Assessment
Stream simulation feasibility
'
Project alignment and profile
'
Verify reference reach
'
Bed shape
and material - Profile range

v

Structure width,
elevation, details = * Floodplain function,
| connectivity

Mobility i stability u_ . Safety factor

Design profile control ———

« Sustainability
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» Select a structure type, shape and size to meet
design objectives

» Structural design, foundations

Section 11 - this afternoon
e Stream simulation materials and placement methods
» Specify or guides for erosion and pollution control
— Dewatering, sediment control
— Erosion and pollution control
e Contract Details (handouts or in book)




Width of channel with banks

Bed self-sustainability and stability

Hydraulic capacity of the culvert

Risk of blockage by floating debris or beaver activity
Construction, repair, and maintenance needs

Passage of non-aquatic species
Meandering channel pattern part of project objectlves
Protection of floodplain habitats g :;.. rig




Channel migrating laterally

Wider channel expected in future

Channel skewed to road crossing (can skew some culverts)
Ice plugging in severe cold climate

Large bed material relative to culvert width

High water level stage during floods or high tides.

Approximate crossing structure dimensions and mvert eIevatlon
Flood-plain drainage structures TR e
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Bottomless Pipe

Bed profile elevation;
average of mobile bed
Cross section

per scour analysis and
foundation design

~ Pool depth plus 2.0 x Dy local scour,

Round Pipe

l Diameter, D or rise

l 80% D for Q100 except
backwatered channels for
reliability

50% D maximum

Range of possible bed
elevation from long
T profile analysis

verage less in culvert but don’t make

too thin or it can nick and unravel bed material. One reason to build bed really
well using compaction (vibratory compaction recommended).
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Bottomless Pipe

Bed profile elevation;
average of mobile be
Cross section

()
L
.................... L

per scour analysis and s
foundation design

N

Round Pipe

l Diameter, D or rise

80% D for Q100 except
backwatered channels for
eliability

- 50% D maximum

Range of possible bed
elevation from long
profile analysis

~ Pool depth plus 2.0 x Dy local scour, average less in culvert but don’t make
too thin or it can nick and unravel bed material.
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First estimate:
Culvert width to fit over
channel banks \

—— Bankfull width

Stream simulation bed
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First estimate;
Culvert width to fit over
channel banks \

— Bankfull width

Banks require ——
better interlocking,
more width

~ Stream simulation bed
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Structure sized to fit over channel and banks
— First estimate
— Bankfull channel matches reference channel
 Dynamic bed characteristics are simulated (self sustaining)
Debris passage is optimized
Consider contraction during higher than bankfull events
Check hydraulic capacity varies region to region!

— Stabillity: If Q50, Q100 pressurizes culvert bed may be scoured
out or embankment fail.

Openness ratio meet for terrestrial wildlife passage?
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Openness Ratio
The characteristic of a passage structure related to the ability of an
animal to see through the structure and not feel confined while within the

structure. The Openness Ratio Is calculated as

3.28*(height X width) /length > 1

Goat underpass

Wolf underpass

Elk Overpass




b. Unconfined
with wider culvert

c. Unconfined
with floodplain culverts




Unconfined channel - consider these modifications

* Hydraulic / Stability analysis when floodplain conveyance high

* Increase culvert width, Improve inlet contraction

» Add floodplain culverts (when either Q10 floodplain > 4 x BFW ?)
e Add road dips and armor emb:

If channel is backwatered
during high water, these
modifications may |
not be necessary




1. Design the channel and floodplain

2. Design the culvert to fit
Road Dip /

O
™~ Floodplain culvert in flood swale

Reference channel
bankfull cross section

" Culvert width
including floodplain

Floodprone width




Fit
Cost
Durability

Risk
Construction complexity considerations
Traffic, ROW, Contractors
Short-term impacts
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d. Bottomless Arch e. Embedded Round
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o Structure shapes are
available to fit almost any
site condition

e Some can be embedded
deeper than others

* A low embankment height
limits your options




Maximum embedment = where pipe
IS widest

TR i O%*Span

Sometimes need more embedment
depth than a pipe can provide

Up to 37’ wide (horizontal ellipse)

short & wide

Embedment depth varies,
designer has a choice

——  DIAMETER

Ellipse




Stream width 9.1 ft, slope 5%
Culvert bed width 9.3 ft, slope 6%
Unit Power = 6.3 ft-Ib/sec/ft3







Stream width 8.7 ft, slope 4.8%
Culvert bed width 11.4 ft, slope 5%
Unit Power = ?



(embedment depth = footing depth +/- design bed elev  ation)

Box
Low Profile Arch

Standard Arch High Profile Arch
span I

tall &

 sonawoe

narrow







Width ratio: 1.0, slope 4.5%












Photos have been modified to protect the guilty.







A Much Better Bridge









Bankfull flow is around 25% of Q100, 50% of Q50.
Numerous larger flows
Bank full width may not be enough. Mimic the channel.
pressurized pipe will scour
may not replace that material
debris
For long term durabllity

Critical elements



















e width < 15 feet

— bottomless arch

— concrete box, bridge
e widths 15-30 feet

— site conditions determine suitability and actual cost
e widths >30 feet

— bridges



O Miscellaneous

W Placed Channel Rock, Rock-20, method D

O Placed Streambed Simulation Rock, Bed Class 9

O Dewatering and Sediment Control

B Structural concrete, class A(AE), for footings

O Mobilization

B structural-plate box culvert, 36-feet x 10.5-feet




Bottomless Arch

O Miscellaneous

@ Dew atering and Sediment Control

O Structural Excavation

O Placed Channel Rock, Rock-20, method D

| Placed Streambed Simulation Rock, Bed Class 9
O Structural concrete, class A(AE), for footings
@ Mobilization

O structural-plate box culvert, 36-feet x 10.5-feet
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AVERAGE COST
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s (2 Inside pipe)
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“Filler Meterial”
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Foundeztion Flll

Structural] Excavatiorn
Constructed Steps (2 inside pipe)
Strearn Sirnulation Rock

“Flller Material”

Agyregate Surfacing

Mooilization

One-plece Round GALY Embedded Pipe
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Aonormel Corroslor
Gelvarized Steel

paciill/groundwaier oroperiies




Location East or

Water &

Soil Resistivity (ohm-

Material West of Cascades Soil pH cm) Service Life
Galvanized Steel East 45-6.0 1500-2000 30
East >6 -7 1500-2000 35
East >7 -10 1500-2000 40
Galvanized Steel West 45-6.0 1500-2000 15
West >6 -7 1500-2000 20
West >7-10 1500-2000 25
Aluminum East or West 45-10 >1500 75
Aluminized Steel East 5-9 >1500 65
West 5-9 >1500 50
Concrete All Locations 45-10 >1500 75+
Polyethylene All Locations 45-10 >1500 75




Resistivity

11

Q)
Q

(—/-

2000 - <3000 1.2

5000 - < 4000 1.4

24000 - < 5000 1.6

5000 - < 7000 1.9

> 7000 2.0
Gage &
Facior > 2.7 2.
















“squishing effect” neutral effect






Overburden
stress

Arch stress
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Passive Active
stress stress

Construction
related vulnerable
YU erosion zone.

FOOTING STRESSES

potential
scour

depth

mandatory
embedment depth









