — Vw

_ (SGrocete)tyw

Vsat ey

S5Grock”
e = SGrocit¥w 4
Yso

Equation 10

Equation 11

Equation 12

Equation 13

Equation 14



Buoyancy Calculations

Project: Tucannon Analyst: ASD
Project No.: Project Number Calculations Checked By: ALJ
Latest Revision:  2/27/2023

4. Pile Skin Friction

F,

yites—v ~ Nottes * T * dpiies ™ Lpites (ks » tan 2@ « 0" + T8 0 (00— 1,,))
Equation 15
Npiles = nUmber of piles
dpies = diameter of piles
Lyiies = embedded length of piles
ks = coefficient of lateral earth pressure (0.5 to 1.5 depending on soil and
density)

¢ = internal angle of friction of soils

0" = Lyjies * (Vsur — Yw) Equation 16
(SGpncts :
Yiat = T" Equation 13
goindte g Equation 14

Fauit

Ib/ft® | Unit weight of water
Ib/it®_|Unit weight of wood

Assumptions:
*ke=1

** This calculation is based on the assumption that piles are driven or vibrated into place. If piles are drilled or excavated, the
associated coefficicient of lateral earth pressures shall be approx. 50% and 25% of the driven value, respectively.

*** For use in buoyancy calculations, piles must be mechanically fastened.

**** Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

5. Large Wood Material Force - Submerged (F; wu<)

Fryrwrs = Vowses * Wawooa — Yl Equation 2
Wi = volume of submerged dorge wood moterial
Pt = WAFE Weigqht of wood'
P = WAL weight of water

Volume of Rootwad
National Large Wood Manual. 2016
Equation 6-4 (p. 6-38)
Viw = 7% "W/ 3
T*(20poie) * (1/2d)? 1 3

t, = Thickness of rootwad measured in
direction parallel to trunk

4 times the radius of the log (4r, or

Wi =

Radius of rootwad




Buoyancy Calculations

Project: Tucannon
Project No.: Project Number

Diameter of rootwad of log type 3

drus | from detail)

7 wood 33.0 Ib/ft2  |Unit weight of logs
Vw 62.4 Ib/ft°>  [Unit weight of water

6. Lift Forces (F,)

C, 0.45 Lift Coefficient

ALwm 120 fit? Calc'd in Drag Forces

Y 62.4 Ib/ft®  [Unit weight of water

U, 6.5 ft/s  |upstream velocity (from model)
g 32.2 ft/s?>  |Unit weight of water

Analyst: ASD
Calculations Checked By: ALJ
Latest Revision:  2/27/2023
= 2.5 times the radius of the log (2.5r,
or 1.25dpge) or 1/2 d,,, specified

F= _% Equation 4
€, = lift coefficient
A, e = area of large woody material perpendicular to flow
uy = upstream channel velocity at design event
g = occeleration due to growity

Comment: Lift forces neglected per Section 6.4.2 of BOR Risk Based Design Guidelines

Factor of Safety

FOS, = (F tmpa *F boutders +F soit +F pites-v) / (F Lwms +F 1)
Frwmd Ib Assumed Zero

Fboulder |b

Feoi 18,668 b

I:piles-v |b

Frwms -9,165 b

F. -2,211 Ib

Summary Comments:




Sliding Calculations

Project: Tucannon Analyst:  ASD
Project No.: Project Number Calculations Checked By:  ALJ
Latest Revision: #i##HH#H#

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM sliding.

Assumptions:
1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event.

4) Channel velocity (V) taken from hydraulic model.

5) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings.

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

Output (Cells automatically updated with previously calculated values are this color)

EBD and Equations:
Table 4. Minimum recommended factors of safety.

FOS.,. 1 = (Frna+Fr+Fpites- h+F passive| E l. a1 -
idtng Fa+Fpy+¥; o Public Safety Property ﬁﬂ%ﬂ FOs Fo FOS e
Risk imnge ey & sy | FO8iany | pyg
Risk Criteria i
i 1 175
* PROJECT NAME has a "XXXX" Public Safety Risk Factor and a High High 00-year o u 17
"XXXX" Property Damage Risk Factor. The Design Sliding Factor of High Moderate G0-year 15 178 13
Safety (FOS,jiaing) for this structure is #.# per Table 4 "Minimum High Low 25-year 15 175 15
Recommended Factors of Safety". Low High 100year 17 70 175
Low Moderate 28year 15 178 15
Low Low 1year 135 15 1.25
|1. Drag Force (F,)
F, :7“””’“":?‘;’“'”3 Equation 19
Vg 4.50 ft Upstream water depth £, = drag force
hdebri's 6 ft Debr?s hgight Fincl. accumulat'ion) cj = drag coef ficient
wdebris 20 ft Debris width (incl. accumulation) Aywma= area of wetted debris based on the upstream water surface
Debris Shape | Rectangle elevation projected normal to fow direction and the potential drift
Awwm 120 ft? Wetted area of LWM accumulation
7 water 62.40 Ib/ft®  |Unit weight of water Yo = AL “_'9‘5{'"&‘ of water )
" U, = velocity in contracted section
v, 6.50 ft/s Velocity from Model e 2 b5
2 - - g = acceleration due to gravity
e 32.20 ft/s Acceleration due to gravity
A, 120.00 ft? Debris area
Wehannel 60 ft Channel width
Cy 1.50 NLWM Worst Case Cd can be assumed 0.9 when fully submerged, 1.5 when WSEL withil
Fq [7369 [Ib [Eqn 19

R “fﬁ C, is typically estimated as 1.0 Equation 27



Sliding Calculations

Project: Tucannon Analyst:  ASD
Project No.: Project Number Calculations Checked By:  ALJ
Latest Revision: #i##HH#H#

|3. Impact Force (F;)

F. = ™aebris*Vchannei*Ci*Co*Ca*Ch*Rmax
=

Equation 30
2+ g+At

F,; = impact force
Waebris = wWeight of debris

Ib/ft>  [Unit weight of wood g = acceleration constant due to gravity

g ft/s>  |Acceleration due to gravity Vehame = water velocity in channel
Vehannel 6:5 ftis MelocityiiomiMedel At = time firom initial velocity to zero velocity
Impact Interval (0.03 sec
At 0.03 sec
recommended) C; = coefficient of importance
c 08 Coefficient of importance (from Table
: . 6) C, = coefficient of orientation = 0.8
C, 0.8 Coefficient of orientation
Cy = coefficient of depth
Limited Cyp = coefficient of blockage
Degree of
s ; upstream . . .
creening or | reening ASCE 7-05 Ruax = response ratio for impulsive loads = 0.8
Sheltering .
flow path 20
Upstream -
wide

Response ratio for impulsive loads

Assumption:

*Largest impact force would be generated by structure being struck by floating large key member. For impact calculation, assuming 18" diameter, 30"
long member with rootwad impacts structure.
**See Section 6.3.3 of LWM RBDG (P. 44) for debris loading sizing.

|4. Friction Force (F;)

Calculated for streambed material

(small cobble) Fr = —Mpea * (Fy — Fpilos—) Equation 31
F.=force due to frictional resistance
FLwwmd Buoyancy Calcs ForFaimsy >0
Fhoulder Ib Buoyancy Calcs
Fsoi 18668 Ib Buoyancy Calcs tpeq = tan® Equation 32
Fpies-v Ib Buoyancy Calcs
Frwms Buoyancy Calcs
Fo Buoyancy Calcs ]
Fy = Fowms + Fowma + I+ Phoutder + Fsoit + Ppites—v Equation 17

Note:
*If buoyancy forces are less than vertical pile forces (Fb-Fpiles-v<0), then friction force = 0.



Sliding Calculations

Project: Tucannon Analyst:  ASD
Project No.: Project Number Calculations Checked By:  ALJ
Latest Revision: #i##HH#H#

|5. Passive Forces (Fp,cqive)

Calculated for bank material (very

oank 0.66 radians| 1 rse gravel)
Foassive =—05 s Ky s 370y # Lo, * riw‘, Equ
7 water 62.4 Ib/ft®  |Unit weight of water . Lsind 5
= u
Y so 126 Ib/it®>  |Unit weight of soil P = sing 4
Previously calculated for buoyancy
3
Vsat 141 Ib/ft calcs Oy = Dsub; b {}’m:t —Yiwistier) +D¢!ry! * Yeoil Equ
Niogssub1 2 Number of log type 1 (from detail) Dyei = depth of submerged soil above Jog i
Orientation;” |Perpendicular Perpendicular or Parallel to flow Dy = depth of dry soif above log i
Leb1t 26.5 ft Length of log type 1 (from detail) Lomi = embedded length of log i
bole 1.5 ft Diameter of log type 1 (from detail) Giogi = diameter of log i
Dsubt 3 ft Depth of submerged soil above log 1
Dyt ft Depth of dry soil above log 1
Ow 235 Ib/ft*
Ovi*Lept™7sol  |18,668 b
Niogssub2 1 Number of log type 2 (from detail)
Orientationz" Parallel Perpendicular or Parallel to flow
Leb2 ft Length of log type 2 (from detail)
dbole2 2 ft Diameter of log type 2 (from detail)
Dgub2 ft Depth of submerged soil above log 2
Dyry2 ft Depth of dry soil above log 2
0w Ib/ft*
Ov2*Leb2™ 7 soil b
Niogssub3 3 Number of log type 3(from detail)
Orientationa" Perpendicular Perpendicular or Parallel to flow
Leb3 ft Length of log type 3 (from detail)
dboles 1 ft Diameter of log type 3 (from detail)
Deub3 ft Depth of submerged soil above log 3
Dyrys ft Depth of dry soil above log 3
0w Ib/ft*
0v3*Leba™7soll Ib

** Eqns 33 through 35 represent the case where passive forces act



Sliding Calculations

Project:
Project No.:

Tucannon
Project Number

|6. Lateral Resistance from Piles (F;...)

Pile Placement
Location

Npies Number of piles (Design)

dpjies 1 ft Diameter of piles (Design)

L 8 Embedded length of piles below
pies scour (Design)

Placement ’ ’

Method Drilled Method of pile placement

Bed Bed or Bank

7/ water

62.4 Ib/it>  [Unit weight of water

Analyst:  ASD
Calculations Checked By:  ALJ
Latest Revision: #i##HH#H#

. Buegrerdptiasty

uation 36
Mypartbpe Eq

Fp“rs—h = _Npik:
Neies = number of piles
Ly =length of pile embedded below potential scour depth

Va=Yi— Y effective unit weight of soil Equation 37
¥ = dry unit weight of the soil

T = LRIt weight of the soil
Oy, = diameter of the pile
Niag = Meight above the potential scour depth the load is applied

_ 14sin@

K,  1-sing

Equation 38

*Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

** Analysis also assumes that the resultant force is located at half of the flow depth on the upstream side of the LWM structure to produce a
conservative moment on the pile.

Factor of Safety
FOS sliding = (th +Ff+Fpﬂes-h +Fpassive) /(Fd +Fhu +Fi)
Fq 7,369 Ib
Fru b
Fra b
Fi 7,805 Ib
Fr -6,340 Ib
Fpassive -39,238 Ib
piles-h -8,359 Ib

STABLE FOR SLIDING




Rotation Calculations

Project: Tucannon Analyst: ASD

Project Number: Project Number Calculations Checked By: ALJ

Latest Revision: ##HHHHH

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM structure horizontal rotation.

Assumptions:
1) The LWM structue behaves as a single structure under the design load.

2) The effect of soil in back of the structure is negligible.
3) The structure will be submerged during the design event
4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

|Output (Cells that are automatically updated with previously calculated values are this color) |

FBD and Equations:

- Table 4. Minimum recommended factors of safety.

o — MArasation ; Publi Property Stability e
FOS s = i Equation 45 "f.i"ﬁt’ Dag;ge Deg;grr Flow | FOS.ums | FOSemmey [ Fog
High High 100-year 175 20 175
* PROJECT NAME has a "XXXX" Public Safety Risk Factor and a "XXXX" Property High Moderate S0-year 15 178 15
Damage Risk Factor. The Design Rotation Factor of Safety (FOS,si0n) for this High Low 25-year 15 175 15
structure is #.# per Table 4 "Minimum Recommended Factors of Safety". Low Hegh it 1.5 20 LE
Low Moderate 25-year 15 1.75 15
Low Low 10-year 125 15 1.25
|1. Resistance to Rotation (MR a0, and MD a5
MDiotation = (Fi + Fa + Fn) * (@) Equation 42
L, = length of wood structure from tip to point of rotation measured
perpendicular to flow
L.y, = embedded length of wood structure measured perpendicular to flow
Lg ¥ I L L <
MRroasion = |Fra * (S5 -22) + Fnssive *—22 + Fy x=2+ ) Fytieon, * Lpn,
L
Equation 43
L _ Fpites—n E tion 44
pile=ny = Ty quation
Ly = distance from pile ‘i’ to the point of rotation measured perpendicular ro
flow
Driving:
L Length of wood structure from tip to point of rotation
sp 20 ft -
measured perpendicular to flow iy
L Embedded length of wood structure measured perp. to i
-ebp 10 ft r
low
Fi 7,805 Ib Impact Forces (Calc'd in Sliding)
Fq 7,369 Ib Drag Forces (Calc'd in Sliding)
Fhu Ib Upstream Hydrostatic Forces (Calc'd in Sliding)
Resisting:
Fha Ib Downstream Hydrostatic Forces (Calc'd in Sliding)
B passive -39,238 o] Passive Forces (Calc'd in Sliding)
Fy -6,340 Ib Friction Forces (Calc'd in Sliding)
Fpieh -8,359 o] Lateral Resistance from Piles (Calc'd in Sliding)
Foile-ni -2,090 Ib Lateral Resistance from Piles (Calc'd in Sliding) }
Npies 4 Number of Piles (Design) o _.<
L Distance from pile to the point of rotation measured
ohi 35 ft
Factor of Safety
FOS rotation = MR rotation /MD rotation
MD s tation 227,613 Ib
rotation 552,166 Ib
STABLE FOR ROTATION

|Summary Comments:




Rotation Calculations

Project: Tucannon Analyst:  ASD
Project Number: Project Number Calculations Checked By: ALJ

Latest Revision: _####HHHHH



Overturning Calculations

Project: Tucannon Analyst:
Project Number: Project Number Calculations Checked By:
Latest Revision:

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against vertical overturning.

Assumptions:

1) The LWM structure behaves as a single structure under the design load.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event

4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

|Output (Cells automatically updated with previously calculated values are this color) |

FBD and Equations:

Table 4. Minimum recommended factors of safety.

ASD
ALJ

2/27/2023

EFQ3, 1 Ry Equation 49
L T a— . Property Stability
PURST™ | Dumae | Desnriow | PO, | FOSmp | GRS
* PROJECT NAME has a "XXXX" Public Safety Risk Factor and a High High 100-year 175 20 1.75
"XXXX" Property Damage Risk Factor. The Design Overturn Factor of High Moderate 50-year 1.5 1.75 158
Safety (FOS,yerturm) foOr this structure is #.# per Table 4 "Minimum High Low 25-year 15 1.78 15
Recommended Factors of Safety". Low High 100-year 175 20 1.75
Low Moderate 25-year 15 1.78 15
|1. Resistance to Overturn (MR and MD,.i.) Low Lo 10 year L) 15 Lo
Driving: v v
F 7,805 I [impact Forces (Calc'd in Sliding) MDaveran = Bt O doury) + o« (4 oy ) + P+ (G4 ity )+ il e
Fq 7,369 Ib Drag Forces (Calc'd in Sliding) Equationido
Upstream Hydrostatic Forces (Calc'd in
I:hu Ib Slldlng) diipy = depth at the upstream side of the structure from channel bottom to
- - point of rotation measured perpendicular to flow
FL -2.211 b Lift Forces (Assumed Zero in BUOyanCy Ls = length of structure measured parallel to flow
’ Calcs)
Yy 4.5 ft Upstream water elevation from model MRosercurn = 1Fal * (5 + ddbury) + | Fpassive * (ddyury) + (Fy = Fy =
Ls S .
Depth at upstream side of structure Fpites—v) * 5+ Bl Fpite—v; * Lpvi Equationiaz
dupury ft from channel bottom to point of rotation Ftoes )
measured perp to flow F e = e _ v Equation;s
Ls ft Length of structure parallel to flow L, = distance from pile ‘i’ to the point of rotation measured parallel to flow
FOSoverturn = :;g: Equation 49
Resisting:
Downstream Hydrostatic Forces (Calc'd
Fha Ib e
in Sliding)
Faeesie -39,238 b Passive Forces (Calc'd in Sliding)
Fy 7,293 b Buoyancy Forces (Calc'd in Sliding)
Lateral Resistance from Piles (Calc'd in
Fpite- - L
pile-v 8,359 b Sliding)
Yq 4.5 ft Downstream water elevation
Depth at downstream side of structure
dabury 4.5 ft from channel bottom to point of rotation
measured perp to flow
Npiles 2 Number of Piles (Design)
L Distance from pile to the point of
Vi 35 ft .
rotation measured parallel to flow.

Factor o S_afety
FOS overturnon = MR overturn /MD overturn
MDoverturn 51 ,704 Ib
MRovertun 176,570 Ib
[FoSEem 3420 [ STABLE FOR OVERTURN




Overturning Calculations

Project: Tucannon Analyst: _ ASD
Project Number: Project Number Calculations Checked By:  ALJ

Latest Revision: _ 2/27/2023



Factor of Safety Summary

Project: Tucannon Analyst: ASD
Project Number: Project Number Calculations Checked By: ALJ
Latest Revision:  2/27/2023
Spreadsheet Description
Purpose: The spreadsheet below summarizes the factors of safety for the LWD structure.
Assumptions:
Input (Cells Requiring Input from Structure Detail)
Input (Cells requiring Input from Hydraulic Model)
Input (Cells automatically populated from Input to Interface Tab)
|Output (Cells automatically updated with previously calculated values are this |
Tables and Equations:
Table 4 Minimum recommended factors of safety.
> Property Stability
Fos, = Frwaid -_n.l::;:i;::.nF;un., Exgaationn 18 P‘-ﬂ;:iiﬂiﬂﬁ' D.E:ge Degmlgw FOS png | FOSpmmney FE)%?:::“
FO%, = buoyancy foctor of safety High High #00-year 175 20 1.75
High Moderate 50-year 15 1.75 15
High Low 25-year 15 178 15
FOS,aimg = Faa+Fr+Ppites hoAFpazsive| Equation 41 Low High 100-year 1.75 20 1.75
FatFruthy Low Moderate 25 year 15 175 15
Low Low 10-year 125 15 1.25
FOS, o tion = rorasion Equation 45
MDrarartan
FOS e bitrn = ::::ﬁ Equaticn 49
|1. Factors of Safety Summary
Project Public Safety Risk High
Project Property Damage Risk Low
Safety Factors Minimum Recommended Calculated Safety Factor Result
Safety Factor
Buoyancy FOS, 1.50 1.64 OK!
Sliding FOSgiiging 1.25 8155 OK!
Rotation FOS gtation 1.25 2.43 OK!
Overturn FOSovertum 1.25 3.42 OK!
Summary Comments:




Buoyancy Calculations

Tucannon
Project Number

Project:
Project No.:

Spreadsheet Description

- The spreadsheet below is used to calculate the Factor of Safety against Buoyant uplift of the LWM

Assumptions:

1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints

2) The LWM structure will be submerged during the design event.
Negative buoyancy is uplift, positive numbers equals downward.
Ballast material remains intact and is not scoured out.

The uplift due to racking material is evenly dividing among all layers.

oo

3
4
5

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells automatically populated from Input to Interface Tab)

Input (Cells requiring input from a dropdown list)

|Output (Cells automatically updated with previously calculated values are this color)l

FBD and Equations:

Fihid + Fhuuldars + Froti HFpiles—a

FOS, =

Equation 18

|F et # Fi]

FO3, = buoyancy factor of safety

* PROJECT NAME has a "XXXX" Public Safety Risk Factor and a
"XXXX" Property Damage Risk Factor. The Design buoyancy factor
of safety (FOS,,) for this structure is #.# per Table 4 "Minimum
Recommended Factors of Safety”.

1. Large Wood Material Force - Dry (F) wn4)

Frwaa = Viwma * Ywood Equation 3

Vinms = volume of dry lorge wood material

Comment: Assumed to be zero because structure assumed to be submerged during design event.

2. Boulder Ballast Force (F, )

N Number of submerged boulders
bouldersub (from design)

d 25 it Effective diameter of submerged
. : boulder (ft, from spec)

7 boulder 146 Ib/ft®  |unit weight of boulders (Table 5)

7 water 62.4 Ib/ft®  |unit weight of water

N Number of dry boulders (from detail)
boulderdry

Effective diameter of dry boulder (ft,
Gooutdercry 2 ft from spec

Analyst: ASD
Calculations Checked By: ALJ
Latest Revision: _ 2/28/2023
Table 4 Minimum recommended factors of safety.
Property Stability
Public Safety 2 FOS
" Damage | DesignFlow | FOS,.,. |FOS_ .., -
i Risk Criteria FOS cetaring
High High 100-year 175 20 175
High WModerate S0-year 5 1.75 15
High Low 26-year 5 1.75 15
Low High 100-year 1.75 20 175
Low Moderate 25-year 15 1.75 15
Low Low 10year i25 1.5 128
Fyowrder = Fyoutaersuv + Fooutaerary Equation 5
Fpowaersub = Npowraersun *% * djowdersub * (Vboutaer = Vi) Equation 6
Nooutdersup = NUmber of submerged boulders
dpouidersub = effective diameter of submerged boulders
Phoulder = Unit weight of boulders
Fyowraerary = Npoutaerary * % * dguuldm'dry *Vboulder Equation7

Noouiderary = Number of unsubmerged boulders
dyouiderary = effective diameter of unsubmerged boulders

Comment: The intent is design without the use of boulders so it is assumed no boulders are used.



Buoyancy Calculations

Project:
Project No.:

Tucannon
Project Number

3. Soil Backfill Force (F..i)

Specific Gravity of bank/backfill

; 3

Vs 131 At | material (Table 5)

7 water 62.4 Ib/ft®  [Unit weight of water

sG 264 Specific Gravity of Rock (Using unit
rock : weight of bedrock from Table 5

Analyst: ASD
Calculations Checked By:  ALJ
Latest Revision: _ 2/28/2023
Foort = X Vsottsuby * Ysou + Vsoutary,; * Vsoit Equation 8
Vsottsub; = Leb;Aote; Nsotisuny Equation 9

Visoitsubi = Volume of submerged soil above log i
L.y = embedded length of log i

dyorer = bole diameter of log i

Rsoiisuni = height of submerged soil above log i

Vsouary, = Leb;@bote; Nsontary,
Veoitaryi = volume of dry soil above log i
hisoitaryi = height of dry soil above log i

Vsoit = (99.2 + 18.6 ~ log(dsp))
dsg = median grain size in millimeters

F, e
Vsoit = ¥Vsat — Vw

_ (SGrocete)tyw

Vsat ey

S5Grock”
e = SGrocit¥w 4
Yso

Equation 10

Equation 11

Equation 12

Equation 13

Equation 14



Buoyancy Calculations

Project: Tucannon Analyst: ASD
Project No.: Project Number Calculations Checked By: ALJ
Latest Revision:  2/28/2023

4. Pile Skin Friction

F,

yites—v ~ Nottes * T * dpiies ™ Lpites (ks » tan 2@ « 0" + T8 0 (00— 1,,))
Equation 15
Npiles = nUmber of piles
dpies = diameter of piles
Lyiies = embedded length of piles
ks = coefficient of lateral earth pressure (0.5 to 1.5 depending on soil and
density)

¢ = internal angle of friction of soils

0" = Lyjies * (Vsur — Yw) Equation 16
(SGpncts :
Yiat = T" Equation 13
goindte g Equation 14

Fauit

Ib/ft® | Unit weight of water
Ib/it®_|Unit weight of wood

Assumptions:
*ke=1

** This calculation is based on the assumption that piles are driven or vibrated into place. If piles are drilled or excavated, the
associated coefficicient of lateral earth pressures shall be approx. 50% and 25% of the driven value, respectively.

*** For use in buoyancy calculations, piles must be mechanically fastened.

**** Top 2' of pile embedment disregarded for calculation to account for vortex shedding.

5. Large Wood Material Force - Submerged (F; wu<)

Fryrwrs = Vowses * Wawooa — Yl Equation 2
Wi = volume of submerged dorge wood moterial
Pt = WAFE Weigqht of wood'
P = WAL weight of water

Volume of Rootwad
National Large Wood Manual. 2016
Equation 6-4 (p. 6-38)
Viw = 7% "W/ 3
T*(20poie) * (1/2d)? 1 3

t, = Thickness of rootwad measured in
direction parallel to trunk

4 times the radius of the log (4r, or

Wi =

Radius of rootwad




Buoyancy Calculations

Project: Tucannon
Project No.: Project Number

Diameter of rootwad of log type 3

drus | from detail)

7 wood 33.0 Ib/ft2  |Unit weight of logs
Vw 62.4 Ib/ft°>  [Unit weight of water

6. Lift Forces (F,)

C, 0.45 Lift Coefficient

ALwm 75 fit? Calc'd in Drag Forces

Y 62.4 Ib/ft®  [Unit weight of water

U, 6.5 ft/s  |upstream velocity (from model)
g 32.2 ft/s?>  |Unit weight of water

Analyst: ASD
Calculations Checked By: ALJ
Latest Revision:  2/28/2023
= 2.5 times the radius of the log (2.5r,
or 1.25dpge) or 1/2 d,,, specified

F= _% Equation 4
€, = lift coefficient
A, e = area of large woody material perpendicular to flow
uy = upstream channel velocity at design event
g = occeleration due to growity

Comment: Lift forces neglected per Section 6.4.2 of BOR Risk Based Design Guidelines

Factor of Safety

FOS, = (F tmpa *F boutders +F soit +F pites-v) / (F Lwms +F 1)
Frwmd Ib Assumed Zero

Fboulder |b

Foi 23,071 Ib

I:piles-v |b

Frwms -7,410 Ib

Fu -1,382 Ib

Summary Comments:




Sliding Calculations

Project: Tucannon Analyst:  ASD
Project No.: Project Number Calculations Checked By:  ALJ
Latest Revision: #i##HH#H#

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM sliding.

Assumptions:
1) The LWM structure behaves as a single structure under the design load and will not experience any shearing at joints.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event.
4) Channel velocity (V) taken from hydraulic model.
)

5) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings.

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

Output (Cells automatically updated with previously calculated values are this color)

EBD and Equations:
Table 4. Minimum recommended factors of safety.

FOS‘I: : s (Fna+Fr+Fpites-a+Fpassive Equation 41 2
g = rasenaer Putc sty | Py | Sy T g
Risk | bmib s | FOSmumer | pg
Risk Criteria i
* PROJECT NAME has a "XXXX" Public Safety Risk Factor and a High High iy | 1 o 175
"XXXX" Property Damage Risk Factor. The Design Sliding Factor of High Moderate |  Glyear 15 1.75 15
Safety (FOS,jiaing) for this structure is #.# per Table 4 "Minimum High Low 2year 15 178 15
Recommended Factors of Safety". T High 100year 175 70 175
Low Woderate 2hyear 15 178 15
Low Low 1yar 135 15 125
|1. Drag Force (F,)
Fy= 7r"°'n“:$ LOLE Equation 19
Vg 3.50 ft Upstream water depth £, = drag farce
hdebri's 5 ft Debr?s hgight Fincl. accumulat'ion) cj = drag coef ficient
wdebris 15 ft Debris width (incl. accumulation) Ayyma = area of wetted debris based on the upstream water surface
Debris Shape | Rectangle elevation projected normal to fow direction and the potential drift
Awwm 75 ft? Wetted area of LWM accumulation
7 water 62.40 Ib/ft®  |Unit weight of water Y= AL ‘f"”?m of water ]
5 U, = velocity in contracted section
v, 6.50 ft/s Velocity from Model F =L ik
2 - - g = acceleration due to gravity
e 32.20 ft/s Acceleration due to gravity
A, 75.00 ft? Debris area
Wehannel 60 ft Channel width
Cy 1.50 NLWM Worst Case Cd can be assumed 0.9 when fully submerged, 1.5 when WSEL withil
Fq [4606 [Ib [Eqn 19

Caapplied = (:ﬁ Cg is typically estimated as 1.0 Equation 27



Sliding Calculations

Project: Tucannon Analyst:  ASD
Project No.: Project Number Calculations Checked By:  ALJ
Latest Revision: #i##HH#H#

|3. Impact Force (F;)

E= TWdebris*Vchannet*Ci*Co*Ca*Cp*Rmax
L=

Equation 30
2+ g+At

F, = impact force
Waeris = weight of debris

Ib/ft>  [Unit weight of wood g = acceleration constant due to gravity

g ft/s>  |Acceleration due to gravity Verannet = water velocity in channel
Vehannel 6.5 ft/s MelocityiiomiMedel At = time fiom initial velocity fo zero velocity
Impact Interval (0.03 sec
At 0.03 sec
recommended) C; = coefficient of importance
c 08 Coefficient of importance (from Table
' ) 6) C, = coefficient of orientation = 0.8
C, 0.8 Coefficient of orientation
Cy = coefficient of depth
Limited Cy = coefficient of blockage
Degree of
s . upstream ) » )
creening or | reening ASCE 7-05 Riyax = response ratio for impulsive loads = 0.8
Sheltering .
flow path 20
Upstream -
wide

Response ratio for impulsive loads

Assumption:

*Largest impact force would be generated by structure being struck by floating large key member. For impact calculation, assuming 18" diameter, 30"
long member with rootwad impacts structure.
**See Section 6.3.3 of LWM RBDG (P. 44) for debris loading sizing.

|4. Friction Force (F;)

Calculated for streambed material

(small cobble) Fr = —Mpea * (Fy — Fpites—) Equation 31
F,=force due to frictional resistance
Frwwmg Buoyancy Calcs ForFpiesy >0
Fhoulder Ib Buoyancy Calcs
Feoi 23071 Ib Buoyancy Calcs Jr—— Equation 32
Fpies-v Ib Buoyancy Calcs
Frwms Buoyancy Calcs
F Buoyancy Calcs .
Iy = Iywms + Fowma + I+ Foowder + Isoit + Fpites—v Equation 17

Note:
*If buoyancy forces are less than vertical pile forces (Fb-Fpiles-v<0), then friction force = 0.



Sliding Calculations

Project: Tucannon Analyst:  ASD
Project No.: Project Number Calculations Checked By:  ALJ
Latest Revision: #i##HH#H#

|5. Passive Forces (Fp,cqive)

Calculated for bank material (very

oank 0.70 radians| 1 rse gravel)
Foassive = —05 Ky s X7 0y # Lo, # dius‘- Equ
7 water 62.4 Ib/ft®  |Unit weight of water § o Lsins :
= u
Vsoil 131 Ib/f®  |Unit weight of soil P = —sing q
Previously calculated for buoyancy
3
Vsat 144 Ib/ft calcs Oy = D:mb! . (]"m.t —Yiiitwr) + Ddrn ¥ Yeoil Equ
Niogssub1 1 Number of log type 1 (from detail) Do = depth of submerged soil above log i
Orientation;” |Perpendicular Perpendicular or Parallel to flow Dy = depth of dry soil above log i
Leb1t 20 ft Length of log type 1 (from detail) Lomi = embedded length of log i
bole 1.25 ft Diameter of log type 1 (from detail) tiagi = diameter of fog i
Dsubt ft Depth of submerged soil above log 1
Dary1 ft Depth of dry soil above log 1
Ot Ib/ft*
Ovt*Len1™7sol Ib
Niogssub2 2 Number of log type 2 (from detail)
Orientationz" Perpendicular Perpendicular or Parallel to flow
Leb2 27 ft Length of log type 2 (from detail)
dbole2 1.75 ft Diameter of log type 2 (from detail)
Dsub2 3 ft Depth of submerged soil above log 2
Dyry2 ft Depth of dry soil above log 2
Ov2 244 Ib/ft*
Ova*Lebo 7so1 [23,071 Ib
Niogssub3 Number of log type 3(from detail)
Orientationa" Parallel Perpendicular or Parallel to flow
Lebs 40 ft Length of log type 3 (from detail)
dboles 1.75 ft Diameter of log type 3 (from detail)
Deub3 ft Depth of submerged soil above log 3
Dyrys ft Depth of dry soil above log 3
0w Ib/ft*
0v3*Leba™7soll Ib

** Eqns 33 through 35 represent the case where passive forces act
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|6. Lateral Resistance from Piles (F ...) 20— )
Foties—n = —Npites * L-—hm.:ﬂmu Equation 36
Npies Number of piles (Design) )
dpiies 0.83 ft Diameter of piles (Design) ?ﬂ.“_j::m:z ;D‘;:‘:;M ded below potential scour depth
L 8 Embedded length of piles below i = lENGLH Of P v P
= scour (Design) o ) .
Yo=¥—¥ effective unit weight of soil Equation 37
Placement E d Method of pile ol A ;
Method Xcavate lethod of pile placement % = diry unit weight of the sail
LD P]acement Bed Bed or Bank
Location
7 water 62.4 Ib/it>  [Unit weight of water
Y = Uit weight of the soil
Oy, = diameter of the pile
Niag = Meight above the potential scour depth the load is applied
L CE Rt Equation 38

*Top 2' of pile embedment disregarded for calculation to account for vortex shedding.
** Analysis also assumes that the resultant force is located at half of the flow depth on the upstream side of the LWM structure to produce a
conservative moment on the pile.

Factor of Safety
FOS sliding = (th +Ff+Fpﬂes-h +Fpassive) /(Fd +Fhu +Fi)
Fq 4,606 Ib
Fru b
Fra b
Fi 5,207 Ib
Fr -12,413 Ib
Fpassive -53,050 Ib
[Foies:n Ib




Rotation Calculations

Project: Tucannon Analyst: ASD

Project Number: Project Number Calculations Checked By: ALJ
Latest Revision: ##HHHHH

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against LWM structure horizontal rotation.

Assumptions:

1) The LWM structue behaves as a single structure under the design load.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event

4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

|Output (Cells that are automatically updated with previously calculated values are this color) |

FBD and Equations:

- Table 4. Minimum recommended factors of safety.

o — MRrosario . Public Safety | Fropery ks FOS e
FOS, Gicn = g Equeticm 45 e Damq:ge Deéugn Flow | FOSiumg | FOSemey [ pOs
High High 100-year 175 20 L75
* PROJECT NAME has a "XXXX" Public Safety Risk Factor and a "XXXX" Property High Moderate S0-year 15 175 15
Damage Risk Factor. The Design Rotation Factor of Safety (FOS,qation) fOr this High Low 2o-year 15 178 15
structure is #.# per Table 4 "Minimum Recommended Factors of Safety". Lo High Wyear ki 20 .15
Low Moderate 25-year 1.5 1.75 15
Low Low 10-year 125 15 1.35
|1. Resistance to Rotation (MR a0, and MD a5
LsptLebp .
MDyotation = (Fi + Fg + Fua) * (2525) Equation 42
Ly, = length of wood structure firom tip to point of rotation measured
perpendicular to flow
L.y, = embedded length of wood structure measured perpendicular to flow
L ¥ L Ly L,
MRy otation = |Fna * (pfbp) & Fpnssx ve * % & Ff *: 211 & ZFplle—hi * Lphi
Equation 43
E _ Tpies—n E ion 44
pite-n; = 7”?!!9: quation
Ly = distance from pile i’ to the point of rotation measured perpendicular to
flow
Driving:
L Length of wood structure from tip to point of rotation
sp 12 ft -
measured perpendicular to flow iz
L Embedded length of wood structure measured perp. to e
-ebp 7 ft .
flow | |
Fi 5,207 Ib Impact Forces (Calc'd in Sliding) |
Fq 4,606 Ib Drag Forces (Calc'd in Sliding) | <‘_
Fhu Ib Upstream Hydrostatic Forces (Calc'd in Sliding) ,
|
Resisting:
Fha Ib Downstream Hydrostatic Forces (Calc'd in Sliding)
B passive -53,050 o] Passive Forces (Calc'd in Sliding)
Fy -12,413 Ib Friction Forces (Calc'd in Sliding)
Fpieh b Lateral Resistance from Piles (Calc'd in Sliding)
et Ib Lateral Resistance from Piles (Calc'd in Sliding) |
Npies Number of Piles (Design)
L Distance from pile to the point of rotation measured
phi 25 ft
Factor of Safety
FOS rotation = MR rotation /MD rotation
MD s tation 93,220 Ib
rotation 260,153 Ib
STABLE FOR ROTATION

|Summary Comments:
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Overturning Calculations

Project: Tucannon Analyst:
Project Number: Project Number Calculations Checked By:
Latest Revision:

Spreadsheet Description

Purpose: The spreadsheet below is used to calculate the Factor of Safety against vertical overturning.

Assumptions:

1) The LWM structure behaves as a single structure under the design load.

2) The effect of soil in back of the structure is negligible.

3) The structure will be submerged during the design event

4) This LWM structure experiences the largest loads. All LWM structures on site will be designed based on this LWM structure's loadings

Input (Cells Requiring Input from Structure Detail)

Input (Cells requiring Input from Hydraulic Model)

Input (Cells requiring input from a dropdown list)

Input (Cells automatically populated from Input to Interface Tab)

|Output (Cells automatically updated with previously calculated values are this color) |

FBD and Equations:

Table 4. Minimum recommended factors of safety.

ASD
ALJ

2/28/2023

EFQ3, 1 Ry Equation 49
L T a— . Property Stability
Publ ! FOS,
Y froome | [\ e o 0% | PO || FOSS T
* PROJECT NAME has a "XXXX" Public Safety Risk Factor and a High High 100-year 175 20 1.75
"XXXX" Property Damage Risk Factor. The Design Overturn Factor of High Moderate 50-year 1.5 1.75 158
Safety (FOS,yerturm) foOr this structure is #.# per Table 4 "Minimum High Low 25-year 15 1.78 15
Recommended Factors of Safety". Low High 100-year 175 20 1.75
Low Moderate 25-year 15 1.78 15
|1. Resistance to Overturn (MR, oz, and MD,orarion) Low Lo 10 year L) 15 Lo
Driving: v v
F 5,207 I [impact Forces (Calc'd in Sliding) MDaveran = Bt O doury) + o« (4 oy ) + P+ (G4 ity )+ il e
Fq 4,606 Ib Drag Forces (Calc'd in Sliding) Equationido
Upstream Hydrostatic Forces (Calc'd in
I:hu Ib S'ldln ) diipy = depth at the upstream side of the structure from channel bottom to
- g - point of rotation measured perpendicular to flow
FL -1.382 b Lift Forces (Assumed Zero in BUOyanCy Ls = length of structure measured parallel to flow
’ Calcs)
i 3.5 ft Upstream water elevation from model MRoverturn = |Fual * (5 + ddbury) + |Fpassive| * (ddbury) + (Fy = Fy =
Ls S .
Depth at upstream side of structure Fotes—v) * 5+ Zi Fpite-v, * Lovi Equation37
dupury ft from channel bottom to point of rotation Ftoes )
measured perp to flow F e = e _ v Equation;s
Ls ft Length of structure parallel to flow L, = distance from pile ‘i’ to the point of rotation measured parallel to flow
FOSoverturn = :;g: Equation 49
Resisting:
Downstream Hydrostatic Forces (Calc'd
Fha Ib e
in Sliding)
Faeesie -53,050 b Passive Forces (Calc'd in Sliding)
Fy 14,279 b Buoyancy Forces (Calc'd in Sliding)
E. b Lateral Resistance from Piles (Calc'd in
A Sliding)
Yq 3.5 ft Downstream water elevation
Depth at downstream side of structure
dabury 6 ft from channel bottom to point of rotation
measured perp to flow
Npiles Number of Piles (Design)
L ft Distance from pile to the point of
. rotation measured parallel to flow.

Factor of Safety
FOS overturnon = MR overturn /MD overturn
MDovertum 26,285 Ib
MRovertum 31 8,303 Ib
[FoSEem 121 [ STABLE FOR OVERTURN
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Factor of Safety Summary

Project: Tucannon Analyst: ASD
Project Number: Project Number Calculations Checked By: ALJ
Latest Revision:  2/28/2023
Spreadsheet Description
Purpose: The spreadsheet below summarizes the factors of safety for the LWD structure.
Assumptions:
Input (Cells Requiring Input from Structure Detail)
Input (Cells requiring Input from Hydraulic Model)
Input (Cells automatically populated from Input to Interface Tab)
|Output (Cells automatically updated with previously calculated values are this |
Tables and Equations:
Table 4 Minimum recommended factors of safety.
> Property Stability
Fos, = Frwaid -_n.l::;:i;::.nF;un., Exgaationn 18 P‘-ﬂ;:iiﬂiﬂﬁ' D.E:ge Degmlgw FOS png | FOSpmmney FE)%?:::“
FO%, = buoyancy foctor of safety High High #00-year 175 20 1.75
High Moderate 50-year 15 1.75 15
High Low 25-year 15 178 15
FOS,aimg = Faa+Fr+Ppites hoAFpazsive| Equation 41 Low High 100-year 1.75 20 1.75
FatFruthy Low Moderate 25 year 15 175 15
Low Low 10-year 125 15 1.25
FOS, o tion = rorasion Equation 45
MDrarartan
FOS e bitrn = ::::ﬁ Equaticn 49
|1. Factors of Safety Summary
Project Public Safety Risk High
Project Property Damage Risk Low
Safety Factors Minimum Recommended Calculated Safety Factor Result
Safety Factor
Buoyancy FOS, 1.5 2.62 OK!
Sliding FOSgiiging 1.25 6.67 OK!
Rotation FOS gtation 1.25 2.79 OK!
Overturn FOSovertum 1.25 12.11 OK!
Summary Comments:
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