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IINTRODUCTION 
The White River at Countyline Levee Setback (Countyline) project is a salmon recovery 
and flood risk reduction project located on the left (east) bank of the White River between 
river mile (RM) 5.00 and RM 6.33. Implementation of the Countyline project will reconnect 
approximately 115 acres of forested wetland and historical floodplain to the main stem of the 
White River by removing the existing left bank levee and constructing a new setback levee 
and biorevetment along the eastern edge of the project boundary. Several large engineered 
log structures (ELSs) will be built in the reconnected floodplain to enhance fish habitat and 
to deflect and diffuse the energy of flood flows approaching the biorevetment and setback 
levee. 

In fulfillment of Task 400.6 of Herrera’s contract with King County for analysis and design of 
the proposed project (Contract #E00187E10), this memorandum presents the basis of design 
for the ELSs. This memorandum summarizes the design and engineering analysis completed as 
part of Tasks 400.1, 400.2, and 400.5.2 of this contract to support developing final permitting 
and construction design plans and builds upon the concept development work for the ELSs 
completed during a previous project phase (i.e., Herrera 2011). 
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EENGINEERED LOG STRUCTURE DESIGN AND ANALYSIS 
King County retained Herrera to design several types of ELSs for the proposed project. These 
include large and small apex engineered log jams (ELJs), bank deflector ELJs, a biorevetment 
structure, and floodplain roughening structures. Figure 1 shows the proposed locations of 
these structures. Each structure type was developed to perform functions specific to the 
location where it will be built. 

The designs for the structures discussed herein were developed based on the following: 

 The conceptual development and pre-design plans for ELSs completed by Herrera and 
King County during a previous project phase (i.e., Herrera 2011) 

 The project habitat and flood hazard reduction goals and objectives 

 Hydraulic modeling and sediment transport analyses completed as part of Tasks 200 
and 300 under this contract 

 Geotechnical data for the project site developed by the County as part of the project 
geotechnical investigation 

 King County’s most current design for the setback levee and removal of the existing 
left bank levee (facing downstream) along the White River within the project site 

The general design objectives for the ELSs include the following: 

 Design the ELSs to maintain stability throughout the design flow of 15,500 cfs (which 
roughly corresponds to the peak 100-year flow event) and for the anticipated future 
conditions based on hydraulic modeling results for scenarios S1d (future, most-
probable conditions after construction) and S2b (future, “worst-case” avulsion 
conditions after construction). The combination of these conditions represents the 
design flow event for the ELSs. 

 Deflect flow away from and reduce the angle of flow into the biorevetment structure 
and setback levee 

 Encourage channel complexity and side channel formation 

 Provide habitat for aquatic and terrestrial animal species 

 Provide a stable foundation to retain accumulations of naturally occurring large wood 
that are transported into, or recruited from, the setback area 

 Increase floodplain hydraulic roughness 

 Minimize construction disturbance within and adjacent to the large wetland within the 
project area 
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Structure Descriptions 
Five ELS types are proposed for this project: large apex ELJs, small apex ELJs, bank deflector 
ELJs, a continuous biorevetment structure (hereafter referred to as the biorevetment), and 
floodplain roughening structures (which include a subset of three structure types). A large 
apex ELJ is a robust engineered structure constructed in a primary flow path of a channel to 
deflect and/or split flow. It resembles a natural, stable accumulation of large logs with a 
large gravel bar immediately behind the logs on the downstream side. A small apex ELJ is 
similar to a large apex ELJ in form and function but has a smaller footprint. A bank deflector 
ELJ is similar in size and design to a large apex ELJ except the structure is constructed into a 
channel bank to mimic a natural, stable accumulation of large logs along a channel bank. 

The proposed biorevetment is somewhat unique in its configuration for this project and is 
not a typical log structure form found in nature. Its closest analog in nature is a meander jam 
formed along the outside bank of a river meander. The biorevetment will consist of multiple 
ELSs (units) constructed end-to-end to create a long and semi-continuous, roughened wall. 
Each unit will measure 40 feet long and consist of 4 piles and 10 logs arranged to deflect 
flow away from the bank. Segments of the biorevetment will be constructed in a “shingled” 
manner such that the upstream segment protrudes from the bank and overlaps with the 
downstream segment of biorevetment for purposes of deflecting flow away from the bank 
(Figure 1). The biorevetment will also serve to inhibit high velocity flows from becoming fixed 
in position along the setback levee, thus protecting the levee from erosion over the long 
term, while also creating pools and cover for salmonids. 

The proposed floodplain roughening features consist of small log structures constructed 
on the upstream faces of earthen berms (hummocks) that will extend from the toe of the 
setback levee across the wetland buffer to the biorevetment. The floodplain roughening 
structures will consist of multiple, small log clusters. Numerous live cottonwood boles will 
also be installed on the berms to accelerate native plant recolonization. These structures will 
increase overall floodplain hydraulic roughness to reduce flow velocities, while also enhancing 
local aquatic habitat characteristics. 

All five ELS types vary in size and complexity, and they are all engineered to resist hydraulic 
forces from impending flow and the buoyant forces on the wood material when the structures 
are submerged. All ELS types, except the floodplain roughening structures, consist of a matrix 
of multiple layers of interlocking and horizontally oriented large “key” logs (with and without 
attached rootwads) that will be secured in place by vertical timber piles embedded well 
below the anticipated scour depth and by ballast material placed over and around the key 
logs within the interior core of the structure. Log ballast material includes bank and channel 
alluvium derived locally from excavations during ELS construction. For the ELJ structures, log 
ballast material will include river alluvium removed from the existing levee. The key logs will 
protrude from the waterward face of the structure and function to secure racking and slash 
material (described below), to accumulate naturally occurring wood , and to deflect flow 
around the waterward sides of the structure. 

The structural stability and resistance of the apex ELJs, bank deflector ELJs, and biorevetment 
to hydraulic forces during the design flow event will be achieved with the use of timber piles. 
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For each of these structures, multiple timber piles will be embedded vertically below the 
channel bed and will extend above the top of the structure. The piles, which serve as the 
structural foundation of the ELSs, are designed to resist lateral forces, provide an anchored 
network for securing the horizontal key logs, and provide a stable framework to allow the 
structure to settle while maintaining the general architecture of the as-built condition. 
Horizontal key logs extending waterward from the structure’s interior will be pinned against 
the piles to transfer hydraulic forces from them to the piles. The combination of the piles 
and the key logs serve to resist lateral and uplift (buoyant) forces, provide large-scale 
hydraulic roughness, catch floating woody debris for greater structure roughness and habitat 
complexity, secure slash and racking material that reduces the potential for piping of smaller 
sized ballast material from the structure’s interior core, and provide cribbing around the 
exterior of the structure to retain the ballast material. 

For the apex ELJs, bank deflector ELJs, and biorevetment, racked wood material of smaller 
diameter than the key logs will comprise the upstream and waterward external faces of the 
structures, giving them the appearance of a natural tangle of densely packed logs. The 
racking material functions to reduce piping of ballast materials from the interior of the 
structure, which if it occurs, may affect the stability of the structure. The racking material 
also absorbs the erosive forces of the impinging flow before it contacts the interior ballast 
material. 

For the apex ELJs, bank deflector ELJs, and biorevetment, layers of wood slash (small 
branches, limbs, and twigs) will be placed around the outside periphery of the structure at the 
interface of the interior ballast material and the exterior piles, key logs, and racking material. 
Slash will be placed with every layer of key logs and racking to fill voids between the racking, 
key logs, and piles. Slash acts as a curtain between the interior ballast material and the 
exposed key logs to keep the ballast intact by significantly limiting water piping into and 
through the structures until vegetation cover and associated root cohesion are established, 
extending from the planted areas on top and along the periphery of the structure. Racking and 
slash material is not proposed for the floodplain roughening because those structures are only 
intended to provide an increase in surface roughness and minor flow deflection in relatively 
low flow velocity areas. 

A key consideration in the design of the ELSs is the type and size of wood members to 
incorporate. The longevity of the piles, key logs, and racking logs largely depends on 
the diameter of the log, the tree species from which it is derived (as related to inherent 
strength and decay rate), and surrounding moisture conditions. In general, logs derived from 
coniferous trees will resist decay for longer periods than logs derived from deciduous trees. 
For key logs, Western redcedar (Thuja plicata) and Douglas-fir (Pseudotsuga menziesii) have 
relatively high longevity in comparison to other Pacific Northwest coniferous tree species and 
are therefore desirable species for key logs and racking logs to maximize their design life. 
Western redcedar logs have the highest resistance to decay. With the exception of the piles, 
the wood pieces that are inundated most or all of the time at the base of a structure will be 
much more resistant to decay than wood members that experience wet and dry cycles at 
higher elevation (above seasonal flooding) in the structure. During construction, attempts 
should be made to preferentially incorporate Western red cedar key logs at and above the low 
flow waterline, with Douglas-fir logs placed below the elevation where wetting and drying 
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typically occurs. Piles will be unused, untreated Pacific coast Douglas-fir round timber piles 
and will conform to ASTM D-25, which is the standard specification for tapered round timber 
piles. 

A large quantity of red alder (Alnus rubra) and black cottonwood (Populus trichocarpa) 
trees will be removed as part of the levee removal and setback work. These species are 
relatively more decay-prone than Pacific Northwest coniferous tree species, but they may be 
incorporated into the structures as racking material. Up to 50 percent of the racking material 
composed of deciduous tree species is strategically allowed on the face of the completed 
structures because it is expected that natural wood recruitment will replace the decayed 
racking material over time. 

Based on six test pits and three “scrapings” completed by King County (King County 2012), the 
existing levee prism generally consists of White River dredge spoils. These spoils primarily 
consist of well-graded gravel with numerous cobble and occasional boulders. This material is 
suitable for use as log ballast material placed in the interior core of the apex ELJs and bank 
deflector ELJs because it is large enough to be retained within the structure by the key logs, 
racking logs, and slash material. Spoils locally excavated at the ELJ sites may contain fine-
grained, saturated wetland soils. These soils are not suitable for ballast, as they can easily 
flow or be eroded out of the structure; however, they can be placed around the periphery of 
the large gravel bars following placement of the levee spoils and are suitable for supporting 
vegetation growth atop the structures. Topsoil and mulch will be placed over the top of 
the log ballast material in the apex and bank deflector ELJs, which will then be planted 
with native trees and shrubs to provide root cohesion for additional long-term erosion 
protection and associated stability. Log ballast material for the biorevetment and floodplain 
roughening will consist of locally excavated floodplain soils. A small number of the “shingled” 
biorevetment structures (described below) will incorporate levee spoils for log ballast. If 
needed to sustain new plantings over the biorevetment, the top 12 inches of backfill material 
will be amended by tilling in fine compost prior to native plant installation. 

Small Apex ELJ Structure 
Three small apex ELJs (ELJs 1, 2, and 3; see drawing sheets WS1, WD3, and WD4 in 
Attachment A) will be constructed in the wetted portion of the north end of the wetland 
near the upstream terminus of the levee removal extents (Figure 1). To avoid impeding flow 
into the wetland and to provide sufficient sight distance for recreational users, the ELJs will 
be located approximately 300 to 550 feet downstream of the new floodplain inlet, within the 
middle of a relic channel aligned through the wetland. The primary function of ELJs 1, 2, 
and 3 is to enhance aquatic and riparian habitat by directly interacting with flow as it enters 
the relic channel from the northwest and by splitting flow into multiple channels, thereby 
creating a diversity of channel complexes that will encourage gravel bar and mid-channel 
island formation. The spacing between the small apex ELJs varies from approximately 100 to 
200 feet and is set to limit the width of the channel that could develop between them. As 
flow enters the relic channel and engages the upstream-most ELJs (ELJs 1 and 2), flow will 
likely split into three separate channels. Flow that passes between ELJs 1 and 2 will then 
engage ELJ 3, causing it to either split or be deflected to either side of ELJ 3, where it may 
coalesce with flow that has split around the outside of ELJs 1 and 2, or continue downstream 
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as a separate channel toward the biorevetment. Other functions of ELJs 1, 2, and 3 are to 
diffuse flow energy as it approaches the downstream biorevetment, provide large-scale 
hydraulic roughness within the wetland to slow flow velocities, provide pool habitat and 
substrate for benthic communities, and provide opportunities to retain and stabilize naturally 
occurring large wood transported into or recruited from the setback area. 

The wooded face of ELJs 1, 2, and 3 will be approximately 16 feet tall and 55 feet wide, 
with a gravel bar over 40 feet long constructed on the downstream side of the structure. 
The tops of the ELJs will protrude approximately 1 to 3 feet above the highest predicted 
100-year flood elevations occurring within the setback area over the life of the project. These 
structure heights are based on results of the project hydraulic modeling for the various post-
construction scenarios (Herrera 2012). ELJs 1, 2, and 3 will each be anchored with 13 timber 
piles embedded 30 feet below the existing channel grade at the location of each ELJ. As 
described later in this memorandum, that depth is determined to be sufficient to resist 
displacement of a pile due to scour during the design flood event. Flow will likely engage 
ELJs 1, 2, and 3 from either directly upstream (i.e., perpendicular to the upstream face) or 
from some slight oblique angle; therefore, the wooded face of these ELJs will accommodate 
approximately 110 degrees of possible angle of flow. 

Large Apex ELJ Structure 
One large apex ELJ (ELJ 4, see Figure 1 and drawing sheets WS2, WD1, and WD2 in 
Attachment A) will be constructed in the wetted portion of the wetland approximately 
80 feet downstream and to the southwest of the upstream-most bank deflector ELJ (ELJ 5, 
see Figure 1 and drawing sheet WS2 in Attachment A). The primary function of ELJ 4 will be 
to interact with flow that is deflected away from the biorevetment and setback levee by 
ELJ 5, and deflect this flow westward into the interior of the wetland and away from the 
biorevetment and setback levee. The spacing between ELJs 4 and 5 is set at approximately 
75 feet to limit the width of a channel that could develop between them so that if the entire 
mainstem river channel flow eventually occupies the wetland, only one-third to one-half of 
the flow would pass between ELJs 4 and 5, with the remainder of flow deflected away from 
the setback levee. Other functions of ELJ 4 are to provide a natural, erosion-resistant hard 
point within the wetland to diffuse flow energy, reduce the likelihood of flows becoming 
fixed along the left (east) bank of the wetland, split flows to create multiple complex 
channels that enhance aquatic habitat, provide large-scale hydraulic roughness to reduce flow 
velocities within the wetland, encourage new side channel formation within the setback area, 
provide pool habitat and substrate for benthic communities, and provide opportunities to 
retain and stabilize naturally occurring large wood transported into or recruited from the 
setback area. 

The wooded face of ELJ 4 will be approximately 17 feet tall, 90 feet wide, and 40 feet long, 
and there will be a 50- to 55-foot-long gravel bar constructed downstream of the structure. 
The top of the ELJ will protrude approximately 1 to 2 feet above the highest predicted 
100-year flood elevation occurring within the setback area after construction as determined 
by the results of the hydraulic modeling for the various geomorphic response scenarios 
(Herrera 2012). ELJ 4 will be anchored with 28 timber piles embedded 38 feet below the 
bottom of the structure. As described later in this memorandum, that depth is determined to 
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be sufficient to resist displacement of a pile due to scour from larger flood events. Given 
the high variability in the direction of flow ELJ 4 may encounter from upstream, the wooded 
face of the structure will accommodate approximately 180 degrees of possible angle of flow 
to maximize effectiveness in influencing flow and to help protect the structure’s backfill 
material from erosion. However, erosion of some of the backfill material is possible given 
the structure’s exposure to erosive flows originating from many directions. Therefore, the 
key logs will be fastened to the piles using high strength galvanized steel cable or chain to 
prevent the structure from destabilizing if some of the structure’s backfill material is eroded. 
This is necessary to ensure the architecture and function of this critical structure remains 
intact. 

Bank Deflector ELJ Structure 
Four bank deflector ELJs (ELJs 5, 6, 7, and 8; see Figure 1 and drawing sheets WS2, WD5, 
and WD6 in Attachment A) will be constructed between units of the biorevetment. ELJ 5 
(described above under Large Apex ELJ Structure) will be constructed along the eastern edge 
of the wetland, upstream of ELJ 4 at a location along the bank that protrudes slightly into the 
wetland. ELJs 6, 7, and 8 will be constructed immediately adjacent to the east-west oriented 
segment of the setback levee (approximately 1,500 feet south of the King County/Pierce 
County boundary line) and will be spaced approximately 200 feet apart. The primary function 
of ELJ 5 is to deflect flow away from the setback levee and into ELJ 4, which further deflects 
flow away from the setback levee. The primary function of ELJs 6, 7, and 8 is to deflect flow 
away from the setback levee and back towards the middle of the wetland, thereby precluding 
flow from becoming fixed in position along the levee and biorevetment, and buffering the 
levee from erosive flow conditions. Other functions of ELJs 5, 6, 7, and 8 are to retain wood 
in their stable jam formations and allow for the retention of naturally occurring wood, that is 
transported past the upstream ELJs, provide large scale hydraulic roughness to reduce flow 
velocities and encourage sediment deposition in the wetland, provide habitat by creating 
pools, provide substrate for benthic communities, and provide a foundation for riparian 
vegetation growth. 

Each bank deflector ELJ will be composed of two individual structures: a main structure and 
a side structure. The main structure will be approximately 82 feet long along its waterward 
face and will be positioned between adjoining biorevetment structures on the upstream and 
downstream sides (upstream side only for ELJ 5). The wooded face of the main structure will 
be approximately 18 to 19 feet tall, with the lower half of the main structure being the same 
height as the adjoining biorevetment structure. The side structure will be positioned between 
the side-slope of the setback levee and the upstream side of the main structure, and will be 
constructed over the top of the upstream adjoining biorevetment such that the side structure 
and the upper half of the main structure are at the same elevation. The top of the ELJ will 
protrude approximately 2 to 3 feet above the highest predicted 100-year flood elevation 
occurring within the setback area after construction as determined by the results of the 
hydraulic modeling for the various geomorphic response scenarios (Herrera 2012). Backfill 
material will extend from the piles to the waterward face of the levee. Each main structure 
will be anchored with 27 piles embedded 28 feet below the bottom of the structure. Each side 
structure will be anchored with three to four piles (depending on the structure) embedded  
 



 

February 2014 

Engineered Log Structures Design and Analysis Technical Memorandum—White River 11 

15 feet below the top of the adjoining biorevetment. As described later in this memorandum, 
these pile embedment depths were determined to be sufficient to resist displacement of a pile 
due to scour during the design flood event. 

Biorevetment Structure 
The biorevetment will be constructed along the entire length of the western edge of the 
terrace bordering the floodplain/wetland area (see Figure 1 and drawing sheets SP1-SP3, 
WD7, and WD8 in Attachment A). The primary function of the biorevetment is to maintain 
a permanent hydraulic barrier to channel migration between the existing wetland boundary 
and the setback levee. The surface roughness of the structure will reduce flow velocities and 
channel shear stresses along the bank, prevent erosive flow from contacting the setback 
levee, and prevent channel migration into the riparian buffer toward the setback levee. The 
biorevetment will be composed of multiple, 40-foot-long, 10-foot-tall structures anchored 
with four timber piles each, embedded 30 feet below the bottom of the structure. As 
described later in this memorandum, that depth is determined to be sufficient to resist 
displacement of a pile due to scour during the design flood event. The orientation of the 
key logs in each structure will form an irregular face that deflects flow away from the bank 
and inhibits flow from becoming fixed along the bank. The biorevetment will also provide 
opportunities to accumulate naturally occurring large wood during floods, which would 
further deflect flows away from the bank. Additional naturally occurring wood accumulations 
in proximity to these structures will enhance their function to buffer erosive flows. 

Much of the biorevetment is aligned outside of the wetland boundary and, to the extent 
possible, will be constructed outside of wet areas to minimize temporary construction 
impacts to the wetland, minimize the placement of permanent fill in the wetland, and 
to simplify construction. Several mature black cottonwood trees, cheery trees, red alder 
trees and Douglas-fir trees are located along the top of the wetland edge where the 
biorevetment will be constructed. To preserve most of these trees and to prevent damage 
during construction, approximately nine biorevetment structures will be positioned in the 
wetland, waterward of the trees. The next downstream biorevetment structure will then 
be positioned well into the bank on the opposite side of the tree. This configuration of 
“shingling” the biorevetment units will provide continuous bank protection while preserving 
and minimizing disturbance to these mature trees. 

Floodplain Roughening  
Floodplain roughening will be placed between the biorevetment and the setback levee (see 
Figure 1 and drawing sheets FR1, FR2, and WD9 in Attachment A). Earthen berms (hummocks) 
that are 4 feet tall and 20 to 40 feet wide will be aligned to deflect shallow floodplain flows 
back into the wetland. Three types of small wood clusters and live cottonwood boles will also 
be installed into the berms. The primary functions of the floodplain roughening are to deflect 
erosive flows away from the setback levee, reduce the likelihood of flows becoming trapped 
behind the biorevetment, and discourage concentrated flow on the floodplain surface that 
might compromise the setback levee or the biorevetment. Other functions include trapping 
small wood debris and providing riparian habitat diversity and complexity in the floodplain. 
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Design Calculations 
Design calculations must be completed to ensure the ELSs are stable during the design flow 
event. Specifically, the ELSs are designed to be stable against lateral forces resulting from 
hydraulic drag and earth surcharges (due to backfilling) when subjected to maximum possible 
scour and vertical buoyant forces and when the structure is submerged during the design 
flood event. Design calculations were completed for the ELSs to evaluate the maximum 
potential scour, hydraulic drag, earth surcharges, and buoyancy. Design calculations were also 
completed to evaluate the strength and stability of the timber piles for each ELS type when 
subjected to the maximum potential scour, hydraulic drag, and earth surcharge for the design 
flood event. These detailed calculations are included in Appendices B, C, and D. The results 
of the calculations and the design assumptions and criteria considered for the ELS design are 
summarized below.  

Design Assumptions and Criteria 
The following design assumptions and criteria were established to complete the design 
calculations: 

1. The pile analysis for the apex ELJs assumes a complete loss of backfill material from 
behind the piles such that the piles fully support the structure without earth pressures 
providing resistance to hydraulic drag forces. Implicit in this assumption is that the key 
logs are subjected to hydraulic drag and thus transfer the drag forces to the piles that 
they are in contact with. The weight of upper layer logs resting on lower layer logs 
increases the friction between them, which also helps to transfer drag forces from 
the horizontal key logs placed across the piles directly to the piles. In addition, 
backfill material placed to ballast the logs will be sloped away from the piles such 
that the piles do not act to retain the backfill material, and thus are not subjected 
to earth pressures from the backfill. In addition, the apex ELJs will potentially grow 
in size by accumulating naturally occurring large wood that is transported into the 
wetland/floodplain area, which will potentially increase the hydraulic drag on the 
structures as they grow. 

2. The pile analysis for the bank deflector ELJs assumes no loss of backfill material from 
behind the piles because the structures will be built into the side slope of the setback 
levee, and the piles are designed to retain the backfill material and are thus subjected 
to earth pressures. 

3. Pile stability for the apex ELJs and biorevetment was evaluated in accordance with the 
2005 National Design Specification (NDS) for Wood Construction Load and Resistance 
Factor Design (LRFD) standards for round timber piles (AWC 2005). 

4. Pile stability for the bank deflector ELJs was evaluated in accordance with the 2010 
American Association of State Highway and Transportation Officials LRFD Bridge Design 
Specifications (AASHTO 2010). 

5. The maximum flow depth and velocity predicted to occur within the wetland/ 
floodplain area during the design flood event was used to complete scour and pile 
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analyses. Flow data was based on results from the two-dimensional hydraulic modeling 
for various post-construction scenarios developed under Tasks 200.8 and 200.9 of this 
project (Herrera 2012). The proposed condition assumes a full mainstem avulsion into 
the wetland/floodplain area occurring at the north end of the wetland/floodplain area 
near the upstream terminus of the levee removal extents. Under these conditions all 
ELSs would be subjected to mainstem flow conditions. 

6. A minimum factor of safety (FS) value of 2.0 against structure buoyancy was used. 

7. Geotechnical data developed by King County (2012) was used as input data for the 
pile analysis and to refine the log structure designs (see County Line to A Street 
Recommended L-Pile Parameters in Attachment C). 

Scour Analysis 
Undermining of the ELSs due to erosion of the surrounding alluvium and structure backfill 
(i.e., scour) is a significant threat to long-term structure stability and performance. The 
structures are designed to engage fast-moving water, which will result in scour of at the base 
of the structures. If one or more of the structures is undermined by scour, displacement or 
fracturing of the piles and loosening of the logs attached to the piles could occur, triggering 
breakup of the structure mass and potential loss of structure performance. Thus, a scour 
analysis was completed to support determination of pile embedment depths that would 
prevent displacement or loss of piles in a scour event. 

The maximum probable scour depth that may occur at the ELJs and along the biorevetment 
when subjected to the design flood event was calculated. The large and small apex ELJs were 
evaluated for pier scour because they function similarly to bridge piers in that they will be 
located entirely within the wetted channel, they will cause flow to spilt around them, and 
they will develop scour holes around the waterward face similar in pattern to those that 
develop around bridge piers. The bank deflector ELJs and biorevetment were evaluated for 
abutment scour because these structures will be constructed into the channel banks and 
will be similar in geometry to, and function as bridge abutments; they will protrude into the 
channel from the bank with a large upstream-facing surface, and scour holes are expected 
to develop around the protruding portion of the structure similar in pattern to those that 
develop around bridge abutments. 

For each ELS type included in the scour analysis (i.e., apex and bank deflector ELJs and the 
biorevetment), multiple scour calculations were completed using industry standard pier and 
abutment scour equations to develop a range of probable scour depths. For each ELS type, 
the average scour depth was then considered in the pile analysis described below. The 
equations consider the following parameters to calculate scour: size and shape of the 
obstruction (i.e., the structure), obstructed and unobstructed channel width, flow depth 
and velocity at and upstream of the obstruction, the flow angle of approach at the structure 
location, median diameter of bed material (d50), the size of bed material for which 95 percent 
is smaller (d95), and various coefficients and correction factors that account for the structure 
porosity, shape, and location along a channel bend. Scour was calculated for the apex and 
bank deflector ELJs and the biorevetment using the highest velocity value simulated within 
the setback area based on results from the two-dimensional hydraulic modeling for various 
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post-construction scenarios (Herrera 2012). Typically, scour is calculated using an “approach 
velocity” value without an obstruction (i.e., an ELJ) present; however, all hydraulic modeling 
in the setback area was completed with the ELJs in place. Therefore, the highest velocity 
values occurring several hundred feet upstream and downstream of the ELJs in the setback 
were used to evaluate scour because they more closely mimicked flow conditions not 
influenced by the ELJs and would thus result in more realistic scour depths. 

Results of the scour analysis are summarized in Table 1. A detailed summary of the scour 
calculations including input parameters is included in Attachment B. The average scour values 
reported in Table 1 were used in the pile analysis described below. 

Table 1. Results of the Scour Analysis for the ELJs and Biorevetment For the Design 
Flood Event. 

Scour Equation 

Maximum 
Scour at Large 

Apex ELJ 
(ft) 

Maximum 
Scour at Small 

Apex ELJ 
(ft) 

Maximum 
Scour at Bank 
Deflector ELJ 

(ft) 

Maximum 
Scour at 

Biorevetment 
(ft) 

Johnson and Torrico (FHWA 2001) 24.5 24.3 N/A N/A 

Modified Froehlich (Fischenich and Landers 
2000) 

17.5 13.4 N/A N/A 

Simplified Chinese Equation (Chase and 
Holnbeck 2004) 

15.9 12.6 N/A N/A 

Modified Froehlich (FHWA 2001) N/A N/A 19.6 13.1 

Gill (1972) N/A N/A 14.8 11.4 

Liu (Liu et al. 1961) N/A N/A 19.2 12.2 

Average Maximum Probable Scour 
Estimated with Applicable Equations 

(rounded to nearest foot) 

19 17 18 12 

N/A – not applicable 
 

Pile Analysis 
The timber piles for the ELSs are engineered to resist failure in bending and shear due to 
lateral loads while subjected to the maximum probable scour. Lateral loads include hydraulic 
drag forces applied to the structure due to the flow impinging on the structure, or earth 
pressure loads due to backfilling the structure up against the piles. Both of these load types 
will be transferred to the piles so that the piles provide the primary means of stability and 
resistance to the forces. 

Apex ELJs and Biorevetment 
Determining the necessary number of piles and their embedment depth to support the apex 
ELJs and the biorevetment during the design flow event required a pile analysis using a three-
step process. The steps included the following: 

 Step 1 - Calculate the hydraulic drag force applied to the structure. 
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 Step 2 - Calculate the bending moment and shear forces on the piles based on the 
calculated hydraulic drag force using the industry standard program LPile, with inputs 
that included an assumed pile diameter, taper, length, and embedment depth; the 
calculated maximum scour depth (see Table 1); and subsurface geotechnical data 
provided by King County (2012) (LPile parameters). 

 Step 3 - Use the results from the LPile analysis to complete calculations to determine 
the ratio of factored resistance to factored load for bending and shear stresses based 
on the 2005 National Design Specification (NDS) for Wood Construction Load and 
Resistance Factor Design (LRFD) standards for round timber piles (AWC 2005). 

If any of the ratios calculated in Step 3 for the apex ELJs and the biorevetment were less 
than 1.0, then Steps 1 through 3 were completed again by either increasing the number of 
piles per structure (to reduce the unit force applied to each pile) or by increasing the pile 
embedment depth. This process was iteratively completed until the ratio was equal to or 
greater than 1.0. Results of the pile analysis for the apex ELJs and the biorevetment are 
summarized in Table 2 below. Detailed input and output data for the pile analysis are 
included in Attachment C. 

The timber piles supporting the apex ELJs and the biorevetment are engineered to resist the 
hydraulic drag forces applied to the structure during the design flow. Drag forces were 
calculated using the standard hydraulic drag equation: 

FD=CD*AD*(ρ*V100
2/2) 

Where: FD = the force due to hydraulic drag that is transferred to the piles 

 CD = the coefficient of drag on the structure (apex ELJs) or logs (biorevetment) 

 AD = the upstream projected surface area of the structure that is subjected to 
flow 

 ρ = the density of water 

 V100 = highest flow velocity simulated within the setback floodplain area near the 
structures during the 100-year recurrence flood based on results from the 
two-dimensional hydraulic modeling for various post construction scenarios. 
This is also the same velocity value used to calculate the maximum 
probable scour reported in Table 1. 

For the apex ELJs, AD was calculated based on the maximum modeled flow depth near the 
structures during the design flood event. For the purposes of calculating drag forces for the 
biorevetment, the direction of flow was assumed to be parallel to the structure (i.e., parallel 
to the bank) and to overtop the structure; therefore, only the area of the logs projecting 
from the bank beyond each pile was considered when calculating AD. Details of the hydraulic 
drag calculations for the apex ELJs and biorevetment are included in Attachment C. Drag 
forces were assumed to be transferred to and distributed uniformly to all piles in the 
structure. Drag forces used to develop unit drag forces per pile (for use in LPile) were 
assumed to be point loads applied at a height equal to 60 percent of the flow depth at the 
structure before scour occurs, which is the distance above the channel bed where the average 
flow velocity occurs. 
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To complete bending moment and shear force calculations for the apex ELJs and 
biorevetment, the LPile program required inputs for the subsurface conditions representative 
of where the piles will be installed, regardless of how they are installed. King County 
provided geotechnical data developed specifically for inputting into LPile, which is included 
in Attachment C. Specifically, King County developed LPile input parameters for subsurface 
conditions based on three test borings completed as part of the geotechnical investigation for 
this project (King County 2012). LPile parameters were developed based on borings KCB-7, 
KCB-13, and KCB-15. King County used boring KCB-7 to develop conservative LPile parameters 
that are assumed to be representative of soil profile conditions along the biorevetment 
alignment. In general, boring KCB-7 indicated underlying soils consisting of layers of loose 
to medium dense sand, silt, and soft peat/clay to a depth of about 28 feet below ground 
surface (bgs). Below 28 feet, medium dense sand with silt was generally encountered to the 
termination depth of the boring at 61.5 feet bgs. King County used boring KCB-13 to develop 
conservative LPile parameters that are representative of the soil profile conditions within 
the wetland where the apex and bank deflector ELJs will be located. In general, KCB-13 
indicated underlying soils consisting of very loose to loose sand to about 8 to 10 feet bgs, 
followed by layers of medium dense to dense poorly graded sand with silt, and gravel with 
sand and scattered cobble to about 40 feet bgs. Below 40 feet bgs, layers of medium dense to 
dense sand with silt and silty sand were encountered to the termination of the boring at 
66.5 feet bgs. King County used KCB-15 to develop conservative LPile parameters that are 
representative of the soil profile conditions along the existing levee; however, these 
parameters were not used in LPile because no ELSs will be located along or near the existing 
levee. 

For the apex ELJs and biorevetment, the 2005 NDS LRFD design standards and adjustment 
factors for Pacific coast Douglas fir round timber piles were used to calculate factored 
resistances of the piles (i.e., the pile’s ultimate capacity to resist an applied load). Outputs 
from the LPile analysis used to calculate the factored resistance of the pile to bending 
moments and shear forces included the maximum bending moment, the applied shear force 
(i.e., the unit drag force per pile), and the vertical distance below the pile head (i.e., where 
the unit shear force is assumed to be applied) to where the maximum bending moment 
occurs. These values were used to calculate actual bending and shear stresses in the pile. 
These stresses were then multiplied by the appropriate adjustment (resistance) factors 
to determine a conservative bending or shear stress value that the pile could resist. 
The adjustment factors consider the load type (bending or shear), duration of the load, 
temperature, pile treatment and size, and pile clustering. The actual calculated bending and 
shear stresses were also multiplied by a hydraulic load factor of 1.0 per American Association 
of State Highway and Transportation Officials (AASHTO) 2010 recommendations. These 
factored resistances were then compared to the factored loads. If the ratio was equal to or 
greater than 1.0 for the apex ELJs and the biorevetment, then the pile design was considered 
adequate to support the anticipated unit drag force. Results of the pile analysis for the apex 
ELJs and the biorevetment are summarized in Table 2. Detailed input and output data for the 
pile analysis are included in Attachment C. 
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Bank Deflector ELJs 
The timber piles supporting the bank deflector ELJs are designed to resist the earth pressures 
created by the log ballast material placed behind the piles rather than the hydraulic drag 
forces applied to the structures. CivilTech Engineering (CivilTech, as subconsultant to 
Herrera) completed the pile analysis for the bank deflector ELJs. During CivilTech’s analysis, 
they discovered the earth pressures would be far greater than the hydraulic drag forces on 
these structures. As a result, the piles were designed to resist the bending and shear stresses 
imposed on the pile from the deflector ELJ structure backfill. CivilTech’s pile analysis 
was performed in accordance with AASHTO Bridge Design Specifications (AASHTO 2010) for a 
Strength 1 load case with maximum scour (100-year flood event), which includes guidelines 
for applying various load and resistance factors to the pile analysis for this design condition. 
Geotechnical parameters were taken from, or developed based upon, King County’s 
geotechnical data (King County 2012). CivilTech’s analysis was based on the following 
assumptions: 

 The maximum probable scour of 18 feet will occur at each pile. 

 The horizontal key logs extending into the backfill, by virtue of how they are 
interlocked with the horizontal logs placed between piles, will act as soil anchors to 
provide resistance to the earth pressures. 

 The structure’s backfill material will be compacted to 90 percent dry density. 

 Backfill will consist of poorly graded gravel and sand as reported in geotechnical 
boring KCB-15 (typical levee spoils). 

The results of CivilTech’s pile analysis for the bank deflector ELJs are included in Table 2 
below. Detailed calculations of the pile analysis for the deflector ELJs are included in 
Attachment C. For this analysis, a ratio of factored resistance to factored load for bending 
stresses of 0.9 or greater for the bank deflector ELJs was considered acceptable for the 
following reasons: 

1. Maximum scour is not anticipated to occur along the entire length of the bank 
deflector ELJs or at every pile; therefore, some redistribution of the load from piles 
with more scour to neighboring piles with less scour will occur. This load redistribution 
was conservatively omitted from the calculations. 

2. Using the LRFD methodology, the load factor for lateral earth pressure is 1.5 and the 
passive pressure is divided by 1.33, which results in a safety factor of 2.0 on stresses 
and stability of the bank deflector. This is very conservative, given the 100-year flood 
event load case. 

3. The ratio of factored shear resistance to factored shear load is greater than 1.0. In 
addition, the overall stability of the structure has a ratio greater than 1.0. The failure 
mode of the structure, which is similar to a timber cribbing retaining wall type 
structure, is typically due to instability or shear failure. Since both ratios are greater 
than 1.0, the structure was deemed stable for the load case. 
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4. The soil-structure interaction is conservatively not accounted for in the analysis by not 
accounting for the stiffness of the soil. If the soil-structure interaction calculations 
were included in the analysis, the calculated moment and shear due to lateral earth 
pressures on the pile would be lower. This is because the stiffness of the soil combined 
with the stiffness of the piles will significantly increase the stiffness of the entire 
structure. The combined soil-pile stiffness is expected to result in less deflection than 
calculated. 

Table 2. Results of the Pile Analysis for the ELJs and Biorevetment for the Design 
Flood and Scour Event. 

Pile Design Component 

Ratio of Factored Resistance to Factored Load 

Large 
Apex ELJ 

Small 
Apex ELJ Bank Deflector ELJ Biorevetment 

Minimum Requirement for Bending and Shear 1.0 1.0 0.9 (Main Structure) 
1.00 (Side Structure 

1.0 

Calculated Ratio for Bending 1.23 1.46 0.92 (Main Structure) 
3.80 (Side Structure 

1.02 

Calculated Ratio for Shear 12.94 12.89 1.67 (Main Structure) 
7.96 (Side Structure) 

6.28 

                Pile Design Requirements 

Number of Piles Per ELS 28 13 27 (Main Structure) 
4 (Side Structure) 

4 

Pile Embedment Depth Below Existing Channel 
Grade 

38 feet 30 feet 28 feet 30 feet 

 

Buoyancy Analysis 
Logs placed in an ELS become buoyant when exposed portions of the logs are inundated and 
when water infiltrates into the interior core of the structure and saturates the log ballast 
material surrounding the embedded portion of the logs. Logs that are adequately ballasted 
will resist the buoyant forces that could otherwise act to destabilize the structure. To 
determine the minimum depth of ballast needed to resist buoyant forces on a submerged 
structure (with an FS value of 2.0), a buoyancy analysis was completed for each structure 
type. Structure buoyant forces were calculated by determining a resultant upward vertical 
force on all submerged key logs and racking logs, a resultant downward vertical force caused 
by the weight of the key logs and racking logs, and a resultant downward force caused by the 
ballast placed over the key logs within the interior core of the structure. The calculations 
were performed assuming all key logs and racking logs in a structure are submerged, and 
that the wood is unsaturated (dry) with a specific weight equal to approximately one-half of 
water. This conservatively simulates the condition of the wood when it is initially placed in 
the structure. Over time, much of the wood within the structure will become saturated, 
thereby increasing each log’s specific weight and increasing its overall weight and resistance 
to buoyancy. Therefore, over time, the FS value against buoyancy should increase above 2.0, 
assuming no loss of ballast over the key logs. 
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“Green” (partially saturated) logs generally have a specific weight of a few pounds per 
cubic feet more than unsaturated (dry) wood; therefore, the actual factor of safety against 
buoyancy resulting from using green logs in the structure would be slightly greater than 
2.0 immediately following installation. Even though the upper level logs may become dry 
following installation, over time the overall structure factor of safety against buoyancy will 
generally increase as the lower level logs become fully saturated and their specific weight 
eventually exceeds that of water due to continual submergence. To be further conservative, 
the buoyancy analysis did not account for future vegetation growth atop the structure that 
would add to the ballasting weight, and thus also counteract buoyancy. 

Results of the buoyancy analysis are summarized in Table 3 below. A detailed summary of 
the buoyancy calculations including input parameters is included in Attachment D. The values 
provided in Table 3 are the minimum depths of ballast that need to be placed over the 
exposed portion of the buried key logs in plan view. Small wedges of ballast located between 
superimposed logs are not accounted for in the buoyancy analysis, but will act to increase the 
FS value above 2.0. 

Table 3. Results of the ELS Buoyancy Analysis 

ELS Type 
Minimum Depth (feet) of Log Ballast Needed to Resist 

Buoyancy for a FS = 2.0 

Large Apex ELJ 4.6 

Small Apex ELJ 3.5 

Bank Deflector ELJ 4.0 

Biorevetment 4.5 

Floodplain Roughening Types 1, 2 and 3 3.0 

 

Pile Pullout and Cable/Chain Strength Analysis 
Key logs for the large apex ELJ will be fastened to the piles using 1/2-inch diameter high 
strength galvanized steel cable or 3/8-inch diameter hot-dipped galvanized grade 43 steel 
chain to prevent the structure from destabilizing if the backfill material is completely or 
partially eroded. The cable or chain will be protected from crushing and abrasion by the key 
logs protruding waterward from the piles and by the racking logs and slash. The galvanized 
coating is recommended for wet and corrosive environments to maximize its service life and 
to protect the cable or chain from oxidation. Most of the cable or chain will be used to fasten 
the upper two layers of logs (layers 6 and 7 of sheet WD2, Attachment A) and will not be 
submerged except only temporarily during extremely large floods and will thereby reduce the 
likelihood of the cable or chain corroding. 

By fastening the key logs to the piles, the structure’s buoyant forces are thus transferred 
to the piles. Therefore, the friction between the embedded portion of the piles and the 
surrounding earth must be great enough to resist the pullout forces exerted on the piles when 
the structure is submerged. The pullout capacity of the piles was calculated to determine 
how many piles must be fastened to fully resist the buoyant force of the structure when it 
is fully submerged with a FS value of 3.0, which is the FS value generally applied in pile 



 

February 2014 

20 Engineered Log Structures Design and Analysis Technical Memorandum—White River 

foundation design when determining a pile’s pullout capacity because of the variability in 
subsurface conditions and pile installation. The results are provided in Table 4. Detailed 
calculations are included in Attachment C. The result of this calculation indicated that a 
minimum of 16 of the 28 piles in the large apex ELJ must be fastened with cable to achieve 
the minimum FS value of 3.0. The calculation was conservatively completed assuming a 
minimum pile embedment depth for each pile due to scour at all piles. As scour reduces the 
pile embedment depth increases, which increases the pile friction surface and the factor of 
safety. Given the unique configuration of the key logs and piles in the large apex ELJ, 26 of 
the 28 piles will be fastened to provide a consistent level of protection against the structure 
from destabilizing if some of the ballast is eroded. Doing so also increases the FS value for 
pullout resistance. 

Table 4. Results of the Pile Pullout Analysis for the Large Apex ELJ. 

ELS Type 
Minimum Number of Piles to be Fastened to Resist Maximum 

Structure Buoyancy for a FS = 3.0 

Large Apex ELJ 16 

 
Calculations were completed to ensure the cable or chain fastening the key logs to the piles 
will be strong enough to resist failure when transferring the structure’s buoyant forces to the 
piles with a minimum FS of 2.0 for cable or chain failure. The calculations were completed 
assuming the structure buoyant force (the same buoyant force used in the pile pullout 
analysis) is uniformly distributed to each pile that will be fastened and to each lashing (if 
multiple lashings are necessary), that the cable or chain is lashed using a “saddle” lash with 
four loaded lengths per lashing, and that the cable breaking strength is reduced by 25 percent 
due to splices. No strength reduction was assumed for the chain because the strength of the 
connective hardware will be equal to or greater than the chain. The results of the calculations 
are provided in Table 5. Detailed calculations are included in Attachment C. The results of 
these calculations indicate that the FS value for cable failure using 1/2-inch diameter cable 
is 10.4, which is well above the minimum FS value of 2.0 required. The FS value for chain 
failure using 3/8-inch diameter chain is also calculated to be 10.4. Therefore, the breaking 
strength of each lashing will be at least 10.4 times greater than the maximum load applied to 
the lashing when the maximum buoyant force is transferred from the key logs to the piles. 

Table 5. Results of the Cable/Chain Strength Analysis for the Large Apex ELJ. 

Cable/Chain Breaking Strength 
(pounds) Cable/Chain Type and Size 

Number of Piles 
to be Fastened 

Calculated FS 
Value 

Cable: 26,600 Cable: IWRC, 6x19 galvanized 
EIPS,1/2-inch diameter 

26 10.4 

Chain: 20,000 Chain: 3/8-inch diameter, grade 43, 
hot-dipped galvanized 

26 10.4 
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CCONSTRUCTABILITY ISSUES AND OTHER ANALYSES 
The following discussion focuses on timber pile installation considerations and implications 
on ELJ stability due to the potential for the structures to grow in size via accumulations of 
naturally occurring large wood transported into the wetland/floodplain area. 

Pile Installation 
King County completed a Wave Equation Analysis of Pile driving (WEAP analysis) to assess 
pile driving feasibility for the biorevetment and apex ELJs (Attachment E). The analysis was 
completed to determine if the timber piles could be installed by traditional pile driving 
methods without overstressing the piles, or if alternative methods (i.e., pre-drilling with or 
without temporary casings) or pile types (i.e., steel H-piles) would be required to anchor the 
structures if the analysis showed that piles could be overstressed during driving operations. 
This analysis included completing a pile static capacity analysis for borings KCB-1 through 
KCB-12 to identify critical borings for pile driving that represented soil conditions along 
the setback levee and biorevetment and along the existing levee, then completing a WEAP 
analysis to evaluate stresses in the piles during driving operations using the subsurface 
conditions based on two critical borings. Boring KCB-5 was chosen as the critical boring for 
the biorevetment because it was located along the left bank of the setback area within 
the footprint of the proposed biorevetment. Boring KCB-11 was chosen as the other critical 
boring for the apex and bank deflector ELJs because it represents the most conservative (i.e., 
difficult constructability) conditions that could potentially be encountered when installing 
piles for these structures. 

Based on the results of King County’s WEAP analysis for KCB-5, it is expected that an 18-inch-
diameter tapered timber pile can be continually driven to depths between 25 and 45 feet 
below existing grade without overstressing the piles. Piles supporting the biorevetment 
are designed to be embedded 30 feet below the bottom of the structure, which roughly 
corresponds to the bottom of the wetland and not the top of the bank along the floodplain 
terrace; therefore, traditional pile driving methods are assumed to be applicable to the 
biorevetment design and are reflected in the cost estimate for biorevetment construction. 
Based on the results of King County’s WEAP analysis for KCB-11, an 18-inch-diameter tapered 
timber pile would likely be overstressed when attempting to drive to a 25-foot depth below 
existing grade due to the dense to very dense gravels and sands encountered in KCB-11. Thus, 
pre-drilling (prior to driving the pile) may be required in these soil conditions to reach design 
embedment depths beyond 25 feet below grade. Piles supporting the apex and bank deflector 
ELJs are designed to be embedded 28 to 38 feet below existing grade; therefore, pre-drilling 
is assumed to be necessary to install all the piles for these ELJs, and is reflected in the cost 
estimate for construction. 

King County’s WEAP analysis was completed before boring KCB-13 was completed. KCB-13 
is located within the wetland in the setback floodplain area; thus, its subsurface conditions 
are more likely representative of those anticipated to be encountered when installing 



 

February 2014 

22 Engineered Log Structures Design and Analysis Technical Memorandum—White River 

piles for the apex and bank deflector ELJs than KCB-11. Therefore, at Herrera’s request, 
subconsultant URS Corporation (who also assisted with geotechnical analysis of the setback 
levee) qualitatively assessed potential problems associated with driving timber piles for ELJs 
located within the wetland area based on KCB-13 and verified that pre-drilling would be a 
required and feasible means for pile installation (M. McCabe, Senior Geotechnical Engineer, 
URS Corporation, personal communication [email correspondence], November 9, 2012). Their 
assessment is summarized below. 

The log of boring KCB-13 shows an upper 7 feet of loose, silty sand followed by dense granular 
soils that ranged from silty sand to poorly graded gravel with numerous cobbles and occasional 
boulders in the depth range of interest. The N-values for the dense sands range from about 
25 to 56 blows per foot. In the gravel layer from 10 to 20 feet depth below grade, the N-values 
are from 30 to more than 100 blows per foot. While KCB-13 is the only boring drilled in the 
wetland, it is possible that the conditions found in that boring, or conditions possibly more 
unfavorable, could be found elsewhere in the wetland. 

The presence of the dense gravel layer with cobbles and occasional boulders in KCB-13 
represents a risk to successfully drive piles for the apex and bank deflector ELJs. Therefore, 
the following recommendations should be implemented to install piles for the apex and bank 
deflector ELJs: 

 The pile installation contractor should be prepared to pre-drill the pile location to 
within 2 feet of the planned tip elevation. The diameter of the pre-drill should be 
approximately the diameter of the timber pile tip or slightly larger. Pre-drilling at 
every pile location may not be necessary, but it will likely be required at enough 
locations (i.e., potentially 50 percent or more of the piles for each structure) that 
planning to pre-drill each pile is prudent. 

 The piles should have steel tips/points for protection during driving. Even with 
pre-drilling, cobbles may migrate back into the driving alignment and cause damage to 
the pile or increase the driving resistance to the point where reaching the intended 
embedment is not possible. 

If the piles cannot be driven to within 80 to 90 percent of their intended embedment, then 
the piles will need to be installed via casing and drilling whereby a shaft is drilled through the 
alluvium to the pile tip elevation using temporary steel telescoping casing, installing the pile 
into the shaft and then backfilling the shaft with spoils. An alternative to casing and drilling 
will be to install additional piles with a higher tip elevation to compensate for not reaching 
the intended embedment. The number of additional piles needed would be determined during 
construction on a case-by-case basis and would depend on how many piles do not reach the 
intended embedment and by how much. The construction budget for pile installation should 
have a contingency to account for the potential of requiring some casing and drilling and 
some additional piles installed. The contract plans and/or specifications should also include 
language stating that additional piles may be required or that piles shall be installed via 
casing and drilling if the intended embedment is not reached. 
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Analysis of Large Wood Accumulation on the Apex ELJs 
King County (2011) completed a large wood budget assessment to develop estimates of 
1) the transport of large wood into the setback floodplain area from upstream source areas, 
2) changes in large wood storage in the wetland/floodplain area following construction 
of the project, and 3) the potential recruitment and transport of large wood from the 
wetland/ floodplain area to river reaches downstream of the project site. The purpose of 
the assessment was to help guide the project team in evaluating project-related hazards and 
risks and to help guide the design of the various project components including the ELSs (King 
County 2011). The assessment was completed with the conservative assumption that the 
entire flow of the White River completely avulses into the wetland/floodplain area within 
the first year following construction and prior to establishment of floodplain vegetation. 
The results of hydraulic modeling for conditions immediately after construction indicate that 
approximately half of the 100-year peak flow (i.e., nearly 8,000 cfs) would enter the wetland 
area; therefore, the above assumption represents a conservative scenario in which large wood 
inputs to the wetland/floodplain area reaches the highest possible rate. 

Based on the results of the assessment, the White River will likely deliver a substantial 
quantity of large wood to the wetland area. Of relevance to the design of the ELSs is the 
effect on the structural stability of accumulations of additional naturally occurring large 
wood on the structures. Large wood transported into the wetland/floodplain area can 
reasonably be assumed to accumulate on any of the apex ELJs, as these structures are 
strategically positioned to intercept primary flow paths and are designed to capture, retain, 
and temporarily stabilize large wood as it accumulates on a structure. Results from King 
County’s large wood budget assessment indicate that roughly 80 percent of the large wood 
entering the project site will be less than 30 centimeters (cm) (12 inches) in diameter, with 
only 5 percent estimated to exceed 80 cm (31 inches) in diameter, and that one-third of the 
large wood will be 1 to 8 meters (3 to 25 feet) long, one-third will be 8 to 16 meters (25 to 
50 feet) long, and one-third will be 16 to 31 meters (50 to 100 feet) long. In addition, many 
of the longer wood pieces will likely break as they are transported downstream, which will 
increase the percentage of shorter pieces and decrease the percentage of longer pieces 
transported into the setback floodplain area and onto the apex ELJs. Therefore, the size 
of the majority of large wood that might accumulate on the ELJs is relatively small and is 
comparable in size to the racking material that will be installed in the structures during 
construction. The dearth of large wood capable of functioning as key members in the 
formation of naturally occurring logjams is primarily due to the close spacing and large size 
of the natural logjams found within reaches upstream of the project site that prevent about 
90 percent of the large wood entering the White River from reaching the project area (King 
County 2011). However, there are several large cottonwood trees that will remain on the 
existing levee at the inlet to the wetland that could be recruited into the wetland during the 
first moderately sized flood event and accumulate on the apex ELJs. 

Given that the apex ELJs might accumulate some additional large wood along their upstream 
faces, additional pile analyses were completed to evaluate the stability of the apex ELJs in 
the event the accumulations extend laterally beyond the periphery of the as-built structure 
for the entire height of the structure. This could increase the hydraulic drag above the drag  
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calculated for the as-built structure. Although the likelihood of this condition occurring is 
low, as described below, this condition presents a basis for performing an analysis for a worst-
case condition. 

Accurately predicting an increase in the projected surface area of the ELJs (in the direction 
of flow) due to large wood accumulations is difficult given the high uncertainty of how 
and when the wood accumulates, the large range in size and condition of wood, and the 
stochastic nature of future flood events delivering large wood inputs to the wetland/ 
floodplain area; therefore, the additional pile analyses evaluated how the stability of the as-
built ELJs are affected by increasing the projected surface area of the structures until the 
ratio of factored resistance to factored loads is less than 1.0. For this analysis, the projected 
surface area of the as-built apex ELJs was increased by 20 feet and 40 feet. This represents 
an increase in width of 25 percent and 50 percent, respectively, for the large apex ELJ, and 
an increase in width of 40 percent and 80 percent, respectively, for the small apex ELJs. This 
width increase is possible (but unlikely) given that large wood from 50 to 100 feet long could 
be transported into the floodplain/wetland area and would likely be intercepted by the small 
apex ELJs first. The analysis was also completed assuming a conservative reduction in scour 
depth at the ELJs of approximately 20 percent for the following reason. If naturally occurring 
wood accumulates on the ELJs and projects upstream away from the piles, then the area of 
scour will begin to move away from the piles. This increases the pile’s embedment depth 
below the base of the scour hole and reduces the bending moment, which will increase the 
capacity of the piles to accommodate the additional loading. A 20 percent reduction in scour 
depth equates to approximately 4 to 5 feet of wood accumulating along the face of the ELJs 
and projecting upstream. The results of the analyses are summarized in Table 6. 

Table 6. Results of Pile Analysis for Apex ELJs with Additional Natural Wood Loading. 

ELJ Condition 

Ratio of Factored Resistance to 
Factored Load for Bending 

Large Apex ELJ Small Apex ELJ 

As-built design conditions without naturally occurring wood loading 1.23 1.46 

As-built design with 20 foot-wide increase in projected surface area 1.21 1.24 

As-built design with 40 foot-wide increase in projected surface area 0.99 0.95 

 
The results of the analysis indicate that the ratio of factored resistance to factored load for 
a 20-foot-wide increase in the projected surface area for the apex ELJs is above 1.0, and for a 
40-foot wide increase it is slightly less than 1.0. Therefore, the apex ELJs could safely 
accommodate an additional 20-foot-wide increase in their projected surface area, whereas 
a 40-foot-wide increase could result in some instability. However, if the accumulated wood 
projects farther upstream, as could reasonably be expected to occur with a 40-foot wide 
increase, then scour would be further reduced, which would increase the ratio to above 1.0. 
As indicated above, the likelihood of large wood accumulations extending 20 to 40 feet 
beyond the periphery of the as-built structure for the entire height of the structure is low. 
Large wood generally accumulates on ELJs along the upstream face of the structure and stays 
within the as-built upstream-projected surface area of the structure. Large quantities of 
material generally tend to not accumulate much beyond the periphery of the structure 
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because either the naturally occurring wood pieces break apart, or these wood pieces are 
shed off the structure under flow conditions that cause them to be re-mobilized. Instability 
within the accumulated wood may occur from too much debris or a change in flow direction 
into the structure. As large wood accumulates on an ELJ (or natural logjam), it tends to 
project upstream in a triangular shaped wedge (when viewed in plan view from above the 
structure). For example, mid-channel ELJs installed in the Hoh River, in Washington State, 
which are approximately the same size as the large apex ELJs, have accumulated large 
quantities of naturally occurring large wood. However, the width of the accumulations 
has not projected beyond the periphery of the as-built structure. Therefore, as naturally 
occurring large wood accumulates within the periphery of the upstream face of the ELJ, the 
hydraulic drag, and hence the load transferred to the piles, does not increase. 

The results of the additional analyses are very conservative because of the assumptions 
applied. For example, the increased projected surface area assumes that wood would 
accumulate along the entire height of the structure, creating a complete obstruction to flow. 
If naturally occurring large wood accumulations do extend laterally beyond the periphery 
of the structure, only a small percentage of the projected flow contact area beyond the 
periphery would be actually obstructed by the wood because most of the wood would likely 
break or shed off. This condition would not increase the hydraulic drag and load on the piles 
enough to jeopardize the structure’s stability. Finally, the results of the additional analyses 
also assume a complete loss of backfill material from behind the piles such that the piles 
must fully support the structure without earth pressures providing resistance to hydraulic 
drag forces. If large quantities of naturally occurring wood accumulate on the apex ELJs, the 
backfill placed behind the piles can be expected to provide substantial resistance to hydraulic 
drag forces, thus increasing the pile resistance capacity and resistance to failure. 

Therefore, large wood accumulations that increase the width of any of the apex ELJs by 
up to 20 feet or more and that create a complete obstruction to flow across the width 
of the apex ELJs are not anticipated to occur. The combination of this finding and the 
conservative assumptions used in analyzing potential pile failure due to naturally occurring 
wood accumulations on the apex ELJs enables a determination that the piles do not need to 
be increased in diameter or number in each structure to resist potential future loads on them. 





 

February 2014 

Engineered Log Structures Design and Analysis Technical Memorandum—White River 27 

RREFERENCES 
AASHTO. 2010. AASHTO LRFD Bridge Design Manual. U.S. Customary Units, 5th Ed. American 
Association of State Highway and Transportation Officials, Washington, D.C. 

AWC. 2005. National Design Specifications for Wood Construction ASD/LRFD. American Forest 
& Paper Association American Wood Council, Washington, D.C. 

Chase, K.J. and S.R. Holnbeck. 2004. Evaluation of Pier-Scour Equations for Coarse-Bed 
Streams. USGS Scientific Investigation Report 2004-5111. 

FHWA. 2001. Hydraulic Engineering Circular 18: Evaluating Scour at Bridges. Fourth Edition. 
Federal Highway Administration. Publication No. FHWA NHI 01-001, HEC-18. 

Fischenich, C. and M. Landers. 2000. Computing Scour, EMRRP Technical Notes Collection 
(ERDC TN-EMRRP-SR-5), US Army Engineer Research and Development Center, Vicksburg, 
Mississippi. 

Gill, M.A. 1972. Erosion of sand beds around spur dikes. Journal of the Hydraulics Division, 
Proceedings of the American Society of Civil Engineers 98(HY9):1587-1602. 

Herrera. 2011. Concept Development and Pre-design for Engineered Logjam and Biorevetment 
Structures, White River at Countyline Levee Setback Project (Contract E00146E08, Work Order 
E00146T). Prepared for King County Department of Natural Resources and Parks, Water and 
Land Resources Division, River and Floodplain Management Section, by Herrera Environmental 
Consultants, Inc., Seattle, Washington. June 14, 2011. 

Herrera. 2012. Hydraulic modeling approach and initial modeling results technical 
memorandum: White River at Countyline Levee Setback Project (Contract E00187E10, 
Task 200.4). Prepared for King County Department of Natural Resources and Parks, Water and 
Land Resources Division, River and Floodplain Management Section, by Herrera Environmental 
Consultants, Inc., Seattle, Washington. October 5, 2012. 

King County. 2011. Wood Budget for Countyline to A Street Levee Modification Project, 
White River, WA. Prepared by King County Department of Natural Resources and Parks, Water 
and Land Resources Division, Science, Monitoring, and Data Management Section, Seattle, 
Washington. August 23, 2011. 

King County. 2012. County Line to A Street Geotechnical Investigation Project No. 1112049 
June 2012. Prepared by King County Department of Transportation, Engineering Services 
Section, Materials Laboratory, Renton, Washington. June 15, 2012. 

Liu, H.K., F.M. Chang, and M.M. Skinner. 1961. Effect of bridge constriction on scour and 
backwater. Engineering Research Center, Colorado State University, CER 60 KHL 22. 





 

 
 

 
ATTACHMENT A 

 
Design Sheets for Engineered Log 

Structures 
  



 

 

 



Water and Land Resources Division

 NOTES:

LEGEND:





Water and Land Resources Division

 NOTES:

LEGEND:





Water and Land Resources Division

 NOTES:
LEGEND:





Water and Land Resources Division

 NOTES:

SMALL APEX ELJ CONTROL POINT TABLE:





Water and Land Resources Division

 NOTES:

LARGE APEX AND BANK DEFLECTOR ELJ CONTROL POINT TABLE:

LEGEND:





Water and Land Resources Division

 NOTES:

FLOODPLAIN ROUGHENING CONTROL POINT TABLE:

LEGEND:





Water and Land Resources Division

 NOTES:

FLOODPLAIN ROUGHENING CONTROL POINT TABLE:

LEGEND:





Water and Land Resources Division

 NOTES:LEGEND:





Water and Land Resources Division

 NOTES:

LEGEND:

LOG SCHEDULE:





Water and Land Resources Division

LEGEND: NOTES:





Water and Land Resources Division

 NOTES:

LEGEND:

LOG SCHEDULE:





Water and Land Resources Division

LEGEND:  NOTES:





Water and Land Resources Division

 NOTES:

LEGEND:

LOG SCHEDULE:





Water and Land Resources Division

 NOTES:

LEGEND:

ELEVATION SCHEDULE FOR ALL BIOREVETMENT STRUCTURES





Water and Land Resources Division

LEGEND:

 NOTES:

LOG SCHEDULE - PER 80' STRUCTURE





Water and Land Resources Division

LEGEND:

 NOTES:

ROUGHENING - TYPE 1 LOG SCHEDULE

ROUGHENING - TYPE 2 LOG SCHEDULE

ROUGHENING - TYPE 3 LOG SCHEDULE





Water and Land Resources Division

LEGEND:

 NOTES:





Water and Land Resources Division





Water and Land Resources Division





Water and Land Resources Division





Water and Land Resources Division





 

 
 

 
ATTACHMENT B 

 
Scour Calculations 

  



 

 

 



LOCAL PIER SCOUR (Large Apex ELJ)
7/24/2012

White River at Countyline Only input needed

existing depth in contracted section before scour= y0= 3.66 m 12 ft

average depth in upstream main channel= y1= 3.66 m 12 ft

pier length= L= 21.33 m 70 ft

pier width= a= 21.33 m 70 ft

correction factor for pier nose shape= K1= 1

angle of attack= = 1 degrees

correction factor for bed condition= K3= 1.1

velocity of approach flow upstream of pier= V= 2.44 m/s 8 ft/s

median diameter of bed material= D50= 0.016 m 16 mm

grain size for which 95% of bed material is finer= D95= 0.1 m 100 mm

diameter of smallest nontransportable particle in bed 
material= Dm= 0.02 m

shape factor= Ks= 1

INPUT

shape factor= Ks= 1

acceleration of gravity= g= 9.81 m/s2

Chinese Equation shape factor= Ks(ch)= 0.8

 

7.47 m 24.5 ft

5.33 m 17.5 ft

4.86 m 15.9 ft

5.89 m 19.3 ft

Johnson and Torrico [FHWA 2001] =

Modified Froehlich =

Simplified Chinese Equation =

Average =

OUTPUT SUMMARY - PIER SCOUR



LOCAL PIER SCOUR (Small Apex ELJ)
7/27/2012

White River at Countyline Only input needed

existing depth in contracted section before scour= y0= 3.05 m 10 ft

average depth in upstream main channel= y1= 3.05 m 10 ft

pier length= L= 12.19 m 40 ft

pier width= a= 15.24 m 50 ft

correction factor for pier nose shape= K1= 1.1

angle of attack= = 1 degrees

correction factor for bed condition= K3= 1.1

velocity of approach flow upstream of pier= V= 2.44 m/s 8 ft/s

median diameter of bed material= D50= 0.016 m 16 mm

grain size for which 95% of bed material is finer= D95= 0.1 m 100 mm

diameter of smallest nontransportable particle in bed 
material= Dm= 0.02 m

shape factor= Ks= 1 1

INPUT

shape factor= Ks= 1.1

acceleration of gravity= g= 9.81 m/s2

Chinese Equation shape factor= Ks(ch)= 0.8

 

7.41 m 24.3 ft

4.07 m 13.4 ft

3.85 m 12.6 ft

5.11 m 16.8 ft

Simplified Chinese Equation =

Average =

OUTPUT SUMMARY - PIER SCOUR

Johnson and Torrico [FHWA 2001] =

Modified Froehlich =



LOCAL ABUTMENT SCOUR (Bank Deflector ELJ)
9/6/2012 Only input needed
White River at Countyline

approach flow depth= y= 3.66 m 12 ft
length of embankment/protrusion into channel= L= 3.66 m 12 ft

velocity upstream of structure= V= 2.44 m/s 8  ft/s
abutment shape coefficient= K1= 0.55

angle of structure to flow= = 90 degrees

unobstructed channel width= W1= 91.44 m 300 ft

obstructed channel width= W2= 87.78 m 288 ft

median diameter of bed material= D50= 0.016 m 16 mm

coefficient for abutment shape= KL= 2.15

coefficent for bed protection around abutment= Lp/y= 0 m
correction factor for influence of channel bend= Kp= 1.1

correction factor for influence of shape of structure= Ks= 0.85

correction factor for influence of angle of attack= Ka= 1

correction factor for influence of porosity= Kn= 0.9

acceleration of gravity= g= 9.81 m/s2

5.98 m 19.6 ft
4.50 m 14.8 ft
5.85 m 19.2 ft
5.44 m 17.9 ftAverage = 

OUTPUT SUMMARY - ABUTMENT SCOUR
Local Abutment Scour (Froehlich)=

Local Abutment Scour (Gill)=
Local Abutment Scour (Liu et al.)=

INPUT SUMMARY - ABUTMENT SCOUR



LOCAL ABUTMENT SCOUR (Biorevetment)
7/27/2012 Only input needed
White River at Countyline

approach flow depth= y= 2.44 m 8 ft
length of embankment/protrusion into channel= L= 1.83 m 6 ft

velocity upstream of structure= V= 2.44 m/s 8  ft/s
abutment shape coefficient= K1= 0.55

angle of structure to flow= = 90 degrees

unobstructed channel width= W1= 91.44 m 300 ft

obstructed channel width= W2= 89.61 m 294 ft

median diameter of bed material= D50= 0.016 m 16 mm

coefficient for abutment shape= KL= 2.15

coefficent for bed protection around abutment= Lp/y= 0 m
correction factor for influence of channel bend= Kp= 1

correction factor for influence of shape of structure= Ks= 0.85

correction factor for influence of angle of attack= Ka= 1

correction factor for influence of porosity= Kn= 0.9

acceleration of gravity= g= 9.81 m/s2

3.99 m 13.1 ft
3.48 m 11.4 ft
3.71 m 12.2 ft
3.73 m 12.2 ft

OUTPUT SUMMARY - ABUTMENT SCOUR

INPUT SUMMARY - ABUTMENT SCOUR

Local Abutment Scour (Froehlich)=

Local Abutment Scour (Liu et al.)=
Local Abutment Scour (Gill)=

Average = 
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White River at Countyline LPILE Input Parameters for Engineered Log Structures Pile Analysis
Completed By: Brian Scott
Completed On: 7/26/12

Flow, Scour and Point Load Parameters
Large Apex ELJ

KCB 13
Small Apex ELJ

KCB 13

Bank Deflector 
ELJ (Side 

Structure Only)
KCB 13

Biorevetment
KCB-7 Notes

# of piles 28 13 4 1

Flow velocity (ft/s) 8 8 4 8

Max flow velocity in setback area that 
ELJ could be subjected to based on 
hydraulic model results.

Flow depth above existing grade before scour (ft) 14 10 6 8
Max flow depth at ELJ based on 
hydraulic model results.

Scour depth below existing grade (ft) 19 17 0 10
Average scour depth based on scour 
analysis.

Pile embedment below existing grade before scour (ft) 38 30 15 30

Engineer's estimate for starting LPILE 
calculations, will require iterations.

Distance above existing grade (before scour) to point load 
(i.e. top of pile/pile head) 8.4 6 3.6 4.8

Point load is assumed to occur at 
60% of flow depth (at location of max 
flow velocity). Point load occurs at the 
top of pile/pile head for LPILE 
calculations.

Pile embedment below scour (ft) 19 13 15 20

Flow depth above scour to pile head (ft) 27.4 23 3.6 14.8
Distance from point load to ground 
surface including scour depth.

Minimum total pile length (ft) 46.4 36 18.6 34.8
Minimum total length of pile needed 
for bending moment calculation.

LPILE Input Parameters
Pile Properties

Total pile length (in) 557 432 223 418
Distance from point load (i.e. top of 
pile/pile head) to pile tip.

Number of increments (#) 100 100 100 100

Distance from pile top to ground surface (in) 329 276 43 178
Distance from point load to ground 
surface including scour depth.

Combined ground slope and batter angles (degrees) 0 0 0 0 Vertical piles; not battered.

Pile Sectional Properties
Row 1

Depth (in) 0 0 0 0
0 = location of point load (i.e. top of 
pile/pile head).

Diameter (in) 18 18 18 18
Pile diameter at point load, assume to 
be pile butt diameter.

Moment of inertia (in4) 5,153 5,153 5,153 5,153
Pile moment of inertia at location of 
point load.

Area (in2) 254 254 254 254
Pile cross sectional area at location of 
point load.

Modulus of elasticity (lbf/in
2) 1,500,000 1,500,000 1,500,000 1,500,000 For Pacific Coast Douglas Fir.

Row 2
Depth (in) 557 432 223 418 Depth = total pile length.
Diameter (in) 14 14 14 14 Pile diameter at tip.
Moment of inertia (in4) 1,886 1,886 1,886 1,886 Pile moment of inertia at tip.

Area (in2) 154 154 154 154 Pile cross sectional area at tip.
Modulus of elasticity (E, lbf/in

2) 1,500,000 1,500,000 1,500,000 1,500,000 For Pacific Coast Douglas Fir.

Loading Type

Static or Cyclic Static Static Static Static
Assume design hydraulic load is a 
static point load.

Include distributed lateral loads? No No No No Assume no distributed loads.

Pile-Head Boundary Conditions & Loading

Pile-Head Conditions
1 Shear (F) & 2 
Moment (F-L)

1 Shear (F) & 2 
Moment (F-L)

1 Shear (F) & 2 
Moment (F-L)

1 Shear (F) & 2 
Moment (F-L)

Pile evaluated for bending and shear 
due to point load.

Condition 1 (lbf) 3,725 3,582 6,286 8,000
Equivalent hydraulic force per pile, 
assume to be max shear force.

Condition 2 (in-lbf) 0 0 0 0

No moment value to be provided at 
pile head (assume free-head 
condition).

Axial load (lbf) 0 0 0 0
No axial (vertical) load applied to 
piles.

Legend
User input value
Calculation - do not modify





Completed By: Brian Scott

Completed On: 7/26/12

Checked By: Gus Kays

Checked On: 10/26/12

Determine Hydraulic Drag on Upstream Face of ELJ, Max Moment and Shear Values LRFD Design Factors for Bending & Shear Stress; Pacific Coast Douglas Fir Round Timber Piles

Drag coefficient (CD) = 1.5 unitless Fbref = 2.45
ksi, reference design allowable bending stress for pacific coast 
douglas fir 

Flow depth (D) = 14 ft  Fvref = 115
psi, reference design allowable shear stress for pacific coast douglas 
fir

Obstruction width (W) = 80 ft Ct = 1 LRFD temperature factor for temps < 100ºf =1

Obstruction area (AD=D*W) = 1120 ft2 Cu = 1.11 LRFD untreated factor, see cell comment

Specific weight of water ( ) = 1.94 slugs/ft3 CF=(12/(sqrt(APB))^(1/9) = 0.99
LRFD size factor for pile diameters > 13.5", for bending stress only 
(not for shear), at depth of maximum bending moment

Flow velocity (V) = 8 ft/s Csp  = 0.77
LRFD single pile factor, see cell comment, for bending stress only 
(not for shear)

Total drag force (FD=CD*AD* *V1002/2) = 104,294 lbf KFb=2.16/ b = 2.54 LRFD format conversion factor for bending stress, see cell comment 

Number of piles = 28 KFv=2.16/ v = 2.88 LRFD format conversion factor for shear stress, see cell comment 

Drag (Shear) force per pile = 3,725
lbf, pile point load (shear force), input for 
LPILE b = 0.85 LRFD resistance factor for bending stress, see cell comment

Max bending moment per pile (Mmax) 1,302,183 in-lbs, output from LPILE v = 0.75 LRFD resistance factor for shear stress, see cell comment

Max shear force per pile (Vmax) 3,725 lbs, output from LPILE  b = 1 AASHTO LRFD load factor for bending stress due to hydraulic load

 v = 1 AASHTO LRFD load factor for shear stress due to hydraulic load

Determine Pile Values λ =  1 LRFD time effect factor, see cell comment 
Pile butt diameter = 18 in

Pile tip diameter = 14 in
Pile length = 46.4 ft

Pile diameter taper = 0.09 in/ft
Depth of maximum bending moment below pile head = 362.1 in, output from LPILE
Depth of maximum bending moment below pile head = 30.2 ft

Pile radius at depth of maximum bending moment = 7.7 in

Pile area at depth of maximum bending moment, APB  = 186.2 in2

Depth of maximum shear force below pile head = 428.9 in, output from LPILE
Depth of maximum shear force below pile head = 35.7 ft

Pile radius at depth of maximum shear force = 7 5 in

White River at Countyline
Pile Stability Analysis - Large Apex ELJs Based on KCB-13

Note: Mmax and Vmax values are based on the pile parameters listed below. If pile parameters change, then re-run LPILE with 
current pile parameters to update Mmax, Vmax, and depths of maximum bending moment and shear force values. This is 
necessary to calculated the correct actual and factored bending moments and shear stresses.

Countyline ELJ Pile Analysis_Lpile_P=24.xls
LA_KCB13 D=14 V=8 P=28

10/25/2012
2:58 PM

Pile radius at depth of maximum shear force  = 7.5 in
Pile area at depth of maximum shear force, APV = 174.8 in2

Determine Factored Resistance Bending Stress, Factored Load Bending Stress, and Factor of Safety

Moment of inertia, I=( *r4)/4 = 2,760 in4, at depth of maximum bending moment

Section modulus, S=I/r =   358 in3, at depth of maximum bending moment 

Actual (applied) bending stress, Fb=Mmax/S = 3.63 ksi, at depth of maximum bending moment

Ffb= b*Fb = 3.63
ksi, LRFD factored load bending stress at 
depth of maximum bending moment

Fb' = Fbref*Ct*Cu*CF*Csp*KFb* b*  = 4.46
ksi, LRFD factored resistance bending stress 
(ASD & LRFD)

Ratio of factored resistance to factored load, Rb = Fb'/Ffb 1.23 Stability Criteria: Rb 1.0

Determine Factored Resistance Shear Stress, Factored Load Shear Stress, and Factor of Safety

Actual (applied) interal pile shear stress, Fv=VMax/APV = 21 psi, at depth of maximum shear force Legend

Fv' = Fvref*Ct*Cu*KFv* v*  = 276
psi, LRFD factored resistance shear stress 
(ASD & LRFD)

User input value

Ffv= v*Fv = 21 psi, LRFD factored load shear stress Calculation - do not modify

Ratio of factored resistance to factored load, Rv = Fv'/Ffv 12.94 Stability Criteria: Rv 1.0
User input value, output value 
from LPILE analysis

Countyline ELJ Pile Analysis_Lpile_P=24.xls
LA_KCB13 D=14 V=8 P=28

10/25/2012
2:58 PM
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Determine Hydraulic Drag on Upstream Face of ELJ, Max Moment and Shear Values LRFD Design Factors for Bending & Shear Stress; Pacific Coast Douglas Fir Round Timber Piles

Drag coefficient (CD) = 1.5 unitless Fbref = 2.45
ksi, reference design allowable bending stress for pacific coast 
douglas fir 

Flow depth (D) = 10 ft  Fvref = 115
psi, reference design allowable shear stress for pacific coast douglas 
fir

Obstruction width (W) = 50 ft Ct = 1 LRFD temperature factor for temps < 100ºf =1

Obstruction area (AD=D*W) = 500 ft2 Cu = 1.11 LRFD untreated factor, see cell comment

Specific weight of water ( ) = 1.94 slugs/ft3 CF=(12/(sqrt(APB))^(1/9) = 0.99
LRFD size factor for pile diameters > 13.5", for bending stress only 
(not for shear), at depth of maximum bending moment

Flow velocity (V) = 8 ft/s Csp  = 0.77
LRFD single pile factor, see cell comment, for bending stress only 
(not for shear)

Total drag force (FD=CD*AD* *V1002/2) = 46,560 lbf KFb=2.16/ b = 2.54 LRFD format conversion factor for bending stress, see cell comment 

Number of piles = 13 KFv=2.16/ v = 2.88 LRFD format conversion factor for shear stress, see cell comment 

Drag (Shear) force per pile = 3,582
lbf, pile point load (shear force), input for 
LPILE b = 0.85 LRFD resistance factor for bending stress, see cell comment

Max bending moment per pile (Mmax) 1,054,864 in-lbs, output from LPILE v = 0.75 LRFD resistance factor for shear stress, see cell comment

Max shear force per pile (Vmax) 3,582 lbs, output from LPILE  b = 1 AASHTO LRFD load factor for bending stress due to hydraulic load

 v = 1 AASHTO LRFD load factor for shear stress due to hydraulic load

Determine Pile Values λ =  1 LRFD time effect factor, see cell comment 
Pile butt diameter = 18 in

Pile tip diameter = 14 in
Pile length = 36 ft

Pile diameter taper = 0.11 in/ft
Depth of maximum bending moment below pile head = 302.4 in, output from LPILE
Depth of maximum bending moment below pile head = 25.2 ft

Pile radius at depth of maximum bending moment = 7.6 in

Pile area at depth of maximum bending moment, APB  = 181.5 in2

Depth of maximum shear force below pile head = 367.2 in, output from LPILE
Depth of maximum shear force below pile head = 30.6 ft

Pile radius at depth of maximum shear force = 7 3 in

White River at Countyline
Pile Stability Analysis - Small Apex ELJs Based on KCB-13

Note: Mmax and Vmax values are based on the pile parameters listed below. If pile parameters change, then re-run LPILE with 
current pile parameters to update Mmax, Vmax, and depths of maximum bending moment and shear force values. This is 
necessary to calculated the correct actual and factored bending moments and shear stresses.

Countyline ELJ Pile Analysis_Lpile_P=24.xls
SA_KCB13_D=10 V=8 P=13

10/25/2012
3:05 PM

Pile radius at depth of maximum shear force  = 7.3 in
Pile area at depth of maximum shear force, APV = 167.4 in2

Determine Factored Resistance Bending Stress, Factored Load Bending Stress, and Factor of Safety

Moment of inertia, I=( *r4)/4 = 2,620 in4, at depth of maximum bending moment

Section modulus, S=I/r =   345 in3, at depth of maximum bending moment 

Actual (applied) bending stress, Fb=Mmax/S = 3.06 ksi, at depth of maximum bending moment

Ffb= b*Fb = 3.06
ksi, LRFD factored load bending stress at 
depth of maximum bending moment

Fb' = Fbref*Ct*Cu*CF*Csp*KFb* b*  = 4.47
ksi, LRFD factored resistance bending stress 
(ASD & LRFD)

Ratio of factored resistance to factored load, Rb = Fb'/Ffb 1.46 Stability Criteria: Rb 1.0

Determine Factored Resistance Shear Stress, Factored Load Shear Stress, and Factor of Safety

Actual (applied) interal pile shear stress, Fv=VMax/APV = 21 psi, at depth of maximum shear force Legend

Fv' = Fvref*Ct*Cu*KFv* v*  = 276
psi, LRFD factored resistance shear stress 
(ASD & LRFD)

User input value

Ffv= v*Fv = 21 psi, LRFD factored load shear stress Calculation - do not modify

Ratio of factored resistance to factored load, Rv = Fv'/Ffv 12.89 Stability Criteria: Rv 1.0
User input value, output value 
from LPILE analysis

Countyline ELJ Pile Analysis_Lpile_P=24.xls
SA_KCB13_D=10 V=8 P=13

10/25/2012
3:05 PM













Completed By: Brian Scott

Completed On: 7/27/12

Checked By: Gus Kays

Checked On: 10/26/12

Determine Hydraulic Drag on Upstream Face of ELJ, Max Moment and Shear Values LRFD Design Factors for Bending & Shear Stress; Pacific Coast Douglas Fir Round Timber Piles

Resultant point load on pile = 8,000
lbf, value from separate analysis of resultant 
point load on pile due to hydraulic drag on 
logs that is transferred to the pile

Fbref = 2.45
ksi, reference design allowable bending stress for pacific coast 
douglas fir 

Number of piles = 1  Fvref = 115
psi, reference design allowable shear stress for pacific coast 
douglas fir

Drag (Shear) force per pile = 8,000
lbf, pile point load (shear force), input for 
LPILE

Ct = 1 LRFD temperature factor for temps < 100ºf =1

Max bending moment per pile (Mmax) 1,687,010 in-lbs, output from LPILE Cu = 1.11 LRFD untreated factor, see cell comment

Max shear force per pile (Vmax) 8,000 lbs, output from LPILE CF=(12/(sqrt(APB))^(1/9) = 0.98
LRFD size factor for pile diameters > 13.5", for bending stress only 
(not for shear), at depth of maximum bending moment

Csp  = 0.77
LRFD single pile factor, see cell comment, for bending stress only 
(not for shear)

Determine Pile Values KFb=2.16/ b = 2.54
LRFD format conversion factor for bending stress, see cell 
comment 

Pile butt diameter = 18 in KFv=2.16/ v = 2.88 LRFD format conversion factor for shear stress, see cell comment 

Pile tip diameter = 14 in b = 0.85 LRFD resistance factor for bending stress, see cell comment

Pile length = 34.8 ft v = 0.75 LRFD resistance factor for shear stress, see cell comment

Pile diameter taper = 0.11 in/ft  b = 1 AASHTO LRFD load factor for bending stress due to hydraulic load

Depth of maximum bending moment below pile head = 229.9 in, output from LPILE  v = 1 AASHTO LRFD load factor for shear stress due to hydraulic load

Depth of maximum bending moment below pile head = 19.2 ft λ =  1 LRFD time effect factor, see cell comment 
Pile radius at depth of maximum bending moment = 7.9 in

Pile area at depth of maximum bending moment, APB  = 196.0 in2

Depth of maximum shear force below pile head = 288.4 in, output from LPILE
Depth of maximum shear force below pile head = 24.0 ft

Pile radius at depth of maximum shear force  = 7.6 in
Pile area at depth of maximum shear force, APV = 182 4 in2

White River at Countyline
Pile Stability Analysis - Biorevetment Based on KCB-7

Note: Mmax and Vmax values are based on the pile parameters listed below. If pile parameters change, then re-run LPILE with 
current pile parameters to update Mmax, Vmax, and depths of maximum bending moment and shear force values. This is 
necessary to calculated the correct actual and factored bending moments and shear stresses.

Countyline ELJ Pile Analysis_Lpile_P=24.xls
Biorevetment_KCB7

10/25/2012
1:24 PM

Pile area at depth of maximum shear force, APV = 182.4 in

Determine Factored Resistance Bending Stress, Factored Load Bending Stress, and Factor of Safety

Moment of inertia, I=( *r4)/4 = 3,058 in4, at depth of maximum bending moment

Section modulus, S=I/r =   387 in3, at depth of maximum bending moment 

Actual (applied) bending stress, Fb=Mmax/S = 4.36 ksi, at depth of maximum bending moment

Ffb= b*Fb = 4.36
ksi, LRFD factored load bending stress at 
depth of maximum bending moment

Fb' = Fbref*Ct*Cu*CF*Csp*KFb* b*  = 4.45
ksi, LRFD factored resistance bending 
stress (ASD & LRFD)

Ratio of factored resistance to factored load, Rb = Fb'/Ffb 1.02 Stability Criteria: Rb 1.0

Determine Factored Resistance Shear Stress, Factored Load Shear Stress, and Factor of Safety

Actual (applied) interal pile shear stress, Fv=VMax/APV = 44 psi, at depth of maximum shear force Legend

Fv' = Fvref*Ct*Cu*KFv* v*  = 276
psi, LRFD factored resistance shear stress 
(ASD & LRFD)

User input value

Ffv= v*Fv = 44 psi, LRFD factored load shear stress Calculation - do not modify

Ratio of factored resistance to factored load, Rv = Fv'/Ffv 6.28 Stability Criteria: Rv 1.0
User input value, output value 
from LPILE analysis

Countyline ELJ Pile Analysis_Lpile_P=24.xls
Biorevetment_KCB7

10/25/2012
1:24 PM





Completed By: Brian Scott

Completed On: 7/26/12

Checked By: Gus Kays

Checked On: 10/26/12

Determine Hydraulic Drag on Upstream Face of ELJ, Max Moment and Shear Values LRFD Design Factors for Bending & Shear Stress; Pacific Coast Douglas Fir Round Timber Piles

Drag coefficient (CD) = 1.5 unitless Fbref = 2.45
ksi, reference design allowable bending stress for pacific coast 
douglas fir 

Flow depth (D) = 6 ft  Fvref = 115
psi, reference design allowable shear stress for pacific coast douglas 
fir

Obstruction width (W) = 45 ft Ct = 1 LRFD temperature factor for temps < 100ºf =1

Obstruction area (AD=D*W) = 270 ft2 Cu = 1.11 LRFD untreated factor, see cell comment

Specific weight of water ( ) = 1.94 slugs/ft3 CF=(12/(sqrt(APB))^(1/9) = 0.98
LRFD size factor for pile diameters > 13.5", for bending stress only 
(not for shear), at depth of maximum bending moment

Flow velocity (V) = 8 ft/s Csp  = 0.77
LRFD single pile factor, see cell comment, for bending stress only 
(not for shear)

Total drag force (FD=CD*AD* *V1002/2) = 25,142 lbf KFb=2.16/ b = 2.54 LRFD format conversion factor for bending stress, see cell comment 

Number of piles = 4 KFv=2.16/ v = 2.88 LRFD format conversion factor for shear stress, see cell comment 

Drag (Shear) force per pile = 6,286
lbf, pile point load (shear force), input for 
LPILE b = 0.85 LRFD resistance factor for bending stress, see cell comment

Max bending moment per pile (Mmax) 491,072 in-lbs, output from LPILE v = 0.75 LRFD resistance factor for shear stress, see cell comment

Max shear force per pile (Vmax) 6,286 lbs, output from LPILE  b = 1 AASHTO LRFD load factor for bending stress due to hydraulic load

 v = 1 AASHTO LRFD load factor for shear stress due to hydraulic load

Determine Pile Values λ =  1 LRFD time effect factor, see cell comment 
Pile butt diameter = 18 in

Pile tip diameter = 14 in
Pile length = 18.6 ft

Pile diameter taper = 0.22 in/ft
Depth of maximum bending moment below pile head = 98.1 in, output from LPILE
Depth of maximum bending moment below pile head = 8.2 ft

Pile radius at depth of maximum bending moment = 8.1 in

Pile area at depth of maximum bending moment, APB  = 207.2 in2

Depth of maximum shear force below pile head = 156.1 in, output from LPILE
Depth of maximum shear force below pile head = 13.0 ft

Pile radius at depth of maximum shear force = 7 6 in

White River at Countyline
Pile Stability Analysis - Bank Deflector (Side Structure) ELJs Based on KCB-13

Note: Mmax and Vmax values are based on the pile parameters listed below. If pile parameters change, then re-run LPILE with 
current pile parameters to update Mmax, Vmax, and depths of maximum bending moment and shear force values. This is 
necessary to calculated the correct actual and factored bending moments and shear stresses.

Countyline ELJ Pile Analysis_Lpile_P=24.xls
BD(Side)_KCB13 D=6 V=4 P=4

10/25/2012
1:24 PM

Pile radius at depth of maximum shear force  = 7.6 in
Pile area at depth of maximum shear force, APV = 181.5 in2

Determine Factored Resistance Bending Stress, Factored Load Bending Stress, and Factor of Safety

Moment of inertia, I=( *r4)/4 = 3,416 in4, at depth of maximum bending moment

Section modulus, S=I/r =   421 in3, at depth of maximum bending moment 

Actual (applied) bending stress, Fb=Mmax/S = 1.17 ksi, at depth of maximum bending moment

Ffb= b*Fb = 1.17
ksi, LRFD factored load bending stress at 
depth of maximum bending moment

Fb' = Fbref*Ct*Cu*CF*Csp*KFb* b*  = 4.43
ksi, LRFD factored resistance bending stress 
(ASD & LRFD)

Ratio of factored resistance to factored load, Rb = Fb'/Ffb 3.80 Stability Criteria: Rb 1.0

Determine Factored Resistance Shear Stress, Factored Load Shear Stress, and Factor of Safety

Actual (applied) interal pile shear stress, Fv=VMax/APV = 35 psi, at depth of maximum shear force Legend

Fv' = Fvref*Ct*Cu*KFv* v*  = 276
psi, LRFD factored resistance shear stress 
(ASD & LRFD)

User input value

Ffv= v*Fv = 35 psi, LRFD factored load shear stress Calculation - do not modify

Ratio of factored resistance to factored load, Rv = Fv'/Ffv 7.96 Stability Criteria: Rv 1.0
User input value, output value 
from LPILE analysis

Countyline ELJ Pile Analysis_Lpile_P=24.xls
BD(Side)_KCB13 D=6 V=4 P=4

10/25/2012
1:24 PM
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Spreadsheet developed by: GK
Spreadsheet calculations by: BS Date: Dec-12
Calculations checked by: GS Date: Dec-12
Project No. 10-04770-000
Based on design by B. Scott Sep-12
Location Countlyine 

Angle of internal friction for substrate φ 36 degrees
Dry density of substrate γd 120 lb/ft3

Saturated unit weight of substrate γsat 134 lb/ft3 From Table 3.1 "Principles of Geotechnical Engineering" 5th Edition, Das

depth of water at Q100 d1 14.0 ft does not include scour depth

Specific gravity of logs SGlog 0.5

Specific weight of water γw 62.4 lb/ft3

Density of water ρw 1.94 slugs/ft3

Scour Depth 19.00 Ft
Pile Length = Pl 55.00 ft

1.33 ft
Pile Diameter * 20= 26.67

19.00 ft
16

From (Pile foundations in Engineering Practice, Prakash, Sharma page 306) the value of Ks should be Multiplied by 2/3 for pullout

Qf =pKstanδδδδ ΣΣΣΣ(σσσσ'vl ΔΔΔΔL) 
Sum from L = 0 to L = L

where
 σ'vl = average vertical effective stress in a given layer

Note σ'vl increases with depth until 20 times the diameter when it is assumed to be constant
δ = angle of wall friction, based on pile material and φ´
Ks = earth pressure coefficient

p = perimeter of pile

Values of Ks and δ can be related to the angle of internal friction (φ´) using the following table according to Broms.

low Soil 
density

high Soil 
density

steel 20° 0.5 1
concrete 3/4 φ´ 1 2
timber 2/3 φ´ 1.5 4

Assumed Ks = Check geotech report for density descriptions or available literature
From (Pile foundations in Engineering Practice, Prakash, Sharma page 306) the value of Ks should be Multiplied by 2/3 for pullout

Allowable Pullout Capacity can be written

Pf =1/FS[2/3pKstanδδδδ ΣΣΣΣ(σσσσ'vl ΔΔΔΔL) +Wp
FS = Factor of Safety (usually taken as 3)

2.5

Material δδδδ

Ks

Pile Buoyancy Calculations (Pull Out)
Large Apex ELJ

Number of piles to be lashed =
Choose Embedment depth W/ Scour =

Chosen Pile Diameter =

FS = Factor of Safety (usually taken as 3)
Wp = Weight of Pile

Max Poor Water Pressure = 1,186 lbs/ft^2 Consistent with equation poor water pressure is "capped" at 20*dia
Average Poor Water Pressure = 593 lbs/ft^2 Average Poor Water Pressure for Pressure Prism Above Depth of Pile < 20* Dia

Max Soil Overburden= 2,554 lbs/ft^2
Average Soil Overburden = 1,277 lbs/ft^2

Submerged Weight of Pile = -2,396 lbs Assumes pile completely submerged

 ΣΣΣΣ(σσσσ'vl ΔΔΔΔL) 12,996 lb-ft Effective vertical stress over the length of pile embedment

Pf = -38,000 lbs/pile Does not Account for FS of 3 as outlined above, See results below for FS and assess FS for structure risk and purpose

Buoyant Force of Structure = -200,000 lbs Includes all key logs and racking logs in structure

Buoyant Load Per Pile = -12,500 lbs

FS = 3.0 FS for pile pullout at scour and flow depth event when pile is lashed to horizontal key logs and structure buoyant force
is assumed to be uniformly distributed to each lashed pile, and that lashing does not fail





Spreadsheet calculations by: BS
Date: Sep-12

Calculations checked by: GK
Date: Dec-12

Wire Rope Calcs Magnitude Units Assumptions & Notes
Cable breaking strength = 26,600 lbs Cable (IWRC) 6x19 galvinized EIPS 1/2 in dia.

Cable breaking strength due to splice redcution = 19,950 lbs
Assumes 25% loss in breaking strength due to splice

Total Structure Bouyant Force = 200,000 lbs From bouyancy calculations
Number of vertical logs to be lashed = 16

Number of lashing per vertical log = 1
Max load applied at each lashing = 12,500 lbs

Max cable tensile strength at lashing = 79,800 lbs
Assumes saddle lash so breaking strength (w/splice 
reduction) x 4

  
FS for cable = 6.4

Assumptions 
1. Structure bouyant forces are uniformly distributed to each vertical log that is to be lashed and to each lashing.
2. Cable is lashed using a "saddle" lash with 4 loaded lengths per lashing.

White River at Countyline
Large Apex ELJ Cable Lashing Strength Analysis

Herrera Project #: 10-04770-000
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Large Apex ELJ
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: BS
Completed On: 7/13/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 20 40 X 13 87 1,134 32.0 62.4 2,793 5,445 2,653 34,488
2 20 35 X 8 84 672 32.0 62.4 2,688 5,241 2,553 20,427
3 20 30 X 0 72 0 32.0 62.4 2,304 4,492 2,189 0
4 20 40 6 87 524 32.0 62.4 2,793 5,445 2,653 15,917 `
5 20 35 16 76 1,222 32.0 62.4 2,443 4,765 2,321 37,141
6 20 30 2 65 131 32.0 62.4 2,094 4,084 1,990 3,979
7 24 25 6 79 471 32.0 62.4 2,513 4,901 2,388 14,326
8 24 20 6 63 377 32.0 62.4 2,011 3,921 1,910 11,461

Racking 10 25 150 14 2,045 32.0 62.4 436 851 415 62,177
Totals 57 4,531 w/o racking without racking 137,739

6,576 w/racking with racking 199,916
244 cy with racking % of total buoyant force due to racking 31.1%

Structure Ballast Requirements 183 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast Over 

Each Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 399,832 5,567 206 4.6 1,210 1,234 Yes

Density - Sands and Gravels
(dry) (sat) (water) (buoyant) 3.3 (ft) min avg depth of ballast over each log assuming an average of 20' of each 2' diam log is buried for 42 logs (15 not burried)

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

Specific Weight - Sands and Gravels
lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3
124.9 134.2 62.4 71.8

Assumptions
10% of volume for log w/out rootwad added to same size of log with rootwad

user input



Small Apex ELJ
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: BS
Completed On: 9/13/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 24 35 X 4 121 484 32.0 62.4 3,870 7,547 3,677 14,708
2 24 30 X 6 104 622 32.0 62.4 3,318 6,469 3,152 18,910
3 24 25 X 8 86 691 32.0 62.4 2,765 5,391 2,626 21,011
4 24 20 X 1 69 69 32.0 62.4 2,212 4,313 2,101 2,101
5 24 55 2 173 346 32.0 62.4 5,529 10,782 5,253 10,505
6 24 45 1 141 141 32.0 62.4 4,524 8,822 4,298 4,298
7 24 40 3 126 377 32.0 62.4 4,021 7,841 3,820 11,461
8 24 35 1 110 110 32.0 62.4 3,519 6,861 3,343 3,343
9 24 30 1 94 94 32.0 62.4 3,016 5,881 2,865 2,865
10 24 25 1 79 79 32.0 62.4 2,513 4,901 2,388 2,388

Racking 8 25 100 9 873 32.0 62.4 279 545 265 26,529
Totals 28 3,013 w/o racking without racking 91,589

3,885 w/racking with racking 118,118
144 cy with racking % of total buoyant force due to racking 22.5%

Structure Ballast Requirements 108 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast Over 

Each Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 236,235 3,289 122 4.0 822 870 Yes

Density - Sands and GravelsDensity - Sands and Gravels
(dry) (sat) (water) (buoyant) 3.3 (ft) min avg depth of ballast over each log assuming an average of 20' of each 2' diam log is buried for 25 logs

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

Specific Weight - Sands and Gravels
lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3
124.9 134.2 62.4 71.8

Assumptions
10% of volume for log w/out rootwad added to same size of log with rootwad

user input



Biorevetment - Per 80' (2 structures)
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: BS
Completed On: 7/13/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

2 24 30 X 4 104 415 32.0 62.4 3,318 6,469 3,152 12,607
3 24 25 X 4 86 346 32.0 62.4 2,765 5,391 2,626 10,505
4 24 40 4 126 503 32.0 62.4 4,021 7,841 3,820 15,281
6 24 30 4 94 377 32.0 62.4 3,016 5,881 2,865 11,461
7 24 25 4 79 314 32.0 62.4 2,513 4,901 2,388 9,550

Racking 8 23 80 8 642 32.0 62.4 257 501 244 19,525
Totals 20 1,954 w/o racking without racking 59,404

2,596 w/racking with racking 78,929
96 cy with racking % of total buoyant force due to racking 24.7%

Structure Ballast Requirements 72 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast 

Over Each Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 157,858 2,198 81 4.5 488 500 Yes

Density - Sands and Gravels
(dry) (sat) (water) (buoyant) 3.7 (ft) min avg depth of ballast over each log assuming an average of 15' of each 2' diam log is buried

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 11502000 2150 1000 1150

Specific Weight - Sands and Gravels
lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3
124.9 134.2 62.4 71.8

Assumptions
10% of volume for log w/out rootwad added to same size of log with rootwad

user input



Bank Deflector ELJ
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: BS
Completed On: 9/25/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 24 50 X 3 173 518 32.0 62.4 5,529 10,782 5,253 15,758
2 24 45 X 5 156 778 32.0 62.4 4,976 9,704 4,727 23,637
3 24 40 X 1 138 138 32.0 62.4 4,423 8,626 4,202 4,202
4 24 35 X 4 121 484 32.0 62.4 3,870 7,547 3,677 14,708
5 24 30 X 5 104 518 32.0 62.4 3,318 6,469 3,152 15,758
6 24 25 X 3 86 259 32.0 62.4 2,765 5,391 2,626 7,879
7 24 20 X 4 69 276 32.0 62.4 2,212 4,313 2,101 8,404
8 24 50 3 157 471 32.0 62.4 5,027 9,802 4,775 14,326
9 24 45 9 141 1,272 32.0 62.4 4,524 8,822 4,298 38,679
10 24 40 4 126 503 32.0 62.4 4,021 7,841 3,820 15,281
11 24 35 7 110 770 32.0 62.4 3,519 6,861 3,343 23,399
12 24 30 2 94 188 32.0 62.4 3,016 5,881 2,865 5,730
13 24 25 1 79 79 32.0 62.4 2,513 4,901 2,388 2,388
14 24 20 1 63 63 32.0 62.4 2,011 3,921 1,910 1,910

Racking 8 25 200 9 1,745 32.0 62.4 279 545 265 53,058
Totals 52 6,318 w/o racking without racking 192,059

8,063 w/racking with racking 245,117
299 cy with racking % of total buoyant force due to racking 21.6%

Structure Ballast Requirements 224 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast Over 

Each Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?Specific Weight Weight Weight Safety Requirement Requirement Requirement Each Log Backfill Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 490,235 6,826 253 3.5 1,950 2,000 Yes

Density - Sands and Gravels
(dry) (sat) (water) (buoyant) 3.3 (ft) min avg depth of ballast over each log assuming an average of 25' of each 2' diam log is buried for 42 logs

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

Specific Weight - Sands and Gravels
lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3
124.9 134.2 62.4 71.8

Assumptions
10% of volume for log w/out rootwad added to same size of log with rootwad

user input



Floodplain Roughening - Type 1
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: MS
Completed On: 9/18/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 24 35 X 1 121 121 32.0 62.4 3,870 7,547 3,677 3,677
2 24 30 X 1 104 104 32.0 62.4 3,318 6,469 3,152 3,152
3 24 25 X 1 86 86 32.0 62.4 2,765 5,391 2,626 2,626
4 24 25 2 79 157 32.0 62.4 2,513 4,901 2,388 4,775
5 24 20 1 63 63 32.0 62.4 2,011 3,921 1,910 1,910
6 0 0 32.0 62.4 0 0 0 0
7 0 0 32.0 62.4 0 0 0 0

Racking 0 0 0 32.0 62.4 0 0 0 0
Totals 6 531 w/o racking without racking 16,140

531 w/racking with racking 16,140
20 cy with racking % of total buoyant force due to racking 0.0%

Structure Ballast Requirements 15 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast 
Over Each 

Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 41,640 580 21 3.0 193 830 Yes

Density Sands and GravelsDensity - Sands and Gravels
(dry) (sat) (water) (buoyant) 2.8 (ft) min avg depth of ballast over each log assuming an average of 17' of each log is buried

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

DRAG CALCULATION
Specific Weight - Sands and Gravels

lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3 FD = 9,360 lbf
124.9 134.2 62.4 71.8 p = 62.4 lb/ft3

v = 2 ft/s
Assumptions Cd = 1.5
10% of volume for log w/out rootwad added to same size of log with rootwad A = 50 ft2

user input



Floodplain Roughening - Type 2
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: MS
Completed On: 9/18/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 24 30 X 3 104 311 32.0 62.4 3,318 6,469 3,152 9,455
2 0 0 32.0 62.4 0 0 0 0
3 0 0 32.0 62.4 0 0 0 0
4 0 0 32.0 62.4 0 0 0 0
5 0 0 32.0 62.4 0 0 0 0
6 0 0 32.0 62.4 0 0 0 0
7 0 0 32.0 62.4 0 0 0 0

Racking 0 0 0 32.0 62.4 0 0 0 0
Totals 3 311 w/o racking without racking 9,455

311 w/racking with racking 9,455
12 cy with racking % of total buoyant force due to racking 0.0%

Structure Ballast Requirements 9 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast 
Over Each 

Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 22,656 315 12 3.0 105 108 Yes

Density Sands and GravelsDensity - Sands and Gravels
(dry) (sat) (water) (buoyant) 3.1 (ft) min avg depth of ballast over each log assuming an average of 17' of each log is buried

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

DRAG CALCULATION
Specific Weight - Sands and Gravels

lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3 FD = 3,746 lbf
124.9 134.2 62.4 71.8 p = 62.4 lb/ft3

v = 2 ft/s
Assumptions Cd = 1.5
10% of volume for log w/out rootwad added to same size of log with rootwad A = 20 ft2

user input



Floodplain Roughening - Type 3
Project: White River at Countyline 
Project #: 10-04770-000
Completed By: MS
Completed On: 9/18/2012

Structure Buoyancy Calcs

Log Type
Avg 

Diameter Length Rootwad
Logs Per 
Structure

Individual Log 
Volume

Total Log 
Volume

Log Specific 
Weight

Water 
Specific 
Weight

Individual 
Log Weight

Individual 
Log Buoyant 

Force

Net Buoyant 
Force Per 

Log

Total Log 
Buoyant 

Force
- in ft - No. ft3 ft3 lbf/ft

3 lbf/ft
3 lbf lbf lbf lbf

1 24 30 X 1 104 104 32.0 62.4 3,318 6,469 3,152 3,152
2 24 25 X 1 86 86 32.0 62.4 2,765 5,391 2,626 2,626
3 0 0 32.0 62.4 0 0 0 0
4 0 0 32.0 62.4 0 0 0 0
5 0 0 32.0 62.4 0 0 0 0
6 0 0 32.0 62.4 0 0 0 0
7 0 0 32.0 62.4 0 0 0 0

Racking 8 23 0 8 0 32.0 62.4 257 501 244 0
Totals 2 190 w/o racking without racking 5,778

190 w/racking with racking 5,778
7 cy with racking % of total buoyant force due to racking 0.0%

Structure Ballast Requirements 5 cy with racking within log ballast zone

Saturated 
Alluvium 

Specific Weight

Water 
Specific 
Weight

Net/Bouyant 
Alluvium 
Specific 
Weight

Factor of 
Safety 

Submerged 
Ballast Weight 
Requirement

Submerged Ballast 
Volume 

Requirement 

Submerged 
Ballast Volume 
Requirement

Min Avg Depth 
of Ballast 
Over Each 

Log

Required 
Plan View 

Area of 
Backfill

Approximate 
Plan View 

Area of 
Backfill Ok?

lbf/ft
3 lbf/ft

3 lbf/ft
3 - lbf ft3 yd3 ft ft2 ft2 -

134 62.4 71.8 2 14,364 200 7 3.0 67 72 Yes

Density Sands and GravelsDensity - Sands and Gravels
(dry) (sat) (water) (buoyant) 2.9 (ft) min avg depth of ballast over each log assuming an average of 15' of each log is buried

kg/m3 kg/m3 kg/m3 kg/m3
2000 2150 1000 1150

DRAG CALCULATION
Specific Weight - Sands and Gravels

lbf/ft3 lbf/ft3 lbf/ft3 lbf/ft3 FD = 2,808 lbf
124.9 134.2 62.4 71.8 p = 62.4 lb/ft3

v = 2 ft/s
Assumptions Cd = 1.5
10% of volume for log w/out rootwad added to same size of log with rootwad A = 15 ft2

user input





 

 
 

 
ATTACHMENT E 

 
King County Preliminary WEAP 

Analysis 



 

 

 










































	CONTENTS
	Introduction
	Engineered Log Structure Design and Analysis
	Structure Descriptions
	Design Calculations

	Constructability Issues and Other Analyses
	Pile Installation
	Analysis of Large Wood Accumulation on the Apex ELJs

	References
	Attachment A: Design Sheets for Engineered LogStructures
	Attachment B: Scour Calculations
	Attachment C: Pile Calculations and InputParameters
	Attachment D: Buoyancy Calculations
	Attachment E: King County Preliminary WEAPAnalysis



