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CITY OF O’FALLON
Bridge No. 3210012

Design Calculations
Winghaven

KdG Project No. 980100-0001

ENGINEERING CALCULATION COVER SHEET

PROJECT: Bridge No. 3210012 DISCIPLINE: Bridge

Winghaven CALCULATION NO.: Einal

NO. OF SHEETS: See Index

JOB NO.:  980100-0001 CALCULATED BY: JVS RCP
7
CONTRACT NO.: CHECKED BY: %(ﬁ? %{
4
DESIGN CODE: AASHTO 1996 APPROVED BY: M

APPROVED BY:

CALCULATION DESCRIPTION:

Substructure Design

QOuantities

DESIGN BASIS OR REFERENCES:

AASHTO 16th Edition, 1996

Missouri Hishway & Transportation Department Bridge Manual of Design

Page 2



CITY OF O’FALLON
Bridge No. 3210012

Design Calculations
Winghaven

KdG Project No. 980100-0001

DESIGN SCOPE

Structure Type Rigid
Box Design
Single Cell
(10.0 Ft. Wide X 7.0 Ft. High)

Loading:
HS20-44
Service Load Design
Earth 120#/Cu. Ft.
Equivalent Fluid Pressure 45#/Cu.Ft.
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CITY OF O’FALLON
Bridge No. 3210012

Design Calculations
Winghaven

KdG Project No. 980100-0001

DESIGN CRITERIA
DESIGN SPECIFICATIONS
AASHTO - 1996 Sixteenth Edition
DESIGN LOADING
HS20
Earth 120#/cu.ft.
Equivalent Fluid Pressure 45#/Cu.Ft.

DESIGN UNIT STRESSES

Class B Concrete (Culverts) f'c
Reinforcing Steel (Grade 60) f'y

3,000 psi
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 = 27 clear
Bottom Slab - Top Reinforcing = 27 clear
- Bottom Reinforcing = 37 clear
Sidewalls - Reinforcement Stream Face = 27 clear
- Reinforcement Fill Face = 27 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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CITY OF O’FALLON
Bridge No. 3210012

Design Calculations
Winghaven

KdG Project No. 980100-0001

DRAWING LIST
Sheet
No. Title
1 Plan, Elevation, General Notes, and Quanities
2 Reinforcement
3 Cross Section and Wing Wall Details
4 Fence Details
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DESIGN LAYOUT

Division of Bridges
No. 3210012
Job.
Route Winghaven Drive County Saint Charles Rte. Winghaven Drive
STRUCTURE
SUPERSTRUCTURE One Cell (10.0W x 7.0H) (Rigid)
SKEW «oeeeneninrenreoneenernieenannarencns Square
ROBAWAY . .oveenenieieiriiniieiceiinns 2 - 12 foot lanes each direction with a 20 foot median
Loading ....ocveenvrinirriineieennn HS20
Beg. Sta. ..iiiiiiiiiiiiiien
Alignment ... ....cooveeiniiiiieeiinnns Tangent
GIade. . .oviviviieieeeeeeeaeieranenes P.L Sta. 15+65.00 (Elev. 582.70) Bk. -1.93%. Ahd. +2.00%. Length = 470.00
SUBSTRUCTURE
Ftg Loads.....covvvvvminnrinenenininnes 10,000 Ibs per square foot
Pile TYPE «oveuveninvninrineninenriennn N/A
Length ...oovviiiiiiiniiiiniiinn N/A
Elev Ftg, BOtt. ..ooovviniininiainneneen, 580.0 High 576.0 Low
GENERAL
Revetment/SIope ......oevevvininiinennes Sideslope 3:1 (Normal)
End FIS...coiviiniiniiiiiieiienann, Earth
Traffic Handling .............cooeeennes
Present Bdge .......oocvvvviiiiiincnn None
SPECIAL REQUIREMENTS
Profile Grade .....ccoovveeviviniiniiinens Centerline of Winghaven Drive (Centerline Median)
Rail Road Alignment................... N/A
Tie Station. ..c.ccoevenrniiiiianinnen, 17 + 15.00
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:

Notes and Revisions after Conference (All revisions to be dated and initialed) J:\980100\3210012.DOC






FROM: PICKETT _R‘R‘v‘g_& SILVER L. FAX NO.: 314 397 1104 87-15-98 10:47R P.02
. T R v R

PICKETT RAY & SILVER

‘ CIVIL F;NG[NEERS -: ° PILANNERS " e LAND SURVEYORS ’ :
Julv 14 iOL}\ KDG. MH F".E_____’ )

Revised Ju!y 15, 1998

JuL 151938

Mr Ron Pa;,an

Kuhlmann D:sign Group, Inc.
60> Progress Farkway

St Lows Missoun 63043

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

Dear Ron

Pcr our meeting today, I am sending you “sealed” confirmation of box culvert information.

“s” “H” Elevl Elev2 ARt ALt B Des- Des-
Fill Fill

Winghaven, 10 7 57542 57458 60 60 24 1 4

- Stauon ;7+1¢

‘ Y inghaven 10 7 ) '
Station 30+49
Winghaven 12 10 51639 517.11 70 70 30 1 5
Station 59+
Charle 12 12 48891 49009 43 43 37 1 4
{Phoen)
Station
62+53.89
David (Red’ 8 7 511.20 51045 60 60 30 1 7 .
Hawk) :

Station 5+249 73

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

Very truly vours,

PJCK E'[T RAY & SI/L)/ER, INC. \\\\\\“m“f!m//

/. -y SO Misso7,
\,..("( { { 5\... /I Q\é‘:..' &)‘/
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‘ S Mr 1oc McKee, Panc Corporation : 500 e R
M7 {1ave Rogers, Fred Wr:ber ﬁ ?‘F'E'(c‘(ﬁ\“\ / /
24417

234 Mi0 RIVERS MALL DRIVE = ST. PETERS. MISSOURI 63376 © 314.397-1211 1 397-1104 FAX
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FROM: FIUPETT Re» L SILVER FRX NO.: 314 397 (ied P7-15-98 [B:46R P'ek

PICKETT RAY & SILVER

‘ CIVIL ENGINEERS . PLANNERS e - LAND SURVEYORS

CONFIDENTIALITY NOTE

THI INFORMATION CONTAINED IN THIS FACSIMILE TRANSMISSION IS LEGALLY PRIVILEGED AND
CONTDENTIAL INFORMATION INTENDED ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY
*AMED ABOVE. IF THE READER OF THIS TRANSMISSION 1S NOT THE INTENDED RECIPIENT, YOU
ARL HEREEY NOTIFIED THAT ANY DISSEMINATION, DISTRIBUTION, OR COPYING OF THIS
TRANSMISIHION IS STRICTLY PROHIBITED. (F YOU HAVE RECEIVED THIS TRANSMISSION IN ERROR,
PLEASE IAMMEDIATELY NOTIFY US BY COLLECT TELEPHONE CALL AND RETURN THE ORIGINAL
TRANSMis-ION TO US AT THE ADDRESS LISTED BELOW BY U.S. MAIL. ’

PLEASE DULIVER THE FOLLOWING PAGES:

e}

T ]Z&"V\—

‘ veoMe ~=
. PROJECT: l«\) \,V\Q/&M/{’*-’

FRA&S PROJECTNO.: G034 .
DATEAND TIME: 7. 4f. 5 &
TCTAL NO. OF PAGES, INCLUDING COVER SHEET: QQ;—/
reecory oPERATOR: | | S

‘ PLEASE WOTIFY US IMMEDIATELY If THE MESSAGE IS INCOMPLETE OR UNCLEAR. THANK YOU.

333 MID RIVERS MALL DRIVE ¢ ST. PETERS, MISSOUR 63376 « 314-397-1211/314-397-1104 FAX
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PICKETT RAY & SILVER
‘ CIVil. mNGINEERS . PLANNERS . LAND SURVEYORS
000
Julv 14, J9ux . KDG. MH FILE 9 8 "
JUL 15 1998
Mr Ron Paxan —_—
Kuhlmarin Design Group, Inc. —_— :‘
66 Prog:css Parhway

St Loui. Missoun 63043

R& W GHAVEN - BOX CULVERT
PRa 5 PROJECT NO 97-034

Dear Ron

Pir our mect ng today, | am sending vou “sealed™ confirmation of box culvert information

ST “H” Elevl Elev2 ARt ALt B Des- Des-
i Fill Fill

. Winghar .- 10 7 37542 5J438 60 60 1 4
‘ Station 17+ ¢

Wangnas o 10 7

Stateen el

Wingnaver 12 10 516.3¢ 31711 70 70 - ] 5

Statipn “wetio

Charlie 12 12 48891 490059 43 43 37 1 4

(Phocnivi .

Statien

~2-53 R4

David (Red 8 7 511,20 51045 60 60 30 1 7

HZ]\\}\)

Station »-2¢ 73

We will senc Winghaven Station 30+49 as soon as the strecet is revised back to the previous grade. If you
need anvthine else, please contact me or Mr Jim Camnady.

Very truly voars.,

P l(KETl YAY & S)EK INC. \\\\“““””I[’m/

W,g @\QOF ’%0 ’//
amad Uld z

%*\

zZ
Projeet Desivn Supervisor ":wi:';
5 ZE
by AN ‘f\\\\“
e M: loe McKee, Paric Corporation ’v;'(’ A 5 :'\a";:."? )
M: Dave Rogers, Fred Weber = 'J “ c / V4
2/ 4 4

(0. Wi RIVERS MALL DRIVE © ST. PETERS. MISSOURI 63376 © 314.397-1211/ 3971104 FAX
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PICKETT RAY & SILVER
2 Sl . ~ ' .
® {CIVIL ENGINEERS ~©  PLANNERS @ LAND SURVEYORS

CONFIDENTIALITY NOTE

®

THE INTORMATION CONTAINLD IN THIS FACSIMILE TRANSMISSION 1S LEGALLY PRIVILEGED AND
L ONFIDENTIAL INFORMATION INTENDED ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY
NAMED AROVE IF THE READER OF THIS TRANSMISSION IS NOT THE INTENDED RECIPIENT, YOU
ARE HELRENY NOTIFIED THAT ANY DISSEMINATION, DISTRIBUTION, OR COPYING OF THIS
TRANSMISSION 1S STRICTLY PROHIBITED. IF YOU HAVE RECEIVED THIS TRANSMISSION IN ERROR,
PLEAST IMMEDIATELY NOTIFY US BY COLLECT TELEFHONE CALL AND RETURN THE ORIGINAL
TRANSMISSION TO US AT THE ADDRESS LISTED BELOW BY U.S. MAIL.

TLEASE Dt :IVER THE FOLLOWING PAGES: ,

-

o ]Z&w\.
‘ M _J/Mv*a -

PROJECT: ) ,% . %

PRASPROJECTNO. &7 %4

"DATEANDTIME: 7.4 <& ] _
TOTAL NO. OF PAGES, INCLUDING COVER SHEET: Q———/

TELECOFY OPERATOR:

: o
‘ PLEASE NOTIFY US IMMEDIATELY IF THE MESSAGE 1§ INCOMPLETE OR UNCLEAR. THANK YOU.

333 MID RIVERS MALL DRIVE  ST. PETERS, MISSOURI 63376 # 3)4-397-1211/314-397.1104 FAX
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PICKETT RAY & SILVER

)

CIVIL ENGINEERS . PLANNERS ] LAND SURY

July 14, 1998

Mr. Ron Pagan

Kuhlmann Design Group. Inc

66 Progress Parkway ADE. MH
St. Louis, Missourt 63045

RE  WINGHAVEN - BOX CULVERT Jub %

PR&S PROJECT NO 97-034
Dear Ron T

Per our meeting today, | am sending you “sealed” confirmation of box culvert information

«.S" “H" Elev 1 ElCV 2 A Rt Alt B De

(S
Winghaven 10 7 37542 57458 60 60 !
Stauon 17+13
Winghaven 10 7
Station 30+49
Winghaven 12 10 31639 517.11 70 70 !
Station 59-00
Charhe 12 12 48891 49009 ‘43 43 37
{Phoenux)
Station
62+53 .89
Dawid (Red R 7 51120 51045 60 60 30
Hawk)

Station 5+29.73

We will send Winghaven Station 30+49 as soon as the M, revised back to the pres ou
need anvthing else, please contact me or Mr. Jim Cannady.

Very truly vours.

PCK.ETI' RAY &S)ER[N

Tan} a/J_ Dlétz ERDD
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Projcet Design Supervisor J B T SFERS ki
‘ , 4’&«35»‘ :
bjs . Eo1?7¢ -
¢ Mr. Joc McKee, Panic Corporation ® A
Mr Dave Rogers, Fred Weber s T
TB'd dTt:en  2f-rl-la



PICKETT RAY & SILVER

o

CIVIL ENGINEERS . PLANNERS 4 LAND SU 1 YORS

CONFIDENTIALITY NOTE

THE INFORMATION CONTAINED IN THIS FACSIMILE TRANSMISSION IS LEGALLY i™
CONFIDENTIAL INFORMATION INTENDED ONLY FOR THL USE OF THE INDIVIL!

NAMED ABOVE. IF TIE READER OF THIS TRANSMISSION 1S NOT THE INTENDED £ i "2 Y
ARE HEREBY NOTIFIED THAT ANY DISSEMINATION, DISTRIBUTION, QR OO0 CE T
TRANSMISSION 1S STRICTLY PROHIBITED. IF YOU HAVE RECEIVED THIS TRANSMIS. -~ MiER
PLEASE IMMEDIATELY NOTIFY US BY COLLECT TELEPHONE CALL AND RETVIF™ DR

TRANSMISSION TO US AT THE ADDRESS LISTED BELOW BY U.S. MAIL

PLEASE DELIVER THE FOLLOWING PAGES:

TO: ,/éﬁ/\'\-—
. FROM: .J/.w%a o

PROJECT. |, ) \/(‘\%“d —

PR&S PROJECT NO: 57034
DATE AND TIME: 7.1 4. 54 s
TOTAL NO. OF PAGES, INCLUDING COVER SHEEL: R

TELECOPY OPERATOR

PLEASE NOTIFY US IMMEDIATELY IF THE MFSSAGE (S INCOMPLETE OR UNCLLAF " *han iy

333MIDRIVERSMALLDRJVEOSI'.PETERS,MISOURIGJSM'314-397—121!/3;’4- Toide R

1e°d dilp:e@ Bo6-v1-20
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® PICKETT RAY & SILVER

CIVIL ENGINEERS 4 PLANNERS 4 LAND SURVEYORS

CONFIDENTIALITY NOTE

THE INFORMATION CONTAINED IN THIS FACSIMILE TRANSMISSION {S LEGALLY PRIVILEGED AND
CONTIDENTIAL INFORMATION INTENDED ONLY FOR THE USE Of THE INDIVIDUAL OR ENTITY
NAMED ABOVE. IF THE READER OF THIS TRANSMISSION IS NOT THE INTENDED RECIPIENT, YOU
ARE HEREBY NOTIFIED THAT ANY DISSEMINATION, DISTRIBUTION, OR COPYING OF THIS
TRANSMISSION IS STRICTLY PROHIBITED. IF 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.

PLEASE DELIVER THE FOLLOWING PAGES:

o g Fagan | (434 8280>

rrom: TAMYA
PROJECT: (Af1M) §RAVEN
Pras PROJECTNO: 81034

DATE AND TIME: '
72.10.4¢
TOTAL NO. OF PAGES, INCLUDING COVER SHEET: 5

TELECOPY OPERATOR:

CcoPY To MRE Nagmau - WEEEE 344040

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

333 MID RIVERS MALL DRIVE @ ST. PETERS, MISSOURI 63376 @ 314-397-1211/314-397-1104 FAx
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PICKETT RAY & SILVER

CIVIL ENGINEERS 4 PLANNERS . LAND SURVEYORS

CONFIDENTIALITY NOTE

THE INFORMATION CONTAINED IN THIS FACSIMILE TRANSMISSION 1S LEGALLY PRIVILEGED AND
CONTIDENTIAL INFORMATION INTENDED ONLY FOR THE USE OF THE INDIVIDUAL OR ENTITY
NAMED ABOVE. IF THE READER OF THIS TRANSMISSION IS NOT THE INTENDED RECIPIENT, YOU
ARE HEREBY NOTIFIED THAT ANY DISSEMINATION, DISTRIBUTION, OR COFYING OF THIS
TRANSMISSION IS STRICTLY PROHIBITED. IF 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.

PLEASE DELIVER THE FOLLOWING PAGES:

oD Prean (4348289

FROM: T4 NYA
PROJECT: {A]1 0 R AVEN
PR&S PROJECT NO.: Q'7034
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Vi Ron Pagan FAX #

PROJECT» 97023,

sal Flhon g 0( L‘/ SENT BY

Post-it* Fax Note

are the Hoor elevauons for the Winghaven Drve tunnel as designed by Pickert Ray and Silver (PRS)  These
vased on PRY plans dated December 1997 and last revised on March 27, 1998 Mr Jim Cannady venfied
1s o1 me this moming  In addinon, He said that even though the tunnel lour elevations are not calted out on
au ave correctlv stated). PRS” intent is for the tunnels to siope at one halt of one percent (0 005 foot per
2 this slope and the centerline tunnel tloor elevation that is shown on the roadway profile one can verify these

I enyuth

. \
128" Centerline tloor elevation = 575 00 é\-{

;
W est Side tloor efevation ~ 574 08 (measured at end ut‘tunncl/"."/dwuy from roadway centerline)
["ast Side floor elevation - S75 32 (measured at end ut’tunncl}.‘ away froim roadway centerline)

fenath 100 centerline tloor elevanon = 580 30 6“

West Side floor elevanon — S80 05 (mneasuted at end of tunnel S0 away from roadway centerline)

[.ast Side Noor elevation - 380 55 (measured at end of tunnel 50’ away trom roadway centerline)

imdursiands that you may need 1o change these lengths by few feet and the elevations by few tenths It would
o fet Jim and us know of these changes We at the St Charles office have to design for the drainage of these

wnxdyv Frank Bauer. Jim Poole

T WSER 2AGE Ome
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PLEASE CALL 314 946.5566
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e I COMIMENIANOR s CORICATLL, May wintitele nor-pubhic mformaton. 10d 15 mtended onty lor the use of the addressee Jnauthonzed use. -
Lo i prehubitea snd muv be unlowdul 1] vou have received this communieation in error, please immediateh nofy us ut 114 9do SS66 and retum the
e address apove vin the oS Tostar Servive. We will retmbuurse nominal costs wou ieur m notining ang rewrming the message 1y us  Thank vou
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Kuhlmann design Group, Inc.

@ Transpdfation 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. FAaxNo. 314 2405511
CITY OF OFALLON DATE: 25 JUNE 1998
138 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: 2

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

WARNING

The information contained in this communication is confidential. may constitute non-public information, and is intended only for the
use of the addressee. Unauthorized use, disciosure 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 niominal costs you incur in notifying and returning the message to us.

Thank you
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REINFORCEMENT

BAR COVER - AASHTO 8.22

CLEAR DIMENSIONS TO BE SHOWN ON PLANS:
o

TOP SLAB - TOP REINFORCING = 27 CL.

BOTTOM REINFORCING = 2 .
BOTTOM - TOP REINFORCING =20 gL, L

BOTTOM REINFORCING = 3* CL. A
SIDEWALLS - REINFORCEMENT STREAM FACE = ¢—rate— ‘I

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
> ]
CLEAR DIMENSIONS TG BE SHOWN ON PLANS: [}Z

TOP SLAB - TOP REINFORCING = 2" CL.
BOTTOM REINFORCING -@

BOTTOM - TOP_REINFORCING = |-1/2" CL.
BOTTOM REINFORCING = 3¢ CL.

SIDEWALLS - REINFORCEMENT STREAM FACE = I-|/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 T
60-0“ WITHOUT SPLICING. USED TO A LENGTH OF

BAR SPLICES

SEE SECTION 2.4 FOR MINIMUM BAR LAP AND TENSION SPLICES IN REINFORCEMENT.
USE A CLASS C SPLICE FOR LCONGITUDINAL BAR (22 MIN.). N RE CEMEN

BOX CULVERTS ON ROCK
L 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 FI FOR NOTE FOR PLANS).

GENERAL NOTES:
CONSTRUCTION SPECIFICATIONS:

All materials and methods of construction shaoll meet the requirements
of MoDot Standard Specifications for Highway Construction 1996.

DESIGN SPECIFICATIONS:
AASHT.0. - 1996
Service Load Design
DESIGN LOADING:
HS20
Eorth 1204#/Cu. Ft.,
Equivalent Fluid Pressure 30#/Cu. Ft.
DESIGN UNIT STRESSES:
Class B Concrete (Substructure) f'c = 3,000 psi
Reinforcing Steel (Grode 60) fy = 60,000 psi
JOINT FILLER:
All Joint Filler shall meet the requirements of Std. Spec. 1057.2.4,
except as noted.
Jaint filler shall be securely stitched to one face of the concrete

with No. 10 gage copper wire or No. 12 gage soft drawn qalvanized
steel wire.

REINFORCING STEEL:

Minimum clearance to reinforcing steei shall be 1-1/2", unless
otherwise shown.

‘ Laop all reinforcing 24 bar diameters uniess otherwise noted.

ST. LOUIS COUNTY A100

REVISEDY NPV ' oon



or longrtudinal elevotion and plon of skewed bor see ofher drowings.)

#40 bars
S R3 bars € abt, L2 Ers.M) Length spacrhied on ROAD PLANS = outside tc outside headwall Note:
i 12" 2A+5+¢C 24 f.?,‘L’Z
 _wd-Fl bars T 20 cdiometars (No! less than shoutder widih) 20 diome! !
t— ometers \
_ for J3 bars for JI bors p
== (I : s T Span 4 _?1—-:
| Lo k: T o { | r2-#4p00rs
! LI -
A/ bors *,J__(T'DETAIL A ° | \We-FlborsCobt/Ecrs] = EE ¥4-Ribors(C) | {, li
Ta/bars A 1 5 < { T il lle Cadt 12 ¢ts. In
aolly spaced) . ,’ g\\ ‘ Q | } Const. Jomt H %= S !
" . '4-F1 bors i ’ e -Fl bors
Tory D ~ S TN 3R
=== ~ DR vg: 3 g T X . - ° DR
Tomad [ THT S Gt
- 3t )y T3 BEE 3!
Al bars = /3 . L >( Al bors t = A bars 1 J2 b
WA FTbars € x \: PN 2 e PG | #4-F] pors € ] 3
avr, I8k~ S SN < b oor 18 %ers. '
20°mor.) | B R T S R I (20" max.) \ |
< Sy G- — -
3! S ( ‘ N
o ———— i DL ?f - < ;f.-.._-..-.L&.A;.[K"’Fz?”—\‘ ‘
M o o e . e PR I YA _g [ s . - - o 4o - . Atu‘xii:.—-dri
1 A S — e 1]
| 1
] I
|I ,;0 8 bors V44 £l sarsCobt I8t | bt
var_ ) L A2 bors SECTION THRU BARREL B bors | 0 | #5-Gars 0 12%ts.
1 /OA(.sue 8 spoang N2 bor spoce
& some os A2 bors) AZ bors
PART LONGITUDINAL SECTION PART
LONGITUDINAL SECTION
UPSTREAM DOWNSTREAM
. . o~y . -~
=2 bars € obt.187cts. ]/‘5 (~T4-FbarsCR cls. o — Culvert S ~.
ob!. [ S 3 $35-
r? } : x> . " Y T ; b ‘zb
= i 00F L 0§ S e 3is g
— -l : < . L) el R L{:u\ Ny ‘E:
- 3 ey S LS 3PSty W
=8 £ = \ i
£3 B =8 N =
= sol o 2 NN
a3 Y J "a *
2 —— o e - /Gbals G dors 0% SR P
‘ . ~N g ! £ I _
g N N AN
-9 s
P L e IO o
. . T—Aibars - Wl ey ]
(o o . Note: JI 8 J2 dars ore fo —— N HEf bor 1
—d < ht Sy S /l be #5 bors when hsD/%v [TH7 - PR B Ej’ ] L"LJ-_‘—"-_'
-==== ] = 3 :IIZ or /c::.. Use # 6 bors i T T G bors 23 T3-#5-£ bors
| tL_ - T e} en hs D1 %15 over 2.\ W4_Fpors CobrBets. (Each Foce)
—\/\,L'\/\J' '-r : i, HALF RALF Notes- Holes tobe drilled I2 inte solid rock oo
! N 3 SECTIONA-A  SECTIONF-F grouted in.
1-R2BR3 bors 0 ot 12 ts. N AN WING B THICKNESS omit bgﬂom slab ond corry full /cqy‘/
o RALF ART WALF FOR FLAEMRED' WINGS ond wings 6 “info ond cost egomns! verfico.
e T o E-E Y] 2T SLOPE .7 SLOPE solid undisturbed rock.
WING WALL e 715 T617 18 [s1sjo| u A 73 siab Detoils not shown are some as for box wi
PSTREA J. ”] .
UPSTREAM i 3-#5 3-25 | 3-#6 |3-#7 MODIFICATIONS REQUIRED FOR BOXONF
“www, |6.516.516516.518.5110.018519.5]/10 [/20]| 140
e D/ forl'till
w%» Nof less thon T
Torol Length =L (along & culvert)
_ Showder width c 23 E=I%D |
' A A i v for 1% to | slope 1
i 1 i [ H
|
| <N le—¢ Roodwe i [ £:2D .
Yy 1
! E N \ ! Voo e 2 to/ slope T
; hS '| b poS £D
S ' S EXPOS -
P - < e ooy [+B: ; LS, SoReace 3
~
Si l Iy R - S ¥ (TvP.)
.T\.. ------ , Ny sjg DETAIL OF TRANSVERSE J
[N 7 I L RS THRU BARREL OF CULVE
| |:‘§ “““““““ N A Cons?. NOTE: USE A TRANSVERSE JOINT w-
= | Const. Join! ; | x § Jon! IS|DVER %5’ LONG BETWEEN HEADW~
1 ON ROCK.
/g'l' Nl Q A FILTER CLOTH THREE FOO°
\ & < AND DOUBLE THICKNESS SHALL BE -
e N S AL TRANSVERSE JOINIRIAL SHALL
s Flow line SIDEWALLS.
o . —-— = SHE JOINT AND THE EDGES SEAL
S L o Const. Join! LY ON THE SR'WITM TW SIDED TAPE.
N N . CLOTH SHALL BE_ Agﬁ%?ﬁéé?ksof
, in general, shall conform fo natural streom grodient. Downstreom ? -‘JBZ: ; : ?Eﬁggt?s%mcw & ‘DODFng. Té
- 13 13-4 E
LONGITUDINAL ELEVATION (SQUARE BOX) _____vﬂ TR e OPENING 3125 TNt wi
XN ;. 20R FURNISHING AND INSTALLING

CLOTH.
USE ADDITIONAL TRANSVERS
PROVIDE S0° MAXIMUM SPACING BE




AI0O




T
LOW POINT STA = 75+60 66
= pVT|STA = 15+65 |

LOW POINT ELEY

o e e s

- sEs0l__

/ = —

4 -
; - y
e e T AERENEISRSES Sl e ;y“v 1 RS —O1 9
. __..‘\_.S'LA Jﬂ:(—-\o_sa_mp-ﬁa@os_ ] __STA 1§+ 71 m TOP-SBB'(,.[

(6'RT
\—‘S“Al:‘srﬁ/-}- Y ?4%«-?09-545'90————“

A0 e

e g o

T STA 7+1soo

1
—

N
k‘ —] : - Ro%ﬁ‘%ﬁ%ﬁ“ FORCTETALS &

— - <
Py ) 0.
v =
t_ i ] R % I
g i . F"
L)
A.""‘"f e
. — . -

i
.
K
al
T

L Su SERELEVATION |

TRANSITION FROM ROM FULL

@ PEP" EVATION |

1+ R~
z ; -

AT
e







I o GEOTECHNICAL « ENVIRONMENTAL « WETLANDS « MATERIAL TESTING

730!/00

Loy FIiLE "
Mr Davic R: gers D, Wik

Tred Webg .nc. .

. Mr Rore C Pagan, P.E. i 1¢ 1238
=uhtmans - sign Group, Inc. i

ol Progress 2arkway — .
Marylanc iiz-3hts, MO 63043-3706 _ .

RrC Adaoe dum NE 1

wing .aven Box Culverts
C'=at un. Missouri
&1 .- 980485.11

Jear M o an.

Pus detter | vides the additional geotechnical information for the Winghaven Box Culverts you

reauestes U supplement our letter to you dated June 28,1988. Three specific items presented
heean perize 1o the foliowing:

1 Tie

"k mats for structural slab base footings.

7 4. cipated settiements,

Y

. 3 %4 Kfill and fluid pressures for below-grade walls.

We ungderxizr g that the bearing capacity required for the box culverts in the lowland areas will
ve 1500 pcanes per square foot (psf) and we provided an allowable bearing capacity of
©.0C ps? * one box culvert that will pass under Charlie Drive near station 62+50. We
recomme 2 1at 2 feet of soil be removed below the footing subgrade elevation and replaced
with comna” 2d granular material for this culvert. The replacement material should consist of a
- nck minu- gradation crushed stone. This rock mat will help to bridge the soft and wet
fcungalicr < ds - A similar procedure of varying depths may be utilized for the other culverts in
the lowle C reas since we anticipate construction difficulties due to the high groundwater

ol ghons

The box .- mtsin the highland areas (culverts A and B) will likely be constructed on excavated
ook We  ucipate negligible settlements of the foundation rock due to the weight of the
stractures o 3 fills,

In the lowland areas, however, we anticipate total settlement of the
‘oundaticr < Is due to the weight of the structure and fill to be placed to be about 3 to 6 inches.

Some of - settiement will likely occur during construction. If construction of the culverts in
tihe 1owlanc reas is not delayed until after the setlement due to the fill has occurred, the
sracture vl kely settle. However, we anticipate this settiement will likely be relatively uniform

acress tn 1. otprint due to the rigidity of the reinforced concrete base mat and structure. A

diffarentia; <+ tlement of less than 1'% inches can be anticipated across the whole footprint for
MESE Sl 28

Ou: letter d: 2d June 29, 1998 states that to use the "granular” values of equivalent fluid unit
,;‘ weight tor

~ h pressures that the granutar backfill material should extend horizontally from the

L 24 hd Rivers Mall Drive » St. Peters, MO 63376 * (314) 397-6600 ¢ FAX (314) 397-2600

Fairview Heights, IL = St. Clair, MO * Arnold, MO



Me David Rot ars -2- July 9, 1998

watl g ltes alf of the wall height. This distance is not required to provide positive foundation
Irenyggl 1o revent buildup of hydrostatic pressures. A minimum horizontal distance of about
& nches v~ 2 perforated drain pipe should be sufficient to provide this drainage. Therefore,
an equivale - fild unit weight of 80 pounds per cubic foot may be used to design the below-
grade walle xssuming the hydrostatic pressures are relieved through proper drainage.

We appresia 2 the opportunity to be of service to you on this project. If you have any questions
o Zommzal please call.

Rewoest i
o
>0

ot A Ul T

Fred H Hele I

Preosect T nareer
\ ‘/
\‘

-— ¢
iern, “Raske T PE
M=ngger

e M L ve Rogers, Fred Weber, Inc. (1)
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SCi GEOTECHNICAL »« ENVIRONMENTAL « WETLANDS

e MATERIAL TESTING

June 29, 1998

Mr. David Rogers

Fred Weber, Inc.

% Mr. Ronald C. Pagan, P.E.
Kuhimann Design Group, Inc.

66 Progress Parkway

Maryland Heights, MO 63043-3706

RE: Winghaven Box Culverts
O’Fallon, Missouri
SCi N2 980495.11

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 culverts 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 19988). In that exploration we
drilied 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.

SCI 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, 6, and
7' feet in TH1, TH2, and TH3, 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
elevation 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 Mal! 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 5 feet. The nature and thickness of the soils encountered and the results of the
field sampling and testing are shown on the Borings Logs, Figures 1-1 through 1-3.

The varied conditions at the culvert locations require different allowable 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 culvert 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 a larger area to bear on the soft soils. The
depth of removal will vary depending on the allowable 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 result in
settlement as consolidation of the soft, underlying soils occurs. A delay in construction is
anticipated to allow some or most of that settlement 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 untii most of the settlement 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 should be monitored with settiement plates to assess when
most of the settiement 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 load
of one-half of the surface loads.
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Fixed-Headed Walls Free-Headed Walls
Backfill Type {pch) {pch
Cohesive Soil 60 50
Granular Maternial 45 40

A fixed-headed wall is a wall which is not permitted to deflect at the top after backfilling.
A free-headed wall is designed to deflect at the top and remain fixed at the base, such
as a retaining wall. A wing-wall attached to a fixed-headed wall should be considered
fixed-headed unless 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 ¥ bl T

Fred H. Held Il

HH/GGThal

o Mr. Dave Rogers, Fred Weber, inc. (1)
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GEOTECHNICAL +« ENVIRONMENTAL « WETLANDS . MATERIAL TESTING

BORING LOG
LEGEND AND NOMENCLATURE

items shown in Boring Logs refer to the following:
(Where shown in parenthesis, sampling and testing were performed in general accordance with applicable
ASTM standard methods or practices.)

1.

2.

Depth

Sample

S8 -

NX -

ST -

Ccs -

SV -

AS -

Recovery

Blows

Vane Shear
Strength -

Depth below ground surface (feet).

Types designated by letters.

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

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

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

Continuous sample tube system, undisturbed, obtained by split barrel sampler in
conjunction with auger advancement.

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

Disturbed samples obtained from auger cuttings.

Recovery is expressed as a ratio of the length recovered to the total length pushed,
driven, or cored (inches), e.g. - 9/12.

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 blows
reaches 50 without six inches of sampler penetration, the result is shown as a ratio of
50 to the actual penetration, e.g. - 50/2 inches.

Shear strength of soil expressed as the peak strength (existing state)/residual
strength (remolded state).

Description - Description according to the Unified Soil Classification; Description indicates soil
constituents and other classification 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 (ksf).

- Liquid limit (ASTM D 4318) in percent.

- Plastic limit (ASTM D 4318) in percent.

Remarks/Other Data - See notation at bottom of log 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 drilled (expressed as percentage).

Figure 1
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pROJECT WINGHAVEN BOX CULVERTS TEST PIT NO. TH-1
rocaTion O’Fallon, Missouri SHEET 1 OF 1
£xcavaTor SCI PROJECT NO. 980495.11
SURFACE ELEVATION 524+ /- rquiPMENT Hand auger DATE EXCAVATED 6-25-98
FIELD SAMPLE / TEST [ LABORATORY TEST RESULTS
~ z z |2 o ~
P w —_ — wln = by
Eleg|E| B | 2 2.3 [gle¥ 538 |2|2) &
x B L & DESCRIPTION Eac (3RslzphlEd=z| - <
= z | o> ny 205 |ming|E29Zek| e | B =
o =] [ - X ST8 xlEieSecal | S [~ o
b z = w 3 < oz| &8~ g%z | 3 n iy}
< = -« w IO Zow i j o
by i © |al © S0 | =
(1] (2]
0 Grayish brown, low plastic SILTY CL 0
7 CLAY with trace of fine roots r
1 |BS 29
2s Brown, low plastic SILTY CLAY CL .
: 2 IBS with trace of fine gravel 19 .
3 |BS Brown, low plastic SILTY CLAY CL.GC | 119
I and coarse SAND to fine GRAVEL -
5 — —35
Hand auger refusal at 5.0 ft.
7.5 - —17.5
10 = 10
12.5 — —12.5
15 — — 15
17.5 ~ Ln s
WATER LEVEL: REMARKS:
NO GROUNDWATER NOTED AT
TIME OF EXCAVATION
5 FT WHILE EXCAVATING
FT ____ HRS AFTER EXCAVATING
FIGURE 1-1




[ TRL )

s @ WSl o

S‘% TEST PIT LOG

prOJECT WINGHAVEN BOX CULVERTS TEST PIT NO. TH-2
rocaTioN O’Fallon. Missouri SHEET 1 oF 1
£xCAvaTOR SCI PROJECT NO. 980495.11
. SURFACE ELEVATION 516+/- gquipMeNT Hand auger DATE EXCAVATED 6-25-98
FIELD SAMPLE / TEST [ LABORATORY TEST RESULTS
-~ w E é g iy — ~
Elslt|B, |2 5.5 g% , |8281512| &
BT R g DESCRIPTION £5S |25cixEniEns| 2 | o
ElE|g| of | o 20; |3|og|R2g|EEE| 2| 2| E
& | =12 & < < L8| 87825 2 | 2| 8
%] ¥ (= w o SoE| & e
v wn
0 4 inches TOPSOIL 0
Brown with gray, low plastic CL
11 IBs SILTY CLAY with some gray, silt 3 -
4 and trace of organics L
] Brown and gray, low plastic ML I
257 5 Tgs 1 sv_|2.8/ | CLAYEY SILT with trace of fine 25 —2.5
- ) sand and organics L
] 3 |BS \1_4___ g 21
Gray with brown, low plastic CL
14 IBS SILTY CLAY with trace of fine 24 I
- gravel L
5 — )

Hand auger terminated at 6.0 ft.

10 —- -— 10
12.5 —:- j:-12.5
15 —:- 2-15
lW?ﬂ'E—;- LEVEL: REMARKS: : -
. NO GROUNDWATER NOTED AT

TIME OF EXCAVATION
4 FT WHILE EXCAVATING

FT HRS AFTER EXCAVATING

|

FIGURE 1-2
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PrROJECT WINGHAVEN BOX CULVERTS TEST PIT NO. TH-3
rocation O’Fallon. Missouri SHEET 1 of 1
gxcavaTor SCI PROJECT NO. 980495.11
SURFACE ELEVATION 494 + /- gouiPMENT Hand auger DATE EXCAVATED 6-25-98
FIELD SAMPLE / TEST | LABORATORY TEST RESULTS
T z =} —
-~ w 5 e Zl ~ wis = -
o z 2 % [ge¥| . (828|532 &
~ & - W W gZe x ~ Za 5 = ~
x g | . r;r; gh DESCRIPTION =5c :’: EE 255 E‘QE 2o x
82|82 | < 578 |ElgeaciBiz| 3 12 | &
= 2 = ; 3 I%J = 5 Z SE 9_-, E o
w wn
0 | Brown, low plastic SILTY CLAY CL 0
11 IBS Grayish brown, fine SANDY SC 21 I
i SILTY CLAY with some fine i
- L. gravel ML L
0.5 2 |BS Grayish brown, low plastic 19 a5
| CLAYEY SILT with fine sand ’
57 - ML 5
3 |BS Brown and gray, low plastic 35
7 CLAYEY SILT with some fine +
. sand 1o fine gravel L
; 14 [Bs Gray, low plastic CLAYEY SILT ML 29 I
5 M\with trace of fine gravel —7.5
7 Hand auger terminated at 7.5 ft. -
10 10
12.5 — —12.5
159 15
1.5 -
WATER LEVEL: 1.5

TIME OF EXCAVATION
4 FT WHILE EXCAVATING

NO GROUNDWATER NOTED AT

FT HRS AFTER EXCAVATING

REMARKS:

FIGURE 1-3
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COHESIVE SOIL CAP

o 2
o 5 Ooow <
e
S
SOIL GRANULAR o< | - | — BELOW—GRADE WALL

NON—WOVEN
GEOTEXTILE (3

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

NOTES:
7. MINIMUM 6" FILTER MATERIAL AROUND PIPE.

2. 1" CLEAN CRUSHED UMESTONE.

3. TYPICALLY FOUR-OUNCE PER SQUARE YARD

s CI 333 MID RIVERS MALL DRIVE

ST. PETERS, MISSOUR! 63376

WINGHAVEN BOX CULVERT
O'FALLON, MISSOURI

. BELOW—GRADE WALL DRAIN DETAIL
JUNE 1998 SCl NO. 980485.11
FIGURE 2
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" provsecT WINGHAVEN PROJECT SITE BORING NO. B-2
LocaTion O’Fallon, Missouri SHEET 1 OF 1
~ priLLer Midwest Drilling, Inc. PROJECT NO. 97-384-411
‘URFACE ELEVATION 5954/ - DRILLNG METHOD 4" CFA DATE DRILLED 6-11-97
SAMPLE S LABORATORY TEST RESULTS
4
- e = ~ ‘-‘-'E - =4 :
SE|w E? o= DESCRIPTION Q"Jg é §§ e éé‘x/ % 3 =
= Lo =l| &
R L 3 |wi%8| “ 18k 502 ¢
w
0 6 inches TOPSOIL 0
A : Brown and gray, medium plastic CL/CH i
2 SILTY CLAY
,| 1SS 3 26 )
3
4 Brown with some gray, low CL i
plastic SILTY CLAY
2
4 — —4
2 1SS 2 28
- 3 -
6 - ' CL/CH —6
2 Brown with some gray, medium
13 |SS 2 plastic SILTY CLAY 25 i
3
8 = " T CH —8
Brown with some gray, high
p> | 3 plastic CLAY i
‘ 4 |SS 5 29
10 — 7 10
12 — ~12
Tan, WEATHERED SILTSTONE
14— S |SS 50/3 10 oy
16 — - 16
Gray with some brown,
16 |AS SILTSTONE !
18 - Auger refusal at 17.5 ft. _1s
20 — 20
‘ WATER LEVEL REMARKS:
X NO GROUND WATER NOTED AT
TIME OF DRILLING
____ FT WHILE DRILUNG
e FT _____ HRS AFTER DRILUNG
FT HRS AFTER DRILLING FIGURE 2-2
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prOJECT WINGHAVEN PROJECT SITE BORING NO. B-3
rocaTion O’Fallon, Missouri SHEET 1 oF 2
prILLER Midwest Drilling, Inc. PROJECT NO. 07-384-411
SURFACE ELEVATION 602+/- pRILUNG METHOD 4" CFA DATE DRILLED 6-11-97
SAMPLE | LABORATORY TEST RESULTS
- é g —~ m": — ~
£l gz o2 ESCRIPTION 8.5 % %s c 1828122 &
Wl w | wZ DES S5 el-EC| T | =
ElE B8 & 2% |22gBERigE | 2 | 2| £
5 )= & g 3 |w=8| °|zdE|S|2| °
[’2]
0 N\l inch TOPSOIL 1 0
_ Brown with some gray, medium CL/CH I
3 plastic SILTY CLAY
1 |SS 3 26
2 - 4 -2
| Brown with some gray, low CL i
4 2 plastic SILTY CLAY .
2SS 3 25
- 3 -
6 — L
5 6
13 8S 3 22 i
4 -
8] - - CH ~8
Brown with some gray, high
| 3 plastic CLAY I
4 1SS 3 33
10 > —10
12 — —12
Tan, high plastic SHALEY CLAY CH I
3
14 | L
5 |ss 6 30 14
_ 15 | Brown, WEATHERED SHALE i
16 — — 16
18 — 18
J 27
6 |SS 50/3 10
20 — 20
i Continued on sheet 2 of 2
WATER LEVEL: REMARKS:
X___ NO GROUND WATER NOTED AT 1) Driller's observation
TIME OF DRILLING
FT WHILE DRILLING
21 HRS AFTER DRILLING
FT HRS AFTER DRILLING FIGURE 2-3a
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proJecT WINGHAVEN PROJECT SITE BORING NO. B-2
tocation O’Fallon, Missouri SHEET 1 oF 1
priLter Midwest Drilling, Inc. PROJECT NO. 07-384-411
URFACE ELEVATION 595+/- DRILLING METHOD 4" CFA DATE DRILLED 6-11-97
SAMPLE | LABORATORY TEST RESULTS
Ele|.|Es| ¢ 5.z %8 . (822152 &
= |Elg| 8] & sEE BlerEsElr o e
o S|+~ | OZ s 5 v |=lge|fL&i8e2| 5| & o
& | = el B S |wl|2E] 2228 T | < 2
& © |ui”3 58=| 3 | &
[72]
0 6 inches TOPSOIL 0
. Brown and gray, medium plastic CL/CH i
2 SILTY CLA
o 1SS 3 26 L,
3
4 Brown with some gray, low CL I
plastic SILTY CLAY
2
4~ -
2 |ss 2 28 !
- 3 -
6 - - : 6
2 Brown with some gray, medium CL/CH
13 1SS 2 plastic SILTY CLAY 25 i
3
8 — " n CH —8
Brown with some gray, high
i 3 plastic CLAY i
4 |SS 5 29
10 — ! —10
12 ~ —12
Tan, WEATHERED SILTSTONE
14— 3 [SS 50/3 10 L4
16 — - -16
Gray with some brown,
16 |AS SILTSTONE
18 — Auger refusal at 17.5 ft. 8
20 — 20
WATER LEVEL: REMARKS:
__X___ NO GROUND WATER NOTED AT
TIME OF DRILLING
_____ FT WHILE DRILUNG
—___ FT___ HRS AFTER DRILLING
—_— FT HRS AFTER DRILLING FIGURE 2-2
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proJECT WINGHAVEN PROJECT SITE BORING NO. B-3
rocation O’Fallon, Missouri SHEET 1 OF 2
. priler Midwest Drilling, Inc. PROJECT NO. 97-384-411
.SURFACE ELEVATION 602+/ - DRILLING WMETHOD 4" CFA DATE DRILLED 6-11-97
SAMPLE 1 LABORATORY TEST RESULTS
- z (% o -
- ~ = 9 wi | - | E —
Elg Bz | ¢ DESCRIPTION 823 |2 EE\/ = Qéi‘/ 13| =
w w wZ Lo ot =y e -
& 1= 2| "k < lolSz| 2|gE| 2|2 &
~— © g bt 385 = e
v
0 N\l inch TOPSOIL 1 0
] Brown with some gray, medium CL/CH i
3 plastic SILTY CLAY
1 |SS 3 26
2 4 -2
] Brown with some gray, low CL I
. 2 plastic SILTY CLAY .
2 |SS 3 25
- 3 L
6 — -
2 6
13 |SS 3 22 I
4 -~
8 T - CH . —8
Brown with some gray, high
. | 3 plastic CLAY i
4 1SS 3 33
5
10 - 10
12 —12
Tan, high plastic SHALEY CLAY CH I
3
14 L
5 |sS 6 30 14
i 15| Brown, WEATHERED SHALE I
16 — 16
18 | | 18
27
- 6 L
SS 50/3 10
20 : 20
. | Continued on sheet 2 of 2
‘ WATER LEVEL: REMARKS:
' X___ NO GROUND WATER NOTED AT 1) Driller’s observation
TIME OF DRILLING
FT WHILE DRILLING
. FT ____ HRS AFTER DRILLING
T HRS AFTER DRILLING FIGURE 2-3a
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prROJECT WINGHAVEN PROJECT SITE BORING NO. B-3
LocaTion Q’Fallon, Missouri SHEET 2 oF 2
priLLER Midwest Drilling, Inc. PROJECT NO. 07-384-411
RFACE ELEVATION 602+/- DRILLING MeTHOD 4" CFA DATE DRILLED 6-11-97
SAMPLE o LABORATORY TEST RESULTS
0 ré- Zl o D“"E = e =
E |l Ea | o2 8.5 (ElgS - |eREl 2| 2| =
- Bl w !l ¥z E DESCRIPTION CoE [F|PelxEREL - <
- = = o (= zZVR o] ;Z 120 ZEE o © -
a 35 = oZ ) S5 6 (e|@2¢iegeioge| 5 = o
w 4 e © 5 5 o DV OxZ ped %] w
e & [ W=ES zguw| € < o
& © |l O SoEl 2 =
"
Brown, WEATHERED SHALE
22 7 ™22
- 7 |SS 50/3 12 o4
Drilling terminated at 25.0 ft.
26 — 26
28 — 28
30 — 30
32 — 32
34 5 —34
36 — 36
38 — —38
40 — 40
WATER LEVEL: REMARKS:
X NO GROUND WATER NOTED AT
TIME OF DRILLING
FT WHILE DRILLING
FT ____ HRS AFTER DRILLING
a1 HRS AFT
ER DRILLING FIGURE 2-3b
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proJECT WINGHA VEN PRQJECT SITE BORING NO. B-14
LocaTion O’Fallon, Missouri SHEET 1 oF 1
- priLER Midwest Drilling, Inc. PROJECT NO. 97-384-411
.SURFACE ELEVATION 494+/- DRILLING METHOD 4" CFA DATE DRILLED 6-9-97
[i SAMPLE S LABORATORY TEST RESULTS
z
—~ o |=Z ™ ~
: — = o on = :
Ele Eo | oF o 5.5 | 82|22 &
("] “Oow =y N en '
P B¢ |22 Ze DESCRIPTIO o |3 2 |ze5l 50z | 2 | o =
S | 2|7 | S& | BF 5 ¢ =leE|TEBMSEE| 3| 2| B
) ~ wl= =z 4 =
= e o |wi™8 3ge| S 3
(%)
0 5 inches TOPSOIL 1 0
J Gray and brown, low plastic CL i
3 SILTY CLAY
2
- 1 |SS 23 ,
2
4 — 4
2 | SS 2 22
6 — —6
0
13 |SS 1 28 L
8 — 8
' ] 0 L
4 |SS 1 31
10 — — - —10
Drilling terminated at 10.0 ft.
12 — —12
14 — —14
16 — —16
18 — 18
20 - —20
7] -
‘ WATER LEVEL: REMARKS:
cir s .
NO GROUND WATER NOTED AT 1) Driller’s observation
TIME OF DRILLING
5.5 _ FT WHILE DRILLING
T HRS AFTER DRILLING
T HRS AFTER DRILLING FIGURE 2-14
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ch BORING LOG

proJEcT WINGHAVEN PROJECT SITE BORING NO. B-21
LocaTioN O’Fallon, Missouri SHEET 1 oF 1
oriLer Midwest Drilling, Inc. PROJECT NO. 97-384-411
URFACE ELEVATION 5244/ - DRILLING mETHOD 4" CFA DATE DRILLED 6-10-97
SAMPLE s LABORATORY TEST RESULTS
,: - § = ey ou’g = e ’:
S e ;; o= ESCRIPTION 225 é gi\, = §§5 |3 =
- Wlw !l YZ EIN D Lol Pel-Z &8 -
1= z 4 g é EJ: z§ o gég = é B
w
0 ~3 inches TOPSOIL 1 0
_ Brown and gray, low plastic ML/CL i
3 CLAYEY SILT to SILTY CLAY
2
,| 1SS 25 .
3
4 — L
2 |ss 2 22 )
A Brown and gray, low plastic CL !
SILTY CLAY with some rock
N\fragments
6 15 ROCK FRAGMENTS with some GC —6
3 {SS 18 blrown and gray, low plastic silty 21
K clay L
] 8 — . —8
_ ‘ 14 [ss 50/1 | ROCK and ROCK FRAGMENTS 2 i
10 = - 10
Drilling terminated at 10.0 ft.
12 — 12
14 — - 14
16 — —16
18 — 18
20 — 20

Beed Bugll EDw beews NN WERN

|

" WATER LEVEL:

NO GROUND WATER NOTED AT
TIME OF DRILLING
_ 6 FT WHILE DRILLING

FT _____ HRS AFTER DRILLING
FT _____ HRS AFTER DRILLING

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

FIGURE 2-21
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sCi o GEOTECHNICAL » ENVIRONMENTAL « WETLANDS »
’ June 28, 1843

MATERIAL TESTING

Mr Dawvid Regers

Fred Weber. inc.

% Mr. Ronaisi C. Pagan, P.E.
Kuhimann D=sign Group, Inc.

66 Progiess Parkway

Maryland Heights, MO B63043-3706

RE: Winghaven Box Culverts
O’'Falion, Missouri
SCl v+ 880485.11

Dear Mr Pacan.

At the request of Mr. David Rogers with Fred Weber, Inc., this letter provides geotechnical
design reconmendations, for five box culverts planned for the Winghaven development
roadways F.an and Profile sheets prepared by Picket, Ray & Silver, Inc. (PRS), revised March
25 or 27. 1438, 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
£2+50. In trs jetter the box culverts 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 czvelopment. The remaining will be multiple cell box culverts for existing creeks in
lowland arews lo 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 uf Subsurface Conditions and Foundation Recommendations - WINGHAVEN
PROJECT ©ITE COMMERCIAL, RESIDENTIAL, AND GOLF COURSE COMMUNITY -
O'FALLON, MISSOURI," dated July 1997 (Revised January 1888). In that exploration we
drited B2 an~ B3 in the uplands near the golf cart underpasses, B21 in the lowland area near
cutvert C, anc 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 ro-k 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
Et 574 Some or all 'of this rock may be removed in open-cut excavations with bull dozers

equipped with nppers. However, intact ledges of hard rock, boulders, or sound bedrock may be
encounterec that could require blasting.

SCl explorec the subsurface conditions near culverts C, D and E on June 25, 1998 using hand
auger methois. The hand auger borings, TH1, TH2, and TH3, were located near culverts C, D
and E. respestively, 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, 6, and
7% f_eet in TH1, TH2, and TH3, respectively. The soils generally encountered were soft to
medium stifl. low plastic silty clays and clayey silts. TH1 terminated in a mixture of silty clay,
gravel‘ and «and at a depth of 5 feet, which is about 3 feet above the anticipated bearing
elevation of culvert C, TH2 and TH3 terminated at depths of 6 and 7% feet, respectively, due to
Q caving condiions in the holes. We estimate the termination elevations were near the bearing

323 1.%d Rivers Mall Drive * S1. Peters, MO 63376 ¢ (314) 397-6600 ¢ FAX (314) 397-2600

Fairview Heights, IL * St. Clair, MO * Arnold, MO



clevations of culverts D and E. Groundwater was encountered in the hand auger borings at
depths of 4 ur 5 feet. The nature and thickness of the soils encountered and the results of the
field sampling and testing are shown on the Borings Logs, Figures 1-1 through 1-3.

The vaned canditions at the culvert locations require different allowable bearing capacities for
the locations An allowable bearing capacity of 10,000 pounds per square foot (psf) may be
used to des'gn 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 aliowable bearing
capacity of =.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 culvert 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 a larger area to bear on the soft soils. The
depth of removal will vary depending on the allowable 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 result in
settiement as consolidation of the soft, underlying soils occurs. A delay in construction is
anlicipated ‘o allow some or most of that settlement to occur prior to construction. We
anticipate thes delay to be about 30 to 120 days. This delay will likely not apply to culvert C
since we ant.cipate it will bear on sand and gravel near bedrock elevations. Culverts D and E
should not e constructed until most of the settlement 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 till in the lowland areas should be monitored with settiement plates to assess when
most of the s=ttlement 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 uccommodate surface grade changes.

The equivalent fluid unit weights tabulated below provide recommended lateral earth pressures
for design of these walls. Values for granular material shouid only be used if the granular
backiill exter:ds 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 load
of one-half of the surface loads.
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St adutl
- ‘Backill.Type H ; r’é. ::;!ﬁ_»&isi_r & § #ﬁm 5
Coheslve Soil ) 80 50
Granular Materisl 45 J 40

4 fixegd-headed wall I1s 2 wall which is not permitied to defiect at the top after backfilling.
. freg-headed wall ts designed to deflect at the top and remain fixed at the base, such
23 a retaining wall. A wing-wall attached to 8 fixed-headed wall should be considered

* xed-headed unless the structural design permits Independent rotation.

The maximum toe pressures for wing-walls shouid not exceed the bearing capacities
recommended in this letter. Walls bearing in soil can be designed with a coefficient of friction
hetween the nase of a concrete footing and the subgrade soil of 0.3. A passive soil resistance
equal 1o & 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 should consist
of a periorated 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,

/i ~ A mimimum 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

SCI

T U WL T -

Fred H. Held HI
Project Engireer

1' -”'.7 /
\\ \ AP

N >, P.E.
<, HH/GGT /tar

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

°
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BORING LOG
LEGEND AND NOMENCLATURE

Iterns shown ' Boring Logs refer 10 the foliowing:

(Wnere show™ 1n parenthesis, sampling and testing were performed in general accordance with applicable
ASM stenZa I methods or practices.)

-
[}

z
F4

J 5N

[43]

Depth - Depth below ground surface (feet).

Samplc - Types designated by letters.

SS - 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, obtalned by penetration of a 3-inch diameter

tube (ASTM D 1587).

CS - Continuous sample tube system, undisturbed, obtained by spiit barrel sampler in
conjunction with auger advancement.

SV - Shear vane, field test to determine strength of cohesive soil by pushing or driving a

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 ingdicate biows 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 a 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 (remolded state).

Description - Description according to the Unified Soil Classification: Description indicates soil
constt. 2nts and other classification characteristics (ASTM D 2488). A solid line indicates
approx: mate location of stratigraphic change between soil types and the transition may be gradual.

Laborztory Test ﬁesults
- Natur.. moisture content in percent (ASTM D 2216).
Dry density of sample tested in pounds per cublc foot (pcf).
- Unconfined compressive strength (ASTM D 2166) in kips per square foot (ksf).
- Liquid timit (ASTM D 4318) in percent.
- Plastu limit (ASTM D 4318) in percent.

Remarxs/Other Data - See notation at bottom of log 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 iength of core drilied (expressed as percentage).

—_—— - Figure 1




TEST PIT LOG _—--—————————

JGHA\ EN BOX CULVERTS TEST PIT NO. TH-1
Fallep “hissouri SHEET 1 OF 1
;L, PROJECT NO. 980495.11
vaT IS 524+/- touiPMENT Hand zuger DATE EXCAVATED 6-25-98
£LD SAw LE / TEST | _LABORATORY TEST RESULTS
; - =z ©
‘ g S |T| ~ o -~
Flod | g 2 % 1zls® . [8BE|E|E| &
= €T DESCRIPTION E22 |21Bclxbnls=z| 2 | 5] =
PR | 2% 2"y (eleg|BzEigEe| 2 | S | &
s |3 o3zl 8%gg2| 3 | 3| B
r - w O {4l o Sog | < =
x* » ]
Grayish brown, low plastic SILTY CL 0
CLAY with trace of fine roots T
BS ! 29 i
oo _ oL |
‘, ! Brown, low plastic SILTY CLAY 5 s
BS i with trace of fine gravel 19 I .
i ' o
BS ! Brown, low plestic SILTY CLAY CL.GC 19
i’_““ and coarse SAND to fine GRAVEL -
=5
Hand auger refusal at 5.0 fi.

|

- | |
|
I

LVEL. .

REMARKS:
NO, UNCWATER NOTED AT
T £) CAVATION
a ILE L ¢cCAVATING

F1 ___ =<S AFTER EXCAVATING

FIGURE 1-1
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S‘g TEST PIT LOG B=—=————=————=———

P ;tC1 WINGHAN EN BOX CULVERTS TEST PIT NO. TH-2
e enion Q'Fallow Missouri SHEET 1 oF 1
. ts.eveior SCI PROJECT NO. 980495.11
‘. ATE TLIVATION 5164 /- touiPMENT Hand auger DATE EXCAVATED 6-25-08

FIELD SAw ¥LE / TEST

LABORATORY TEST RESULTS

i .
. | [ x z |© oy
- o ! = S |F| A ™ - -~

o v E 2 - s T oix|ul eslis | 5| &
\, T - ! T Eg DESCRIPTION E'éE EE»— e A = e
b 2 w i zog |B|REIELS | ZER | o Q =
P = Fy = e:i" S v & 5:‘ o5& Qaee| 3 = I
R SR N 3 lofsETEM|EEE 2 | g B
IR s N Rl E
Lt =
b 5 ‘ 4 inches TOPSOIL 0
| ) : Brown with gray, low plastic CL
! - ‘E;i SILTY CLAY with some gray, silt 3 -
i - —1 and trace of organics 2 L
| . ! - i
‘ | ; : Brown and gray, low plastic ML _
= . Tt <V (27| CLAYEY SILT with trace of fie 25 ~ 23
: U sand znd organics ~
i 3 'BS [ g 21
| L Gray with brown, low plastic cL
; © 4 BS SILTY CLAY with trace of fine 24 -
I gravel i
j ! i . s

Hand suger termunated at 6.0 fi.

."
1
"
! J
T T T
~X
w

[ SV i

I -

10
} ‘ |
- *-Jl —12.5
4 : L
Lo
4 | ! X
1 ; I
i . I
S ' ’. —15
{ . I
wiTER IVID 17.5

REMARKS:

f « we~—o.. NO GROUNDWATER NOTED AT
TIME OF €Y CAVATION

- .‘L FT whiLE | (CAVATING
— . F1 __ S ATTER EXCAVATING

— o FIGURE 1-2
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4\ EN BOX CULVERTS TEST PIT NO. TH-3
2. Missourj SHEET 1 OF 1
_ PROJECT NO. 58048511
: t494+/- EOUIPMENT Hand supger DATE EXCAVATED 6-25-98
JamPLE / TEST .|_LABORATORY TEST RESULTS
! g § g ey DUE; — = =
i B 823 |E|e> - (588 F |3 &
- cu DESCRIPTION £oL |3B¢ ;a'g Lo o <
1z Vx %"’g o g; &=a §EG g = E
5 - ~ z
; s 3 21*8 ° %§§ 3 3 °
n I
Brown, low plastic SILTY CLAY CL 0
Grayish brown, fine SANDY sC 21 [
SILTY CLAY with some fine i
mgrevel ML -
Grayish brown, low plastic 19 2.5
CLAYEY SILT with fine sand
" =3
! Brown and gray, low plastic ML 35
| CLAYEY SILT with some fine r
sand Lo fine gravel L
: Gray, low plastic CLAYEY SILT ML 25 I
. \with trace of fine gravel =75
I Hand auger terminated at 7.5 fi. i
! -
10
—12.5
—15
=17.5

REMARKS:

NI R NOTED AT
0y ION
H VATING

KRS AFTER EXCAVATING

FIGURE
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— T et U 7

COHESIVE SOIL CAP

1 o ; | — BELOW—GRADE WALL

N N—WOVEN
G: OTEXTILE (3)

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

NQOTES:

1.

MINIMUM 6% FILTER MATERIAL AROUND PIPE.
1" CLL AN CRUSHED UMESTONE.

TYPICALLY FOUR—OUNCE PER SQUARE YARD

SC

3X3 MID RIVERS MALL DRIVE
ST. PETERS. MISSOUR!

WINGHAVEN BOX CULVERT
O'FALLON, MISSOURI

BELOW-GRADE WALL DRAIN DETAWL

JUNE 1998

SC! NO. 98049511 |
FIGURE 2
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proJET WINGHA VLN PROJECT SITE BORING NO. B-2
~_ocaron O'Fallon, Missouri SHEET 1 OF 1
rk Midwest Dreifing, Tng, PROJECT NO. 97-384-411
SURiaf{ [LDVATION _ 5954/ - DRILUNG METHOD 4 CFA DATE DRILLED 6-11-97
[— T SAWF.C | LABORATORY TEST RESULTS
o : § 2 sub| o | & =
s ‘ 5|, & pE DESCRIPTION E"Sé ] ‘gb:»gt ‘é%ﬁ 2131 %
ERLIE A+ zo; BlBE|EERIEfE| e | 2| £
131707 =g 2 |Z|gE|°z>{5s8| 2 g | &
£ \ l - 1= 2 ﬁ 28 58\.5_% 4 é
4 l_ _ v
o 6 inches TOPSOIL 0
' : Brown and gray, medium plastic CL/CH I
\ | 2 SILTY CLAY
, i1 'SS 3 26
fod .S 3 -2
! ’ '( | Brown with some gray, low CL i
| plastic SILTY CLAY
i ' 2 -
x 7 a Iss l‘l 2 28 4
| | 3 _
S e - CL/CH -6
{ 2 Brown with some gray, medinm
| 1 0SS . > | plastic SILTY CLAY 25
1 - C 3 -
e ’ - ' CH -8
| ' Brown with some gray, bigh
. i 3 plasiic CLAY . !
| : | 7
A - 10
* ‘
| i L
| ;
S —12
\ i : Tan, WEATHERED SILTSTONE
{
\ 3e —l‘ - 16
! Gray with some brows,
: { ¢ |AS SILTSTONE I
S
= Auger refusal at 17.5 ft. |6
] 1
' !
= ' - 20
i i

. WATTR LEVEL: REMARKS:
“ —.-A__ NO GROUN{' WATER NOTED AT

TIME OF DRILLING
e o FT WHILL DHILUING

I : | HY, AFTER DRILLING

T <
L"‘ = _WPS AFTER DRILUNG FIGURE 2-2
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proorcT WINGHAVEN PROJECT SITE BORING NO. B-3
Locsvion O'Fallon, hiissouri SHEET 1 oF 2
. DRI_LR Mid“vcs{_py g”ing Ige. PROJECT NO. 97-384-411
SUk. 4CL ELEVATION 602+/- DRILUNG METHOD 4" CFA DATE DRILLED 6-11-97
I—’ 3 .Au‘_[ S LABORATORY TEST RESULTS j
v . z
N ! e z — u": = -
‘ E ‘ = ]' ixl o2 DESCRIPTION ggg égb E~ Qég % Z| &
' - ) - [ =3 le—u 't e
|a,a° £ 87| 8° =°% |2\BS|EERIZEE o | 2| &
I - N o= = . 8> 0%F P
e S |H%B| T |%BE| 3|3 ¢
T | 1 inch TOPSOIL 1 0
R Brown with some gray, medinm CL/CH i
! i, 3 plastic SILTY CLAY
| 11 [ss! 3 26 -
R 4
| _
! Brown with some gray, low cL
l 2 plastic SILTY CLAY »
; 2 1SS | 3 25
I i ) 3
o |
o 2 ¢
| PSS 3 22 i
, o 4
I -' _
t -— . - N Y
! i —— Brown with some gray, bigh CH
‘ | o 3 plastic CLAY _
1SS b3 33
R =
l
-
oo = ; i e
| P 12
i l t
f .-; 1 3
‘ __1' Tzan, bigh plastic SHALEY CLAY CH
- . 3 14
5|8 | 6 30
* I 15 | Brown, WEATHERED SHALE §
lo = [ —16
7 | 18
Ja leci 27 i
55 50/3 10
! o 25
R Continued on sheet 2 of 2
vEC

NO GROUNI' WATER NOTED AT

TIME OF DFILLING

FT WHILE UKILLING

(a1

_ HHS AFTLR DRILLING
_TT ___ wiS AFTER DRILUING

REMARKS: .
1) Driller’s observation

FIGURE 2-3a
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SC%_____‘___._ BORING LOG #

proJicT WINGHAVIN PROJECT SITE BORING NO, B-3
— scanion O'Fallon, Missouri SHEET 2 of 2
it v Midwest Dii'hing, Inc. PROJECT NO. 07-384-411
SURFeZE ELEVATION 602+/- DRILLUNG WETHOD 4" CEA DATE DRILLED 6-11-97
o [N T LABORATORY YEST RESULTS
LT z |8 — -
el e | .2 e HHE
: £ = fo tS52 |= e 0 =] et
r £ ‘ Y ;j 2o DESCRIPTION £22 |3l2: §£§ E2=| 2| 2| =
© 12 1= 8| B8 > 2 |ZI8E ge8eel 53 | B | &
e ! = ll & < 2 é 28 ggg =4 2 =]
- L Brown, WEATHERED SHALE
.= | =22
| ! | I
! '
i v 7 LSS 5073 12 -y
—
B _
1 Drilling terminated at 25.0 ft.
o ‘ I =26
b ‘
oo . “ 28
- ! l
” ! i - L
| : ! |
‘ v ’ 2
I -
1
‘l b [—32
P !
i i
4a 4 L34
|
| v 36
| . I
i i
Cog 38
|
: ] r
‘ 4 ‘| |40
| ,
T !
[} l i
-~ " ! i
J

—M___ ND GROUND WATCR NOTED AT

TiIME OF DRILUNG
— . FT WHILE DHILNG

—_ HR!. AFTER DRILLING

R Hie,
= — AFTER DRILLING FIGURE 2-3b

e [—42
| WAIR o
‘ Ve REMARKS:
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BORING LOG ==———————=—

prosi o) WINGHAN EN PROJECT SITE BORING NO. B-14
Loeiion ()’ Fallon, Missouri SHEET 1 oF 1
‘Ru_-:n Midwest D: ling, Inc. PROJECT NO. - 07.384-411
SURT 0T TLEVATION 4944/ - DRILUNG WETHOD 4" CFA DATE DRILLED 6-9-97
l‘ 1 T Ak | LABORATORY TEST RESULTS
T z |S
e | ' = 2 :zc »* °§'g e | E =
el Ex | ¢ 2.3 B 8% 2|2 &
. e | RE E DESCRIPTION ot |225|=ne| 20| 2 -
| £ (217 tEg) 2 Pp |DioE|ZzE|3Es| 2 | 2| €
< I O T B g SZ| 8-lekz| B3 | © b
- l I , = & a E’ 18 gsg =4 é o
| . 1
— -t -
P \ 5 inches TOPSOIL 1 0
l N P Gray and brown, low plastic CL I
. SILTY CLAY
vy i | <
BRI | 2 23 -
¢ ! !
—— —d
| {
f J‘ -
[ 1 1
R 4,
| 2SS | 2 22
: J ‘ 4
i ‘ i
: i
1 -
I l SS 1 28 i
[ 2
i - b
R -
- ’
. ! -
i i | !
;4 lss 1 31
o _, — " 10
| r Drilling terminated at 10.0 fL.
‘ .
; P L
x i
.
SR ‘ ~12
. :
{
' |
‘ . 14
' l
- I L
e 16
! |
a
- , §
e - 18
| !
_‘l |
| L
| i
:u-a; 20
L1
ATER LIVEL MARKS:
. NO GROUN: WATER NOTED AT 1) Driller’s observation
. TIME OF DRILLING
2 F1OWHILF DRILLING
—.. F1 __ Hr'S AFTER DRILUNG
| ———- 7 __ WvS AFTER DRILUNG

FIGURE 2-14
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BORING LOG

rrostcs WINGHANVLEN PROJECT SITE BORING NO. B-21
— rocemion O'Fallon, Missouri SHEET 1 or 1
.nm.;;r Midwest Dr:lling, Inc. PROJECT NO. 97-384-411
SURT 2T CITVATION _ 524+/- DRILUNG METHOD 4" CFA DATE DRILLED 6-10-97
- 1 SAM! L | LABORATORY TEST RESULTS
- T l g g ] o c | =
—~ = v [
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Preliminary Exploration of Subsurface Conditions
and
Foundation Recommendations

WINGHAVEN PROJECT SITE
COMMERCIAL, RESIDENTIAL, AND GOLF COURSE COMMUNITY
O’FALLON, MISSOURI

INTRODUCTION

a{ the reques of Mr. Paul McKee with McEagle Corporation, on behalf of Mr. Lioyd 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
generally cne actenze and evaluate the subsurface conditions to provide general
recommendat.ons for foundations and to address other geotechnical aspects of the proposed

project Qur .ervices were provided in general accordance with our proposal dated May 20,
1687

‘ PROJECT AND SITE CHARACTERISTICS

The Winghat en project site is about 1100 acres and is the combination of several large
oroperties in ‘D'Fallon, Missouri. The site extends from Highway N on the north to Dardenne
Creek on the south, and lays north and east of U.S. Highway 40/61. The eastern boundary is
soriprsed purtly by Bates Road and partly by the boundary line between the City’s of O'Fallon
and Daroenr 2 Praiie. The property has frontage on Post Road near the northwestern cormner
and has extesive frontage along Highway 40/61, Highway N, and Bates Road. The property

and surrounaing road pattemn is shown on the Vicinity Map, Figure 1.

in general (e property slopes from north to south with drainage being tributary to Dardenne
Creek. along the southemmost boundary fine. 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 fioodplain. Approximately 120 acres of the property lies in the floodplain of
Dardenne Creek. Total elevation difference across the project site is approximately 140 feet
with the higt at El 620 and the low at El. 480

¢

e Page 1 of 10
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wmuch of the property site has remained undeveloped and appears to have been used mostly
for agricultural purposes. However, the Monsante Company owned a majority of the property
and constructed an animal research facility near the center of the tract. A laboratory building
and numeroas buildings housing pouitry and livestock were constructed for this facility.
Roadways o1d parking areas were constructed to serve the Monsanto facilities. In the
southern oc uon of the property along Dardenne Creek, a wildlife theme park was once
proposed and some preliminary grading and development was undertaken to create the park.
This mvolved a manmade lake near the southeast comer of the property, and some grading

was perormed in that general area.

A concept pian which you provided indicates the tract will be developed for both residential
and busines usage in the higher portions of the property. This will entail single-family and
mult-family residential areas and several business park areas, offering a wide variety of Iot
o~ for mdu strial and commercial development. A golf course is proposed in the floodplain
ar=a near tr.& south property line and in the major draw. Much of the residential development
wil surruur. the golf course to the north. Most of the commercial development will be near
tughway 40 31 A major roadway is planned through the central and northern portions of the
propeny who ch will connect Highway 40/61 with Highway N and will eventually extend

n thward 1+ connect with the Page Avenue extension (Highway D). This development
schame 1s & concept plan at this ime, and numerous changes will likely be made in further

pianning for the phased development of both the residential and business portions of the
propery

We unaersiand the property has been used for agricultural purposes and that your intention is

1o continue ‘arming the property as the development is phased over several years.

FIELD EXPLORATION

Tne field exploration for the residential and commercial developments consisted of drilling
forty-seven borings at the approximate locations shown on the Site Plan. Three proposed
borings (B: 5, B120, and B121) were inaccessible, and thersfore, not drilled. B1 through B15
were dnliec. for proposed commercial roadways. B16 through B29, excluding B25, were drilled
in propose(:' commercial development areas. B101 through B119 were drilled in areas of

proposed r=sidential or golf course development.

Page 2 of 10
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+he boring lorations were established in the field by SCI engineer relative to existing roads,
'mprovements., and topographic features. Approximate boring elevations were determined from

Topographic Maps derived from aerial surveys prepared by Walker and Associates, Inc., dated
tMarch 21. 1846,

he borings v ere drilled on June 7 through 14, 1997, Continuous-flight augers powered by a
“ME-550 dri -ig were used to advance the borings to predetermined depths of 10 to 30 feet or
o auger refusal at depths ranging from B% to 44 feet. Standard penetration tests were
performed at ?%- and 5-foot intervals throughout the soil overburden. The standard penetration
test provides .2 guide to soil strength and a disturbed sample for laboratory testing. The nature
and thicknes:. of the soils encountered and the results of the field sampling and testing are
shown on the Borings Logs, Figures 2-1 through 2-29 (commercial development and roads) and

Figures 3-1 tr rough 3-19 (residential and golf course development). Table 1 summarizes some
of the drilhing ~formation.

LABORATORY TESTING
'he semples obtaned were described and classified in our laboratory by a soil technician using

manual-visusi methods. Moisture contents were determined for each of the samples. The

results of the'.e laboratory tests are shown on the Boring Logs.

SQIL PROFILE

Presented herein is the general description of the soils encountered. Detailed information

regarding thu soil type and interpretive soil stratigraphy is presented on the Boring Logs. A

Boiing Log L2gend 1s included as Figure 2 1o aid in the interpretation of the Boring Logs.

Two and thre2 feet of fill was encountered in B8 and B18, respectively. In general, medium-stiff

to very-stiff +'sidual soils and glacial tills were found in the upland parts of the property and soft

alluvial soils were found in the lowland or floodplain areas. The upland soils were generally
Gapped witk wind blown silt that has weathered to silty day (modified ioess). Topsoil 1 to

6 inches thick was usually underlain by a layer of low plastic silty clay that was underiain by
high plastic clay. Some of the borings did not encounter the low plastic silty clay soil layer. The
high plastic ‘ays generally consisted of glacial tills or residual soils with various amounts of

Sand, gravel and rock fragments that generally increased with depth.

s ~—Page 30770
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suger refusa was encountered in 12 of the borings at depths ranging from 8% to 44 feet.

[ xaluding the high and low of 44 and B feet, the average refusal depth was about 16 feet in
the bonngs trat refused. However, véry rocky soils were encountered at relatively shallow
sepths in mast of the borings. The materials encountered just before refusal were weathered
siltstones, gravelly clays, rock and fragments, or clayey shales. Auger refusal is a designation
apolied to any material which cannot be further penetrated by the power auger. This matenal
is usually inoicative of a very hard or very dense material, such as boulders or the upper
sudace of b.drock. Rock coring was beyond the scope of this exploration, therefore, the

character and continuity of the refusal materials couid not be determined.

Croundwale - was encountered in five of the borings generally in the lowiand areas (B11, B14,
B15, B29,. ad B110) at d’epths of 11% to 14 feet, and one upland area (B118) at a depth of
15 feet The other borings were dry upon compietion of drilling. In relatively impervious soils,
a sutable extimate of the groundwater level may not be possible, even after several days of
observatior: The groundwater table will fluctuate throughout the year depending on climate
and rainfali .onditions. It is not anticipated that groundwater will influence the construction
phase of pi jects in the upland areas. However, excavations in the lowland areas may

experience -onstruction problems.

GENERAL _DESIGN CONSIDERATIONS AND RECOMMENDATIONS

Heavily loau2d commercial buildings may require deep foundations end bearing on rock due to
concentrate 3 column loads that make spread footing foundations uneconomical. The upland
areas are c..nducive to the use of drilled piers. Estimating allowable bearing pressures for

rock beanny foundations require rock coring which was beyond the scope of this exploration.

Shallow sp'2ad foundations will be suitable for support of light to moderately loaded
residences and commercial buildings. Allowable bearing pressures for structures in upland
areas will i~ely be 2,000 to 3,000 pounds per square foot (psf). Allowable bearng pressures
for structures in lowland areas on soft soils will be about 1,200 to 1,500 psf. Allowable bearing

pressures may be increased in the lowland areas if sufficient depths of fill are placed.

Settlements of foundations can be less than 1-inch excluding settliements induced by filling. Fill

s2tilements should be minor in the upland areas and substantially occur in about 30 to
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~However, sof and compressible soils were encountered in the lowland areas. It is our opinion
nat excessive total and differential settiements will occur beneath column and wall loads
supported or. these natural, soft soils, if precautions are not taken to reduce the post-
construction settiement. Shallow foundations with low contact pressures, however, should be
suiable for suppor of most of the proposed improvements in the lowland areas with little
reworking of the soil Moderate contact pressures will require a sufficient thickness of
compacled structural fill in the building area. The thickness of fill will be determined by the
structural lozding. Surcharging can also be used to reduce post-construction settisment if the
“nal grades { ur the proposed improvements must remain at or near existing grades or as a

mezns o ac: clerate consolidation due to the weight of fill.

i1 tne lowlan 4 areas, placing fill to raise the site above existing grade will result in settiement
35 consohda® on of the soft, underlying soils occurs. A delay in construction is anticipated to
allew some . most of that settlement to occur prior to construction. The delay recommended
witi be pzsec on the building location, building loads and the amount of fill placed in this area
Yy anuminat- this delay to be about 30 to 120 days. Deep fill in the lowland areas should be

moritoren w*n settlement plates to assess when most of the settlement has occurred and
constiuction san continue.

Mat and deer: foundations are also acceptable foundation types for construction in the lowland
aias, howe ver, we anticipate these options will not be economical compared to the suggested

remediation A deeper exploration will be required if deep foundations are to be considered.

Alinough on., a small amount of existing fitl was encountered in our limited exploration, other
existing fill w (| ikely be encountered on the site due to existing development. Further
explorations will be required to better identify the extent of existing fill located on the site. In
general, exi.ling fill located in areas to be developed should be removed to naturally occurring

soids and rerstaced with properly compacted structural fill

Seismic De«ign Considerations. The 1996 BOCA National Building Code requires the

structural design of the proposed structures. A site coefficient is required for the calculation of

rinimum ez thquake design forces. The coefficientis a function of the soil type, consistency,

_ July 1997
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ano bediock depth. The site can be essentially divided into two areas seismically, uplands and
lowlands Due to the depth to rock and the relatively stiff consistency of the soil in the

upiands, the soil-profile type is S, and the upland site coefficient (S) is 1.0. The lowlands,
which are generally in the southemn part of the site and in some of the wide draws, do not fit
any of the BCA standard soil-profile types. Therefore, as required by the code, the soil-
protile type - Sq and the lowland site coefficient (S) is 2.0

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

impact construction. High plastic clay soils have the potential for volume change with
fluctuations .n soil moisture content. This volume change is normally evidenced by the
ncaving and cracking of concrete floor slabs and, in severe cases, by the movement and
crackme of ~ootings and foundation walls. Remedial measures, if necessary to avoid such
J:stress, Mmey require overexcavation and replacement of these materials with low plastic silty

clay soils or crushed stone to a minimum depth of 2 or 3 feet below the base of footings and

floor slabs

H-ave of &< s with a margina! potential for soil heave tan be reduced by not allowing the soils
‘e desiccale prior to pounng the concrete siab. Maintaining the natural moisture content can
te accomnpl shed by placing a thin polyethylene vapor barrier over these soils immediately after
¢ .cavatori Other measures that may be utilized to reduce this problem include, but are not
i-uted 10 1 = addition of extra steel reinforcement in the top and bottom of foundation walls,
the "floating” of floor slabs such that they are not structurally connected to or bonded to
isundation walls or interior columns, the placement of foundation drains to reduce the

possibility ¢ - water reaching the subgrade soils, and the placement of woven wire mesh to
remnforce thi floor slab.

Site Drainage and Grading. Positive site drainage should be provided to reduce infiltration of

surface wa'ar around the perimeter of the buildings, residences, and beneath the floor slabs.
All grades nould be sloped away from the structures, and roof and surface drainage should

be collecte 1 and discharged such that water is not permitted to infiltrate the backfill of the
swructures

GENERAL SITE DEVELOPMENT RECOMMENDATIONS AND CONSIDERATIONS

auger refusal was encountered at depths of 8% and 14 feet in B9 and B8, respectively. Rock

July 1987
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axcavation v likely be required to achieve the proposed grades in those areas. The central
sart of the si= and several idge tops around the site will likely require rock excavation for
general grading, utility trenches, and/or basement excavations. The rocky clay materials
encountered prior to auger refusal can usually be excavated in open cuts, sometimes using
arge dozers zquipped with rippers. However, large rock fragmenits, intact rock ledges or
roulders are sometimes encountered in soils of this type. These materials can also prove very
difficull In trench excavations and may require blasting. Further exploration can help to
delineate the extent of rock excavation required for specific road and utility alignments, and

building sites A contingency fund should be established for rock excavation.

The surlace -oils at the site are silty. Such soils may exhibit a significant loss in strength
when they h+come saturated and disturbed, as may occur due to trafficking of construction

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

toundations
Erosion cont ol measures shouid be taken during the general grading to prevent the
wansportatiun: of these soils by surface-runoff onto adjoining properties. Timely sodding or

seeding o! tre sloped areas will reduce this potential problem.

Sie Preparation. All existing vegetation in the cut and fill areas should be removed prior to

placing fill  rees and brush may be bumed on site as approved by local ordinances. Burn
pits should v located outside of building areas, street areas, or areas designed as slopes
steeper thar 1 vertical to 5 horizontal. Stumps should be removed from the site or buried in

locations aprroved by the geotechnical engineer.

Soh soils ai: likely to be encountered in the bottoms of the draws, drainage swales, and in the
fioodpliain o- lowland areas. These soils should be removed to firm materials before placement
of fill The ~xisting ponds should be drained, and soft soils removed from the bottom before
placement «.! fill If removal of soft soils is impractical due to their excessive depth, they should
be stabilize«: or "bridged over” in @ manner approved by SCI.

I areas to Le developed, the existing buildings and related below-grade components must be

properly de:nolished and the debris removed from the site. Existing foundation walls, cisterns,

—————July 1997

Page 7 of 10



cenlic fields and associated backfill must be removed entirely along with footings and
below-grade uJtilities. Masonry rubble generated by the demolition may be placed in the
deeper poruons of fill areas as approved by a representative of SCI. Where the removal
creates excavations below the final proposed grade, the excavations should be brought to final

grade with ¢ \gneered fill.

Ou' borings 30 not indicate any highly organic topsoil of any significant thickness on this site.
However, if such organic soils are encountered, they should be stripped from the site and
stockpiled for later use in lawn or landscaped areas. After stripping, the subgrade and fill
arcas shoulc be scanfied and proofrolled to @ minimum depth of 1-foot and to @ minimum dry
gensity ot 87 percent of the maximum dry density as determined by the modified Proctor
compaction iest (ASTM D,1557)'

Fill Materials and Compaction. The available low t0 medium plastic silty clay soils

encourterec at the site may be used as structural fill. Large rubble pieces due to the

demolition ¢ the existing structures, in excess of three inches, should not be used as

structurar fi

we recommand that all fill placed in building areas near the footing and floor slab elevations
rave a iquia imil less than 45. Acceptable non-organic fill soils include materials designated
C: ML, CL ML, SP, SW, GP, and GW soils by ASTM D 2487. Where practical, high plastic
sous shoulc be placed in deeper portions of fill areas or in landscaped areas. If high plastic
cluys are piaced or are located within three feet of footing or floor slab elevations, remediation
may be iec mmended. Such measures could range from ensunng that the soils do not dry out

dunng cons ‘ruction to-overexcavating below structural members and slabs.

Fill should 1.2 placed in horizontal lifts not exceeding 8 inches in loose thickness and
compacted with a sheepsfoot or tamping roller to minimum dry density of S0 percent
bl the maximum dry density as determined by the modified Proctor compaction test

(ASTM D 1057). Higher densities may be reguired for deep fills.

Some of the fill materials at the project site may be rocky clay or shaley materials that are

traditionally not tested by conventional nuclear densimeter or drive-tube methods. Rock

July 1997 Page B of 10
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fragments tha" are npped or blasted would also fall into that category. Such materials are
typically comy.acted by several passes of a heavy vibratory roller The number of passes and
mintmum rotie - weight should be determined in the field. Density tests on the rocky material
arc generally not performed due to the varying quantities of soil and rock materials at any one
iscation Poc-ly compacted areas can generally be detetted by observing the fill subgrade
during passing of a loaded scraper or compactor over the fill area. Any poorly compacted

arc.as detects 3 should be recompacted with additional passes of the vibratory rolier.

Cut and Hill Slopes. We recommend that all cut and fill siopes be no steeper than 1 vertical

10« horizonta  Properly compacted fill siopes and cut slopes of less than 20 feet in height
should be stanle at this inclination. SCI should evaluate the stability of slopes higher than 20
feet Slopes .0 receive fill which are steeper than 1 vertical to 5 horizontal should be benched
onur to place nent of fill. Benching will provide level surfaces for compaction and avoid the
development of an inclined plane of weakness between the virgin soils and compacted fill.

The benche: should be spaced such that the maximum height of cut at the up-siope ridge of
the bench s = feet

PAVEMENT SUBGRADE CONSIDERATIONS

Pavement . sign recommendations are beyond the scope of work for this report. However,
certain aspe s should be considered in the design and construction of the paved areas. We
suggest tha* ‘he soil subgrade be compacted to a dry density of at least 80 percent of the
masenal’s m: dified Proctor maximum dry density (ASTM D 1557). The crushed rock base
should bi c. mpacted to 92 percent of the same criteria. The asphaltic surface course and

Portlana Cor zrete pavements should be checked during placement to verify compliance with
the speciticzmons.

The natural «.0ils encountered on the site, to a depth of approximately 3 feet below the present
ground surfuze, are silty and exhibit 3 significant loss of strength when they become saturated
and disturbe 4. The strength of these compacted, silty soils is dependent on the moisture

content  Significant construction problems may be incurred if pavernent construction takes

place in the wetter portions of the year (November through April). Special measures may be
required to * acilitate construction during these periods.

Page 9 of 10
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. 1he periormance of 2 pavement section is dependent on the design lite, traffic loads,

subgrade strength, drainage characteristics, and the desired maintenance jevel. Pavement

recommendatons and/or materials testing services can be provided on request.

ADDITIONAL EXPLORATION PROGRAM

Many tems should be addressed in one or more detailed subsurface explorations for the
proposed duvelopment. Detailed explorations should be based on proposed grades, the site
layout, and -pecific building clusters, or individual large or heavily loaded buildings. These
gxplorations will include additiona! and possible deeper borings and more exiensive laboratory

testing. Th:: detailed explorations should address the following:

« ecommendations for foundation support.

¢ esmic coefficients for building design according to the BOCA code
~ stmation of the shrink/swell potential of subgrade soils.

%ile development recommendations.

r,eotechnical construction considerations.

» .nticipated settlement pased on general soil characteristics or based on laboratory

Lonsolidation tests.

1~fluence of ground water on design and construction.

ocations and descriptions of existing fill materials within the proposed building

-reas, if encountered.
“tructural fill considerations.

utability of on-site soils for use as structural fill.
~ngineering criteria for placement of structural fill.

‘avement subgrade recommendations.

=
=
|
=
® ._ateral earth pressures for the design of below grade and retaining walls.
® ecommendations for design and construction of slopes.

m “rovide lake and detention basin and dam design recommendations.

=

Recommend a construction rmonitoring program.

LIMITATIONS

The recommendations provided herein are preliminary and are based on the information
cbtained a forty-seven specific drilling locations within the project area and regionally

azcepted Lractice. These recommendations should be reevaluated after a more detailed
exploratio: is performed.

“aly 1987
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CULVERT BR#A100

File: A106LRF1.pol

Date: 154ul98

Golf Cart Design

Single Box Culvert (No Haunch)
1-Cell Box 10'x 7!

Load Factor Design

Rigid Frame Method

Top and Bot Slab Different

Minumum Fill Ht Condition (1.0 Ft)

, 10, 7,1, 10
1.5, 11, 8, 8, 1111
, 90, 90, 0, 0, O

18, 9, 1, 11, 4, .016
2,3, 2,2, .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 07/15/98
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 2.00 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 Wr. 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
SINGLE 10.00 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 -
11.50F 11.00F 8.00F 8.00F 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
BRIDGE BRANCH
CULVERT DESIGN

PAGE 2

v vk kek ok o o e ok ke

LOAD FACTOR DESIGN
**%k%* STRESSES AT CRITICAL SECTIONS

v vk de % K

dede ke

MAXIMUM REINFORCEMENT RATIO (As/bd) = .016

MEMBER NUMBER
MEMBER THICKNESS
EXTERIOR WAL

1
8.00

-MOMENT--AXIAL--SHEAR- -Po- -Mu- -Mbal- -Pbal- -STEEL- -SHEAR- -ALL.
FORCE AREA STRESS MOM.
LT -7.1 1.0 2.5 191.2 7.1 16.0 53.2 0.30 48.2
MID 1.3 9.8 0.9 186.8 4.6 15.0 58.5 0.19 17.9
MID- -6.5 6.9 0.9 190.1 6.5 16.0 54.5 0.32 17.9
RT -6.8 6.4 1.5 190.7 6.8 16.0 53.8 0.35 27.6
MEMBER NUMBER = 2
MEMBER THICKNESS = 11.50
TOP SLAB
~MOMENT--AXIAL--SHEAR- -Po- -Mu- -Mbal- -Pbal- -STEEL- -SHEAR- -ALL.
FORCE AREA STRESS MOM.
LT -5.6 1.6 9.6 268.5 10.8 38.0 103.7 0.28 104.5 N
MID  24.4* -0.2 4.9 283.5 24.4 43.0 84.7 0.75 52.9 24,
RT -5.6 1.6 9.6 268.5 10.8 38.0 103.7 0.28 104.5 M
MEMBER NUMBER = 4
MEMBER THICKNESS = 11.00
BOTTOM SLAB
-MOMENT--AXIAL--SHEAR- -Po- -Mu- -Mbal- -Pbal- -STEEL- -SHEAR- -ALL
FORCE AREA STRESS MOM.
LT -5.6 2.5 5.7 256.9 8.6 31.0 8.7 0.26 74.9 9.
MID 19.9  -0.9 0.1 270.9 21.8 3B.0 80.0 0.64 0.7 21
RT -5.6 2.5 5.7 256.9 8.6 31.0 84.7 0.26 74.9 9.
NOTE: ASTERISK IMPLIES DESIGN VALUES EXCEED CRITICAL VALUES

*¥x*% ATTENTION: OVERSTRESS DUE TO FIXED THICKNESS

~N~No o~

DATE 07/15/98

- -ALL.-
SHEAR

109.5
109.5
109.5
109.5

O N W N

- -ALL.-
SHEAR

.3 110.5

3 109.5

.3 110.5

.= -ALL.-

SHEAR

3 109.5

.6 109.5

3 109.5



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 3

BRIDGE BRANCH DATE 07/15/98
CULVERT DESIGN

A CORNER BAR(T) A CORNER BAR(B) A TSLAB+ A TSLAB-
H VvV SZ SPG H V SZ SPG SZ SPG SZ  SPG
47 26 5 9.0 38 31 6 9.0 8 9.0 0 0.0

A BSLAB+ A BSLAB- B EXTIN B EXTOUT B INTWL c1
S SPG SZ SPG SZ SPG SZ SPG SZ SPG  BARS
8 9.0 0 0.0 5 12.0 5 9.0 0 0.0 40

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

IN IN IN IN CY/FT LB/FT
11.50 11.00 8.00 0.00 1.133 179
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BRIDGE BRANCH DATE 07/15/98
CULVERT DESIGN

** REINFORCING STEEL BAR SCHEDULE **

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

TOP SLAB POSV MAIN A100 14 8 STR 10-11 408
BOT SLAB POSV MAIN A200 14 8 STR 10-11 408

CORNER  (TOP) A1 28 5 6 6- 1 178  3-11 2- 2

CORNER (BOTTOM) A2 28 6 6 5- 9 242 3- 2 2- 7
EXTWALL IN B1 20 5 STR 8- 4 174
EXTWALL OUT B2 28 5 STR 6- 4 185
LONGTD N 40 4 STR 9- 8 258
TOTAL 1853

*kkk%  SPLICE LENGTHS CHART v
BAR  SIZE  SPLICE LENGTH
A200 8 3-11
B1 5 1- 8
¢ 4 2- 2
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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 -0.901 -8.287 3.741 1.037 3.259 -1.008
1- 1 -1.393 -6.197 3.741 1.037 2.636 -0.735
1- 2 -0.233 ~6.278 12.712 8.859 2.062 -0.496
1- 3 0.660 -6.369 11.266 7.881 1.537 -0.289
1- 4 1.155 -6.467 9.796 6.888 1.062 -0.115
1- 5 1.293 -6.399 9.796 6.888 0.947 -0.285
1- 6 1.112 -6.298 9.057 6.388 1.055 -0.662
1- 7 0.651 -6.090 9.057 6.388 1.131% -0.990
1- 8 0.131 -5.835 9.057 6.388 1.174 -1.269
1-9 0.517 -6.316 9.057 6.388 1.184 =1.499
1-10 1.450 -7.513 9.057 6.388 1.161 -1.679
2- 0 1.450 -7.513 -0.327 1.670 10.739 1.031
2- 1 9.506 -1.281 -0.830 1.532 9.608 0.361
2- 2 15.923 -0.262 -0.573 1.430 8.446 -0.786
2- 3 20.587 0.288 -0.388 1.430 7.262 -1.959
2- 4 23.418 0.618 -0.278 1.430 6.063 -3.152
2-5 24,367 0.728 -0.241 1.430 4.856 ~4.356
2- 6 23.418 0.618 -0.278 1.430 3.650 -5.563
2- 7 20.587 0.288 -0.388 1.430 2.451 -6.767
2- 8 15.923 -0.262 -0.573 1.430 1.267 ~7.960
2- 9 9.506 -1.281 -0.830 1.532 0.105 -9.133
2-10 1.450 -7.513 -0.327 1.670 -1.026 -10.281
. 4- 0 -0.901 -7.503 -0.088 2.588 6.977 2.063
: 4- 1 3.972 -1.384 -0.881 2.375 5.593 1.651
4- 2 10.963 0.156 -0.922 2.348 4.209 1.238
4- 3 15.935 1.257 -0.922 2.348 2.825 0.825
4- 4 18.913 1.917 -0.922 2.348 1.441 0.413
4- 5 19.921 2.137 -0.936 2.339 0.057 -0.057
4- 6 18.913 1.917 -0.922 2.348 -0.413 -1.641
4- 7 15.935 1.257 -0.922 2.348 -0.825 -2.825
4- 8 10.963 0.156 -0.922 2.348 -1.238 -4.209
4- 9 3.972 -1.384 -0.881 2.375 -1.651 -5.593
4-10 -0.901 -7.503 -0.088 2.588 -2.063 -6.977
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1-cell Box 10'x 7!

Load Factor Design
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WYOMING DEPARTMENT OF TRANSPORTATION PAGE 1
BRIDGE BRANCH DATE 07/15/98
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 2.00 NO NO YES 18.0 9.0 1M1 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
SINGLE 10.00 7.00 4,00 10.00 90 90 FULL
SLAB THICKNESSES - LIVE - SOIL - WATER
TOP BOT. EXT. INT. - LOAD - PRESSURE - PRESSURE
SLAB SLAB WALL WALL - SURCHARGE - MAX MIN -
11.50F 11.00F 8.00F 8.00F 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.
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WYOMING DEPARTMENT OF TRANSPORTATION

e ok g ek

e ¥ %k

MEMBER NUMBER
MEMBER THICKNESS
EXTERIOR WAL

n
-

8.00

-MOMENT - -AXIAL--SHEAR- -Po-

FORCE
LT -6.7 9.1 2.7 190.6
MID 0.9 3.5 0.3 186.8
MID- -5.5 7.6 0.3 188.3
RT -6.2 7.6 2.0 189.6
MEMBER NUMBER = 2
MEMBER THICKNESS = 11.50
TOP SLAB
-MOMENT - -AXTAL--SHEAR- -Po-
FORCE
LT -5.3 2.4 7.7 268.5
MID 19.7* -0.2 1.8 278.2
RT -5.3 2.4 7.7 268.5
MEMBER NUMBER = 4
MEMBER THICKNESS = 11.00

BOTTOM SLAB

-MOMENT - -AXIAL--SHEAR- -Po-

FORCE
LT -6.1 3.5 6.8 256.9
MID 17.4* -0.5 0.0 265.6
RT -6.1 3.5 6.8 256.9
NOTE:

BRIDGE BRANCH
CULVERT DESIGN

PAGE 2
DATE 07/15/98

LOAD FACTOR DESIGN
kxkxkx STRESSES AT CRITICAL SECTIONS

o Jc J de

g de g

MAXIMUM REINFORCEMENT RATIO (As/bd) = .016

-Mu- -Mbal- -Pbal- -STEEL- -SHEAR-

AREA STRESS
6.7 16.0 53.9 0.29 50.3
4.6 15.0 58.5 0.19 6.6
5.5 16.0 56.7 0.32 6.6
6.2 16.0 55.2 0.26 38.3

-Mu- -Mbal- -Pbal- -STEEL- -SHEAR-

AREA STRESS
10.8 38.0 103.7 0.28 83.4
19.7 41.0 91.4 0.57 20.0
10.8 38.0 103.7 0.28 83.4

-Mu- -Mbal- -Pbal- -STEEL- -SHEAR-

AREA STRESS
8.6 31.0 84.7 0.26 89.1
17.4 37.0 86.7 0.50 0.3
8.6 31.0 84.7 0.26 89.1

ASTERISK IMPLIES DESIGN VALUES EXCEED CRITICAL VALUES

**%k* ATTENTION: OVERSTRESS DUE TO FIXED THICKNESS

-ALL.-
MOM.

~N OV ™
vl o W

-ALL.-
MOM.

11.5
19.7
1.5

-ALL.-
MOM.

-ALL.-
SHEAR

120.8
119.7
17.7
119.9

=ALL.-
SHEAR

129.0
118.7
129.0

-ALL.-
SHEAR

126.7
117.2
126.7



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 3

BRIDGE BRANCH DATE 07/15/98
CULVERT DESIGN

A CORNER BAR(T) A CORNER BAR(B) A TSLAB+ A TSLAB-
H V SZ SPG H VvV SZ SPG SZ SPG SZ  SPG
32 26 5 9.0 33 24 5 9.0 7 9.0 0 0.0

A BSLAB+ A BSLAB- B EXTIN B EXTOUT B INTWL c1
SZ  SPG SZ SPG SZ SPG SZ SPG SZ SPG  BARS
7 9.0 0 0.0 5 12.0 5 9.0 0 0.0 40

*% T_SLAB * B.SLAB * WALL * INWALL *** VOLUME *** STEEL **
IN IN IN . IN CY/FT LB/FT
11.50 11.00 8.00 0.00 1.133 147



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 4
BRIDGE BRANCH DATE 07/15/98
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 10-11 312

BOT SLAB POSV MAIN A200 14 7 STR 10-11 312
CORNER (TOP) A1 28 5 6 4-10 141 2- 8 2- 2
CORNER (BOTTOM) A2 28 5 6 4- 9 139 2-9 2- 0
EXTWALL IN B1 20 5 STR 8- 4 174
EXTWALL OUT B2 28 5 STR 6- 4 185
LONGTD chH < 40 4 STR 9- 8 258

TOTAL 1521

*%%k%%  SPLICE LENGTHS CHART  *wwxx
BAR SIZE  SPLICE LENGTH
A200 7 3- 0
B1 5 1- 8
o 4 2- 2



WYOMING DEPARTMENT OF TRANSPORTATION PAGE 5
BRIDGE BRANCH DATE 07/15/98
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 -2.663 -8.203 3.527 9.133 3.583 -0.623
1-1 -2.968 -5.684 3.527 9.133 2.774 -0.397
1- 2 -1.379 -5.513 3.527 9.133 2.015 -0.204
1- 3 -0.100 -5.519 3.527 8.384 1.304 -0.043
1- 4 0.633 -5.462 3.527 7.626 0.643 0.085
1-5 0.862 -5.355 3.527 7.626 0.348 -0.138
1- 6 0.624 -5.186 3.527 7.626 0.411 -0.701
1- 7 -0.042 -4.980 3.527 7.626 0.440 -1.215
1- 8 -1.095 -4.765 3.527 7.626 0.436 -1.679
1-9 -1.598 -5.465 3.527 7.626 0.400 -2.095
1-10 -1.342 -7.276 3.527 7.626 0.331 -2.461
2- 0 -1.342 -7.276 -0.286 2.461 9.133 3.527
2- 1 5.1 -0.825 -0.331 2.338 7.678 2.822
2- 2 11.456 1.809 -0.218 2.338 6.215 2.116
2- 3 16.137 3.690 -0.218 2.338 4.749 1.411
2- 4 18.939 4,819 -0.162 2.338 3.286 0.705
2- 5 19.720 5.195 -0.162 2.338 1.831 -1.460
2- 6 18.939 4,819 -0.162 2.338 0.010 -2.914
2- 7 16.137 3.690 -0.218 2.338 -1.41M -4.377
2- 8 11.456 1.809 -0.218 2.338 -2.116 -5.843
2- 9 5.111 -0.825 -0.331 2.338 -2.822 -7.307
2-10 -1.342 -7.276 -0.286 2.461 -3.527 -8.761
. 4- 0 -2.663 -8.203 -0.454 3.538 8.305 4,559
4- 1 3.282 -1.347 -0.499 3.414 6.650 3.647
4- 2 9.453 2.057 -0.499 3.414 4.994 2.736
4- 3 13.859 4,489 -0.499 3.414 3.339 1.824
4= 4 16.499 5.948 -0.499 3.414 1.683 0.912
4- 5 17.373 6.434 -0.499 3.414 0.028 -0.028
4- 6 16.499 5.948 -0.499 3.414 -0.912 -1.683
4- 7 13.859 4,489 -0.499 3.414 -1.824 -3.339
4- 8 9.453 2.057 -0.499 3.414 -2.736 -4.994
4- 9 3.282 -1.347 -0.499 3.414 -3.647 -6.650
4-10 -2.663 -8.203 -0.454 3.538 -4.559 -8.305
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WINGHAVEN BEARING PRESSURES (MAX FILL) (MIN FILL)
BRIDGE # A3210012 A3210013 A3210014 A3210015 A3210016 A3210012 A3210013 A3210014 A3210015 A3210016
1 CELL 1 CELL 4 CELL 5 CELL 2 CELL 1 CELL 1 CELL 4 CELL 5 CELL 2 CELL

CULVERTP 13-Jul-98

LIVE LOAD  TWD HS20 AXLE 64000 64000 64000 64000 64000 64000 64000 64000 64000 64000
LBS PER SQ FT 57 57 &b 31 43 92 92 60 47 9%
LANE LOAD 64 A 64 64 64 6k A 64 64 6
|
FILL HEIGHT (FT) 5 5 4 6 8 1 1 1 1 1 ]

CULVERT DIMENSIONS

NUMBER OF CELLS N = 17 1 4 5 2 1 1 4 5 2

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

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

. TOP SLAB THICK (IN) D1 = 1.5 1.5 1.5 1.5 10.5 1.5 1.5 1.5 1.5 10.5
BOTTOM SLAB THICK (IN) D2 = 11 11 12.5 1.5 9.5 1" 11 12.5 11.5 9.5
EXTERIOR WALL THICK (IN) T = 8 8 8 8.5 7 8 8 8 8.5 7
INTERIOR WALL THICK (IN)TI = 0 0 8 7 6 0 0 8 7 6
TOTAL WIDTH(IN) C = 136 136 616 765 212 136 136 616 765 212

TOTAL WIDTH(FT) C = 11.333 11.333 51.333 63.750 17.667 11.333 11.333  51.333  63.750 17.667

WEIGHT PER FT OF LENGTH

LIVE LOAD 64 64 64 - N 64 - 92 / 92 64 64 96

FILL 600 600 480 - 720 v 960 120~ 120 < 120~ 120~ 120~

CULVERT 405 405 397 393 349 v~ 405 / 405 397 393 349
roTaL s peR o P t0s9. e o 1T T end e st smo ses

-
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HIGHWAY BRIDGES 39

-]
o
(\

e ¢ e

d i

B 1 {
HS20-44 8,000 LBS. 32,000 LBS * 32.000 LBSX
HS15-44  6.000 LBS. 24,000 LBS. 24.000 LBS.
=
z| 2| 5
s 140" S v S

0.1 W '——"{0.4W}—— - - 04 W

—E@D——_—- 0.4 WH— —Joaw}-

W = COMBINED WEIGHT ON THE FIRST TWO AXLES WHICH 1S THE SAME
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 ]
0o o
CURB
i
Jn&
20" 60" 20

FIGURE 3.7.7A. Standard HS Trucks

*[n the design of timber fioors and orthotropic steel decks (excluding transverse beams) for H 20 loading, one
axle load of 24,000 pounds or two axle loads of 16,000 pounds cach, spaced 4 fect 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 1 foot from face of curb. (See Article 3.24.2.)



3.8.2.1

DIVISION I—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

H20-44 LOADING
HS20-44 LOADING

CONCENTRATED LOAD—

13,500 LBS. FOR MOMENT*
19,500 LBS. FOR SHEAR

§UNIFORM LOAD 480 LBS. PER LINEAR FOOT OF LOAD LANE

i,

H15-44 LOADING
HS15-44 LOADING

FIGURE 3.7.6B. Lane Loading

*For the loading of continuous spans involving lane loading refer to Article 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.

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

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

(b) For transverse members, such as floor 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.

3.8.2.3 For culverts with cover
0'0"to 1'-0"inc.I1 = 30%
1'-1"t0 2’-0"inc. 1 = 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 Joad used, without impact, shall be the lane load plus
the concentrated load for moment specified in Article 3.7,
with reduction for multiple-loaded lanes as specified in
Article 3.12. The center of gravity of the longitudinal
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:

) H 6) HS 10
d¢2) HS 20 7) H 10
8) Special Live Load Only
4) HS 15 9) No Live Load
Sy H 15

Special live loads are 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 lanes will be checked if specified here.
Enter 1 1o check military load as a scparate load case, ¢lse enter 0.

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 to neglect live load according to AASHTO 6.4.2.

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

Stress at Zero Fill (0,1)

else enter O.

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

Enter | for stress check at zero fill (1op of top slab) to be performed,

1/95
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EXAMPLE

To define an HS 25 truck load to be applied to the culvert with live load dis:ribution 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 a separate load case, code:

sTDLOD 1,0,0,0,0

FIGURES

NOTES

1795

2.3
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62.

BRASS-CULVERT COMMAND DESCRIPTION

COMMAND NAME SWPRES

PURPOSE

SWPRES defines soil and water pressure parameters.

< 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 ...etc.

Live Load Surcharge, ft.

Enter the depth of surcharge to be used for calculating the effects of
lateral earth pressure. Surcharge Joad is applied as 2 uniform load
on the exterior walls and is calculated as the depth of surcharge
times the maximum or minimum soil pressure a8 applicable.

Maximum Soil Pressure,
pef

Enter the maximum soil equivalent fluid pressure for lateral carth
pressure calculations. Standard maximum is 30 pcf by AASHTO

6.2.1.

Minimum Soil Pressure,
pef

Enter the minimum soil equivalent fluid pressure for latersl earth
pressure calculations. A minimum of 15 pef is used for checking
positive moments unless otherwise defined.

Water Pressure, pef

Enter the unit weight of water (62.4 pef standard). Enter O for no
water pressure (o 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.

| 1,24,5

10,10,8 12,12

8171 lo) ’2

Y 0, € ¢ 6

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 ...elc.

Number of Barrels (1-4)

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

Clear Span, ft.

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

Clear Height, ft.

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

Design Fill, f.

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

30, 10508,159,78

Centerline Length, ft.

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

1/95
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EXAMPLE

BOXDIM 1, 2, 8, 6, 2, 100

FIGURES

100 fr

|/ |
L/ PLAN /
///:, ///////////////// 277, ///____.:'
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SECTION

NOTES
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BRASS-CULVERT COMMANL DESCRIPTION

COMMAND NAME SLBTHK

PURPOSE

SLBTHK defines the thickness for the top and bottom slabs,
and 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 ...etc.

Top Slab Thickness, in.

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

Bottom Slab Thickness,
n.

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

Exterior Wall Thickness,
in.

Enter the thickness for the exterior wall. Unless this value is
specified as fixed value (sce below), BRASS-CULVERT uscs this
value as minimum thickness.

Intetior Wall Thickness,
in.

Enter the thickness for the interior wall. Unless this value is
specificd as fixed value (see below), BRASS-CULVERT use¢s this
value as minimum thickness.

Fixed Thickness Code
©-1111

BRASS-CULVERT will use the thicknesses defined above as
minimum values unless otherwise specified here. Each digit of the
code is for the top slab, bottom slab, exterior walls, and interior
walls respectively. Enter I to fix the thickness, else enter 0. For
example to fix the top slab and exterior wall thicknesscs only, enter
a code of 1010.

1795
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EXAMPLE

For & culvert with & fixed slab and wall thickness of 7 inches, code:
SLBTHK 1, 7, 7, 7, 7,111l

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

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

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

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

FIGURES

NOTES

1/95 2.15




BRASS-CULVERT COMMAND DESCRIPTION

COMMAND NAME H&SKEW

PURPOSE

H&SKEW defines haunches and end skews.

6 COMMAND PARAMETERS

Structure Number (1-10)

Skew Angle Left, deg.

Skew Angle Right, deg.

Top Haunch Height, in.

Bottom Heaunch Height, in.

Haunches by AASHTO
Oorl

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 culvert, degrees.
See Note.

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

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

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

1/95
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EXAMPLE

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

FIGURES
A’ A
/ —— lirz ahead /
PLAN
N
4 in
SECTION
NOTES

Skew angles are measured from line ahead to skew as shown above. Positive angles only.

1/95 2.17
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BRASS-CULVERT

COMMAND DESCRIPTION

COMMAND NAME

REEBAR

PURPOSE

REEBAR defincs allowable bar sizes and spacings, and
maximum steel ratio.

6 COMMAND PARAMETERS

Maximum Bar Spacing,
in.

Default = 12

Minimum Bar Spacing,
in.

Default = 12

Bar Spacing Increment
©,1)

Maximum Bar Size (#)
Default = 11

Minimum Bar Size (¥)
Default = 4

Maximum Stee! Ratio
Default = 0.012

Enter the maximum allowable bar spacing.

Enter the minimum allowable bar spacing. .-

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

increments.
Enter the maximum bar size 10 be used in design.

Enter the minimum bar size to be used in design.

Enter the maximum ratio of area of steel 1o area for concrete
(A s/ bd) in decimal form.

85( 8’.5)3000 ( 8 7000
¥

- s p
Fb (oODDQ

<MAX

PN

1795
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EXAMPLE

For a culvert with a maximum bar spacing of 12 inches, a minimum bar spacing of 4
inches, bar spacing increments of % inch, a maximum bar size of #11, a minimum bar size
of #4, and a max_ aum reinforcement ratio of 0.012, code:

\
REEBAR 12, 4, \o 4,0.012
12 ool\b

FIGURES

NOTES

1/95
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BRASS-CULVERT COMMAND DESCRIPTION

COMMAND NAME CONCOV

PURPOSE

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

6 COMMAND. PARAMETERS

Exterior Top Slab, in.

Exterior Bottom Slab, in.

Exterior Wall, in.

Interior Cover, in.

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

Enter the distance from the face of steel bars to the face of concrete
for the bottom steel of the bottom slab, inches. See Note.

Enter the distance from the face of steel bars to the exterior face of
the exterior walls, inches. Sec Note.

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

NOTE: Default values are 3 inches for bottom slab cover and 2
inches for all other covers.

Slab Thickness BRASS-CULVERT "rounds up" slab thickness to the nearest
Increment, in. increment defined. Default values are % inch.

Weall Thickness BRASS-CULVERT "rounds up” wall thickness to the ncarest
Increment, in. increment defined. Default values are % inch.

1/95 2.20




EXAMPLE

Zp 20
CONCOV 24, 3.0, 35, 2.0, 0.5, 0.5

= L5
HYD™

onLY

FIGURES

J
‘st ”

t /,/;O[L:.Zm
2 X8in =

'f'

2. Iin —> ¢

SECTION |/, o£.2 in

'

/
Vi.o&

< 20in

|

3in

e i 2 4—'5

T

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 material properties for gteel and concrete.

6 COMMAND PARAMETERS

Soil Unit Weight, pcf

Reinforeing 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 steel reinforcement, ksi.
Enter the allowable steel stress, ksi.
Enter the 28 day compressive strength for concrete, ksi.

Enter the allowable concrete shear stress, ksi. Enter O for BRASS-
CULVERT to calculate the concrete hear strength according to
AASHTO 8.16.

Enter the allowable concrete shear stress when stirrups are used.
Enter O for no stirrups.

1195
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EXAMPL=

For a culvert with a soil unit weight of 120 pef, 40 ksi reinforcing steel, an allowable steel
stress of 20 ksi, a concrete strength of 3000 psi, and to have the program calculate

the allowable concrete shear stress, code:

MATPRP 120, 40, 20,3, 0,0
bo 24

FIGURES

NOTES

1/95 2.23
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BRASS-CULVER[ | COMMAND DESCRIPTION

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, clse enter 0.

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

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

else enter 0.

This parameter 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 @ These are unfactored actions for
ultimate strength design.

1195
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EXAMPLE

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

PRTCTL1,1,1,0
oo (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)

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

Floor Type (1,2,3)

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

Headwall Steel (0-3)

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

Enter 2 to generate left headwall steel only.

Enter 3 to generate right headwall steel only.

1795
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EXAMPLE

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

F&HCTL 1, 1,
VR

FIGURES

NOTES
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BRASS-CULVERT COMMAND DESCRIPTION

COMMAND NAME DESCTL

PURPOSE

DESCTL defines design control 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 is defined by a value from
zero to one where 0.0 represents the centerline of the wall or slab,
0.5 represents half way between center of the wall or slab 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, ¢lse 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
concrete,

1/95
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Kuhlmann design Group BRIDGE NO. A3210012 7/13/98

11:35 AM
A100QUAN.XLS

- el - - (SR o

.NCRETE QUANTITIES HEU 77-13- 5%

s /35095

TOTAL TOTAL

DESCRIPTION QUANT. WIDTH LENGTH DEPTH FACTOR (CU.FT) (CU.YD.):
TOP SLAB 1.00 1133  123.00 0.96 1.00  1335.92 49.48
EXTERIOR WALL 2.00 067 123.50 7.00 1.00 115267 42,69
INTERIOR WALL 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BOTTOM SLAB 1.00  11.33  168.00 0.92 1.00 174533 64.64
BOTTOM SLAB TRIANGLE 4.00 809 2225 0.92 0.50 330.16 12.23
HEADWALL 200  11.33 1.50 0.50 1.00 17.00 0.63
CUT OFF WALL DOWNSTREAM 1.00  27.36 0.83 1.08 1.00 24.70 0.91
CUT OFF WALL UPSTREAM 1.00  27.36 0.83 1.08 1.00 24.70 0.91
INT. WING DOWNSTREAM 0.00 0.00 0.00 0.00 0.00 0.00 0.00

‘r. WING DOWNSTREAM DEDUCT 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EXT. WING DOWNSTREAM 2.00 067  23.44 7.96 1.00 248.70 9.21{
EXT. WING DOWNSTREAM DEDUCT 2.00 067  23.19 696 050 10756 -3.98
INT. WING UPSTREAM 0.00 0.00 0.00 0.00 0.00 0.00 0.00
INT. WING UPSTREAM DEDUCT 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EXT. WING UPSTREAM 2.00 067  23.44 7.96 1.00 248.70 9.21
EXT. WING UPSTREAM DEDUCT 2.00 067  23.19 696  -0.50  -107.56 -3.98

4912.75 181.95




Bridge Manual
_ Standard Details - Section 2.4 Page: 11-4

Development and Splicing of Reinforcement

¢

2.4.11.3. Development and Tension Lap Splice Lengths -
Other Than Top Bars (Fy = 60 Ksi)

15 19 24 29 36 47 60 76 3

Use development and tension lap splices of f'c = 4 ksi for concrete strengths
greater than 4 ksi.

. Step 1 Step 2 Step 3 Step 4 Step §
N [ fe Bars | #3 | #4 | #5 | #6 | #7 | #8 | #9 | #10 [ #11
™ id 12 {12 {15 |20 | 27 | 35 | 44 | 56 | €9
* 3ks B 12 | %6 |20 |26 |3 |45 | 57 {73 | 89
~ c 16 | 21 26 133 {45 |89 | 75 | 95 | 117
*  NON-EPOXY
O id 12 {12 {15 {18 | 23 | 30 | 38 | 49 | €0
* 4ks B 12 |16 |20 | 24 |30 |3 |5 |63 78
B c 16 | 21 | 26 {31 [ 39 |5 |65 | 8 [101
' [~ id 14 | 18 |23 | 30 [ 40 | 52 |66 | 84 | 103
* EPOXY { * 3ksi B 18 |24 | 30 |38 [ 5 {68 | 86 109 | 134
< 6 in. on Center {<6db Clear spacing Cc 23 | AN 39 | 50 | 68 | 88 | 112 | 142 | 175
{Dir. of Spacing OR <3db
®* —Pp ) Cover (any direclion)} id 14 18 | 23 | 27 35 45 57 | 73
* 4ksi B 18 | 24 | 30 | 36 | 45 |59 | 74 | 94 | 116
m | c 23 | 31 {39 |46 | 59 [ 76 | o7 | 123 | 152
[~ id 12 [ 14 |18 |23 | & 40 | 51 64 | 79
* 3ksi 8 14 {18 | 23 {29 {40 |52 | 66 | 83 | 103
T c 18 | 24 {30 |38 | 52 [ 68 | 86 [109 | 134
* EPOXY2
{All Other Situations] id 12 14 18 21 27 a5 44 56 69
' 3 * 4ks B 14 | 18 | 23 | 27 | 35 |45 | 57 | 72 | 89
O | C 8 | 24 |30 |36 {45 | 50 {75 | 94 | 116
f Tc Bars | #0 | #4 | #5 | #6 | #7 | #8 | #9 | #10 | #11 ( o
[ d 12 |12 {12 16 | 22 | 28 | 36 | 45 | 55
* 3ksi B 12 113 |16 |21 [ 28 | 3 |46 |58 | 72
g . c 13 |17 |21 |27 |3 |47 {60 | 76 | %4
*  NON-EPOXY
: i 12 |12 {12 115 {19 | 24 | 31 | 39 | 48
* 4kd B 12 | 13 |16 | 19 [ 24 | 31 |40 | 50 | €&
L c 13 |17 |21 |25 |2 [ 4 |52 |6 | 8
B id 12 | 15 |18 |24 | 2 |42 | 53 |67 | 83
* EPOXY1 - 3ks B 15 | 19 | 24 | 31 | 42 | 54 | 69 | 87 | 107
B (<Bdb Clear spacing c 19 | 25 | 31 {40 | 54 | 71 | 90 [ 114 | 140
»= 61in on Center OR «3db
{Dir. of Spacing Cover {any direction)} id 12 115 |18 |22 | 28 36 |46 | 88 | 72
e —p ) m v 4ksi B 15 | 19 {24 |20 | 3 |47 |60 [ 75 | 93
] : c 19 | 25 | 31 | 37 (47 |61 | 78 | 99 |10
A ™ i 12 j12 |14 (18 |25 | j41 )5 |6
" 3Kksi__ B 12 |15 |18 |24 | 32 j42 |5 |67 | &
c 15 | 19 | 24 | 31 |42 | 54 | 69 | 87 | 108
* EPOXY2
{Ali Other Situations) id 12 |12 {14 [ 17 {21 | 28 | 35 | 45 | &
3 ’ * 4ksi CB: 12 | 15 |18 | 22 | 28 | 36 |46 | 58 | ™M

Revised: December 1997 E2.4-0
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WINGHAVEN CULVERT DIMENSIONS PROJ NO. 980100

LDG 14-Jul-98 CULVERTD

A LT CULVERT DISTANCE  LEFT

A RT CULVERT DISTANCE  RIGHT

B CL CULVERT FROM INSIDE FACE OF HEADWALL TO DOWNSTREAM END OF SLAB
c DISTANCE  WIDTH OF CULVERT ALONG ROADWAY

D DISTANCE FROM END OF UPSTREAM END OF SLAB TO OUTSIDE OF HEADWALL
D1 TOP SLAB THICKNESS

D2  BOT SLAB THICKNESS

E PERPENDICULAR TO ROADWAY FROM OUTSIDE FACE OF HEADWALL TO BEND

F SKEW ANGLE

G CL CULVERT FROM END OF WING 3" TO DOWNSTREAM END OF SLAB

H OPENING HEIGHT ’

I DISTANCE FROM DOWNSTREAM OUTSIDE FACE OF HEADWALL TO START OF WING
J HAUNCH

K LT ROADWAY DISTANCE  LEFT

K RT ROADWAY DISTANCE  RIGHT

L CL CULVERT FROM UPSTREAM CL CULVERT TO OUTSIDE EDGE FO WINGWALL

M CL CULVERT FROM END OF UPSTREAM END OF SLAB TO END OF WING 3"

N WINGWALL FROM OUTSIDE FACE OF WING TO BEND ALONG CL CULVERT

P WINGWALL  DISTANCE ALONG UPSTREAM WINGWALL TO BEND

R BOT SLAB  FROM UPSTREAM END OF SLAB TO INSIDE FACE OF HEADWALL

S OPENING SPAN

T WALL EXTERIOR  WIDTH

TI  WALL INTERIOR  WIDTH

U WIDTH DISTANCE  FROM STRAIGHT TO INSIDE FACE OF WING

v VERTICAL FROM TOP OF END OF WING TO TOP OF WING

W WIDTH FROM INSIDE FACE OF WINGWALL TO OUTSIDE FACE OF WINGWALL
X LENGTH DISTANCE ALONG DOWNSTREAM WINGWALL TO BEND

Y LENGTH FROM END OF SLAB TO OUTSIDE FACE OF WINGWALL

DES FILL

DES FILL






SEE PLAN SHEETS



