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CITY OF O’FALLON
Bridge No. 3210016

Design Calculations

David Drive

KdG Project No. 980100-0001

ENGINEERING CALCULATION COVER SHEET

PROJECT:  Bridge No. 3210012 DISCIPLINE: Bridge
David Drive CALCULATION NO.: Final
NO. OF SHEETS: See Index
JOB NO.: 980100-0001 CALCULATED BY: JVS R
CONTRACT NO.: CHECKED BY:
DESIGN CODE: AASHTO 1996 APPROVED BY: / “/
APPROVED BY: -~

CALCULATION DESCRIPTION:

Substructure Design

Quantities

DESIGN BASIS OR REFERENCES:

AASHTO 16th Edition, 1996

Missouri Highway & Transportation Department Bridge Manual of Design
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CITY OF O°’FALLON
Bridge No. 3210016

Design Calculations

David Drive

KdG Project No. 980100-0001

DESIGN SCOPE

Structure Type Rigid
Box Design
Double Cell
(8.0 Ft. Wide X 7.0 Ft. High)

Loading:
HS20-44
Load Factor Design
Earth 120#/Cu. Ft.
Equivalent Fluid Pressure ~ 60#/Cu.Ft.
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CITY OF O’FALLON
Bridge No. 3210016

Design Calculations

David Drive

KdG Project No. 980100-0001

DESIGN CRITERIA
DESIGN SPECIFICATIONS
AASHTO - 1996 Sixteenth Edition
DESIGN LOADING
HS20
Earth 120#/cu.ft.
Equivalent Fluid Pressure  60#/Cu.Ft.

DESIGN UNIT STRESSES

Class B Concrete (Culverts) fc = 3,000 psi
Reinforcing Steel (Grade 60) fy 60,000 psi

]

REINFORCING STEEL

Minimum clearance to reinforcing steel shall be 1-1/2", unless otherwise shown.
BAR COVER - AASHTO 8.22

Clear Dimensions to be shown on plans:

Top Slab - Top Reinforcing = 27 clear
- Bottom Reinforcing = 1-1/2” clear
Bottom Slab - Top Reinforcing = 1-1/2” clear
- Bottom Reinforcing = 37 clear
Sidewalls - Reinforcement Stream Face =  1-1/2” clear
- Reinforcement Fill Face = 2” clear
MAXIMUM BAR LENGTHS

Longitudinal bars should be made full length without splicing up to about 40°-0”; splice if longer.
Bars #5 and larger may be used to a length of 60°-0” without splicing.

BAR SPLICES

See Section 2.4 for minimum bar lap and tension splices in reinforcement. Use a Class C splice for
longitudinal bar (22” min.).

JOINT FILLER

All joint filler shall meet requirements of Standard Specification 1057.2.5, except as noted.
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DESIGN LAYOUT

Division of Bridges

No. 3210016
Job.

Route David Drive County Saint Charles Rte. Winghaven Drive

STRUCTURE

SUPERSTRUCTURE Double Cell (8.0W x 7 .OH) (Rigid)

Skew ... 30° Right Advanced.

Roadway.............................. 3 - 12 foot lanes.

Loading .............................. HS20

Beg. Sta. ...

Alignment ............................

Grade ... H.P.I. Sta. 15+50.00 (Elev. 522.73) Bk. -1.00%. Ahd. +1.00%. Length = 120.00

Grade ............................. V.P.I. Sta. 04475.00 (Elev. 524.30) Bk. -2.00%. Ahd. +2.00%, Length = 200.00

SUBSTRUCTURE

Footing Loads ........................ 2,000 1bs per square foot

Pile Type ....coooooviiiinini N/A

Length ... N/A

Elev Footing, Bott. .................. . 511.10 High  510.56 Low

GENERAL

Revetment/Slope .................... Sideslope 3:1 (Normal)

End Fills............................. Earth

Traffic Handling ....................

Present Bridge ......................._ None

Profile Grade .........................._ Centerline of Winghaven Drive (Centerline Median)
Rail Road Alignment ................ N/A

Tie Station..........................._ 05 + 29.73

Final Allowable Clearances ....... .. N.A

Estimate includes 10% for Engineering and Contingencies and 5% for Preliminary Engineering

Dated: By: Estm. $

Date; Notes or Revisions in Conference

Initials:

otes and Revisions after Conference (All revisions to be dated and initialed) 1:\980100\3210016.DOC




CITY OF O’FALLON
Bridge No. 3210016

Design Calculations

David Drive

KdG Project No. 980100-0001

DRAWING LIST
Sheet
No. Title
1 Plan, Elevation, General Notes, and Quantities
2 Reinforcement
3 Cross Section and Wing Wall Details
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PICKETT RAY & SILVER

CIVIL ENGINEERS .

Julv 14, 1998

Revised July 15, 1998

Mr. Ron Pagan

Kuhimann Design Group, Inc
66 Progress Parkway

St Louis, Missoun 63043

RE WINGHAVEN - BOX CULVERT
PR&S PROJECT NO 97-034

Dear Ron

Pzr our meeung today, [ am sending vou “sealed”

PLANNERS .

confirmation of box culvert information

ST “H” Eler

Winghaven 10 7 37542
Stauen 17-13
Winghaven 10 7 580.68
Station 30+49 '
Winghaven 12 10 51629
Station 59+00
Charlie 12 I2 48891
(Phoznix)
Station

2+52 .80
Dawid (Red 8 7 311.20
Hawk)

Station 5+20 73

We will sesnd Winghaven Station 30-49 as soon as the street 1s revised back to the previous grade. If vou

Elev2 AR ALt B Des-
Fill
37458 60 60 24 ]
573.92 80 60 24 1
51710 70 70 30 !
39009 43 43 37 1
51045 60 80 30 !

need anything else, please contact me or Mr Jim Cannady

Very trulv vours,
PICKETT, RAY & SIL

e M
Tam #J Db

ER. INC

Pro_‘cci Design Supervisor
bjs
cc: Mr Joe McKee, Panc Corporation

Mr Dave Rogers, Fred Weber
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PICKETT RAY & SILVER

CIVIL ENGINEERS ’ PLANNERS 4 LAND SURVEYORS

e miFE__18 2107

JUL 1= 18

CONFIDINTIALITY NOTE —_———

R T S |

THE INFORMATION CONTAINED IN THIS FACSIMILE TRANSMISSION IS LEGALLY FRIVILEGED AND
CONFIDENTIAL INFORMATION INTENDED ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY
NAMED ABOVE. IF THL READER OF THIS TRANSMISSION IS NOT THE INTENDED RECIPIENT, YOU
ARE HEREBY NOTIFIED THAT ANY DISSEMINATION, DISTRIBUTION, OR COFYING OF THIS
TRANSMISSION IS STRICTLY PRORIBITED. IF YOU HAVE RECEIVED THIS TRANSMISSION IN ERROR,
PLEASE IMMEDIATELY NOTIFY US BY COLLECT TELEPHONE CALL AND RETURN THL ORIGINAL
TRANSMISSION TC US AT THE ADDRESS LISTED BELOW BY U.S. MAIL.

——

PLEASE DELIVER THE FOLLOWING PAGES:

TO: / >, (G777 g
e 424 KL
J
FROM: M\/
9
PROJECT: |, ) .‘,,\p/‘/,»vﬂ —
PR&S PROJECT NO.. 5034

DATE AND TIME: 77!4 —'.’f

2 ,
TOTAL NO. OF PAGES, INCLUDING COVER SHEET: ‘g;—-/
TELECOFY OPERATOR: / >,

3. 40—

PLEASE NOTIFY US IMMEDIATELY IF THE MESSAGE IS INCOMPLETE OR UNCLEAR. THANK YOU.

1e°

d

dvsige

333 MID RIVERS MALL DRIVE @ ST. PETERS, MISSOURI 63376 o 3/4-397-1211/314-397-1104 FAX
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CIVIL. ENGINEERS . PLANNERS e - LAND SURVEYORS
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Revised .July 15, 1998

JuL 151938

M1 Ron Pajyan

Kuhlmarn { -sign Group, Inc
6o Progroi. tarkway

St Loauie ' ssoun 63043

RE “IGHAVEN - BOX CULVERT
PR&S PROJECT NO 97-034

Dear Ror

Porour meciing today, I am sending you “sealed” confirmation of box culvert information.

“s” “H” Elevl Elev2 AR ALt B Dcs- Des-
Fill Fill.

Wongha. o 10 7 87542 57458 60 60 24 ] 4
Suton 7. 7
Winghaion 10 7
Station 3{+av
Wingha:en 12 10 51639 S17.01 70 70 30 1 5
Station $9+tx)
Chaihic 12 12 48891 49009 43 43 37 1 4
{(Phoeniv
Station
62+53 §Y
Dawid (Red B 7 511.20 51045 60 60 30 1 7
Hawl)

Station *- 2. 73

W will venr Winghaven Station 30+49 as soon as the street is revised back to the previous grade. If you
need anyvibing, else, please contact me or Mr. Jim Cannady.

Ven truls vours,

PICKETT, RAY & SILVER INC Wiy,
/} o SN OF Misg 2,
~er N
Tanyal Digiz ;
Project Des.en Supenvisor :
DS . E-T751,
ec Mr foe McKee, Panc Corporation /,"'« PITRER S
1 ave i, /?OFEQS\@‘\\\:?\
. iave Rogers, Fred Weber ppefi E ST, /
' 7/e417

33UAMGD RIVERS MALL DRIVE » ST. PETERS. MISSOUR! 63376 & 314-397-1211 7 397-11(4 FAX
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. C1VIL ENGINEERS . PLANNERS . LAND SURVEYORS

CONTIDENTIALITY NOTE

THI INFOF MATION CONTAINED IN THIS FACSIMILE TRANSMISSION IS LEGALLY PRIVILLGED AND
CONTIDENTIAL INFORMATION INTENDED ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY
NAMED ABOVE. IF THT READER OF THIS TRANSMISSION 1S NOT THE INTENDED RECIPIENT, YOU
ARL HERFEY NOTIFIED THAT ANY DISSEMINATION, DISTRIBUTION, OR COPYING OF THIS
TRANSMISHION 1S STRICTLY PROHIBITED. IF YOU HAVE RECEIVED THIS TRANSMISSION IN ERROR,
PLEASE 1MCCDIATELY NOTIFY US BY COLLECT TELEPHONE CALL AND RETURN THE ORIGINAL
TRANSM i~ iON TO US AT THE ADDRESS LISTED BELOW BY U.S. MAIL.

PLEASE DUUIVER THE FOLLOWING PAGES:

e /S
) fg&ﬂx_—
oM J’MW‘ ~—
0,
PROJECT: V&) \/V\%Mﬂ —

" FR&S PROJECT NO: G703

L

D TE AND TIME: 7 04 < O |
T(“TAL NO. OF PAGES, INCLUDING COVER SHEET: A

TELECOFY OPERATOR: / D)

Q. PLEASE SOTIFY US IMMEDIATELY IF THE MESSAGE 1S INCOMPLETE OR UNCLEAR. THANK YOU.

/333 M/D RIVERS MALL DRIVE e ST. PETERS, MISSOURI 63376 @ 314-397-1211/314-397-1104 FAX
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CONTIDENTIALITY NOTE

THE INFORMATION CONTAINED IN THIS FACSIMILE TRANSMISSION 1S LEGALLY PRIVILEGED AND
CONTFIDENTIAL INFORMATION INTENDED ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY
NAMED ABOVE. IF THE READER OF THIS TRANSMISSION 1S NOT THE INTENDED RECIPIENT, YOU
ARE HEREBY NOTIFIED THAT ANY DISSEMINATION, DISTRIBUTION, OR COPYING OF THIS
TRANSMISSION IS STRICTLY PROHIBITED. [F YOU HAVE RECEIVED THIS TRANSMISSION IN ERROR,
PLEASE IMMEDIATELY NOTIFY US BY COLLECT TELEPHONE CALL AND RETURN THE ORIGINAL
TRANSMISSION TO US AT THE ADDRESS LISTED BELOW BY U.S. MAIL.

—— S —

PLEASE DELIVER THE FOLLOWINC PAGES:

o Dy Fagan (434 8280

mox: TaRYA
ROECT. (1] 11 R AVEN
FRas PROJECT Mo 471034

DATE AND TIME:
7.10.4¢
TOTAL NO. OF PAGLS, INCLUDING COVER SHEET:

TELECOPY OPERATOR:

COPY To Mike Nogman - weseg 3440370

°

PLEASE NOTIFY US IMMEDIATELY IF THE MESSAGE 1S INCOMPLETE OR UNCLEAR. THANK YOU.

333 MID RIVERS MALL DRIVE @ ST. PETERS, MISSOUR! 63376 @ 3]4-397-]2.1/314-397-1104 FAX
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Kuhlmann Desigmn Group-SC 314-8546-68713
.

| KDG.MHFZLE____.’q/gO/OQ
"‘ | JUL § 2 198

Kuhimann design-G-éeap,—}né____T___
6 Westbury Drive, St. Charles. MO 63301-237]

T/

Phone 314.946.2566 o Fax 514.946.6713

Ua.fal;féﬂ{__._
dee ]

FACSIMILE TRANSMISSION

LF

Fom

PLEASE DELIVER IMMEDIATELY

Co
Phong ¥
Fax ¥

CORNELTLOI~0 JVIVT 9% 1E
.) 4 < \ =3
. . , TIME =
K R 22|
=
F =z
o M Roun Pagan X % C
GNP T pROJECTz 67023, ,‘é
v \ . 2 \,_il
SENT BY = '1‘7 RPN
e Saelhon y( w08 £ !’é
:c— - jC o i
. < oo e ane loor glevanions for the Wanghaven Drve tunne! as desizned by Pichent Ry and Silver (PRS) These

s eboe

wise on PRYS prans zatea Decemper 1997 and last revised on March 27 1998 Vir im Cannady venfied
< lot me this mmorming  In addinon, He said that even though the tunne: lour elevations are not called out on
wonane correcth stated), PRST intent 1s tor the tunnels 1o slope at one halt or one percent (0 005 foot per

<t B athesslope and the centeriine tunne! tloor eievantion that 1s shown on the roadway profile one can venfy these

T

R ETIRID

(A1 FIEEEY

- \
Penuth 1287 Centerline oor elevanon = 575 00 é\‘{

M oSt Nide tloor elevation = 574 08 (meusured ar end Uf\unnc%lw;l) trom roadway centeriine)

[7ant Side tloor elevauon - 375 32 (measured 4t #nd of cunncl}( away from roadway centeriine!

.

HORA lenuth 100 centerline Hoor elevanon = 580 30 é“

West Side oor elevaton — SBO 05 (measured at end of tunnel <07 awayv frem roadway centeriine
Last Side Joor elevation 80 SS (measured at end of tunnel 507 away from roadway centerline)

Cew anderstands that vou may need 1o change these lengths by few feet and the elevanions by few terehs It would
Conesessae o et im and us know of these changes  We at the St Charles office have to design for the dramage of these
!

Capve i

weads Frank Bauer Jim Pooie

K : b CUUR vAGHE Tme

T YOU ENCOUNTER OIFFICULTIES INRECEIVING THIS TRANSMISSION

PLEASE CALL 314.946.3566

) WARNING '

) it UHTIRUALC G S CORBUCHTLL, MY MtIWIC noen-pubic inlormatem, 1nd & mtenued ol o the use of the aduressee  naulhonzed vse.
il proties and aev be unluwiul i vou huve recetvec this communication in error, please immuedinels noliy us w314 Ydo €36 and retumn the
W vomeaddress arove v the TS Mo Serviee W will reimiurse nomimal comts vou sneur 0 notitving and towrming the message 1 ug TNaRk YU

o
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Kuhlmann design Group, Inc.

TranspStfation Department Telephone: (314) 434-8898
66 Progress Parkway Fax: (314) 434-8280
St. Louis, Missouri 63043 E-Mail: kdgmh@kdginc.com
FAX TRANSMITTAL COVER SHEET
To:  MR. FRANK GODWIN P.E. FAXNo. 314 240 5511
CITY OF OFALLON DATE: 25 JUNE 1998
38 SOUTH MAIN STREET PHONE 314 240 2000

OFALLON MISSOURI 63366
FROM: RONALD C. PAGAN, P.E. PROJECT NO. 980100

MESSAGE:ATTACHED IS CULVERT DESIGN CRITERIA WE DISCUSSED.

THANK YOU
TOTAL NUMBER OF PAGED TRANSMITTED INCLUDING COVER PAGE:

t

If you encounter difficulties in receiving this transmission, please call (314) 434-8898.

WARNING

The information contained in this communicaton is confidential. may constitute non-public information, and is intended only for the
use of the addressee. Unauthorized use. disclosure or copying is strictly prohibited and may be unlawful. If you have received this
communication in error, please immediately notify us at (314) 434-8898 and return the original message to us at the address above
via the US postal service. We will reimburse nominal costs you incur in notifying and returning the message to us.

Thank you
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RE INFORCEMENT

.’ BAR COVER - AASHTO 8.22

CLEAR DIMENSIONS TO BE SHOWN ON PLANS:

TOP SLAB - TOP REINFORCING = 2% CL. ‘/
BOTTOM REINFORCING “remgi- gy

BOTTOM - TOP REINFORCING = |~1/2" CL.
BOTTOM REINFORCING = 3- op.

SIDEWALLS - REINFORCEMENT STREAM FACE = |- /2 CL.

REINFORCEMENT FILL FACE = 2° CL.

MAXIMUM BAR LENGTHS

LONGITUDINAL BARS SHOULD BE MADE FULL LENGTH WITHOUT SPLICING UP TO ABOUT
40-0"3 SPLICE IF LONGER. BARS #%5 AND LARGER MAY BE USED TO A LENGTH OF
60%-0" WITHOUT SPLICING.

BAR SPLICES

SEE SECTION 2.4 FOR MINIMUM BAR LAP AND TENSION SPLICES IN REINFORCEMENT.
USE A CLASS C SPLICE FOR LONGITUDINAL BAR (227 MIN.}.

BOX CULVERTS ON ROCK

VERTICAL BARS IN THE WALLS SHALL SET ON ROCK. EI & E2 BARS IN THE WING
‘ SHALL BE SET 12" INTO ROCK AND GROUTED (SEE SEC. 4 F| FOR NOTE FOR PLANS).




REINFORCEMENT

BAR COVER - AASHTO 8.22

Il
CLEAR DIMENSIONS TO BE SHOWN ON PLANS: /}Z
TOP SLAB - TOP REINFORCING = 2" o,
BOTTOM REINFORCING -(Ij:EE:::::7’//
BOTTOM - TOP_REINFORCING = j-1/2" CL.
BOTTOM REINFORCING = 3~ Ci.
SIDEWALLS =~ REINFORCEMENT STREAM FACE = |-1/2° CL.
' REINFORCEMENT FILL FACE = 2¢ CL.
MAXIMUM BAR LENGTHS
LONGITUDINAL BARS SHOLLD BE MADE FLLL LENGTH WITHOUT SPLICT
40-0"3 SPLICE IF LONGZR. BARS #5 AND LARGER MA 5TEE S Do BT

MAY BE US T £
60-0” WITHOUT SPLICING., ED TO A LENGTH OF

BAR SPLICES

SEE SECTION 2.4 FOR MINIMUM BAR LAP AND TENSION SPLICES IN REINFG
USE A CLASS C SPLICE FOR LONGITUDINAL BAR (22° MIN-). =5 IN REINFORCEMENT.

BOX CULVERTS ON ROCK

VERTICAL BARS IN THE WALLS SHALL SET ON RCCK. EI
SHALL BE SET 12° INTQ ROCK AND GRCUTED (SEE SEC. 4 Fi

& E2 BARS IN THE WING
FOR NOTE FCR PLANS).

GENERAL NOTES:
CONSTRUCTION SPECIFICATIONS

All matenats anc methods of construction shall meet the requirements
of MoDot Standard Specifications for mignwoy Construction 1996

DESIGN SPECIFICATIONS:
AASHT.O. — 1996
Service Load Design
DESIGN LOADING:
HE20
Eorth 120#/Cu. Ft.,
Equivaient Fluid Pressure 30§/Cu. Ft.

DESIGN UNIT STRESSES:

Closs B Concrete (Substructure) f'c = 3,000 psi
Reinforcing Steel (Grade 60) fy = 60.000 psi
JOINT ALLER:

All Joint Filler shall mee{ the requirements of Std. Spec. 1057.2.4,
except os noted.

Joint filler shgll be securely stitched to one face of the concrete
with No. 10 gage copper wire or No. 12 qoge soft drawn qalvonized

stee!l wire.
REINFORCING STEEL:
Minimum clegrance to reinforcing steei shall be 1=1/7, unless

otherwise shown.

Lop all reinforcing 24 bar diometers uniess otherwise noted.

ST. LOUIS COUNTY A100
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SCI GEOTECHNICAL « ENVIRONMENTAL + WETLANDS +» MATERIAL TEST'NG

July 9, 1998 gga/ﬂO

ADEMEALE
Mr. David Rogers

Fred Weber, Inc. JUi 7 GRS

% Mr. Ronald C. Pagan, P.E.

Kuhimann Design Group, Inc. : - .
66 Progress Parkway ‘ ~

Maryland Heights, MO 63043-3706 ‘ 5

RE: Addendum N2 1
Winghaven Box Culverts
O’Fallon, Missouri
SCI N2 3880485.11

Dear Mr. Pagan:

This letter provides the additional geotechnical information for the Winghaven Box Cuiverts you

requested to supplement our letter to you dated June 29,1998. Three specific items presented
herein pertain to the following:

1) Rock mats for structural slab base footings.
2) Anticipated settiements.
3) Backfill and fluid pressures for below-grade walls.

We understand that the bearing capacity required for the box culverts in the lowland areas will
be 1,500 pounds per square foot (psf) and we provided an allowable bearing capacity of
1,200 psf for one box culvert that will pass under Charlie Drive near station 62+50. We
recommend that 2 feet of soil be removed below the footing subgrade elevation and replaced
with compacted granular material for this culvert. The replacement material should consist of a
3-inch minus gradation crushed stone. This rock mat will help to bridge the soft and wet
foundation soils. A similar procedure of varying depths may be utilized for the other culverts in

the lowland areas since we anticipate construction difficulties due to the high groundwater
elevations.

The box culverts in the highland areas (culverts A and B) will likely be constructed on excavated
rock. We anticipate negligible settlements of the foundation rock due to the weight of the
structures and fills. In the lowland areas, however, we anticipate total settlement of the
foundation soils due to the weight of the structure and fill to be placed to be about 3 to 6 inches.
Some of this settlement will likely occur during construction. If construction of the culverts in
the lowland areas is not delayed until after the settlement due to the fill has occurred, the
structure will likely settle. However, we anticipate this settiement will likely be relatively uniform
across the footprint due to the rigidity of the reinforced concrete base mat and structure. A

differential settlement of less than 1'% inches can be anticipated across the whole footprint for
these structures.

Our letter dated June 29, 1998 states that to use the “granular’ values of equivalent fluid unit
weight for earth pressures that the granular backfill material should extend horizontally from the

332 Mid Rivers Mall Drive * St. Peters, MO 63376 * (314) 297-6600 * FAX (314) 397-26C0
Fairview Heights. IL * St. Clair, MO+ Arnolg, MO




Mr. David Rogers -2- July 9. 1998

wall at least half of the wall height. This distance is not required to provide positive foundation
drainage to prevent buildup of hydrostatic pressures. A minimum horizontal distance of about
18 inches with a perforated drain pipe should be sufficient to provide this drainage. Therefore,
an equivalent fluid unit weight of 60 pounds per cubic foot may be used to design the below-
grade walls assuming the hydrostatic pressures are relieved through proper drainage.

We appreciate the opportunity to be of service to you on this project. If you have any questions
or comments, piease call.

Respectfully,

ol Y Yol T

Fred H. Held il
Project Engineer

erry Thacker, P.E.
Manag r
/

"4 %o,jOFEsS@"‘Q‘
FHH/GGT/)tal C’A\J "ere0gnnnett™
|

c Mr. Dave Rogers, Fred Weber, Inc. (1)






SCi ' GEOTEC-NICAL « ENVIRONNMENTAL « WEITLANDSE « MAT

ERIAL TESTING

June 2¢, 1998

Mr. David Rogers

Fred Weber, Inc.

¢ Mr. Ronald C. Pagan, P.E.
Kuhlmann Design Group, Inc.

66 Progress Parkway

Maryland Heights, MO 63043-3706

RE: Winghaven Box Culverts
O’Fallon, Missouri
SCI Ne 980485.11

Dear Mr. Pagan:

At the request of Mr. David Rogers with Fred Weber, Inc., this letter provides geotechnical
design recommendations for five box culverts planned for the Winghaven development
roadways. Plan and Profile sheets prepared by Picket, Ray & Silver, Inc. (PRS), revised March
25 or 27, 1998, depict the locations and elevations of the culverts. Three of the culverts will
cross under Winghaven Drive near stations 17+00, 30+50, 59+00. One culvert will pass under
David Drive near station 5+50, and one culvert will pass under Charlie Drive near station
62+50. In this letter the box cuiverts will be named A, B, C, D and E, respectively. Culverts A
and B will be tunnels for golf carts to underpass Winghaven Drive in the uplands part of the
Winghaven development. The remaining will be multiple cell box culverts for existing creeks in
lowland areas to pass under planned roadways. We understand that these culverts will be
cast-in-place, reinforced concrete structures that will have light to moderate loads.

We previously explored parts of the Winghaven development in our report, “Preliminary
Exploration of Subsurface Conditions and Foundation Recommendations - WINGHAVEN
PROJECT SITE COMMERCIAL, RESIDENTIAL, AND GOLF COURSE COMMUNITY -
O'FALLON, MISSOURI,” dated July 1997 (Revised January 1998). In that exploration we
drilled B2 and B3 in the uplands near the golf cart underpasses, B21 in the lowland area near
culvert C, and B14 in the bottoms land near culvert E. The four boring logs are included in the
Appendix of this letter. These borings indicate that excavations for culverts A and B will
encounter rock in the form of weathered siltstone or shale for the full depths of the structures.
Also, B2 encountered auger refusal near El. 576.5 and the planned bottom of culvert A is near
El. 574. Some or all of this rock may be removed in open-cut excavations with bull dozers
equipped with rippers. However, intact ledges of hard rock, boulders, or sound bedrock may be
encountered that could require blasting.

SClI explored the subsurface conditions near culverts C, D and E on June 25, 1998 using hand
auger methods. The hand auger borings, TH1, TH2, and TH3, were located near culverts C, D
and E, respectively, by measuring from existing site features and improvements shown of the
plans prepared by PRS. The hand augers were advanced to termination depths of 5, 8, and
Ve feet in TH1, TH2, and THS3, respectively. The soils generally encountered were soft to
medium stiff, low plastic silty clays and clayey silts. TH1 terminated in a mixture of silty clay,
gravel and sand at a depth of 5 feet, which is about 3 feet above the anticipated bearing
ele\{ation of culvert C. TH2 and TH3 terminated at depths of 6 and 7% feet, respectively, due to
caving conditions in the holes. We estimate the termination elevations were near the bearing

333 Mid Rivers Mall Drive * St. Peters, MO 63376 ¢ (314) 397-6600 ¢ FAX (314) 397-2600

Fairview Heights, IL < St. Clair, MO ¢ Arnold, MO
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elevations of culverts D and E. Groundwater was encountered in the hand auger borings at
depths of 4 or & feet. The nature and thickness of the soils encountered and the results of the
field sampling anc testing are shown on the Borings Logs, Figures 1-1 through 1-3.

The varied conditions at the culvert iocations reguire different aliowable bearing capacities for
the locations. An allowable bearing capacity of 10,000 pounds per square foot (psf) may be
used to design the structural base slab for culverts A and B if they bear on the weathered
siltstone or shale as indicated by B2 and B3 or if they encounter bedrock. An allowable bearing
capacity of 3,000 psf may be used to design culvert C if it bears on the anticipated mixture of
gravel and sand with some or no clay. An allowable bearing capacity of 1,500 psf may be used
to design culvert D if it bears on the silty clay encountered in TH2. An allowable bearing
capacity of 1,200 psf may be used to design cuivert E.

We understand that higher bearing capacities will be required for culverts D and E. The soft
soils below the base of the culverts may be removed and replaced with compacted, crushed
rock, such as MODOT Type | Aggregate. The area of removal should extend down and outside
the base footprint at an angle of 45 degrees to form & larger area to bear on the soft soils. The
depth of removal will vary depending on the aliowable bearing capacity required. We anticipate
about 5 feet of soft soil will need to be removed and replaced with crushed rock to increase the
allowable bearing capacity of the culverts to 2,000 or 3,000 psf.

In the lowland areas, placing fill to raise the roadway above existing grade will resuit in
settiement as consolidation of the soft, underlying soils occurs. A delay in construction is
anticipated to allow some or most of that settiement to occur prior to construction. We
anticipate this delay to be about 30 to 120 days. This delay will likely not apply to culvert C
since we anticipate it will bear on sand and gravel near bedrock elevations. Culverts D and E
should not be constructed until most of the settiement due to the weight of the fills has
occurred. Surcharging can be used as a means to accelerate consolidation due to the weight
of fill. Deep fill in the lowland areas shouid be monitored with settiement plates to assess when
most of the settlement has occurred and construction can continue.

The below-grade walls of the box culverts will be required to resist earth pressures. These
include the outside walls of the culverts and the wing-walls that may extend from the culverts
designed to accommodate surface grade changes.

The equivalent fluid unit weights tabulated below provide recommended lateral earth pressures
for design of these walls. Values for granular material should only be used if the granular
backfill extends from the wall a lateral distance of at least one-half the wall height. This table
assumes that positive foundation drainage is provided to prevent buildup of hydrostatic

pressure. The below-grade walls should be designed to resist an additional uniform lateral ioad
of one-half of the surface Ioads.
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Fixed-Headed Walls Free-Headed Walils
Backfill Type {pcf) {pch
Cohesive Soil 60 50
‘ Granular Material 45 40

A fixed-headed wall is 2 wall which is not permitted to defiect at the top after backfiling.
A free-headed wall is designed to defiect at the top and remain fixed at the base, such
as a retaining wall. A wing-wall attached to & fixed-headed wall should be considered
fixed-headed uniess the structural design permits independent rotation.

The maximum toe pressures for wing-walls should not exceed the bearing capacities
recommended in this letter. Walls bearing in soil can be designed with a coefficient of friction
between the base of a concrete footing and the subgrade soil of 0.3. A passive soil resistance
equal to a uniform pressure of 300 psf may be used for natural soil against the face of the
exterior base or a key below the base of a retaining wall. Soil backfilled against the exterior
face of a retaining wall should not be assumed to provide any lateral resistance.

We recommend that all below-grade walls and retaining walls be provided with a foundation
drainage system. A typical below-grade wall drain detail is shown in Figure 2. It shouid consist
of a perforated pipe to transport the fluids collected from the granular backfill to daylight.
Granular drainage material around the pipe should consist of 1-inch clean, "GP" classified
crushed rock. A synthetic filter fabric indicated on Figure 2 should be Mirafi 140N or equivalent.
A minimum 4-inch diameter perforated drain pipe should be used.

We appreciate the opportunity to be of service to you on this project. If you have any questions
or comments, please call.

Respectfully,

Sl Y It 2

Fred H. Held 11l

HH/GGT/al

o Mr. Dave Rogers, Fred Weber, Inc. (1)
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. SCI GEQOTECHSNICAL o ENVIRONMENTAL o« WETLANDS . MATERIAL TESTING

BORING LOG
LEGEND AND NOMENCLATURE

ltlems shown in Boring Logs refer to the foliowing:

(Where shown in parenthesis, sampling and 1esting were performed in general accordance with applicable
ASTM standard methods or practices )

-

Depth - Depth below ground surface (feet).

Sample Types designated by letters.

S8 - Split-spoon sample, disturbed, obtained by driving 2-inch O.D. split-spoon sampler
(ASTM D 1586).

NX - Diamond core bit sample, nominal 2-inch diameter rock sample
(ASTM D 2113).

ST - Thin-walled tube sample, undisturbed, obtained by penetration of a 3-inch diameter
tube (ASTM D 1587).

Cs - Continuous sample tube system, undisturbed, obtained by split barre! sampler in
conjunction with auger advancement.

Y - Shear vane, field test to determine strength of cohesive soil by pushing or driving &
2-inch diameter vane then shearing by torquing soil in existing and remolded states
(ASTM D 2573).

AS - Disturbed samples obtained from auger cuttings.

Recovery Recovery is expressed as a ratio of the length recovered to the total length pushed,

driven, or cored (inches), e.g. - 9/12.

Blows - Numbers indicate blows per six inches of sampler penetration when driven by a
140-pound hammer falling freely 30 inches (ASTM D 1586). When number of biows
reaches 50 without six inches of sampler penetration, the result is shown as & ratio of

50 to the actual penetration, e.g. - 50/2 inches.
Vane Shear

Strength - Shear strength of soil expressed as the peak strength (existing state)/residual
strength (remolided state).

Description - Description according to the Unified Soil Classification: Description indicates soil
constituents and other ciessification characteristics (ASTM D 2488). A solid line indicates
approximate location of stratigraphic change between soil types and the transition may be gradual.

Laboratory Test Results

- Natural moisture content in percent (ASTM D 2216).

- Dry density of sample tested in pounds per cubic foot (pcf).

- Unconfined compressive strength (ASTM D 2166) in kips per square foot (ks).
- Liguid limit (ASTM D 4318B) in percent.

- Plastic limit (ASTM D 4318) in percent.

Remarks/Other Data - See notation at botiom of Jog for description of data entries.

RQD Rock Quality Designation; the ratio between the total length of core segments greater

than 4 inches in length and the total length of core drilied (expressed as percentage).

Figure 1




P pr R

LA AL

Ty

5(% TEST PIT LOG

pROJECT WINGHAVEN BOX CULVERTS

TEST PIT NC. TH-1
toceTion O'Fallon. Missouri SHEET | oF |
excavator SCI PROJECT NO. 980495.11
SURFACE ELEVATION 524+ /- toulemENT Hand auger DATE EXCAVATED 6-25-98

FIELD SAMPLE / TEST | | | LABORATORY TEST RESULTS |
= : z |© —_ {
- w o | S 2 < ouG | = | = -
Elalz 2 | 2.5 ¥ . ez 12 L
N =T e DESCRIPTION ot S DelxEmEus | o T 2
=l E 8 er v | UG L pE|EZL ZEE 0 |
c 5 Y o x > x|=9 ARSI N = | = -8
] 2 3 o] x < =i o x| B 1 @ w
= = o = o |=iZ0o 2oL 81 3 e
5 o © el o 20| <2 LB
[72] (V] ‘ %
0 | Gravish brown, low plastic SILTY CL 0
X CLAY with trace of fine roots r
1 |BS 29
g - -
i Brown. low plasuc SILTY CLAY CL
I 254 — “v' v 1 —2.5
2 [BS ith trace of fine grave 19
3 |BS Brown, low plastic SILTY CLAY CL.GC 19 i
b and coarse SAND to fine GRAVEL r
5 — —5
Hand auger refusal at 5.0 ft.
7.5 o 7.5
10 ~ 10
12.5 — —12.5
15 - s
17.8 —
WATER LEVEL REARKS: 17.4
NO GROUNDWATER NOTED AT
TIME OF EXCAVATION
FT WHILE EXCAVATING
FT ____ HRS AFTER EXCAVATING
———

FIGURE 1-1




S‘E TEST PIT LOG

erosecT WINGHAVEN BOX CULVERTS
cocemion O'Fallon. Missouri
excavaTor SCI

ELEVATION 516+/-

' SJRFACE

EQUIPMENT Hand auger

TEST PIT NO. TH-2

SHEET 1 o3 1
PROJECT NO. 080405.11
DATE EXCAVATED 6-25-08

FIELD SAMPLE / TEST

LABORATORY TEST RESULTS

i l
1 .
- = g & 1 1 2 . - |
-~ oW = — 1 i -~
.88 |2 5% ¥le¥ . (8385 3t
- BT B £ DESCRIPTION E8E 2350028050 = [
E 1212 | 57 VX 200 RS |ZZE|BEE| 2 E 1 E |
w = = o =4 o= A~ esz 2 | wn w |
= = L < 5 WwiES Y (<A 5 [=} |
510" w © o Sog| 2 & ‘
* & |
Y 4 inches TOPSOIL LU
| J - R s
Brown with gray, low plastic CL |
A S SILTY CLAY with some gray, silt -
| /1B and trace of organics 23 X
|
1
i Brown and gray, low plastic ML
: 59, BS | SV 2.8/ CLAYEY SILT with trace of fine 25 ~2.5
: 47 1.4 sand and organics L
| 3 |BS EE N 21
1 Gray with brown, low plastic CL
14 IBS SILTY CLAY with trace of fine 24 | -
- gravel L
5 — 5
Hand auger terminated at 6.0 f1. ]
. 7.5 7
10 — — 10
12.5 = —12.5
15 - oy
- 12.8 '—J
‘ WATER LEVEL: REWARKS: =114
NO GROUNDWATER NOTED AT
TIME OF EXCAVATION
4 FT WHILE EXCAVATING
FT ____ HRS AFTER EXCAVATING
—_— FIGURE 1-2
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S‘g TEST PIT LOG

proJECT WINGHAVEN BOX CULVERTS

LocaTion O Fallon, Missour

rxcavator SCI

SURFACE ELEVATION

EQUIPMENT Hand auger

4944 /-

TEST PIT NO. TH-2

SHEET 1 or ]
PROJECT NO. 98014085.11
DATE EXCAVATED 6-25-98

| FIELD SAMPLL / TEST | | LABORATORY TEST RESULTS |
1 ; & | = g |2 = ‘\
R T = ~ cubl e | 21 2
EoelElE | i ez gt . B8 E E B
- e DFw =T DESCRIFTION EoC (SIDeixEC| T - oo
SR SR NN R Be Z29 |w|bEs|E2Q Zen 2 | 2 £ |
I ~ > xi=poge ot = - o
rruL— I l o ™ 4] S| ¥~ o%z2i 3 n oW
& 21z E < 5 w8l 2 z22 ]S | < =y
| @ 2 © &l © Scg =2 =
| v il
I Brown. low plastic SILTY CLAY CL 0
| i
1 1 iBS Grayish brown, fine SANDY SC 21
T SILTY CLAY with some fine 3
! I— gravel :
7 = ML i
ao 2 |BS Grayish brown, low plastic 19 e
| CLAYEY SILT with fine sand o
7 - ML =5
3 |BS Brown and gray, low plastic 35
7 CLAYEY SILT with some fine r
- sand to fine gravel "
o4 [BS Gray, low plastic CLAYEY SILT ML 29 I
S M\with trace of fine gravel 7.5
7 Hand auger terminated at 7.5 ft. -

10 - — 10
12.5 — ~12.5
15 — 15
TR 175

ATER LEVEL REMARKS:
_v:o GROUNDWATER NOTED AT
4 IME OF EXCAVATION
FT WHILE EXCAVATING
FT —___ HRS AFTER EXCAVATING
\\ FIGURE 1-3
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3
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5
0
0.0
0.0
0
0 00
&

NON-—-WOVEN

)

— BELOW—GRADE WALL

GEOTEXTILE (3)

NOTES:

.
2.
3.

MINIMUM 6" FILTER MATERIAL ARQUND PIPE.
1" CLEAN CRUSHED UMESTONE

TYPICALLY FOUR—~OUNCE PER SQUARE YARD

4—INCH 0.D. UNDERDRAIN PIPE LAID WITH
PERFORATIONS DOWN TO DRAIN TO DAYLIGHT
AS DESCRIBED IN LETTER-REPORT

SCI 333 MID RIVERS MALL DRIVE

ST. PETERS, MISSOUR! 63376

WINGHAVEN BOX CULVERT
O'FALLON, MISSOURI

BELOW—GRADE WALL DRAIN DETAIL

JUNE 1988 SCI NO. 980495.11

FIGURE 2
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ch BORING LOG

ryeve y

wrr ey

proJteT WINGHAVEN PROJECT SITE BORING NO. B-2
LozeTion O’Fallon. Missour: SHEET 1 oF 1
orier Midwest Drilling, Inc. PROJECT NO. 97-384-411
‘uenc; ELEVATION 595+/- DRILLING METHOD 4" CFA DATE DRILLED 6-11-07
g T SAMPLE | | .1 LABORATORY TEST RESULTS ' ]
] - & lewBlolei 2
CE el B2 2 ez EeS . BBEEIE B
b2 1 Ble| 5E | %o DESCRIFTION | 3= BES E’:Ea:fﬁ: ST 2 ]
B 21F 82 2 %5§§\%’E’°§5~§§§\%‘xﬁiéi
TR E G ETE TEEEE
l i @ | | i
o \ 6 inches TOPSOIL | | \ \ e
_\ Brown and gray. medium plastic CL/CH | | L }
| ' 2 SILTY CLAY 1 o |
, 1SS 3 | 26 .
| i
] Brown with some gray, low CL \ 11 |
plastic SILTY CLAY | | 1
2 \ l_
“T 2 |ss 2 28 \ . ) \
. ‘ ‘r ,
; |
L
6 — ! —
2 Brown with some gray, medium CL/CH | 1 1 R
13 i8S 2 | plastic SILTY CLAY 25 \ | I \
| \ ]
1 i
8 — L
Brown with some gray, high CH ‘ :
| 3 plastic CLAY
4 |ss 5 29 | |
0= | H 1:\—m |
| l 1 i
1 | L
i |
g | Tan, WEATHERED SILTSTONE |
14— 5 |SS 50/3 10 »
16 — [~16
Gray with some brown, ‘
16 |AS SILTSTONE
18 — Auger refusal at 17.5 ft. tls
20 k
20
WATER LEVEL: REMARKS:
x

— 1 —— | ] — ey Voot od v P
o

—— FT ____ HRS AFTER DRILLING
——__ HRS AFTER DRILLING

NO GROUND WATER NOTED AT
TIME OF DRILLING

FT WHILE DRILLING

T

FIGURE 2-2




ch BORING LOG

FIGURE 2-3a

proscT WINGHAVEN PROJECT SITE BORING NO. B-3
LocaTiok O’Fallon, Missouri SHEET 1 oF 2
prier Midwest Drilling. Inc. PROJECT NO. 07-384-411
URFACE ELEVATION 602+/- DRILUING WETHOD 4" CFA DATE DRILLED 6-11-97
} SAMPLE s LABORATORY TEST RESULTS | f
o | g = e .| o 11
e - —~ o Z X 8 @?.x = = -
A - 1’ ST 22 DESCRIPTION gég 55; E%—;: =221 = ! oo
L E |2 B2l 3 7% |klgL8zE 8Ec! g §1§|
UG S pE CeEE g 2 ¢
! i i
e l "\1 inch TOPSOIL 1 e
i | Brown with some gray. medium CL/CH t
: 3 plastic SILTY CLAY |
1SS 3 26 L,
L 4 1
! |
| Brown with some gray, low CL f
l . gray
2 plastic SILTY CLAY
\ ‘72 Iss 3 25 )
I - 3 I
|
6 6
2 [‘ |
13 4SS 3 22 | |
4 R | ¥
8 — ’ ! 1‘
Brown with some gray, high CH | .
) * 3 plastic CLAY i
4 |8S 3 33 | [’
5 |
10 10
T
12 = -12
Tan, high plastic SHALEY CLAY CH I |
- 3
14 L
5 1SS 6 30 14
y 15 | Brown, WEATHERED SHALE I
16 — 6
T
18 — 16
16 |8S 27 i
50/3 10
20 20
] Continued on sheet 2 of 2
WATER LEVEL: REMARKS: i
X __ NO GROUND WATER NOTED AT 1) Driller’s observation
TIME OF DRILLING
FT WHILE DRILLING
FT ____ HRS AFTER DRILLING
= FT ____ HRS AFTER DRILLING
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S‘g BORING LOG

prosecT WINGHAVEN PROJECT SITE BORING NO. B-2
LocaTion O'Fallon., Missouri SHEET 1 o 1
riLcr Midwest Drilling. Inc. PROJECT NO. 97-384-411
‘JRFACE ELEVATION 595+/- DRILUNG MzTHOD 4" CFA DATE DRILLED 6-11-97
I T SAMPLE ] LABORATORY TEST RESULTS
~ g 2 ~ — -
£l Eo | oF ] 8.3 ¥ %85 2 &
- W ;é Zo DESCRIPTION E5E (3D ;EE T =
el = > OZ e 5 %) g nulszg Szg o = E
S 21782 =5 < oLl B-osz| 31 ¢ =
o -3 =3 é g 28 égg g E =
[%e]
0 6 inches TOPSOIL ¢
J Brown and gray, medium plastic CL/CH i
2 SILTY CLAY
1 |SS 3 26
2= 3 —2
] Brown with some gray, low CL I
plastic SILTY CLAY
4 - 2 —4
2 |SS 2 28
3
6 = e
2 Brown with some gray, medium CL/CH ¢
13 |SS 2 plastic SILTY CLAY 25
3 -
8 T : CH — 8
: Brown with some gray, high
’ ] 3 plastic CLAY
4 1SS 5 29 ]
10 — 7 10
12 = 1
Tan, WEATHERED SILTSTONE
14— 5 |SS 50/3 10 L
16 — oy
Gray with some brown,
46 |AS SILTSTONE
18 Auger refusal at 17.5 ft. e
20 I
‘ WATLR LEVEL: REMARKS: -
X__ NO GROUND WATER NO
TIME OF DRILLING TED AT
FT WHILE DRILLING
FT ___ HRS AFTER DRILLING
FT ____ HRS AFTER DRILLING

FIGURE 2-2
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ch BORING LOG

FIGURE 2-3a

proJecT WINGHAVEN PROJECT SITE BORING NO. B-3
LozaTion O’Fallon. Missouri SHEET 1 or 2
pRILER Midwest Drilling. Inc. PROJECT NO. 07-384-411
SURTACE ELEVATION 602+/- DRILUNG METHOD 47 CFA DATL DRILLED 6-11-97
; ] SAMPLE .| LABORATORY TEST RESULTS | |
i ~ | _‘-"c_; =4 . e _ -~ }
- el wl| ¥z E DESCRISTION ST T =on B i T =
= 1z F BT g Zog G|RE|E%olzeEE o | @ z
S | 2]%| 82| BB ° 2 |=egifwE8ss 3 5| &
R R 2 g*8 T (2R g2 ¢
s |
0 N\1 inch TOPSOIL 1 T
i Brown with some gray, medium CL/CH I
3 plastic SILTY CLAY
5 1 {SS 3 . 26 —2
— Brown with some gray, low CL i
) 2 plastic SILTY CLAY )
2 |SS 3 25
3
6 — 3 L6
13 i8S 3 29 i
4 -
8 — - T CH —&
Brown with some gray, high
| 3 plastic CLAY
4 | SS 3 33
10 — 3 L 10
12 - —12
Tan, high plastic SHALEY CLAY CH |
47 3 — 14
S {SS 6 30
- 15 | Brown, WEATHERED SHALE i
16 — 6
18 — s
46 |ss 27 I
50/3 10
20 — 20
| Continued orn sheet 2 of 2
WATER LEVEL: REMARKS:
X___ NO GROUND WATER NOTED AT 1) Driller’s observation
TIME OF DRILLING
FT WHILE DRILUNG
FT_ HRS AFTER DRILLING
FT ____ HRS AFTER DRILLING




ch BORING LOG

eroJrcT WINGHAVEN PROJECT SITE BORING NO. B-3

LoceTion O’Fallon, Missouri SHEET 2 oF 2

srier Midwest Drilling. Inc. PROJECT NO. 07-384-411
TACE ELEVATION 602+/- DRILLING WmETHOD 4" CFA DATE DRILLED 6-11-97

@

NO GROUND WATER NOTED AT
TIME OF DRILLING
FT WHILE DRILLING

FT ___ HRS AFTER DRILLING
FT _____ HRS AFTER DRILUING

FIGURE 2-3b

T }
; SAMPLE 11 - S LABORATORY TEST RESTLTS ; {
i i S T ™ P
L g > = 1 E_,: = w - E;Q § | % = !
- -4 =~ n= - I =20 <|E Ll T o} :’ !
% - ® v ;"é E 7S DESCRIFTION 1] %8:7: z EE Ezb EQE ;’ 11 o = i
S = > . O 9 58 gj@kieZScioce| = [ o
} . =) - o= x | [e3= -~ O=sZ 2 7] w !
L =2 \ o= = | 3 JwlEE ¢ 123 & < =
| | = = I Sogl =& 1
i l e |
f __] Brown. WEATHERED SHALE | »l
am l 22
P |
| | .
i ’ I3
| .7 lss 50/3 12 ~24
] Drilling terminated at 25.0 ft.
26 — — 26
28 —| —28
30 — — 30
’ 1
32— 32
347 —34
36 — 36
38 — 38
i 7 -
|
|40 - 40
| 42— —42
WATER LLVEL: REWARKS:
X
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prosEcT WINGHAVEN PROJECT SITE BORING NO. B.14
LocsTion O’Fallon, Missouri SHEDT 1 oF 1
riicr Midwest Drilling, Inc. PROJECT NO. 0~ .384-411
‘URFACE ELEVATION 4594+/- DRILLING METHOD 4" CFA DATE DRILLED 6-0.97
SAMPLE l T LABORATORY TEST RESULTS
~ | 1 g 2 o L
> -~ = e oWr|l =« 1 2 0 &
Elel, |8 &2 crpron 2.5 |EeS o 5588 % &
- w [ g_Z_ ES DESCRIPTION O I 2s N el 7 DU B A
Elzlri1821 8 zoe DB |EEOIERE| o 2 £
- > - 0= oK %] [ = e oo = [ 1 o
"] 4 W w < z! o Iz | T " o
o =4 o WIXES Zfw | © < ¢ =
- © j& © SoEl 2 g
IR :
¢ | 5 inches TOPSOIL 1 1 o
| Gray and brown, low plastic | CL |
3 SILTY CLAY r
. 1SS 2 23 :
2 2 T—Z
- |
r
2 l
4 — L.
2 |SS 2 92 |
4 ;
i L
|
6 — 1'—6
0 |
13 [8SS 1 28 |
2 1
5 -
. l
i 0 I
4 |SS 1 31 >
1 |
107 — - Lo
Drilling terminated at 10.0 {t. |
’ L
12 l-—12
14 — .
T ~16
18 — s
20 — .
‘ WATER LEVEL: REMARKS: i
e o
NO GROUND WATER NOTED AT 1) Driller’s observation
TIME OF DRILLING
5.5 FT WHILE DRILLING
— FT __ HRS AFTER DRILLING
——— FT ____ HRS AFTER DRILLING

FIGURE 2-14
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S‘% BORING LOG

prosceT WINGHAVEN PROJECT SITE
LocaTion O'Fallon, Missouri
pRiLER Midwest Drilling, Inc,

.SURFACE ELEVATION

BORING NO. B-21
SHEET 1 oF 1
PROJECT NO. 07-384-411

524+/- DRILLING METHOD 4" CFA DATE DRILLED 6-10-97
, { SAMPLE .| LABORATORY TEST RESULTS |
o~ g 2 N
Lo > = o < (¥ lwd es¢ls 31 & |
LT 8 gz | ¢2 £ , L0 |E|ET EEZT S S T
o= i w $E gw DESCRIPTION 28;: = E‘i ;ab A.Z..‘LG: I o l z
S E 12| 8| 2= 7% |E|gEoge|8EE| £ B | &
L= | E oS | Pw < S| B¥iSEzl 3 2| &
B & £ 3 |H|*8 SBEl 21 2|
; i o N B |
] 3 inches TOPSOIL 1 e
| ) Brown and gray, low plastic ML/CL L
1 3 CLAYEY SILT to SILTY CLAY i
L1 |sS 2 25 N
L . |
i a I
3 \
- | L
‘T2 |ss 2 as o
| 5| Brown and gray, low plastic CL *
SILTY CLAY with some rock LT
\{ragments 1 :
6~ 13 ROCK FRAGMENTS with some GC e
13 |ss 18 blrown and gray, low plastic silty 21 !
8 C a)f -
£ — ' S
J 4SS 50/1 | ROCK and ROCK FRAGMENTS 2 I
109 prve : — 10
Drilling terminated at 10.0 ft.
127 —12
T - 14
16 = ~16
18 — 18
207 — 20
WATER LEVEL

NO GROUND WATER NOTED AT

TIME OF DRILLING
6 FT WHILE DRILLING

FT _____ HRS AFTER DRILLING
— —__FT __ HRS AFTER DRILLING

REMARKS: _ ]
1) Driller’s observation
2) Driller’s observation

FIGURE 2-21
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Preliminary Exploration of Sutsurface Condrions
and
Founoation RecommenSauons

WINGHAVEN PROJECT SITE
COMWMERCIAL, RESIDENTIAL, AND GOLF COURSE COMMUNITY
O'FALLON, MISSOURI

INTRODUCTION

1 the reaues of Mr. Paul McKee with McEagle Comporzation, on behalf of Mr Lloyd Schneider
with Novus CHrporation, we conducted a preliminary subsurface exploration for a future
~ommercial r:sidential and golf course development. The purpose of our exploration was to
genzrally che acternze and evaluate the subsurface condiions 1o provide general
recommengz.ons for foundations and to address other gedtecnnical aspects of the proposed

oruject Our ervices were provided in general accordance with our propesal dated May 20,

1687

PROJECT AND SITE CHARACTERISTICS

The Winghay en project site is about 1100 a2cres and s the combingtion of several large
properbies i D'Fallon, Missoun The sitz extends from Highway N on the north to Dardenne
Cresk onthe south, 2nd lays north and east of U.S. Highway 40/81. The eastem boundary is
curionsed pertly by Bates Road and partly by the boundary line between the City's of O'Fallon
and Dzrcens 2 Praine The property has frontage on Pest Rozd near the northwestem comer
ant has extensive frontage zlong Highway 40/81, Highway N, and BEates Road. The property
2na surrouniing rosd pattemn is shown on the Vicinity Map, Figure 1.

I general & propery slopes from north to south with drainage being tributary to Dardenne
Crreek. along the southemmost boundary line. A deep, wide draw drains southeastward
through the -outh central part of the site. Numerous smaller draws drain into the major draw or
directly into the floodpiain. Approximately 120 acres of the property lies in the floodplain of

Derdenne Creek. Total elevation difference across the project site is approximately 140 feet
Wil the high at Bl 820 and the low at EL 480

* —
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. Wiuch of the Lroperty site has remained unaeveloped and appears to Nave been used mostly
ior agnculiural purposes. However, the Monsanto Company owned & majonty of the property
ang construtied an animal research {acilty near the center of the trasl. A laboratory building
snc numeic s buildings housing poultry and livastock were constructed for this faciiity.
EoaOweys ¢ 18 paTKING areas were constructed 1o serve the Monsanto facilities. In the
couthern oc uon of the preperty aiong Dargenne Creek, g wildlife theme park was pnce
oroposec @nid some prefiminary grading and development was ungertaken to create the park.
This mvolve 3 @ manmade lzke near the southeest comer of the property, and some grading

wes periormed in that general area.

’

£ concept pian which you provided indicates the fract will be developed for both residential
ano busines & usage 1n the higher portions of the property. This will entail single-family ang
miutu-fzmily 'esigential areas and several business park areas, offering a wide variety of Iot

o-¢ for ingdu stial and commercial develppment. A golf course is proposed in the floodplain

ar
o

near t-= south property line and in the major draw. Much of the residential development

wil surrvure. the golf course 1o the north. Most of the commercial development will be near

‘ mghwey 4057 A~ major roadway is planned through the central and norihern portions of the
piroperty wi. ch will connect Highwey £0/81 with Highway N and will eventually exiend
nonhiwara s

connect with the Page Avenue extension (Hiphway D). This development
schame s ~ concepl plan st this time, and numerous changes will likely be made in further

pianning for the phased develcpment of both the residential and business portions of the
pPropery

WWe unoersiand the property has been used for agricultural purposes and that your intention is

it conunue ‘arming the property 2s the development is phased over several years.

FIELD EXPLORATION

" ne field exploration for the resigential and commercial developments consisted of drilling
forty-seven borings at the approximate iocations shown on the Site Plan. Three proposed
Bonngs (E: 5. 8120, and B121) were inaccessible, and therefore, not drilled. B through B15

were dnllec for proposed commercial roadways. B8 through B28, excluding B25, were drlled

' "' Propose« commercial development areas. B101 through B118 were drilled in areas of
d P"OPOsed rasidential or golf course development
- ‘-~\_
July 19g7
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.c.an:ms were estabiished in the field by SC! engineer relative to existing roaas,
nente anc 1opographic features. Approximezte bonng eievations were determined from

omic Maps gerived from aernal surveys prepared by Walker ang Associates, Inc., dated

-

nas v ere drilled on June 7 through 14, 1887. Continuous-flight augers powered by 2
Jore g were used 1o advance the bonings 1o predetermined depths of 10 to 30 fee or

refus el at depths ranging from B 1o &£ feel, Stancard penetration tests were

i

¢ a! "a- and 5-foot intervals throughout the soil overburden. The stancdarg penetration
noes 2 guide {0 soil strenglh and e disturbed sampie for jaboratory testing The nature
~nes: of the soils encountered and the results of the field sempiing and testing are

nihe Bonngs Logs, Figures 2-1 through 2-28 (commercial development and roads) and

2-71 1t -ough 3-18 (residential and golf course development). Table 1 summarizes some

dhng ~formation.

ATORY TESTING
1;‘abtamec‘ were described anc clessifiec in our laboratory by 2 soii technician using
visus methods  Moisture contents were determined for ezch of the sampizs. The

"t thee lgboratory lests are shown on the Boring Logs.

ROFILE
eC herein s the genera) description of the soils encountered. Detailed informastion
'3 e soil type and interpretive soil stratigraphy is presented on the Boring Logs. A

-0 Lz2end 1s included as Figure 2 {o aid in the interpretation of the Boring Logs.

¢ thr- feet of fill was encountered in BB and B18, respectively. In generza!, medium-stiff
-stifi ''sidual soils ang placial tills were found in the upland parts of the property and soft
soils were found in the fowland or floodplain areas. The upland soils were generally

witl ~nd blown silt that has weathered to silty day (modified loess). Topsoil 7 to

s thick was usually underlain by 2 layer of low plastic silty ciay that was underiain by

zstc rlay. Some of the borings did not encounter the low plastic silty clay soil layer. The

28l

-

' @ys generally consisted of glacial tills or residual soils with various amounts of

r 3nd rock fragments that generally increzsed with depth.

D]

:
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s ooer reluss was encountered in 42 of the bonngs &t Jepths ranging from Bl= to 44 feet.
TysieQing N high and fow of 44 and B feet, the aversge refusal depth was about 16 feet in
-~e borings et refused. However, very rocky soils were encountered at relatively shaliow
seoths 10 M.t of the borings. The matenals encountered jus! before refusal were weathered
aistones . aravelly clays, rock and fragments, oF cleyey shales. Auger refusal is & designation
apohed o ary material which cannot be further penetated by the power auger. This matenal
s usually moicative of 2 very hard or very dense material, such 25 boulders or the upper
surzce of b.grock Rock coring was beyond the scope of this exploration, therefore, the
character and continuity of the refusal meaterials could not be determined.

{
A

~roundwale - was encountered in five of the borings generally in the lowland areas (E11, B14,

m

4L B2%. 2.4 B110) et depths of 1174 10 14 feet, and one upland area (B11B) a2t 2 depth of
15 feel 7he other borings were dry upon compietion: of driling. In relatively impervious soils,
= sunable e:umate of {the groundwater level may not be pessidie, even zfter several days of
otservatior The groundwater table will fluctuate throughout the year depending on climate
ond rainfali .onditions It i1s not anticipated that groundwater will influence the construction
chaese of D iects in the upland areas However, excavations in the lowland arezs may

erpenence -onstruchion problems.

GENERAL DESIGN CONSIDERATIONS AND RECOMMENDATIONS

Heawly ilusu2d commercial buildings may reguire deep foundations end bearing on rock due {o
cuncenitate 3 column Iozds that make spread footing foundations uneconomical. The upland
areas are c.onJusIve 1o the use of drilled piers. Estimating allowable bearing pressures for

rock oganny fourjdatuons require rock coring which was beyond the scope of this exploration.

Shaliow sp2ad foundations will be suitable for support of light to moderately loaded
residences and commercial buildings. Allowable bearing pressures for structures in upland
areas will in2ly be 2,000 to 3,000 pounds per sguare foot (psf). Allowable beanng pressures

tor structures in lowland greas on soft soils will be about 1,200 to 1,500 psf. Allowable bearing

Pressures may be \ncreased in the lowland areas if sufficient depths of fill are placed.

Settiements of foundations can be less than 1-inch excluding settlements induced by filling. Fill

S=tllements should be minor in the upland areas and substantially occur in about 30 to

Page 4 of 10
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—owever, $0Y and compressidle soils were encountere? in the {owland areas. Itis our opinion
-5 excessive 1otal and differential setlements will occur beneath column and wall loads
supponec or. inese natural, soft soiis, 1f precautions are not 1zken 1o reguce the post-
_onstruction retiement. Shallow founcations with low contact pressures, however, shoulc be
sunsole for s..opor of most of the proposed improvements in the lowiand areas with littie
-aworking of 1ne soil  Moderate contact pressures will require 2 sufficient thickness of
~ompacied siructural fill in the building area. The thickness of fill will be determined by the
structural losing  Surcharging can also be used to reduce post-construction settisment 1f the
sins! grades ‘ or the proposed improvements must remain &t or near existing grades or as

nicens 10 ac. slerate consolidation gue to the weight of fill,

i1 1e Jowlan t areas, placing fill to raise the site above existing grade will result In settlememnt
=5 consolida® on of the soft, underlying soils occurs A delay in constructior is anticipated to
alicw somc « most of that setilement 4o occur prior to construction. The delay recommended
wit pe peses on the buillding location, building loags and the amount of fill placed In this-area
Ju znutinat-- this delay 1o be about 30 to 120 days. Deep fill in the lowland areas should be

momitoren w o setlement plates to assess when most of the setllement has occurred and
constiucton san continue.

Wizt end dedy toundations are alsc acceptable foundation types for construction in the lowland
aices, howe el we anticipete these options will not be economica! compared 1o the suggested

remadiglion A deeper exploration will be required if deep foundzlions are 10 be considered.

Altmpugh on + & small amount of existing fill was encountered in our limited explioration, other
existing fill w (| hkely be encountered on the site due {o existing development. Further
expiorations will be regquired to better identify the extent of existing fill located on the site. In
peneral. exi.ing fill located in areas to be developed should be removed to naturally occurming

SOils and rej.laced with properly compacted structural fill

Seismic De«ign Considerations. The 1995 BOCA National Building Code requires the

Structural design of the proposed structures. A site coefficient is reguired for the calculation of

mimimum ez thquake design forces. The coefficient is 2 function of the soil type, consistency,

——

Page 5 of 10



::‘aepth The sile can be essentially divided inte wo arees seismically, uplands and
< C.eiothe dgepth to rock and the relztively stiff consistency of the soi in the

: tne soi-profile type is Sy anc the upland site coeffizient (8) is 1.0, The lowlands,

.re penerally in the southem pari of the site and in scme of the wide draws, 8o not fit
:ne BOCA stangard soi-profile types. Therefore, as required by the code, the soil-

-soe - S. and the lowiand site coefficient (8) is 2.0

estic Clay Considerations. High plastic clay soils are present at depths which may

construction. High plastic clay soils have the potential for volume change with

uons .0 soil moisture content. This volume change is normally evidenced by the

¢ anu cracking of concrete fioor slabs and, 1n severe cases, by the movemeni and

i¢ of “ootings and foundation walls. Remedial measures, if necessary tc avoid such

s mey require overexcavation and replacement of these materials with low plastic silty

s o srushed stone to @ mirimum depth of 2 or 3 feet below the base of footings and

abs

>
:‘ls with & marginal potential for soil heave can be reduced by not alicwing the soils
ctale prior to pounng the concrete sigb  Maintzining the natural moisture content can
ompi sheg by placing & thin polyethyiene vapor barrier over these soils immediately afier
zuon Other measures that may be utilized 1o reduce this problem incluge, out are not

it L= eddition of extre steel reinforcement in the top and bottom of foundztion walls,
“etny’ of floor slabs such that they are not structurally connescted to or bondead o

=hion walis or interior columns, the placement of foundztion drains toc reduce the

iy ¢ water reaching the subgrade soils, and the placement of woven wire mesh to

ce the fioor slab.

rainzoe angd Grading. Positive site drainage should be provided to reduce infiltration of
& wa'ar around the perimeter of the buildings, residences, and beneath the fioor slabs
9es :mould be sloped away from the structures, and roof and surface drainage should

€0 and discharged such that water is not permitted te infiltrate the backfill of the

JTES

E—F&MELOPMENT RECOMMENDATIONS AND CONSIDERATIONS

refusal was encountereq at depths of 8%z and 14 feet in BS and BB, respectively. Rock

——

3
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’ rxrzvElion v Ihely be required to achieve the proposed grades in those areas. The central
XTEavellv = il ~

1

Lz of ing 5= 8Nt severai ndoe tops arount the site will likely require rock excavaton or
senerzl grading, utility trenches, and/or basement excavations. The rocky clay meaterials
;ncoumezed snor to auger refusal can usually be excavated in open cuts, sometimes using
zrme gorers ouipped with rippers. However, large rock fragments, intact rock ledpes or
soulders are -ometimes encountered in soils of this tvype. Tnese materials can also prove very
S icull 1~ renich excavations ant may reguire blasting. Forther exploration can help 1o
4elinezie (he extent of rock excavation required for specific road and utility alignments, and

suiding stes A contngency fund shouid be esiablished for rock excavation.

e suriace -olls 2t the site are silty Such soils may exhibit & significant loss In strength
WwhHeN e, D+ COMeE saturated and disturbed, 2s may OTTUr due to trzfficking of construction

equipment  ~his may complicate construction of paved streels, parking areas, and

1oungations
. Srosion cort ol measures should be taken during the general gragding to prevent the
; .
. nansponztiun of these soils by surface runoff onto adjoining properties. Timely sodding or

seeding 0! U 2 sloped areas will reduce this potential problem

Site Preparetion. All existing vegetation in the cut ang fill arees should be removed prior to
olzaing filt rees and brush may be bumed on site 25 approved by local ordinances. Bum
pils shouid L located outside of building areas, streel arezs, or areas designed as slopes

Steepar inar

1 vertical to S horizonial, Stumps should be removed from the site or buried in

lonations aprroved by the geotechnical engineer.

Sutisoils a1t likely {o be encountered in the botiorns of the draws, drainage swales, and in the
fiovdplain o~ lowiand areas. These soils should be removed to firm materials before piacement
of fill The rxisting ponds should be drained, and soft soils removed from the bottom betore

piacement ol fill |f removal of soft soils is impractical due to their excessive depth, they should

be stabilizen or "bridged over” in @ manner approved by SCl.

¢

—
—— ——

—_—
———July 1957 T

Ir areas 1o e developed, the existing buildings and related below-grade components must be

Properly de -iolished and the debris removed from the site. Existing foundation walls, cistems,

. Page 7 of 10



Ii must be removes enbrrely along with footings and

1o fizlos 2nd associated backii
stions below the final proposed grade, the excavatons should be brought to fina

ceper porunns of fill areas as epproved by

seh
low-grade Jtilities. Masonry rubdle generated by the jdemoliton may be placed in the
a represemative of SCI. Where the removal

=3

18)

Q

any significant thickness on this site.

-zzles exce
red fill.
£

rade wilt g 1QINEe
However if such organic soils are encountered, they shauld be stripped from the site and

@)

e

~.+ porings 30 not indicate any highly orpanic topsoii ©
s{ockpiled for later use in lawn or landscaped areas. ~her stnpping, the subgrade and fill

= vas shouls be scanfied and proofrolled to 2 minimum oepth of 1-foot and to & minimum dry

gensity of €7 percent of the maximum dry density at determined by the modified Proctor

compaction iest (ASTM D 1557)
roe rubble pieces gue 10 the

Fill Materials 2nd Compaction. The available low to medium plastic silty clay soils
La

srcourteret al the site may be used es structural fill

the existing structures, 1n excess of three inches, should not be used as

gomehton
structure:
Ve recommand that all fili piaced 1n building areas near the fooling and floor slab elevations

tcceptable non-oroanic fill soils nclude matenials designated

ML, CL WML, SP, SW. GP, ang GW soils by ASTM D 2487. Where practical, high plastic

rave & hqus mit less than 45.
saus shoule be placed in deeper portions of fill areas or in landscaped areas. If high plastc
clays are poaced or are located within three feet of footing or floor slab elevathons, remediation

%
~zy be iec »mmended. Such measures could range from ensunng that the soils do not dry out
ounng cons ruchion todverexcavating below structural members and slabs,

=ill should 1.2 piaced in horizonta! lifts not exceeding 8 inches in locse thickness and

tompatiec with a sheepsfool or tamping roller to minimum dry density of 90 percent
of theé maximum dry density as getermined by the modified Proctor compaction test

(RSTM D 1057, Higher densities may be reguired for deep fills.

’

S 1 . , .
ome of the fi} materials at the project site may be rocky cley or shaley materials that are
traditionally not tesieg by conventional nuclear densimeter or drive-tube methods. Rock
Page B ot 10
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' 4 zomenis (NET BTE Nipped of nizsted would alse fali into thet catlegory. Such metenals are
. iially Come.asies by several passes of 2 heavy vibra:ory rolier The number of passes and
i FoliE T weight should be determined in the field. Density tests on the rocky matenal
are generally ot performed due to the varying quantities of soil and rock materials a1 any one
inczlipn  Porcly compactec ereas can generally be detetied by observing the fill subgrade
surng pessing of @ loaded scraper or compactor over the fili area. Any poorly compacted

sicac oetecisa should be recompactec with additiona! passes of the vibratory roller.

Cut and Rill Slopes. We recommend that all cut zng fill slopes be no steeper than 1 vertical

1o« monzonts  Properly compacted fill siopes and cut siopes of less than 20 feet in height

Jhioulc be sienle at this inclination. SCI should evaiugte the sability of slopes higher than 20
feg. Slopes o receive fill which are steeper than 1 vertizal to 5 horizontal should be benched
ouor 1o place nent of fill. Benching will provide level surfaces ior compaction and avoid the
devziopmern: of an inclined plane of weakness between the virgin soils and compasacted fill.
The benche: should be spaced such that the maximum height of cut at the up-siope rigge of
- the benchiis - feet

PAVEMENT SUBGRADE CONSIDERATIONS

. sign recommendaiions are beyond the scope of work for this report. However,

ceain 2spe s should be considered in the design and construction of the paved areas. Ve

& 'he soil subgrade be compacted to a dry density of 2t least 80 percent of the
matenals m:

dified Proctor maximum dry density (ASTWV. D 1557). The crushed rock bese

shouid b Co'npacied to 32 percent of the same critenia.

The asphaltic surface course and

Forlzno Cor crete pavements should be checked during placement to verify compliance with
the speuihicamions

The meturel -.olls encountered on the site, 1o a depth of approximately 3 feet below the present
eround surfsce, are silty and exhibit a significant lcss of strength when they become saturated
and disturbe 4. The strength of these compacted, silty soils is dependent on the moisture

conl ; . ) .
ent  Significant construction problems may be incurred if pavement construction takes

| .
L PIace n the wetter portions of the year (November through April). Special measures may be
requi in Tole

‘ Quited 1o * acilitate construction during these periocs.

———

.\.
July 1897
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“srmiance of @ pavement section is dependen: on the aesign hite, traffic loacs
cha-acterisiics, 2nd the Sesitec mainienance level Pavement
izes car be proviced on reguest.

Tne DO
cungTaoL Stength, dreinage
recommMENCAUONS ang/or materiais testing se™!
_gD_DlT\ONAL EXPLORATION PROGRAM
ed in one or more detailed s
2tons should be based on oroposed grades, the site
large or heavily loadec Suildings. These

[oiCh
gat

ubsurface explorations for the

Wany nems «houlc be agdress
¢ govelopment Desailec explor
=ng _pecific building clusiers, o7 individua!

4lg aggress the foliowing:

layDul, & '
rzuons will incluge agditional and possible deepe’ borings and more exiensive 12DOTaeTy

OTGDCSs

eXpio
pcung  The detailed explorations sho

- scommendsations for foundation SUpPOT.
rding 1o the BOCA code

mic coefhidients for building oesign 2
ragje soils.

|
B 2T
x T stmation of the shrink/swell potential of subg
®» “ile development recommengations.
w C.eolechnical construction considerations

sed on aeneral sl characieristics or based on laboratory

m . nicipatied settiement ba

Lonsolidation tesis
construction

ztarials within the proposed building

@
r ~fluence of ground weier on design anc
cations and descriptions of existing fil

|
-reas, if encouniered.

® tructural fill considerations

R uiebility of on-site soiis for use as structural fil

m  “ngineerng cntena for placement of structural fill.
® zvement subgrade recommendations.
® _atersl earth pressures for the design of below grade and retaining walls

2ecommendations for design and construction of siopes.

m Urovide lake and detention basin and cam design recommendations.

»
R Secommend a construction monitonng program.
inary and are based on the information

LIMITATIONS
uld be reevalugted after a more detailed

The recommendations provided herein are prefim
ohtained st forty-seven specific drifling focations within the project area and regionally

azcepted ractice  These recommendations sho
Page 10 of 10
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exploratio: is performed
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TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 04-28-1998 16:06:28
. Watershed file: --> DAV-POST.WSD
Hydrograph file: -=> DAV-POST.HYD

WINGHAVEN - BOX CULVERT & DAVID DRIVE
50 YEAR / 24 HOUR DESIGN STORM

»>>> Input Parameters Used to Compute Hvdrograph (<<«

Subarea AREA CN Tc *x Tt Precip. | Runoff Ia/p
Description (acres) (hrs) (hrs) (in) ! (in) 1nput/used
GRASS / PAVED 256 .01 74 .0 0.40 0 .00 .40 : 3.52 11 10

* Travel time from subarea outfall to composite watershed outfall point.
Total area = 256.01 acres or 0.4000 sg.mi
Peak discharge = 834 cfs

>2>)> Computer Modifications of Input Parameters (<«

Input Values Rounded Values la/p ‘
Subarea Tc x Tt Tc x Tt Interpolated Ia/p
scription (hr) (hr) (hr ) { hr) {Yes/No) Messages
GRASS / PAVED 0.35 0.00 0.40 0.00 No -

*x Travel time from subarea outfall to composite watershed outfall point.



Quick TR-55 Version: 5.46 S/N: Page 2

TR-55 TARULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Stor@)

. Executed: 04-28-1998 16:06:28
Watershed file: —--> DAV-POST.WSD
Hydrograph file: —--> DAV-POST.HYD

WINGHAVEN - BOX CULVERT @ DAVID DRIVE
50 YEAR / 24 HOUR DESIGN STORM

Y>¥>)> Summary of Subarea Times to Peak (<<«

Peak Discharge at Time to Peak at

Composite Outfall Composite Outfall
Subarea (cfs) (hrs)
GRASS / PAVED 834 12.3
Composite Watershed 834 12.3



Quick TR-55 Verslon: 5.46 S/N: Page 3

TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

. Executed: 04-28-1998 16:06:28
Watershed file: =--) DAV-POST.WSD
Hydrograph file: --) DAV-POST.HYD

WINGHAVEN = BOX CULVERT @ DAVID DRIVE
50 YEAR / 24 HOUR DESIGN STORM

Composite Hydrograph Summary (cfs)

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4
Description hy hy hr hr hr hr hy hr hr
GRASS / PAVED 25 35 51 108 199 382 659 8324 308
Total (cfs) 25 35 51 108 199 382 559 824 803
Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.6 13.8
Description hr hr hr hr hr by hr ki hr
G S / PAVED 607 420 304 230 144 108 2YG 77 A3
Total (cfs) &07 420 304 230 146 108 < 77 A9
Subarea 14.0 14 .3 14 .6 15.0 15.5 16.0 16 .5 17.0 17.5
Description hr hr hr hr hr hr hr hy hr
GRASS / PAVED 62 54 48 44 39 35 31 30 28
Total (cfs) 62 54 48 44 39 35 21 30 22
Subarea 18.0 19.0 20.0 22.0 26 .0
Description hy hr hy hr hr
GRASS / PAVED 25 23 20 17 0
Total (cfs) 25 23 20 17 o)



Quick TR-55 Version: 5.46 S/N: Page 4

TR-55 TABULAR HYDROGRAPH METHOD

Type II Distribution
. (24 hr. Duration Storm)

Executed: 04-28-1998 16:06:28
Watershed file: --)> DAV-POST.WSD
Hydrograph file: —--)> DAV-POST.HYD

WINGHAVEN - BOX CULVERT @ DAVID DRIVE
50 YEAR / 24 HOUR DESIGN STORM

Time Flow Time Flow
(hrs) (cfs) (hrs) (cfs)
11.0 25 14.8 46
11.1 28 14 .2 45
11.2 32 15.0 44
11.3 35 15.1 43
11.4 40 15.2 472
11.5 46 15.3 41
11.6 51 15.4 40
_ 11.7 70 15.5 29
’ 11.8 89 15.6 38
‘ 11.9 108 15.7 37
12.0 199 15.8 37
12.1 382 15.¢ 35
12.2 659 16.0 35
12.3 834 16.1 3
12 .4 808 16 .2 33
12.5 607 164.3 372
12 .6 420 16 .4 22
12.7 304 16.5 31
12.8 230 16 .6 31
12.9 188 16 .7 31
13.0 146 16.8 30
13.1 127 16.9 30
13.2 108 17.0 30
13.3 98 17.1 30
13.4 89 17.2 29
13.5 83 17.3 29
13.6 77 17 .4 28
13.7 73 17.5 28
13.8 69 17 .6 27
13.9 66 17.7 27
14.0 652 17.8 26
14 .1 59 17.9 26
14 .2 57 18.0 25
14.3 54 18.1 25
14 .4 52 18.2 25
. 14 .5 50 18.3 24
14 .6 48 18.4 24
14.7 47 18.5 24



Quick TR-55 Version: 5.46 S/N:

TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

Executed: 04-28-1998 16:06:28
Watershed file: --> DAV-POST.WSD
Hydrograph file: —-> DAV-PQOST.HYD

WINGHAVEN - BOX CULVERT @ DAVID DRIVE
50 YEAR / 24 HOUR DESIGN STORM

Time Flow Time Flow
(hrs) (cfs) (hrs) (cfs)
18.6 24 22 .4 15
18.7 24 22.5 15
18.8 23 22.6 14
18.9 23 22.7 14
19.0 23 22.8 14
19.1 23 22.9 13
19.2 22 23.0 13
19.3 22 23.1 12
19.4 22 23.2 12
19.5 22 23.3 11
19 .6 21 23 .4 11
19.7 21 23.5 11
19.8 21 23 .6 10
19.9 20 23.7 10
20.0 20 23.8 =
20.1 20 23.9 Q
20.2 20 24 .0 ]
20.3 20 24 .1 g
20.4 19 24 .2 =
20.5 19 24 .2 7
20 .6 19 24 .4 7
20.7 19 24 .5 )
20.8 19 24 .6 6
20.9 19 24 .7 IS
21.0 18 24 .8 5
21.1 18 24 .9 5
21.2 18 25.0 4
21.3 18 25.1 4
21 .4 18 25.2 3
21.5 18 25.3 3
21.6 18 25.4 3
21.7 17 25.5 2
21.8 17 25.6 2
21.9 17 25.7 1
22 .0 17 25.8 1
22.1 17 25.9 0
22.2 16

22.3 16

Page 5



Quick TR-55 Ver .5.46 S/N:
Executed: 16:08:08 04-28-199s8 DAV-POST .TCT

WINGHAVEN - BOX CULVERT @ DAVID DRIVE
S0 YEAR / 24 HOUR DESIGN STORM

Tc COMPUTATIONS FOR:

SHEET FLOW (Applicable to Te only)

Segment ID 1
Surface description GRASS
Manning’s roughness coeff., n 0.0240
Flow length, L (total < or = 300 ) ft 150.0
Two-yr 24-hy rainfall, P2 in 3.500
Land slope, s ft/ft 0.0300
0.8

.007 x (nxL)

T = o hrs 0.04 = 0.04
0.5 0.4
P2 X s

SHALLOW CONCENTRATED FLOW

Segment ID 2

Surface (paved or unpaved)? Unpaved

Flow length, L ft 100.0

Watercourse slope, s ft/ft 0.0700

" 0.5
Avg.V = Csf x (s) ft/s 4 .2688
‘ where: Unpaved Csf = 16.1345
Paved Csf = 20.3282
T =L / (3600*V) hrs .01 = 0.01
CHANNEL FLOW

Segment ID 3 4

Cross Sectional Flow Area, a sqg.ft 9.62 233.00

Wetted perimeter, Pw ft 11.00 179.00

Hydraulic radius, r = a/Pw ft 0.875 1.302

Channel slope, s ft/ft 0.0230 0.0130

Manning’s roughness coeff ., n 0.0130 0.0400

2/3 1/2
1.49 x r b S
V = s ft/s %15 .8974 5.0433
n

Flow length, L ft 13090 5070

T =L / (3600*V) hrs 0.02 + 0.28 = 0.30
TOTAL TIME ( hrs) 0.35



Quick TR-55 Ver .5.4¢ S/N:

Executed:

16:08:08

04-28-1998 DAV-POST.TCT

SUMMARY SHEET FOR Tc¢c or Tt COMPUTATIONS
(Solved for Time using TR-55 Methods)

WINGHAVEN — BOX CULVERT @ DAVID DRIVE
50 YEAR / 24 HOUR DESIGN STORM

Subarea descr. Tc or Tt Time (hrs)



Quick TR-55 Ver .5.46 S/N:
Executed: 16:08:48 04-28-1998

WINGHAVEN - BOX CULVERT € DAVID DRIVE
50 YEAR / 24 HOUR DESIGN STORM

RUNOFF CURVE NUMBER SUMMARY

..................................................................

Subarea AYea CN
Description (acres) (weighted)



Quick TR-55 Ver .5.46 S/N:
Executed: 16:08:48 04-28-1998

. WINGHAVEN - BOX CULVERT @ DAVID DRIVE
50 YEAR / 24 HOUR DESIGN STORM

RUNOFF CURVE NUMBER DATA

..................................................................

Composite Area:

SURFACE DESCRIPTION (acres)

GRASS ( GOLF COURSE) 54 .44 61

PAVED (SINGLE FAMILY RES.) 159.31 75

PAVED (MULTI-FAMILY RES.) 25.41 85

PAVED ( COMMERCIAL) 5.85 “83
COMPOSITE AREA —=—> 256 .01 74.0 ( 74



Quick TR-55 Version: 5.4& S/N:

222> GRAPHICAL PEAK DISCHARGE METHOD (<{ <<«

WINGHAVEN - BOX CULVERT @ DAVID DRIVE
50 YEAR / 24 HOUR DESIGN STORM

CALCULATED
DISK FILE: DAV-POST.GPD

Dralinage Area (acres) 256 .01~---) 0.4000 sg.mi.

Runoff Curve Number (CN) 74

Time of Concentration,Tc (hrs) 0.35

Rainfall Distribution (Type) I1I

Pond and Swamp Areas (%) —-—=) 0.0 acres

Storm #1 Storm #72 Storm #73

Frequency (years) 50
Rainfall, P, 24-hr (in) & .4
Initial Abstraction, Ia (in) 0.703 0.703 0.703
Ja/p Ratio 0.110 O.000 0 .000
Unit Discharge, *x qu (csm/in) 625 0 0
Runoff, g (in) 3.52 0.00 0.00
Pond & Swamp AdJjustment Factor 1.00 1.00 1.00
PEAK DISCHARGE, agp (cfs) gR2 0O G

Ta/p #1 0.100 0 .000 0.000
CcoO #1 2.553 0.000 0.0C0
C1 H#1 ~-0.615 O L000 Q.0N0
C2 #1 -0.164 0 .000 0.000
qu {csm) #1 630 .355 0.000 0 .000
Ta/p #2 0.300 0 .0C0O 0.000
Cco H2 2.465 0.000 0.000
C1l H2 -0 .623 0 .000 0.000
C2 #2 -0.117 0.000 0 .000
qu (csm) #2 530.808 0.000 0.000
* qu (csm) £25 0 0

¥ Interpolated for computed Ia/p ratio (between Ia/p #1 & Ia/p #2)
If computed Ia/p exceeds Ia/p limits, bounding limit for Ia/p is used.

2
CO + ( C1 % log(Tc) ) + ( C2 x (log(Te)) )
qu(csm) * Area(sq.mi.) x Q(in.) *x (Pond & Swamp Adj.)

i

log(qu)
ap (cfs)



Dralnage Area

>2)>> GRAPHICAL PEAK DISCHARGE METHOD (<K<K

WINGHAVEN -

Runoff Curve Number

Time of Concentration,Tc (hrs)
Rainfall Distribution

Pond and Swamp Areas

Frequency (years)
Rainfall,

Initial Abstraction,

Ia/p Ratio

Unit Discharge,
Runoff,

P,

24-hr (in)

Q (in)

Ia (in)

BOX CULVERT

CALCULATED
DISK FILE:

*x qu (csm/in)

Pond & Swamp Adjustment Factor

(acres)

Storm #1

@ DAVID DRIVE

100YEAR / 24 HOUR DESIGN STORM

DAV-POST .GPD

256 .01--—>

74
0.35
II

0
0

0.4000 sqg.mi.

Storm #2

.703
LONG

0.00
1.C0

0.0 acres

Storm #3

la
CO
C1l
c2

/P

aqu (csm) #1

Ia
CO
C1
Ccz2

/P

#2
#2
#2
#2

qu (csm) #2

*x qu (csm)

.100
.553
.615
.164
.355

.100
.553
.615
.164
.355

630

OO OOCOo

OO O OO

.000
.000
.000
.000
.000

.000
.000
.000
.000
.000

o)

.000
.000
.000
.000
.000

[oNONORONG)

.000
.000
.000
.000
.000

OO OO0

¥ Interpolated for computed Ia/p ratio (between Ia/p #1 & Ia/p #2)
If computed Ia/p exceeds Ia/p limits.

log(qu)
ap (cfs)

I

i

bounding limit for

2

COo + ( C1 x log(Te) ) + ( €2 x (log(Tec)) )
qu(csm) * Area(sg.mi.) x Q(in.) x (Pond & Swamp AdJ.)

Ia/p 1s used.
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Quick TR-55 Version:

S.

46 S/N: Pane 1

TR-55 TABULAR HYDROGRAPH METHOD

Hydrograph

WINGHAVEN -

>7>% Input Parameters Used to Compute Hvdroaraph

Subarea AREA
Description (acres
GRASS / PAVED 1557 .10

* Travel time from subavrea outfall to composite watershed
Total area

Executed:
Watershed file:

Distribution
Duration Storm)

Type II
(24 hr.
04-29-1998 13:29:57
~—> CHL-POST.WSD
file: ~-> CHL-POST.HYD

ROX CULVERT @& CHARLIE DRIVE
100YEAR / 24 HOUR DESIGN STORM

<L

CN Tc x Tt Precip. | Runoff Ia/p
) (hrs) (hrs) (in) X (in) input/used
83.0 0.75 0.00 7.20 ! 5.22 06 10

outfall point.
or 2.4330 =q.mi

5385 cfs

1557 .10 acres
Peak discharge

»>2> Computer Modifications of Input Parameters (<

Input Values

.Subarea

Tc
Description (hr)
GRASS / PAVED 0.74

Rounded Values Ia/p
x Tt Tc x Tt Interpolated Ta/p
(hr) (hr) (hr) (Yes/No ) Messaaes
0.00 0.75 0 .00 No Computed Ia/p < .1

X Travel time from subarea outfall to composite watershed outfsll point.



Quick TR-55 Version: 5.46 S/N: Fa

TR=55 TABULAR HYDROGRAPH METHOD
Type II Distribution
{24 hr. Duration Storm)

Executed: 04-29-1998 13:29:57
Watershed file: ~-> CHL-POST.WSD
Hydrograph file: —--) CHL-POST.HYD

WINGHAVEN - BOX CULVERT €& CHARLIE DRIVE
100YEAR / 24 HOUR DESIGN STORM

Y>> Summary of Subarea Times to Peak (<<«

Peak Discharge at Time to Peak at

Composite Outfall Composite Qutfall
Subarea (cfs) (hrs)
GRASS /7 PAVED 5385 12.6
Composite Watershed 5385 12.6

o}
(0]
N



Quick TR-55 Version: 5.46 S/N: Page 3

TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)

| Executed: 04-29-1998 13:29:57
Watershed file: =—-) CHL-POST.WSD
Hydrograph file: -—-) CHL-POST.HYD

WINGHAVEN - BOX CULVERT & CHARLIE DRIVE
100YEAR / 24 HOUR DESIGN STORM

Composite Hydroaraph Summary (cfs)

Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.3 12.4
Description hy hr hr hy hy hr hy hr hr
RASS / PAVED 165 229 305 457 584 864 1461 2464 3734
otal (cfs) 165 229 305 457 584 864 1461 2464 3734

Subarea 12.5 12.6 12.7 12.8 13.0 13.2 13.4 13.4 13.8
D.ription Ar Ry Ry Ry Ry hr by by hy
RASS / PAVED 48326 5385 5207 44686 3200 2184 1562 1181 S40
otal (cfs) 4826 5385 5207 4686 3200 21824 1542 1121 40

Subarea 14.0 14.3 14 .4 15.0 15.5 14.0 16 .5 17.0 17.5
Description hr hr hy hr hry hr hy hr hy
RASS / PAVED 775 622 521 445 394 2473 305 279 254
otal (cfs) 775 622 521 445 394 343 3085 279 254

Subarea 18.0 19.0 20.0 22.0 26 .0
Description hr hr hr hr hy
RASS / PAVED 241 216 191 152 o)
otal (cfs) 241 216 191 152 0



Quick TR-55 Version: 5.46 S/N: Page 4

TR-55 TABULAR HYDROGRAPH METHOD

‘ Type II Distribution
(24 hr. Duration Storm)

Executed: 04-29-1998 13:29:57
Watershed file: -—> CHL-POST .WSD
Hydrograph file: --% CHL-PQST.HYD

WINGHAVEN -~ BOX CULVERT @ CHARLIE DRIVE
100YEAR / 24 HOUR DESIGN STORM

Time Flow Time Flow
(hrs) (cfs) (hrs) (cfs)
11.0 165 14.8 483
11.1 1864 14.9 444
11.2 208 15.0 44%
11.3 229 15.1 435
11 .4 254 15.2 425
11.5 280 15.2 414
11 .6 305 15.4 404
11.7 354 15.5 294
‘ 11.8 406 15.6 384
11.9 457 15.7 374
12.0 584 15.8 3673
12.1 864 15.9 353
12.2 1461 1.0 343
12.3 2464 16.1 335
12.4 3734 16 .2 328
12.5 4826 1.3 320
12.6 5385 16 .4 213
12.7 5207 16 .5 305
12.8 4686 16 .6 300
12.9 3943 16.7 235
13.0 3200 14.8 2832
13.1 2692 16.9 284
13.2 2184 17 .0 279
13.3 1873 17.1 274
13.4 1562 17 .2 269
13.5 1372 17.3 264
13.6 1181 17 .4 259
13.7 1060 17.5 254
13.8 340 17 .64 251
13.9 857 17 .7 249
14 .0 775 17 .8 244
14.1 724 17.9 244
14 .2 673 18.0 241
14 .3 622 18.1 238
‘ 14 .4 588 18.2 236
14 .5 555 18.3 224
14 .6 521 18.4 231
14 .7 502 18.5 228



Quick TR-55 Versio

Watershed file:
Hydrograph file:

n-:

5.46 S/N:

TR-55 TARULAR HYDROGRAPH METHOD
Type II1 Distribution
(24 hr . Duration Storm)

Executed: 04-29-1998

WINGHAVEN - BOX CULVERT @
100YEAR / 24 HOUR DESIGN

(A)ND—-‘O\OG)\JO\(ﬂbwf\))—‘O\O(D\JO\O‘I-DwT\)D—‘O\OO’)\JO\U\h(,OT\))—‘O\O(D\IO\

13:

==> CHL-POST.WSD
-=> CHL-POST.HYD

CHARLIE DRIVE

24 .

25 .

25.
25,
25.
25.
25.
25.
25,
25.

29:57

STORM

VONITOPONPLPOLONCTAPRLONPOOINCRRWNROYON® GO

57

Page 5



Quick TR-5%5 Ver .5.46 S/N:
Executed: 13:30:19 04-29-1998
WINGHAVEN -~

CHL-POST.TCT

BOX CULVERT @ CHARLIE DRIVE
100YEAR / 24 HOUR

DESIGN STORM

Tc COMPUTATIONS FOR:

SHEET FLOW (Applicable to Tc only)

Segment ID 1
Surface description GRASS
Manning’s roughness coeff., n 0.0240
Flow length, L (total ¢ or = 300) ft 100.0
Two=-yr 24-hr rainfall, P2 in 3.500
Land slope, s ft/ft 0.0400
0.8

.007 x (nxL)

T = ——vemmm———— hrs 0.03 = 0.03
0.5 0.4
P2 X s
SHALLOW CONCENTRATED FLOW
Segment ID 2
Surface (paved or unpaved)? Unpaved
Flow length, L ft 500.0
Watercourse slope, s frt/ft 0.0180 i
0.5
. Avg.V = Csf x (s) ft/s  2.1647
where: Unpaved Csf = 146.1345
Paved Csf = 20.3282
T =L / (3600%V) hrs O .0 = AN OT
CHANNEL FLOW
Segment ID 3 4
Cross Sectional Flow Area, a sg.ft 1760.00 380 .00
Wetted perimeter, Pw ft 242 .00 240.00
Hydraulic radius, r = a/Pw ft 7.273 1.582
Channel slope, s ft/ft 0.0094 0.00%4
Manning’s roughness coeff., n 0.0400 0.0400
2/3 1/2

1.49 x r X s

V = e e o ft/s %13 .55&7 2.7868
n
Flow length, L ft 14400 4780
T =1L / (3600%V) hrs 0.30 + 0.35 = 0.A5
. TOTAL TIME (hrs) 0.74



Quick TR-55 Ver .5.46 S/N:

Executed:

13:30:19 04~29-1998 CHL-POST .TCT

SUMMARY SHEET FOR Tc or Tt COMPUTATIONS
(solved for Time using TR-55 Methods)

WINGHAVEN - BOX CULVERT @& CHARLIE DRIVE

100YEAR / 24 HOUR DESIGN STORM

Subarea descr. Tc or Tt Time (hrs)



Quick TR-55 Ver .5.46 S/N:

Executed:

13:30:36 04-29-1998

WINGHAVEN - BOX CULVEPT @ CHARLIE DRIVE
100YEAR / 24 HOUR DESIGN STORM

RUNOFF CURWVE NUMBER SUMMARY

Subarea Area CN
Description (acres) (weighted)
1557 .08 83



Quick TR-55 Ver .5.46 S/N:
Executed: 13:30:36 04-29-1998

‘ WINGHAVEN - BOX CULVERT @ CHARLIE DRIVE
100YEAR / 24 HOUR DESIGN STORM

RUNOFF CURVE NUMBER DATA

...................................................

Composite Area:

AREA CN
SURFACE DESCRIPTION (acres)
GRASS ( GOLF COURSE ) 164 .74 A1
PAVED (SINGLE FAMILY RES.) 707 .40 75
PAVED (MULTI-FAMILY RES .) 62 .57 25
PAVED (COMMERCIAL) 622 .37 98
COMPOSITE AREA ——-» 1857 .08 23 .1 { A3



Quick TR-55 Version: 5.46 S/N:

>>>>> GRAPHICAL PEAK DISCHARGE METHOD (<<

WINGHAVEN — BOX CULVERT @ CHARLIE DRIVE
100 YEAR / 24 HOUR DESIGN STORM

CALCULATED .
DISK FILE: CHL-POST.GPD

Drainage Area (acres) 1857 1—-—=) 2.4330 sg.mi.
Runoff Curve Number (CHN) 83
Time of Concentration,Tc (hrs) .74
Rainfall Distribution (Type) 1T
Pond and Swamp Areas (%) - 0.0 acres
Storm #1 Storm #2 Storm #3
Frequency (years) 100
Rainfall, P, 24-hr (in) 7.2
Initial Abstraction, Ia (in) 0.410 0.410 0.410
Ia/p Ratio 0.057 0 .000 Q.000
Unit Discharge, x gqu {(csm/in) 427 0 0
Runoff, @ (in) 5.22 0,00 Q.0N
Pond & Swamp Adjustment Factor 1.00 1.00 1.00
PEAK DISCHARGE, gp (cfs) 5425 O N
Summary of Computations for aqu
Tla/p #1 0.100 0.000 0.000
cO #1 2.583 0.000 D .000
Cl #1 ~0.415 0.000 0.000
c2 #1 -0.164 0 .000 0.000
qu (csm) #1 427 428 0.000 0.0N0
Ta/p #2 0.100 0.000 0.000
CoO H2 2.583 0.000 0 .000
C1 #2 -0.615 0 .000 0.000
cz R2 -0.164 0.000 0.000
qu (csm) #2 427 .428 0.000 0.000
* qu (csm) 427 0 o)

¥ Interpolated for computed Ia/p ratio (between Ia/p #1 & Ia/p #2)
If computed Ia/p exceeds Ia/p limits, bounding limit for Ia/p is used.

2
CO + ( C1 *x log(Te) )+ ( C2 x (log(Tec)) )
gu(csm) *x Area(sg.mi.) x @(in.) * (Pond & Swamp Adj.)

log(qu)
ap (cfs)

won
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Quick TR-55 Version: 5.46 S/N: Paae 1

TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hy. Duration Storm)

. Executed: 04-29-1998 13:21:43
Watershed file: -=> WH-POST .WSD
Hydrograph file: =-=) WH-POST _HYD

WINGHAVEN - BOX CULVERT @ WINGHAVEN DRIVE
100YEAR / 24 HOUR DESIGN STORM

Subarea AREA CN Tc * Tt Precip. | Runoff Ia/p
Description (acres) (hrs) (hrs) (in) : (in) input/used
GRASS / PAVED 1220.70 80 .0 0.40 0.00 7 .20 : 4 .88 o7 10

* Travel time from subarea outfall to composite watershed outfall point.
Total area = 1220.70 acres or 1.9073 sg.mi -
Peak discharge = 5510 cfs

Input Values Rounded Values la/p
ubarea Tc * Tt Tc * Tt Interpolated Ia/p
Description (hr) Chr) (hr) (hr) (Yes/No) Messages
GRASS / PAVED 0.39 0.00 0.40 .00 No Computed Ia/p < 1

* Travel time from subarea outfall to composite watershed outfall point .



Quick TR-5% Version: 5.46 S/N: Pa

TR-55 TABULAR HYDROGRAPH METHOD

Type II Distribution
(24 hr. Duration Storm)

Executed: 04-29-1998 13:21:43
Watershed file: -=-> WH-POST .WSD
Hydrograph file: —=--) WH-POST .HYD

WINGHAVEN - BOX CULVERT @ WINGHAVEN DRIVE
100YEAR / 24 HOUR DESIGN STORM

Y2>) Summary of Subarea Times to Peak <({<{[(

Peak Discharge at Time to Peak at

Composite OQutfall Composite Outfall
Subarea (cfs) (hrs)
GRASS / PAVED 5510 12.3
Composite Watershed 5510 12.3



Quick TR-55 Version: 5.46 S/N: Page 3
TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)
. Executed: 04-29~-1998 13:21:43
Watershed file: --) WH-POST .WSD
Hydreograph file: --> WH-POST .HYD
WINGHAVEN - BOX CULVERT @ WINGHAVEN DRIVE
100YEAR / 24 HOUR DESIGN STORM
Composite Hydrograph Summary (cfs)
Subarea 11.0 11.3 11.6 11.9 12.0 12.1 12.2 12.2 12.4
Description hy hr hy hr Ry hy hr hr hr
GRASS / PAVED 168 233 338 717 1312 2522 4356 5510 5343
Total (cfs) 168 233 335 717 1312 2522 4356 5510 53473
Subarea 12.5 12 .6 12.7 12.8 13.0 13.2 13.4 13.5~ 13.8
iescription hy hr hr hr hr hr hr Ry Ry
G SS / PAVED 4012 2774 2010 1517 9A8 717 586 512 454
Total (cfs) 4012 2774 2010 1517 9A8 717 5864 512 454
Subarea 14 .0 14 .3 14 .6 15.0 15.5 16 .0 16.5 17.0 17.5
Description hry hr hr hr hry hy Ry by hr
GRASS / PAVED 410 354 316 289 261 233 205 195 186
Total (Cfs) 410 354 316 289 261 233 205 195 186
Subarea 18.0 19.0 20.0 22.0 26 .0
Description hr hr hy hr hy
GRASS / PAVED 168 149 130 112 0]
Total (cfs) 168 149 130 112 0



Quick TR-55 Version: 5.46 S/N: Page 4

TR-55 TABULAR HYDROGRAPH METHOD

. Type II Distribution
(24 hr. Duration Storm)

Executed: 04-29-1998 13:21:43
Watershed file: -—) WH-POST .WSD
Hydrograph file: --) WH-POST .HYD

WINGHAVEN - BOX CULVERT @ WINGHAVEN DRIVE
100YEAR / 24 HOUR DESIGN STORM

Time Flow Time Flow
(hrs) (cfs) (hrs) (cfs)
11.0 168 14.8 302
11.1 190 14.9 2946
11.2 211 15.0 289
11.3 233 15.1 283
11 .4 267 15.2 278
11.5 301 15.3 272
11.6 335 15.4 267
11.7 462 15.5 261
‘ 11.8 590 15.6 255
11.9 717 15.7 250
12.0 1312 15.8 244
12.1 2522 15.9 239
12.2 4356 16.0 233
12.3 5510 16.1 227
12.4 5343 16.2 222
12.5 4012 16.3 216
12.6 2774 16 .4 211
12.7 2010 146.5 205
12.8 1517 16.6 203
12.9 1242 16.7 201
13.0 968 16 .8 199
13.1 842 16.9 197
13.2 717 17 .0 195
13.3 651 17.1 193
13.4 586 17.2 1<1
13.5 549 17 .3 190
13.6 512 17 .4 188
13.7 484 17.5 186
13.8 456 17 .6 182
13.9 433 17.7 179
14 .0 410 17.8 175
14.1 391 17.9 172
14.2 373 18.0 168
14.3 354 18.1 164
‘ 14 .4 341 18.2 164
14.5 329 18.3 162
14 .6 316 18.4 160
14.7 309 18.5 158



Quick TR-55 Version: 5.46 S/N: Page 5

TR-55 TABULAR HYDROGRAPH METHOD
Type II Distribution
(24 hr. Duration Storm)
' Executed: 04-29-1998 13:21:43
Watershed file: —--> WH-POST .WSD
Hydrograph file: --) WH-POST .HYD

WINGHAVEN - BOX CULVERT €@ WIMGHAVEN DRIVE
100YEAR / 24 HOUR DESIGN STORM

Time Flow Time Flow
(hrs) (cfs) (hrs) (cfs)
18.6 157 22 .4 101
18.7 155 z22.5 a8
18.8 153 22 .6 95
18.9 151 22 .7 92
19.0 149 22.3 30
15.1 147 22.9 27
19.2 145 23.0 84
19.3 143 23.1 31
19 .4 141 23.2 78
19.5 140 23.3 76
. 19.6 138 23.4 3
1¢.7 136 232.5 70
19.8 134 23 .6 67
19.9 132 23.7 A4
20.0 130 23.8 A2
20.1 129 23.9 5%
20.2 128 24 .0 55
20.3 127 24 .1 52
20 .4 126 24 .2 50
20.5 126 24 .3 48
20 .6 125 24 .4 45
20.7 124 24 .5 472
20.8 123 24 .6 39
20.9 122 24 .7 3A
21.0C 121 24 .8 24
21.1 120 24 .9 =1
21 .2 119 25.0 28
21.3 118 25.1 25
21 .4 117 25.2 22
21.5 116 25.3 20
21 .6 116 25 .4 17
21.7 115 25.5 14
21.8 114 25 .6 11
21.9 113 25.7 poat
22 .0 112 25.8 A
22.1 109 25.9 3
. 22.2 106
22.3 104



Quick TR-55 Ver .5.46 S/N:
Executed: 13:22:00 04-29-1998 WH=-POST .TCT

WINGHAVEN - BOX CULVERT @ WINGHAVEN DRIVE
' 100YEAR / 24 HOUR DESIGN STORM

Tc COMPUTATIONS FOR:

SHEET FLOW (Applicable to Tc only)

Segment ID 1
surface description GRASS
Manning’s roughness coeff., n 0.0240
Flow length, L (total < or = 300) ft 100.0
Two=yr 24-hr rainfall, P2 in 3.500
Land slope, s ft/ft 0.0400
0.8

.007 x (nxL)

T = mommoe——eeeeeo hrs 0.03 = 0.03
0.5 0.4
P2 X g

SHALLOW CONCENTRATED FLOW

Segment ID 2
Surface (paved or unpaved)? Unpaved
Flow length, L ft £500.0
Watercourse slope, s frt/ft 0.0180
0.5

. Avg.V = Csf x (s) ft/s 2.1647

where: Unpaved Csf = 16.1345
Paved Csf = 20.3282

T =L / (3600%xV) hys 0.06 = 0 .0&

CHANNEL FLOU
Segment ID 3
Cross Sectional Flow Area, a sq.ft 1760.00
Wetted perimeter, Pw ft 242 .00
Hydraulic radius, r = a/Pw ft 7.2773
Channel slope, s ft/ft 0.00%4
Manning’s roughness coeff., n 0.0400

2/3 1/2
1.49 X r * s
VS e e e ft/s %13 .5847
n

Flow length, L ft 14400
T =L / (3600%xV) hrs 0 .30 = O .30

.......................................................................

. TOTAL TIME (hrs) 0 .39



Quick TR-55 Ver .5.46 S/N:
Executed: 13:22:00 04-29-1998 WH-POST.TCT

SUMMARY SHEET FOR Tc¢ or Tt COMPUTATIONS
(Solved for Time using TR-55 Methods)

WINGHAVEN - BOX CULVERT & WINGHAVEN DRIVE
100YEAR / 24 HOUR DESIGN STORM

Subarea descr. T¢ or Tt Time (hrs)



Quick TR-5%5 WVer .5.46 S/N:
Executed: 13:22:14 04-29-1998

’ WINGHAVEN - BOX CULVERT @ WINGHAVEN DRIVE
100YEAR / 24 HOUR DESIGN STORM

RUNOFF CURVE NUMBER SUMMARY

Subarea Avyea CN
Description (acres) (weighted)
1220.97 80



Quick TR-55 Ver .b5.46 S/N:
Executed: 13:22:14 04-29-1998

WINGHAVEN - BOX CULVERT @ WINGHAVEN DRIVE
100YEAR / 24 HOUR DESIGN STORM

RUNOFF CURVE NUMBER DATA

............................................................

Composite Area:

AREA CN

SURFACE DESCRIPTION (acres
GRASS (GOLF COURSE) 164 .74 61
PAVED (SINGLE FAMILY RES.) £47 .42 75
PAVED (MULTI-FAMILY RES.) 47 .08 85
PAVED (COMMERCIAL ) 361.73 98

COMPOSITE AREA —--—)> 1220 .97 30.3



Quick TR-55 Version:

Dralnage Area
Runoff Curve Number

5.46 S/N:

>22>> GRAPHICAL PEAK DISCHARGE METHOD << <<«

WINGHAVEN

CALCULATED
DISK FILE:

WH=-POST

(acres)

(CN)

Time of Concentration,Tc (hrs)

Rainfall Distribution
Pond and Swamp Areas

Frequency (vyears)

Rainfall,

Initial Abstraction,

Ia/p Ratio

Unit Discharge,

P,

24-hy

Runoff, @ (in)

Pond & Swamp Adjustment Factor

PEAK DISCHARGE,

Ia (in)

¥ gqu (csm/in)

gp (cfs)

(Type)
(%)

.GPD

1220 .9--->
80
.39

I

I

o O

BOX CULVERT @& WINGHAVEN DRIVE
100YEAR / 24 HOUR DESIGN STORM

1.9077 sq.mi.

0.0 acres

c2

qu (csm) #1

la/p

CoO
C1
c2

#2
#2
#2
H2

qu (csm) #2

x qu (csm)

598,

.100
.553
.615
164

886

.100
.553
.615
164

886

599

OO OOD

O OOCOO0O

.00
.000
.000
.Q00
.000

.000
.000
.0GCO
.Q00
000

O

@

[OCNBES]

O OO OO0

.0N0
.000
.OND
.0Q0
.000

.000
.000
.00
.000
Nolels)

x Interpolated for computed Ia/p ratio (between Ia/p #1 & la/p #2)

log(qu)
gp (cfs)

~

<
CO + ( Cl x log(Tc) )+ ( C2 % (log(Te)) )
qu(csm) x Area(sq.mi.) % @(in.) x (Pond & Swamp Adj. )
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CULVERT BR#A300

file: A306LRF1.pol

Date: 17Jul98

Hydraulic Design

Double Box Culvert (No Haunch)
2-Cell Box B8'Wx 7'H

Load Factor Design

Rigid Frame Method

Top and Bot Slab Different

Exterior and Interior Wall Different

Minumum Fill Ht Condition (1.0 Ft)

0,0,0, 0
2, 60, 15, 62.4
2
1

~

-

, 8, 7,1, 10

0.5, 10.0, 7, 7, 1111
, 90, 90, 0, 0, 0

8, 9,1, 11, 4, .016

, 3,2, 1.5, .5, .5

20, 60, 24, 3, 0, 0

, 1,1, 0

1

-

~
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~
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~
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WYOMING DEPARTMENT OF TRANSPORTATION PAGE 1
BRIDGE BRANCH DATE 07/17/98
CULVERT DESIGN

CONSTANT DATA

STANDARD LIVE LOAD - DESIGN METHOD - PRINT CONTROL
TRUCK OMIT STRESS OVERLD - SERVICE LOAD - 10th Pt INFL  LOC. NEG
CODE L.L. O-FILL AXLE - LOAD FACTOR - MOMENT  LINE MOMENT
HS20 NO NO 0. NO YES YES YES 1.00

MATERIAL PROPERTIES - THICKNESS

SOIL STEEL  STEEL  CONCRETE CONCRETE  CON.SHEAR - INCREMENTS

WEIGHT Fy Fs STRENGTH SHEAR W/ STIRRUP - SLAB WALL

120. 60000. 24000. 3000. 0. 0. 0.50 0.50
CONCRETE COVER - DESIGN - PRINT -~ REINFORCING

EXTERIOR INTERIOR - SAME - BAR - BAR SPACING BAR SIZE
TOP  BOT  WALL (ALL) - THICKNESS - TABLE - MAX MIN MAX  MIN
SLAB SLAB - SLAB WALL - -

2.00 3.00 2.00 1.50 NO NO YES 18.0 9.0 1 4
CRACK PARAMETER Z = 98.0
MODULAR RATIO N = 9.0
SUPERIMPOSED DEAD LOADS - SPECIAL LIVE LOADS
UNIFORM CONCENTRATED LOAD - WHEEL FILL  OVERSTRESS
LOAD WT. X1 WT. X2 WT. X3 - LOAD HEIGHT FACTOR

0.000 0.00 0.0 0.00 0.0 0.00 0.0 0.000 0.000 1.00

DATA FOR STRUCTURE NUMBER 1

CULVERT - SPAN - CLEAR - DESIGN - CENTERLINE - SKEW - SKEW - FLOOR
TYPE - LENGTH - HEIGHT - FILL - LENGTH - LEFT - RIGHT - TYPE
DOUBLE 8.00 7.00 1.00 10.00 90 90 FULL
SLAB THICKNESSES - LIVE - SOIL - WATER
TOP BOT. EXT. INT. - LOAD - PRESSURE -  PRESSURE
SLAB SLAB WALL WALL - SURCHARGE - MAX MIN -
10.50F 10.00F 7.00F 7.00F 2.00 60.0 15.0 62.4
TOP HAUNCH BOTTOM HAUNCH - RIGID OR - CHECK - BAR SPACING
HEIGHT HEIGHT - FLEXIBLE - MILITARY - INCREMENT
0.0 0.0 RIGID NO 1 INCH

BOTH HEADWALLS ELIMINATED.



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 2
BRIDGE BRANCH DATE 07/17/98
CULVERT DESIGN

Yook LOAD FACTOR DESIGN ke
*Akkk STRESSES AT CRITICAL SECTIONS *¥¥xxx

**%  MAXIMUM REINFORCEMENT RATIO (As/bd) = .016

MEMBER NUMBER
MEMBER THICKNESS
EXTERIOR WAL

1
7.00

-MOMENT--AXIAL--SHEAR- -Po- -Mu- -Mbal- -Pbal- -STEEL- -SHEAR- -ALL.- -ALL.-

FORCE AREA STRESS MOM. SHEAR
LT -1 7.8 3.4 179.9 10.2 13.0  27.7 0.67 79.2  11.0 109.5
MID 1.6 1.3 1.8 163.5 3.7 12.0 53.5 0.17 36.5 3.9 109.5
MID- -3.6 5.7 1.8 165.1 4.0 11.0 45.4 0.21 40.6 4.9 109.5
RT -5.5 3.8 2.0 168.3 5.5 12.0 41.6 0.29 46.1 6.1 109.5

MEMBER NUMBER
MEMBER THICKNESS
TOP SLAB

1]
~n

10.50

-MOMENT--AXIAL--SHEAR- -Po- -Mu- -Mbal- -Pbal- -STEEL- -SHEAR- -ALL.- -ALL.-

FORCE AREA STRESS MOM. SHEAR
LT -5.4 2.1 8.3 245.2 8.8 31.0 91.8 0.25 101.7 9.3 110.6
MID  16.8* -0.2 4.5 253.6 16.8 35.0 87.6 0.54 52.1  16.7 109.5
RT -19.5 -2.2 9.0 260.8 21.2 35.0 72.0 0.7 110.6* 20.8 109.5

MEMBER NUMBER
MEMBER THICKNESS
INTERIOR WAL

H 1
~N W
o
o

-MOMENT--AXIAL--SHEAR- -Po- -Mu- -Mbal- -Pbal- -STEEL- ~SHEAR- -ALL.- -ALL.-

FORCE AREA STRESS MOM. SHEAR
LT -1.3 7.4 0.5 163.5 3.7 10.0 46.8 0.17 12.5 4.7 109.5
MID 0.9 1.2 0.5 163.5 3.7 10.0 46.8 0.17 12.5 5.2 109.5
RT -3.0 8.8 0.5 164.1 4.0 11.0 46.2 0.18 12.5 5.3 109.5
MEMBER NUMBER = 4

MEMBER THICKNESS
BOTTOM SLAB

10.00

-MOMENT - -AXTAL--SHEAR- -Po- -Mu- -Mbal- -Pbal- -STEEL- -SHEAR- -ALL.- -ALL.-
FORCE AREA STRESS MOM. SHEAR

LT -10.7 1.8 6.1 239.5 10.7 26.0 65.2 0.50 92.5 11.1 109.5
MID 10.3 -0.8 1.1 237.0 11.3 30.0 88.0 0.34 13.1 11.1 109.5
RT  -14.8 1.6 5.0 246.1 14.8 27.0 56.9 0.67 75.8 15.2 109.5



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 3

BRIDGE BRANCH DATE 07/17/98
CULVERT DESIGN

A CORNER BAR(T) A CORNER BAR(B) A TSLAB+ A TSLAB-
H V SZ SPG H V SZ SPG SZ SPG SZ  SPG
36 25 5 9.0 55 48 8 9.0 7 9.0 8 9.0

A BSLAB+ A BSLAB- B EXTIN B EXTOUT B INTWL C1
SZ  SPG SZ SPG SZ SPG SZ SPG SZ SPG  BARS
6 9.0 8 9.0 5 12.0 5 9.0 5 12.0 69

** THE HEIGHT OF C.H.C.U. ** BOTTOM SLAB = 3.50 IN
TOP SLAB = 4.75 IN

** T.SLAB * B.SLAB * WALL * INWALL *** VOLUME *** STEEL **

IN IN IN IN CY/FT LB/FT
10.50 10.00 7.00 7.00 1.577 377



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 4
BRIDGE BRANCH DATE 07/17/98
CULVERT DESIGN

** REINFORCING STEEL BAR SCHEDULE **

* LOCATN * BAR * NO. * SZ * TYP * LNGTH * WT. * H LEG * V LEG

TOP SLAB POSV MAIN A100 14 7 STR 17- 4 496
BOT SLAB POSV MAIN A200 14 6 STR 17- 4 364
TOP SLAB NEGV MAIN A300 14 8 STR 17- 4 648
BOT SLAB NEGV MAIN A400 14 8 STR 17- 4 648

CORNER  (TOP) A1 28 5 6 4- 7 136 2- 6 2- 1

CORNER (BOTTOM) A2 28 8 6 8- 7 642  4- 7 4- 0
EXTWALL IN B1 20 5 STR 8- 2 170
EXTWALL OUT B2 28 5 STR 6- 4 185
INTWALL B3 10 5 STR 8- 2 85
LONGTD (1 ¢l 69 4 STR 9- 8 446
TOTAL 3818

*k**% SPLICE LENGTHS CHART %k
BAR  SIZE  SPLICE LENGTH

A200 6 2- 3
A400 8 3-11
B1 5 1- 8
B3 5 1- 8
C1 4 2- 2



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 5
BRIDGE BRANCH DATE 07/17/98
CULVERT DESIGN

. ** MOMENT * AXIAL FORCE * SHEAR FOR LOAD FACTOR DESIGN AT TENTH POINT **
M-PT +MOMENT -MOMENT +A.F. -A.F. +SHEAR ~SHEAR
1-0 2.417 -12.993 3.124 7.796 4.038 -1.517
1-1 1.299 -9.347 2.711 7.796 3.424 -1.247
1- 2 1.193 -6.975 2.261 7.291 2.858 -1.009
1- 3 1.530 -5.204 2.003 7.291 2.340 -0.804
1- 4 1.560 -3.591 1.337 5.693 1.870 -0.632
1-5 1.449 -2.438 8.788 5.630 1.753 -0.796
1- 6 2.685 -2.612 7.080 4,441 1.860 -1.169
1- 7 4,116 -2.826 6.533 4.060 1.935 =1.495
1- 8 5.385 -3.161 5.785 3,905 1.977 -1.772
1-9 7.641 -4.710 4,982 3.834 1.987 -2.001
1-10 9.913 -6.396 4,982 3.834 1.964 -2.182
2- 0 9.913 -6.396 0.332 2.142 9.365 -1.116
2- 1 13.118 -3.362 0.287 2.134 8.414 -2.671
2- 2 15.219 -1.978 -0.010 1.845 7.441 -3.812
2- 3 16.165 -1.655 -0.400 1.537 6.460 ~4.953
2- 4 16.752 -2.518 -0.228 -0.126 5.482 -6.090
2- 5 16.750 -4.513 -0.014 -0.164 4.520 -5.570
2- 6 15.691 -6.799 0.142 -0.491 3.586 -6.520
2- 7 13.958 -9.687 2.142 -2.878 2.692 -7.435
2- 8 11.611 ~13.048 2.182 -2.878 1.850 -8.305
2- 9 8.682 -16.548 2.165 -2.878 1.072 -9.116
2-10 5.412 -20.968 2.089 -1.884 0.371 -9.857

‘ 3-0 1.551 -1.551 11.150 7.351 0.527 -0.527
3-1 1.073 -1.073 11.150 7.351 0.527 -0.527
3-2 0.582 -0.582 10.742 10.003 0.527 -0.527
3-3 0.170 -0.170 7.112 6.101 0.527 -0.527
3- 4 0.370 -0.370 9.404 8.39% 0.527 -0.527
3-5 0.845 -0.845 11.232 9.172 0.527 -0.527
3- 6 1.345 -1.345 10.894 8.919 0.527 -0.527
3-7 1.824 -1.824 10.8%4 8.919 0.527 -0.527
3-8 2.302 -2.302 10.8%4 8.919 0.527 -0.527
3-9 2.781 -2.781 10.894 8.919 0.527 -0.527
3-10 3.288 -3.288 10.528 8.648 0.527 -0.527
4- 0 2.417 -12.993 -1.629 1.811 7.389 1.123
4- 1 4,583 -6.282 -1.629 1.811 6.093 0.826
4- 2 5.856 -0.683 -1.635 1.793 4.798 0.529
4- 3 6.447 0.172 -1.505 1.876 3.502 -0.221
4= 4 8.691 0.677 -0.817 3.959 2.207 -1.018
4- 5 10.297 0.927 -0.817 4.952 1.068 -1.814
4- 6 11.015 0.534 -1.310 4,952 0.272 -2.610
4- 7 10.647 -1.670 0.281 3.148 -0.452 -3.407
4- 8 9.562 -5.820 1.787 1.642 -0.749 ~4.203
4- 9 7.378 -10.881 1.787 1.642 -1.046 -4.999
4-10 4,082 -16.839 1.787 1.642 -1.344 -5.795
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WYOMING DEPARTMENT OF TRANSPORTATION
BRIDGE BRANCH
CULVERT DESIGN
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CULVERT BR#A300

file: A306LRF7.pol

Date: 17ul98

Hydraulic Design

Double Box Culvert (No Haunch)
2-Cell Box 8'Wx 7'H

Load Factor Design

Rigid Frame Method

Top and Bot Slab Different

Exterior and Interior Wall Different

Maximum Fill Ht Condition (7.0 Ft)

2,0,0,0,0

1, 2, 60, 15, 62.4
1,2, 8 7,7, 10
1, 10.5, 10.0, 7, 7, 1111
1, 90, 90, 0, 0, O
18, 9, 1, 11, 4, .016
2,3, 2, 1.5, .5, .5
120, 60, 24, 3, 0, 0
1,1,1,0

1, 1, 1
1,0,1,0,0,9



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 1
BRIDGE BRANCH DATE 07/17/98
CULVERT DESIGN

CONSTANT DATA

STANDARD LIVE LOAD - DESIGN METHOD - PRINT CONTROL
TRUCK OMIT STRESS OVERLD - SERVICE LOAD - 10th Pt INFL  LOC. NEG
CODE L.L. O-FILL  AXLE - LOAD FACTOR - MOMENT  LINE MOMENT
HS20 NO NO 0. NO YES YES YES 1.00

MATERIAL PROPERTIES - THICKNESS

SOIL STEEL  STEEL  CONCRETE  CONCRETE CON.SHEAR - INCREMENTS

WEIGHT Fy Fs STRENGTH SHEAR W/ STIRRUP - SLAB WALL

120. 60000. 24000. 3000. 0. 0. 0.50 0.50
CONCRETE COVER - DESIGN - PRINT -~ REINFORCING

EXTERIOR INTERIOR - SAME - BAR - BAR SPACING BAR SIZE
TOP  BOT  WALL (ALL) - THICKNESS - TABLE -  MAX MIN MAX MIN
SLAB SLAB - SLAB WALL - -

2.00 3.00 2.00 1.50 NO NO YES 18.0 9.0 1 4
CRACK PARAMETER 2 = 98.0
MODULAR RATIO N = 9.0
SUPERIMPOSED DEAD LOADS - SPECIAL LIVE LOADS
UNIFORM CONCENTRATED LOAD - WHEEL FILL  OVERSTRESS
LOAD WT. X1 WT. X2 WT. X3 - LOAD HEIGHT FACTOR

0.000 0.00 0.0 0.00 0.0 0.00 0.0 0.000 0.000 1.00

DATA FOR STRUCTURE NUMBER 1

CULVERT - SPAN - CLEAR - DESIGN - CENTERLINE - SKEW - SKEW - FLOOR
TYPE - LENGTH - HEIGHT - FILL - LENGTH - LEFT - RIGHT - TYPE
DOUBLE 8.00 7.00 7.00 10.00 90 90 FULL
SLAB THICKNESSES - LIVE - SOIL - WATER
ToP BOT. EXT. INT. - LOAD - PRESSURE - PRESSURE
SLAB SLAB WALL WALL - SURCHARGE - MAX MIN -
10.50F 10.00F 7.00F 7.00F 2.00 60.0 15.0 62.4
TOP HAUNCH BOTTOM HAUNCH - RIGID OR - CHECK - BAR SPACING
HEIGHT HEIGHT - FLEXIBLE - MILITARY - INCREMENT
0.0 0.0 RIGID NO 1 INCH

BOTH HEADWALLS ELIMINATED.



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 2
BRIDGE BRANCH DATE 07/17/98

CULVERT DESIGN

Fokkok ok LOAD FACTOR DESIGN Fokdkkk
*kkk* STRESSES AT CRITICAL SECTIONS  *¥**%

*%%  MAXIMUM REINFORCEMENT RATIO (As/bd) = .016

MEMBER NUMBER
MEMBER THICKNESS
EXTERIOR WAL

no
~N =
o
o

-MOMENT--AXIAL--SHEAR- -Po- -Mu- -Mbal- -Pbal- -STEEL- -SHEAR-

FORCE AREA STRESS
LT -5.2 5.6 3.5 167.6 5.2 12.0 42.4 0.31 82.1
MID 2.1 4.5 0.4 163.5 3.7 12.0 53.5 0.17 8.7
MID- -1.9 5.3 0.4 163.5 3.3 11.0 47.4 0.17 9.7
RT -4.7 5.6 2.9 166.4 4.7 11.0 43.8 0.38 68.1
MEMBER NUMBER = 2
MEMBER THICKNESS = 10.50

TOP SLAB

-MOMENT - -AXTAL--SHEAR- -Po- -Mu- -Mbal- -Pbal- -STEEL- -SHEAR-

FORCE AREA STRESS
LT -4.7 3.5 5.0 245.2 8.8 31.0 91.8 0.25 61.5
MID 8.4 0.1 0.1 245.2 9.4 32.0 98.4 0.25 1.5
RT  -12.6* -0.1 6.9 249.8 12.6 32.0 85.9 0.37 84.8

MEMBER NUMBER
MEMBER THICKNESS
INTERIOR WAL

non
~N W
o
o

-MOMENT--AXIAL--SHEAR- -Po- -Mu- -Mbal- -Pbal- -STEEL- -SHEAR-

FORCE AREA STRESS
LT -1 12.9 0.1 163.5 3.7 10.0 46.8 0.17 3.5
MID 1.1 . 0.1 163.5 3.7 10.0 46.8 0.17 3.5
RT 1.3 15.2 0.1 163.5 3.7 10.0 46.8 0.17 2.9

MEMBER NUMBER
MEMBER THICKNESS
BOTTOM SLAB

"
£~

10.00

-MOMENT - -AXIAL--SHEAR- -Po- -Mu- -Mbal- -Pbal- -STEEL- -SHEAR-
FORCE AREA STRESS

LT -5.2 4.1 5.2 233.7 6.9 25.0 72.5 0.33 78.9
MID 8.2 -0.3 0.3 233.5 8.4 29.0 92.4 0.24 3.1
RT  -12.7* -0.3 7.2 242.6 12.7 26.0 61.2 0.47 108.4
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MOM.
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£~

-ALL.
MOM.
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MOM.

8.
8.
12.

o

by
~

6

-ALL.-
SHEAR

123.
118.
118.
122.

-~ W

-ALL.-
SHEAR

125.9
117.3
123.6

-ALL.-
SHEAR

117.9
117.9
17.7

-ALL.-
SHEAR

124.9
17.5
125.7



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 3

BRIDGE BRANCH DATE 07/17/98
CULVERT DESIGN

A CORNER BAR(T) A CORNER BAR(B) A TSLAB+ A TSLAB-
H V SZ SPG H V SZ SPG SZ SPG SZ  SPG
30 25 5 9.0 30 23 5 9.0 5 9.0 6 9.0

A BSLAB+ A BSLAB- B EXTIN B EXTOUT B INTWL c1
SZ  SPG SZ SPG SZ SPG SZ SPG SZ SPG  BARS
5 9.0 7 9.0 5 12.0 5 9.0 5 12.0 69

** THE HEIGHT OF C.H.C.U. ** BOTTOM SLAB = 3.75 IN
TOP SLAB = 5.25 IN

** T.SLAB * B.SLAB * WALL * INWALL *** VOLUME *** STEEL **
IN IN IN IN CY/FT LB/FT
10.50 10.00 7.00 7.00 1.577 253



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 4
BRIDGE BRANCH DATE 07/17/98
CULVERT DESIGN

** REINFORCING STEEL BAR SCHEDULE **

* LOCATN * BAR * NO. * SZ * TYP * LNGTH * WT. * H LEG * V LEG

TOP SLAB POSV MAIN A100 14 5 STR 17- 4 253
BOT SLAB POSV MAIN A200 14 5 STR 17- 4 253
TOP SLAB NEGV MAIN A300 14 6 STR  17- 4 364
BOT SLAB NEGV MAIN A400 14 7 STR 17- 4 496

CORNER (TOP) A 28 5 6 4- 7 136 2- 6 2- 1

CORNER  (BOTTOM) AZ 28 5 6 4- 5 129 2- 6 -1
EXTWALL IN B1 20 5 STR 8- 2 170
EXTWALL OUT B2 28 5 STR 6- 4 185
INTWALL B3 10 5 STR 8- 2 85
LONGTD (1 o 69 4 STR 9- 8 446
TOTAL 2515

*dkkk  SPLICE LENGTHS CHART — *sx
BAR SIZE  SPLICE LENGTH

A200 5 1- 8
A400 7 3-0
B1 5 1- 8
B3 5 1- 8
c1 4 2- 2



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 5
BRIDGE BRANCH DATE 07/17/98
CULVERT DESIGN

. ** MOMENT * AXIAL FORCE * SHEAR FOR LOAD FACTOR DESIGN AT TENTH POINT **

M-PT +MOMENT -MOMENT +A.F. -A.F. +SHEAR -SHEAR
1-0 -0.828 -6.863 4,551 5.558 4,538 -0.542
1- 1 -1.178 -3.688 4.551 5.558 3.556 -0.364
1- 2 -0.379 -2.291 5.322 4,953 2.623 -0.218
1-3 1.041 -2.127 5.066 5.087 1.737 -0.105
1- 4 1.886 -1.920 4.492 5.271 0.900 -0.025
1-5 2.124 -1.722 4.492 5.432 0.420 -0.286
1- 6 1.762 -1.627 4.492 5.469 0.435 -1.027
1-7 0.893 -1.587 5.558 5.140 0.418 -1.720
1- 8 -0.330 -1.648 5.342 5.356 0.368 -2.365
1-9 -0.279 -3.523 4,787 5.605 0.286 -2.961
1-10 -0.097 -6.068 4,787 5.605 0.171 -3.510
2- 0 -0.097 -6.068 -0.171 3.510 6.411 3.676
2- 1 3.442 -1.900 -0.149 3.479 5.170 2.709
2- 2 6.077 0.951 -0.069 3.377 3,875 1.743
2- 3 7.765 2.703 0.049 3.304 2.601 0.733
2- 4 8.415 3.616 0.118 3.304 1.352 -0.649
2- 5 7.904 3.700 0.118 3.304 0.129 -2.031
2- 6 6.229 2.902 0.17 3.137 -1.069 -3.247
2- 7 3.747 0.174 3.494 -0.153 -2.241 -4 .49
2- 8 0.479 -3.732 3.510 -0.153 -3.241 -5.770
2- 9 -3.843 -8.565 3.31 -0.133 -4.208 -7.074
2-10 -7.870 -14.717 3.31 -0.079 -5.174 -8.389
. 3-0 0.318 -0.368 15.205 12.857 0.146 -0.123
3- 1 0.222 -0.253 15.205 12.857 0.146 -0.123
3-2 0.125 -0.139 15.205 12.857 0.146 -0.123
3-3 0.028 -0.029 15.205 11.900 0.146 -0.123
3- 4 0.0%90 -0.068 14.400 13.661 0.146 -0.123
3-5 0.205 ~-0.165 12.857 15.205 0.146 -0.123
3- 6 0.319 -0.262 12.857 15.205 0.146 -0.123
3-7 0.434 -0.358 12.857 15.205 0.146 -0.123
3-8 0.548 -0.455 12.857 15.205 0.146 -0.123
3-9 0.663 -0.552 12.857 15.205 0.146 -0.123
3-10 0.777 -0.648 12.857 15.205 0.146 -0.123
4- 0 -0.828 -6.863 -0.146 4,147 6.623 4.390
4- 1 3.014 -2.080 -0.174 4,147 5.190 3.290
4- 2 5.700 1.137 -0.343 4,187 3.757 2.189
4- 3 7.508 3.206 -0.343 4,357 2.345 1.076
4 4 8.177 4.330 -0.343 4,408 1.021 -0.284
4- 5 7.651 4.510 -0.343 4,429 -0.256 -1.644
4- 6 5.905 3.745 -0.343 4.429 -1.442 -3.004
4- 7 3.232 1.511 2.667 1.338 -2.542 -4.365
4- 8 0.187 -2.803 4,172 -0.156 -3.643 -5.733
4- 9 -3.838 -8.298 4,172 -0.200 -4.744 -7.143
4-10 -8.763 -14.960 4,172 -0.343 -5.844 -8.565
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WINGHAVEN BEARING PRESSURES (MAX FILL)
BRIDGE # A3210072 43210013 A3210014 A3210015 A3210016
1 CELL 1 CELL &4 CELL 5 CELL 2 CELL
CULVERTP 13-Jul-98

LIVE LDAD TWO HS20 AXLE 64000 64000 64000 64000 64000
LBS PER SQ FT 57 57 &b 31 4

LANE LOAD 64 64 64 64 64

FILL HEIGHT (FT) 5 5 4 6 8

CULVERT DIMENSIONS

NUMBER OF CELLS N = 1 1 4 5 2

OPENING WIDTH (FT) S = 10 10 12 12 8

OPENING HEIGHT (FT) H = 7 7 10 12 7

) TOP SLAB THICK (IN) D1 = 1.5 1.5 1.5 11.5 10.5
‘OTTOM SLAB THICK (IN) D2 = 1M 17 12.5 1.5 9.5
EXTERIOR WALL THICK (IN) T = 8 8 8 £.5 7
INTERIOR WALL THICK (IN)T] = 0 0 8 7 6
TOTAL WIDTH(INY C = 136 136 616 765 212

TOTAL WIDTH(FT) C = 11.333 11,333  51.333  63.750 17.667
WEIGHT PER FT OF LENGTH

LIVE LOAD 64 - 64 64 - 64'/ 64

FILL 600 600 480 720 960

CULVERY 405 405 397 393 349

TOTAL LBS PER sQ FT 1069 . 1069 941 177 1373

- —

o

(MIN FILL)
A3210012 A3210013 43210014 A3210015 A3210016
1 CELL 1 CELL & CELL 5 CELL 2 CELL

64000 64000 64000 64000 64000

92 92 60 47 96
64 64 64 64 64
1 1 1 1 1

1 1 4 5 2
10 10 12 12 8
7 7 10 12 7
1.5 11.5 1.5 11.5 10.5
1 1 12.5 1.5 9.5
8 8 8 8.5 7

0 0 8 7 [
136 136 616 765 212

11,333 11.333  51.333  63.750  17.667



DISTRIBUTION OF LOADS
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HIGHWAY BRIDGES

3.9

b 1
© ©) ¢ (&)

<4

T T T
HS20-44 8,000 LBS 32,000 LBS * 32.000 LBSX
HS15-44  6.000 LBS. 24,000 LBS 24.000 LBS

3|
2l

vV o

|
St 14'=0"

2|
[=e]]
o of
1
—{6_.'1'@-—~——-'{0.4w} - -— 04w
IW _— 0.4 W

o —

COMBINED WEIGHT ON THE FIRST TWO AXLES WHICH IS THE SAME

W =
AS FOR THE CORRESPONDING H. TRUCK.
V = VARIABLE SPACING — 14 FEET TO ‘30 FEET INCLUSIVE. SPACING TO BE
USED IS THAT WHICH PRODUCES MAXIMUM STRESSES.
CLEARANCE AND
LOAD LANE WIDTH
10°-0"

{ 1 jn&

20" 60" 20"

FIGURE 3.7.7A. Standard HS Trucks

*In the design of imber floors and orthotropic steel decks (excluding transverse beams) for H 20 loading, one
axie load of 24,000 pounds or two axie loads of 16,000 pounds each, spaced 4 feet apart may be used, whichever
produces the greater stress. instead of the 32.000-pound axle shown.

*~For slab design, the center line of wheels shall be assumed to be | foot from face of curb. (See Arnticle 3.24.2.)

(\



3.8.2.1

DIVISION [—DESIGN 23

CONCENTRATED LOAD—

18,000 LBS. FOR MOMENT*
26,000 LBS. FOR SHEAR

c UNIFORM LOAD 640 LBS. PER LINEAR FOOT OF LOAD LANE

LU0 s s oo 00000

H20-44 LOADING
HS20-44 LOADING

CONCENTRATED LOAD—

13,500 LBS. FOR MOMENT*
18,500 LBS. FOR SHEAR

UNlFORM LOAD 480 LBS. PER LINEAR FOOT OF LOAD LANE

T2 27777

H15-44 LOADING
HS15-44 LOADING

FIGURE 3.7.6B. Lane Loading

*For the loading of conunuous spans wnvolving lane loading refer 1o Arucle 3.11.3 which provides for an

additional concentrated load

L = length in feet of the portion of the span that is

loaded to produce the maximum stress in the
member.

3.82.2 For uniformity of application, in this formula,
the loaded length, L, shall be as foliows:

(a) For roadway floors: the design span length.

(b) For transverse members, such as fioor beams: the
span length of member center to center of supports.
(c) For computing truck load moments: the span
length, or for cantilever arms the length from the mo-
ment center to the farthermost axle.

(d) For shear due to truck loads: the length of the
loaded portion of span from the point under consider-
ation to the far reaction; except, for cantilever arms,
use a 30 percent impact factor.

(e) For continuous spans: the length of span under
consideration for positive moment, and the average of
two adjacent loaded spans for negative moment.

3.82.3 Forculverts with cover

0'0"to 1'-0"inc.1 = 30%
1'-1"to 2°-0"inc. I = 20%

2'-1"to 2'-11"inc. I = 10%

3.9 LONGITUDINAL FORCES

Provision shall be made for the effect of a longitudinal
force of 5 percent of the live load in all lanes carrying traf-
fic headed in the same direction. All lanes shall be loaded
for bridges likely to become one directional in the future.
The load used, without impact, shall be the Jane load plus
the concentrated load for moment specified in Article 3.7,
with reduction for multiple-loaded lanes as specified in
Aricle 3.12. The center of gravity of the longitudina!
force shall be assumed to be located 6 feet above the floor
slab and to be transmitted to the substructure through the
superstructure.
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BRASS-CULVERT COMMAND DESCRIPTION

COMMAND NAME | STDLOD

PURPOSE

STDLOD defines the standard truck loads to be used.

5 COMMAND PARAMETERS

Truck Code (1-8)

Enter the code for the desired truck load to be applied. The codes
are:

1) HS 2 §) HS 10
{2) Hs 20 7 H 10
8) Special Live Load Only
4) HS 15 9) No Live Load
5 H 15

Special live loads ere defined with the SPLLOD command.

Check Military Load (0,1) | When HS 25 or HS 20 truck loading is specified, the standard

military load in two adjacent janes will be checked if specified here.
Enter 1 to check military load as a separale load case, clse enter O.

O Neglect Live Load (0,1)

Live load may be neglected for single culverts if fill depth is more
than 8 feet and exceeds barrel span length. For multiple culverts, it
may be neglected if fill depth exceeds the distance between end
supports or abutments. (See AASHTO 6.4.2.)

Enter 1 o neglect live Joad according o AASHTO 6.4.2.

Enter 0 1o use live load regardless of fill height.

Stress at Zero Fill (0,1)

Enter 1 for stress check al zero fill (top of top slab) to be performed,
else enter 0.

Overload Axle Weight, kip| Enter the axle weight for the overload standard truck, Xips.

1/95
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EXAMPLE

To define an HS 25 truck load to be applied to the culvert with live load disiribution based on
AASHTO 6.4.2, no stress check at zero fill or overload truck effects to be calculated, and
military load will not be checked as & separale load case, code:

-S§TDLOD 1,0,0,0,0

FIGURES

NOTES

1/95
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BRASS-CULVERT COMMAND DESCRIPTION

COMMAND NAME SWPRES

PURPOSE

SWPRES defines s0il and waler pressure peramelers.

5 COMMAND PARAMETERS

Structure Number (1-10)

Enter the reference number for the culvert to be descnibed by the
following data. Culverts must be numbered sequentially beginning
with 1, 2, 3 ...cte.

Live Load Surcharge, fi.

Enter the depth of surcharge to be used for calculating the effects of
lateral earth pressure. Surcharge load is applied as a uniform load
on the exterior walls and is calculaled as the depth of surcharge
times the maximum oOr minimum soil pressure as applicable.

Maximum Soil Pressure,
pef

Enter the maximum soil equivalent fluid pressure for lateral earth
pressure calculations. Standard maximum is 30 pef by AASHTO
6.2.1.

Minimum Soil Pressure,
pef

Enter the minimum s0il equivalent fluid pressure for lateral earth
pressure calculations. A minimum of 15 pefis used for checking
positive moments unless otherwise defined.

Water Pressure, pef

Enter the unit weight of water (6?_.4 pef standard). Enter O for no
water pressure lo be considered. When considered, BRASS-
CULVERT uses full height of water and no water as two loading
cascs.

1/95
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EXAMPLE

For standard values:

SWPRES 1, 2.0, 30.0, 15.0, 62.4

FIGURES

NOTES

1/95
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BRASS-CULVERT COMMAND DESCRIPTION

COMMAND NAME BOXDIM

PURPOSE

BOXDIM defines the geometry of the box culvert.

6 COMMAND PARAMETERS

) Structure Number (1-10)

Enter the reference number for the culvert to be described by the
following data. Culverts must be numbered sequentially beginning
with 1, 2, 3 ...ete.

l/ l; Z/L{l 5 Number of'Barrtls (14

Enter the number of barrels for the culvert, four maximum.

Clear Span, fi.
1010,8 12,12

Enter the clear span of the barrels, feet. All barrels have the same
BpA&N.

“)‘7. IOJ |2 | Clear Height, fi.

Enter the clear height of the barrels, feet. All barrels heve the same
height.

{10, € § b |DesignFill, £.

Enter the depth of fill to be used for design. Fill is measured from
the bottom of the top sleb to the top of fill, feet. Live loads will be
applied to the top of this fill.

30, \05/108)150,78 Centerline Length, fi.

Enter the length of the culvert along its centerline, feet.

1/95
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EXAMPLE

BOXDIM |, 2, 8, 6,2, 100

FIGURES

100 fr

-
L/

PLAN

/S =

A /s

VAR SIS s LSS
r's
S ft 6 ft
v

v
SEC‘HON Eﬁ///;////z////////////

=
—

NOTES

1/95
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BRASS-CULVERT COMMANDL DESCRIPTION

COMMAND NAME SLBTHK

PURPOSE

SLBTHK defines the thickness for the 1op and bottom slabs,
end the exterior and interior walls.

6 COMMAND PARAMETERS

Structure Number (1-10)

Enter the reference number for the culvert to be defined by the
following data. Culverts must be numbered sequentially beginning
with 1, 2, 3 ...cetc,

Top Slab Thickness, in.

Enter the thickness for the top sleb. Unless this value is specified as
fixed value (see below), BRASS-CULVERT uses this value as
minimum thickness.

Bottorn Slab Thickness,
in.

Enter the thickness for the bottom sleb. Unless this value is
specified as fixed value (see below), BRASS-CULVERT uses this
value as minimum thickness.

Extenor Weall Thickness,
in.

Enter the thickness for the exterior wall. Unless this value is
specified as fixed velue (see below), BRASS-CULVERT uses this
value a8 minimum thickness.

Intenor Wall Thickness,
in.

Enter the thickness for the interior wall. Unless this value is
specified as fixed value (see below), BRASS-CULVERT uses this
value a8 minimum thickness.

Fixed Thickness Code
©-111D

BRASS-CULVERT will use the thicknesses defined sbove as
minimum velues unless otherwise specified here. Each digit of the
code is for the top slab, bottom slab, exierior walls, and intenior
walls respectively. Enter 1 to fix the thickness, clse enter 0. For
example to fix the top slab and exierior wall thicknesses only, enter
a code of 1010.

1755
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EXAMPLE

For a culvert with = fixed slab and wall thickness of 7 inches, code:
SLBTHK !, 7, 7, 7, 7,1111

For & culvert with a {ixed top slab of 8 inches and fixed exterior walls of 10 inches,
botiom slab and interior wall thicknesszs are used as minimum values, code:

SLBTHK 1, 8, 8,610, 10,1010

For & culvert with no fixed thicknesses and it is desired for the program to set
the thicknesses s required, code:

SLBTHK 1, 0, 0, 0, 0,0000

FIGURES

NOTES

1/95 2.15




BRASS5-CULVERT

COMMAND DESCRIPTION

COMMAND NAME

H&SKEW

PURPOSE

H&SKEW defines haunches and end skews.

6 COMMAND PARAMETERS

Structure Number (1-10)

Skew Angle Lefl, deg.

Skew Angle Right, deg.

Top Haunch Height, in.

Bottomn Haunch Height, in.

Haunches by AASHTO

Qorl

Enter the reference number for the culvert to be described by the
following data. Culverts must be numbered sequentially beginning
with 1, 2, 3 ...ete.

Enter the skew angle at the left end of the culvert, degrees.
See Note.

Enter the skew angle at the right end of the culvent, degrees.
See Note.

Enter the height of the top haunch, inches. Enter 0 for po Lop
heunch.

Enter the height of the bottom haunch, inches. Enter O for no
bottom haunch.

Enter 1 for heunches to be considered in effective span length
calculations, as per AASHTO Section 8.8, else enter 0.

1/95
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EXAMPLE

H&SKEW 80, 80, 4, 0, 1

FIGURES
/Q 80" . /A 80°
/ ——> lire aead /
PLAN
v
41in
SECTION

NOTES

Skew angles are measured from line shead to skew 28 shown above. Positive angles only.

1/95 2.17




01k

BRASS-CULVERT

COMMAND DESCRIPTION

COMMAND NAME

REEBAR

PURPOSE

REEBAR definces sllowsble bar sizes and spacings, and
maximum sle¢] ratio.

6 COMMAND PARAMETERS

Meximum Bar Spacing,
in.

Default = 12

Enter the maximum allowable bar spacing.

Minimum Bar Spacing,
in.
Default = ]2

Enter the minimum allowable bar spacing.

Bar Spacing Increment
©,1

Steel design bar spacings will be rounded 1o the increment
defined here. Enter 1 to round spacings 1o 1 inch
increments, or enter O to round bar spacings to ! inch
increments.

Maximum Bar Size (#)
Default = |1

Enter the maximum bar size 10 be used in design.

Minimum Bar Size (#)
Default = 4

Enter the minimum bar size to be used in design,

Maximum Stee] Ratio
Default = 0.012

Enter the maximum ratio of ares of stee] 10 area for concrete
(A g/ bd) in decimal form.

85( 5’5»3000
QODOQ

R 70600
BT000 460800

C""AX: 73 Fb i

P
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EXAMPLE

For a culvert with 2 maximum bar spacing of 12 inc
inches, bar spacing increments of

hes, a minimum bar spacing of 4
14 inch, 8 maximum bar size of #11, 2 minimum bar size
of #4, and & max. aum reinforcement ratio of 0.012, code:
I
R REEBAR 12, 4,0, 4, 0.012

12 00l\b

FIGURES

R 1

NOTES
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BRASS-CULVERT COMMAND DESCRIPTION

COMMAND NAME CONCOV

PURPOSE

CONCOV defines the depth of concrete cover for
reinforcement end the slab thickness round off increment.

6 COMMAND PARAMETERS

Exterior Top Slab, in.

Exterior Bottom Slab, in.

Exterior Wall, in.

Intenior Cover, in.

Slab Thickness
Increment, in.

Wall Thickness
Increment, in.

Enter the distance from the face of steel bars to the face of concrete
for the top sieel of the top sleb, inches. See Note.

Enter the distence from the face of steel bars to the face of concrete
for the borom steel of the bortom slab, inches. Sec Note.

Enter the distance from the face of stee] bars to the exterior face of
the exterior walls, inches. See Note.

Enter the distance from the face of steel bars to the face of concrete
for the interior faces of slabs and walls, inches. Sec Note.

NOTE: Default values are 3 inches for bottom slab cover end 2
inches for zll other covers.

BRASS-CULVERT "rounds up" slab thickness to the nearest
increment defined. Default values are %4 inch.

BRASS-CULVERT "rounds up” wall thickness to the nearest
increment defined. Default values are %4 inch.

1/95
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EXAMPLE J

Zp 20
CONCOV 245, 3.0, 345, 2.0, 0.5, 0.5

/,1.5
HYP&

oNLY

FIGURES

L.
2 2 T
l

/
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2. 3{in = 1

) /
SECTION |/ o2 in o e |4orZ 1D

!
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—1-P |4

Jin

4

NOTES

All covers are measured from the outer face of steel to face of slab.
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BRASS-CULVERT COMMAND DESCRIPTION

COMMAND NAME

MATPRP

PURPOSE

MATPRP defines metenial properiies for steel and concrete,

6 COMMAND PARAMETERS

Soil Unit Weight, pcf

Reinforcing Yield, Fy, ksi

Allowable Steel Stress, ksi

Concrete Strength, ksi

ksi

Allowable Concrete Shear,

Allowable Concrete Shear,
with Stirrups, ksi

Enter the unit weight of the soil fill in pounds per cubic foot.
BRASS-CULVERT uses 100% of soil weight for both rigid and
flexible box designs.

Enter the yield strength for meel reinforcement, ksi.

Enter the allowsable steel stress, ksi.

Enter the 28 day compressive strength for concreie, ksi.

Enter the allowable concrete shear stress, ksi. Enter O for BRASS-
CULVERT to calculate the concrete ghear strength according to

AASHTO 8.16.

Enter the allowable concrete ghear siress when stirmups are used.
Enter O for no stirrups.

1195
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EXAMPL=

For a culvert with & soil unit weight of 120 pcf, 40 ksi reinforcing steel, an alloweble steel
siress of 20 ksi, a concrete sirength of 3000 psi, and to have the program calculate

the allowsble concrete shear siress, code:

MATPRP 120, 40, 20,3, 0, 0

ho 24

FIGURES

NOTES
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BRASS-CULVERI | COMMAND DESCRIFIION

COMMAND NAME

PRTCTL

PURPOSE

PRTCTL controls the output produced.

4 COMMAND PARAMETERS

Bar Schedule (0,1)

Tenth Point Actions (0,1)

Influence Lines (0,1)

Debug Printout (0,1)

Enter 1 for printing the bar schedule, else enter 0.

Enter | for printing moments, shears, and axial forces at tenth
points, clse enter 0. These are factored actions for ultimate strength
design.

Enter 1 for printing live load influence line ordinates at tenth points,

else enter Q.

This parameler is to be used for debugging purposes only. Enter 1
for special printout of dead load, soil pressure, and live load

moments and shears, else enter 0. These are unfactored actions for
| ultimate strength design.

1/95
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EXAMPLE

To print the bar schedule, tenth point actions, and influence line ordinales, code:

PRTCTL I, 1, 1,0
0o o

FIGURES

NOTES
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BRASS-CULVERT

COMMAND DESCRIPTION

COMMAND NAME

F&HCTL

PURPOSE

F&HCTL defines floor type and headwall configuration.

3 COMMAND PARAMETERS

Structure Number (1-10)

Floor Type (1,2,3)

Headwall Stee] (0-3)

Enter the reference number for the culvert to be described by the
following data. Culverts must be numbered sequentially beginning
with 1, 2,3 ...ete,

Enter 1 for full floor.
Enter 2 for no floor with fixed end suppors.
Enter 3 for no floor with pinned end supports.

Enter O to generate headwall steel as per North Carolina standard.
Enter 1 to suppress headwall steel generation.

Enter 2 10 generate lefi headwall stee] only.

Enter 3 1o generate right headwall steel only.

1795
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EXAMPLE

To suppress a full floor and headwall steel design, code:

F&HCTL1, 1, ¥
R

FIGURES

NOTES

\hbﬁj
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BRASS-CULVERT COMMAND DESCRIPTION

COMMAND NAME DESCTL

PURPOSE

DESCTL defines design conirol parameters.

6 COMMAND PARAMETERS

Design Method (0,1)

Rigid or Flexible (0,1)

Design Negative
Moment Position
0.0 - 1.0

Design Same Slabs (0,1)

Design Same Walls (0,1)

Modular Ratio (N)
Default = 9

Enter O for service load design method, or enter 1 for load factor
design method.

Enter O for rigid box culvert design, else enter 1 for flexible box
culvert design. .

The position of design negative moment i8 defined by a velue from
2ero to one where 0.0 represents the centerline of the wall or slab,
0.5 represents helf way between cenier of the wall or sleb and face
of the wall or slab, and 1.0 represents the face of the wall or slab.

Enter 1 for BRASS-CULVERT to design the same thicknesses and
steel for top and bottom slabs, clse enter 0. See Note.

Enter 1 for BRASS-CULVERT to design the same exterior and
interior wall thicknesses, else enter 0. See Note.

Enter the ratio of the modules of elasticity of steel to that of
concreie.
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Kuhimann design Group BRIDGE NO. A3210016 7/20/98

8:53 AM
A300QUAN.XLS
.ONCRETE QUANTITIES : HEwW 7-20-9%
ys zodwag
: TOTAL  TOTAL
DESCRIPTION QUANT. WIDTH LENGTH DEPTH FACTOR (CU.FT.) (CU.YD.)
TOP SLAB 100 1775 123.46 0.88 1.00  1917.46 71.02
EXTERIOR WALL 2.00 058  123.46 7.00 1.00  1008.24 37.34
INTERIOR WALL 1.00 058  123.46 7.00 1.00 504.12 18.67
BOTTOM SLAB 100 17.75  180.00 0.83 1.00  2662.50 98.61
BOTTOM SLAB TRIANGLE 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HEADWALL 200  21.36 1.50 0.50 1.00 32.05 119
CUT OFF WALL DOWNSTREAM 100 20.41 0.83 2.17 1.00 36.84 1.36
CUT OFF WALL UPSTREAM 100 20.41 0.83 117 1.00 19.84 0.73
INT WING DOWNSTREAM 1.00 058  28.27 7.88 1.00 129 87 4 81
.n. WING DOWNSTREAM DEDUCT 1.00 058 2802 6.88  -0.50 -56.19 -2.08
EXT. WING DOWNSTREAM 2.00 058  28.10 7.88 1.00 258.21 9 56
EXT. WING DOWNSTREAM DEDUCT 2.00 058  27.85 688  -050  -111.71 414
INT. WING UPSTREAM 1.00 058 2827 7.88 1.00 129.87 4.81
INT. WING UPSTREAM DEDUCT 1.00 058  28.02 6.88  -0.50 -56.19 -2.08
EXT. WING UPSTREAM 2.00 058 2827 7.88 1.00 259.74 9.62
EXT. WING UPSTREAM DEDUCT 2.00 058  28.02 6.88  -0.50  -112.38 -4.16
6622.28 245.27
EXCAVATION 1.00 2075 180.00  15.71 1.00| 5867063 2172@







See Plan Sheets



