South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 09/30/09

RAIN GARDEN DESIGN APPROACH

The rain gardens were sized to treat a minimum of 60% of the 2-year storm event peak flow. Both
rain gardens exceed the 60% minimum requirements and achieve approximately 70% treatment
goals for the 2-year storm event. The rain gardens have been designed using King County Runoff
Time Series program (KCRTS), assuming the SeaTac vicinity storm event and 15-minute time
step and reduced data type analysis. The Rain gardens are also designed to meet and/or exceed
the 2005 Low Impact development Manual for Puget Sound (LID Manual) as well as 2007
Department of Ecology Stormwater Management Manual (DOE) criteria.

The rain garden was modeled as an infiltration pond assuming a 3:1 (horizontal to vertical) side
slope, and a length to width ratio of ten to one. The effective storage depth was set to zero to
determine the maximum staging depth assuming low infiltration rates, The rain garden is not
designed to stage stormwater for long periods of time or permanently hold water in the facility.
The riser head elevation was set at 1.00-feet high causing a temporary 1.00-foot deep water
storage depth during rainfall events.

BOAT ACCESS ROAD RAIN GARDEN DESIGN CALCULATIONS

Tributary Area = 1.38 acres (City of Seattle) + 0.97 (Bridge) = 2.35 acres Impervious area.

€ |and Use Summary E|ﬁ|g]
?

Area

Till Forest  0.00 acres

Till Pasture,  0.00 acres

Till Grass 0.00 acres

Outwash Forest  0.00 acres

Outwash Pasture  0.00 acres

Outwash Grass  0.00 acres

Wetland 0.00 acres

Impervious ~ 2.35 acres
Total

2.35 acres

Scale Factor:  1.00 15-Min Reduced
Edit Flow Paths |

Time Series: |Euat Access Rain Garden.tsf |}}|

Compute Time Series |
Modify User Input |
File for computed Time Series [.TSF]
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South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 09/30/09

Peak flow rates were determined and tabulated below:

&% Help / Files - KCRTS

=ES

roject Location: -oea-lac
———annual Peak Flow Fates—— W ———— Flow Frequency Analy=zis——————
Flow Eate Rank Time of Peak — — Peaks — - Rank FReturn Frob
(CFS) [(CFS) Period
1.12 2 g-27-01 18:00 2.77 1 100.00 0,990
0.781 g 917,02 17:45 2.12 2 25.00 0.9&60
2.12 2 12-08-02 17:15 1.582 3 10.00 0.300
0.901 7 82304 14:30 1.25 4 .00 0.a00
1.19 5 10-28-04 16:00 1.19 5 3.00 0.667
1.25 4  10-27-05 10:45 1.12 & 2.00 0.500
1.52 3 10-25-08 22:45 0.901 7 1.30 0.231
2.77 1 1-09-08 &:30 0.781 a 1.10 0.091
Computed Peaks= 2 .55 50.00 0.980 w
< >

100% of the 2-year storm event is 1.12 cfs, 60% of the 2-yr storm event is 0.672 cfs. The rank 8
storm event (0.781 cfs) is the closest storm flow approximation to 60% of the 2-year storm and
will be used for KCRTS calculations. It should be noted that 0.781 cfs is approximately 70% of
the 2-year storm event and exceeds minimum treatment goals.

The rain garden is designed with 1-foot of stage depth based on 0.50-inches per hour (120
min/inch) vertical permeability rate. This is a much slower rate than observed in City of Seattle
rain gardens. The City has been monitoring rain gardens and finding long term infiltration rates
achieving 3 inches per hour. Therefore, the design is conservative for long term use and ability to
achieve treatment goals. The rain garden design is also slightly more conservative than the DOE
and LID Manual methods because the design does not include the allowable stormwater storage
volume within the soil matrix. This design assumes all water volume will be stored in the
temporary storage pool. The following physical characteristics and storm event hydrographs were
entered into the KCRTS rain garden model:

® Edit R/D Facility:INFILTRATION POND

Side Slope (Horizontal Component) 2
LengthfWidth Ratio

Effective Storage Depth before Overflow [Ft) l:l
Elevation at 0 Stage [F)

Vertical Permeability[MinfIn]

Bottom Surface :

+ Permeable " Impermeable

Side Surfaces :

+ Permeable " Impermeable
RiserHead (P[] |
Riser Diameter [In]
Number of Orifices l:l
Top of Riser
" Notched & Flat

POINT of Compliance Setup |
Edit Test HYDROGRAPH Parameters |
Define RISER Orifices and Notch |

Iterate then save to Boat Access Rain Garden.rdf

Head between the riser top and the bottom orifice
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South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 09/30/09

@ point of Compliance

Facility Outflow: |rl:|uut |
HWITYY file for Control Structure Qutlet Pipe
[File generated by KCBYY Backwater Program)

Filename| |}>|

- i
POC location: DownStream of Facility
&+ at Facility

If POC Location is DownStream of Facility

" Discharge

Compliance:
f+ Stage
Lag to POC: [0.000 |
Tributary TSF: | >3
Reservoir File:| |>>|
Downstream Quiflow: |dsnut |>>|

RETURN to Facility Edit Menu |
File containing the RJD Facility inflow data [.TSF]

€ |nflow/Outflow Hydrographs

Inflow Time Series: |Boat Access Rain GArden.tsf{>>| ?

Ewvent Window: |8

SET[reset] Default Hydrographs using Inflow Time Series

UPDATE event Peaks Only using a Time Series

EDIT target peak discharges
RETURN to Facility Design Menu
Edit target discharges presently found in RfD File

The rain garden was modeled with a zero discharge target to establish a possible maximum size
rain garden and ensure all water may be infiltrated into the compost amended soil matrix.
Assuming the bottom and sides are permeable, the KCRTS calculated storage depth assuming
60% of the two-year inflow results in a temporary storage depth of 1.00-feet deep.
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South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 09/30/09

€ Hydrograph Targets E]|§|g]
Primary Design Hydrograph: ?

Hyd:1 Peak flow on 1/09{08 Target Discharge:
Hyd:2 Peak flow on 12{08{02 Target Discharge:
Hyd:3 Peak flow on 10§25{06 Target Discharge:
Hyd:4 Peak flow on 10§27{05 Target Discharge:
Hyd:5 Peak flow on 10§28{04 Target Discharge:
Hyd:6 Peak flow on 8f27{01 Target Discharge:
Hyd:7 Peak flow on 8{23{04 Target Discharge:
Hyd:8 Peak flow on 9f17{02 Target Discharge:
Return to Size RetentionfDetention Facility Screen

Peak flow: 0.901 CFS. Return Period: 1.3

LKL

Peak flows and peak stage elevations within the rain garden were calculated and evaluated for
rain garden freeboard. Hydrograph 1 represents the 100-year storm event with the emergency
outfall and weir engaging with the maximum stage elevation at 14.13 in the rain garden. The top
of the rain garden was set at elevation 15.25, providing over 1-foot of freeboard.

Time Series results

Cutflow Peal. Storage
Hyd Year Inflow Target Calc Stage Elev {Cu—Ft) {Ac—Ft)
1 8 2.77 *xwwx*E 1.91 1.13 14.13 7853, o.180
2 3 2.12 *xwwxrx 1.15 1.09 14.09 7560, 0.174
3 7 1.52 s*kwsexex 0.0 1.07 14.07 7402, 0.170
4 B 1. 25 s*kkexex 0.61 1.05 14.05 7220. 0.166k
5 1 1.12 s*kksexex 0.60 1.05 14.05 7212 0.166k
f 5 1.19 s*xkxexex 0.4a 1.04 14.04 7139. 0.164
7 4 0.90 %*%eexex 014 1.01 14.01 6922 . 0.1549
a 2 0.78 0.00 0o.00 1.00 14.00 6837 . 0.157

Sawving Retention-Detention Facility File:Boat Access Fain Garden. rdf
Starting Documentation File:C:~kc_swdm~output-Boat Access Rain Garden. doc
Time Series Found in Hemory: boat access rain garden. t=f

4

Edit Complete
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South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 09/30/09

BOAT ACCESS ROAD RAIN GARDEN DISCHARGE STRUCTURES

The jail house weir has been designed to engage should the water surface ever exceed 1-foot deep
(elevation 14.00). The jail house weir was sized according to the 2-year and 100-year storm
events. It was evaluated for both events to make sure it served a range of storm events
sufficiently to avoid unnecessary emergency outfall conditions or over-topping of the rain garden.
Calculations can be found in Appendix G of this report. The emergency outfall structure has also
been designed to engage during high flow storm events.

BOAT ACCESS RAIN GARDEN RAIN GARDEN INLET/LEVEL SPREADER and
FILTRATION SECTION

The inlet pipe for the rain garden was designed according to the KCSWDM Figure 4.2.2.M
Pipe/Culvert Discharge Protection detail containing a fabric liner and rock slope protection. The
culvert will have a beveled end section to reduce the visual impact in the rain garden area. The
water will rise out of the discharge protection hole and slowly spread across the rain garden. The
bottom of the rain garden was designed to be flat and create pools of water for infiltration. The
rain garden will have an amended soil matrix 1.5-feet deep underlain with a geotextile for
underground drainage. The water will drain through the amended soil matrix for water quality
treatment and be recollected in a 2.5-foot deep gravel re-collection zone containing perforated
underdrain pipes. The perforated underdrain pipes will convey water to the main conveyance
system and discharge into the Duwamish Waterway. An underground geotextile for separation
will create a barrier between the rain garden re-collection area preventing the possibility for water
to interact with the groundwater and spread potential contamination or allow the groundwater to
contaminate the rain garden matrix.

BOAT ACCESS ROAD RAIN GARDEN FINAL PHYSICAL PROPERTIES
Type of Facility: Infiltration Pond
Side Slope: 3.00 H:1V
Pond Bottom Length:  245.26 ft
Pond Bottom Width: 24.53 ft
Pond Bottom Area:  6015. sq. ft
Top Areaat 1 ft. FB: 9397. sq.ft
0.216 acres
Effective Storage Depth: 1.00 ft
Stage 0 Elevation: 13.00 ft
Storage Volume:  6837. cu. ft
0.157 ac-ft
Vertical Permeability: ~ 120.00 min/in
Permeable Surfaces: Bottom & Sides
Riser Head: 1.00 ft
Riser Diameter: 48.00 inches (Emergency Outfall)
Top Notch Weir: None
Outflow Rating Curve: None

6,203 SF >6,015 SF, so the proposed rain garden surface area and volume is large enough to treat
the targeted pollution generating impervious surfaces.
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South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 09/30/09

ORR STREET RAIN GARDEN DESIGN CALCULATIONS

The Orr Street rain garden was designed using the same design criteria, assumptions and will not
be re-iterated in these calculations. The tributary area = 0.61 acres, 0.18 pollution generating
impervious surface and 0.43 acres pervious and gravel areas under the bridge.

FEX

© Land Use Summary
Area

Till Forest  0.00 acres
Till Pasture  0.00 acres
Till Grass  0.43 acres
Outwash Forest  0.00 acres
Outwash Pasture  0.00 acres
Outwash Grass  0.00 acres
Wetland  0.00 acres
Impervious  0.18 acres
Total
0.61 acres
Scale Factor: 1.00 15Min Reduced
Edit Flow Paths |
Time Series: |Drr Street Rain Garden.tsf ‘>>|

Compute Time Series ‘
Modify User Input ‘
File for computed Time Series [.TSF]

Peak flow rates were determined and tabulated below:

£% Help / Files - KCRTS

Time Serie= File:orr street rain garden. t=f
Project Location:Sea-Tac
———Annual Peal Flow Rates——  ———— Flow Freguency Analvsis——————
Flow Rate ERank Time of Peal — — Peaks — - Eank Return Prob
[CEFS) [CEFS) Period
n.1oz 3 2-09-01 12:30 0.430 1 100.00 0.990
n.o?7 7 1-05-02 15:00 0.256 2 25.00 0.960
0.256 2 12~-08-02 17:15 n.208 3 10.00 0.90n0
n.o7z a g-26-04 0:45 0.130 4 .00 o.aon
n.208 3 11~-17-04 5:00 n.124 5 3.00 0.667
n.124 E 10-27-05 10:45 n.1oz 3 2.00 0.500
0.130 4 10-25-06 22:45 n.o%7 7 1.30 n.231
0.430 1 1-09-08 &:30 n.o7z a 1.10 n.o91
Computed Peaks n.37:2 50.00 0.930
<
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South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 09/30/09

100% of the 2-year storm event is 0.102 cfs, 60% of the 2-yr storm event is 0.0612 cfs. The rank
8 storm event (0.072 cfs) is the closest storm flow approximation to 60% of the 2-year storm and
will be used for KCRTS calculations. It should be noted that 0.072 cfs is approximately 70% of
the 2-year storm event and exceeds minimum treatment goals.
) Edit RD Facility: INFILTRATION POND

Side Slope [Horizontal Component] ?
LengthfWidth Ratio

Effective Storage Depth before Owverflow [Ft]
Elevation at 0 Stage [Ff]

Vertical Permeability[Min{In]

+ Permeable " Impermeable

Bottom Surface :

Side Surfaces :

* Permeable " Impermeable
Riser Head [FY)
Riser Diameter [In]
Number of Orifices l:l
Top of Riser
" Notched * Flat

POINT of Compliance Setup |
Edit Test HYDROGRAPH Parameters |
Define RISER Orifices and Notch |

Iterate then save to Orr Street Rain Garden.rdf

Define how the Point of Compliance is Reached

€ point of Compliance
Facility Inflow: |Orr Street Rain Garde |>>| ?

Facility Outflow: |rduut |
HYW/TW file for Control Structure Outlet Pipe
[File generated by KCBW Backwater Program)

Filename| ‘>>|

- T
POC location: DownStream of Facility

f« at Facility
If POC Location is DownStream of Facility

" Discharge

Compliance:
f« Stage
Lag to POC: [0.000 |
Tributary TSF: | [>>|
Reservoir File: | ‘>>|
Downstream Qutflow: |dsuut ‘>>|

RETURN to Facility Edit Menu |
File containing the HfD Facility inflow data [.TSF]
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South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 09/30/09

© |nflow/Outflow Hydrographs EJ |E| E|

Inflow Time Series: [Orr Street Rain Garden.tsf

Event Window: |8

SET[reset] Default Hydrographs using Inflow Time Series

EDIT target peak discharges

UPDATE event Peaks Only using a Time Series ‘
BETURN to Facility Design Menu |

Edit target discharges presently found in RfD File

L7 Hydrograph Targets E“§|g|
Primary Design Hydrograph: t

B
Hyd:1 Peak flow on 1/08/08 Target Discharge: [** |
Hyd:2 Peak flow on 12/08/02 Target Discharge: [***+ ]
Hyd:3 Peak flow on 11/17/04 Target Discharge: [**+ ]
Hyd:4 Peak flow on 10/25/06 Target Discharge: == |
Hyd:5 Peak flow on 10/27/05 Target Discharge: [~ |
Hyd:6 Peak flow on 2/09/01 Target Discharge: [~ |
Hyd:7 Peak flow on 1/05/02 Target Discharge: [~ |
Hyd:8 Peakflow on §/26/04 TargetDischarge:[0 |
Return to Size RetentionfDetention Facility Screen |

Peak flow: 0.072 CFS. Return Period: 1.1

The Orr Street Rain Garden is designed with a bottom elevation of 13.14 and a maximum
1-foot temporary pool depth during water quality treatment. During the 100-year storm
event peak flow, the rain garden will rise to elevation 14.25 (maximum high water
elevation). The top of the rain garden is elevation 15.25 providing the minimum required
1-foot freeboard. The following are peak flow stage elevations for the Orr Street Rain
Garden:

42 KCRTS

Time Series results

Cutflow FPealk Storage
Hyd Year Inflow Target Calc Stage Elew (Cu—Ft) {Ac—Ft)
1 g 0.43 =xxxxxx e S T i 14 25 625, 0.014
2 3 0. .26 =xxxxxx 0.17 1.08 14 20 a4, 0.013
3 g 0,21 =xxxxxx 0.17 1.08 14. 20 a4 0.013
4 1 0.10 *xxxxxx 0.10 1.03 14.17 &5, 0.013
5 7 0.13 sxsxxxex o.o9 1.03 14 .17 Ebd. 0013
3 3 0.12 sxxxxex o.o8 1.03 14 .17 g2 . 0013
7 2 0. .08 s*xxrxex o.os 1.02 14 16 &0, 0013
a 4 o.o7 0.o0 o.o0 1.00 14 .14 b o.o1z2

Saving Retention<Detention Facility File:Orr Street Rain Garden.rdf
Starting Docuncentation File:C: ko swdm~output™Orr Strest Rain Garden.doc
Time Series Found in Hemorvy:.orr strest rain garden. tsf

Edit Complete w
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South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 09/30/09

ORR STREET RAIN GARDEN DISCHARGE STRUCTURES

The rain garden will have a discharge pipe connecting to the conveyance system and discharging
at the 24-inch diameter outfall. A secondary out fall is not necessary, because the secondary
outfall path involves sheet flow down Orr street and into a catch basin at the intersection of Boat
Access Road and Orr Street or sheet flow into the river.

ORR STREET RAIN GARDEN RAIN GARDEN INLET/LEVEL SPREADER and
FILTRATION SECTION

The Orr Street Rain Garden does not have a level spreader because it will sheet flow into the rain
garden without concentrated/channeled flows.

ORR STREET RAIN GARDEN FINAL PHYSICAL PROPERTIES

Type of Facility: Infiltration Pond
Side Slope: 3.00 H:1V
Pond Bottom Length: 58.03 ft
Pond Bottom Width: 5.80 ft
Pond Bottom Area:  337. sq. ft
Top Areaat 1 ft. FB: 1247. sq.ft
0.029 acres
Effective Storage Depth: 1.00 ft
Stage 0 Elevation: 13.14 ft
Storage Volume:  540. cu. ft
0.012 ac-ft
Vertical Permeability: ~ 120.00 min/in
Permeable Surfaces: Bottom & Sides
Riser Head: 1.00 ft
Riser Diameter: 12.00 inches
Top Notch Weir: None
Outflow Rating Curve: None

544 SF >337 SF, so the proposed rain garden surface area and volume is large enough to treat the
targeted pollution generating impervious surfaces.
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South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 04/010/09

WET VAULT DESIGN

The water quality vault has been designed according to Wet Vault Sizing Worksheet in
the KCSWDM. The mean annual storm rainfall was determined and used to calculate the
runoff from the mean annual storm. The wet pool volume was determined to be 3,435
cubic feet. The water quality vault was designed to meet the criteria for Water Quality
Design Flows in Section 6.2.1 for the KCSWDM. The vault does not precede detention
but has been designed to achieve a minimum treatment for 60% of the 2-year peak flow
rate, determined using the 15-minute time step analysis and a minimum 95% of the
annual average runoff volume. The targeted pollution-generating impervious and
pervious surfaces for the north basin were determined and the conveyance system was
designed to capture runoff from the targeted surface areas and convey the runoff to the
water quality wet vault for treatment.

WET VAULT PHYSICAL CHARACTERISTICS

Iterations were performed to minimize the length and width of the vault by increasing the wet
pool storage depth. Since the length to width ration is greater than 5L:1W, the vault may be a
single cell vault. The vault bottom was designed sloped longitudinally toward the manhole
access locations to facilitate maintenance access and cleanup methods. Theoretically, sediment
will deposit at the low points of the vault and may be removed with a vactor truck or other means
by maintenance crews. Since the low point is at manhole locations, maintenance crews may be
able to remove sediment deposits without entering the vault. The bottom was also designed to
slope laterally toward the middle of the vault to facilitate sediment removal. Two large grates are
designed to provide several functions. The vault has also been designed to meet or exceed the
minimum 7-foot internal height criteria. However, where removable grates are proposed, the
minimum clearance may be reduced. The grates may be removed for full access to the vault
bottom, removal and replacement of internal components, and provide air exchange. The inlet
was designed to discharge into the storage pool and help “stir” the water quality treatment pool.
The underwater discharge also functions as an energy dissipater eliminating the need for baffles
or weirs. A down-turned elbow/tee section was designed upstream of the vault to reduce the
possibility for oils entering the vault.

WET VAULT ACCESS and UTILITY CHARACTERISTICS

This vault has not been designed to have a removable top. The vault is deep due to the wet pool
depth and the Boeing request to minimize the square foot surface footprint. The top of the vault
will be covered with soil and asphalt surfacing to allow Boeing to drive around the vault area.
Manhole lids have been positioned to accommodate access to any point within the vault and not
exceed the maximum distance of 50-feet from the manhole. A minimum of 3,000 psi concrete
shall be specified in the construction plans and specifications. The vault has been designed as a
precast component that can be installed in the field with little onsite concrete work. This helps
reduce the possibility for process water and pH issues slowing down the construction schedule.
However, a significant amount of the vault will be constructed below the groundwater elevation
and buoyancy calculations have included in this.
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South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 04/010/09

NORTH BASIN MODELED 2-YR STORM EVENT

The targeted pollution generating impervious surface is 0.73 acres.

€ |and Use Summary [Z“E|E|
?

Area

Till Forest  0.00 acres

Till Pasture,  0.00 acres

Till Grass 0.00 acres

Outwash Forest  0.00 acres

Outwash Pasture  0.00 acres

Outwash Grass  0.00 acres

Wetland 0.00 acres

Impervious  0.73 acres
Total

0.73 acres

Scale Factor:  1.00 15-Min Reduced

Edit Flow Paths |
Time Series: |Nurth End Water Quality Flows| |}}|

Compute Time Series |
Modify User Input |
File for computed Time Series [.TSF]

The following are peak flows:
#% Help I Files - KCRTS

Time Series File:north ba=zin final =storm svent . t=f
Project Location:Sea-Tac
——Annual Peak Flow Fates—— W ———— Flow Frequency Analysis——————
Flow Rate Fank Time of Peak — — Peak= - — Rank Feturn Frob
(CFS) {CFS) Period
0.348 [ 82701 18:00 0.861 1 100.00 0.9390
0.243 a 9-.17.,02 1745 0.658 2 25.00 0.960
0.658 2 12~-08-02 17:15 0.472 3 10.00 0.900
0.zaeo0 7 g-23-04 14:30 0.3a8 4 .00 0.a00
0.368 5 10~-28~-04 16:00 0.368 5 3.00 0.667
0.3a8 4 10~-27-05 10:45 0.348 3 2.00 0.500
0.472 3 10~-25-06 22:45 0.zao0 7 1.30 0.231
0.861 ik 1-09-08 6:30 0.243 a 1.10 0.091
Computed Peals 0.793 c0.0o 0.98a0 "
4 | >
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South Park Bridge Replacement Project Jim Rhodes
Project Number 45647 04/010/09

60% of the 2-year storm event is 0.209 cfs and best approximated with time series 8,
0.209 cfs. The orifice control into the vault will be designed to meet 0.243 cfs in the
control structure.

L:\45647\Civil\Design\DRAINAGE\100% Drainage Report\95 Percent Report\Appendix
G (Facility Design)\Originals\Wet Vault Design.doc



WETVAULT SIZING WORKSHEET

Project name:  SOUTH AR BE (D e

METHODS OF ANALYSIS (see 6.4.2)
Step 1) Determine volume factor f.

Basic size f= 3 Consult WQ requirements(Section1.2.8)
Step 2) Determine rainfall R for mean annual storm.
Rainfall (R) 0. O'i (feet) Required from Figure 6.4.1.A

Step 3) Calculate runoff from mean annual storm
V= (0.9A+ 0.25A+ 0.10A4.,0.01 A,) X R

A= tributary area of impervious surface 5& 79% G4sf) Determine now
Ag= tributary area of tili grass g (sf) Determine now
Atf = tributary area of till forest g (sf) Determine now
Agg= tributary area of outwash grass Q (sf) Determine now
R= rainfall from mean annual storm 2,04 () From Step 2
V= volume of runoff from

mean annual storm / /ifi g0 (cf)

Step 4) Calculate wetpool volume

Vp =1V,
f= Volume factor 3 (unitless) From Step 1
V= volume of runoff, mean annual storm | |4y, %4cf) From Step 3
Vp = Volume of the wetpool # 3435 (cf)

Step 5) Determine wetpool dimensions
s a) Determine geometry of first cell

Volume in first cell 3,435 (cf) Must be 25 - 35%
Depth h 1st cell (minus sed. stor.) s, 2% (ft) See Section 6.4.1.2
Determine horizontal xs-area at surface )

Atop = LSl (s If square = take sqrt

Find top dimensions by adjusting for shape geometrics

Dimension of 1st cell: width  (10-42) [0,00 , i) > LY Lw

length  (L¥ie) _76.00 (f) Y51 SE
b) Determine geometry of second cell MEETS  PRECAST Compriings
Volume in second cell @ (cf) Must be 65 - 75%
Depth h of 2nd cell Z (ft) See Section6.4.1.2

Determine xs-area at surface

Atop = é (sf)
Dimension of 2nd cell: width @

K OIF The LewtTH TO Wity QaTio oF tHe VAT IS Si/ Ok GRATER
THE VALeT bay BE ome- cewed. ( KSswpy g (-9, b.¥2,2 (3)>



Dimension of 2nd cell: length Q (ft) If rectangular, short side =
24 ft to match cell 1
Geometry check: overall pond L : W at mid depth =3 : 1

Cell 1 length (mid-depth) o (ft)
Cell 2 length (mid-depth) g5 ()
Vault length = celi 1 + 2 - (ft)
Vault width /o (ft)
Lmid : Wmid = VLT RedTCr  Siope D
Step 6) Design rest of vault (Section 6.4.2.1)
Internal baffle
Inlet & Outlet
Access
Effective area FO S (3.2.2.1)
Note 5'X10" access, grating and corner vent holes
Other Design Details (Sections 6.2.2, 6.2.3, and 6.2.4)
Sequence of Facilities
Setbacks
Sideslopes, fencing, embankment
SIZE SUMMARY: Surface area, change in elevation S Levard Te WWTH RATIO
Vault width Jo-00 (ft)
Vault length 70.00 (ft)
Surface area vo0 . .0¢ (sf)

Elevation change needed: £ 28 (ft)



VAULT ORIFICE ANALYSIS DR04-5

King County Surface Water Design Manual Eq.(5-5) p. 5-42

FIGURE 5.3.4.D SIMPLE ORIFICE

A4
= ih 4 Q=CA \V2gh +CA{V2gh
t _. _
— =C\ 2g {ﬂ\b\;"hb+ Alﬁt)
\‘Driﬁce () h = distance from hydraulic grade line
hb at the 2-year flow of the outflow pipe
to the overflow elevation.
Q 3
A
/
arifice (b)
d = ||36.SSQ (5-5)
\
where d = onfice diameter (inches)
Q = flow (cfs)
h = hydraulic head (ft)
Q= 0.209|cfs Modeled from 60% of the 2-yr storm event.
h= 1.24|ft
d= 2.63|in
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Date: 03-16-2008  Author: cnt

File: J:\211\21015-004\21-1-21015-004 Fig 7.dwg

4 g Existing Ground
Surface
RN N ] T T
Design dw |‘ S
Groundwater B E v VA
Level N CEE -
I : / Native Soil
Fse Pl H FsP
B : rWs, ®
H, = H-dw LI : Compacted Granular
B , : // Backfill
-
{ — T~ Temporary Shoring
? T T T T 1 Support to be
Provided by
Temporary _ Contractor
Shoring Support
to be Provided - Fa —
by Contractor Buoyant Force Base of Excavation
B
Not to Scale
ASSUME
W+FgP : - i Unit Weiaht = 120 pcf
— Factor of Safety without Extended Base Y = Total Soil Unit Weight = 120 p
B
¥ = Buoyant Soil Unit Weight = 57.6 pcf
W+Wg+Fgg P
—————————— = Factor of Safety with Extended Base
Fg ¢ = 30°
W = Structure Weight in Kips 6 = 20°
W = Total and Buoyant Weight of Soil above Extended Ky = At-rest Coefficient = 0.48
Base in Kips
NOTES
Fs : Sohg?(r)u:jg 2R fs(;s(;grslc: ?ffg g;%wags . Uplift could result in high moments in bottom
(ir; Kips p‘;’er foot of wa11I) : 1w slab. The slab should be designed accordingly.
. . . . . Reduce computed F 5 and F¢ by 30% for
Fss = Shearing Resistance in Soil o S SB
8 0.017 dfz +0.008 H+0 (')33 H, du yielding walls (Active Coefficient = K ).
(in kips per foot of wall) . Recommendations are for static conditions only.
Fs = Buoyant Force p :
: . Final Design
= Base Area x H, x Unit Weight of Water :
! ¢ ‘ South Park Bridge
P = Perimeter of Structure Base in Feet Qh King County, Washington
H = Height of Wall 0
UPLIFT RESISTANCE
dw = Depth of Water Level in Feet
Groundwater assumed at depth of 10 to 12 feet.
( P March 2009 21-1-21015-004

See Geotechnical Report dated March 24, 2004.)

SHANNON & WILSON, INC. FIG.7
Gaotechnical and Environmental Consuitants .




JAIL HOUSE WEIR 2-YEAR ANALYSIS

King County Surface Water Design Manual Eq.(5-6) p. 5-43

FIGUEE £.34.E RECTANGULAR, SHARP-CREESTED WEIE

H = riser
&

F

- PLAN VIEW
NTS
SECTION
NTS

0 = CIL-020DH" (5-6)

where flow (cfs)
327 +040 HP(ft)

d
I
H F are as shown above
L
D

= length (ft) of the portion of the riser circumference as necessary not to exceed 50% of
the circumference
= nside nser diameter {ft)

Q= 0.781|cfs Modeled from 60% of the 2-yr storm event.
H= 0.13|ft Maximum stage elevation

P= 3.90(ft

C= 3.28|ft

L= 5.101|ft

Jailhouse Window

Assuming 1" Bars at 4"0O.C.

p= )

Grate Length 7 Plug in values for Grate Length
Lactual = 5.25(|ft If Locwwar > L, Grate Length OK




100-YEAR EMERGENCY OUTFALL ANALYSIS

King County Surface Water Design Manual Eq.(5-6) p. 5-43 |

FIGUEE £.34.E RECTANGULAR, SHARP-CREESTED WEIE

H = riser
Kk

F

- PLAN VIEW
NTS
SECTION
NTS

0 = CIL-020DH" (5-6)

where flow (cfs)
327 +040 HP(ft)

d
I
H F are as shown above
L
D

= length (ft) of the portion of the riser circumference as necessary not to exceed 50% of
the circumference
= nside nser diameter {ft)

Q= 2.77|cfs Modeled from 100% of the 100-yr storm event.
H= 0.15(ft 1' below freeboard

P= 3.90(ft

C= 3.29|ft

L= 14.543|ft Secondary Emergency Outfall Structure required

Jailhouse Window

Assuming 1" Bars at 4"0O.C.

Grate Length 19.56|ft Including Weir and Emergency Outfall Structure
Lactual = 14.67|ft If Lacwas > L, Grate Length OK

Secondary Emergency Outfall Structure required.

Note: Water stages to elevation 14.15 at the 100-year full storm event
which is 1-foot below the 15.25 freeboard elevation. The 48" diameter
outfall and 7' weir are both included to equal 19.56' of grate length.



OVERFLOW WEIR ANALYSIS DR04-5

King County Surface Water Design Manual Eq.(5-3) p. 5-30

OVERFLOW WEIR CALCULATION

Boat Access Road Treatment Rain Garden

Quo0= 2.77 cfs

C= 0.6

g= 32.2 ft/sec

L= 2.06 ft

H= 0.2 ft H=0.20 ft minimum
Where

2/3

L=[Q00/(3.21H*?)]-2.4H 6 ft min. page 5-30 KCSWDM 2009

Orr Street Treatment Rain Garden

Qu00= 0.43 cfs

C= 0.6

g= 32.2 ft/sec

L= 1.79 ft 6 ft min. page 5-30 KCSWDM 2009
H= 0.02 ft H=0.20 ft minimum

There is not enough flow to achieve 0.20'

Minimum weir size is more than enough to safely pass flows between rain gardens.



South Park Bridge Replacement
Project Number 45647
03/28/09

Jim Rhodes

Pump Flow analysis for the bascule piers.

The following data was based on a King County Sea-Tac storm event, with 15-minute
time step, and impervious surface of (70.67” x 150°=10,600 SF) or 0.24 acres. The
following flows should be used for sizing the pump(s) in the pier.

4% Help / Files - KCRTS

- — Peaks - -

IS
]
il

oo oo oo o oo

.283
216
.155
.128
2121
.114
.092
.oan
.26l

ime Series File:spbh bascule pier storm sewer [
Froject Location:Ssa—Tac
———Annual Peal Flow Rates——
Flow Eate Rank Tim= of Peak
(CFS)
n.114 3 8-27-.01 18:00
0.08o a 91702 1745
0.216 2 12-08-02 17:15
n.09z 7 8-23-04 14:30
n.121 5 10-28-04 16:00
n.128 4 10-27-05 10:45
0.155 3 10-25-06 22:4K5
0,283 1 1-09-08 &:30
Computed Peaks
£

Rank EReturn
Period
100.
25 .
10.

5.
N
N
.30
.10
0o

(=R e R A g ST N

4. t=

[ R R T

na
oo
oo
oo

FProb

oo o oo o oo

.990
.960
.900
.800
.BB7
.500
.231
.091
.9an

A=kE]

The pump system curve will be developed and a pump will be designed to meet the
system requirements based on the design flows provided. Evaluating the peak flows for a
peak volume yielded the following data.

L:\45647\Civil\Design\DRAINAGE\70% Drainage Report\Appendix G (Facility

design)\Bascule Pier Pump Flows.doc

1

3/31/2009



Enter the Analw=sis TOOLS Hodule

Analy=si= Tools Command

Compute FEAKS and Flow Fregquencies

Loading Time Series File:=pb bascule pier storm sewer 032509 t=i a
Flow Frequency Analwsis

Time Serie= File:=pbh ba=cule pier =torm sewer 032509 t=f
Froject Location:Sea-Tac
Frequencies & FPeallz saved to File:5PE bascule pier storm sewer 032509 plk=

Analv=si=z Tools Command

EETUREN to Previous MHenu

KCRTS Command

Enter the Analw=is TOOLS Hodule

Analy=zis Tools Command

Compute YOLUME Discharge

Time Series Found in Memorwv:=pbh bascule pier storm sewer 032509 t=f
Discharge Volume

Dizcharge Volume from Time Series
=pb ha=cule pier storm sewer 032509 t=f

betyeen 10-01-00 00:00 and 10-30-.00 23:59

4897 . Cu-Ft or 0.112 Ac-Ft in 0.0 days
Di=zcharge Volume File:SPE bascule pier wolume. prn
Volume Computed v
< >

L:\45647\Civil\Design\DRAINAGE\70% Drainage Report\Appendix G (Facility
design)\Bascule Pier Pump Flows.doc 2 3/31/2009
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‘QQ guﬂv Flow

Ku = Constant = (0.(
n = & 0)5 for concrete (wsbo‘r H-qdraul(cs Moww-a!)

| o3/ g o6
Ku. Q o 51_.0 <n gx> | |

0.4 SV B KN

LT (o (">(0 osq) Z(O-OBQ) (o ‘ol5kom> o

LT = 13 3 ¥m+ Cmr‘b openmq N&uzrecﬂ |
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Afe yery flat ; o
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SI Units English Units

Step 3. Using equation 4-13 or chart 4
compute the gutter flow velocity.

Step 3. Using equation 4-13 or chart 4
compute the gutter flow velocity.

V - (Ku /n)SLO.S Sx0,67 7-0.67 V - (Ku/n) SL0,5 SX0,67 7'0‘67

V = {0.752/(0.016)} (0.04)°° (0.025)°% V = {(1.11)/(0.016)} (0.04)°° (0.025)°¢7
(3)0‘67 (9 84)0,67

V = 1.66m/s V = 541t/s

Step 4. Using equation 4-18 or chart 5, determine the frontal flow efficiency for each grate.

Using equation 4-19 or chart 6, determine the side flow efficiency for each grate.
Using equation 4-21, compute the interception capacity of each grate.

The following table summarizes the resuits.

Size Frontal Flow Side Flow Interception
Grate (width by length) Efficiency, R, Efficiency, R, Capacity, Q,
P-50 06mby06m 1.0 0.036 0.091 m¥s
(2.0 ftby 2.0 ft) (3.21 ft¥/s)
Reticuline 06mby06m 0.9 0.036 0.082 m¥/s
(2.0 ftby 2.0 ft) (2.89 ft*/s)
P-50 06mbyi12m 1.0 0.155 0.103 m¥/s
(2.0ftby 4.0 1) (3.63 ft¥s)
Reticuline 06mby12m 1.0 0.155 0.103 m¥/s
(2.0 ftby 4.0 1) (3.63 ft¥/s)
The P-50 parallel bar grate will intercept about 14 percent more flow than the reticuline grate or 48
percent of the total flow as opposed to 42 percent for the reticuline grate. Increasing the length of
the grates would not be cost-effective, because the increase in side flow interception is small.

With laboratory data, agencies could develop design curves for their standard grates by using
the step-by-step procedure provided in appendix C.

4.4.4.2 Curb-Opening Inlets

Curb-opening inlets are effective in the drainage of highway pavements where flow depth at the
curb is sufficient for the inlet to perform efficiently, as discussed in section 4.4.3.1. Curb
openings are less susceptible to clogging and offer little interference to traffic operation. They
are a viable alternative to grates on flatter grades where grates would be in traffic lanes or would
be hazardous for pedestrians or bicyclists.

4-47



Curb opening heights vary in dimension, however, a typical maximum height is approximately 100
to 150 mm (4 to 6in). The length of the curb-opening inlet required for total interception of gutter
flow on a pavement section with a uniform cross slope is expressed by equation 4-22:

03 1 )°°
L. = K Q%2g? 4-22
T u L (n Sx] ( )
where:
K. = 0.817 (0.6 in English units)
Ly = curb opening length required to intercept 100 percent of the gutter flow, m (ft)
S, = longitudinal slope
Q = gutter flow, m¥/s (ft%/s)

The efficiency of curb-opening inlets shorter than the length required for total interception is
expressed by equation 4-23:

1.8
E:1—(1-£J (4-23)

where:
L = curb-opening length, m (ft)

Chart 7 is a nomograph for the solution of equation 4-22, and chart 8 provides a solution of
equation 4-23.

The length of inlet required for total interception by depressed curb-opening inlets or curb-
openings in depressed gutter sections can be found by the use of an equivalent cross slope, S,
in equation 4-22 in place of S,. S, can be computed using equation 4-24.

Se = Sx +S /w Eo (4'24)
where:
S', = cross slope of the gutter measured from the cross slope of the pavement, S,, m/m
(ft/ft)
S, = a/[1000 W]W, for Win m; (a/[12 W], for Winft)yor=S,, - S,
a = gutter depression, mm (in)
E, = ratio of flow in the depressed section to total gutter flow determined by the gutter

configuration upstream of the inlet

Figure 4-13 shows the depressed curb inlet for equation 4-24. E_ is the same ratio as used to
compute the frontal flow interception of a grate inlet.

4-48



Figure 4-13. Depressed curb opening inlet.

As seen from chart 7, the length of curb opening required for total interception can be significantly
reduced by increasing the cross slope or the equivalent cross slope. The equivalent cross slope
can be increased by use of a continuously depressed gutter section or a locally depressed gutter
section.

Using the equivalent cross slope, S,, equation 4-22 becomes:
where:

L =K QO-“ZS“( 1 )OB (4-25)
i oaf 1. .
T T n Se

K; =0.817 (0.6 in English Units)

Equation 4-23 is applicable with either straight cross slopes or composite cross slopes. Charts
7 and 8 are applicable to depressed curb-opening inlets using S, rather than S,.

Equation 4-24 uses the ratio, E,, in the computation of the equivalent cross slope, S,. Example
4-9a demonstrates the procedure to determine spread and then the example uses chart 2 to
determine E,. Example 4-9b demonstrates the use of these relationships to design length of a
curb opening inlet.

Example 4-9a

Given: A curb-opening inlet with the following characteristics:

S, = 001 m/m (M)

S, = 0.02 m/m (i)

Q = 0.05m¥s(1.77 ft/s)
n = 0016

4-49



Find:
(1) Q;fora3m (9.84 ft) curb-opening.
(2) Q foradepressed 3 m (9.84 ft) curb opening inlet with a continuously depressed

curb section.

a = 25mm(1in)
W = 06m(@2f)
Solution (1):
SI Units

Step 1. Determine the length of curb
opening required for total interception of
gutter flow using equation 4-22 or chart 7.

LT = Ku Q0,42 SLO.B (1/([7 SX))O,G
L, = 0.817(0.05)°%(0.01)°*

(1/[(0.016)(0.02)])°¢
L, = 7.29m

Step 2. Compute the curb-opening efficiency
using equation 4-23 or chart 8.

L/L;=3/7.29=041

1-(1-L/L)"
1-(1-0.41)"8

E
E
E 0.61

Honn

Step 3. Compute the interception capacity.

;= EQ
= (0.61)(0.05)
. = 0.031m%s
Solution (2):
S! Units
Step 1. Use equation 4-4 (chart 2) and

equation 4-2 (chart 1) to determine the W/T
ratio.

Determine spread, T, (Procedure from
example 4-2, solution 2)

English Units

Step 1. Determine the length of curb opening
required for total interception of gutter flow
using equation 4-22 or chart 7.

Ly = K,Q**S,% (1/(nS))**

Ly = 0.6(1.77)°%(0.01)°
(1/](0.016)(0.02)])°°

L, = 2394t

Step 2. Compute the curb-opening efficiency
using equation 4-23 or chart 8.

L/L;=9.84/23.94 =041

1-(1-L/L)"®
1-(1-0.41)"

E
E
E 0.61

Step 3. Compute the interception capacity.

EQ
(0.61)(1.77)
Q = 1.08ff/s

H unH

English Units

Step 1. Use equation 4-4 (chart 2) and
equation 4-2 (chart 1) to determine the W/T
ratio.

Determine spread, T, (Procedure from
example 4-2, solution 2)
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S! Units
Assume Q, = 0.018m’s
Q, = Q-Q
= 0.05-0.018
= 0.032ms
E, = Q/Q
= 0.032/0.05
= 0.64
S, = S, +aw
= 0.02 + (25/1000)/0.6
S, = 0062
S./S, = 0.062/0.02 = 3.1

Use equation 4-4 or chart 2 to determine
wrrT
w/T
T

0.24

w7/ (wrT)
0.6/0.24
25m

T-Ww
2.5 -06
1.9m

nuwnu

Use equation 4-2 or chart 1 to obtain Q,

Qs - (K/n)s167805 T267

Q, = {(0.376)/(0.016)} (0 02)"%
(0 01)05 (1 9)267

Q, = 0.019m’s

(equals Q, assumed)

Step 2. Determine efficiency of curb opening

S, = S, +S', E, =S, +(aWE,
= 0.02 +[(25/1000)/(0.6)](0.64)
S, = 0.047

e

Using equation 4-25 or chart 7

L, = K Q%S [1/nS)P°
L, = (0.817) (0.05)°% (0.01)%°

[1/((0.016)(0.047))°°
L, = 437m

English Units

Assume Q, = 0.64ft/s
Q, = Q-Q
= 1.77-0.64
= 1.13f/s
E, = Q,/Q
= 1.13/1.77
= 0.64
S, = S, +aWw
= 0.02+(0.83/2.0
S, = 0.062
S,/S, = 0.062/0.02 = 3.1

Use equation 4-4 or chart 2 to determine W/T

w/T
T

0.24
w7/ (wrr)
2.0/0.24
831t

T-W
83-20
6.3 ft

Use equation 4-2 or chart 1 to obtain Q,

Qs - (/(/n) S 1.67 S 0.5 T52A67

Qs = 7(0 56)/(0 016)}
(0.02)"° (0.01)%°
(63267

Q, = 0.69 ft’/s

(Close to Q, assumed)

Step 2. Determine efficiency of curb opening.

S.= S, +8,E, =S, +(aW)E,
= 0.02 +(0.083)/(2.0)](0.64)
S, = 0.047

Using equation 4-25 or chart 7

Ly = K Q%2 8,°° [1/n SYP*
L. = (0.6)(1.77)** (0.01)°3

[1/((0.016)(0.047))°®
Ly = 14.34 1t
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SI Units English Units

Using equation 4-23 or chart 8 to obtain curb Using equation 4-23 or chart 8 to obtain curb

inlet efficiency inlet efficiency
L, = 3/437=069 L, = 9.84/14.34=0.69

E = 1-(1-L/L)"" E = 1-(1-L/Ly'®

E = 1-(1-069" E = 1-(1-0697"

E = 088 E = 0388
Step 3. Compute curb opening inflow using Step 3.  Compute curb opening inflow using
equation 4-14 equation 4-14

Q = QE Q = QE

= (0.05) (0.88) = (1.77) (0.88)
Q = 0.044m’s Q = 155t/

The depressed curb-opening inlet will intercept 1.5times the flow intercepted by the undepressed
curb opening.

Example 4-9b

Given: From Example 4-7, the following information is given:

S, = 001 m/m (ft/ft)

S, = 0.02 m/m (ft/ft)

T = 25m(8.2fi)

Q = 0.064 m’/s (2.26 ft*/s)
n = 0.016

W= 06m(20f)

a = 50mm(20in)

E, = 070

Find:  The minimum length of a locally depressed curb opening inlet required to intercept 100
percent of the gutter flow.

Solution:
SI Units English Units
Step 1. Compute the composite cross slope Step 1. Compute the composite cross slope
for the gutter section using equation 4-24. for the gutter section using equation 4-24.
S, = S,+S, E, S, = S,+S, E,
S, = 0.02+(50/1000/0.6) 0.60 S, =002+ (2/12/0.6) 0.60
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By Richard W. Bonds, PE.
DIPRA Research/Technical Director

ESIGN PROCEDURES FOR Ductile Iron pipe in nor-
mal underground service have been well estab-
lished. The standard design considers hoop
stresses in the pipe wall due to internal hydrostatic
pressure as well as bending stresses and deflection in the
pipe due to external loads of earth and traffic above the buried
pipe.!

Neither Ductile Iron nor any other type of pipe is designed
specifically as a beam for normal buried service. It is always
assumed that the pipe will be uniformly supported along its
length by the soil beneath it. Erosion, excessive traffic load-
ing, frost, expansive soils, and poor installation sometimes
result in beam loading on buried pipe. In fact, these condi-
tions, individually or in combination, probably are responsible
for many failures in buried pipelines. Because of Ductile Iron’s
great beam strength, beam failures in buried Ductile Iron pipe
are virtually unknown.

In some situations, it is necessary or desirable to use sup-
ports at designated intervals along pipelines. Aboveground,
supported pipe is needed to transport water and other fluids
within treatment plants and buildings. Also, pipe on piers is
utilized to cross natural or manmade objects. Sometimes,
unstable soil conditions or other factors necessitate the
installation of pipe on piers or pilings underground.

This article reviews the pertinent design considerations
for both aboveground and underground Ductile Iron pipe-on-
supports installations. Bridge-crossing installations, which
are not specifically addressed, require special attention to
their unique situations. Specific procedures, recommended
design limits, and allowable stresses are outlined in the exam-
ple problem. Design tables based on Ductile Iron pipe data
and suggested loads are also provided.

Beam Span for
{heclile Troe Pipe on Stpports

Ductile Iron pipe is normally manufactured in 18- or 20-foot
nominal* lengths, depending on the pipe manufacturer and
pipe size. The most common joints used with Ductile Iron pipe
are the push-on type joint and the mechanical joint. Both
of these rubber-gasketed joints allow a certain amount of
deflection and longitudinal displacement while maintaining
their hydrostatic seal. This makes these pipe joints ideally
suited for normal underground installation. The flexibility of
the joints reduces the chance of excessive beam stresses
occurring. For pipe supported at intervals, however, flexible
joints usually require that at least one support be placed
under each length of pipe for stability.

Various schemes have been successfully used to obtain
longer spans where particular installation conditions pre-
sented the need, but these are special design situations and
are not specifically addressed in this article. The design pre-
sented herein is based upon one support per length of pipe.

1

Support Locadion

System security is maximized by positioning the supports
immediately behind the pipe bells. When the support is
placed near the bell, the bell section contributes beneficial
ring stiffness where it is most needed. This ring stiffness, in
turn, reduces the effect of support loads and localized stress.
Supports should normally not be placed under spigots adja-
cent to bells, due to possible undesirable effects on joints.

Sadedle Angle and Support Widih

Pipe supports should cradle the pipe in a saddle (see Figure
1). This cradling, which should follow the contour of the pipe,
minimizes stress concentrations at the supports. It is recom-
mended that the saddle angle (8) of the support be between
90° and 120°. Little or no benefit is gained by increasing the
saddle angle more than 120°. With angles smaller than 90°,
the maximum stress tends to increase rapidly with decreas-
ing saddle angle.3

There are some differences among published theories and
data regarding the importance of axial support width for sad-
dles. The most accepted formulas are found to be completely
independent of saddle width. Some test data, however, show
a decrease in measured stresses with an increase in saddle
width. There is little effect on the maximum stress when
saddle support width is increased more than v2Dt,.4
Therefore, for saddle supports, the minimum width (b) is
determined by Equation (1).

b=v2Dt, L
where:

b = minimum (axial) saddle width (inches)

D = actual outside diameter of pipe (inches)

t. = nominal pipe wall thickness (inches), see Table 1

Support Desion

Additionally, supports, piles, and/or foundations should be
adequately designed from a structural and soil-engineering
standpoint to safely handle any loads transferred from
the pipe.

Frorge {-Suaddle An

,——1
|—— SUPPORT SPACING — (L)
| SUPPORT WIDTH ——=+I

SADDLE ANGLE

*Ductile Iron pipe may be furnished in shorter lengths per AWWA C151.2
If exact lengths are required to fit on pre-built piers, this should be specified.



Nominal Thicknesses for Standard Pressure
Classes of Ductile Iron Pipe

Outside Pressure Class

Size ¢ Diameter 150 200 250 300 350
n. . Nominal Thickness~in.

3 3.96 = = = = 0.25%
4 480 = = = s 0.25*
6 . 680 = = = = 0.25%
8 905 = = = = 0.25%
10 1110 = = = = 0.26
120 1320 S S = = 0.28
14 1530 s = 0.28 0.30 0.31
6 1740 S S 0.30 0.32 0.34
18 1950 ¢ = = 0.31 0.34 0.36
20 21.60 = = 0.33 0.36 0.38
24 2580 | - 0.33 0.37 0.40 043
30 0 3200 0 034 0.38 0.42 0.45 0.49
36 3830 ¢ (.38 0.42 0.47 0.51 0.56
42 450 . 04l 047 0.52 057 0.63
18 5080 | 046 0.52 0.58 0.64 0.70
54 5756 1 051 0.58 0.65 0.72 0.79
60 6161 | 054 061 0.68 0.76 0.83
64 ¢ 6567 0.56 0.64 0.72 0.80 0.87

*Calculated thicknesses for these sizes and pressure ratings are less than those
shown above. These are the lowest nominal thicknesses currently available in
these sizes.

T ayhs Fon T3
Libiintl £

Allowances for Casting Tolerance

[

Size : Casting Tolerance
in. in.
we 008
14-42 : 0.07
48 i 0.08
54-64 | 0.09
[awuls o3 Pibe

For underground pipe-on-supports design calculations, the
total load normally includes the prism earth load plus the
weight of the pipe and contents. When buried pipe is installed
on supports, it is usually because of unstable ground condi-
tions. There should, in most cases, be no vehicle loading.
Thus, truck loads (per ANSI/AWWA C150) should be used in
design calculations only where they are likely to occur. For
aboveground design calculations, the total load includes the
weight of the pipe and contents.

If the designer expects greater loads to occur on above-
ground or underground installations, these loads should be
incorporated into the design and are not in the scope of this
procedure.
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Design calculations include localized stress at supports, hoop
stress due to internal pressure, and flexural stress and beam
deflection at the center of the span.

Due to the conservative approach of this design pro-
cedure, and in the interest of simplicity, combinations of
external load and internal pressure to obtain principal
stresses have not been considered. The design engineer may
elect to investigate principal stresses due to extraordinary
circumstances, e.g., very high internal pressure, etc.

R ATE ;
e B e AN e 1 £ .
Ductile Iron is well-suited for use in pipe-on-supports
appllcations due to its tremendous beam strength.

£
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The supported pipe is subjected to localized stresses at the
support that are a function of the total reaction at the support
and the shape (saddle angle) of the support. This maximum
stress may be longitudinal or circumferential in nature and is
predicted by the following equation proposed by Roark:5

wL D
f=K|{s )il o, @
where: f, = localized stress due to support reaction

(48,000 psi maximum)

L = span length (feet)

D = pipe outside diameter (inches), see
Table 1

w = unit load per linear foot (Ib./ft.)

K = saddle coefficient

t, = design wall thickness of pipe (inches),

see Table 3

For aboveground applications:
t, = minimum manufacturing thickness of
pipe
= nominal pipe wall thickness—casting
tolerance

For underground applications:
t, = net pipe wall thickness
= nominal pipe wall thickness—casting
tolerance-0.08" service allowance
Recent research involving Ductile Iron pipe has estab-
lished that the function
K = 0.03-0.00017 (8-90°) @)
provides excellent correlation between the ring stresses pre-
dicted by Equation (2) and the actual stress as measured
when g is between 90° and 120°.3
The maximum calculated localized stress should be limited
to 48,000 psi. This value is equal to the minimum yield
strength in bending for Ductile Iron (72,000 psi) divided by a
safety factor of 1.5. It is the same limiting value of bending
stress employed in the American National Standard for the
Thickness Design of Ductile Iron Pipe, ANS/AWWA C150/
A21.50.1

2
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The net thlckness requlred for mternal pressure can be

determined by using the equation for hoop stress:

PD
t =~

25 )
where: t = net pipe wall thickness (inches)

P, = design internal pressure (psi)
=2, +P)

P,, = working pressure (psi}

P, = surge allowance (100 psi)

D = outside diameter of pipe (inches)
S = minimum yield strength in tension

= 42,000 psi
If anticipated surge pressures are greater than 100 psi, the
maximum anticipated pressure must be used.

i‘{i i
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With one support per length of pipe posmoned immediately
behind the bells, each span can conservatively be treated as a
simply supported beam. The joints being slightly offset from
the supports causes some of the simple beam moment and
stress to distribute itself from the center of the span to the
support. This makes the simple beam approach conservative.
The following formula represents the flexural stress at the
center of the span of a uniformly loaded, simply supported
beam:

f, = 15.28 Dwl.2 (5)
D4-d4

where: f, = allowable flexural stress (48,000 psi maximum)
D = pipe outside diameter (inches)
w = unit load per linear foot (Ib./ft.)
L = length of span (feet)
d = D-2t, (inches)

Deam Deflection at Cenier of Span
Computations for beam deflection are also based on the sim-
ply supported beam concept. This is likewise conservative
due to the reality of offset joints. The maximum allowable
deflection at mid-span to prevent damage to the cement-
mortar lining is limited to:

=L (6)
YI 10
where: y, = maximum allowable deflection at center of span
(inches)

L = length of span (feet)

Less deflection may be desired. The deflection of the
beam may be significant for aesthetic reasons in aboveground
installations or possibly for hydraulic reasons in gravity-flow
pipelines. Limitations on the deflection, if any, should
be determined by the designer as appropriate to a specific
installation.

The beam deflection at center span for a uniformly loaded,
simply supported beam can be calculated using the following
formula:

y = 458.4 w L4
E (D4-d%)
where: v = deflection at center of span (inches)
unit load per linear foot (Ib./ft.)
= length of span (feet)
E = modulus of elasticity (24 x 106 psi)
D = pipe outside diameter (inches)
d = D-2t, (inches)

)
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For aboveground installations with one support per length of
pipe (i.e., a span length of 18 or 20 feet), the minimum pres-
sure class of Ductile Iron pipe manufactured in all sizes is
more than adequate to support the weight of the pipe and
water it contains when analyzed in accordance with the sug-
gestions of this procedure.

Other design considerations for pipes supported above-
ground may include the carrying capacity of the supports
themselves, the strength of the structure from which a pipe
may be suspended, and/or unusual or additional loads not in
the scope of this article. Such loading may include seismic,
frequency or resonance of vibrations, wind, water current,
and other special design considerations.

It is also necessary to assure a minimum of lateral and ver-
tical stability at the supports for aboveground piping.
Deflected pipe joints can result in thrust forces of hydrostatic
or hydrodynamic origin, and if not laterally and vertically
restrained, unbalanced forces may result in additional joint
deflection and possible failure of the pipeline.

Thermal expansion of Ductile Iron pipelines supported
aboveground is not usually of concern in correctly designed
and installed systems because of the nature of the push-on or
mechanical joint. A 100-degree Fahrenheit change in temper-
ature results in expansion or contraction of a 20-foot length of
Ductile Iron pipe of approximately 0.15 inches. This is easily
accommodated by correctly installed pipe and joints. Occa-
sionally, where structures from which Ductile Iron pipe is to
be suspended are expected to have significantly different
behavior than the pipeline, special considerations for expan-
sion, contraction, and supports may be necessary. For refer-
ence, the following are coefficients of thermal expansion for
various materials:

Ductile Iron: 6.2 x 10-6 inch/inch degree Fahrenheit
Steel: 6.5 x 10-6 inch/inch degree Fahrenheit
Concrete: 7.0 x 106 inch/inch degree Fahrenheit

Deston Proceduve
A. Select the length of span (18 feet or 20 feet), saddle angle
(90°-120°), and pipe diameter.
B. Determine the unit load per linear foot (w) based on the
minimum pressure class pipe manufactured.
L. For aboveground installations: w = (W, + W)
2. For underground installations:
2.1 No truck loads
=W, +W,)+12DP,
2.2 Truck loads included
=W, +W,) +12D (P, +P)
Note: For D see Table 1
For P, and P, see Table 4
For (W + W w) see Table 3
C. Determine if the de51gn thickness (t,), corresponding to
the pipe pressure class selected in Step B and found in
Table 3, results in an acceptable localized stress less than
or equal to 48,000 psi.
1. Calculate the saddle coefficient (K) using Equation (3).
2. Calculate f, using Equation (2).
If £, exceeds 48,000 psi, increase t, to the next greater
pressure class and re-calculate starting with Step B.
Repeat until the resulting f. is less than or equal to
48,000 psi.
D. Determine the pipe pressure class required due to internal
pressure.
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System security is maximized by positioning the supports
immediately behind the pipe bells.

1. Calculate the net thickness (t) required for hoop stress
due to internal pressure using Equation (4).

2. Determine the total calculated thickness (T) due to
internal pressure.

For aboveground applications:

T =t + casting tolerance

For underground applications:

T =t + casting tolerance + 0.08

3.Using Table 1, select a standard pressure class thick-
ness. When the total calculated thickness is between
two standard thicknesses, select the larger of the two.
Note:For aboveground applications, the standard pres-

sure class selected from Table 1 may be less than
the design working pressure due to the 0.08 ser-
vice allowance not heing required.

E. Calculate the flexural stress (f,) at mid-span using Equa-
tion (5) and the greater pressure class pipe required in
Step C or D along with its corresponding t, and w values.
If f, exceeds 48,000 psi, increase t, to the next class and
re-calculate f, using the new pressure class thickness and
corresponding t, and w values. Repeat until the resulting f,
1s less than or equal to 48,000 psi.

FE Check deflection at mid-span.

1. Calculate the deflection at mid-span (y) using Equation
(7) and the greater pressure class pipe required in Step
C, D, or E along with its corresponding t, and w values.

2. Calculate the maximum allowable deflection at mid-span

(y.) using Equation (6). (Note: Less deflection may be
desired.)
If the deflection y is greater than the deflection y,,
increase t, to the next greater pressure class and re-
calculate y using the new pressure class thickness and
corresponding t, and w values. Repeat unti! the resulting
y is less than or equal to y,.

G.Choose the greater pressure class corresponding to the
largest t, required in Step C, D, E, or F and calculate the
minimum saddle width using Equation (1).

7y
Desion oy

Fmd the required pipe pressure class for 24-inch Ductile Iron
pipe installed on 20-foot-spaced piers under 3 feet of earth
cover with 120° saddles and an operating pressure of 150 psi.
Assume no truck load.

Step A.
20-foot span (L)
120° saddle angle ()
24-inch diameter Ductile Iron pipe

Step B.
= (W, +W,) +12DP,
(W + W) = 306 Ib/tt. (Table 3)
D = 25.8" (Table 1)
P, = 2.5 psi (Table 4)
W =306 + 12 (25.8) (2.5) = 1080 Ib.t.

Step C.
K = 0.03-0.00017 (3-90°)
K = 0.03-0.00017 (120-90°) = 0.025
wL
o=k G2
t, = 0.18 (Table 3)
£ = 0.025 [(1080) 20)) , ( 25.8
U a8 )" (2019
71,200 psi > 48,000 psi
.. try next thickest pressure class (Pressure Class 250)
For Pressure Class 250:

) = 71,200 psi

(From Table 3)
tn = (.22"

= 314 + 12 (25.8) (2.5) = 1088 Ib./ft.

— 0.025 [(1088) (20)) [ 258 ) —4 :
f, = 0.0 5( ©0.22)2 ln\2(0.22) 5,761 psi
45,761 psi < 48,000 psi.". OK

Step D.

PD
t o

25

P, = 2(P, + P,) = 2 (150 + 100) = 500 psi

500 (25.8) _ 15"

2 (42,000) )
Total calculated thickness (T) = t + casting tolerance +
0.08

Casting tolerance = 0.07 (Table 2)

T = 0.15 + 0.07 + 0.08 = 0.30"

From Table 1, Pressure Class 200 is adequate for internal
pressure design.

Step E.
Using Pressure Class 250 determined in Step C:
£, = 15.28 Dwl.2
D4 - g4
d=D-2t, =25.8-2(0.22) = 25.36"

15.28 (25.8) (1088) (20)? .
f, = (2é 8)48> ((25 Bg)g 0 - 5,824 psi
5,824 psi < 48,000 psi .. OK

Step E

Using Pressure Class 250 determined in Step C:
g = 4584 w 14

E (D4-d%)

458.4 (1088) (20)* _ _ (1 19»

Y= 24 x 105 (25.8%25.369)

Y = .L. = E = "
100 10
0.11" < 2" . 0K
Step G.

Using Pressure Class 250 determined in Step C:

b=v2Dt, =v2(25.8)(0.37) = 4.37"
Therefore, use Pressure Class 250 pipe with minimum saddle
width of 4.37".

4



1.5, »  Pipe Plus Water Weight (W, + W)
SeeHE 4 and Design Wall Thickness (t,)

t, (inch) t, (inch)
Size Pressure W, + W, Aboveground Underground Size Pressure W, + W, Aboveground Underground
Inch Class Lb./Linear Ft. Applications Applications Inch Class Lb./Linear Ft. Applications Applications
3 350 14 20 12 36 150 637 31 23
200 650 35 27
350 18 20 12
4 250 665 A0 32
6 350 31 20 12 300 677 A4 36
8 250 18 2 12 350 693 49 Al
) o ] ) 42 150 848 34 26
0 ( 68 20 12
L 0 200 869 A0 32
12 350 92 22 14 250 887 45 37
14 250 119 21 13 300 905 50 42
35 ) .
300 122 23 15 0 921 % 48
250 123 o 16 48 150 1099 38 30
G e T T 200 1124 A4 36
16 250 151 23 15 250 1148 50 42
300 154 25 17 300 1173 56 48
350 157 27 19 oo %0 m7 62 54
ST . B 54 150 1403 42 34
0 . 16
18 & 185 ,24 200 1436 49 41
300 190 21 19 250 1468 56 48
350 193 29 21 300 1501 63 55
20 250 225 26 18 350 1533 70 62
300 930 99 7 60 150 1608 45 37
350 233 31 23 200 1643 52 A4
e 250 1678 59 51
24 200 306 26 13 300 177 67 59
250 314 30 22 350 1752 74 .66
300 320 33 25 64 150 1817 A7 39
350 326 36 98 200 1860 55 A7
: : C 250 1902 63 55
30 150 453 27 .19 300 1945 71 P
200 462 31 23 350 1982 78 70
250 473 35 27
300 481 38 30 Notes: Approximate pipe weight based on push-on joint
350 491 42 34 cement-mortar-lined pipe.

Weight of water based on actual 1.D.



Earth Loads P, and Truck Loads P—psi

Depth of 3-Inch 4-Inch 6-Inch 8-Inch 10-Inch ‘ 12-Inch 14-Inch  16-Inch 18-Inch
Cover Pipe Pipe Pipe Pipe Pipe @ Pipe Pipe Pipe Pipe
ft. P, P, ) P, P, P, . P, P, . P, P, P,
25 21 99 99 99 9.8 97 | 96 8.7 8.2 7.8
3 25 7.4 74 73 73 72 72 6.6 6.2 5.9
4 33 44 45 44 44 44 44 44 4.1 39
5 4.2 3.0 3.0 3.0 3.0 29 ¢ 29 2.9 28 26
6 5.0 21 2.1 21 21 . 21 21 21 2.0 1.9
7 5.8 16 16 16 16 16 | 16 16 15 14
8 6.7 1.2 1.2 1.2 12 L2 12 1.2 1.2 1.2
9 75 Lo 10 1.0 L - w10 1.0 1.0
10 83 0.8 . 0.8 0.8 08 0.8 ‘ 0.8 0.8 0.8 0.8
12 10.0 0.6 0.6 06 0.6 05 L 05 1 05 05 05
14 1.7 04 1 04 04 04 ;04 04 04 0.4 04
6 133 03 03 03 0.3 0.3 ‘ 03 03 0.3 0.3
20 167 0.2 0.2 0.2 02 02 w2 02 0.2 0.2
24 20.0 02, 01 - 0l 01 | 01 01 - 01 - ol 01
28 L0233 0.1 1 0.1 0.1 0.1 0.1 0.1 ! 0.1 0.1 0.1
32 o267 0.1 0.1 0.1 01 0.1 0.1 : 0.1 01 0.1
Depth of | 20-Inch ‘ 24-Inch  30-Inch 36-Inch ~ 42-Inch ‘ 48-Inch | 54-Inch  60-Inch 64-Inch
Cover J ‘ Pipe Pipe Pipe Pipe 1 Pipe ( Pipe Pipe | Pipe Pipe
ft. P, P i P P A T T P, P,
25 | 21 | 75 7.1 67 62 ; 58 | 54 | 50 48 . 45
3 ' 25 57 . 54 B2 49 46 44 4 39 ¢+ 38
4 33 ‘ 3.9 k 3.6 3.5 34 3.3 J 31 i 3.0 2.9 2.8
5 42 28 24 24 23 123 22 21 2.1 21
6 50 19 w7 ¢ 17 1.7 1.7 16 16 16 15
7 58 ¢ 14 13 13 3, 13 12 12 - 12 1.2
8 67 L1 . 11 L1 1 L Lo L0 10
9 4 75 09 ' 09 0.9 0.8 0.8 08 ' 08 0.8 0.8
v - 83 07 0.7 07 07 07 0707 07 07
2, 100 : 05 | 05 05 05 . 05 05 05 05 0.5
IC I § A 7 S (X 04 . 04 | 04 0.4 0.4 04 04
6 . 133 1 03 0 03 . 03 03 ' 03 03| 03 03 03
20 | 187 . 02 | 02 02 . 02 0.2 02 . 02 - 02 02
24 - 200 | 01 01 01 0.1 0.1 01 ;01 . 0l 0.1
28 233 ' 01, 0l 0.1 01 ot 01 01 0.1 0.1
32 267 o1 ! o0a 01 ¢+ 01 01 ¢ 01 01 01 01
A‘;‘%‘% 7” el Je W,,— Unit load of water in pipe per linear foot (Ib./ft.)
T y — Deflection at center of span (inches)
b — Minimum saddle width (inches) ¥y — Maximum recommended deflection at center of span
D — Pipe outside diameter (inches) (inches)
d — Pipe design inside diameter (inches) B — Saddle angle (degrees; 90° to 120° is recommended)
E — Modulus of elasticity for Ductile Iron (24 x 106 psi) fy -
f, — Allowable flexural stress (48,000 psi) Kefeivhices
— liz S su reaction (48,000 psi ' . . . .
f Irf;;mﬁgnitre s due to support tion (48,000 p 1. American National Standard For The Design of Ductile
K — Saddle coefficient [0.03-0.00017 (3-90°)] Iron Pipe, ANSUAWWA C150/A21.50.
L - Span length (feet) 2. American National Standard For Ductile Iron Pipe,
P. — Earth load (psi) ) Centrifugally Cast, For Water, ANSAWWA C151/A21.51.
P; — Design internal pressure (psi) 3. Evces, C.R. and O’'Brien, J.M, “Stresses in Saddle-
Py — Surge allowance (psi) Supported Ductile Iron Pipe,” Journal AWWA, November
P, — Truck load (psi) 1984
P,, — Working pressure (psi) L “ o
S — Minimum yield strength in tension for Ductile Iron 4. Wllson;,W‘M',’ and’Olson, ED’ Tests on Cyllpdrngal
(42,000 psi) Shellg, Engll}eerlng Experiment Station, University of
T — Total calculated pipe wall thickness (inches) Qllinois Bulletin, 331, 1941.
t — Net pipe wall thickness (inches) 5. Roark, R.]., Formulas For Stress and Strain, McGraw-
t. — Nominal pipe wall thickness (inches) Hill, New York, Fifth Edition, 1975.
t, — Design pipe wall thickness (inches)

w — Unit load per linear foot (Ib./ft.)
W, — Unit load of pipe per linear foot (Ib./ft.)
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oldcastleprecast.com/amcorlittleton

Delivering Reliability

Concrete Pipe Size Chart

Inside Dia Bell Dia Wall Thickness  Joint Length ~ Weight Per/Ft Inside Dia Bell Dia Wall Thickness  Joint Length ~ Weight Per/Ft

(Inches) {Inches) {inches) (Feet) {Ibs./Ft)
12" 20.000" 2.75" 7.5 135 lbs. 36" 45.500" 4.00" 8.0' 548 Ibs.

15* 23.875" 3.00" 75 185 bs.
18" 27.625" 2.50" 75 192 Ibs.
21" 31.625" 2.75" 75! 259 Ibs.

24" 33,000" 3.00" 7.5' 276 Ibs. 60" N/A 6.75" 8.0° 1485 Ibs.
30" 39.000" 3.50" 8.0' 404 |bs. 2" N/A his 8.0' 2086 Ibs.

Oldcastle Precast

AMCOR Littleton

8392 Riverview Parkway

Littleton, CO 80125 Oldcastle Precast
Oldcastle Precast is the leading manufacturer of precast concrete,

Fhane: (303) 79151000 plastic and polymer products in the United States. With more than

Fax: (303) 791-1120 80 locations nationwide, our products are alwa lose at hand

oldcastieprecast corn/amcoriitieton ocations nationwide, our p eayie o Sch gl S0y '
Our 5,000 employees are committed to upholding core values of

Oldcastle Precast reliability, quality and service in revolutionary ways. Our attention to

AMCOR Platteville detall exceeds the expectations of customers from some of the

427 North Front Street largest companies in the U.S., across a spectrum of industries.
Platteville; CO 80651

Phone! (970} 785-6066
Fax: (870) 785-60B7

oldcastleprecast.com/amcorplattevile
£ 2008 Oidcastie Precast, Inc,

Emall: amcorlittleton@oldcastieprecast.com
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Table 3-3. Average moisture content of green wood, by species

AVE= |28

Maisture content® (%) Moisture content® (%)
Species Heartwood Sapwood Species Heartwood Sapwood
Hardwoods Softwoods
Alder, red — 97 Baldcypress 121 171
Apple 81 74 Cedar, eastem red 33 —
Ash, black %bB — Cedar, incense 40 213
Ash, green — 58 Cedar, Port-Orford 50 B
Ash, white 46 44 Cedar, western red 58 249
Aspen H 113 Cedar, yellow 32 166
Basswood, American 81 133 Douglas-fir, coast type 37 115
Beech, American 5 72 Fir, balsam 8 173
Birch, paper 2] 72 Fir, grand a1 136
Birch, sweet 7% 70 Fir, noble 34 115
Birch, yellow 74 72 Fir, Pacific silver 55 164
Cherry, black 58 — Fir, white B 160
Chestnut, American 120 — Hemlock, eastern 97 119
Cottonwood 162 146 Hemlock, western & 170
Elm, American £ 5} 44 Larch, westemn 54 119
Elm, cedar 66 61 Pine, loblolly 3 110
Elm, rock 4 57 Pine, lodgepole 14 120
Hackberry 61 65 Pine, longleaf 31 106
Hickory, bitternut 80 5 Pine, ponderosa 40 148
Hickory, mockernut 70 2 Pine, red » 134
Hickory, pignut Il 49 Pine, shortleaf x 122
Hickory, red 69 2 Pine, sugar B 219
Hickory, sand 68 20 Pine, western white a2 148
Hickory, water 74 (74 Redwood, old growth 86 210
Magnolia 80 104 Spruce, black 2 113
Maple, silver 58 a7 Spruce, Engelmann 51 173
Maple, sugar 65 72 Spruce, Sitka M« 142
QOak, California black 76 75 Tamarack 49 —
Qak, northem red 80 69
Oak, southem red 8 5
Oak, water 8t 81
Oak, white 64 78
Oak, willow & 74
Sweetgum 79 137
Sycamore, American 114 130
Tupelo, black &7 115
Tupelo, swamp 101 108
Tupelo, water 150 116
Walnut, black QDO 3
Yellow-poplar 83 106
*Based on weight when ovendry.



Table 3-7b. Density of wood as a function of specific gravity and moisture content (inch-pound)

Moisture

content Density (Ib/ft’) when the specific gravity Gn, is

of wood
(%) 030 032 034 036 038 040 042 044 046 048 050 052 054 056 058 060 062 064 066 068 070

0 187 200 212 225 237 250 262 275 287 300 312 324 337 349 382 374 387 399 412 424 437
4 185 208 221 234 247 260 272 286 298 312 324 337 350 366 376 389 402 415 428 441 454
8 202 216 229 243 256 270 283 286 310 323 337 350 364 377 391 404 418 431 445 458 472
12 210 224 238 252 266 280 294 308 322 335349 363 377 391 405 419 433 447 461 475 489
16 217 232 246 260 275 200 304 318 333 347 382 376 391 405 420 434 449 463 478 492 507
2 25 240 255 270 284 300 314 329 344 359 374 389 404 419 434 449 464 479 494 509 524
24 232 248 263 278 294 310 325 340 356 371 387 402 418 433 449 464 480 495 511 526 542
240 256 272 288 304 319 335 351 367 383 399 415 431 447 463 479 495 511 527 543 559
247 264 280 297 313 329 346 362 379 395 412 428 445 461 478 494 511 527 544 560 577
255 272 289 306 322 339 356 373 390 407 424 441 458 475 492 509 526 H43 560 577 594
262 280 297 314 332 349 367 384 402 419 437 454 472 489 507 524 542 558 577 594 612
270 288 306 323 341 359 377 395 413 431 449 467 485 503 521 539 557 575 593 611 629
217 296 314 332 351 369 388 406 425 443 462 480 499 517 536 564 573 591 610 628 646
285 304 322 341 360 379 398 417 436 455 474 493 512 531 550 569 588 607 626 645 664
202 312 331 350 370 389 409 428 448 467 487 506 526 545 565 584 604 623 642 662 681
300 319 339 359 379 399 419 439 459 479 499 519 539 559 579 599 619 639 659 679 699
307 327 348 368 389 409 430 450 471 491 512 532 553 6573 594 614 634 655 675 696 716
314 335 366 377 398 419 440 461 482 503 524 545 566 587 608 629 650 671 692 713 734
322 343 365 386 408 429 451 472 494 515537 558 580 601 623 644 665 687 708 730 751
329 351 373 395 417 439 461 483 505 527 549 571 593 615 637 659 681 703 725

337 359 382 404 427 449 472 494 517 539 562 584 607 629 651 674 696 719 7441

344 367 390 413 436 459 482 505 528 551 574 597 620 643 666 688 712 735

352 375 399 422 446 469 493 516 540 563 587 610 633 657 680 704 727

359 383 407 431 455 479 503 527 551 575599 623 647 671 695 719 743

367 391 416 440 465 489 514 538 563 537 612 636 660 685 709 734

374 399 424 449 474 499 524 549 574 599 624 649 674 699 724 749

393 419 446 472 498 524 550 577 603 629 655 681 708 734 760

412 439 467 494 522 549 577 604 631 659 686 714 741 769

431 459 488 517 545 574 603 631 660 689 718 746 775 @

449 479 509 539 569 589 629 659 689 719 749 779 809

468 499 530 562 593 624 655 686 718 749 780 811 842

E 8B EBIINBRIEBELRSEEEBR

8258838
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