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GENERAL NOTES:

XXX
By

1. THE PLANS ARE INTENDED TO BE DRAWN TO SCALE. HOWEVER, IF A CRITICAL DIMENSION IS NOT PROVIDED,
MICHIE CORPORATION SHOULD BE CONTACTED FOR VERIFICATION.

7z 2. IF ANY OF THE WORK TO BE DONE AS SHOWN ON THE DRAWINGS DOES NOT CORRESPOND WITH THE EXISTING FIELD
CONDITIONS, CONTACT THE ENGINEER PRIOR TO PROCEEDING WITH THE WORK IN QUESTION.

3. FIELD—VERIFY ALL ELEVATIONS PRIOR TO THE START OF CONSTRUCTION. IF THERE ARE ANY DISCREPANCIES,
CONSULT THE ENGINEER PRIOR TO PROCEEDING WITH THE WORK IN QUESTION.

_\ -l ._ 2
131'-8'%e 4. MAINTAIN MINIMUM 60 DEGREE SLING ANGLE WHEN HANDLING PRECAST COMPONENTS.

5. PRECAST COMPONENTS SHALL REACH A MINIMUM COMPRESSIVE STRENGTH OF 3,000 PSI PRIOR TO STRIPPING, AND
THE MINIMUM DESIGN COMPRESSIVE STRENGTH PRIOR TO SHIPPING, UNLESS OTHERWISE DIRECTED BY THE ENGINEER.

% 119'—11%" [PLAN] PRECAST WINGWALL 6. ALL JOINTS AND VOIDS SHALL BE FILLED WITH NON—SHRINK GROUT. VERTICAL SURFACE VOIDS MAY BE FILLED WITH

Revision

XX

\ PRECAST WINGWALL FOOTING FOAM  SEALANT.
20-

) 3 ) 3,9 \N, 7. SHOP DRAWINGS WERE DEVELOPED USING THE FOLLOWING RESOURCES FOR THE CONTRACT:
64 -11% AN 54-117% O.\ﬁ S e "PROPOSED IMPROVEMENT BRIDGE PROJECT, TOWN OF SHREWSBURY, COUNT OF RUTLAND, TH4, BR 37, VTAOT
v PROJECT # STP 1443 (44),” SHEETS 1-36 OF 36 BY VTAOT, DATED 5-22-14

Date

XXIXXIXXXX

,, NOT CONTAINED WITHIN THE RESOURCES LISTED ABOVE IT SHALL BEBROUGHT TO THE ATTENTION OF MICHIE
N ‘ © CORPORATION. FAILURE TO MAKE SUCH ADDITIONAL INFORMATION AVAILABLE SHALL RELIEVE MICHIE CORPORATION OF ALL
S S S S 5 g I N T T o o A = o o T 1 & LIABILITIES ARISING FROM ERRORS OR OMISSIONS RELATED TO THE OMITTED INFORMATION.

- ROAD STA 102+81.50 A
\ CHANNEL STA 201+25.00 o 8. IF THERE IS ADDITIONAL INFORMATION PERTINENT TO THE FABRICATION AND INSTALLATION OF THESE UNITS THAT IS
~
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[ SET BRIDGE FLUSH THREE_SIDED RIGID FRAME NOTES: il
WITH FACE OF FOOTING P A

N
RFB2 — X —RFB2— Imﬂw/mI -| —RFB2- —| —RFB2- —|—FRFB2 — |-—RFB3 8= [—— HEADWALL 1. THREE SIDED RIGID FRAME SECTIONS ARE DESIGNED IN ACCORDANCE WITH
\ CONNECTION ASS’Y « AASHTO "LRFD BRIDGE DESIGN SPECIFICATIONS”, 6TH EDITION.

35 —9%¢"
pd
*\5
/

>o| rRFB1—} — RFB2—| — RFB2— | — -RFB2——|— —RFB2— |-, —RFB2— |-
FLOW T

I

a

13'+-8"
12’+0"
)
e
7
e

e VTRANS 2011 “STANDARD SPECIFICATIONS FOR CONSTRUCTION”.
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, . THE FOLLOWING CRITERIA WAS USED FOR DESIGN:
S s g = o LIVE LOAD: AASHTO HL—93
\ N N 3 o EARTH COVER: 14—16 FEET
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2/2/15

% / N . 72 2, e BACKFILL SOIL UNIT WEIGHT: 140 PCF
LIFTING VOID 24" WIDE JOINT WRAP WINGWALL CONNECTION ASS'Y %, - e MINIMUM LATERAL EARTH PRESSURE: 35 PSF
N CAST IN FOR HANDLING TOP AND SIDES BOLT POCKET FOR 0.  MAXIMUM LATERAL EARTH PRESSURE: 70 PSF
TYP ALL BRIDGE JOINTS N . BRIDGE SECTION ASSEMBLY o CONCRETE STRENGTH: 5,000 PSI
. O o STEEL YIELD STRENGTH: 60,000 PSI

€ CULVERT € VT TH4 PRECAST BRIDGE FOOTING 3. RIGID FRAME CONCRETE SHALL BE SELF—CONSOLIDATING CONFORMING TO ASTM C260 WITH A MINIMUM 28—DAY
SEE SHT S3 FOR LAYOUT %, COMPRESSIVE STRENGTH OF 5,000 PSI. AGGREGATE SHALL CONFORM TO ASTM C—33 WITH A MAXIMUM DIAMETER OF
% 3/4”. CEMENT SHALL CONFORM TO ASTM C150.

/1 RIGID FRAME LAYOUT PLAN VIEW
S1.0/ 4”¢ WEEPHOLE 4. REINFORCING SHALL BE GRADE 60 DEFORMED BLACK BARS CONFORMING TO ASTM A—-615. ALL BARS SHALL BE
. W\mt _ Hulo: O>m|_| _Z [4 mmzl_l OO_ID.

5. ALL EXPOSED EDGES EXCEPT WHERE NOTED SHALL BE CHAMFERED 3/4".

6. EXPOSED SURFACES SHALL BE COATED WITH VTRANS APPROVED WATER REPELLENT (SUPPLIED AND APPLIED BY
OTHERS).

7. EACH SECTION SHALL BE PROVIDED WITH BOLT POCKETS FOR ATTACHMENT TO ADJACENT SECTIONS. 7/8" DIA.
GALV. THREADED ROD, WASHERS AND NUTS SHALL BE PROVIDED FOR ASSEMBLY IN THE FIELD. CLOSED-CELL
NEOPRENE JOINT SEALANT SHALL BE USED IN ALL JOINTS.

173 BUXTON INDUSTRIAL DRIVE - PO BOX 870

8. 2FT WIDE ROYSTON JOINT WRAP WITH ADHESIVE PROVIDED BY MICHIE CORP, INSTALLED BY OTHERS, CENTER ON
JOINT AFTER GROUTING. INSTALL PER VTRANS SPECIFICATIONS.

HENNIKER, NH 03242
PHONE: 603-428-3218
FAX: 603-428-7426
WWW.MICHIECORP.COM

HEADWALL NOTES:

1. HEADWALL CONCRETE SHALL BE SELF—CONSOLIDATING CONFORMING TO ASTM C260 WITH A MINIMUM 28-DAY
COMPRESSIVE STRENGTH OF 5,000 PSI. AGGREGATE SHALL CONFORM TO ASTM C—-33 WITH A MAXIMUM DIAMETER OF
3/4". CEMENT SHALL CONFORM TO ASTM C150.

2. REINFORCING SHALL BE GRADE 60 DEFORMED BLACK BARS CONFORMING TO ASTM A—615. ALL BARS SHALL BE
BENT COLD.

3. ALL EXPOSED EDGES EXCEPT WHERE NOTED SHALL BE CHAMFERED 3/4".

PRECAST HEADWALL
a7 4. EXPOSED SURFACES SHALL BE COATED WITH VTRANS APPROVED WATER REPELLENT (SUPPLIED AND APPLIED BY
119°=11%6" [PLAN] OTHERS)

120" -20" [ALONG TOP] PRECAST CONCRETE FOOTING NOTES:

3 » ” O>Tm =
” g-3" + (12) %
(1) RFB3 © HEADWALL

CONNECTION ASS’Y

TOP OF HEADWALL 1. FOOTING SECTIONS ARE DESIGNED IN ACCORDANCE WITH
ELEV: 1013.49 e AASHTO "LRFD BRIDGE DESIGN SPECIFICATIONS”, 6TH EDITION.
TOP OF BRIDGE e VTRANS 2011 “STANDARD SPECIFICATIONS FOR CONSTRUCTION”.
LIFTING VOID 24" WIDE JOINT WRAP . FLEV:  1010.18
e i For woine /T8 MBS e s EEh et i T e o P
H_.Omﬂ/v\. om %om%w,\ﬁ,ui._. | =|mﬂw IIIFJI..__III__I = L RFB2 RFB2 RFB3 STREAM INVERT IN e BACKFILL SOIL FRICTION ANGLE: 34 DEG
' : —71_ _ L3+ d——- RFB2 |\ ELEV: 1003.1 e CONCRETE STRENGTH: 4,000 PSI
TOP OF BRIDGE RFB2 RFB2 o= e STEEL YIELD STRENGTH: 60,000 PSI
LEV: 1002.69 IAEIII.FLI B2 RFB2 RFB2 s i ﬂ TOP OF FOOTING o FACTORED BEARING RESISTANCE: VARIES BY EFFECTIVE WIDTH, PER NOTE 3 SHEET 6.
RFB2 o - = ELEV: 1001.3
RFBI i e BF2 BF3 3. FOOTING CONCRETE SHALL BE SELF—CONSOLIDATING CONFORMING TO ASTM C260 WITH A MINIMUM 28-DAY
BTM OF FOOTING COMPRESSIVE STRENGTH OF 4,000 PSI. AGGREGATE SHALL CONFORM TO ASTM C—33 WITH A MAXIMUM DIAMETER OF

1 BF2 , Bre ‘l ELEV: 997.16 3/4”. CEMENT SHALL CONFORM TO ASTM C150.
o ll
BF2 ll 4. UNLESS NOTED OTHERWISE, REINFORCING SHALL BE GRADE 60 DEFORMED BLACK BARS CONFORMING TO ASTM

BF 1 - A=615. ALL BARS SHALL BE BENT COLD.
— = _ 120'=2% [ALONG BTM]
BTM OF FOOTING

m:I
.u.,gmmu@ E.\mx=+ﬁvo>nm@ w\m wo_.anooxﬂﬂom m.>_.rmxuommomoommmxomﬂszmmmzoqmom:>:.mmoz>z_nmmm_uu\ﬁ.
ELEV: 989.66 o 15_24" + (6) BF2 @ 14-11% + BRIDGE SECTION ASSEMBLY

(1) BF1 -

PRECAST BRIDGE FOOTING 6. EACH FOOTING SECTION SHALL BE PROVIDED WITH BOLT POCKETS FOR ATTACHMENT TO ADJACENT SECTIONS. 7/8"
DIA. GALV. THREADED ROD, WASHERS AND NUTS SHALL BE PROVIDED FOR ASSEMBLY IN THE FIELD. CLOSED—CELL
NEOPRENE JOINT SEALANT SHALL BE USED IN ALL JOINTS. FILL KEY WAY WITH NON—SHRINK GROUT PRIOR TO
NOTE: ERECTION OF BRIDGE UNITS. FILL TROUGH WITH NON—SHRINK GROUT AFTER SETTING BRIDGE UNITS.

WINGWALLS NOT SHOWN IN
BILL OF MATERIALS THIS VIEW FOR CLARITY

I / 2\ RIGID FRAME PROFILE VIEW WING WALL NOTES:
Ty DESCRIPTION STOCK S1.0/

» ~||u
(1) RFB1 @ &'—84" + (11) RFB2 © 9

— ——

31_33/4"

g IIIFHQ_IIIFHL_IIIF

STREAM INVERT OUT

ELEV: 995.67 \

TOP OF FOOQTING
ELEV: 993.84

BR No 37 - Shrewsbury, VT

- S

164" ———F

,La’—ng”Te’—oJé”j‘/
)

TH4 over Branch of Mill River - VTAOT STP 1443 (44)

Scale: AS SHOWN

Checked by: CFP

Drawn by: PJL

12'-0" x 8'-0" Rigid Frame Bridge
Layout Views

Designed by: PJL

Date: 12/24/2014

Project No. 5576

ITEMS CAST-N % = 1-0" 1. SECTIONS ARE DESIGNED IN ACCORDANCE WITH
144 [5-TOM UTILITY ANCHORS e AASHTO ”"LRFD BRIDGE DESIGN SPECIFICATIONS”, 6TH EDITION

4 RL-4 8TON TECH ANCHORS e VTIRANS 2011 “STANDARD SPECIFICATIONS FOR CONSTRUCTION™.
28 1-8NC GX6 DOUBLE WINGWALL ANCHORS

4" PVC X 10"L SLEEVES 2. THE FOLLOWING SOIL PROPERTIES WERE USED IN THE DESIGN:

6" X 5" X 4 POCKET SOIL WEIGHT [PCF] FRICTION ANGLE [DEG]

I"PVC X 8" LONG
RETAINED SOIL 140 34
MB C¥-51 COIL THREAD INSERT FOUNDATION SOIL 120 35

ITEMS FOR PRE-SHIPMENT PREPARATION LIVE LOAD SURCHARGE = NONE
G00LF (1" NEOPREME (25LF/ROLL) BACKSLOPE ANGLE: VARIES, SEE DESIGN

2GAL |RED ADHESIVE (250 SF/GAL) FACTORED BEARING RESISTANCE = 10.0 KSF (STRENGTH LIMIT STATE) PER NOTE 3 SHEET 6.

3. CONCRETE SHALL BE SELF—CONSOLIDATING CONFORMING TO ASTM C260 WITH A MINIMUM 28—DAY COMPRESSIVE
ITEMS TO SHIP TO THE JOB STRENGTH OF 5,000 PSI. AGGREGATE SHALL CONFORM TO ASTM C—33 WITH A MAXIMUM DIAMETER OF 3/4”. CEMENT
B0LF  |ROYSTON AHT104 24° WIDE JOINT WRAP (50LF/ROLL) SHEET LIST SHALL CONFORM TO ASTM C150.

4GAL |ROYBOND 740 ADHESIVE PRIMER (2 ROLLS/GAL)

) : = S1.0 — LAYOUT VIEWS
4 180DEG 12" X 10" X 14" GALYV BRACKET END ELEVATIONS AND CONNECTION DETAILS 4. REINFORCING SHALL BE GRADE 60 DEFORMED BLACK BARS CONFORMING TO ASTM A—615. ALL BARS SHALL BE

P A S2.0 —
f |HPORE T O IR I GtV EGEHED S3.0 — FOOTING LAYOUT AND BRIDGE FOOTING DETAILS BENT COLD.

3 128DEG 1" X 10" X 14" GALV BRACKET S4.0 — WINGWALL FOOTING DETAILS

64 [1"X5 GALV ROD WITH PLATE WASHER AND NUT S5.0 — RIGID FRAME AND CURBWALL DETAILS 5. ALL EXPOSED EDGES EXCEPT WHERE NOTED SHALL BE CHAMFERED 3/4".
6  |1"X13.5" GALV COIL ROD WITH HD NUT AND PLATE WA SHER S6.0 — WINGWALLS WW1 AND WW2 DETAILS

1a #6 X 16°L DOWEL S7.0 — WINGWALLS WW3 AND WW4 DETAILS
8 =15 X 18" GALY ROD W/ 21NUTE & A WASHERS 380 — ANCHOR DETAILS 6. ALL EXPOSED EDGES OF CONCRETE SHALL BE COATED WITH A VTRANS APPROVED WATER REPELLANT (SUPPLIED AND

Casella Construction

8 US4 East
Mendon VT 05701

Prepared for:

204 |14 BHIME APPLIED BY OTHERS).
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WINGWALL CONNECTION ASS’Y
CAST IN WINGS AND FRAME
SEE CONNECTION DETAILS

TOP OF HEADWALL

PRECAST HEADWALL
ATTACH IN FIELD

2))

\\ PRECAST RIGID FRAME

WINGWALL CONNECTION ASSY
CAST IN WINGS AND FRAME

SEE CONNECTION DETAILS

TOP OF HEADWALL

L

PRECAST HEADWALL
ATTACH IN FIELD

PRECAST RIGID FRAME

2’

WW4A

HW2

RFB3 /

12'=0" SPAN

PRECAST
WINGWALL

5'-10"

WW1 SHOULDE

XXX
By

XX
Revision

WW3

ELEV: 1007.50

6,—4"
1 6’—4”

—— 4" DIAM WEEPHOLE
WINGWALLS ONLY

+1”
SHIM

ELEV: 1006.00 ) ﬁ ELEV: 1013.49
o N
S HW1 :
[ | o
o _ \ -4 | — PRECAST WINGWALL
WW1 SHOULDER _ _ RFB1 pd
ELEV: 1002.00 | e WW2 SHOULDE
12'—0” SPAN —F
| 2 ELEV: 1001.00 .
. w
WW1B S wwia * oo Ww2 N ! WW4B
2 _ ,_ Wulm — m
< nA. _ ” ;_ — ]
o _ © O 5 ¢
© o _ iy ©
™~ -
_
STREAM INVERT OUT y ) STREAM INVERT OUT
ELEV: 995.67 ——1 4 DIAM WEEPHOLE ELEV: 1003.17
o _ o o— | WINGWALLS ONLY o
TOP_OF WW_FOOTING Ll w‘q L TOP OF WW FOOTING
ELEV: 993.59 .3 / ELEV: 1001.08 #
2 = ,_ 2
n Hpy o © +£1” SHIM -
.} ; TYP ALL BRIDGE AND N
WINGWALL SECTIONS e
TM OF FOOTING 4. I ™~ TM OF FOOTING .

ELEV: 989.66

‘_%\._m..

/1 OUTLET END ELEVATION

FILL KEYWAY WITH APPROVED
NON—SHRINK GROUT

17/16”
/;39/16”ﬁ/

17/16”
oy

10”

N

SEAL FRONT AND BACK FACE WITH FOAM SEALANT
PRIOR TO POURING GROUT. FINISH OUTSIDE FACE
WITH SIKAFLEX—1A AFTER GROUT CURE

\w/ WINGWALL VERTICAL KEYWAY

J e

/ OUTSIDE FACE

HAMFER

DETAIL

20 % - 1o

6”X6"X4” VOID IN TOE WALL
FILL W/ NON—SHRINK GROUT AFTER CONNECTION

_I_

1"¢ x 13%" COIL THREADED ROD WITH NUT

OT DIP GALVANIZED

1 9_0”

45 "U” BAR (TYP)

1 | 5"X57X)%” GALV. PLATE
W/ 1%’ HOLE (CENTERED)

3" SLEEVE THROUGH
HEADWALL, FILL WITH
HIGH STRENGTH NON-—-SHRINK
GROUT DURING CONNECTION

TOP OF BRIDGE DECK

A

B

BN
MEADOW BURKE CX-51 (74") \

COIL THREAD INSERT
HOT DIP GALVANIZED
CAST INTO TOP DECK

\
oW

MIN. BOLT
PENETRATION

/~ 4"\ HEADWALL ANCHORAGE DETAIL

205 - g

/

, ” 6 L OJ/ ”»
k = R'_ _ 8
/ 6"~ 0k CLEAR

ELEV:

997.16

PRECAST WINGWALL FOOTING

PRECAST BRIDGE FOOTING

TO APPLYING BARRIER MEMBRANE

DOUBLE WALL ANCHOR

1" NC THREAD FERRULE

1”8X5” NC THREAD ROD

W/ 47"X4"X),” PLATE WASHER
AND NUT

INSERT

(MB 1—8NC 6X6)

CAST INTO RIGID FRAME & WING WALL

"z
Ok WW_BRACKET
S O © ) (6) 120° REQ'D
© o o = (4) 180° REQ'D

(4) 2" X 3" I%N ]

SLOTTED HOLE 2" #-2)5"

(TYP)

PLATES TO BE MADE OF },” MILD STEEL,
PLASMA CUT, AND BENT AS REQUIRED.
(HOT DIPPED GALVANIZED AFTER BENDING)

/5A\ %’ WINGWALL BRACKET DETAIL
1" = 1'-0"

WEEPHOLE

=

BACKFILL \\

SIDE

—

s// 12” X 12" GEOTEXTILE
/ FILTER FABRIC
PLAN 12" X 12" X 6" CRUSHED STONE
(%" OR SMALLER)

/"6 \ WEEPHOLE BACKFILL DETAIL
S2.0/

”_.: — Hulo:

LS

%"® X 18" A36 GALV THREADED BOLT

w/

FOR SECTION ATTACHMENT

ROYSTON AHT104 JOINT WRAP
WITH ROYBOND 740 ADHESIVE PRIMER
24" WIDE CENTERED OVER JOINT.

FILL ALL VOIDS WITH

NON—SHRINK GROUT PR

NUTS AND WASHERS
Mum\ma X um\m: X MU\A.:
MOLDED BOLT POCKET

=
=

1" CLOSED CELL NEOPRENE GASKET

IOR COMPRESSED TO %'+

/" 7"\ RIGID FRAME JOINT DETAIL

”_.= — H-lO:

L 1" SHIM
TYP ALL BRIDGE AND
WINGWALL SECTIONS

DOUBLE WALL ANCHOR

1" NC THREAD

CAST INTO RIGID FRAME & WING WALL

ISF OF CULVERT WALL —|

\ [

/ 2\ INLET END ELEVATION

2.0/ -

H-lO:

FERRULE INSERT
(MB 1-8NC 6X6)

r

{

)
=) )
(4) 278 X 3 I%N

SLOTTED HOLE
(TYP)

2" \__\ 2"

f3’—1 1”

\ Y

PRECAST WINGWALL FOOTING

PRECAST BRIDGE FOOTING

1"¢X5" NC THREAD ROD

W/ 4"X4"X)," PLATE WASHER

AND NUT

WW BRACKET

(3) 128° REQ'D

PLATES TO BE MADE OF 1" MILD STEEL,
PLASMA CUT, AND BENT AS REQUIRED.
(HOT DIPPED GALVANIZED AFTER BENDING)

/58 1”7 WINGWALL BRACKET DETAIL

H: — ”_.glo:

COVER JOINT WITH 18" WIDE
GEOTEXTILE FILTER FABRIC
PRIOR TO BACKFILLING

(BY OTHERS)

WINGWALL

STREAM SIDE

ATTACH WINGS WITH GALV STEEL BRACKET
AND 17¢ GALV THREADED ROD

BACKFILL SIDE

/8" BRIDGE TO WW JOINT DETAIL

S2.0

W\N«« — H-lO:

OSF BRIDGE LEG

TIMBER
WEDGE

+1” SHIM

RIGID FRAME FOOTING <

FILL TROUGH WITH

NON—SHRINK GROUT AFTER
BRIDGE UNITS ARE IN PLACE

1” NEOPRENE GASKET

TO RETAIN KEYWAY GROUT

FILL KEYWAY WITH

NON—-SHRINK GROUT PRIOR

TO SETTING BRIDGE UNITS

/"9 UNIT SETTING DETAILS

S2.0

% = 1'-0"

XXIXXIXXXX
Date

A

2/2/15

/:

173 BUXTON INDUSTRIAL DRIVE - PO BOX 870

[
PHONE: 603-428-3218

HENNIKER, NH 03242
FAX: 603-428-7426
WWW.MICHIECORP.COM
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5 : \ BFST “L” BAR
s [ — BFS2 "L” BAR
I L
LN 5 T BFS3 BAR
nz (@) 1
138°'—0'%g" R % /W\ v\ \\\ BOLT POCKET
BFS1/BFS2 Y X . <d
e 3 e e e e, B By
.4 0 (/( BFS4 BAR
- | o
PRECAST WINGWALL e ~ N 2
V] ‘_ ‘_w.l‘_ ‘_M\N: _”U_I>ZH_ /_ . N . . . ~—] lemm w>m < N
| PRECAST WINGWALL FOOTING S x| =
: 64’113 - 54'~11%" —— L 2
Q\o ,\QTII/ N 1) ”» M m
> ROAD STA 102+81.50 A \ / —3-—) e
- CHANNEL STA 201+25.00 { \ s N* %
o, V ,\ 7 &/ 9wmsﬂm FOOTING REINFORCING SECTION x
== == == == == == == WW »o )
AN AY ..\ mu.o » ) » .
\ N N\ (@)} W\N =1-0 A m
"o BF 1 o BF2 1 BF2 1 BF2 1 BFZ =0 BF2 1 BF2 1 BF3
= Y
© s
d ° o ) \ SET BRIDGE FLUSH
> FLOW T - © - - - B WITH FACE OF FOOTING
T o N BRIDGE FOOTING REINFORCING SCHEDULE
4 © ITEM MARK SIZE BEND SPACING QTY LENGTH
BF1 oo BF2 oo BF2 o BF2 ot BFQ oo \BA?2 ot BF2 oo BF3 S —
i - : ~ R BFS1 #5 L 10” 19 7—1%
P : : S 4 N BFS2 45 L 10” 19 7= 1%
.F/ AM/\ y \I C—=—d (= =i C—=—d =0 C—=—d AV., D“"mr = =i ﬂ w\A/ " - -
& Z S ¥ BF 1 BFS3 #4 STR 12 6 14'=10" LP
2 / X 2 \ 5 A X v ey
*\//o.. / [ i % BFS4 #5 STR 10” 19 5'—8”
A ~ BOLT POCKET FOR ° =R . o
/ \ —
7 3 BRIDGE SECTION ASSEMBLY 2N S BFSS 4 STR 12 12 1411 P
N Y "7 ~ 7 BFS1 45 L 10” 19 7—1%" 5
N~
x\x\%ﬂ@\ SO0 PRECAST BRIDGE FOOTING 2 W@o BFS2 #5 L 10” 19 7 =1 m
» =9 o
m\x\xw,w ; / g BF2 BFS3 #4 STR 12” 6 14'—8” z o
/"1 FOOTING LAYOUT PLAN VIEW / $ <\ BFS4 #5 STR 10” 19 58" Tyeo 3
$3.00 - o < BFS5 #4 STR 12" 12 14'-8” SREEY
B = 1-0 WO & N
” BFS1 45 L 10” 18 7—1%" 2 Z58 3
v I aeyuW
AN o = BFS2 #5 L 10” 18 7' =15 ZH833
n X W =
< BF3 BFS3 #4 STR 127 6 14'=7%" LP N 325% =
LL
BFS4 #5 STR 10” 18 5'—8" 0 =X x W
BFS5 #4 STR 127 12 14'—5%" LP 0 m
2
™
r
=
~~
I 2
< »
A nA\nu
’ 7/ ) kYAl % m w
15'—27%” [BTM FTG] v\ 14'=11%,” [TOP PED] M |3
' 4zm 17" X 6" KEYWAY 14'—9%" [BTM PED g
15'=1%" [BTM PED] CAST IN END OF FTG 7L ] a. 8
14’113, [TOP PED] 14'=113" 14’—8%" [BTM FTG] / - 0 |°
N '©
BOLT POCKET BOLT POCKET
ul ”» ul ﬂ ” ul u ” ul ” ul ” «l u ” —d
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e >
M )
ANCHOR TYPE "B”
WW1A REINFORCING SCHEDULE CONCRETE QUANTITY 0.41 CY
BAR MARK LOCATION TYPE SIZE/SPACING CUT LENGTH # OF PCS WEIGHT 1740 LB
VERTICAL OSF STRAIGHT #5 @ 12" |VARIES 11'—10" TO 10'—10" 6 W1 17—4"
VERTICAL ISF STRAIGHT 6 O 8" VARIES 11'—10" TO 10°—10" 9 W2 353"
HORIZONTAL OSF STRAIGHT #5 @ 127 5'—3)” LONGEST PIECE 12 —-78
o HORIZONTAL ISF STRAIGHT | #5 @ 127 5—0%" 12 X 2 =2 Y=|1"-8%"
O p10"—F DIAGONAL FOLLOW SLOPE | STRAIGHT #5 4’'—-0 2 BAR LIST
N MARK QTY SIZE L TYPE | LENGTH
ﬁ WW1B REINFORCING SCHEDULE B501 1 #5 4’ —4)” 1 10°—1%"
§ BAR MARK LOCATION TYPE SIZE/SPACING CUT LENGTH # OF PCS B502 1 %m 4'—0l” 1 9'—5"
VERTICAL OSF STRAIGHT #5 @ 127 VARIES 10°—=10" TO 8'-0" 11 > » s : c
L VERTICAL ISF STRAIGHT 6 © 8 | VARIES 10'—10" TO 8-0" 16 Mmmw “ Mw 3-8k “ M |M\.. 2
" i » HORIZONTAL OSF STRAIGHT | #5 @ 127 10'=2" 11 3-0" ) x| 3
1%" CLR=4 11 1%" CLR HORIZONTAL ISF STRAIGHT | #5 @ 12" 10=2" 11 B505 2 s 3-8l 2 4_7" ol s
DIAGONAL FOLLOW SLOPE | STRAIGHT #5 10 —6)%" 2 B506 2 %m _ STR 3 _3" =<
— X
S B507 4 # | ——— | srR |4-4p" e
WW2 REINFORCING SCHEDULE B508 7 45 I STR 2 _3" g1e
BAR MARK LOCATION TYPE SIZE/SPACING CUT LENGTH # OF PCS W
VERTICAL OSF STRAIGHT #5 @ 127 VARIES 11'=10" TO 7'-0" 11 —
VERTICAL ISF STRAIGHT #5 @ 127 VARIES 11'—10” TO 7'-0" 11 ANCHOR TYPE C
" N HORIZONTAL OSF STRAIGHT #5 @ 127 10'—9%” LONGEST PIECE 12 CONCRETE QUANTITY 0.48 CY A S
HORIZONTAL ISF STRAIGHT | #5 @ 127 10'=6%" LONGEST PIECE 12 / [ WEIGHT 2010 LB z
DIAGONAL FOLLOW SLOPE | STRAIGHT #5 10°'—6" 2 A. me U W1 2 _4"
W2 N_.~|WVw\m- Wil
b1 WW3 REINFORCING SCHEDULE X =|2'-8%" | v=| '8 635,
BAR_MARK LOCATION TYPE [ SIZE/SPACING CUT_LENGTH # OF PCS BAR LST | | Soxyrr S 7
WINGWALL SHOULDER VERTICAL OSF STRAIGHT [ #5 @ ‘_N= VARIES \_‘_“I\_on T0 m“lon 9 ; MARK QY SIZE L TYPE LENGTH ..ﬂ“ Q o
KEEP REINFORCING 2” CLEAR VERTICAL ISF STRAIGHT | #5 @ 12" | VARIES 11-10” T0 60 8 _ 5501 A 75 5 A 1 B % 9
OF SLOPE FROM SHOULDER TO X i HORIZONTAL OSF STRAIGHT #5 @ 12 8'—3)" LONGEST PIECE 12 _ . _ ) £ & N
TOP OF WALL HORIZONTAL ISF STRAIGHT | #5 @ 127 8'—0%" LONGEST PIECE 12 | B502 1 #5 5'—0) 1 11'-5" 2 O I
1~ I DIAGONAL FOLLOW SLOPE | STRAIGHT 5 9’0" 2 s ” s ” AV
# _ B503 1 #5 4’8l 1 10°—9 u.
_ m 5\ BS04 1 #5 4'-0" 1 9'—4h” PO
] WW4A REINFORCING SCHEDULE X B505 2 #5 3’ —8k” 2 4'-7" Ay
BAR MARK LOCATION TYPE SIZE/SPACING CUT LENGTH # OF PCS m B506 4 %m — STR 3 _3"
VERTICAL OSF STRAIGHT #5 @ 127 11°=10" 13 ) »
VERTICAL ISF STRAIGHT | #5 @ 127 11'=10" 12 _ B507 4 #5 ———= STR | 445
HORIZONTAL OSF STRAIGHT | #5 @ 12” 12'—4”_LONGEST PIECE 12 _ B508 7 #5 N STR 23"
N i HORIZONTAL ISF STRAIGHT #5 @ 127 12’—0%” LONGEST PIECE 12 1 m m
= [ee]
#5 BARS @ 12" 0.C. = ANCHOR TVPE D" <
5 CONCRETE QUANTITY 0.54 CY @
R W4B REINFORCING SCHEDULE o WEIGHT 2285 LB 2 s
/w c BAR MARK LOCATION TYPE SIZE/SPACING CUT LENGTH # OF PCS e m W1 3_4" E Q ®© © w
VERTICAL OSF STRAIGHT #5 @ 127 11'—=10" 11 m 0 W2 5 _5%" > % % M_ o
VERTICAL ISF STRAIGHT | #6 @ 127 11'-10" 11 < S 5 - 5 8 x>aor x
45 BARS @ 12” O.C. HORIZONTAL OSF STRAIGHT | _#5 @ 127 10—2" 12 > X =| 3-5K" | Y=| 1"-8% 52589
U.O.N. (SEE TABLE) HORIZONTAL ISF STRAIGHT | _#5 @ 12 102" 12 3 BAR LIST T bE
/./,. 53507 z MARK QTY SIZE L TYPE | LENGTH PU 80
h \ = B501 1 #5 | 6—a4 | 1 14— RZZX2
m D 3 L] B502 1 #5 6’ —0k%" 1 135" w Wt W
L. B506 B508 B503 1 #5 | 584" 1 12'-9” e
| B504 1 #5 5-0" 1 11°-4%" =
_ . B505 2 #5 | 38K 2 4$-7" o
o @ @ | - © B506 6 #5 —— | s 3-3" a
- ’ i, v “ ~ ~ B507 4 #5 ———— | SR | 4-4¥"
_ B508 7 #5 _— STR 2’3"
_ =z
B501-B504 | X ANCHOR TYPE "E” & =
L ! L CONCRETE QUANTITY 0.61 CY -+ S
' WEIGHT 2550 LB ~ 7
n ’ ” 3 A a
W1 4 -4 S |5
EM @«lmm\\m: 4 m kWJ
. X =| 4-0" | v=|1-8%" v 3
T . BAR LIST a 3
"h MARK QTY SIZE L TYPE | LENGTH = ©
B501 1 45 7 —4)" 1 16" —1%" W
B502 1 # | 7-0k 1 15°—5” - - "
B503 1 45 | 684 1 14'—9" o > >
9 WINGWALL REINFORCING (TYP) NOTE: REINFORCING SHOWN REPRESENTS "E” ANCHOR B504 1 45 6'—0” 1 13 —4)" N k=)
! OTHER ANCHOR REINFORCING SIMILAR = — =
\S8.0/ [1s B505 2 45 | 3-8k 2 47 “ Wu o
B506 8 #5 _—— STR 33" > = ) -
o
10" —p B507 4 45 | ———— | SR | 4—a%" _w m 1%
’ - B508 7 45 ———— | SR | 2=3 ! = S8 |<
St L o |&
”» ” W m m D D
SEE CONTRACT PLANS FOR BACKFILL AND ANCHOR TYPE F o— = > =
FOUNDATION MATERIAL SPECIFICATIONS GRANULAR BACKFILL CONCRETE QUANTITY 0.68 C¥ & x 2
/ w pmo. U WEIGHT 2860 LB . -5
E\_ mnlh-: — IO n
A ©
V' v w2 7 —5%" ~ ” o I
//r X ”_ L-«lﬂ@\m: _ <”_ \_ .lmM\m: f O < §
X w2 8l” BAR LIST o Z = o
= L 7%+ W o MARK QTY SIZE L TYPE | LENGTH = o 2
2 \_M: A\\F N H_H M\M j wwom — nn/_m mmom %uu @n meM \_ *m m.|OM\M3 \_ ‘_ﬂnlrrlv: M B m
(MIN) B503 1 #5 784" 1 16'-9”
g B501 —_| ] | > =9 _ —
800KG CABLE /ﬁl > < i B504 1 #5 7'-0" 1 15'—4% o
1D, B506 10 #5 _—— Str. 33" % ~
. B507 4 #5 _—— Str. | 4'—4%” o O |5
S o
P B508 7 45 | ——— | str. | 2-3" -t 2|
2 N
1"+ SHIM AS NEEDED IN FIELD WING WALL ANCHOR \m X ~ = =S
on » _ . = oa
nB/W\ ) ﬂ_u (al
N B503 — F v ﬁl
FLOOD THIS AREA WITH \A B508 **
B504 — |
4,000PSI CONCRETE ClLD > .\ . . u
J |P B507
I_” \ AN 1 _L/4 \ /_ ”
» " < _l _I \ 9/ UM\N n
sl g — 7/ 5 .
2X4 TIMBER BLOCKING o o (Tvp) 7 83 A ﬁ r ! m o
IN FRONT AND wmﬂo,\_wmm_ ﬁ_zouxrwmm WING WALL e ~ s O B508 TIED TO TYPE 1 R
~ FOOTING 10 X ~ S BTM OF B505 =
— ©
) W x 800KG CABLE LIFTER WITH n O
| STRUCTURAL FILL \ REDI-ROCK LIFTER VOID S o
, \ 476 PVC @® (2 CENTERED) —— O % >
MINIMUM 12" THICK s ANCHOR C.0.G. : S W <
3" CRUSHED STONE 1 SEE TABLE FOR X AND Y DIMS = < © < O
** PLACE (1) B508 THROUGH EACH HOOP BARS, " T = S
1 \w/ ANCHOR DETAIL (1) CENTERED BETWEEN HOOP BARS 503 & 504, AND J \. = % N =
S8.0 % — -0 (2) BELOW B504 HOOP BAR W/ BOTTOM B508 N = N D)
FOOTING TO WW £ T 2" CLEAR FROM BOTTOM (7 TOTAL) T O o >
9 ATTACHMENT DETAIL nLn |
S8.0/
NTS TYPE 2 UW<% mo.
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Serving All Your Precast Bridge Needs
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DESIGN CALCULATIONS
12°-0” x 8’-0” Rigid Frame Bridge
Precast Bridge Footings
Precast Headwalls
Precast Wingwalls
Precast Wingwall Footings

Prepared For:
Casella Construction
8 US Route 4 East
Mendon VT 05701

Project Information:
VT AOT STP 1443 (44)
Bridge #37 TH4 over Branch of Mill River
Shrewsbury, VT

Michie Project No: 5576
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Licensee: NH)
ETCulvert v.2.61 Ana
quyr1ght © 2010-2014 Eriksson Technologies,

ilename: RFB Design Casella 5576.etc

Michie Cor?orat1on (Henniker,

Project: Shrewsbury STP 1443 (44)
Tas : 12x8 RFB

Client : Casella Construction

Job No.: 5576

Agency : None

CULVERT PROPERTIES

Precast
DESIGN

Type of Culvert:
Operating Mode :

Physical Dimensions

ysis and design of culpelaRroject2015.059.003 Chk:KLS
Inc. (www.LRFD.com)

Specification :

__of
y:PILChk:

Sht

Culvert p. 1 of 18

LRFD 6th Edition 2012

No. of Boxes: 1 Name: ThreeSidedCulvert
Clear Span 12.0000 ft
Clear Height: 8.0000 ft Skew Angle : 7.00 deg
Len?t 9.2500 ft Bottom STab Support: No Bottom Slab, Pinned Supports
Fill Depth Range: Maximum : 16.00 ft Minimum : 14.00 ft Increment : 1.00 ft
Haunches:Top: 10.0000 1in Bottom : 0.0000 in
Minimum Thicknesses: Top Slab: 12.0000 in Bot STab: 0.0000 1in
Ext wall: 10.0000 1in
Material Properties
Concrete: Strength,f'c : 5.000 ksi Density 0.150 kcf  Elasticity,Ec: 4287 ksi
Type Normal weight
Fr Factor 0.24 Gammal : 1.20 Gamma3 : 0.67
Steel: Yield, fy 60.00 ksi Allow Stress: 24.00 ksi Elasticity,Es: 29000 ksi
Yield, fyv 60.00 ksi Diameter .000 1in Type : Rebar
soil: Dens1ty 0.140 kcf Slope Factor: .150 (Granular)
Fe Factor 1.150 (Maximum for Compacted Fill)
Serviceability, Gamma-e: 0.75
Loads
Live Load: Vehicle: HL-93
Ax1§ No. We1ght(k) Dist. Frgmogrevious(ft)
2 32 00 14.00
3 32.00 14.00
Gage width: 6. OO ft Tread width: 20.00 in, Tread Length: 10.00 in
Include Tandem:
Tandem: Axle 1: 25 00 k, Axle 2: 25.00 k, AxTle SpacinE: 4.00 ft
Lane Load: 0.64 k1f, P- Moment: 0.00 k, P-Shear: 0.00
Combine: Truck + Lane or Tandem + Lane
Include Lane Load I no Max. No. of Lanes: Computed by Program
override MPF no
Traffic Direction* Lanes Parallel to Main Reinforcement
Neglect Live Load for Large Fill Depths: yes
Apply Surcharge at Fill Depths > 2 ft : yes
Compute Surcharge Depth: ye
Dead Load: Future Wearing Surface O 04 k1f Add. Dead Load 0.00 k1f
Concentrated Loads : none
Lateral soil Loads: Max. Equiv. Fluid Press.: 70.00 pcf Min. Equiv. Fluid Press. 35.00 pcf
Fluid Pressures : Use Int. water Press. no
Load and Resistance Factors
Max Min
DC: 1.250 0.900
pw: 1.500 0.650
EV: 1.300 0.900
EH: 1.350 0.900
WA: 1.000
LL I : 1.750 LL II 1.350
Ductility: 1.000 Importance 1.000 Redundancy, DL: 1.000 Redundancy, LL: 1.000
Condition: 1.000 System 1.000
Phi Shear: 0.900 Phi Moment: 0.950 PM Compression: 0.750 PM Tension : 0.900
Reinforcement
Reinforcement Covers : Exterior Interior
Top Slab: 2.0000 in 1.5000 1in
walls 2.0000 1in 1.5000 1in
Design Options
Member Thick.: Top Slab : Fixed Bottom Slab: variable
Ext. wall: variable

LL Analysis UtC i |
Limit Distri

: Automatica11g Set Traffic Direction to Account for Skew Effects:
ution width to Culvert Length for Fills < 2 ft:

yes Page 2 of 148

l/22/2015 7:48:11 AM

yes (**will override previc



Licensee: Michie Corporation (Henniker, NH)
ETCulvert v.2.61 Ana?ysis_and design of culbelaBroject2015.059.003 Chk:KLS
quyr1ght © 2010-2014 Eriksson Technologies, Inc.(www.LRFD.com)
Filename: RFB Design Casella 5576.etc
Limit Distribution width to Culvert Length for Fills > 2 ft:
Combine Axle overlaps for Fills > 2 ft: yes
override DLA: no
Axle Placement Increment for Moving Load Analysis: 20
Always Distribute wheel Load: no
Reinforcement: Always Include Distribution Steel: no
User Defined Longitudinal Steel: no, Follow Specification
Max. As used in Vc calcs: 2.00 in2/ft
Slenderness : Checked K Factor: 2.00
Modeling : Use Haunches 1in the Structural Model: yes
Left Node on Rollers for 3-Sided Frames: no

no

K?syes

Crit. Section: Consider Haunches when Selecting Critical Section Locations:

Extend Critical Section for Shear Beyond the End of the Haunc

Use Max. Moment with Max. Shear at the Critical Section for Shear: no
Flexure : Ignore Axial Thrust: no

Use Pipe Equation: no
Shear : Always Check Iterative Beta Method

Misc. options: Use Strength II: no
Live Load Deflection Criteria: 1/800

Sht:____of____
tPILChk:__

By —
1/22/2015 7:48:11 AM
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Licensee: Michie Corqor@tion (Henniker, NH) sht:____of____

ETCulvert v.2.61 Analysis and design of cul¥PefaRroject2015.059.003 Chk:KLS By:PILChk:____
quyr1ght © 2010-2014 Eriksson Technologies, Inc.(www.LRFD.com) 1/22/2015 7:48:11 AM
Filename: RFB Design Casella 5576.etc Culvert p. 3 of 18

DESIGN RESULTS

Top Slab_Thickness
Bottom Slab_Thickness
Exterior wall Thickness

12.00 1in
0.00 in (from fill depth of 0.00 ft)
10.00 in (from fil1l depth of 14.00 ft)

Modular Ratio (N) = 6.76 Max. Steel Ratio = 0.025
Design Span = 12.83 ft Design Height = 8.50 ft
Volume of Concrete: 1.026 cy/ft weight of Steel: 181 1b/ft
Reinforcing Steel Schedule

) Bar . Spacing As,prv As,rgd Length. wgt  H Leg V Leg  Fill
Location Mark Qty Size Type (in) (@(in2/ft)(in2/ft) (ft-in) (1bs) (ft-in)(ft-in) (ft)
Top Slab (int) A100 (As2) 19 6 STR  6.00 0.880 0.779 13- 3 377 16.00
Top Slab (ext) A300 (As7) 10 4 STR 12.00 0.200 0.144 13- 3 90 14.00
Corner_(Top) Al (As1) 38 6 L-BAR 6.00 0.880 0.755 9- 5 536 3- 8 5- 9 14.00
Ext wall (int) Bl (As4) 20 4 STR 12.00 0.200 0.144 8- 6 116 14.00
Ext wall (ext) B2 (As1) 38 4 STR  6.00 0.400 0.262 8- 0 207 14.00
Top Slab (int- 1) €100 (As5) 13 4 STR 12.00 0.200 0.144 9- 2 81 14.00
Temperature ( 1) Cl (As6) 13 4 STR 12.00 0.200 0.144 9- 2 81 14.00
Temperature ( 1) Cl (As6) 18 4 STR 12.00 0.200 0.144 9- 2 112 14.00
Temperature ( 1) Cl (As6) 18 4 STR 12.00 0.200 0.144 19— 2 l%%% 14.00

Tota

Note: A denotes flexural steel, B denotes vertical steel, C denotes longitudinal steel

Splice Lengths Table

Bar Splice Length
Mark Size (ft-in)
Bl 4 1- 9
cl 4 1- 9
Cc100 4 1- 9

>>>Warning: This is a three sided culvert, therefore foundation has not been design by this program.
Engineer should design the foundation. This program output reflects final service Toad
conditions only. Handling, shipping and erection stresses are neither checked nor
incorporated into program design and must be analyzed by the producer's enqineer.
External bracinﬁ is an acceptable method to mitigate overstress and possible product
damage during the course of handling, shipping and erection.

Page 4 of 148
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ETCulvert v.2.61 Analysis and design of culPeiRroject2015.059.003 Chk:KLS y:PILChk:____
quyr1ght © 2010-2014 Eriksson Technologies, Inc.(www.LRFD.com) 1/22/2015 7:48:11 AM
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DESIGN RESULTS (Fill Depth = 14.00 ft)

Pinned Reactions Applied to Structure: (service load values, k/unit width) (Fill Depth = 14.00 ft)

Vertical Horizontal
DC .03 0.17
DW 0.24 0.04
EV 14.46 2.53
EH 0.00 -5.31
LS 0.00 0.00
WA 0.00 0.00
LL 0.00 0.00
without LL 0.00 0.00
with LL 0.00 0.00
Note: Reactions as shown - positive

Load Parameters:

Fe = 1.15 surcharge Depth : -1.00 ft

Applied Horizontal Loads: (k/ft)

Load Description Bottom of wall Top of wall
Horizontal Earth Load 1.610 1.015
Live Load Surcharge 0.000 0.000
Internal water Pressure 0.000 0.000

Unfactored Moments due to A1l Loads: (k-ft) (Fill Depth = 14.00 ft)

M-PT Mdc Mev Mdw Meh MTs Mwa M1 1+ M11-
Member 1: (Exterior wall)
Bottom
1- 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 1 -0.14 -2.15 -0.04 3.94 0.00 0.00 0.00 0.00
1- 2 -0.29 -4.30 -0.07 6.76 0.00 0.00 0.00 0.00
1- 3 -0.43 -6.46 -0.11 8.51 0.00 0.00 0.00 0.00
1- 4 -0.57 -8.61 -0.15 9.21 0.00 0.00 0.00 0.00
1- 5 -0.72 -10.76 -0.18 8.93 0.00 0.00 0.00 0.00
1- 6 -0.86 -12.91 -0.22 7.70 0.00 0.00 0.00 0.00
1- 7 -1.00 -15.06 -0.25 5.57 0.00 0.00 0.00 0.00
1- 8 -1.15 -17.22 -0.29 2.57 0.00 0.00 0.00 0.00
1- 9 -1.29 -19.37 -0.33 -1.25 0.00 0.00 0.00 0.00
1-10 -1.43 -21.52 -0.36 -5.84 0.00 0.00 0.00 0.00
Top
Member 2: (Top Slab)
Left
2- 0 -1.43 -21.52 0.36 -5.84 0.00 0.00 0.00 0.00
2-1 -0.32 -4.81 -0.08 -5.84 0.00 0.00 0.00 0.00
2- 2 0.54 8.18 0.14 -5.84 0.00 0.00 0.00 0.00
2- 3 1.16 17.46 0.29 -5.84 0.00 0.00 0.00 0.00
2- 4 1.53 23.03 0.39 -5.84 0.00 0.00 0.00 0.00
2- 5 1.66 24.88 0.42 -5.84 0.00 0.00 0.00 0.00
2- 6 1.53 23.03 0.39 -5.84 0.00 0.00 0.00 0.00
2- 7 1.16 17.46 0.29 -5.84 0.00 0.00 0.00 0.00
2- 8 0.54 8.18 0.14 -5.84 0.00 0.00 0.00 0.00
2- 9 -0.32 -4.81 -0.08 -5.84 0.00 0.00 0.00 0.00
2713 -1.43 -21.52 -0.36 -5.84 0.00 0.00 0.00 0.00
Right

Unfactored Shears due to ATl Loads: (k) (Fill Depth = 14.00 ft)

M-PT vdc vev vdw Veh Vls vwa V1T+ ARE

Member 1: (Exterior wall)
Bottom

1- 0 -0.17 -2.53 -0.04 5.31 0.00 0.00 0.00 0.00 Page 5 of 148
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- -0.17 -2.53 -0.04 3.97 0.00 0.00 0.00 0.00

1- 2 -0.17 -2.53 -0.04 2.68 .00 0.00 .00 .00

1- 3 -0.17 -2.53 -0.04 1.43 0.00 0.00 0.00 0.00

1- 4 -0.17 -2.53 -0.04 0.24 0.00 0.00 0.00 0.00

1- 5 -0.17 -2.53 -0.04 -0.90 0.00 0.00 0.00 0.00

1- 6 -0.17 -2.53 -0.04 -1.99 0.00 0.00 0.00 0.00

1- 7 -0.17 -2.53 -0.04 -3.03 0.00 0.00 0.00 0.00

1- 8 -0.17 -2.53 -0.04 -4.02 0.00 0.00 0.00 0.00

1- 9 -0.17 -2.53 -0.04 -4.96 0.00 0.00 0.00 0.00

1-10 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00

Top
Member 2: (Top Slab)

Left

2-0 0.96 14.46 0.24 0.00 0.00 0.00 0.00 0.00

2- 1 0.77 11.57 0.20 0.00 0.00 0.00 0.00 0.00

2- 2 0.58 8.68 0.15 0.00 0.00 0.00 0.00 0.00

2- 3 0.39 5.79 0.10 0.00 0.00 0.00 0.00 0.00

2- 4 0.19 2.89 0.05 0.00 0.00 0.00 0.00 0.00

2-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 6 -0.19 -2.89 -0.05 0.00 0.00 0.00 0.00 0.00

2-7 -0.39 -5.79 -0.10 0.00 0.00 0.00 0.00 0.00

2- 8 -0.58 -8.68 -0.15 0.00 0.00 0.00 0.00 0.00

2-9 -0.77 -11.57 -0.20 0.00 0.00 0.00 0.00 0.00

2713 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00

Right

Unfactored Thrusts due to A1l Loads: (k) (Fill Depth = 14.00 ft)

M-PT Pdc Pev Pdw Peh Pls Pwa P11+ PV11-
Member 1: (Exterior wall)
Bottom
1- 0 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00
1- 1 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00
1- 2 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00
1- 3 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00
1- 4 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00
1- 5 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00
1- 6 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00
1- 7 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00
1- 8 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00
1- 9 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00
1-10 -0.96 -14.46 -0.24 0.00 0.00 0.00 0.00 0.00
Top
Member 2: (Top Slab)
Left
2- 0 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00
2-1 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00
2- 2 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00
2- 3 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00
2- 4 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00
2- 5 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00
2- 6 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00
2-7 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00
2- 8 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00
2-9 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00
2-10 -0.17 -2.53 -0.04 -5.84 0.00 0.00 0.00 0.00

Live Load Parameters: Traffic Direction is Parallel to Main Reinforcement
vehicle Axle Weight Length Dist. From
No. (k/Tt) (ft) Previous (ft)

AlTl vehicles:

Distribution width: 0.00 ft

Impact Factor : 0.00

Lane:

Lane Load : 0.000 k/ft Distribution width: 0.00 ft

Unfactored Moments and Shears due to Live Loads: (k-ft, k) (Fill Depth = 14.00 ft)
Truck Tandem Lane
M-PT  M1T+ MT1- V1T+ \VARES MT1+ M11- V1l+ v1l- MT1+ M11- vil+  VvI11-

Member 1: (Exterior wall)
Bottom
1- 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Page 6 of 148
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1- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 4 0.00 0.00 0.00 0.00 0.00 0.00 .00 .00 0.00 0.00 0.00 0.00

1-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Top
Member 2: (Top Slab)

Left

2-0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Zjlﬂ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Right
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Serviceability Check: crack control (Fill Depth = 14.00 ft)

Bar Moment Thrust Fss Spacing Allow
Mark Location (k-ft) (k) (ksi) (in) (in)
Al Top Corner Bar -19.5 -15.67 28.81 6.00 7.86
A100 Top Slab (int) 24.0 -5.66 32.28 6.00 9.11
B2 Ext wall (ext) -7.2 -15.67 9.33 6.00 35.26

Serviceability Check: Live Load Deflection (Fill Depth = 14.00 ft)

Deflection Ratio of Top Slab = 1/9999 (Limit = 1/800)

Strength Limit State at Critical Sections: Flexure (Fill Depth = 14.00 ft)

Member 1: (Exterior wall), Thickness = 10.00 in

Design corr. Load Ratings
Loc Dist. Moment A. F. ds Ma As mMcr IR OR
(1n) (k-ft) (k) (k- ft) (in) (k-ft) phi (in2) (k-ft) (str 1I)(Str II)
BOT 1.70 20.37 0.0 7.63 5.89 0.90 0.00 7.19 NC NC
MID 40 80 4.08 14.04 7. 73 8.25 11.16 0.90 0.20 7.19 NC NC
MID- 51.00 -9.13 20.37 14.28 7.75 19.03 0.90 0.40 7.19 NC NC
TOP 16.00 -25.30 20.37 29.71 7.63 33.25 0.90 0.88 7.19 NC NC
Member 2: (Top Slab), Thickness = 12.00 in .
Design corr. Load Ratings
Loc Dist. Moment A. F. Mu ds Ma As Mcr IR OR
(in) (k-ft) (k) (k-ft) (in) (k-ft) phi (in2) (k-ft) (str 1I)(Str II)
LT 15.00 -15.28 11.46 38.07 9.63 39.53 0.90 0.88 10.36 NC NC
MID 77.00 31.10 7.51 40.16 10.13 40.28 0.90 0.88 10.36 NC NC
RT 15.00 -15.28 11.46 38.07 9.63 39.53 0.90 0.88 10.36 NC NC

Note: Mu - Resisting moment under pure flexure, Ma - Allowable moment under applied axial load

Strength Limit State at Critical Sections: Vertical Shear (Fill Depth = 14.00 ft)

Member 1: (Exterior wall), Thickness = 10.00 in

Design corr. Corr. Max. Load Ratings
Loc Dist. Shear Moment A. F. Dv phi*vn Beta Theta Vc Vs Av Spac IR OR
(1n) (k) (k- ft) (k) (in) (k) (k) (k) (@(in2) (in) (str 1I)(Str 1)
BOT 4.71 7.63 29.28 5.031 27.89 32.53a 0.00 0.00 0.00 NC NC
MID 51 00 3.67 1 6 14 04 8.13 30.65 4.939 28.33 34.06a 0.00 0.00 0.00 NC NC
MID- 51.00 3.67 1.6 20.37 7.51 29.07 5.070 27.77 32.31a 0.00 0.00 0.00 NC NC
TOP 23.20 -8.62 21.1 20.37 7.20 12.53 2.280 37.41 13.92a 0.00 0.00 0.00 NC NC
Member 2: (Top Slab), Thickness = 12.00 in
Design corr. Corr. Max. Load Ratings
Loc Dist. Shear Moment A. F. Dv phi*vn Beta Theta Vc Vs Av Spac IR OR
(in) (k) (k- ft) (k) (in) (k) (k) (k) (@(in2) (in) (str 1I)(Str 1)
LT 23.64 14.12 6.8 9.11 18.39 2.646 36.90 20.43a 0.00 0.00 0.00 NC NC
MID 77.00 0.00 31.1 7 51 9.61 14.66 2.000 45.00 16.29b 0.00 0.00 0.00 NC NC
RT 23.64 14.12 6.8 11.46 9.11 18.39 2.646 36.90 20.43a 0.00 0.00 0.00 NC NC

Vvc Calculation By: a - Iterative Beta, b - Constant Beta, c - Box Culvert, d - Standard/Arema
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Load Combination Results at Tenth Points: (k-ft, k)(Fill Depth = 14.00 ft)

M-PT +Moment -Moment +Axial -Axial +Shear -Shear

Member 1: (Exterior wall)
Bottom
1- 0 0.000 0.000 20.371 20.371 4.714 0.020
1- 1 3.231 -0.371 14.042 20.371 2.900 -0.887
1- 2 4.950 -1.498 14.042 20.371 1.155 -1.759
1- 3 5.214 -3.352 14.042 20.371 -0.522 -2.598
1- 4 4.083 -5.904 14.042 20.371 -2.130 -3.402
1- 5 1.613 -9.125 14.042 20.371 -3.670 -4.778
1- 6 -2.137 -12.987 14.042 20.371 -4.908 -6.250
1- 7 -7.110 -17.459 14.042 20.371 -5.610 -7.654
1- 8 -13.246 -22.514 14.042 20.371 -6.277 -8.989
1- 9 -20.489 -28.964 14.042 20.371 -6.911 -10.256
1-10 -28.779 -38.196 14.042 20.371 -7.510 -11.455
Top

Member 2: (Top Slab)
Left
2- 0 -28.779 -38.196 10.347 11.455 20.371 14.042
2- 1 -10.724 -14.668 7.510 11.455 16.297 11.233
2- 2 7.576 0.053 7.510 10.347 12.223 8.425
2- 3 20.647 9.063 7.510 10.347 8.148 5.617
2- 4 28.490 14.469 7.510 10.347 4.074 2.808
2- 5 31.104 16.271 7.510 10.347 0.000 0.000
2- 6 28.490 14.469 7.510 10.347 -2.808 -4.074
2- 7 20.647 9.063 7.510 10.347 -5.617 -8.148
2- 8 7.576 0.053 7.510 10.347 -8.425 -12.223
2- -10.724 -14.668 7.510 11.455 -11.233 -16.297
2718 -28.779 -38.196 10.347 11.455 -14.042 -20.371
Right
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DESIGN RESULTS (Fill Depth = 15.00 ft)

Pinned Reactions Applied to Structure: (service load values, k/unit width) (Fill Depth = 15.00 ft)

Vertical Horizontal
DC .03 0.17
DW 0.24 0.04
EV 15.50 2.71
EH 0.00 -5.57
LS 0.00 0.00
WA 0.00 0.00
LL 0.00 0.00
without LL 0.00 0.00
with LL 0.00 0.00
Note: Reactions as shown - positive

Load Parameters:

Fe = 1.15 surcharge Depth : -1.00 ft

Applied Horizontal Loads: (k/ft)

Load Description Bottom of wall Top of wall
Horizontal Earth Load 1.680 1.085
Live Load Surcharge 0.000 0.000
Internal water Pressure 0.000 0.000

Unfactored Moments due to A1l Loads: (k-ft) (Fill Depth = 15.00 ft)

M-PT Mdc Mev Mdw Meh MTs Mwa M1 1+ M11-
Member 1: (Exterior wall)
Bottom
1- 0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 1 -0.14 -2.31 -0.04 4.14 0.00 0.00 0.00 0.00
1- 2 -0.29 -4.61 -0.07 7.10 0.00 0.00 0.00 0.00
1- 3 -0.43 -6.92 -0.11 8.94 0.00 0.00 0.00 0.00
1- 4 -0.57 -9.22 -0.15 9.70 0.00 0.00 0.00 0.00
1- 5 -0.72 -11.53 -0.18 9.41 0.00 0.00 0.00 0.00
1- 6 -0.86 -13.83 -0.22 8.12 0.00 0.00 0.00 0.00
1- 7 -1.00 -16.14 -0.25 5.88 0.00 0.00 0.00 0.00
1- 8 -1.15 -18.44 -0.29 2.72 0.00 0.00 0.00 0.00
1- 9 -1.29 -20.75 -0.33 ~-1.30 0.00 0.00 0.00 0.00
1-10 -1.43 -23.06 -0.36 -6.16 0.00 0.00 0.00 0.00
Top
Member 2: (Top Slab)
Left
2- 0 -1.43 -23.06 0.36 -6.16 0.00 0.00 0.00 0.00
2-1 -0.32 -5.16 -0.08 -6.16 0.00 0.00 0.00 0.00
2- 2 0.54 8.76 0.14 -6.16 0.00 0.00 0.00 0.00
2- 3 1.16 18.71 0.29 -6.16 0.00 0.00 0.00 0.00
2- 4 1.53 24.67 0.39 -6.16 0.00 0.00 0.00 0.00
2- 5 1.66 26.66 0.42 -6.16 0.00 0.00 0.00 0.00
2- 6 1.53 24.67 0.39 -6.16 0.00 0.00 0.00 0.00
2- 7 1.16 18.71 0.29 -6.16 0.00 0.00 0.00 0.00
2- 8 0.54 8.76 0.14 -6.16 0.00 0.00 0.00 0.00
2- 9 -0.32 -5.16 -0.08 -6.16 0.00 0.00 0.00 0.00
2713 -1.43 -23.06 -0.36 -6.16 0.00 0.00 0.00 0.00
Right

Unfactored sShears due to ATl Loads: (k) (Fill pepth = 15.00 ft)

M-PT vdc vev vdw Veh Vls vwa V1T+ ARE

Member 1: (Exterior wall)
Bottom
1- 0 -0.17 -2.71 -0.04 5.57 0.00 0.00 0.00 0.00 Page 10 of 148
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- -0.17 -2.71 -0.04 4.17 0.00 0.00 0.00 0.00

1- 2 -0.17 -2.71 -0.04 2.82 .00 0.00 .00 .00

1- 3 -0.17 -2.71 -0.04 1.52 0.00 0.00 0.00 0.00

1- 4 -0.17 -2.71 -0.04 0.27 0.00 0.00 0.00 0.00

1- 5 -0.17 -2.71 -0.04 -0.94 0.00 0.00 0.00 0.00

1- 6 -0.17 -2.71 -0.04 -2.08 0.00 0.00 0.00 0.00

1- 7 -0.17 -2.71 -0.04 -3.18 0.00 0.00 0.00 0.00

1- 8 -0.17 -2.71 -0.04 -4.23 0.00 0.00 0.00 0.00

1- 9 -0.17 -2.71 -0.04 -5.23 0.00 0.00 0.00 0.00

1-10 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00

Top
Member 2: (Top Slab)

Left

2-0 0.96 15.50 0.24 0.00 0.00 0.00 0.00 0.00

2-1 0.77 12.40 0.20 0.00 0.00 0.00 0.00 0.00

2- 2 0.58 9.30 0.15 0.00 0.00 0.00 0.00 0.00

2- 3 0.39 6.20 0.10 0.00 0.00 0.00 0.00 0.00

2- 4 0.19 3.10 0.05 0.00 0.00 0.00 0.00 0.00

2-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 6 -0.19 -3.10 -0.05 0.00 0.00 0.00 0.00 0.00

2-7 -0.39 -6.20 -0.10 0.00 0.00 0.00 0.00 0.00

2- 8 -0.58 -9.30 -0.15 0.00 0.00 0.00 0.00 0.00

2- 9 -0.77 -12.40 -0.20 0.00 0.00 0.00 0.00 0.00

2713 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00

Right

Unfactored Thrusts due to A1l Loads: (k) (Fill pDepth = 15.00 ft)

M-PT Pdc Pev Pdw Peh Pls Pwa P11+ PV11-
Member 1: (Exterior wall)
Bottom
1- 0 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00
1- 1 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00
1- 2 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00
1- 3 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00
1- 4 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00
1- 5 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00
1- 6 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00
1- 7 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00
1- 8 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00
1- 9 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00
1-10 -0.96 -15.50 -0.24 0.00 0.00 0.00 0.00 0.00
Top
Member 2: (Top Slab)
Left
2- 0 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00
2-1 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00
2- 2 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00
2- 3 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00
2- 4 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00
2-5 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00
2- 6 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00
2- 7 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00
2- 8 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00
2- 9 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00
2-10 -0.17 -2.71 -0.04 -6.18 0.00 0.00 0.00 0.00

Live Load Parameters: Traffic Direction is Parallel to Main Reinforcement
vehicle Axle Weight Length Dist. From
No. (k/Tt) (ft) Previous (ft)

AlTl vehicles:

Distribution width: 0.00 ft

Impact Factor : 0.00

Lane:

Lane Load : 0.000 k/ft Distribution width: 0.00 ft

Unfactored Moments and Shears due to Live Loads: (k-ft, k) (Fill Depth = 15.00 ft)
Truck Tandem Lane
M-PT  M1T+ MT1- V1T+ \VARES MT1+ M11- V1l+ v1l- MT1+ M11- vil+  VvI11-

Member 1: (Exterior wall)
Bottom
1- 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Page 11 of 148
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1- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 4 0.00 0.00 0.00 0.00 0.00 0.00 .00 .00 0.00 0.00 0.00 0.00

1-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Top
Member 2: (Top Slab)

Left

2-0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Zjlﬂ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Right
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Licensee: Michie Cor?
ETCulvert v.2.61 Ana

quyr1ght © 2010-201
ilename: RFB Design

Serviceability Check:

Bar )

Mark Location

Al Top Corner Bar
A100 Top Slab (int)
B2 Ext wall (ext)

Serviceability Check:

Deflection Ratio of T

Strength Limit State

Member 1: (Exterior w

Design

Loc Dist. Moment
(1n) (k-ft)

BOT -1.81

MID 40 80 4.18

MID- 51.00 -9.81

TOP 16.00 -26.96
Member 2: (Top Slab),
) Design

Loc Dist Moment
(in) (k-ft)

LT 15.00 -16.19

MID 77.00 33.20

RT 15.00 -16.19
Note: Mu - Resisting

Strength Limit State

oration (Henniker, NH)

ysis and design of culPelaRroject 2015.059.003 Chk: KLS

4 Eriksson Technologies,
Casella 5576.etc

Crack control (Fill pepth = 15.00 ft)
Moment Thrust Fss Spacing Allow
(k-ft) (k) (ksi) (in) (in)

-20.7 -16.70 30.70 6.00 7.08
25.7 -6.01 34.47 6.00 8.29
-7.7 -16.70 10.15 6.00 32.04

Live Load Deflection (Fill Depth =

op STab = 1/9999 (Limit = 1/800)

at Critical Sections:

all), Thickness = 10.00 1in
corr.
A. F. ds Ma
(k) (k- ft) (in) (k-ft)
21.71 0.0 7.63 6.28
14.97 7. 73 8.25 11.41
21.71 14.28 7.75 19.39
21.71 29.71 7.63 33.58
Thickness = 12.00 1in
corr.
A. F. Mu ds Ma
(k) (k-ft) (in) (k-ft)
12.14 38.07 9.63 39.74
7.97 40.16 10.13 40.41
12.14 38.07 9.63 39.74

moment under pure flexure,

at Critical Sections:

Flexure (Fill Depth =

Member 1: (Exterior w
Design
Loc Dist. Shear
(1n) (k)
BOT 4.90
MID 51 00 3.88
MID- 51.00 3.88
TOP 23.20 -9.13
Member 2: (Top Slab),
) Design
Loc Dist. Shear
(in) (k)
LT 23.64 15.05
MID 77 .00 0.00
RT 23.64 15.05

vc Calculation By: a

all), Thickness = 10.00 1in
corr. Corr. )
Moment A. F. Dv_ phi*vn Beta
(k- ft) (k) (in) k)
7.63 29.31 5.037
1 6 14 97 8.13 30.84 4.969
1.6 21.71 7.51 29.10 5.074
22.521.71 7.20 12.23 2.225
Thickness = 12.00 1in
corr. Corr. )
Moment A. F. Dv_ phi*vn Beta
(k- ft) (k) (in) (k)
7. 9.11 17.94 2.581
33. 2 7 97 9.61 14.66 2.000
7.1 12.14 9.11 17.94 2.581

- Iterative Beta,

b - Constant Beta,

Inc. (www.LRFD.com)

15.00 ft)

Vertical Shear (Fill Depth =

c - Box Culvert,

__of
:PJLChk:
1/22/2015 7:48:11 AM
Culvert p. 12 of 18

Sht

15.00 ft)
Load Ratings
AS Mcr IR OR
(in2) (k-ft) (str 1I)(Str II)
0.00 7.19 NC NC
0.20 7.19 NC NC
0.40 7.19 NC NC
0.88 7.19 NC NC
Load Ratings
AS Mcr IR OR
(in2) (k-ft) (str 1I)(Str II)
0.88 10.36 NC NC
0.88 10.36 NC NC
0.88 10.36 NC NC
Ma - Allowable moment under applied axial Tload
15.00 ft)
Max. Load Ratings
\e Vs Av  Spac IR OR
(k) (k) (@(in2) (in) (str 1I)(Str 1)
32.56a 0.00 0.00 0.00 NC NC
34.26a  0.00 0.00 0.00 NC NC
32.33a  0.00 0.00 0.00 NC NC
13.59a 0.00 0.00 0.00 NC NC
Max Load Ratings
\e Vs Av  Spac IR OR
(k) (k) (@(in2) (in) (str 1I)(Str 1)
19.93a 0.00 0.00 0.00 NC NC
16.29p 0.00 0.00 0.00 NC NC
19.93a 0.00 0.00 0.00 NC NC

d - Standard/Arema
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ilename: RFB Design Casella 5576.etc Culvert p. 13 of 18

Load Combination Results at Tenth Points: (k-ft, k)(Fill Depth = 15.00 ft)

M-PT +Moment -Moment +Axial -Axial +Shear -Shear

Member 1: (Exterior wall)
Bottom
1- 0 0.000 0.000 21.714 14.971 4.903 -0.039
1- 1 3.358 -0.438 14.971 21.714 3.009 -0.986
1- 2 5.134 -1.667 14.971 21.714 1.184 -1.899
1- 3 5.389 -3.656 14.971 21.714 -0.574 -2.777
1- 4 4.179 -6.379 14.971 21.714 -2.262 -3.622
1- 5 1.562 -9.804 14.971 21.714 -3.883 -5.063
1- 6 2.403 -13.903 14.971 21.714 -5.208 -6.616
1- 7 -7.659 -18.648 14.971 21.714 -5.950 -8.100
1- 8 -14.147 -24.009 14.971 21.714 -6.658 -9.515
1- 9 -21.809 -30.838 14.971 21.714 -7.332 -10.863
1-10 -30.587 -40.619 14.971 21.714 -7.971 -12.142
Top

Member 2: (Top Slab)
Left
2- 0 -30.587 -40.619 10.962 12.142 21.714 14.971
2- 1 -11.384 -15.540 7.971 12.142 17.371 11.977
2- 2 8.123 0.154 7.971 10.962 13.028 8.983
2- 3 22.056 9.760 7.971 10.962 8.686 5.989
2- 4 30.416 15.524 7.971 10.962 4.343 2.994
2- 5 33.202 17.446 7.971 10.962 0.000 0.000
2- 6 30.416 15.524 7.971 10.962 -2.994 -4.343
2- 7 22.056 9.760 7.971 10.962 -5.989 -8.686
2- 8 8.123 0.154 7.971 10.962 -8.983 -13.028
2- 9 -11.384 -15.540 7.971 12.142 -11.977 -17.371
2718 -30.587 -40.619 10.962 12.142 -14.971 -21.714
Right
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Licensee: Michie Corqorat1on (Henniker, NH)

ETCulvert v.2.61 Ana
2010-2014 Eriksson Technologies,

quyright ©

ysis and design of culDeltaRroject2015.059.003 Chk: KLS y:PILChk:
Inc. (www.LRFD.com)

ilename: RFB Design Casella 5576.etc

DESIGN RESULTS (Fill Depth =

Pinned Reactions Applied to Structure:

16.00 ft)

DC
Dw
EV
EH
LS
WA
LL
without
with LL

LL

Vertical Horizontal
2.03 0.17
0.24 0.04

16.53 2.89
0.00 -5.83
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

Note: Reactions as shown - positive

Load Paramete

rs:

Surcharge Depth :

Applied Horizontal Loads:

Load Descript

ion

Horizontal Earth Load
Live Load Surcharge
Internal water Pressure

Unfactored Moments due to ATl Loads:

Bottom

1- 0 .00 0.00 0.00
1- 1 -0.14 -2.46 -0.04
1- 2 -0.29 -4.92 -0.07
1- 3 -0.43 -7.38 -0.11
1- 4 -0.57 -9.84 -0.15
1- 5 -0.72 -12.30 -0.18
1- 6 -0.86 -14.76 -0.22
1- 7 -1.00 -17.22 -0.25
1- 8 -1.15 -19.67 -0.29
1- 9 -1.29 -22.13 -0.33
1-10 -1.43 -24.59 -0.36
Top

Member 2: (Top Slab)

Left

2- 0 -1.43 -24.59 0.36
2- 1 -0.32 -5.50 -0.08
2- 2 0.54 9.35 0.14
2- 3 1.16 19.95 0.29
2- 4 1.53 26.32 0.39
2- 5 1.66 28.44 0.42
2- 6 1.53 26.32 0.39
2- 7 1.16 19.95 0.29
2- 8 0.54 9.35 0.14
2- 9 -0.32 -5.50 -0.08
2-10 -1.43 -24.59 -0.36
Right

Member 1: (Exterior wall)

Bottom
1- 0 -0.17

-2.89

-0.04

-1.00 ft

(k/fo)

Bottom of wall Top of wall
1.750 1.155
0.000 0.000
0.000 0.000

(k-ft) (Fi11 Depth =

Meh Mls Mwa M1+
0.00 0.00 0.00 0.00
4.33 0.00 0.00 0.00
7.44 0.00 0.00 0.00
9.38 0.00 0.00 0.00
10.18 0.00 0.00 0.00
9.88 0.00 0.00 0.00
8.54 0.00 0.00 0.00
6.19 0.00 0.00 0.00
2.87 0.00 0.00 0.00
-1.36 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
-6.47 0.00 0.00 0.00
(k) (Fil11 Depth =

Veh Vls vwa \VARES
5.83 0.00 0.00 0.00

Sht __of

1/22/2015 7:48:12 AM
Culvert p. 14 of 18

(service load values, k/unit width) (Fill Depth = 16.00 ft)

16.00 ft)
M11-

[elelololololelolele o)
o
o

[elelololololelolelelo)
o
o

16.00 ft)

V11-

0.00 Page 15 of 148
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- -0.17 -2.89 -0.04 4.37 0.00 0.00 0.00 0.00

1- 2 -0.17 -2.89 -0.04 2.96 .00 0.00 .00 .00

1- 3 -0.17 -2.89 -0.04 1.60 0.00 0.00 0.00 0.00

1- 4 -0.17 -2.89 -0.04 0.29 0.00 0.00 0.00 0.00

1- 5 -0.17 -2.89 -0.04 -0.97 0.00 0.00 0.00 0.00

1- 6 -0.17 -2.89 -0.04 -2.18 0.00 0.00 0.00 0.00

1- 7 -0.17 -2.89 -0.04 -3.34 0.00 0.00 0.00 0.00

1- 8 -0.17 -2.89 -0.04 -4.45 0.00 0.00 0.00 0.00

1- 9 -0.17 -2.89 -0.04 -5.51 0.00 0.00 0.00 0.00

1-10 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00

Top
Member 2: (Top Slab)

Left

2-0 0.96 16.53 0.24 0.00 0.00 0.00 0.00 0.00

2-1 0.77 13.22 0.20 0.00 0.00 0.00 0.00 0.00

2- 2 0.58 9.92 0.15 0.00 0.00 0.00 0.00 0.00

2- 3 0.39 6.61 0.10 0.00 0.00 0.00 0.00 0.00

2- 4 0.19 3.31  0.05 0.00 0.00 0.00 0.00 0.00

2-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 6 -0.19 -3.31 -0.05 0.00 0.00 0.00 0.00 0.00

2-7 -0.39 -6.61 -0.10 0.00 0.00 0.00 0.00 0.00

2- 8 -0.58 -9.92 -0.15 0.00 0.00 0.00 0.00 0.00

2- 9 -0.77 -13.22 -0.20 0.00 0.00 0.00 0.00 0.00

2713 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00

Right

Unfactored Thrusts due to A1l Loads: (k) (Fill Depth = 16.00 ft)

M-PT Pdc Pev Pdw Peh Pls Pwa P11+ PV11-
Member 1: (Exterior wall)
Bottom
1- 0 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00
1- 1 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00
1- 2 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00
1- 3 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00
1- 4 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00
1- 5 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00
1- 6 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00
1- 7 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00
1- 8 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00
1- 9 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00
1-10 -0.96 -16.53 -0.24 0.00 0.00 0.00 0.00 0.00
Top
Member 2: (Top Slab)
Left
2- 0 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00
2-1 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00
2- 2 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00
2- 3 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00
2- 4 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00
2-5 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00
2- 6 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00
2-7 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00
2- 8 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00
2- 9 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00
2-10 -0.17 -2.89 -0.04 -6.51 0.00 0.00 0.00 0.00

Live Load Parameters: Traffic Direction is Parallel to Main Reinforcement
vehicle Axle Weight Length Dist. From
No. (k/Tt) (ft) Previous (ft)

AlTl vehicles:

Distribution width: 0.00 ft

Impact Factor : 0.00

Lane:

Lane Load : 0.000 k/ft Distribution width: 0.00 ft

Unfactored Moments and Shears due to Live Loads: (k-ft, k) (Fill Depth = 16.00 ft)
Truck Tandem Lane
M-PT  M1T+ MT1- V1T+ \VARES MT1+ M11- V1l+ v1l- MT1+ M11- vil+  VvI11-

Member 1: (Exterior wall)
Bottom
1- 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1- 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Page 16 of 148
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1- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 4 0.00 0.00 0.00 0.00 0.00 0.00 .00 .00 0.00 0.00 0.00 0.00

1-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1- 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1-10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Top
Member 2: (Top Slab)

Left

2-0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2-5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2- 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Zjlﬂ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Right
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ee: Michie Cor?

ETCulvert v.2.61 Ana

quyri

1lename:

Serviceability Check: Crack Control (Fill Depth =

Bar
Mark
Al
A100
B2

servic

Deflection Ratio of Top Slab =

Strength Limit State at Critical Sections:

ght © -
RFB Design

Location

Top Corner Bar
Top Slab (int)
Ext wall (ext)

eability Check:

2010-2014 Eriksson Technologies,

oration (Henniker, NH)

ysis and design of culPelaRroject 2015.059.003 Chk: KLS

Casella 5576.etc

16.00 ft)
Moment Thrust Fss Spacing Allow
(k-ft) (k) (ksi) (in) (in)
-22.0 -17.74 32.59 6.00 6.40
27.3 -6.36 36.00 6.00 7.78
-8.3 -17.74 10.98 6.00 29.31

Live Load Deflection (Fill Depth =

1/9999 (Limit = 1/800)

Member
Loc
BOT
MID
MID-
TOP
Member
Loc

LT

MID

RT

Note:

Strength Limit State at Critical Sections:

Member
Loc
BOT
MID
MID-
TOP
Member
Loc

LT
MID

1: (Exterior wall), Thickness =

) Design
Dist Moment
(in) (k-ft)

0.00 1.92
40.80 4.28
51.00 -10.48
16.00 -28.62
2: (Top Slab),

) Design
Dist Moment
(in) (k-ft)
15.00 -17.10
77.00 35.30
15.00 -17.10

Mu - Resisting

1: (Exterior wall), Thickness =

Inc. (www.LRFD.com)

16.00 ft)

__of
PJLChk
1/22/2015 7:48:12 AM
Culvert p. 17 of 18

Sht

Flexure (Fill Depth = 16.00 ft)
10.00 1in ]
corr. Load Ratings
A. F. ds Ma As mMcr IR OR
(k) (k- ft) (in) (k-ft) phi (in2) (k-ft) (str 1I)(Str II)
23.06 0.0 7.63 6.67 0.90 0.00 7.19 NC NC
15.90 7. 73 8.25 11.67 0.90 0.20 7.19 NC NC
23.06 14.28 7.75 19.76 0.90 0.40 7.19 NC NC
23.06 29.71 7.63 33.92 0.90 0.88 7.19 NC NC
Thickness = 12.00 1in .
corr. Load Ratings
A. F. Mu ds Ma As mMcr IR OR
(k) (k-ft) (in) (k-ft) phi (in2) (k-ft) (str 1I)(Str II)
12.83 38.07 9.63 39.95 0.9 0.8 10.36 NC NC
8.43 40.16 10.13 40.55 0.90 0.88 10.36 NC NC
12.83 38.07 9.63 39.95 0.90 0.88 10.36 NC NC
moment under pure flexure, Ma - Allowable moment under applied axial Toad
Vertical Shear (Fill Depth = 16.00 ft)
10.00 1in )
corr. Corr. Max. Load Ratings
Moment A. F. Dv phi*vn Beta Theta Vc Vs Av Spac IR OR
(k- ft) (k) (in) (k) (k) (k) (@(in2) (in) (str 1I)(Str 1)
7.63 29.34 5.042 27.87 32.60a 0.00 0.00 0.00 NC NC
1 5 15 90 8.13 30.95 4.988 28.22 34.39a 0.00 0.00 0.00 NC NC
1.5 23.06 7.51 29.12 5.079 27.76 32.36a 0.00 0.00 0.00 NC NC
23.9 23.06 7.20 11.93 2.171 38.08 13.25a 0.00 0.00 0.00 NC NC
Thickness = 12.00 1in .
corr. Corr. Max Load Ratings
Moment A. F. Dv phi*vn Beta Theta Vc Vs Av Spac IR OR
(k- ft) (k) (in) (k) (k) (k) (@(in2) (in) (str 1I)(Str 1)
7. 9.11 17.58 2.530 37.54 19.53a 0.00 0.00 0.00 NC NC
35. 3 8 43 9.61 14.66 2.000 45.00 16.29b 0.00 0.00 0.00 NC NC
7.5 12.83 9.11 17.58 2.530 37.54 19.53a 0.00 0.00 0.00 NC NC

RT
vc cal

Design
Dist. Shear
(1 n) (k)
5.09
51 00 4.10
51.00 4.10
23.20 -9.63
2: (Top Slab),
) Design
Dist. Shear
(in) (k)
23.64 15.98
77 .00 0.00
23.64 15.98

culation By: a

- Iterative Beta,

b - Constant Beta,

c - Box Culvert,

d - Standard/Arema
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Load Combination Results at Tenth Points: (k-ft, k)(Fill Depth = 16.00 ft)

M-PT +Moment -Moment +Axial -Axial +Shear -Shear

Member 1: (Exterior wall)
Bottom
1- 0 0.000 0.000 23.057 23.057 5.091 -0.099
1- 1 3.484 -0.506 15.901 23.057 3.117 -1.086
1- 2 5.319 -1.836 15.901 23.057 1.212 -2.038
1- 3 5.563 -3.961 15.901 23.057 -0.626 -2.957
1- 4 4.275 -6.853 15.901 23.057 -2.395 -3.842
1- 5 1.511 -10.482 15.901 23.057 -4.096 -5.348
1- 6 2.669 -14.820 15.901 23.057 -5.508 -6.981
1- 7 -8.208 -19.837 15.901 23.057 -6.291 -8.545
1- 8 -15.047 -25.504 15.901 23.057 -7.039 10.041
1- 9 -23.129 -32.711 15.901 23.057 -7.753 -11.469
1-10 -32.396 -43.043 15.901 23.057 -8.432 -12.829
Top

Member 2: (Top Slab)
Left
2- 0 -32.396 -43.043 11.576 12.829 23.057 15.901
2- 1 -12.043 -16.412 8.432 12.829 18.446 12.721
2- 2 8.670 0.255 8.432 11.576 13.834 9.541
2- 3 23.465 10.458 8.432 11.576 9.223 6.360
2- 4 32.342 16.580 8.432 11.576 4.611 3.180
2- 5 35.301 18.621 8.432 11.576 0.000 0.000
2- 6 32.342 16.580 8.432 11.576 -3.180 -4.611
2- 7 23.465 10.458 8.432 11.576 -6.360 -9.223
2- 8 8.670 0.255 8.432 11.576 -9.541 -13.834
2- 9 -12.043 -16.412 8.432 12.829 -12.721 -18.446
2718 -32.396 -43.043 11.576 12.829 -15.901 -23.057
Right
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Delta Project 2015.059.003 Chk: KLS

Designed By: PJL Casella #5576
Checked By: 12x8 RFB - WW#1
Date Printed: 2/2/2015 VAOT #STP1443 (44)

Shrewsbury, VT

cC O R P OWRA AT I O N

Design/Analysis References:
AASHTO LRFD Bridge Design Specifications, 6th Edition.

1
2
3. Das, Principles of Foundation Engineering, 5th Edition.

4. Holtz & Kovacs, Introduction to Geotechnical Engineering

5. AISC, Steel Construction Manual, 13th Edition

6. Highway Innovative Technology Evaluation Center (HITEC), Evaluation of the Con/Span Wingwall System, CERF
Report #40580, July 2001.

7. Contract Plans (VAOT)

Assumptions:
1. It is assumed that the failure plane of the soil to be retained by this wall will lie within the proposed
backfill material.
2. The proposed backfill material will meet the material requirements of NHDOT section 209, Granular

Backfill (Bridge), and be constructed to meet the requirements of the contract documents. This material is assumed to have a
friction angle = 34 degrees and a dry unit weight = 140 pcf.

3. The installation of the weepholes will preclude the development of hydrostatic pressures on the wall.

4. Passive earth pressure in front of the wall is ignored per AASHTO 11.6.3.5.

5. Site Layout. Roadway Skew 35 degrees. (3) wingwall designs due to varying design height and backfill slope.

6. Backslope Angle. WW1 2:1 at 25 degrees. WW2 and WWS3 flat. WW4 flat then 2:1 - Use 5:1 for design. Use infinite
backslopes for designs (Break_In_Slope = 0, see below).

7. Live Load Surcharge. N/A - traffic is well belond H/2 for all cases.

8. The HITEC Evaluation (page 3) explains that the Anchor Wall acts as a cantilever wall for most of its length since the

weight of the soil within and above the anchors provides resistance to overturning. The wall also has attributes of a bin wall
since arching and friction of soil masses between anchors provides additional resistance. Therefore, the provisions of AASHTO
Sections 11.6 (Conventional Retaining Walls) and 11.11 (Modular Walls) shall be applied.

9. Per AASHTO 11.11.4.4, a maximum of 80% of the weight of the retained soil is effective in resisting overturning. The
HITEC Evaluation (pages D29-D33) evaluated the accuracy of this assumption and found that using 80% of the soil weight is a
conservative assumption.

10. The Top of Wingwall elevations are 2 inches below the top of headwall elevations.
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Shrewsbury, VT

General Input:

ELVWM]tOp := 1006ft — 2in = 1005.83 ft Elevation of the Wingwall at its tallest point

Evaalltip = 1002ft Elevation of Wingwall at its tip.

ELVbot.ftg = 993.67ft Elevation of the Bottom of the Wall Footing

tg = 10in Pedestal Footing design, separate

hftg = Oft Pedestal Footing design, separate

heport = ELVwalltip - ELVbot.ftg = hftg — lin = 8.247 ft Short end of wall (less 1" for shim)

heap = Evaamop - ELVbot.ftg = hftg — lin = 12.08ft Tall end of wall (less 1" for shim)

Liyan = 161t Length of Wall Panel

lfja = 11t Length of flat portion of wingwall before break in slope.

tyal] = 10in Thickness of Wall Panel

tgtem = 0IN Thickness of Anchor Stem

Wlange = 2ft + 6in Width of Anchor Flange

Ogpew = 25deg Angle of ww skew in plan view, measured from edge of roadway.
(to measure distance to traffic for each anchor)

Oyay1 = 90deg Wall batter angle with horizontal

9anchor = Oway + 30deg Anchor batter angle with horizontal

Cos(askew) . . . .
B := atan| ——— | = 24.378-deg Backfill slope angle with horizontal, measured perpendicular to
2

the wall.

diraffic = 35ft Estimated minimum distance to traffic, measured from
backfill side of wall and perpendicular to the wall.

BreakInSlope := Oft Assumed distance from face of guardrail to break-in-slope,
meaured perpendicular to the wall.
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Wall Material Properties

Concrete
) Ibf ) X ) .
f. = 5000—2 E, := 4074ksi Aggregate g;,, = -75in
in
Y = 150pct Assumed unit weight of concrete panel.

B, = Stress Block Factor specified in Article

R79299
B = max .65,| |.85 if f. <4000psi =0.8
f. — 4000psi
.85 — E < otherwise
psi 1000
Steel:
Ibf
., := 60000 — E. := 29000ksi
y 2 S
in
Soil:
qR = 10ksf] Minimum factored bearing resistance given in contract, sht 6
Vg = 140pcf Assumed soil unit weight for all soil
Qgyr = 2ft-g = 280-psf Surcharge Soil Pressure (AASHTO Tbl 3.11.6.4-2)
d>ﬁg := 35deg Friction Angle of Soil below Wall Footing
Ppackfil] = 34deg Friction Angle of Backfill Soil

. 2
_ sin(Oyal) + Phackfill)
Ko wall = 5 =0378 AASHTO 3.11.5.3

o, Voiito _s |14 sin{@backfil * Swall) sin( Ppackfiit ~ B
(w2t S sin(Oya1 = Syatt) Sin(Owar + B)
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. 2
) Sln(eanchor + d)backfill)
ka.anchor = 5 0.12 AASHTO

sin(6 2 sin(6 s I sin(Ppackfill * Sanchor) M Pbackfill ~ B) 3.11.5.3
( anchor) ( anchor anchor) sin( 0, chor — 5anchor)'51n(9anchor N B)

ko = 1 = sin(dp,ckppg) = 0441 AASHTO 3.11.5.2-1

Determine Load Factors (Strength I) (AASHTO 1.3 and Table 3.4.1-1)

Load Modifiers

Np = 1.00 Ductility for a conventional design
MR = 1.00 Redundancy for conventional design
M= 1.00 Importance for a conventional bridge
m; = max(nD-nR-nI,O.%) mi=1
Load Factor Max Min Service
DC 1.25 0.9 1.0 Component Dead Loads
YEH 1.5 0.9 1.0 Horizontal Earth Loads
YEV 1.35 1.0 1.0 Vertical Earth Loads
TLL 1.75 1.75 1.0 Live Loads
S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP Page 4 of 29
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Anchor Types, Layout and Backfill Geometry

ConnectedToBridge := "No" To account for the connection of the wing to the bridge. Choose
between Yes and No.

"R Anchor Type to be tied to the back face of the wall. Chosen

AnchorType :
between Anchor Type B, C, D, and E as defined below.

uFu

AnchorType, :

AnchorTypey = "F"

Distance to each anchor is from culvert end of wing. Anchor 1 is closest to culvert.

distypchor,1 = 3ft
Note: Research in HITEC report supports spacing from 2.5 ft (anchors are touching) to 5.5
dist,chor.2 = 8ft feet (HITEC Report pages D29-D33). If distance between anchors increases beyond 5.5 ft,
data supporting the usable 80% soil weight assumption shall be provided due to possible
i affects on soil arching between the anchors. Similarly, anchor closest to the wall tip shall not
distynchor.3 = 13ft exceed 3 feet without supporting data.

If only 1 anchor is used, set dist, o2 = dist,chors = O-
If only 2 anchors are used, set dist, o3 = O-

Tributary Width of Wall for each Anchor

trib 0 if ConnectedToBridge = "No" =0ft

plates =
1 . .
E . dIStanchor. 1 otherwise
tiby = |Lyan = by jages I distypenorn =0 =55t
1 . . . .
E'(dmanchor.l + dlStanchor.Z) - mbplates otherwise
o 1, .. ) e
triby = || Lya — E(dlStanchor.l + dIStanchor.Z) if distycpor3 =0 =51t
1, . . 1, . . .
E(dlStanchor.Z + dmanchorﬁ) - E(dlStanchor.l + dlStanchor.Z) otherwise

tribs = Lyyyy — (triby + triby + tribyp ) =551t
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Height of Wall at CL of Each Anchor

h(x):= |0 if x=0
htall if 0<x< lﬂat

h.,;1—h
tall short .
{htall - (I—J(X - lﬂat)} otherwise

wall — 1ﬂat

hyyall 1 = h(distanchor_l) = 11.569 ft

hyart2 = h(distynenor.) = 10-291 ft

hya1l 3 = h(distanchors) =9.013ft

Length of each Anchor Stem Extension

Wix) = |of) if x="B"
(1ft) if x ="C"
(2ft) if x = "D"
(3ft) if x="E"
(4ft) if x = "F"

W, = W(AnchorTypel) =4ft
W, = W(AnchorTypez) =4ft

Wy = W(AnchorType3) =4ft

Width of Soil Column above each Anchor

Casella #5576

12x8 RFB - WW1#1
VAOT #STP1443 (44)
Shrewsbury, VT

Height of wall at each anchor

W is the additional anchor stem length beyond that of a "B"
anchor. W(B) =10

Byt is the width of the soil column at the top of the anchor, measured from backfill side of wall to upper tip of each anchor.

Bpot.1 = Wy + (3ft + 5.375in) + ﬁg;eg) =8.121ft

Bpot2 = Wy + (3ft + 5.375in) + i =8.121ft
) cos(30deg)

Bhot 3 = W3 + (3ft + 5.375in) + i =8.121ft
) cos(30deg)

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP
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Bpot lower IS the width of the soil column at the bottom of the anchor, measured from backfill side of wall to bottom tip of
anchor.

Bhot.lower.1 = W1 + (lft + 4in + ﬁgld@j = 6.007 ft

Bhotlower.2 = Wo + (1ft + 4in + Lj = 6.007 ft
' ’ cos(30deg)

Bhotlower3 = W3 + (lft + 4in + Lj = 6.007 ft
' ‘ cos(30deg)

Perpendicular Distance to Traffic at each Anchor

diraffic.1 = diraffic * diStanchor.l'tan(o‘skew) =36.3991t
diraffic.2 = diraffic * diStanchor.Z'tan(o‘skew) =38.73ft

diraffic.3 = dtraffic + diStanchor.S'tan(o‘skew) =41.062 ft

Height of backfill at CL of each anchor

dslope.1 = maX(O,min(Bbot_l Airaffic.] — BreakInSlope)) =8.121ft Dlstancg to break in slope,_mgasured
perpendicular to wall from inside face of wall,
dglope.2 = max(o’min(Bbot.Z’dtraffic.Z - BreakInSlope)) =8.121ft limited by B.bot.

dslope.3 = max(O,min(Bbot_3 oAiraffic3 — BreakInSlope)) =8.121ft

Bbackfill,1 = MaX(hyqpp 1+ hyarr 1 + Min(Bpog 1-dgjope. 1) tan(P)) = 152491t The height of backfill is taken at the
end of the reinforced soil mass.

Bbackfill.2 = MaX(hyq1p 22 hyarr 2 + Min(Bpo 2. dgjope o) tan(P)) = 13.971 ft

hpackfil.3 = Max(hyqpp 3-hyqrr 3+ min(Bpg 3.dgjope 3) tan(B)) = 12.694ft
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External Stability Analysis at Anchor 1

Calculate Vertical Loads and Associated Lever Arms (All Lever Arms are from Point "O")

kip
DCyan.1 = twanrbwall.1e = 1-446'?

1
XDC.wall.1 = 7 twall = 0.4171t

y
s (Mbackfill.1 ~ Pwail.1)(dstope.1) = 2.092- 2

EVlal =
ft

N | =

2
XEVla.l = twall T gdslope.l =6.248t

kip
EV1by = Ny (hpaekfit.1 ~ hwall.1) (Bbot.1 ~ dsiope.1) = 0=

1
XEV1b.1 = twall + dslope.1 T E(Bbot.l - dslope.l) = 8.9551t
kip

EV2) = g (hyan 1 = 3-5f) Byop 1 = 9.174—=

1
XEV2.1 = twau + EBbOt.l = 4.894 ft

7in kip
EV3, = ~.(3.5t)-| B - | =2.613—
1= ( bot.lower.1 cos(30deg)) ft
1 7in
X =t +—| B —— | =3.51t
EV3.1 wall 2( bot.lower.1 cos(30deg)j
1 7in kip
EV4, = ~.—-3.5ft:| (W, + 3ft + 5.375in) — | B - —— || =0.518—
1= s 5 [( 1 ) ( bot.lower.1 cos(30deg)j:| ft
] 1 . 7in
XEV4.1 = twall T Bbotlower.1 + 3 Wy + 3ft + 5.375in — | Byot jower.1 — cos(30deg) =7.5451t
DC - 17401bf) if AnchorT ="B" —0514m
anchor.1 = "~ ( ) i AnchorType = ™ (See Anchor Geometry
1 . D .
(2010Ibf) if AnchorType; = "C" rawing)
(22851bf) if AnchorType; = "D"
(25501bf) if AnchorType; ="E"
(28251bf) if AnchorType; ="F"
S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP Page 8 of 29

Page 45 of 148



Delta Project 2015.059.003 Chk: KLS
Designed By: PJL
Checked By:
Date Printed: 2/2/2015

Xanchor.1 = twall * (2ft + 2.25in) if AnchorTypel ="B" =5.5-ft
(2ft + 8.8125in) if AnchorType; ="C"

(3ft + 5.125in) if AnchorType; ="D"

4ft + 0.0625in if AnchorType; ="E"

(4ft + 8in) if AnchorType; ="F"

kip

Casella #5576

12x8 RFB - WW1#1
VAOT #STP1443 (44)
Shrewsbury, VT

LSvert.1 = I:qsur'I:Bbot.l - (dtrafﬁc.l)ﬂ if dipafic.1 <Bpot.1 =07 Used in bearing calcs only

ft
0 otherwise

1
XS vert.] = twall T deraffic.1 * ;(Bbot.l ~ dyaffic.1) = 23-094 1t

kip

DCftg.l = ﬁ{c‘tftg’hftg =0 ft

tftg

XDC.fig ] = - = 0.417ft Note: This moment arm is measured from the front toe of
o 2 the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated L ever Arms

1 2 . kjp
EH11_Vert = Ekawallﬁ{s(hbackfllll - 35ﬁ) -Sln(éwall) = 1574?

1 5 Kip
EH1y por = Eka.wau"Ys'(hbackﬁu.l — 3.5ft) - cos(8yq11) = 33

XEH1.1 = twall + Bpot.1 = 8:9551t

1
YEHI.1 = 35t + ;(hbackﬁll.l - 3.5ft) =7.416ft

. kip

EH2{ yer = ka.anchor’ﬁ{s'(hbackfill.l - 3'Sft)’(4ﬁ)'sm(5anch0r - 30deg) = _0'178’?
) kip
ER2{ por = ka.anchor’ﬁ{s’(hbackfill.l - 3'Sft)'(“ft)'COS(Sanchor - 30deg) = 0'771’?

1
XEH2.1 = twall * ;(Bbot.l + Biog lower. 1) = 7-8981t

1
Vo1 = 35t = -4t =15f

1 2 . kip
EH3 yert = Eka.anchor'PYs'(“ft) ’Sm(éanchor - 30deg) = _0'03'?
1 2 kip
EH3 por = Eka.anchor’ﬁ{s'(“t) 'Cos(aanchor - 30deg) = 0'131‘?
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2
XEH3.1 7 twall * Bootlower.1 ¥ (3~5ft - g'4ft)tan(30deg) =7.3211t

2 .

h .
1.1 k
Jwall. L kip

LShor1 = | (Kuwalr 9surPbackfill1) if diaffic.1 < 5 o

0 otherwise

1 .
XL.S hor 1= twall * E(]3b0t.10wer.1 + Bbot.l) = 7.898 ft (Assumed for ease of calculation)

1
YLS.hor.1 = Ehbackfﬂl.l =7.6251t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

$p:=09 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

kip
2V} = 0.9(DCyypi 1 + DCynchor.1 + DCfig 1) + 1.0-(EVlay + EVIb; + EV2) + EV3; + EV4,) ... = 18:211-—*
Ny 1'50'(EH1 Lvert T EHzl.vert + EH31.V¢rt)

— _ kip
Ry.1 3= 08 an(0g) 2V = 102015 AASHTO 10.6.3.4

kip
R ;= R :9.181-?

Driving Forces

kip
SHy p =0y 150-(BHy pop+ EH2 oo+ EH3, o) + L75LSy ] = 6305~ =

Check "OK" if Rr.l >1 "OK"
€CXsliding.1 = 1 = =
g EHT.I

"NG" otherwise
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

. kip-ft
Resisting := 0'9(Dcwall.1'XDC.wall.1 + Dcanchor.l'xanchor.l) =78.61: i
+ 1.0-0.8«(EV1a1-xEVIa.1 + EVIb -xgyp1 + EV21-Xgya | + EV3 | xgy3 | + EV41‘XEV4.1)
+ L50(EH1 | yereXgH1.1 + BH2) yerrXgpo.1 + EH3 yerr XgH3.1)
Driving Forces
L kip- ft
Driving = 1.50-(EH1 hor Vg1 1 + EH2| horYEH2.1 + EH31 hor YEH3.1) + 175LShor. 1'YLS hor.1 = 38-616- i
Resisting |
CheckOT 1= "OK" if ———>1 ="OK"
: Driving;
"NG" otherwise
Eccentricity of Resultant
kip
SVe 1= 0.9(DCyan11 + DCanchor.1) + 1.0:0.8:(EV1ay + EVIby + EV2) + EV3| + EV4y) ... = 15.331-—=
+ 1'50(EH1 Lvert EH21.Vert + EH31.Vert)
0 _(Resistingl - Drivingl) 1 ] ]
EVer = + E(tftg - twall) + 0.9DCyo 1'XDC ftg.1
1 == = el = = =2.609ft (Distance to resultant

from face of ftg)

1
B = Bpotlower.1 T twall T E(tftg - twall) =06.841t
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By
¢y = max| — —ll,Oft =0.811ft
2

=1.71ft (Within Middle Half of ftg per e

AASHTO 11.6.3.3) Check, | == |"OK" if ——— <1
Callow. 1

By
e = —
allow.1 4

= V|OKI|
"NG" otherwise

Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

kip-ft
fit

=117.004-

Resistingbrg.l = 1'ZS(DCwall.I'XDC.wall.l + Dcanchor.l'xanchor-l)
+1.35-(EVlayxgy 1,1 + EVIbxpyp 1 + EV21Xgyy 1 + EV3Xgy3 1 + EV4 | Xpyy ) -
+ 135(EH1y yoreXg1 1 + BH2 | yery XBH2.1 + BH3 | yery XEH3.1) -
+ 1.75‘(stert.1'XLS.Vert.l)

kip-ft

Drivingy,o 1 = 1.35(EH1 porVEH1 .1+ EH2| hor YEH2.1 + BH31 hor YEH3.1) + 175LShor.1'YLS hor.1 = 3754 = =

kip
SVprg.1 = 1.25:(DCyai 1 + DCanchor.1) + 1.35:(EVlaj + EVIby + EV2) + EV3| + EV4)) .. =23.731-—

ft
+ 1'35’(EH1 lvert T EH21.Vert + EH31.Vert) + 1'75’(stert.1)

(Resistingbr 1 — Drivingy 1) 1

g. rg.

{Evbrg.l'[ ST + E(tftg ~ tyall) | + 1:25DCg 1°XDC fig.1
'e: (Distance to resultant

from face of ftg)

=3.466ft

1 =
brg.1
g SVprg 1 + 125DCg |

B
1
ebrg.l = max(T — lbl’g.l ,Oftj =0ft

>V
brg.1
Choot,1 = = = 3469-ksf Eq. 11.6.3.2-1, Rectangular Distibution f
. B| — 2y | g. 11.6.3.2-1, Rectangular Distibution for
g Foundations on soil
qR = 10-ksf
ar
CheckBearing; := ["OK" if >1 ="OK"
Ofoot.1

"NG" otherwise
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External Stability Analysis at Anchor 2

Calculate Vertical Loads and Associated Lever Arms (All Lever Arms are from Point "O")

kip
PCyall 2= twall Pwall.2 Ve = 1.286-.5

1
XDC.wall.2 = 7 twall = 0.4171t

y
s (Mbackfill.2 ~ Pwall2) (dstope.2) = 2.092- 2

EVla, =
2 fi

N | =

2
XEVla.2 = twall T gdslope.Z =6.248t

kip
EV1by = Ny (hpaekfitt.2 ~ hwall.2) (Bbot.2 ~ dsiope.2) = 0=

1
XEV1b.2 = twall + dslope.2 T E(Bbot.Z - dslope.2) = 8.9551t
kip

EV2) = g (hyan 2 = 3-5ft) Byogo = 7722~

1
XEV2.2 = twau + EBbOt.Z = 4.894 ft

7in kip
EV3, = ~.(3.5t)-| B - | =2.613—
2= g ( bot.lower.2 cos(30deg)) ft
1 7in
X =t +—| B —— | =3.51t
EV3.2 wall 2( bot.lower.2 cos(30deg)j
1 7in kip
EV4, = ~ —-3.5ft:| (W, + 3ft + 5.375in) — | B - —— || =0.518—
2= 5 [( 2 ) ( bot.lower.2 cos(30deg)j:| ft
] 1 . 7in
XEV4.2 = twall T Bbotlower.2 * 3 Wy + 3ft + 5.375in — | Byot jower.2 — cos(30deg) =7.5451t
DC = —L | (17401bf) if AnchorT ="B" | =0.56592
anchor.2 trib2. ( ) 1f AnchorType, = T R (See Anchor Geometry
(2010Ibf) if AnchorType, = "C" Drawing)
(22851bf) if AnchorType, ="D"
(25501bf) if AnchorType, = "E"
i (28251bf) if AnchorType, = "F" i
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Xanchor.2 = twall + (2ft + 2.25in) if AnchorType2 ="B" =5.51t
(2ft + 8.8125in) if AnchorType, ="C"

(3ft + 5.125in) if AnchorType, ="D"

(4ft + 0.0625in) if AnchorType, = "E"

(4ft + 8in) if AnchorType, ="F"

kip

Casella #5576

12x8 RFB - WW1#1
VAOT #STP1443 (44)
Shrewsbury, VT

LSyert.2 = I:qsur'I:Bbot.Z - (dtrafﬁc.Z)ﬂ if dipagfic2 <Bpor2 =07- Used in bearing calcs only

ft
0 otherwise

1
XS vert.2 = twall T deraffic.2 * ;(Bbot.z ~ dyaffic.2) = 242591t

kip

DCftg.Z = ﬁ{c‘tftg’hftg =0 ft

tftg

XDC.fig2 = - = 0.417ft Note: This moment arm is measured from the front toe of
o 2 the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated L ever Arms

1 2 . kip
EH1) yorg = Eka.walr‘fs‘(hbackfm.z — 3.56t) " sin(8y))) = 1.25:—=

kip

1 2
EH1 hor = Eka.wall"Ys‘(hbackﬁu.z — 3.5ft) - cos(8yq11) = 2622==

XEH1.2 = twall + Bpot.2 = 8:9551t

1
yEH12 = 3.5ft + ;(hbackflllZ — 35ft) = 6.99 ft

. kip

EH2) yer = ka.anchor’ﬁ{s'(hbackfill.Z - 3'Sft)’(4ﬁ)'sm(5anch0r - 30deg) = _0'159’?
) kip
EH2) pop = 1(a.anchor’ﬁ{s’(hbackfill.Z - 3'Sft)'(“ft)'COS(Sanchor - 30deg) = 0'687’?

1
XEH2.2 = twall * ;(Bbot.z + Biog lower.2) = 7-8981t

1
YpHp.2 = 35t = -4t =15f

1 2 . kip
EH3) yer = Eka.anchor'PYs'(“ft) ’Sm(éanchor - 30deg) = _0'03'?
1 2 kip
EH3) hor = Eka.anchor’ﬁ{s'(“t) 'Cos(aanchor - 30deg) = 0'131’?
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2
XEH3.2 = twall * Bootlower.2 (3~5ft - g'4ft)tan(30deg) =7.3211t

2 .

h .
. wall.2 k1p
LShor2 = | (KawalrGsur Mbackfinl 2) if yraffic2 <—— =0~

0 otherwise

1 .
XIS hor2 = twall * E(Bbot.lower.Z + Bbot.2) = 7.898 ft (Assumed for ease of calculation)

1
YLS.hor.2 = Ehbackfﬂl.Z = 6.9861t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

D= 09 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Sail"
kip
2V = 0.9(DCyyp1 2 + DCypchor2 + DCfig o) + 1.0-(EVlay + EVIby + EV2 + EV3,) + EVdy) ... = 16.204-—*
My 1'50'(EHIZ.Vert + EH2) yere + EH32.Vert)
kip
Ry = 08 tan(bpg) XV, =9.077- AASHTO 10.6.3.4
kip
Rr.z = d)T‘RT.Z = 8169?
Driving Forces
kip
SH, = ni«[l.SOo(Ele.hor + EH2y o+ EH3, 10 ) + 1.75Lsh0r_2] = 5.16-?
Check "OK" if “r2 >1 ="OK"
€CXliding.2 = ! =1 =
¢ EHT.Z

"NG" otherwise
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

. kip-ft
Resisting, := 0'9(Dcwall.2'XDC.wall.2 + DCanchor.Z'Xanchor.Z) = 68.996- ft
+ 1.0-0.8.(E\/l:ﬂz.xE\,l‘,ﬁL2 + EV1byxgyp2 + EV2y:Xpyo o + EV35-xpy3 0 + EV42‘XEV4.2)
+ L.50(EH1) yery XgH1 2 + EH2) yery Xgp2.2 + EH3) vert XEH3 2)
Driving Forces
L kip-ft
Drivingy = 1.50-(EH1; horYEH1 2 + EH2) hor YEH2.2 + EH32 hor YEH32) + 175LShor 2'YLS hor2 = 292 "
Resisting,
CheckOT2 = |"OK" if ————=>1 ="OK"
: Driving
2
"NG" otherwise
Eccentricity of Resultant
kip
$Ven = 0.9(DCyap1 2 + DCanchor.) + 1.0:0.8:(EV1ay + EVIby + EV2, + EV3, + EV4y) ... = 13.615-—*
+ 1'50(EH12.Vert + EH22.Vert + EH32.Vert)
0 _(Resistingz - Drivingz) 1 ] ]
EVer = + E(tftg - twall) + 0.9DCto 2" XD ftg.2
1y == = c.2 = = =2.923ft (Distance to resultant

YVen + 0.9DCftg'2 from face of ftg)

1
By = Bpotlower.2 T twall T E(tftg - twall) =06.841t
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B)
¢y = max 7 — 12,Oft = 0.497 ft

(Within Middle Half of ftg per

)
AASHTO 11.6.3.3)

"OK" if —— <1
Callow.2

"NG" otherwise

By
eallow.Z = T =1.71ft

Check, 5 := = "OK"

Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face

of the wall, must add to the eccentricity the distance between wall and toe of footing.

ReSiStingbrg.Z = 1.25 (Dcwall.Z'XDC.wall.Z + DCanchor.Z'Xanchor.Z)

kip-ft
fit

=103.968-

+ 1.35(EH1 ) yorXEH1.2 + BH2) yert*EH2.2 + BH3 vert XEH3.2)
+ 1-75‘(stert.Z'xLS.Vert.Z)

Drivingj,o 5 = 1.35(EH15 porYEH1 2 + EH2) por YEH2 2 + EH32 hor YEH3.2) + 175LShor 2'YLS hor.2 = 26.28 i

SVprg2 = 1.25:(DCyyqy1 2 + DCynehor.2) + 1.35:(EVlay + EVIby + EV2; + EV3) + EV4y) ... =21.223-—
+ 1'3'5’(EHlZ.Vert + EH22.Vert + EH32.Vert) + 1'75’(stert.2)

(Resistingbrg.z - DriVingbrg.z) 1
EVbrg.Z'

EVbrg.2

2

+ = (tg - twall)j| + I'ZSDCftg.Z'XDC.ftg.Z}

kip- ft

kip
ft

=3.661t (Distance to resultant

lbrg.2 =

By
ebrg.2 = max 7 - lbrg.Z’Oft =0ft

SViyrg o + 1:25DCqq

from face of ftg)

3V
brg.2
Thoot2 = 5y o = 3103k Eq. 11.6.3.2-1, Rectangular Distibution f
. By — 2-¢prq 0 g. 11.6.3.2-1, Rectangular Distibution for
& Foundations on soil
qR = 10-ksf
4R
CheckBearing, := ["OK" if >1 ="OK"
Ofoot.2
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External Stability Analysis at Anchor 3

Calculate Vertical Loads and Associated Lever Arms (All Lever Arms are from Point "O")

kip
PCyall3 = twalr Pwanl.3e = 112777

1
XDC.wall.3 = 7 twall = 0.4171t

y
s (hpackitt.3 ~ Pwai3) (dstope.3) = 2002~

EVla, =
3 fi

N | =

2
XEVia.3 = twall T gdslope.?a =6.248t

kip
EV1bs := ¢ (hpackfiil.3 ~ hwall3) (Bbot.3 ~ dsiope.3) = 0=

1
XEV1b.3 = twall + dslope.3 T E(Bbot.3 - dslope.3) =8.9551t

kip
EV23 = g (hyan 3 = 3-5ft) Bpog 3 = 6.269-—

1
XEV2.3 = twau + EBbOt.?) = 4.894 ft

7in kip
EV3, = ~.(3.5ft)-| B - [ =2.613—
35 ( bot.lower.3 cos(30deg)) ft
1 7in
X =t +—| B —— | =3.51t
EV3.3 wall 2( bot.lower.3 cos(30deg)j
1 7in kip
EV4, = ~.-—-3.5ft| (W, + 3ft + 5.375in) — | B —— [|=0.518—
3= g 5 [( 3 ) ( bot.lower.3 cos(30deg)j:| ft
] 1 . 7in
XEV4.3 = twall T Bbotlower.3 t 3 W3 + 3ft + 5.375in — | Byyot jower.3 ~ cos(30deg) =7.5451t
DC = ! 17401bf) if AnchorT ="B" =0514 @
anchor.3 = trib3. ( ) if AnchorTypes = T (See Anchor Geometry
(2010Ibf) if AnchorType; = "C" Drawing)

(22851bf) if AnchorTypes ="D"

(25501bf) if AnchorTypes ="E"

(2825Ibf) if AnchorType; = "F"
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Xanchor.3 = twall T (2ft + 2.25in) if AnchorType3 ="B" =5.51t
(2ft + 8.8125in) if AnchorTypey ="C"
(3ft + 5.125in) if AnchorTypey ="D"

(4ft + 0.0625in) if AnchorTypes ="E"

(4ft + 8in) if AnchorTypey ="F"

. kip . .
LSvert3 = |[dsur[Bot.3 ~ (diratfic.3)[] if diraffic.3 <Bbot3 = 0= Used in bearing calcs only

0 otherwise

1
XS vert.3 = twall T deraffic.3 * ;(Bbot..% ~ dyaffic.3) = 254251t

kip

DCftg.3 = ﬁ{c‘tftg’hftg =0 ft

t
XDC fig.3 = ftg =0.417ft Note: This moment arm is measured from the front toe of
o 2 the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated L ever Arms

! 2 . kip
EHI3 yerg = Eka-Wall‘ﬁ{s’(hbackﬁll.f& - 3.5ft) 'Sm(éwall) = 0.964«?

1 5 Kip
EH13 hor = Eka.wall"Ys'(hbackﬁus — 3.5ft) - cos(8yq11) = 20215

XEH1.3 = twall + Bpot.3 = 8:9551t

1
yEH13 = 3.5ft + ;(hbackflll3 - 35ft) = 6.565f1t

. kip

EH23 yor = ka.anchor’ﬂ{s'(hbackfill.3 - 3'Sft)’(4ﬁ)'sm(5anch0r - 30deg) = _0'139’?
) kip
ERH23 o= ka.anchor’ﬁ{s’(hbackfill.3 - 3'Sft)'(“ft)'COS(Sanchor - 30deg) = 0'604’?

1
XEH2.3 = twall + E(Bbot.fi + Bpog lower.3) = 7-8981t

1
YEH2.3 = 3-5ft — E-4ft = 1.5t
1 2 . kip
EH33 yert = Eka.anchor'PYs'(“ft) ’Sm(éanchor - 30deg) = _0'03'?
1 2 kip
BH33 hor = - ¥a.anchor Vs (410 ¢08(84peor — 30deg) = 0.131-=5
S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP Page 19 of 29

Page 56 of 148



Delta Project 2015.059.003 Chk: KLS
Designed By: PJL

Checked By:
Date Printed: 2/2/2015

Casella #5576

12x8 RFB - WW1#1
VAOT #STP1443 (44)
Shrewsbury, VT

2
XEH3.3 = twall * Bootlower.3 ¥ (3~5ft - g'4ft)tan(30deg) =7.3211t

2 .

h .
. wall.3 kip
LShor3 = | (Kuwall' 9sur Pbackfinl.3) €05(Owan) if dipaffic.3 < - = 0'?

0 otherwise

1 .
XIS hor.3 = twall * E(Bbot.lowerS + Bbot.3) = 7.898 ft (Assumed for ease of calculation)

1
YLS.hor.3 = Ehbackfﬂls =6.3471t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

D= 09 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

kip
2V3 = 0.9(DCyyp1 3+ DCypchor3 + DCfig 3) + 1.0-(EVlag + EVIby + EV23 + EV33 + EVds) ... = 14.16.=—*
Ny 1'50'(EHI3.V¢rt + EH23.Vert + EH33.Vert)
kip

Ry 3= 08 an(opg) V3 =7932= AASHTO 10.6.3.4

kip
R 3= R 3= 7.139-?

Driving Forces

kip
SHy 3= M 150-(EH13 pop + EH23 o+ EH33 ) + L75LS) ) 5] = 41335

. O R 3 S O
CheCkshdlng?) = OK if >1 ="0OK

EHT.?’
"NG" otherwise
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

. kip-ft
Resistings := 0'9(Dcwall.3'XDC.wall.3 + Dcanchor.3'xanchor.3) =59.374: i
+ 1.0-0.8«(EV1a3-xEVIa.3 + EVIby-xgyp 3 + EV23-Xgyo 3 + EV33:xpy3 3 + EV43‘XEV4.3)
+ 1.50(EH13 yereXgp 3 + EH23 yerr Xppn 3 + EH33 yere XgH3 3)
Driving Forces
L kip- ft
Drivings := 1.50-(EH13 por YEH1.3 + EH23 hor YEH2.3 + EH33 hor YEH3.3) + 1-75LShor 3 YLS hor.3 = 21421 =
Resistings
CheckOT 3= "OK" if ————>1 ="OK"
: Drivings
"NG" otherwise
Eccentricity of Resultant
kip
$Ve 3 = 0.9(DCya1 3 + DCanehor.3) + 1.0:0.8:(EVlag + EVIby + EV23 + EV33 + EV43) .. = 11.862-—
+ 1'SO(EHl3.Vert + EH23.Vert + EH33.Vert)
0 _(Resisting3 - Driving3) 1 ] ]
XVe s SV, 3 + E(tftg - twall) + 0.9DCyo 3:XpC ftg.3
Iy == = & = = =321t (Distance to resultant

from face of ftg)

1
B3 = Bpot Jower.3 T twall * E(tftg - twall) =06.841t
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B3
e3 = max 7 — 13,Oft =0.22ft

(Within Middle Half of ftg per

€
AASHTO 11.6.3.3) 3

"OK" if —— <1
Callow.3

"NG" otherwise

B3
eallow.3 = T =1.71ft

Check, 3 := = "OK"

Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

kip-ft
fit

=90.675-

ReSiStingbrg.3 = 1'ZS(DCwall.S'XDC.wall.?; + DCanchor.S'Xanchor.S)

+ 135(EH13 verrXgR1 3 + BH23 very XEH2.3 + BH33 vert *EH3 3)
+ 1.75‘(stert.3'XLS.Vert.3)

kip-ft

Drivingyr 3= 1.35(EH13 hor YEH1.3 + BH23 hor YEH2.3 + EH33 nor YEH3.3) * 175LShor 3YLs hor3 = 19:279-— —

kip
SVprg3 = 1.25:(DCyyqy1 3 + DCynenor.3) + 1.35:(EVlag + EVIby + EV23 + EV33 + EV43) ... = 18.637-—

ft
+ 1'3'5’(EHl3.Vert + EH23.Vert + EH33.Vert) + 1'75’(stert.3)

(Resistingbr 3 — Drivingy, 3) 1

g. rg.

{Evbrg.3'|: S + E(tftg_twall) + 1.25DC 3XpC frg.3
'e: (Distance to resultant

from face of ftg)

=3.831ft

1 =
brg.3
g SVprg 3 + 1.25DCyg 3

Bj
ebrg.3 = max 7 - 1brg.3’0ft =0ft

3V
brg.3
Tfoor3 = ———om— = 2.725.ksf -
oot.3 By - 2-cpp 3 Eq. 11.6.3.2-1, Rectangular Distibution for
re. Foundations on soil

qR = 10-ksf

ar
CheckBearingz := |"OK" if >1 ="OK"
Ofoot.3

"NG" otherwise
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Check Wall Reinforcement

Assume the wall stem is cantilevered above the anchor. Use tallest wall section above anchor.

factors to calculate moments and shears. Use minimum load factor for axial compression.

Calculate Horizontal Loads and resp. Lever Arms at top of Anchor

hyallinternal = Pbackfin.1 — 3-3ft = 11.749ft

! 2 kip q
EHyap = Eka.wall"\fs'hwall.internal = 3'657'? YEH.wall == ghwall.l = 3.856ft
1 Kip L 57841t
= i _ y == =5.
LSwan = |0 if dyqffic.1 2 E'hwall.l = 0~? LS.wall = 5 " wall.1
(ka.wall'qsur'hwall.internal) otherwise

kip-ft
Muyqyy = (15 EHyair YEH wall + 1-750S wall YLS wanl) = 21152 =
. kip
Vugan = M (1-5EHy a1 + 1.75LS 1)) = 5.485—>
kip
A _ni'(0'9"Yc'twall'hwall.intemal) = _1'322'?
Check Moment Capacity
bary .j = 6 Swall = 8in cover, ;== 1.5in
by, = 1ft
bar
1l
diam,y | = ———in = 0.75-in
Tt-diam .
Asy,, 1y i= wall o M 663-in”
wall 4
Swall
diam

wall

dwall = tyal] — COVeryal — = 8.125-in

= 0.90 Per AASHTO 5.5.4.2.1

Pmoment :

Gehear = 0-90 Per AASHTO 5.5.4.2.1
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Use maximum horizontal load
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Verify that fy can be substituted for f; in the equations of 5.7.3.2. This is allowed when

< <060.
dS
As -f,
1l
Cypal] = ———— = 0.975-in
0.85-f,-8;-by,
Cwall
M 012
dwall

awall = Blcwall =0.78-in

Awall
Mngaq1 = Asganrf, '(dwall B

M Mn,,,; = 23.067-kip-ft

Twall = Pmoment’

Muy,pp by, = 21.152-kip-ft

Check Minimum Flexural Reinforcement (5.7.3.3.2)

f.:= 0.24- [fksi = 0.537ksi

1

I =—:>
g.wall 12

3 3.4
w'twall =1x10-in

) Lwall .
Yewall =~ =in

I
wall
Se wall = = 200-in”
Ye.wall
’Y3 = 0.67
’Yl =12

M; wall = V391 Se.wall fr = 7-191kip-ft

1.33Muy, by, = 28.132-kip-ft

CheckyfinSteelWall =

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP

Simplified equation 5.7.3.1.2-4

This is less than 0.60 therefore fy can be substituted for f

Mrwall

"OK" if ———— 21

Muya11by

Checkyya1Flexure = ="OK"

"NG" otherwise

AASHTO 5.4.2.6

Distance from centroid to extreme tension fibers.
Conservatively ignore reinforcement.

0.67 = Factor for Grade 60 ASTM A615 rebar
1.2 = Factor for precast segmental structures

Simplified AASHTO Eq 5.7.3.3.2-1

"OK" if Mry,y = min(1.33Mugqby. M = "OK"

wall’ cr.wall)

"NG" otherwise
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Shear Resistance at Bottom of Wall (Section 5.8.3.4.2)

The section contains less than the minimum transverse reinforcement specified in 5.8.2.5,
therefore use equation 5.8.3.4.2-2 to determine the longitudinal strain effect factor (B) at
the location of maximum shear.

Mu = maX(Muwall’Vuwall'dwall) In the eqtn below Mu shall not be less than Vu-d,,
| Mul
I + 05Nuwaﬂ + |Vuwau|
€ wall = = by, 1000-&¢ o = 188 (5.8.3.4.2-4)
B Eg-Aswall -
Sx_wall = dwall
1.38in
S =3 . =8.125-in
xe_wall x_wall Aggregate i, + 0.63in (5.8.3.4.2-5)
4.8 51
Bwall = - =2.158 (5.8.3.4.2-2)
I+ 750'gs_wall N Sxe_wall
lin
Oyl = 29deg + 3500deg- £ a1 = 35.568-deg (5.8.3.4.2-3)
Vg = min(0.25-fc~bw-dwau,0.0316~ Bwall’ fc'kSi'bw'dwall) = 14.866-kip (5.8.3.3)

Vrgall = Pshear Viwarl = 13-379-kip

. Vr

Vu,. by, = 5.485-kip — lvaer - wall B

wall “w Checkwalighear = |"OK" if T———2>1 ="OK

Uwall Pw
"NG" otherwise
Check Crack Control in Section 5.7.3.4
Stress in reinforcement calculated per MacGregor "Reinforced Concrete Mechanics and Design" 4th Ed
kip-ft
Msyqit = Mi*( 1O EH g1 YEH wall * 1-OLSwair YL wall) = 14-101- "
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kip
Nswal = _'ni'(1'O'A{c'twall'hwall.internal) =—1.469-—

ft
n:= E =7.118
E.
Ayl
pwall = b— =0.007
w Y wall

2
k= \/ 20wail + (Pwai™)” ~ PwarM

. k
-]WEIH =1- ; =0.974

Lvall
Mswall+ Nswall' dwall_

f 2 31.30.88
SSwall = - —31.39.—
AsyallJwall dwall fit
de wall = twall ~ dyay = 1-875in
dc_wall

Bgi=1+ =133

0.7 (twall = de_wall)

Ve = 1.00
g

700 —2.~,

Smax ° - 2:d = 13.021in

Bg-fsSwarr by

Check Minimum Bar Spacing in Section 5.10.3.1.2:

Smin = max(diamwau, 1.33Aggregate j;, lin) =1-in

Check Maximum Bar Spacing in Section 5.10.3.2:

Smaxa= Min( 1.5ty 18in) = 15-in

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP

Casella #5576

12x8 RFB - WW1#1
VAOT #STP1443 (44)
Shrewsbury, VT

Stress in Reinforcement at Service

Limit State

exposure factor

Cl"eCkMaxSpacing = |"OK"
"NG”
Checkyfinspacing = | OK"
"NG"
CheCkB faxSpacing = |"OK"
"NG”

if Swall < Smax ="0OK
otherwise
if Swall > Smin ="0OK
otherwise
if Swall < Smax ="0OK
otherwise
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Check Anchor Attachment to Wall

Check Moment Capacity of Connection Bars

Delta Project 2015.059.003 Chk: KLS

Casella #5576

12x8 RFB - WW1#1
VAOT #STP1443 (44)
Shrewsbury, VT

Conservatively assume the entire wall is cantilevered about the footing, therefore consider only driving moments. Use total
loads instead of loads per foot. Use 100% of soil weight. Must determine controlling anchor, since tributary width is
variable, not necessarily the anchor at the tallest wall. Assume only top four connection bars resist tension. This

assumption is consistent with HITEC p.D28.

Mu,, chor = max(Drivingbrg_1~trib1 ,DriVingbrg.Ztribz,DriVingbrg.3-trib3) = 191.147 kip-ft

bar, ) hor = 9 size of bar

diam,, o = Panchor, o 625.in

ASynchor = %-diamanchorz = 0307in”

n:=06 Number of bars in tension

banchor = tstem = 6°i0 thickness of anchor stem

hgop = 3ft + 6in height of anchor stem

danchor = 30.5in distance from centroid of tension reinforcement extreme compression fiber.

Verify that fy can be substituted for f; in the equations of 5.7.3.2. This is allowed when

< <060.
dg
n-As -f
h
Canchor = Y 5414n
0'85'fc'61'banchor
[
h
anchor _ 0.178
danchor

anchor = B1 Canchor = 4-331-in

3anchor
Mnynchor = n'Asanchor'fy'(danchor T,

M Mn = 234.708-kip-ft

Tanchor = Pmoment MManchor

M = 191.147 -kip-ft

Yanchor

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP

Simplified equation 5.7.3.1.2-4

This is less than 0.60 therefore fy can be substituted for f

Mr
" n M anChor n n
CheCkAnchorFlexure = OK if —2>1 ="0OK

Mu,nchor

"NG" otherwise
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Check Minimum Flexural Reinforcement (5.7.3.3.2)

f.=0.537ksi

AASHTO 5.4.2.6
- he . > =3704x 10"in*

Ig.anchor '_ E'tstem' stem = 3-704Xx -in

hstem . . . .
Yt.anchor = = L75ft Distance from centroid to extreme tension fibers.

. ’ Conservatively ignore reinforcement.
1
.anch

S¢.anchor = S~ 1764 % 103-in3

Yt.anchor
o= 067 0.67 = Factor for Grade 60 ASTM A615 rebar
/x\b\i= 1.2

1.2 = Factor for precast segmental structures

Mt anchor = Y3 V1" Sc.anchor fr = 63.426-kip-ft Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muy o by = 254.225 ftkip-ft

CheCkMinSteelAnchor = |"OK" if Mranchor > min(1.33Mu M

—_n "
anchor’ cr.anchor) ="0OK

"NG" otherwise

Check Minimum Steel for Temperature and Shrinkage (11.6.1.5.1 & 5.10.8)

~ -2 1.30b ‘h 2
in . in anchor "'stem in
Asmin.anchor := max| 0.11 — , min| 0.60 —, =0.6—
t ft fy ft
2'(banchor + hstem)'g

As

.2
min.anchor ! =2.I'in

stem

ASynchor ( +2) = 2.454-in2 Account for extra two bars in compression face
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Page 65 of 148



Delta Project 2015.059.003 Chk: KLS

Designed By: PJL Casella #5576
Checked By: 12x8 RFB - WW#1
Date Printed: 2/2/2015 VAOT #STP1443 (44)

Shrewsbury, VT

Check Hook Development of Connection Steel in Wall

Per 5.10.2, A standard hook with a 180 degree bend shall have a 4*db extension, but not less than 2.5 inches. Per
5.12.3, Cover beyond free end of bar shall be 2 inches.

38'0diamanchor
lhyp = —=—=— =10.621"in Basic development length for a Grade 60 bar with a standard hook
f. (AASHTO 5.11.2.4.1)
ksi

Modification Factors to be applied to the Basic Development Length (AASHTO 5.11.2.4.2)

Mstrength =1 Increase by fy/60 for yield strength greater than 60ksi
Mcover = 0.7 0.7 if side cover normal to plane of hook is at least 2.5 inches AND
Cover beyond hook is at least 2.0in

MstmupS =1.0 0.8 if hook is enclose in with ties or stirrups as specified in 5.11.2.4.2

Mpg= 1.0 Conservatively assume entire area of steel provided is required.

Mlightweight =1.0 1.3 if lightweight concrete is used.

Mepoxy =1.0 1.2 if epoxy rebar is used.

M:= Mstrength'Mcover'Mstirrups'MAS'Mlightweight'Mepoxy =07

Iqp = max(6in, 8-diam,p o Mol = 7.435-in

twall.min = coverwaﬂ + ldh = 8.935-in . o . .
Checkyyali Thickness = | OK" if twai 2 twallmin = "OK

"NG" otherwise
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cC O R P OWRA AT I O N

Design/Analysis References:
AASHTO LRFD Bridge Design Specifications, 6th Edition.

1
2
3. Das, Principles of Foundation Engineering, 5th Edition.

4. Holtz & Kovacs, Introduction to Geotechnical Engineering

5. AISC, Steel Construction Manual, 13th Edition

6. Highway Innovative Technology Evaluation Center (HITEC), Evaluation of the Con/Span Wingwall System, CERF
Report #40580, July 2001.

7. Contract Plans (VAOT)

Assumptions:
1. It is assumed that the failure plane of the soil to be retained by this wall will lie within the proposed
backfill material.
2. The proposed backfill material will meet the material requirements of NHDOT section 209, Granular

Backfill (Bridge), and be constructed to meet the requirements of the contract documents. This material is assumed to have a
friction angle = 34 degrees and a dry unit weight = 140 pcf.

3. The installation of the weepholes will preclude the development of hydrostatic pressures on the wall.

4. Passive earth pressure in front of the wall is ignored per AASHTO 11.6.3.5.

5. Site Layout. Roadway Skew 35 degrees. (3) wingwall designs due to varying design height and backfill slope.

6. Backslope Angle. WW1 2:1 at 25 degrees. WW2 and WWS3 flat. WW4 flat then 2:1 - Use 5:1 for design. Use infinite
backslopes for designs (Break_In_Slope = 0, see below).

7. Live Load Surcharge. N/A - traffic is well belond H/2 for all cases.

8. The HITEC Evaluation (page 3) explains that the Anchor Wall acts as a cantilever wall for most of its length since the

weight of the soil within and above the anchors provides resistance to overturning. The wall also has attributes of a bin wall
since arching and friction of soil masses between anchors provides additional resistance. Therefore, the provisions of AASHTO
Sections 11.6 (Conventional Retaining Walls) and 11.11 (Modular Walls) shall be applied.

9. Per AASHTO 11.11.4.4, a maximum of 80% of the weight of the retained soil is effective in resisting overturning. The
HITEC Evaluation (pages D29-D33) evaluated the accuracy of this assumption and found that using 80% of the soil weight is a
conservative assumption.

10. The Top of Wingwall elevations are 2 inches below the top of headwall elevations.
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Page 67 of 148



Delta Project 2015.059.003 Chk: KLS

Designed By: PJL Casella #5576
Checked By: 12x8 RFB - WW#2
Date Printed: 2/2/2015 VAOT #STP1443 (44)

Shrewsbury, VT

General Input:

ELVWM]tOp := 1006ft — 2in = 1005.83 ft Elevation of the Wingwall at its tallest point

Evaalltip := 1000ft Elevation of Wingwall at its tip.

ELV}o¢ fig = 993.67ft Elevation of the Bottom of the Wall Footing

tg = 10in Pedestal Footing design, separate, so t.wall

hftg = Oft Pedestal Footing design, separate

heport = ELVwalltip - ELVbot.ftg = hftg — lin = 6.247 ft Short end of wall (less 1" for shim)

heap = Evaamop - ELVbot.ftg = hftg — lin = 12.08ft Tall end of wall (less 1" for shim)

Lgan = 111t Length of Wall Panel

lfja = 11t Length of flat portion of wingwall before break in slope.

tyal] = 10in Thickness of Wall Panel

tgtem = 0IN Thickness of Anchor Stem

Wlange = 2ft + 6in Width of Anchor Flange

Ogpew = Odeg Angle of ww skew in plan view, measured from edge of roadway.
(to measure distance to traffic for each anchor)

Oyay1 = 90deg Wall batter angle with horizontal

9anchor = Oway + 30deg Anchor batter angle with horizontal

B := Odeg Backfill slope angle with horizontal, measured perpendicular to
the wall.

diraffic = 35ft Estimated minimum distance to traffic, measured from
backfill side of wall and perpendicular to the wall.

BreakInSlope := Oft Assumed distance from face of guardrail to break-in-slope,
meaured perpendicular to the wall.
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Wall Material Properties

Concrete
) Ibf ) X ) .
f. = 5000—2 E, := 4074ksi Aggregate g;,, = -75in
in
Y = 150pct Assumed unit weight of concrete panel.

B, = Stress Block Factor specified in Article

R79299
B = max .65,| |.85 if f. <4000psi =0.8
f. — 4000psi
.85 — E < otherwise
psi 1000
Steel:
Ibf
., := 60000 — E. := 29000ksi
y 2 S
in
Soil:
qR = 10ksf] Minimum factored bearing resistance given in contract, sht 6
Vg = 140pcf Assumed soil unit weight for all soil
Qgyr = 2ft-g = 280-psf Surcharge Soil Pressure (AASHTO Tbl 3.11.6.4-2)
d>ﬁg := 35deg Friction Angle of Soil below Wall Footing
Ppackfil] = 34deg Friction Angle of Backfill Soil

. 2
_ sin(Oyal) + Phackfill)
Ko wall = 5 =0-254 AASHTO 3.11.5.3

o, Voiito _s |14 sin{@backfil * Swall) sin( Ppackfiit ~ B
(w2t S sin(Oya1 = Syatt) Sin(Owar + B)
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. 2
) Sln(eanchor + d)backfill)
ka.anchor = =0.089 AASHTO

p - 2
sin(6 2 sin(6 s I sin(Ppackfill * Sanchor) M Pbackfill ~ B) 3.11.5.3
( anchor) ( anchor anchor) sin( 0, chor — 5anchor)'51n(9anchor N B)

ko = 1 = sin(dp,ckppg) = 0441 AASHTO 3.11.5.2-1

Determine Load Factors (Strength I) (AASHTO 1.3 and Table 3.4.1-1)

Load Modifiers

Np = 1.00 Ductility for a conventional design
MR = 1.00 Redundancy for conventional design
M= 1.00 Importance for a conventional bridge
m; = max(nD-nR-nI,O.%) mi=1
Load Factor Max Min Service
DC 1.25 0.9 1.0 Component Dead Loads
YEH 1.5 0.9 1.0 Horizontal Earth Loads
YEV 1.35 1.0 1.0 Vertical Earth Loads
TLL 1.75 1.75 1.0 Live Loads
S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP Page 4 of 24
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Anchor Types, Layout and Backfill Geometry

ConnectedToBridge := "No"

AnchorType :

AnchorType, :

between Yes and No.

Casella #5576

12x8 RFB - WW#2
VAOT #STP1443 (44)
Shrewsbury, VT

To account for the connection of the wing to the bridge. Choose

"C" Anchor Type to be tied to the back face of the wall. Chosen

between Anchor Type B, C, D, and E as defined below.

ucu

AnchorTypey = "C"

Distance to each anchor is from culvert end of wing. Anchor 1 is closest to culvert.

distypchor,1 = 3ft
Note: Research in HITEC report supports spacing from 2.5 ft (anchors are touching) to 5.5
dist,chor.2 = 8ft feet (HITEC Report pages D29-D33). If distance between anchors increases beyond 5.5 ft,
data supporting the usable 80% soil weight assumption shall be provided due to possible
i affects on soil arching between the anchors. Similarly, anchor closest to the wall tip shall not
distynchor.3 = 0 exceed 3 feet without supporting data.

If only 1 anchor is used, set dist, o2 = dist,chors = O-

If only 2 anchors are used, set dist, o3 = O-

Tributary Width of Wall for each Anchor

trib

0 if ConnectedToBridge = "No" =0ft

plates =
1 . .
E . dIStanchor. 1 otherwise
tiby = |Lyan = by jages I distypenorn =0 =55t
1 . . . .
E'(dmanchor.l + dlStanchor.Z) - mbplates otherwise
o 1, .. ) e
triby = || Lya — E(dlStanchor.l + dIStanchor.Z) if distycpor3 =0 = 5.5t
1, . . 1, . . .
E(dlStanchor.Z + dmanchorﬁ) - E(dlStanchor.l + dlStanchor.Z) otherwise
tribs = Lyyqyy = (triby + triby + tribyp o) = O ft

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP
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Height of Wall at CL of Each Anchor

h(x):= |0 if x=0
htall if 0<x< lﬂat

h.,;1—h
tall short .
{htall - (I—J(X - lﬂat)} otherwise

wall — 1ﬂat

hyyall 1 = h(distanchor_l) =10.913 ft

hyya1l 0 = h(distanchor_z) =7.997ft

hyal 3= h(diStanchorB) =0ft

Length of each Anchor Stem Extension

Wx) = | (0ft) if x ="B"

(1ft) if x="C"
(2ft) if x = "D"
(3ft) if x="E"

W, = W(AnchorTypel) =1ft
W, = W(AnchorTypez) =1ft

Wy = W(AnchorType3) =1ft

Width of Soil Column above each Anchor

Casella #5576

12x8 RFB - WW#2
VAOT #STP1443 (44)
Shrewsbury, VT

Height of wall at each anchor

W is the additional anchor stem length beyond that of a "B"
anchor. W(B) =10

Byt is the width of the soil column at the top of the anchor, measured from backfill side of wall to upper tip of each anchor.

Bpot.1 = Wy + (3ft + 5.375in) + ﬁg;eg) =5.121ft

Bpot2 = Wy + (3ft + 5.375in) + i =5.121ft
) cos(30deg)

Bhot 3 = W3 + (3ft + 5.375in) + i =5.121ft
) cos(30deg)
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Bpot lower IS the width of the soil column at the bottom of the anchor, measured from backfill side of wall to bottom tip of
anchor.

Bhot.lower.1 = W1 + (lft + 4in + ﬁgld@j = 3.007ft

Bhotlower.2 = Wo + (1ft + 4in + Lj =3.007 ft
' ’ cos(30deg)

Bhotlower3 = W3 + (lft + 4in + Lj =3.007 ft
' ‘ cos(30deg)

Perpendicular Distance to Traffic at each Anchor

divaffic.1 = deraffic + diStanchor.l'tan(o‘skew) =351t
divaffic.2 = deraffic + diStanchor.Z'tan(o‘skew) =351t

diraffic.3 = dtraffic + diStanchor.S'tan(o‘skew) =351t

Height of backfill at CL of each anchor

dslope.1 = maX(O,min(Bbot_l Airaffic.] — BreakInSlope)) =5.121ft Dlstancg to break in slope,_mgasured
perpendicular to wall from inside face of wall,
dglope.2 = max(o’min(Bbot.Z’dtraffic.Z - BreakInSlope)) =5.121ft limited by B.bot.

dslope.3 = max(O,min(Bbot_3 oAiraffic3 — BreakInSlope)) =5.1211t

Pbackfill.1 = MaX(hyqpp 1-hyarr 1 + min(Bpo 1-dgjope. 1) tan(P)) = 10913t The height of backfill is taken at the
end of the reinforced soil mass.

hbackfill.2 = MaX(hyqpp 22 Myl 2 + Min(Bpo 2. dgjope o) tan(B)) = 7.997 ft

Bbackfill.3 = MaX(hyqpp 3. hyar 3 + min(Bpo 3.dgjope 3) tan(B)) = 0 ft
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External Stability Analysis at Anchor 1

Calculate Vertical Loads and Associated Lever Arms (All Lever Arms are from Point "O")

kip
DCyall.1 = twall Pwall. 1 Ve = 13645

1
XDC.wall.1 = 7 twall = 0.4171t

y
s (Nbackfitt.1 =~ Pyalt.1) (dstope.1) = 0"

EVlal =
ft

N | =

2
XEVla.l = twall T gdslope.l =4.248t

kip
EV1by = Ny (hpaekfit.1 ~ hwall.1) (Bbot.1 ~ dsiope.1) = 0=

1
XEV1b.1 = twall + dslope.1 T E(Bbot.l - dslope.l) =5.9551t
kip

EV2) = g (hyan 1 = 3-5f) Byop 1 = 5.315—=

1
XEV2.1 = twau + EBbOt.l =3.394ft

7in kip
EV3, = ~.(3.5t)-| B - — | =1.143—
1= ( bot.lower.1 cos(30deg)) ft
o+ L[B SR, Y
X = — - =
EV3.1 wall B bot.lower.1 cos(30deg)
1 7in kip
EV4, = ~.—-3.5ft:| (W, + 3ft + 5.375in) — | B - —— || =0.518—
1= s 5 [( 1 ) ( bot.lower.1 cos(30deg)j:| ft
] 1 . 7in
XEV4.1 = twall T Bbotlower.1 + 3 Wy + 3ft + 5.375in — | Byot jower.1 — cos(30deg) =4.5451ft
DC - 17401bf) if AnchorT ="B" =0.365 @
anchor.1 = "~ ( ) i AnchorType = ™ (See Anchor Geometry
1 . D .
(2010Ibf) if AnchorType; = "C" rawing)
(22851bf) if AnchorType; = "D"
(25501bf) if AnchorType; ="E"
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Xanchor.1 = twall T (2ft + 2.25in) if AnchorTypel ="B" = 3.568-ft
(2ft + 8.8125in) if AnchorType; ="C"
(3ft + 5.125in) if AnchorType; ="D"

(4ft + 0.0625in) if AnchorType; ="E"

. kip . .
LSverc1 = |[dsur[Bot.1 ~ (diratfic.1)[] if diraffic.1 <Bbor1 = 0= Used in bearing calcs only

0 otherwise

1
XS vert.] = twall T deraffic.1 * ;(Bbot.l ~ dyaffic.1) = 20-894 1t

. kip
DCftg.l = ﬁ{c‘tftg’hftg = O’?
t

XDC fig.1 = ftg =0.417ft Note: This moment arm is measured from the front toe of
o 2 the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated L ever Arms

ki

. 1 2 . ip
EHLY vert = Eka,wams‘(hbackﬁu_l — 3.560) " sin(8,41]) = 0.021=F

1 5 Kip
EH1 hor = Eka.wall"Ys'(hbackﬁuJ — 3.5ft) - cos(8yq11) = 0.883 =

XEH1.1 = twall + Bpot.1 =3-9551t

1
YEH1 1 = 3-5ft + ;(hbackﬁu.l - 3.5ft) =5971ft

. kip
EH2{ yer = ka.anchor’ﬁ{s'(hbackfill.l - 3'Sft)’(4ﬁ)'sm(5anch0r - 30deg) = _0'083’?

kip
ER2{ por = ka.anchor’ﬁ{s’(hbackfill.l - 3'Sft)'(“ft)'COS(Sanchor - 30deg) = 0'361’?

1
XEH2.1 = twall * ;(Bbot.l + Bpog lower. 1) = 4-8981t

1
Vo1 = 35t = -4t =15f

1 2 . kip
BH31 vert = - ka.anchor Y5 (40 -sin(8ypepor — 30deg) = ~0.022=*
1 2 kip
EH3| hor = Eka.anchor’ﬁ{s'(“t) 'Cos(aanchor - 30deg) = 0'097’?
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2
XEH3.1 7 twall * Bootlower.1 ¥ (3~5ft - g'4ft)tan(30deg) = 4321t

2 .

h .
1.1 k
Jwall. L kip

LShor1 = | (Kuwalr 9surPbackfill1) if diaffic.1 < 5 o

0 otherwise

1 .
XL.S hor 1= twall * E(]3b0t.10wer.1 + Bbot.l) = 4.898 ft (Assumed for ease of calculation)

1
YLS.hor.1 = Ehbackfﬂl.l = 54571t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

$p:=09 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

kip
2V} = 0.9(DCyypp 1 + DCynehor.1 + DCfig 1) + 1.0-(EVIay + EVIby + EV2) + EV3; + EV4,) .. =9.007—=

ft
+m; 1'50'(EH1 Lvert T EH2{ yerg + EH31.V¢rt)

— _ kip
Ry 1= 08tan(og,) XV = 50455 AASHTO 10.6.3.4

kip
Rr.l = d)T‘RT.l = 4541?

Driving Forces

kip
SHy p =0y 150-(BHy pop+ EH2 oo+ EH3, o) + L75LSy ] = 2011-=5
Check "OK" if S >1 ="OK"
eck.q: 4: = i > =
sliding.1 SH,

"NG" otherwise

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP Page 10 of 24

Page 76 of 148



Delta Project 2015.059.003 Chk: KLS
Designed By: PJL

Casella #5576
Checked By:

12x8 RFB - WW#2
Date Printed: 2/2/2015 VAOT #STP1443 (44)

Shrewsbury, VT
Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

. kip-ft
Resisting | := 0'9(Dcwall.1'XDC.wall.1 + Dcanchor.l'xanchor.l) =22.835 ft
+ 1.0-0.8«(EV1a1-xEVIa.1 + EVIb -xgyp1 + EV21-Xgya | + EV3 | xgy3 | + EV41‘XEV4.1)
+ L50(EH1 | yereXgH1.1 + BH2) yerrXgpo.1 + EH3 yerr XgH3.1)
Driving Forces
L kip-ft
Driving = 1.50-(EH1} hor Vg1 1 + EH2| horYEH2.1 + EH31 hor YEH3.1) + 175LShor 1'YLS hor.1 = 8:84 "
Resisting |
CheckOT 1= "OK" if ———>1 ="OK"
: Driving;
"NG" otherwise
Eccentricity of Resultant
kip
SVe 1= 0.9(DCyan11 + DCanchor.1) + 1.0:0.8:(EV1a + EVIby + EV2) + EV3| + EV4)) ... = 7.611-—=
+ 1'50(EH1 Lvert EH21.Vert + EH31.Vert)
0 _(Resistingl - Drivingl) 1 ] ]
EVer = + E(tftg - twall) + 0.9DCyo 1'XDC ftg.1
1 == = el = = = 1.8391t (Distance to resultant

YVeq + 0.9DCftg'1 from face of ftg)

1
B = Bpotlower.1 T twall T E(tftg - twall) =3.841t
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By
¢] = max| — — ll,Oft =0.081 ft
2

=0.96 ft (Within Middle Half of ftg per e
AASHTO 11.6.3.3) Check, { = |"OK" if ——— <1 ="OK"
Callow.1

By
e = —
allow.1 4

"NG" otherwise

Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

- kip-ft
ReSIStmgbrg.l = 1'ZS(DCwall.I'XDC.wall.l + Dcanchor.l'xanchor.l) = 35.665- i
+ 135(EH1 | yerXgH11 + EH2 yery XgH2.1 + BH3 | verc XEH3.1) -
+ 1'75’(stert.l'XLS.Vert.l)
. . kip- ft
Drivingy,o 1 = 1.35(EH1 porYEH1.1 + EH2 porYEH2.1 + BH3 | hor YEH3.1) + 175LShor.1'YLS hor.1 = 7-956 i
kip
SVprg.1 = 1.25:(DCyqyy 1 + DCanchor.1) + 1.35:(EV1ay + EVIby + EV2) + EV3) + EV4y) ... = 12.007-—
+ 1'35’(EH1 lvert T EH21.Vert + EH31.Vert) + 1'75’(stert.1)
(Resistingbr 1 — Drivingy 1) 1
g. rg.
{Evbrg.l'[ v + E(tftg ~ tyall) | + 1:25DCg 1°XDC fig.1
lbrg.1 = bre] -2308ft  (Distance to resultant
' 2Vpre 1 T 1.25DCg from face of ftg)

B
1
ebrg.l = max(T — lbl’g.l ,Oftj =0ft

2Vbrg 1
= 3126ksf
Ofoot.1 = B| —2epg - Eq. 11.6.3.2-1, Rectangular Distibution for
re. Foundations on soil
qR = 10-ksf
4R
CheckBearing; := ["OK" if >1 ="OK"
Sfoot.1
"NG" otherwise
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External Stability Analysis at Anchor 2

Calculate Vertical Loads and Associated Lever Arms (All Lever Arms are from Point "O")

kip
DCyan 2 = twanrhwan 2 Ye = 1'?

1
XDC.wall.2 = 7 twall = 0.4171t

y
s (Rbackfitl.2 = Pyalt.2) (dstope.2) = 0=

EVla, =
2 fi

N | =

2
XEVla.2 = twall T gdslope.Z =4.248t

kip
EV1by = Ny (hpaekfitt.2 ~ hwall.2) (Bbot.2 ~ dsiope.2) = 0=

1
XEV1b.2 = twall + dslope.2 T E(Bbot.Z - dslope.2) =5.9551t

kip
EV2) = g (hyan 2 = 3-5ft) Byogo = 3224~

1
XEV2.2 = twau + EBbOt.Z =3.394ft

7in kip
EV3, = ~.(3.5ft)-| B - | =1.143—
2= g ( bot.lower.2 cos(30deg)) ft
o+ L[B 7in 2 ft
X = —_ _——-—m =
EV3.2 wall B bot.lower.2 cos(30deg)
1 7in kip
EV4, =~ —-3.5ft:| (W5 + 3ft + 5.375in) — | B —— || =0.518—
2= 5 [( 2 ) ( bot.lower.2 cos(30deg)j:| ft
] 1 . 7in
XEV4.2 = twall T Bbotlower.2 * 3 Wy + 3ft + 5.375in — | Byot jower.2 — cos(30deg) =4.5451ft
DC = ! 17401bf) if AnchorT ="B" =0.365 @
anchor.2 trib2. ( ) if AnchorType, = ™ (See Anchor Geometry
(2010Ibf) if AnchorType, = "C" Drawing)

(2285Ibf) if AnchorType, = "D"

(25501bf) if AnchorType, = "E"
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Xanchor.2 = twall T (2ft + 2.25in) if AnchorType2 ="B" = 3.568-ft
(2ft + 8.8125in) if AnchorType, ="C"
(3ft + 5.125in) if AnchorType, ="D"

(4ft + 0.0625in) if AnchorType, = "E"

. kip . .
LSvert2 = |[dsur[Bot2 ~ (dratfic.2) [| if diraffic.2 <Bbot2 = 0= Used in bearing calcs only

0 otherwise

1
XS vert.2 = twall T deraffic.2 * ;(Bbot.z ~ dyaffic.2) = 20-894 1t

kip
DCftg.Z = ﬁ{c‘tftg’hftg = O’?
t
X = g =0417ft Note: This moment arm is measured from the front toe of
DC.ftg.2 =~

the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated L ever Arms

! 2 . kip
EHL vert = Eka,wau‘ﬂfs‘(hbackfﬂl_z — 3.5t) "sin(3, 7)) = 0.1 550

1 5 Kip
EH1 hor = Eka.wall"Ys‘(hbackﬁu.z — 3.5ft) - cos(8yq11) = 0.325 ==

XEH1.2 = twall + Bpot.2 = 5-9551t

1
yEH12 = 3.5ft + ;(hbackflllZ - 35ft) =4.999ft

. kip
EH2) yer = ka.anchor’ﬁ{s'(hbackfill.Z - 3'Sft)’(4ﬁ)'sm(5anch0r - 30deg) = _0'05’?

kip
EH2) pop = 1(a.anchor’ﬁ{s’(hbackfill.Z - 3'Sft)'(“ft)'COS(Sanchor - 30deg) = 0'219’?

1
XEH2.2 = twall + ;(Bbot.z + Biog lower.2) = 4-8981t

1
YpHp.2 = 35t = -4t =15f

1 2 . kip
EH3) yert = Eka.anchor'PYs'(“ft) ’Sm(éanchor -3 Odeg) = _0'022’?
1 2 kip
EH3, = Eka'anchor‘ﬂfs-(élft) ¢08(84peor — 30deg) = 0.097.?
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2
XEH3.2 = twall * Bootlower.2 (3~5ft - g'4ft)tan(30deg) = 4321t

2 .

h .
. wall.2 k1p
LShor2 = | (KawalrGsur Mbackfinl 2) if yraffic2 <—— =0~

0 otherwise

1 .
XIS hor2 = twall * E(Bbot.lower.Z + Bbot.2) = 4.898 ft (Assumed for ease of calculation)

1
YLS.hor.2 = Ehbackfﬂl.Z =3.9981t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

D= 09 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Sail"
kip
2V = 0.9(DCyyp1 2 + DCynchor2 + DCfig o) + 1.0-(EVlay + EVIby + EV2) + EV3, + EVdy) ... = 6.237.—%
g 1'50'(EHIZ.Vert + EH2) ver + EH32.Vert)
kip

Ry = 08 tan(Ogg) 2V = 3494 =5 AASHTO 10.6.3.4

kip
Rr.z = d)T‘RT.Z =3.144-—

ft

Driving Forces
: kip
SHy o =My 150-(EH1y pop + EH2p o+ EH3, o) + L75LSy o] = 0961~

. n " . Rr'z > " "
CheCkshdlng2 = OK if >1 ="0OK

EHT.Z
"NG" otherwise

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP

Page 15 of 24
Page 81 of 148



Delta Project 2015.059.003 Chk: KLS
Designed By: PJL

Casella #5576
Checked By:

12x8 RFB - WW#2
Date Printed: 2/2/2015 VAOT #STP1443 (44)

Shrewsbury, VT
Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

. kip-ft
Resisting, := 0'9(Dcwall.2'XDC.wall.2 + DCanchor.Z'Xanchor.Z) = 14.883- ft
+ 1.0-0.8.(E\/l:ﬂz.xE\,l‘,ﬁL2 + EV1byxgyp2 + EV2y:Xpyo o + EV35-xpy3 0 + EV42‘XEV4.2)
+ L.50(EH1) yery XgH1 2 + EH2) yery Xgp2.2 + EH3) vert XEH3 2)
Driving Forces
L Kip-ft
Drivingy = 1.50-(EH1y horYEH1 2 + EH2) hor YEH2 2 + EH32 hor YEH3 2) + 1.75LShor 2'YLS hor.2 = 3-049 i
Resisting,
CheckOT2 = |"OK" if ————=>1 ="OK"
: Driving
2
"NG" otherwise
Eccentricity of Resultant
kip
$Vep = 0.9(DCyap1 2 + DCanehor.) + 1.0:0.8:(EV1ay + EVIby + EV2, + EV3, + EV4y) ... = 5.26—=
+ 1'50(EH12.Vert + EH22.Vert + EH32.Vert)
0 _(Resistingz - Drivingz) 1 ] ]
EVer = + E(tftg - twall) + 0.9DCto 2" XD ftg.2
1y == = c.2 = = = 2251t (Distance to resultant

YVen + 0.9DCftg'2 from face of ftg)

1
By = Bpotlower.2 T twall T E(tftg - twall) =3.841t
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B)
¢y = max 7 —12,Oft =0ft

B
Callow 2 = 22 =0.96 ft (Within Middle Half of ftg per ey
4 AASHTO 11.6.3.3) Check, 5 := |"OK" if ——— <1 ="OK"
Callow.2

"NG" otherwise

Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

- kip-ft
ReSIStmgbrg.Z = 1'ZS(DCwall.Z'XDC.wall.Z + DCanchor.Z'Xanchor.Z) =23.97 i
+ 1.35(EH1) yer XgH1 2 + EH2) yory XgH2.2 + BH3) yer( XEH3 2)
+ 1'75’(stert.Z'xLS.Vert.Z)
. . kip- ft
Drivingj,o 5 = 1.35(EH15 porYEH1 2 + EH2) por YEH2 2 + BH32 hor YEH3.2) + 175LShor 2'YLS hor.2 = 2744 i
kip
SVprg2 = 1.25:(DCyyqy1 2 + DCynchor2) + 1.35:(EV1ay + EVIby + EV2; + EV3) + EVdy) ... = 8412 =~
+ 1'3'5’(EHlZ.Vert + EH22.Vert + EH32.Vert) + 1'75’(stert.2)
(Resistingbr o — Drivingy, 2) 1
g. rg.
XVbre 2 + ~(tig ~ twait) | + 125DCig 2 XDC fig.2
“Virg2 2
lbrg.2 = : -2523ft  (Distance to resultant
' 2Vpre o + 1.25DCqo 5 from face of ftg)

By
ebrg.2 = max 7 - lbrg.Z’Oft =0ft

>V
- P2 orke
Tfoot.2 = By 2cpgy S Eq. 11.6.3.2-1, Rectangular Distibution for
re. Foundations on soil
qR = 10-ksf
4R
CheckBearing, := ["OK" if >1 ="OK"
Ofoot.2
"NG" otherwise
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Check Wall Reinforcement

Assume the wall stem is cantilevered above the anchor. Use tallest wall section above anchor. Use maximum horizontal load
factors to calculate moments and shears. Use minimum load factor for axial compression.

Calculate Horizontal Loads and resp. Lever Arms at top of Anchor

Nyallinternal = Ppackfitl.1 — 3-5ft=7.413ft

! 2 kip q
EHyap = Eka.wall"\fs'hwall.internal = 0'978'? YEH.wall == ghwall.l = 3.638ft
1 Kip L 5.457ft
= i _ y == =5.
LSwan = |0 if dyqffic.1 2 E'hwall.l = 0~? LS.wall = 5 " wall.1
(ka.wall'qsur'hwall.internal) otherwise

kip-ft
Muga1 = M (15 EHy 11 YEH wall + 175LS walr YLS wall) = 5-337 o
. kip
Vugan = M (1-5EHy a1 + 1.75LS 1)) = 1467—=
. kip

Nugan = i (09 ¢ twair Bwall internal) = —0-834=~
Check Moment Capacity

barwall = Swall = 12in COVery 1] = 1.5in

by, = 1ft

bar
11
diam,y | = ———in = 0.625-in
Tt-diam .
11
AS g = Y& 12—~ 0307in”
4 Swall
diam
wall .

dwall = tyal] — COVeryal — T = 8.188-in

S moment = 0-90 Per AASHTO 5.5.4.2.1

Gehear = 0-90 Per AASHTO 5.5.4.2.1
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Verify that fy can be substituted for f; in the equations of 5.7.3.2. This is allowed when

< <0.60.
dS
As -f
Coall = __wallly =0.451-in Simplified equation 5.7.3.1.2-4
0.85-f,B; by,
C
dw_all =0.055 This is less than 0.60 therefore fy can be substituted for f
wall

awall = Blcwall =0.361-in

Awall
Mngaq1 = Asganrf, '(dwall B

M 1 = 11.054-kip-ft

Twall = Pmoment Mwal

Muy,p 1 by, = 5.337kip-ft M

Tyall
Checkyal[Flexure = | 'OK" if ————>1 ="OK"
Muy a1 by
"NG" otherwise

Check Minimum Flexural Reinforcement (5.7.3.3.2)
f.:= 0.24- [, ksi = 0.537-ksi AASHTO 5.4.2.6

1 3 3.4
lg wall = 75 Pwhwan = 1% 107n

_ Lwall 5. Distance from centroid to extreme tension fibers.

Yewall = 75— T2 Conservatively ignore reinforcement.

Ig.wall 3
Sc.wall = — =200-in

Yt.wall
V3 = 0.67 0.67 = Factor for Grade 60 ASTM A615 rebar
V=12 1.2 = Factor for precast segmental structures

Merwall = V31 Sc.wall fr = 7-191-kip-ft Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muy, by, = 7-098 kip- ft

Checkyfinsteelwall = | "OK" if Mryqj > min(1.33Muy, by, M = "OK"

wall’ cr.wall)

"NG" otherwise
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Shear Resistance at Bottom of Wall (Section 5.8.3.4.2)

The section contains less than the minimum transverse reinforcement specified in 5.8.2.5,
therefore use equation 5.8.3.4.2-2 to determine the longitudinal strain effect factor (B) at
the location of maximum shear.

Mu = maX(Muwall’Vuwall'dwall) In the eqtn below Mu shall not be less than Vu-d,,
| Mul
I + 05Nuwaﬂ + |Vuwau|
wa
€s_wall = by 1000-€ = | (5.8.3.4.2-4)
B Eg-Aswall -
Sx_wall = dwall
1.38in
S =3 . =8.187-in
xe_wall x_wall Aggregate i, + 0.63in (5.8.3.4.2-5)
4.8 51
Bwall = : =2.968 (5.8.3.4.2-2)
I+ 750'gs_wall N Sxe_wall
lin
O ya = 29deg + 3500deg- £ a1 = 32:49-deg (5.8.3.4.2-3)
Vg = min(0.256¢by - dy oy, 0.0316- By [FeKsivb - o) = 20.605-kip (5.8.3.3)

Viyall = Pshear Viwall = 18.544-kip

. Vr

Vug . 11-by = 1.467-kip — lvaer - wall B

wall “w Checkwalighear = |"OK" if T———2>1 ="OK

Uwall Pw
"NG" otherwise
Check Crack Control in Section 5.7.3.4
Stress in reinforcement calculated per MacGregor "Reinforced Concrete Mechanics and Design" 4th Ed
kip-ft
Msyqit = (10 EH a1 YEH wall * 1-OLS wair YL wall) = 3-558 "
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kip
NSwall = _,ni'(1'O'A{c'twall'hwall.internal) = _0-927‘?
n:= E =7.118
E.
_ ASyanl

Pwall = b— =0.003

w “wall
k — 2 2

= 2Pwant *+ (Pwar™)” = Pyarr ™
. k
Jwan = 1- g =0.98
Lvall

Mswair + NSwair dwall - T

fss = =16.144-—
wall -
ASwallwall dwall fit
de wall = twall ~ yay = 1-813-in
d
11

Bg=1+ = - 1316

0'7'(twall - dc_wall)

Ve = 1.00
i
700 —2.~,
in .

Smax - 2:d; ) = 29:317-in

Bg-fsSwarr by

Check Minimum Bar Spacing in Section 5.10.3.1.2:

Smin = max(diamwau, 1.33Aggregate j;, lin) =1-in

Check Maximum Bar Spacing in Section 5.10.3.2:

Smaxa= Min( 1.5ty 18in) = 15-in

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP
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Stress in Reinforcement at Service

Limit State

exposure factor

Cl"eCkMaxSpacing = |"OK"
"NG”
Checkyfinspacing = | OK"
"NG"
CheCkB faxSpacing = |"OK"
"NG”

if Swall < Smax ="0OK
otherwise
if Swall > Smin ="0OK
otherwise
if Swall < Smax ="0OK
otherwise
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Check Anchor Attachment to Wall

Check Moment Capacity of Connection Bars

Conservatively assume the entire wall is cantilevered about the footing, therefore consider only driving moments. Use total
loads instead of loads per foot. Use 100% of soil weight. Must determine controlling anchor, since tributary width is
variable, not necessarily the anchor at the tallest wall. Assume only top four connection bars resist tension. This
assumption is consistent with HITEC p.D28.

Mu, ) chor = max(Drivingbrg_1~trib1 ,DriVingbrg.Ztribz) =43.757 kip-ft

bar, ) hor = 9 size of bar

diam,, o = Panchor, o 625.in

ASynchor = %-diamanchorz = 0307in”

n:=06 Number of bars in tension

banchor = tstem = 6°i0 thickness of anchor stem

hgop = 3ft + 6in height of anchor stem

danchor = 30.5in distance from centroid of tension reinforcement extreme compression fiber.

Verify that fy can be substituted for f; in the equations of 5.7.3.2. This is allowed when

< <0.60.
dS
n-As -f
Canchor = anchor’y  _ < 414 Simplified equation 5.7.3.1.2-4
0'85'fc'61'banchor
Canchor .. .
—  —0.178 This is less than 0.60 therefore fy can be substituted for f
d
anchor

anchor = B1 Canchor = 4-331-in

3anchor
Mnynchor = n'Asanchor'fy'(danchor T,

Mry4chor = Pmoment MPanchor = 234-708-kip-ft
MuanChOr = 43757k1pft Check — "OK" if Mranchor > 1 ="OK"
€CK AnchorFlexure = K" i M = ="OK
Yanchor
"NG" otherwise
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Check Minimum Flexural Reinforcement (5.7.3.3.2)

f.=0.537-ksi AASHTO 5.4.2.6
. h 3 3.704 104 in*

Ig anchor = E'tstem' stem = 3-704X 10 -in

hstem . . . .
Yt.anchor == = 1.75ft Distance from centroid to extreme tension fibers.

' 2 Conservatively ignore reinforcement.
1
.anch

Se anchop = O 1 764x 107-in°

Yt.anchor
Jan= 0.67 0.67 = Factor for Grade 60 ASTM A615 rebar
/x\b\:= 1.2

1.2 = Factor for precast segmental structures

Mt anchor = Y3 V1" Sc.anchor fr = 63.426-kip-ft Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muy o by = 58.197 ft-kip-ft

CheCkMinSteelAnchor = |"OK" if Mranchor > min(1.33Mu M

—_n "
anchor’ cr.anchor) ="0OK

"NG" otherwise

Check Minimum Steel for Temperature and Shrinkage (11.6.1.5.1 & 5.10.8)

~ -2 1.30b ‘h 2
in . in anchor "'stem in
Asmin.anchor := max| 0.11 — , min| 0.60 —, =0.6—
t ft fy ft
2'(banchor + hstem)'g

As

.2
min.anchor ! =2.I'in

stem

ASynchor ( +2) = 2.454-in2 Account for extra two bars in compression face
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Check Hook Development of Connection Steel in Wall

Per 5.10.2, A standard hook with a 180 degree bend shall have a 4*db extension, but not less than 2.5 inches. Per
5.12.3, Cover beyond free end of bar shall be 2 inches.

38.0diam

Ihp = o anchor =10.621-in Basic development length for a Grade 60 bar with a standard hook
f. (AASHTO 5.11.2.4.1)
ksi

Modification Factors to be applied to the Basic Development Length (AASHTO 5.11.2.4.2)

Mstrength =1 Increase by fy/60 for yield strength greater than 60ksi

Mcover = 0.7 0.7 if side cover normal to plane of hook is at least 2.5 inches AND
Cover beyond hook is at least 2.0in

MstmupS =1.0 0.8 if hook is enclose in with ties or stirrups as specified in 5.11.2.4.2

Mpg= 1.0 Conservatively assume entire area of steel provided is required.

Mlightweight =1.0 1.3 if lightweight concrete is used.

Mepoxy =1.0 1.2 if epoxy rebar is used.

M:=M M

strength'Mcover' stirrups'MAS'Mlightweight'Mepoxy =07

Iqp := max(6in, 8-diam M-lyp) = 7435:in

anchor’

= covery, . + ldh = 8.935-in

Lwall.min * wal

Checkyyall Thickness = | OK" if tyal 2 tyallmin = "OK"

"NG" otherwise
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cC O R P OWRA AT I O N

Design/Analysis References:
AASHTO LRFD Bridge Design Specifications, 6th Edition.

1
2
3. Das, Principles of Foundation Engineering, 5th Edition.

4. Holtz & Kovacs, Introduction to Geotechnical Engineering

5. AISC, Steel Construction Manual, 13th Edition

6. Highway Innovative Technology Evaluation Center (HITEC), Evaluation of the Con/Span Wingwall System, CERF
Report #40580, July 2001.

7. Contract Plans (VAOT)

Assumptions:
1. It is assumed that the failure plane of the soil to be retained by this wall will lie within the proposed
backfill material.
2. The proposed backfill material will meet the material requirements of NHDOT section 209, Granular

Backfill (Bridge), and be constructed to meet the requirements of the contract documents. This material is assumed to have a
friction angle = 34 degrees and a dry unit weight = 140 pcf.

3. The installation of the weepholes will preclude the development of hydrostatic pressures on the wall.

4. Passive earth pressure in front of the wall is ignored per AASHTO 11.6.3.5.

5. Site Layout. Roadway Skew 35 degrees. (3) wingwall designs due to varying design height and backfill slope.

6. Backslope Angle. WW1 2:1 at 25 degrees. WW2 and WWS3 flat. WW4 flat then 2:1 - Use 5:1 for design. Use infinite
backslopes for designs (Break_In_Slope = 0, see below).

7. Live Load Surcharge. N/A - traffic is well belond H/2 for all cases.

8. The HITEC Evaluation (page 3) explains that the Anchor Wall acts as a cantilever wall for most of its length since the

weight of the soil within and above the anchors provides resistance to overturning. The wall also has attributes of a bin wall
since arching and friction of soil masses between anchors provides additional resistance. Therefore, the provisions of AASHTO
Sections 11.6 (Conventional Retaining Walls) and 11.11 (Modular Walls) shall be applied.

9. Per AASHTO 11.11.4.4, a maximum of 80% of the weight of the retained soil is effective in resisting overturning. The
HITEC Evaluation (pages D29-D33) evaluated the accuracy of this assumption and found that using 80% of the soil weight is a
conservative assumption.

10. The Top of Wingwall elevations are 2 inches below the top of headwall elevations.
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General Input:

ELVwalltop := 1013.49ft — 2in Elevation of the Wingwall at its tallest point

Evaalltip = 1013.49ft — 2in Elevation of Wingwall at its tip.

ELVbot.ftg = 1001.08ft Elevation of the Bottom of the Wall Footing

tg = 10in Pedestal Footing design, separate

hftg = Oft Pedestal Footing design, separate

heport = ELVwalltip - ELVbot.ftg = hftg — lin = 12.16ft Short end of wall (less 1" for shim)

heap = Evaamop - ELVbot.ftg = hftg — lin = 12.16ft Tall end of wall (less 1" for shim)

Lgan = 121t Length of Wall Panel

lfja = 11t Length of flat portion of wingwall before break in slope.

tyal] = 10in Thickness of Wall Panel

tgtem = 0IN Thickness of Anchor Stem

Wlange = 2ft + 6in Width of Anchor Flange

Ogpew = Odeg Angle of ww skew in plan view, measured from edge of roadway.
(to measure distance to traffic for each anchor)

Oyay1 = 90deg Wall batter angle with horizontal

9anchor = Oway + 30deg Anchor batter angle with horizontal

1 . . . .
B:= atan(—) =11.31-deg Backfill slope angle with horizontal, measured perpendicular to
5 the wall.

diraffic = 35ft Estimated minimum distance to traffic, measured from
backfill side of wall and perpendicular to the wall.

BreakInSlope := Oft Assumed distance from face of guardrail to break-in-slope,
meaured perpendicular to the wall.
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Wall Material Properties

Concrete
) Ibf ) X ) .
f. = 5000—2 E, := 4074ksi Aggregate g;,, = -75in
in
Y = 150pct Assumed unit weight of concrete panel.

B, = Stress Block Factor specified in Article

R79299
B = max .65,| |.85 if f. <4000psi =0.8
f. — 4000psi
.85 — E < otherwise
psi 1000
Steel:
Ibf
., := 60000 — E. := 29000ksi
y 2 S
in
Soil:
qR = 10ksf] Minimum factored bearing resistance given in contract, sht 6
Vg = 140pcf Assumed soil unit weight for all soil
Qgyr = 2ft-g = 280-psf Surcharge Soil Pressure (AASHTO Tbl 3.11.6.4-2)
d>ﬁg := 35deg Friction Angle of Soil below Wall Footing
Ppackfil] = 34deg Friction Angle of Backfill Soil

. 2
_ sin(Oyal) + Phackfill)
Ko wall = 5 =0.293 AASHTO 3.11.5.3

o, Voiito _s |14 sin{@backfil * Swall) sin( Ppackfiit ~ B
(w2t S sin(Oya1 = Syatt) Sin(Owar + B)
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. 2
) Sln(eanchor + d)backfill)
ka.anchor = =0.098 AASHTO

p - 2
sin(6 2 sin(6 s I sin(Ppackfill * Sanchor) M Pbackfill ~ B) 3.11.5.3
( anchor) ( anchor anchor) sin( 0, chor — 5anchor)'51n(9anchor N B)

ko = 1 = sin(dp,ckppg) = 0441 AASHTO 3.11.5.2-1

Determine Load Factors (Strength I) (AASHTO 1.3 and Table 3.4.1-1)

Load Modifiers

Np = 1.00 Ductility for a conventional design
MR = 1.00 Redundancy for conventional design
M= 1.00 Importance for a conventional bridge
m; = max(nD-nR-nI,O.%) mi=1
Load Factor Max Min Service
DC 1.25 0.9 1.0 Component Dead Loads
YEH 1.5 0.9 1.0 Horizontal Earth Loads
YEV 1.35 1.0 1.0 Vertical Earth Loads
TLL 1.75 1.75 1.0 Live Loads
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Anchor Types, Layout and Backfill Geometry

ConnectedToBridge := "Yes"

AnchorType :

AnchorType, :

between Yes and No.

Casella #5576

12x8 RFB - WW#4
VAOT #STP1443 (44)
Shrewsbury, VT

To account for the connection of the wing to the bridge. Choose

"E" Anchor Type to be tied to the back face of the wall. Chosen

between Anchor Type B, C, D, and E as defined below.

uEu

AnchorTypes = "E"

Distance to each anchor is from culvert end of wing. Anchor 1 is closest to culvert.

diStanchor.l = 4.51t

Note: Research in HITEC report supports spacing from 2.5 ft (anchors are touching) to 5.5

dist, hor2 = 9-5ft feet (HITEC Report pages D29-D33). If distance between anchors increases beyond 5.5 ft,
data supporting the usable 80% soil weight assumption shall be provided due to possible
dist -0 affects on soil arching between the anchors. Similarly, anchor closest to the wall tip shall not
anchor.3 -~ exceed 3 feet without supporting data.

If only 1 anchor is used, set dist, o2 = dist,chors = O-
If only 2 anchors are used, set dist, o3 = O-

Tributary Width of Wall for each Anchor

tribpates

tribl :

trib2 :

tribg = 1y — (triby + triby + trib

= |0 if ConnectedToBridge = "No" =2.25ft

1 otherwise

1 .
5 distypchor.

1 trib if distychopo =0 = 4751t

wall — “Pplates

1, .. . . .
E'(dmanchor.l + dlStanchor.Z) - mbplates otherwise

1, .. . e g
[lwall - E(dlStanchor.l + dIStanChor.Z)J if distycpor3 =0 =51t

1, . . 1, . . .
E(dlStanchor.Z + dmanchorﬁ) - E(dlStanchor.l + dlStanchor.Z) otherwise

plates) =0ft
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Height of Wall at CL of Each Anchor

h(x):= |0 if x=0
htall if 0<x< lﬂat

h.,;1—h
tall short .
{htall - (I—J(X - lﬂat)} otherwise

wall — 1ﬂat

hyyall 1 = h(diStanChor.l) =12.16ft Height of wall at each anchor

hyya1l 0 = h(distanchor_z) =12.16ft

hyal 3= h(diStanchorB) =0ft

Length of each Anchor Stem Extension

W is the additional anchor stem length beyond that of a "B"

Wx) = | (0ft) if x ="B" anchor. W(B) =0
(1ft) if x="C"
(2ft) if x ="D"
(3ft) if x="E"
(4ft) if x ="F"

W, = W(AnchorTypel) =3ft
W, = W(AnchorTypez) =3ft

Wy = W(AnchorType3) =3ft

Width of Soil Column above each Anchor

Byt is the width of the soil column at the top of the anchor, measured from backfill side of wall to upper tip of each anchor.

Bpog = Wy + (3ft + 5.375in) + ﬁgldeg) = 7.1211t
Bpogn = Wy + (3ft+ 5.375in) + ——— = 71211t
) cos(30deg)
Bio 3 = W3 + (3ft + 5.375in) + — o — —7.121 f
) cos(30deg)
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Bpot lower IS the width of the soil column at the bottom of the anchor, measured from backfill side of wall to bottom tip of
anchor.

Bhot.lower.1 = W1 + (lft + 4in + ﬁgld@j =5.007ft

Bhotlower.2 = Wo + (1ft + 4in + Lj =5.007ft
' ’ cos(30deg)

Bhotlower3 = W3 + (lft + 4in + Lj = 5.007 ft
' ‘ cos(30deg)

Perpendicular Distance to Traffic at each Anchor

divaffic.1 = deraffic + diStanchor.l'tan(o‘skew) =351t
divaffic.2 = deraffic + diStanchor.Z'tan(o‘skew) =351t

diraffic.3 = dtraffic + diStanchor.S'tan(o‘skew) =351t

Height of backfill at CL of each anchor

dslope.1 = maX(O,min(Bbot_l Airaffic.] — BreakInSlope)) =T7.121ft Dlstancg to break in slope,_mgasured
perpendicular to wall from inside face of wall,
dglope.2 = max(o’min(Bbot.Z’dtraffic.Z - BreakInSlope)) =7.121ft limited by B.bot.

dslope.3 = max(O,min(Bbot_3 oAiraffic3 — BreakInSlope)) =7.1211t

Bbackfill,1 = MaX(hyqpp 1-hyarr 1 + min(Bpo 1-dgjope. 1) tan(P)) = 13.584 1t The height of backfill is taken at the
end of the reinforced soil mass.

Bbackfill.2 = MaX(hyq1p 22 hyarr 2 + Min(Bpo 2. dgjope o) tan(P)) = 13.584 t

hpackil.3 = Max(hyqpp 3. hyqpr 3+ min(Bpg 3.dgjope 3)-tan(B)) = 1.424ft
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Check Pullout Capacity of Bolts at Connection Plates and Plate Bending

Shrewsbury, VT

Connection plates connected to the culvert wall provide stability for half the distance of the wall from the culvert to Anchor 1.
Per HITEC p. D23, connection is more rigid at the connection with the culvert, therefore use at-rest earth pressure coefficient.

Nplates = 3 Number of plates
hwall.plate = hygp = 12.161t Overall height of wall at plates
hplatel = 1ft + 9in = 1.75 ft The plate closest to the ground.
Height is from bottom of wall to bolt line in Plate 1
hplate2 = 4ft + 9in = 4.75 ft If n_plates is 2, this is the top plate.

Bplate3 = 7ft + 9in = 7.75 ¢

Height is from bottom of wall to bolt line in Plate 2

If n_plate is 3, this is the top plate. If n_plate is 2, h.plate.3 is unused.
Height is from bottom of wall to bolt line in Plate 3

Bplate = 10in Plate height.
tplate = lin Plate thickness
Xpolt == 4-5in Distance from corner of plate to CL of bolt

prlate = 36ksi
Pbending = 09

dbOlt = lin

T 2 .2
AbOlt = Zdbolt =0.785-in

Yield strength of plates (A36 steel)

AISC F1.(1)

Diameter of Coil Insert.

Mholts = 2 Number of bolts per side per plate

F,p = 60ksi Tensile Strength of a A307 bolt (AASHTO 6.4.3.1)

bpolt = 080 Resistance factor for an A307 bolt in tension (AASHTO 6.5.4.2)

Tpullout = 8.5kip =4.25-kip Factored Pullout capacity (SF = 3) of a Meadow Burke Double Wingwall Anchor
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(1-8NC 6x8) Ferrule Insert with 1" diameter bolt. 8500lbs tension, 4500lbs shear

Page 8 of 28
Page 98 of 148



Delta Project 2015.059.003 Chk: KLS

Designed By: PJL Casella #5576
Checked By: 12x8 RFB - WW#4
Date Printed: 2/2/2015 VAOT #STP1443 (44)

Shrewsbury, VT

Calculate Bolt Reaction at Plate 3

2
h +h
1 plate3 ™ Dplate2 ) .
EHpjate3 = EkO"Ys'(hwall.plate - > j 'trlbplates'cos(éwall) = 2.189-kip
h +h
2 plate3 plate2
YEH.plate3 = hwall.plate - g(hwall.plate - ) j =8.221t
. 1 .
LSplate3 = |0 if diraffic 2 E'hwall.plate = 0-kip
h +h
plate3 plate2 . ]
{kO'qsur' [hwall.plate - > 'trlbplates'cos(éwall) otherwise
h +h
1 plate3 plate2
YLS.plate3 = hwall.plate - E[hwall.plate - ) j =9.2051t
Rptate3 = |9 if npjares =2 = 3.482-kip
1.5 EHpate3 YEH plate3 * 1-75 LSplate3 YLS plate3 ,
otherwise
hplate3

Calculate Bolt Reaction at Plate 2

h +h h +h
) plate3 plate2 plate3 plate2 . . .
EHlpjaten = kO"Ys'(hwall.plate - ) ' ) 'trlbplates'cos(éwall) if npjages =3 = 2.222kip
hplateZ + hplatel
2

2

hplateZ + hplatel

2

1 . .
EkO'”fs' [hwall.plate - ibpates” COS(Swall) otherwise

h +h h +h h +h
) plate2 platel 1 plate3 plate2 plate2 platel .
YEHI plate2 = { + - if Npjates =3 = 4751t

2 2 2 2

hplateZ + hplatel 1 hplateZ + hplatel .
5 + E hwall.plate - 5 otherwise

2
h +h h +h
1 plate3 plate2 plate2 platel . .
EH2, 100 = Eko-ws-( > - > ribpjages €O8(Byyqrr) = 0-564kip
B hplateZ + hplatel 1 hplate3 + hplateZ B hplateZ + hplatel i -3 —425f
YEH2.plate2 = ) + 3 ) ) W hplates =2 =+

hplateZ + hplatel 1 hplateZ + hplatel .

5 + g hwall.plate - 5 otherwise
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h +h h +h
. plate3 ™ "plate2 plate2 " "platel | . . )
LSplate2 = [[kO'qsur'( ) - ) 'trlbplates'cos(éwall) if npjares =3 =0-kip

h +h
plate2 platel . .
{kO'QSur' [hwall.plate - ) ibpates” COS(Swall) otherwise

0 if d

1
traffic = E 'hwall.plate

=4.75ft

] hplateZ + hplatel 1 hplate3 + hplateZ hplateZ + hplatel .
YLS.plate2 = ) + 5 ) - ) if Nplates =3

hplateZ + hplatel 1 hplateZ + hplatel .
5 + E hwall.plate - 5 otherwise

L5 '(EHlplateZ'yEHl.plateZ + EHzplateZ'yEHZ.plateZ) + L75:LSp1ate2 YLS plate2

=4.09-kip
hplate2

Rplate2 =

Calculate Bolt Reaction at Plate 1

h +h h +h
) plate2 platel plate2 platel . .
EHlplatel = kO'Afs'[hwall.plate - > : 5 'mbplates'cos(éwall) = 3.629-kip

h +h
1| “plate2 ™ “platel
YEH1.platel -~ —( j = 1.625ft

2 2
2
1 hplate2 + hplatel . .
EHzplatel = Eko'ﬁ{s' ) 'trlbplates'cos(swall) = 0.662-kip
h +h
1 | “plate2 ™ “platel
YEH2 platel = 3~ = 1.083ft
3 2
. 3 > 1 .
Lsplatel = |0 f dipaffic = E'hwall.plate = 0-kip
h +h
plate2 platel . )
{kO'qsur'[ 5 'trlbplates'cos(éwall) otherwise
h +h
1 | “plate2 ™ “platel
= =1.625ft
YLS.platel 5 ( 5 j
1'5'(EHlplatel'yEHl.platel + EHzplatel'yEHZ.platel) + L75:LSp1ate1°YLS plate .
Rplatel = = 5.67-kip
hplatel
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Check Bolt Capacity

T, = 0.76-Ap ¢ Fyp = 35.814-kip Nominal Tensile Resistance of a bolt (AASHTO 6.13.2.10)
T, = by Ty = 28.651-kip
Tcontrolling = nbolts'min(Tpullout’Tr) = 8.5-kip Controlling tensile capacity, per bolt.

Rplate.controlling = maX(Rplatel ’RplateZ’Rplate?)) =5.67-kip

"OK" if T

controlling 2 Rplate.controlling ="OK"

Checkp g iCapacity =

"NG" otherwise

Check Plate Bending

Sum moments about the corner of the plate.

Mupiate = Rplate.controlling Xbolt = 2-126-kip-ft

h -t
__ “plate plate .3
Zplate = f =2.5-in

Mpp1ate = F¥plate Zplate = 7-5kip-ft

Pbending MPplate = 6-75-kip-ft

CheckpyaieBending = | "OK" if Mupjaie < Opending MPplate = "OK”

"NG" otherwise
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External Stability Analysis at Anchor 1

Calculate Vertical Loads and Associated Lever Arms (All Lever Arms are from Point "O")

kip
DCyan.1 = twanbwall.1e = 1-52'?

1
XDC.wall.1 = 7 twall = 0.4171t

y
s (Mbackfill.1 ~ Pwail.1)(dstope.1) = 0.71.~2

EVlal =
ft

N | =

2
XEVla.l = twall T gdslope.l =5.581ft

kip
EV1by = Ny (hpaekfit.1 ~ hwall.1) (Bbot.1 ~ dsiope.1) = 0=

1
XEV1b.1 = twall + dslope.1 T E(Bbot.l - dslope.l) =7.9551t
kip

EV2) = g (hyan 1 = 3-5f) Byop 1 = 8.634—=

1
XEV2.1 = twau + EBbOt.l =4.394ft

7in kip
EV3, = ~.(3.5t)-| B - | =2.123—
1= ( bot.lower.1 cos(30deg)) ft
o+ L[B SR, Y
X = — - =
EV3.1 wall B bot.lower.1 cos(30deg)
1 7in kip
EV4, = ~.—-3.5ft:| (W, + 3ft + 5.375in) — | B - —— || =0.518—
1= s 5 [( 1 ) ( bot.lower.1 cos(30deg)j:| ft
] 1 . 7in
XEV4.1 = twall T Bbotlower.1 + 3 Wy + 3ft + 5.375in — | Byot jower.1 — cos(30deg) = 6.5451t
DC - 17401bf) if AnchorT ="B" =0.537 @
anchor.1 = "~ ( ) i AnchorType = ™ (See Anchor Geometry
1 . D .
(2010Ibf) if AnchorType; = "C" rawing)
(22851bf) if AnchorType; = "D"
(25501bf) if AnchorType; ="E"
(28251bf) if AnchorType; ="F"
S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP Page 12 of 28
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Xanchor.1 = twall * (2ft + 2.25in) if AnchorTypel ="B" =4.839-ft
(2ft + 8.8125in) if AnchorType; ="C"
(3ft + 5.125in) if AnchorType; ="D"

4ft + 0.0625in if AnchorType; ="E"

(4ft + 8in) if AnchorType; ="F"

. kip . .
LSverc1 = |[dsur[Bot.1 ~ (diratfic.1)[] if diraffic.1 <Bbor1 = 0= Used in bearing calcs only

0 otherwise

1
XS vert.] = twall T deraffic.1 * ;(Bbot.l — dyaffic.1) = 21.8941t

kip

DCftg.l = ﬁ{c‘tftg’hftg =0 ft

t
XDC fig.1 = ftg =0.417ft Note: This moment arm is measured from the front toe of
o 2 the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated L ever Arms

! 2 . kip
EHLY vert = Eka,wams‘(hbackﬁu_l — 3.560) " sin(8,41]) = 0897~

1 5 Kip
EH1 hor = Eka.wall"Ys'(hbackﬁuJ — 3.5ft) - cos(8yq11) = 1881:—5

XEH1.1 = twall + Bpot.] =7-955ft

1
YEH.1 = 3:5ft+ ;(hbackﬁll.l - 3.5ft) =6.861ft

. kip

EH2{ yer = ka.anchor’ﬁ{s'(hbackfill.l - 3'Sft)’(4ﬁ)'sm(5anch0r - 30deg) = _0'124’?
) kip
ER2{ por = ka.anchor’ﬁ{s’(hbackfill.l - 3'Sft)'(“ft)'COS(Sanchor - 30deg) = 0'538’?

1
XEH2.1 = twall * ;(Bbot.l + Bpog lower. 1) = 0-8981t

1
Vo1 = 35t = -4t =15f

1 2 . kip
EH31 vert:= Tk (4£0)"sin(8 — 30deg) = —0.025—

> a.anchor Vs anchor ft

1 2 kip

EH3| hor = Eka.anchor’ﬁ{s'(“t) 'Cos(aanchor - 30deg) = 0'107’?
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2
XEH3.1 7 twall * Bootlower.1 ¥ (3~5ft - g'4ft)tan(30deg) = 6.321ft

2 .

h .
1.1 k
Jwall. L kip

LShor1 = | (Kuwalr 9surPbackfill1) if diaffic.1 < 5 o

0 otherwise

1 .
XLS.hor.1 = twall E(Bbot.lower.l + Bbot.l) = 6.898t (Assumed for ease of calculation)

1
YLS.hor.1 = 5 Mbackfill.1 = 67921t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

$p:=09 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Soil"

kip
2V} = 0.9(DCyypi 1 + DCynchor.1 + DCfig 1) + 1.0/(EVlay + EVIby + EV2) + EV3; + EV4;) ... = 14959 ——

ft
1y 1'50'(EH1 Lvert T EHzl.vert + EH31.V¢rt)
kip
Ry 1= 08tan(dg,) XVy =8.38-—* AASHTO 10.6.3.4

kip
Rr.l = d)T‘RT.l = 7542?

Driving Forces

kip
SH, | = ni.[1.50.(EH1 Lhor ¥ BH2{ por + EH31_hor) + 175LSp ., 1] = 3.788~—ft
Check "OK" if Rl >1 ="OK"
ec L 1: = 1 2 =
sliding.1 SH,

"NG" otherwise
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

. kip-ft
Resisting | := 0'9(Dcwall.1'XDC.wall.1 + Dcanchor.l'xanchor.l) =53.424- ft
+ 1.0-0.8«(EV1a1-xEVIa.1 + EVIb -xgyp1 + EV21-Xgya | + EV3 | xgy3 | + EV41‘XEV4.1)
+ L50(EH1 | yereXgH1.1 + BH2) yerrXgpo.1 + EH3 yerr XgH3.1)
Driving Forces
L kip- ft
Driving = 1.50-(EH1 b0Vt 1 + EH2| horYEH2.1 + EH31 hor YEH3.1) + 175LShor 1'YLS hor.1 = 20.703- i
Resisting |
CheckOT 1= "OK" if ———>1 ="OK"
: Driving;
"NG" otherwise
Eccentricity of Resultant
kip
SVe 1= 0.9(DCyan11 + DCanchor.1) + 1.0:0.8:(EV1ay + EVIby + EV2) + EV3| + EV4y) ... = 12.562-—
+ 1'50(EH1 Lvert EH21.Vert + EH31.Vert)
0 _(Resistingl - Drivingl) 1 ] ]
EVer = + E(tftg - twall) + 0.9DCyo 1'XDC ftg.1
1 == = el = = =2.605ft (Distance to resultant

YVeq + 0.9DCftg'1 from face of ftg)

1
B = Bpotlower.1 T twall T E(tftg - twall) =5.841t
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By
¢y = max| — —ll,Oft =0.315ft
2

=1.46ft (Within Middle Half of ftg per e
AASHTO 11.6.3.3) Check, { = |"OK" if ——— <1 ="OK"
Callow.1

By
e = —
allow.1 4

"NG" otherwise

Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

- kip-ft
ReSIStmgbrg.l = 1'ZS(DCwall.I'XDC.wall.l + Dcanchor.l'xanchor.l) = 82.051- i
+ 135(EH1 | yerXgH11 + EH2 yery XgH2.1 + BH3 | verc XEH3.1) -
+ 1'75’(stert.l'XLS.Vert.l)
. . kip-ft
Drivingy,o 1 = 1.35(EH1 porVEH1 .1+ EH2| hor YEH2.1 + BH31 hor YEH3.1) + 175LShor.1'YLS hor.1 = 18.632=—
kip
SVprg.1 = 1.25:(DCyqyy 1 + DCanchor.1) + 1.35:(EV1ay + EVIby + EV2) + EV3) + EV4y) ... = 19.762-—
+ 1'35’(EH1 lvert T EH21.Vert + EH31.Vert) + 1'75’(stert.1)
(Resistingbr 1 — Drivingy 1) 1
g. rg.
{Evbrg.l'[ v + E(tftg ~ tyall) | + 1:25DCg 1°XDC fig.1
lbrg.1 = bre] -=3209ft  (Distance to resultant
' 2Vpre 1 T 1.25DCg from face of ftg)

B
1
ebrg.l = max(T — lbl’g.l ,Oftj =0ft

2Vbrg 1
=8 3384ksf
Ofoot.1 = B| —2epg - Eq. 11.6.3.2-1, Rectangular Distibution for
re. Foundations on soil
qR = 10-ksf
4R
CheckBearing; := ["OK" if >1 ="OK"
Sfoot.1
"NG" otherwise
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External Stability Analysis at Anchor 2

Calculate Vertical Loads and Associated Lever Arms (All Lever Arms are from Point "O")

kip
DCyan 2 = twanbwan .2 Ye = 1-52'?

1
XDC.wall.2 = 7 twall = 0.4171t

y
s (Mpackfill.2 ~ wal2) (dstope.2) = 0.71.~2

EVla, =
2 fi

N | =

2
XEVla.2 = twall T gdslope.Z =5.581ft

kip
EV1by = Ny (hpaekfitt.2 ~ hwall.2) (Bbot.2 ~ dsiope.2) = 0=

1
XEV1b.2 = twall + dslope.2 T E(Bbot.Z - dslope.2) =7.9551t
kip

EV2) = g (hyan 2 = 3-5ft) Byogo = 8.634—=

1
XEV2.2 = twau + EBbOt.Z =4.394ft

7in kip
EV3, = ~.(3.5t)-| B - | =2.123—
2= g ( bot.lower.2 cos(30deg)) ft
o+ L[B SR, Y
X = — - =
EV3.2 wall B bot.lower.2 cos(30deg)
1 7in kip
EV4, = ~ —-3.5ft:| (W, + 3ft + 5.375in) — | B - —— || =0.518—
2= 5 [( 2 ) ( bot.lower.2 cos(30deg)j:| ft

1 . 7in
XEV4.2 = twall T Bbotlower.2 * g'[WZ + 3ft + 5.375in — (Bbot.lower.Z -

- . i
T](17401bf) if AnchorType, = "B" | =051~

DCanchor.2 =
(20101bf) if AnchorType, ="C" Drawing)
(22851bf) if AnchorType, ="D"

(25501bf) if AnchorType, = "E"

(28251bf) if AnchorType, = "F"

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP
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— || = 6.545ft
cos(30deg)

triby ft (See Anchor Geometry
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Xanchor.2 = twall + (2ft + 2.25in) if AnchorType2 ="B" =4.839-ft
(2ft + 8.8125in) if AnchorType, ="C"
(3ft + 5.125in) if AnchorType, ="D"

(4ft + 0.0625in) if AnchorType, = "E"

(4ft + 8in) if AnchorType, ="F"

. kip . .
LSvert2 = |[dsur[Bot2 ~ (dratfic.2) [| if diraffic.2 <Bbot2 = 0= Used in bearing calcs only

0 otherwise

1
XS vert.2 = twall T deraffic.2 * ;(Bbot.z ~ dyaffic.2) = 21.8941t

. kip
DCftg.Z = ﬁ{c‘tftg’hftg = O’?

t
XDC fig.2 = ftg =0.417ft Note: This moment arm is measured from the front toe of
o 2 the ftg since it is only used in bearing calculations.

Calculate Lateral Loads and Associated L ever Arms

! 2 . kip
EHL vert = Eka,wau‘ﬂfs‘(hbackfm_z — 3.560) " sin(8,41]) = 0897~

1 5 Kip
EH1 hor = Eka.wall"Ys‘(hbackﬁu.z — 3.5ft) - cos(8yq11) = 1881:—5

XEH1.2 = twall + Bpot.2 =7-955ft

1
YEH].2 = 3:5ft+ ;(hbackfill.Z - 3.5ft) =6.861ft

. kip

EH2) yer = ka.anchor’ﬁ{s'(hbackfill.Z - 3'Sft)’(4ﬁ)'sm(5anch0r - 30deg) = _0'124’?
) kip
EH2) pop = 1(a.anchor’ﬁ{s’(hbackfill.Z - 3'Sft)'(“ft)'COS(Sanchor - 30deg) = 0'538’?

1
XEH2.2 = twall * ;(Bbot.z + Biog lower.2) = 0-8981t

1
YpHp.2 = 35t = -4t =15f

1 2 . kip
EH3) vert = K (4£0)"sin(8 — 30deg) = —0.025—

a.anchor Vs anchor ft

1 2 kip

EH3) hor = Eka.anchor’ﬁ{s'(“t) 'Cos(aanchor - 30deg) = 0'107’?
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2
XEH3.2 = twall * Bootlower.2 (3~5ft - g'4ft)tan(30deg) = 6.321ft

2 .

h .
. wall.2 k1p
LShor2 = | (KawalrGsur Mbackfinl 2) if yraffic2 <—— =0~

0 otherwise

1 .
XLS.hor.2 = twall E(Bbot.lower.Z + Bbot.2) = 6.898t (Assumed for ease of calculation)

1
YLS.hor.2 = 5 Mbackfill.2 = 67921t

Check Sliding

Per AASHTO 11.11.4.2, Sliding shall be evaluated according to 10.6.3.4. Per 11.5.3, sliding shall be evaluated at the strength
limit state. Use minimum load factors for vertical loads and maximum load factors for horizontal loads. Assume the failure

plane is beneath the wall ftg, which will be grouted to the wall during construction. This is consistent with assumptions in the
HITEC report (page D24).

Resisting Forces

D= 09 AASHTO Table 10.5.5.2.2-1, "Precast on Sand" or "Soil on Sail"

kip
2Vy = 0.9(DCyyp1 2 + DCynchor2 + DCfig 2) + 1.0-(EVlay + EVIby + EV2, + EV3, + EVdy) ... = 14.935.—

ft
1y 1'50'(EHIZ.Vert + EH22.Vert + EH32.Vert)
kip
Ry o= 08tan(dg,) BV, =8.366-— AASHTO 10.6.3.4
kip
Rr.z = d)T‘RT.Z = 7529?

Driving Forces

kip
SHy o =My 150-(EH1y pop + EH2p o+ EH3, o) + L75LSy o] = 3.788-—*

. n " . Rr'z > " "
CheCkshdlng2 = OK if >1 ="0OK

EHT.Z
"NG" otherwise
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Check Overturning and Eccentricity

Per AASHTO 11.11.4.4, Overturning shall be evaluated according to 11.6.3.3. A maximum of 80% of the retained soil shall
be used to resist overturning. Per 11.6.3.3, evaluate overturning and eccentricity at the strength limit state using maximum
load factors for horizontal loads and minimum load factors for vertical loads. First, evaluate overturning about front base of
wall. If the wall passes the overturning check, the wing will not experience uplift with respect to the footing. Therefore
evaluate eccentricity at the bottom of the footing. The location of the resultant of the reaction forces shall be located within
the middle half of the base width (footing width plus anchor projection). Eccentricity is measured from the center of the
base width toward the stream side of the footing. Assume that a negative eccentricity (beyond the center of the base,
toward the backfill) is acceptable since this condition will engage passive earth pressures.

Resisting Forces

. kip-ft
Resisting, := 0'9(Dcwall.2'XDC.wall.2 + DCanchor.Z'Xanchor.Z) =53.307- ft
+ 1.0-0.8.(E\/l:ﬂz.xE\,l‘,ﬁL2 + EV1byxgyp2 + EV2y:Xpyo o + EV35-xpy3 0 + EV42‘XEV4.2)
+ L.50(EH1) yery XgH1 2 + EH2) yery Xgp2.2 + EH3) vert XEH3 2)
Driving Forces
L kip- ft
Drivingy = 1.50-(EH1; o YEH1 2 + EH2) hor YEH2.2 + EH32 hor YEH32) + 175LShor 2'YLS hor.2 = 20.703- i
Resisting,
CheckOT2 = |"OK" if ————=>1 ="OK"
: Driving
2
"NG" otherwise
Eccentricity of Resultant
kip
$Ven = 0.9(DCyap1 2 + DCanchor.) + 1.0:0.8:(EV1ay + EVIby + EV2, + EV3, + EV4y) ... = 12,538~
+ 1'50(EH12.Vert + EH22.Vert + EH32.Vert)
0 _(Resistingz - Drivingz) 1 ] ]
EVer = + E(tftg - twall) + 0.9DCto 2" XD ftg.2
1y == = c.2 = = =2.6ft (Distance to resultant

YVen + 0.9DCftg'2 from face of ftg)

1
By = Bpotlower.2 T twall T E(tftg - twall) =5.841t
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B)
¢y = max 7 — 12,Oft =0.32ft

B
Callow 2 = 22 = 146ft (Within Middle Half of ftg per ey
4 AASHTO 11.6.3.3) Check, 5 := |"OK" if ——— <1 ="OK"
Callow.2

"NG" otherwise

Check Bearing Pressure

Per 11.11.4.3 Evaluate bearing pressure with respect to resistance calculated in 10.6.3. Per HITEC p. D24, use the
horizontal portion of the anchor at its base plus the footing width. Evaluate at the strength limit state. Use 100% of the
weight of the retained soil. When Live Load Surcharge is present, Strength | with maximum load factors for vertical loads
and horizontal loads controls. Include the effects of live load surcharge. Since lever arms are calculated from the front face
of the wall, must add to the eccentricity the distance between wall and toe of footing.

kip-ft
fit

= 81.888-

ReSiStingbrg.Z = 1.25 (Dcwall.Z'XDC.wall.Z + DCanchor.Z'Xanchor.Z)

+ 1.35(EH1 ) yorXEH1.2 + BH2) yert*EH2.2 + BH3 vert XEH3.2)
+ 1-75‘(stert.Z'xLS.Vert.Z)

kip-ft

Drivingj,o 5 = 1.35(EH15 porYEH1 2 + EH2) hor YEH2 2 + BH32 hor YEH3.2) + 175LShor 2 VLS hor.2 = 18.632=—

kip
SVprg2 = 1.25:(DCyyqy1 2 + DCynehor.2) + 1.35:(EV1ay + EVIby + EV2; + EV3) + EV4y ) ... =19.728-—

ft
+ 1'3'5’(EHlZ.Vert + EH22.Vert + EH32.Vert) + 1'75’(stert.2)

Resistingy, ., o — Drivingy . 5 1
SVprg 2 ( = 2 + ~(tg = twan) | + 1:25DCig 2 XpC fig.2
g. EvbrgZ 5 \Uftg g. ftg.

: =3.206ft (Distance to resultant

1 =
brg.2
£ 2Vpre o + 1.25DCqo 5 from face of ftg)

By
ebrg.2 = max 7 - lbrg.Z’Oft =0ft

>V
S
Tfoot.2 = By 2cpgy S Eq. 11.6.3.2-1, Rectangular Distibution for
re. Foundations on soil
qR = 10-ksf
4R
CheckBearing, := ["OK" if >1 ="OK"
Ofoot.2
"NG" otherwise
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Check Wall Reinforcement

Assume the wall stem is cantilevered above the anchor. Use tallest wall section above anchor. Use maximum horizontal load
factors to calculate moments and shears. Use minimum load factor for axial compression.

Calculate Horizontal Loads and resp. Lever Arms at top of Anchor

hyallinternal = Pbackfin.1 — 3-3ft = 10.084ft

! 2 kip q
EHy a1 = Eka.wall"\fs'hwall.internal = 2'084'? YEH.wall == ghwall.l = 4.053 ft
1 kip L 6.08 ft
= i _ Y == =6.
LSyan = [0 if diaffic1 2 E'hwall.l = 0~? LS.wall > wall.1
(ka.wall'qsur'hwall.internal) otherwise

kip-ft
Mug a1 = M (15 EHy 11 YEH wall + 175LS walr YLS wall) = 1267 o
. kip
Vugan = M (1-5EHy a1 + 1.75LS 1)) = 3.126—=
kip

Nugan = i (09 ¢ twair Bwall internal) = —LI34=
Check Moment Capacity

barwall =6 Swall = 12in COVery 1] = 1.5in

by, = 1ft

bar
11
diam, | = %in = 0.75-in
Tv-diam .
11
ASyal] = Y& 12—t~ 0442in”
4 Swall
diam
wall .

dwall = tyal] — COVeryal — =8.125'in

S moment = 0-90 Per AASHTO 5.5.4.2.1

Gehear = 0-90 Per AASHTO 5.5.4.2.1

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP Page 292 of 28

Page 112 of 148



Designed By: PJL
Checked By:
Date Printed: 2/2/2015

Delta Project 2015.059.003 Chk: KLS

Verify that fy can be substituted for f; in the equations of 5.7.3.2. This is allowed when

< <0.60.
dS
As -f
I
wall = —————— = 0.65-in
0.85-f,-8;-by,

Cwall

=0.08
wall

Ayall = BpCyan = 0-52in

Awall
Mngaq1 = Asganrf, '(dwall R

M Mny,,;; = 15.636-kip-ft

Twall = Pmoment’

Muy,p by, = 12.67kip-ft

Simplified equation 5.7.3.1.2-4

Casella #5576

12x8 RFB - WW#4
VAOT #STP1443 (44)
Shrewsbury, VT

This is less than 0.60 therefore fy can be substituted for f

Checkyya1iFlexure = | "OK" if

"NG" otherwise

Check Minimum Flexural Reinforcement (5.7.3.3.2)

f.:= 0.24- [fksi = 0.537ksi

1

—b

3 3.4
lg wall = 75 Pwhwan = 1% 107n

) twall .
Yewall = 5 =5-in

1
.wall
Sc.wall = e =200~in3
Yt.wall
’Y3 = 0.67
’Yl =12

M; wall = V391 Se.wall fr = 7-191kip-ft

1.33Muy, by, = 16.852-kip-ft

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP

CheCkMinStedWall = "OK" if Mr

AASHTO 5.4.2.6

Tyall

>] ="OK"
b

Uwall Ow

Distance from centroid to extreme tension fibers.

Conservatively ignore reinforcement.

0.67 = Factor for Grade 60 ASTM A615 rebar

1.2 = Factor for precast segmental structures

Simplified AASHTO Eq 5.7.3.3.2-1

> min(1.33Mu

wall wall

"NG" otherwise

cr.wall)

— "OK"

Page 23 of 28
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Shear Resistance at Bottom of Wall (Section 5.8.3.4.2)

The section contains less than the minimum transverse reinforcement specified in 5.8.2.5,
therefore use equation 5.8.3.4.2-2 to determine the longitudinal strain effect factor (B) at
the location of maximum shear.

Mu = maX(Muwall’Vuwall'dwall) In the eqtn below Mu shall not be less than Vu-d,,
| Mul
I + 05Nuwaﬂ + |Vuwau|
£ wall = — by, 1000-€ oy = 1.66 (5.8.3.4.2-4)
B Eg-Aswall -
Sx_wall = dwall
1.38in
S =3 . =8.125-in
xe_wall x_wall Aggregate i, + 0.63in (5.8.3.4.2-5)
4.8 51
Bwall = - =2.314 (5.8.3.4.2-2)
I+ 750'gs_wall N Sxe_wall
lin
Oyl = 29deg + 3500deg- £ a1 = 34.811-deg (5.8.3.4.2-3)
Vg, = min(O.ZS-fC-bW-dwaH,0.0316- Bwall fc'kSi'bw'dwall) =15.939-kip (5.8.3.3)

erall = ¢SheaI~VnwaH = 14346klp

. Vr

Vu,. by, = 3.126:kip — lvaer - wall B

wall “w Checkwalighear = |"OK" if T———2>1 ="OK

Uwall Pw
"NG" otherwise
Check Crack Control in Section 5.7.3.4
Stress in reinforcement calculated per MacGregor "Reinforced Concrete Mechanics and Design" 4th Ed
kip-ft
Msyqit = i (1O EH a1 YEH wall * 1-OLS wair YL wall) = 8447 "
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Xip

Nsyall = _ni'(1'O'Afc'twall'hwall.internal) =-1.261- i

ni=— =7118
C

ASwall

= =0.005
bw’ dwall

2
k= J 20wall * (Pwatt™)” ~ PwaliM
, k
Jwall =1- E =0.977

Lall
Mswall + Nswall' dwall - .
2 ksi
=27.773-—

Aswall'j wall’ dwall ft

fsswall =

d dyyan = 1.875in

c_wall = twall ~ 9wal

dc_wall

=1.33
0'7’(twall - dc_wall)

Bg=1+

Yo = 1.00

K

700 —2

in .

Smax = - z'dc_wall =15.205-in
Bs'fsswall'bw

Check Minimum Bar Spacing in Section 5.10.3.1.2:

S . = max(diam

min 1.33Aggregate g;,m» lin) =1-in

wall’

Check Maximum Bar Spacing in Section 5.10.3.2:

S = min(l.S-t

Sma 18in) = 15in

wall’

S:\PROJECTS\Casella Construction\Shrewsbury, VT - VTAOT STP
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Stress in Reinforcement at Service

Limit State

exposure factor

CheckyaxSpacing = ‘

Checkyfinspacing = ‘

Checkl, faxSpacing = ‘

uOKu

"NG"

"OK"

"NG"

uOKu

"NG"

if 1SS

Swall = Smax

otherwise

if Swall 2 Smin

otherwise

i <
if Sall < Smax

otherwise

— "OK"

— uOKu

— "OK"
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Check Anchor Attachment to Wall

Check Moment Capacity of Connection Bars

Conservatively assume the entire wall is cantilevered about the footing, therefore consider only driving moments. Use total
loads instead of loads per foot. Use 100% of soil weight. Must determine controlling anchor, since tributary width is
variable, not necessarily the anchor at the tallest wall. Assume only top four connection bars resist tension. This
assumption is consistent with HITEC p.D28.

Mu, ) chor = max(Drivingbrg_1~trib 1 ,DriVingbrg.Ztribz) =93.162-kip-ft

bar, ) hor = 9 size of bar

diam,, o = Panchor, o 625.in

ASynchor = %-diamanchorz = 0307in”

n:=06 Number of bars in tension

banchor = tstem = 6°i0 thickness of anchor stem

hgop = 3ft + 6in height of anchor stem

danchor = 30.5in distance from centroid of tension reinforcement extreme compression fiber.

Verify that fy can be substituted for f; in the equations of 5.7.3.2. This is allowed when

< <0.60.
dS
n-As -f
Canchor = anchor’y  _ < 414 Simplified equation 5.7.3.1.2-4
0'85'fc'61'banchor
Canchor .. .
—  —0.178 This is less than 0.60 therefore fy can be substituted for f
d
anchor

anchor = B1 Canchor = 4-331-in

3anchor
Mnynchor = n'Asanchor'fy'(danchor T,

Mranchor = Pmoment MManchor = 234.708 kip-ft
MuanChOr = 93162k1pft Check — "OK" if Mranchor > 1 ="OK"
€CK AnchorFlexure = K" i M 21 ="0OK
Yanchor
"NG" otherwise
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Check Minimum Flexural Reinforcement (5.7.3.3.2)

f.=0.537-ksi AASHTO 5.4.2.6
. h 3 3.704 104 in*

Ig anchor = E'tstem' stem = 3-704X 10 -in

hstem . . . .
Yt.anchor == = 1.75ft Distance from centroid to extreme tension fibers.

' 2 Conservatively ignore reinforcement.
1
.anch

Se anchop = O 1 764x 107-in°

Yt.anchor
Jan= 0.67 0.67 = Factor for Grade 60 ASTM A615 rebar
/x\b\:= 1.2

1.2 = Factor for precast segmental structures

Mt anchor = Y3 V1" Sc.anchor fr = 63.426-kip-ft Simplified AASHTO Eq 5.7.3.3.2-1

1.33Muy o by = 123.905 ft-kip-ft

CheCkMinSteelAnchor = |"OK" if Mranchor > min(1.33Mu M

—_n "
anchor’ cr.anchor) ="0OK

"NG" otherwise

Check Minimum Steel for Temperature and Shrinkage (11.6.1.5.1 & 5.10.8)

~ -2 1.30b ‘h 2
in . in anchor "'stem in
Asmin.anchor := max| 0.11 — , min| 0.60 —, =0.6—
t ft fy ft
2'(banchor + hstem)'g

As

.2
min.anchor ! =2.I'in

stem

ASynchor ( +2) = 2.454-in2 Account for extra two bars in compression face
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Check Hook Development of Connection Steel in Wall

Per 5.10.2, A standard hook with a 180 degree bend shall have a 4*db extension, but not less than 2.5 inches. Per
5.12.3, Cover beyond free end of bar shall be 2 inches.

38.0diam

Ihp = o anchor =10.621-in Basic development length for a Grade 60 bar with a standard hook
f. (AASHTO 5.11.2.4.1)
ksi

Modification Factors to be applied to the Basic Development Length (AASHTO 5.11.2.4.2)

Mstrength =1 Increase by fy/60 for yield strength greater than 60ksi

Mcover = 0.7 0.7 if side cover normal to plane of hook is at least 2.5 inches AND
Cover beyond hook is at least 2.0in

MstmupS =1.0 0.8 if hook is enclose in with ties or stirrups as specified in 5.11.2.4.2

Mpg= 1.0 Conservatively assume entire area of steel provided is required.

Mlightweight =1.0 1.3 if lightweight concrete is used.

Mepoxy =1.0 1.2 if epoxy rebar is used.

M:=M M

strength'Mcover' stirrups'MAS'Mlightweight'Mepoxy =07

Iqp := max(6in, 8-diam M-lyp) = 7435:in

anchor’

= covery, . + ldh = 8.935-in

Lwall.min * wal

Checkyyall Thickness = | OK" if tyal 2 tyallmin = "OK"

"NG" otherwise
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