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JOB 2016.059.009
/ DE A DESCIPTION 28x8u8.6
ENGINEERS, ARCHITECTS, & LAND SURVEYORS SHEET NO OF SCALE
860 Hooper Road, Endwell, NY 13760 :
. deltaéngineers’.com CALCULATED BY rja DATE 7/5/2016
Phone: (607) 231-6600 CHECKED BY DATE
Fax: (607) 231-6650
287 288 280 290 201 202 288 287 288

Lane load to input into CANDE

earth cover 8.6
span 28
rise 8

leg thickness 12 1n.
additional dead load 35 psf
lane load 64 psf
deck thickness 10 in
leg thickness 12 in

apply lane load as point load at top nodes

Node coordinate  tributary width dead load / node lane load / node
287 gin. 1.654 ft. 2.412 Ibs / in 4.411 Ibs / in <=== Cande doubles
288 19.85 in. 1.653 ft. 4.822 Ibs/in 8.818 Ibs/in center load, so this is
289 39.69 in. 1.654 ft. 4825 Ibs/in 8.822 Ibs /in 1/2 regular trib load
290 59.54 in. 1.653 ft. 4822 Ibs/in 8.818 Ibs /in
291 79.38 in. 1.654 ft. 4825 Ibs/in 8.822 Ibs /in
292 99.23 in. 1.654 ft. 4.825 Ibs /in 8.822 Ibs /in
293 119.1 in. 1.653 ft. 4.822 lbs/in 8.818 Ibs/in
294 138.9 in. 1.654 . 4.825 Ibs /in 8.822 Ibs /in
295 158.8 in. 1.654 ft. 4.825 Ibs / in 8.822 Ibs /in
296 178.6 in. 1.653 ft. 4.822 |bs /in 8.818 Ibs /in
297 198.5 in. 1.654 ft. 4825 Ibs /in 8.822 Ibs / in live load from here out becomes
298 218.3 in. 1.653 ft. 4822 Ibs /in 8.818 Ibs / in beneficial and is neglected
299 238.2 in. 1.654 ft. 4.825 Ibs/in 8.822 Ibs / in dead load is applied because
300 258 in. it is a perminant load



ADELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone! (607) 231-6600
Fax: (607) 231-6650

span 28 ft.
earth cover over structure 8.6 ft.
axle width 6 ft
wheel width 20 in

axle distribution width = axle width + wheel width + earth cover * dist factor thru fill =

Chk: SLV/RJIP 4

JoB 2016.059.009

DESCIPTION 28x8u8.6

SHEET NO OF SCALE

CALCULATED BY ria DATE 7/5/2016

CHECKED BY DATE

MPF 1.2

impact = 33*(1-0.125*earth cover) = 0%

# of steps to divide load over in Cande = 4

live load distribution factor thru fill = 1.15
17.56 feet

axle load to input into Cande = axle weight*impact*MPF/distribution width/12" per ft/# of load steps

LOAD RATING VEHICLES
8 k
HL-93 TRUCK
72 KIPS (36 TONS) 14
0.64 K/L.F. LANE LOAD
25k

HL-93 TANDEM
50 KIPS (25 TONS) 4
0.64 K/L.F. LANE LOAD

32 k 32 k axle load to put into Cande
8k= 11.39 Ib/inch/step
14'-30' 32k= 45.57 Ibfinch/step
25 k axle load to put into Cande
25 k= 35.8 Ib/inch/step
25 k= 35.6 Ib/inch/step
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JoB 2016.059.009
DESCIPTION 28x8u8.6
ENGINEERS, ARCHITECTS, & LAND SURVEYORS SHEET NO OF SCALE
860 Hmtdfl,ta : énit;::;g’_‘::; 3760 CALCULATED BY ria DATE 7/5/2016
Phone: (607) 231-6600 CHEGKED BY DATE

Fax: (607) 231-6650

span 28 ft
leg thickness 12 inches
Axle applied at center (case 1)
node 287
axle applied at quarter point (case 2)
node 291
case 1 7.25 ft.
axle applied to centerline
case 2
axle applied to quarter point only
14.5 ft

Tandem applied at center (case 3...other tandem mirrored)

node 288
Tandem applied at quarter point
node 290 (case 4)
node 293

case 3 20 ft
tandem applied at centerline

case 4
tandem applied at quarter point 7.25 ft.
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

Load case summary

JoB

DESCIPTION

SHEET NO

CALCULATED BY

CHECKED BY

Load Case Description

1 HL-93 Truck at center

2 HL-93 Truck at 1/4 Point

3 HL-93 Tandem Mod at center

4 HL-93 Tandem Mod at 1/4 Point

case 1 case 2

failure mode node ratio node ratio
steel yeilding 1 0766 17 0.805
concrete crushing 17 0774 17 0.797
shear failure 17 1.0256 17 1.069
radial tension failure 1 0119 1 0119
max crack width/allowable 0.8 0.87

case 3
node ratio
1 0.889
17 0.822
17  1.118
1 0135
0.87

¥ SEE WL-9% LOAD [RATING
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2016.059.009

OF

28x8u8.6
SCALE
DATE 7/5/2016

DATE

case 4
node ratio
17 0.896
17 0.857
17 1168 ¥
1 0132
0.96

Foft SHEAR CALC wITH STIRRUPS,
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

STRENGTH 1 CANDE RESULTS

JoB

DESCIPTION

SHEET NO.

CALCULATED BY

CHECKED BY

2016.059.005"¢ SR 7
28x8 under 8
OF SCALE
rja DATE 7/5/2016

DATE
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28x8under8c4moD.out

*%% WELCOME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x8_u8.6_c4

LOAD CASE <] ConTROLS.
LOAD cASE <f INPUT PRESENTED.
ONLY  BOUMDALY CONDIIONS +

EXECUTION MODE ....... ANALYS RESULTS ARE PRESEMTED
SOLUTION LEVEL #2 AUTO R LoaD CA‘SL‘/I, 2,3,
METHODOLOGY (LRFD OR SERVICE) LRFD
NUMBER OF PIPE-ELEMENT GROUPS 1
MAXIMUM ITERATIONS PER STEP .. 50
CULVERT PIPE-TYPE CONCRETE
CANNED MESH CODE # 3
NUMBER OF BEAM ELEMENTS 19

CONCRETE MATERIAL PROPERTIES ARE AS FOLLOWS

COMPRESSION STRENGTH (psi)..........
ELASTIC YOUNGS MODULUS (psi)

POISSON RATIO

CONCRETE DENSITY (pcf) .............
INITIAL TENSILE CRACKING STRAIN.....
INITIAL COMPRESSION YIELD STRAIN...
INITIAL COMPRESSION CRUSH STRAIN

SHEAR STRENGTH MODEL (NSHEAR) # ...
(VARIABLE STRENGTH MODEL PRINTED IN

CONCRETE CRACK-WIDTH MODEL NAME.....
(DRIVEN BY TENSILE STRAIN IN STEEL)
STEEL REINFORCEMENT MATERIAL PROPERTIES
TYPE OF STEEL CAGES (RSHAPE) .....
STEEL YIELD STRENGTH (pSi)........

STEEL ELASTIC MODULUS (psi).......
Page 1

6500.000
4595487.000
0.170
150.000
0.000010
0.000687
0.002000

1
OUTPUT)

HEGER-MCGRATH

ARBIT
60000.000
29000000.000



STEEL-BASED CRACKWIDTH PREDICTION PARAMETERS

WALL THICKNESS,

28x8under8c4moD.out

STEEL POISSON RATIO ......cuuvuunun-

STEEL YIELDING STRAIN ........v000.

NONLINEAR MODELING CODE (1,2,3)

REBAR SPACING INNER ROW (SLI), (in)
REBAR SPACING OUTER ROwW (SLO), (in)
NUMBER OF STEEL LAYERS FOR INNER CAGE ...

NUMBER OF STEEL LAYERS FOR OUTER CAGE ....
HEGER-MCGRATH CODE NUMBER FOR STEEL TYPE..

WALL-THICK

10.
10.
10.
10.
10.
10.
710.
10.
10.
10.
12.
15.
19.
27.
19.
.4380
12.
12.
12.
12.

15

0000
0000
0000
0000
0000
0000
0000
0630
0630
6880
3750
2500
2500
0000
8130

8750
0000
0000
0000

INNER-REBAR

0.0770
0.0770

COOOCCOO0OOOOOCOCOOOO00

.0770
.0770
.0770
.0770
.0770
.0770
.0770
.0200
.0400
. 0400
. 0400
.0400
.0400
.0400
.0400
.0400
.0400
.0400

REBAR AREAS AND COVER DEPTHS

Chk: SLV/RJIP

0.300000
0.001883

OUTER-REBAR INNER-COVER

o

.0200
0.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0880
.0880
.1300
.1300
.1300
.1300
.1300
.1300
.1300
.1300
.0880
.0880

OOOOOOOOOOOOCOOOO0O0O

NNNNNNNRNNNNNNNMNNNNNNN

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

LRFD RESISTANCE FACTORS FOR STRENGTH-LIMIT STATES
AND CRACK-WIDTH LIMIT AT SERVICE LOAD

YIELDING OF REINFORCEMENT STEEL

CRUSHING OF CONCRETE OUTER FIBER

SHEARING FAILURE OF CONCRETE

SPLITTING OF CONCRETE IN RADIAL TENSION ..

ALLOWABLE CRACKWIDTH SERVICE LOAD (inch)..

LARGE DEFORMATION/BUCKLING CODE, IBUCK =

IBUCK=0, MEANS SMALL DEFORMATION THEORY FOR GROUP

AND NO BUCKLING PREDICTION.

Page 2

0

W AN
oo
S

NNNNNNNNNNNNMNNNNNNNNN

0.950
0.750
0.900
0.900
0.010

OUTER COVER

.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000
. 5000
.5000
.5000
.5000
.5000
.5000
.5000
.5000

9



28x8under8c4MoD.out

REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

e e e
RHRA

TRkk

3
3
3

*%% MESH PARAMETERS ***

TYPE OF MESH ------------—-~-——————— o — - —————
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT)

WIDTH OF TRENCH AT FOOTING LEVEL (FT)

SLOPE OF TRENCH WALL (H/V)

MESH SPACING PARAMETER ----------------"-"~>-"-——-———~
TOTAL SOIL HEIGHT ABOVE CROWN (FT)

MESH HEIGHT ABOVE CROWN (FT)

SOIL DENSITY ABOVE MESH (PCF)

NUMBER OF ELEMENT LAYERS ABOVE CROWN -------------

ARCH PARAMETERS ***

CENTERLINE RISE OF ARCH (IN)

BOTTOM HALF SPAN OF ARCH (IN)

SIDE RISE OF ARCH ABOVE FOOTING (IN)

FOOTING DEPTH (IN)

OUTSIDE FOOTING WIDTH (IN)

INSIDE FOOTING WIDTH (IN)

NUMBER OF ARCH SEGMENTS DEFINED --------—----===--

CURVED TOP SEGMENT ***

RADIUS (IN)

CENTRAL ANGLE (DEG)

SEGMENT ARC LENGTH (IN)

NUMBER OF BEAM ELEMENTS IN SEGMENT ---------------

CURVED CORNER SEGMENT **%*
RADIUS (IN)
CENTRAL ANGLE (DEG)
SEGMENT ARC LENGTH (IN)
NUMBER OF BEAM ELEMENTS IN SEGMENT ---------------

STRAIGHT SIDE SEGMENT *#*%¥

DEFLECTION ANGLE

SEGMENT LENGTH (

NUMBER OF BEAM ELEMENTS IN SEGMENT ------------—---

FINITE ELEMENT INPUT CONTROLS (PREP)

THE DATA TO BE RUN IS ENTITLED

New Level 2 arch mesh

PRINT AND PLOT CONTROL CODES

PRINT CONTROL FOR MESH DATA------------
PLOT FILE CONTROL MESH & RESULS---—-—--—-
PRINT FINITE ELEMENT RESULTS ----------
INPUT DATA CHECK CODE---—--=-—=—————————

O wWwwWw

406.
174.

13

.38
.15
31

.00
.94

Chk: SLV/RJP
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28x8under8c4MoD.out
KEY NUMBERS DESCRIBING MESH .

THE NUMBER OF LOAD STEPS IS------------ 15
TOTAL NUMBER OF NODES IS--------------- 307
TOTAL NUMBER OF ELEMENTS IS------------ 269
TOTAL NUMBER OF BEAM ELEMENTS IS------- 19
MAX NUMBER OF BOUNDARY CONDITIONS IS--- 42

* % * BOUNDARY CONDITIONS * * *

(FORCES = LBS; DISPLACEMENTS INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD X-FORCE OR Y-FORCE OR X-Y ROTATION
BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT Y-DISPLACEMENT

BOUNDARY CONDITIONS

290 12 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F290 13 F = 0.0000e+00 F = -0.3560E+02 0.0000E+00
F290 14 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F290 15 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F293 12 F = 0.0000e+00 F = -0.3560E+02 0.0000E+00
F293 13 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F293 14 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F293 15 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F287 15 F = 0.0000E+00 F = -0.7000E+01 0.0000E+00
F288 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F289 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F290 15 F = 0.0000eE+00 F = -0.1400E+02 0.0000E+00
F291 15 F = 0.0000E+00 F = -0.1400E+02 0.0000€E+00
F292 15 F = 0.0000E+00 F = ~0.1400E+02 0.0000E+00
F293 15 F = 0.0000e+00 F = -0.1400E+02 0.0000E+00
F294 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F295 15 F = 0.0000E+00 F = -0.1400E+02 0.0000€E+00
i296 15 F =  0.0000E+00 F = -0.1400E+02 0.0000E+00

* % % % % COMPLETED MESH GENERATION
New Level 2 arch mesh

Page 4
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CALCULATED KEY NUMBERS ...

THE NUMBER OF DATA ERRORS IS-----------
THE NUMBER OF SOIL MATERIALS IS--------

THE NUMBER OF PIPE-TYPE GROUPS IS

THE NUMBER OF INTERFACE MATERIALS IS---

BAND WIDTH ESTIMATE (MAX)

* % * * MESH DATA HAS BEEN SAVED ON UNIT 14 * *

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

BEAM-ELEMENT GROUP NUMBER =

BEAM-NODE MESH-NODE
SEQUENCE NUMBER FOREWARD-#
1 198 1
2 194 2
3 190 3
4 167 4
5 164 5
6 161 6
7 158 7
8 138 8
9 136 9
10 134 10
11 132 11
12 130 12
13 128 13
14 118 14
15 115 15
16 109 16
17 103 17
18 97 18
19 91 19
20 80 0

1

19
88

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE .
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)

PROPERTIES FOR MATERIAL 1 whEEEERE{n site

DENSITY = 0.14000€E+03

YOUNGS MODULUS= 0.5000E+04
POISSONS RATIO= 0.3500E+00
CONFINED MOD.= 0.8025E+04

LATERAL COEFF.= 0.5385E+00

PROPERTIES FOR MATERIAL 2 *EEREEEXEQOLING

DENSITY = 0.15000E+03

YOUNGS MODULUS= (.3122E+07
POISSONS RATIO= 0.1700E+00

Page 5

e e
w® R

CONNECTED-GROUP-ELEMENTS

BACKWARD-#

O

Chk: SLV/RJP
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28x8under8c4moD.out
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00

PROPERTIES FOR MATERIAL 3 FEREREREEMLIS
DENSITY = 0.14000€+03

CONTROLS FOR DUNCAN SOIL MODEL
WITH SELIG HYPERBOLIC BULK MODULUS FORMULATION

LRFD STRESS CONTROL.......... 0

ENTERING ELEMENT RATIO.. 0.5000

HYPERBOLIC STRESS-STRAIN PARAMETERS

SOIL CLASSIFICATION MLI5
COHESION INTERCEPT C 4.0000
FRICTION ANGLE PHIO (DEG)..... 34.0000
10-FOLD REDUCTION IN PHIO(DEG). 0.0000
SCALED MODULUS NUMBER 2ZK ..... 440.0000
MODULUS EXPONENT 2N 0.4000
FAILURE RATIO RF .............. 0.9500
INIT. BULK MODULUS NUMBER BI.... 48.3000
ULT. VOLUMETRIC STRAIN EU ...... 0.0600

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

MAT. NO. NORMAL-ANGLE COEF-FRICTION TENSILE-RUPTURE INITIAL-GAP

13

1 90.00 0.40000 50 00000 0.00000
2 88.03 0.40000 50 00000 0.00000
3 86.14 0.40000 50 00000 0.00000
4 84.24 0.40000 50 00000 0.00000
5 82.35 0.40000 50 00000 0.00000
6 80.45 0.40000 50 00000 0.00000
7 78.56 0.40000 50 00000 0.00000
8 76.66 0.40000 50 00000 0.00000
9 74.77 0.40000 50 00000 0.00000
10 72.87 0.40000 50 00000 0.00000
11 70.97 0.40000 50 00000 0.00000
12 69 08 0.40000 50 00000 0.00000
13 67 18 0.40000 50 00000 0.00000
14 66 55 0.40000 50 00000 0.00000
15 11 42 0.40000 50 00000 0.00000
16 7 38 0.40000 50 00000 0.00000

Page 6
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17 3.35 0.40000
18 0.00 0.40000
19 0.00 0.40000

LRFD TOTAL LOAD FACTORS PER LOAD STEP

LOAD STEP LOAD FACTOR
1 1.313
2 0.857
3 0.857
4 0.857
5 1.365
6 1.365
7 1.365
8 1.365
9 1.365

10 1.365
11 1.365
12 1.750
13 1.750
14 1.750
15 1.750

50 00000
50 00000
50 00000

USER COMMENT

Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor

Factor

for
for
for
for
for
for
for
for
for
for
for
for
for
for

for

load
Toad
Toad
Toad
load
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad

++++++++FF A+

SOLUTION OUTPUT RESULTS

+++++++++F+F A A A+

FINITE ELEMENT OUTPUT FOR LOAD STEP 1

+++++++FFFFFFF R+

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 1

Page 7
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step
step
step
step
step
step
step
step
step
step
step
step
step
step
step

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

0 00000
0 00000
0 00000

+ 4+ + + + + ++

+ 4+ + + + ++ o+

+ 4+ 4+ + + 4+ ++
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STRUCTURAL RESPONSES OF CONCRETE-GROUP

COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES

PRESSURES ARE LB/IN**2

MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN

LOCAL
NODE

1

10

11

12

13

14

15

16

17

X-COORD.
Y-COORD.

0
101

13

92
93

82

78

63

172

173

00
00

.43
100.

26.
100.

40.
98.

53.
97.

66.
95.

80.
.93

.16
90.

106.
86.

119.

76

84
08

22
95

56
38

84
38

05

05

18
73

08

.99

131.
.82

144.
74.

156.
69.

169.
.82

171.
54.

84
47
23

93
23

22

39
75

91
45.

55

.78

X-DISP
Y-DISP

0.00000E+00

-0.
-0.

.11089€-03
-0.

.76738E-03
-0.

.20557€E-02
-0.

.39903€E-02
-0.

.64346E-02
-0.

.92580€E-02
-0.

.11922-01
-0.

.13781e-01
-0.

.14632E-01
-0.

.14492g-01
-0.

.13497e-01
-0.

.11827€g-01
-0.

.84570E-02
-0.

.42547E-02
-0.

.12898€E-02

28017e+00

72184E-04

27822E+00

27252e+00

26342E+00

25159€E+00

23838E+00

22494€e+00

21174€e+00

20072E+00

19390E+00

19093€e+00

19104e+00

19329€E+00

19691E+00

19765E+00

19827E+00

-0
-0

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0
-0

-0.
-0.

-0.
-0.

-0.
-0.

0
0

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.

1, LOAD-STEP 1

N-PRES
S-PRES

27200E+00
35419€E-03

27154€E+00
93276E-02

27108E+00
18301E-01

27033E+00
27255E-01

26928E+00
36178E-01

26794E+00
45069€e-01

26672E+00
53996E-01

26562E+00
62980E-01

26790E+00
72959e-01

28441E+00
87655E-01

32549€E+00
11224€e+00

39417E+00
15068E+00

50558E+00
21269€E+00

44613€E+00
44687€E+00

11037€E+00
54639E+00

55474E-01
42818E+00

21087€e-01

Page 8

MOMENT
THRUST

.21850E+04
.16131E+03

.21208E+04
.16216E+03

.19233E+04
.16342E+03

.15931E+04
.16552E+03

.11319E+04
.16844E+03

.54181E+03
.17218E+03

.17451E+03
.17674E+03

.10141E+04
.18210E+03

.19739E+04
.18829E+03

.30527E+04
.19548E+03

.42599E+04
.20410€E+03

.56226E+04
.21489E+03

71883E+04
22903E+03

.90346€E+04
.25967E+03

81138E+04
28913E+03

.70430E+04
.30006E+03

.57954E+04

Chk: SLV/RJP 15

Y-BAR

CRACK DEPTH

O OO0 OO OO OO OO OO OO OO OO OO OO OO OO0 OO oo oo

.74181E+01
.65934E+01

.74181E+01
.65665E+01

.74181E+01
.64758E+01

.74181E+01
.62740E+01

.72278E+01
.56201E+01

.48856E+01
.00000E+00

.48856E+01
.00000E+00

.15738E+01
.78080E+01

.25648E+01
.65755E+01

.27446E+01
.72135E+01

.34229€e+01
.79622E+01

.40506E+01
.99267E+01

.48788E+01
.12627E+02

.64069E+01
.17535E+02

.49926E+01
.13013e+02

.40905E+01
.10135E+02

.35348E+01



36.

174.
26.

18

19 174

13
20

174.

26

00
94

00
47

00
.00

-0.
-0.

-0.
-0.

-0.
-0.

28x8under8c4moD.out

.19870E+00

85644E-02
19876E+00

21988E-01
19860€E+00

37034e-01
19850E+00

-0.

-0.
-0.

0.
0.

0.
-0.

36066E+00

31356€E-~02
33089€E+00

13504e-11
32604E+00

31356E-02
32119€e+00

-0.

-0
-0

-0.
-0.

0.
-0.

30604E+03

43541E+04
31409E+03

21771E+04
32939e+03

13097e-09
34781E+03

Chk: SLV/RJP

OO OO0 OO O

16

.83665E+01

.33381E+01
.75535E+01

.32429e+01
.70161E+01

.60775E+01
.00000E+00

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 1
-- v-factor 1is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" 1is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

EQUIVALENT
v-factor
NODE
1 1 68
2 1 68
3 1 68
4 1 68
5 1 68
6 3 45
7 4 50
8 2 07
9 191
10 183
11 192
12 1 68
13 150
14 1 34
15 1 49
16 1 68
17 1 88
18 2 17
19 3 16
20 4 50

STRESS AND STRA

MAXIM
COMPRESSI

Y

-303.
-295.
-271.
-232.
-174.

-47.

-26.
-315
-282.
-379.

Z
o
=
m

QW NOUVIRARWNR

)

C
3

IN

UM
oN
S1

11
51
79
14
00
40
20

.46

19
08

SHEAR APPLIED
APACITY SHEAR
bs/inch 1bs/inch
1083.74 0.19
1083.79 9.74
1083.86 19.65
1083.97 29.46
1084.13 39.14
2224.33 48.64
2719.05 57.93
1261.96 66.99
1165.70 75.90
1205.94 85.11
1532.33 95.68
1731.50 109.02
2029.30 127.03
2647 .91 19.37
2075.61 -106.77
1749.78 -124.30
1571.73 -144.15
1665.42 -158.08
2419.80 -161.62
3625.40 -161.62

MEASURES FOR CONCRETE-GROUP

AVERAGE
SHEAR
pPs1

.02
.26
.54
.80

CWOWRXNOOVNIWNRERO

=

APPLIED/
CAPACITY
ratio

.000
0.009
.018
.027
.036
.022
.021
.053
.065
.071
.062
.063
.063
.007
.051
.071
.092
.095
.067
.045

o

OCOOOOOO0OOO0OOOOOCOO0O00

1,

RADIAL

TENSION

psi

QOOCOOOOOOCO
o
o

Page 9

SHEAR

DEPTH
inch

(O 00~~~ 00 00 00 00 00 00

[ T |
ONNDOIN

=
[@}\eje]

LOAD STEP

INNER-WALL
STRAIN
in/in

0.1533e-03
0.1486E-03
0.1339e-03
0.1094E-03
0.7001E-04
0.2891E-05
0.5537E-05
0.6666E-04
0.5963E-04
0.8010eE-04

-d
es

-0.
-0.
-0.
-0.
-0.
-0.
-0.

STIRRUP
LOAD
Tbs/inch

OOO0OO0OO0COOCOOOOOOOOOOOOO

OUTER-WALL
STRAIN
in/in

6405E-04
6245E-04
5743E-04
4906E-04
3677E-04
1002E-04
1380E-05
0.2754€E-03
0.1413e-03
0.1971€E-03



11
12
13
14
15
16
17

19
20

-324.
-284.
238.
172.
260.
353.
415
371.
244,
27.

90

87
17
66
70

.05

41
04

28x8under8c4moD.out

9.45
8.39
7.47
0.78
-6.08
-9.43
-13.57
-16.21
-16.58
-16.58

OCOOOOCOOOOO
o
o

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

6866E-04
6019e-04
5048E-04
3638€E-04
5508E-04
7474E-04
8771E-04
7849e-04
5171E-04
5714€e-05

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP

NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.

ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

=
OWONOUVIRAWNE

=
=

12
13
14
15
16
17
18
19
20

IN

NER

CAGE

3500
3389
3047
2477
1550
9
149
42

-627.
-899.
-1051.
-1077.
-1026.
-847.
-1145.
-1363.

-1413
-1232
-858
-182

psi

81
29
90
46
57
85
95

OUTER
CAGE
psi

-309.34
-309.00
-305.85
-300.57
-321.02
-216.38

-77.08
6069.50
2911.73
4214.04
3421.47
3439.50
3265.31
2666.57
3525.05
4207.19
4370.38
3523.49
2100.83
-182.11

MAX STRESS
TO YIELD
ratio

.0583
.0565
.0508
.0413
.0258
.0036
.0025
.1012
.0485
.0702
.0570
.0573
.0544
.0444
.0588
.0701
.0728
.0587
.0350
.0030

CQOOOCOOOOOCOOOOOOOOO0O0

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP

LRFD SUMMARY EVALUATION FOR GROUP

DESIGN-CRITERION

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)
SHEAR FAILURE (Tbs/in)

RADIAL-TENSION FAIL (psi)

CONTROL
NODE

8
17
18

1

1, LOAD STEP

FACTORED
DEMAND

6069.5
415.1
158.1

0.7

pPage 10

CRACK
WIDTH
inches

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

COOOTCOOQOOOOOOOOOOO0O0

FACTORED
CAPACITY

57000.0
4875.0
1498.9

69.6

COOOCOOOOO0O

Chk: SLV/RJP

.1519€-03
.1409€-03
.1253€E-03
.9593E-04
.1345€e-03
.1720e-03
.1913€e-03
.1603€-03
.9688E-04
.5714€-05

RATIO
VALUE

0.106
0.085
0.105
0.010

17



28x8under8c4MOD.out

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 1

NODE NUMBER FOR MAXIMUM CRACK WIDTH .....
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inch
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE

SPAN LENGTH FOR AUXILIARY EQUATIONS (inch

es)

€S)......

Chk: SLV/RJP 18

1

0.00000

0.00

348.00

O T T S S T S S S S S S S S S St S S S S S S S S S T i

FINITE ELEMENT OUTPUT FOR LOAD STEP 4

. T T T T T e e S e I T i T i T T i i S S S S S S S S S S S S

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN**2

MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN
LOCAL X-COORD. X-DISP. N-PRES.
NODE Y-COORD. Y-DISP. S-PRES.
1 0 00 0.00000E+00  -0.27200E+00 0.
101 00  -0.33303e+00  -0.35419e-03 -0
2 13.43 -0 73917e-04  -0.27154E+00 0.
100.76 -0 33102e+00  -0.93276E-02 -0
3 26.84 0.11634e-03  -0.27108E+00 0.
100.08 -0.32511E+00 -0.18301E-01 -0
4 40.22 0 79814e-03  -0.27033E+00 0.
98.95 -0 31568e+00 -0.27255E-01 -0
5 53.56 0.21400E-02  -0.26928E+00 0
97.38 -0.30337e+00 -0.36178e-01 -0
6 66.84 0.41609e-02  -0.26794E+00 0.
95.38 -0.28958E+00 -0.45069e-01 -0
7 80 05 0 67210e-02 -0.26672E+00 -0
92 93 0 27550E+00 -0.53996E-01 -0
8 93.16 0.96948E-02  -0.26562E+00 -0
90.05 0.26161E+00 -0.62980E-01 -0

Page 11

4

4

MOMENT
THRUST

22576E+04

.16570E+03

21945E+04

.16655E+03

19999E+04

.16780E+03

16747E+04

.16989E+03

12204E+04
17279€e+03

63907E+03

.17651E+03

.66493E+02
.18104E+03

.89345E+03
.18637E+03

Y-BAR

CRACK DEPTH

OO OO OO OO0 OO OO OO ©o

.74181E+01
.66103E+01

.74181E+01
.65852E+01

.74181E+01
.65011E+01

.74181E+01
.63168E+01

.72278€+01
.57206E+01

.48856E+01
.00000E+00

.48856E+01
.00000E+00

.15738€e+01
.77057E+01



10

11

12

13

14

15

16

17

18

19

20

106.
86.

119.
82.

131.
78.

144.
74.

156.
69.

169.
.82

63

171.
54.

.91
45.

173.
36.

174.
26.

174.

172

13
174

18
73

08
99

84
82

47
23

93
23

22
39
75

55

78
26

00
94

00

.47

00
00

28x8under8c4moD.out

.12585E-01
.24969E+00

14785E-01
24168E+00

16079e-01
23736€E+00

16472e-01
23599€E+00

.16087E-01
.23672E+00

.15096E-01
.23879E+00

.12884€E-01
.23926€E+00

.98784€-02
.23967E+00

.55809E-02
.23997E+00

38990E-03
24000E+00

.11842E-01
.23983E+00

.24862E-01
.23972€E+00

-0
-0

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

0.
-0.

-0.
-0.

-0.
-0.

26790E+00
72959e-01

28441E+00
87655E-01

32549E+00
11224€E+00

39417e+00
15068E+00

50558E+00
21269E+00

15643E+01
15060£+01

46940E+00
69169E+00

38626E+00
55917e+00

33582E+00
48451E+00

15999E+00
39931e+00

23803E+00
42063€E+00

63606E+00
44195€E+00

.18387€E+04
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

.11914g-09
-0.

19253€e+03

29011E+04
19967E+03

40900E+04
20825E+03

54325E+04
21900E+03

69762E+04
23308E+03

87987E+04
27065E+03

78805E+04
30779€E+03

68312E+04
32017E+03

56207E+04
32762E+03

42298E+04
33686E+03

20933E+04
35323E+03

37292E+03

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 4
-- v-factor 1is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

NODE

OOOONOUVIARWN

EQUIVALENT

v-factor

RPRRARENNDWRR
(¥a ]
o

SHEAR APPLIED
CAPACITY SHEAR
1bs/inch 1bs/inch

1083.98 -0.20
1084.02 .59
1084.09 19.35
1084.20 29.02
1084.36 38.56
1965.80 47 .91
2719.05 57.05
1386.45 65.98
1218.64 74.74
1206.17 83.81
1532.58 94.25
1731.73 107.45
2029.51 125.33
2648 .45 18.63

APPLIED/
CAPACITY
ratio

.000
.009
.018
.027
.036
.024
.021
. 048
.061
.069
.061
.062
.062
.007

QOOCOOOOCOOOOOO0O

SHEAR
DEPTH-d
inches

.00

Chk:

OO OO OO OO OO OO OO0 OO OO OO OO OO

SLV/RJIP 19

.25648E+01
.64974E+01

.27446E+01
.71675E+01

.34229E+01
.79120E+01

.40506E+01
.98720E+01

.48788E+01
.12562E+02

.64069E+01
.17409€E+02

.49926E+01
.12909€+02

.40905E+01
.10057E+02

.35348E+01
.82991E+01

.33381E+01
.74757E+01

.32429e+01
.68762E+01

.60775E+01
.00000E+00

STIRRUP

LOAD

1bs/inch

OO0 O0OOOOOOOOOOO
o
o



15
16
17

19
20

BWN R
o0
oo

STRESS AND STRAIN

Z
o
Q
m

ORONOAUVTAWNER

MAXIMUM
COMPRESSION
Ps1

-312.95
-305.48
-282.12
-243.07
-185.82
-53.42
-20.66
-286.79
-266.48
-363.25
-314.12
-276.91
-233.14
-169.29
-256.39
-347.37
-407 .84
-366.57
-241.38
-28.99

28x8under8c4MOD . out

2076.59
1750.91
1573.03
1681.97
2470.83
3625.40

-105.48
-121.15
-139.47
-153.87
-157.01
-153.80

.05
.06
.08
.09
.06
.04

[elelelo)o ]

MEASURES FOR CONCRETE-GROUP 1

AVERAGE
SHEAR
psi

.03
24
50
74
97
18
36

.44

.57

.93

31

.27

.37

.75
01
19

-13.13

.78

.10

.77

ONOOWOOWRNOARWNEO

1
eXe)]

| I |
==
v1Ih v

RADIAL
TENSION

psi

69
67
60
50
32

COOOCOOO0OOOO0OOOOTOCOOO00
o
o

1
9
9
1
4
2

-17.31
-12.94
-10.38
-9.50
-9.50
10.00

LOAD STEP 4

INNER-WALL

STRAIN
in/in

.1585e-03 -
.1538E-03 -
.1393E-03 -
.1152e-03 -
.7586E-04 -
.3937e-05 -
.4365E-05 -
.6060E-04
.5631E-04
.7676E-04
.6638E-04
.5852E-04
.4927€E-04
.3577E-04
.5418E-04
.7341e-04
8618E-04
7746E-04
5101E-04
6127€E-05

OCOOCOOOCOOOOCOOO

Chk: SLV/RJP

OUTER-WALL

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 4
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

e
HOWOLNOWVIRAWNE

=
N

13

15
16

'_l
'S

INNER
CAGE
psi

3618.59
3508.88
3172.65
2610.73
1683.67
28.42
-129.01
-22.34
-609.21
-875.46
-1024.59
-1052.80
-1005.25
-835.86
-1134.14
-1351.35

ouT
CA

p

-318
-317.
-314.
-309.
-334.
-238.
-101.
5287.
2687.
3984.
3270.
3311.
3160.
2586.
3402.
4051.

ER
GE
S1

.10

78
70
53
16
42
24

MAX STRESS

Pag

TO YIELD
ratio

.0603
.0585
.0529
.0435
.0281
.0040
.0022
.0881
.0448
.0664
.0545
.0552
.0527
.0431
.0567
.0675

Hooooococoocoococoocooo

CRACK
WIDTH
inches

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

OCOOOOOOOOOOOOOOO

STRAIN
in/in

.6613E-04
.6455E-04
.5962E-04
.5137E-04
.3927E-04
.1129E-04
.2781E-05
.2408E-03
.1308E-03
.1866E-03
.1454€e-03
.1358E-03
.1213E-03
.9308E-04
.1300E-03
.1659E-03
.1844E-03
.1545E-03
.9187E-04
.6127E-05

20



Chk: SLV/RJP 21

28x8under8c4moD.out

17 -1406.79 4203.11 0.0701 0.00000
18 -1236.44 3384.10 0.0564 0.00000
19 -866.60 1979.19 0.0330 0.00000
20 ~-195.25 -195.25 0.0033 0.00000

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 4

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 4

DESIGN-CRITERION CONTROL FACTORED FACTORED RATIO

NODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) 8 5287.6 57000.0 0.093
CONCRETE CRUSHING (psi) 17 407.8 4875.0 0.084
SHEAR FAILURE (1bs/in) 18 153.9 1513.8 0.102
RADIAL-TENSION FAIL (psi) 1 0.7 69.6 0.010

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 4

NODE NUMBER FOR MAXIMUM CRACK WIDTH 1
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) 0.00000
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE ..... 0.00
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches). 348.00

I T S e Tk S S S S S S S S S A S T T i i S S S S S S

FINITE ELEMENT OUTPUT FOR LOAD STEP 11

B T T S e I T T Tk T T T i T T o i S S S S S S S S S A T T T

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 11

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 11
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN**

MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN

LOCAL X-COORD X-DISP N-PRES. MOMENT Y-BAR
Page 14



NODE

10

11

12

13

14

15

16

17

18

19

20

Y-COORD

101
13

92

82

156
69

169.
.82

63

171.
54.

.91
45.

173.
36.

174.
26.

174.
.47

172

13

174.
.00

00
00

.43
100.

26.
100.

40.
98.

53.
97.

66.
95.

80.
.93

93.
90.

106.
86.

119.
.99

131.
78.

144.
74.

76

84
08

22
95

56
38

84
38

05
16
05

18
73

08
84
82

47
23

93
23

22
39
75

55

78
26

00
94

00

00

28x8under8c4moD.out

Y-DISP.

.00000E+00
.20496E+01

.85978E-03
.20292€+01

.98489€e-03
.19686E+01

.79624E-02
.18706E+01

.22046E-01
.17398E+01

.44437€e-01
.15833E+01

.74962E-01
.14143g+01

.11167E+00
.12431e+01

.15140E+00
.10807E+01

.18969€e+00
.94370€E+00

.22332E+00
.83632E+00

.25142€E+00
.75562E+00

.27452E+00
.69540E+00

.29377€E+00
.64933€E+00

.32074E+00
.64212E+00

.34060€E+00
.63802€+00

.34850E+00
.63631E+00

. 34089E+00
.63543E+00

.30371E+00
.63383E+00

.25206E+00
.63286E+00

-0
-0

-0
-0

-0
-0

-0.
-0.

-0.
-0.

-0.
-0.

-0
-0

-0
-0

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0
-0

-0
-0

-0.
-0.

-0.
-0.

-0.
-0.

0.
0.

S-PRES.

85257E+01
17027E+00

88938E+01
12482E+01

92619E+01
23262E+01

98753E+01
33143e+01

10647E+02
37572e+01

11676E+02
40815E+01

12754€E+02
43055E+01

13962E+02
45252E+01

15263E+02
42843E+01

16221E+02
39196E+01

16812E+02
36956E+01

17174€E+02
36014E+01

18012E+02
34800E+01

22222E+02
16961E+02

99149€E+01
44666E+01

98615E+01
43475E+01

10508E+02
45545E+01

11241E+02
47084E+01

45471E+01
21478E+01

21471e+01
41277€e+00

Page 15

THRUST

.22935E+05
.18447€E+04

.22507E+05
.18640E+04

.21145E+05
.18920E+04

.18797E+05
.19367E+04

.15372E+05
.19941E+04

.10757E+05
.20599E+04

.47977E+04
.21332E+04

.26686E+04
.22135E+04

.11824E+05
.22982E+04

.22865E+05
.23841E+04

.35938€E+05
.24718E+04

.51131E+05
.25639E+04

.68513E+05
.26621E+04

.88249E+05
.29215E+04

.77505E+05
.31162E+04

.65602E+05
.30818E+04

.52550E+05
.30367E+04

.38420E+05
.30274E+04

.18797E+05
.30644E+04

.74351E-10
.31074€E+04

Chk: SLV/RJP 22

CRACK DEPTH

OO OO OO OO OO0 OO OO OO OO OO OO OO OO0 OO OO OO OO oo OO o©OOo

.74181E+01
.69770E+01

.74181E+01
.69644E+01

.74181E+01
.69286E+01

.74181E+01
.68557E+01

.74181E+01
.67146E+01

.74181E+01
.63335E+01

.50615E+01
.60264E+00

.20283e+01
.67153E+01

.25648E+01
.65550E+01

.27446E+01
.73313e+01

.34229e+01
.82700E+01

.40506E+01
.10441E+02

.48788E+01
.13464E+02

.55838E+01
.19508E+02

.49926E+01
.13850E+02

.41221E+01
.10630E+02

.36636E+01
.87105E+01

.33595E+01
.79406E+01

.30043e+01
.78179E+01

.60775E+01
.00000E+00
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SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 11
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

EQUIVALENT
v-factor
NODE
1 1 82
2 1 82
3 1 82
4 183
5 1 83
6 1 96
7 4 43
8 4.50
9 3.28
10 2.17
11 2.10
12 1.81
13 1.67
14 1.41
15 1.59
16 1.83
17 2.08
18 2.55
19 3.59
20 4.50
STRESS AND STRAIN
MAXIMUM
COMPRESSION
NODE psi
1 -3216.91
2 -3169.31
3 -3010.34
4 -2735.29
5 -2327.68
6 -1723.82
7 -489.24
8 -1316.65
9 -1938.09
10 -3038.20
11 -2873.89
12 -2681.41
13 -2335.37
14 -1704.94
15 -2532.23
16 -3299.15
17 -3565.56
18 -3291.60
19 -2196.60
20 -241.59

SHEAR
CAPACITY
Tbs/inch

1174.
1175.
1176.
1179.
1182.
1260.
2855.
2741.
1999.
1434.
1671.
1863.
2260.
2777.
2222.
1905.
1736.
1950.
2749.
3625.

23
27
77
18
26

APPLIED APPLIED/
SHEAR CAPACITY
1bs/inch ratio
-2.81 0 002
66.64 0 057
138.11 0 117
214.93 0 182
299.33 0 253
393.68 0 312
499.83 0 175
618.83 0 226
751.92 0 376
897.77 0 626
1052.33 0 630
1212.73 0 651
1381.93 0 611
158.78 0 057
-1214.15 0 546
-1337.92 0 702
-1457.31 0 839
-1485.89 0 762
-1426.13 0 519
-1364.88 0 376

MEASURES FOR CONCRETE-GROUP

AVERAGE
SHEAR

103

psi

-0.
8.
17.
27.
38.
50.
64.
79.
96.
106.
.93
93.
81.
6.
-69.
101.
137.
152.
146.
139.

36
60
82
73
62
80
49
21
24
40

29
29

RADIAL
TENSION
psi

.92
.78
.32
.55
.41
.74

.00

COOO0OOOOCOOOOOOONAUIOIOO
o
o

1,

I

[elolelolalele]

SHE
DEPTH
inch

LOAD STEP 11

NNER-WALL
STRAIN
in/in

.1602E-02
.1569E-02
.1468E-02
.1292E-02
.1036E-02
.6565E-03
.1727€E-04
.2782E-03
.4095E-03
.6420E-03
.6073E-03
.5666E-03
.4935E-03
.3603E-03
.5351E-03
.7066E-03
.8143€e-03
.7036E-03
.4642E-03
.5105E-04

AR
-d
es

.00
.00

COOOCOOOOOCOO0O0O

o

Chk: SLV/RJP

STIRRUP
LOAD
Tbs/inch

00
00

COO0OO0OOCOOOOCOO0OOOOOOOO0O0O
o
o

UTER-WALL
STRAIN
in/in

.6798E~03
.6697E-03
.6361E-03
.5780€e-03
.4919€e-03
.3643E-03
.1034E-03
.5581E-03
.7939€E-03
.1434g-02
.1254g-02
.1262E-02
.1182E-02
.9742E-03
.1276E-02
.1594E-02
.1734E-02
.1406E-02
.8964E-03
.5105E-04

23
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STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 11

NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.

ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

INNER OUTER MAX STRESS

CAGE CAGE TO YIELD

NODE psi psi ratio
1 36510.22 -3484.21 0.6085
2 35743.49 -3503.42 0.5957
3 33361.03 -3511.92 0.5560
4 29257.11 -3520.98 0.4876
5 23270.35 -3504.72 0.3878
6 14415.64 -3476.03 0.2403
7 -218.61 -2333.39 0.0389
8 -3569.43 11164.73 0.1861
9 -5428.95 15773.40 0.2629
10 -8079.71 30224.95 0.5037
11 -9769.07 27969.68 0.4662
12 -10414.51 30665.20 0.5111
13 -10180.22 30726.86 0.5121
14 -8331.33 27107.57 0.4518
15 -11225.84 33387.00 0.5565
16 -13019.91 38931.96 0.6489
17 -13334.27 39493.22 0.6582
18 -11218.01 30796.93 0.5133
19 -7565.83 19534.05 0.3256
20 -1626.96 -1626.96 0.0271

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 11

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 11

DESIGN-CRITERION CONTROL FACTORED

NODE DEMAND
STEEL YIELDING (psi) 17 39493.2
CONCRETE CRUSHING (psi) 17 3565.6
SHEAR FAILURE (lbs/in) 17 1457.3
RADIAL-TENSION FAIL (psi) 1 6.9

CRACK
_WIDTH
inches

.00117
.00085
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00129
.00059
.00000
.00000
.00000
.00392
.00580
.00271
.00000
.00000

COO0OOOOOOOOOOOOOOOOOO0O

FACTORED
CAPACITY

57000.0
4875.0
1562.8

69.6

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 11

NODE NUMBER FOR MAXIMUM CRACK WIDTH

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches)

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE

SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)......

Page 17

Chk: SLV/RJP

RATIO
VALUE

0.693
0.731
0.932
0.099

17
0.00580
0.58
348.00

24
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Chk: SLV/RJP 25

I T i i i i S S S S S S S S S S S S T T T I

FINITE ELEMENT OUTPUT FOR LOAD STEP 15

I T T i a S A N I e S S . S S S S S S S S S S A

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN**
MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN
LOCAL X-COORD. X-DISP. N-PRES. MOMENT
NODE Y-COORD. Y-DISP. S-PRES. THRUST
1 0 00 0.00000E+00  -0.10461E+02 0.30017E+05
101 00  -0.26041e+01  -0.12598E+00 0.22692E+04
2 13.43 -0.10324E-02  -0.11259€E+02 0.29495E+05
100.76  -0.25770E+01 -0.13656E+01  -0.22907E+04
3 26.84 0.15246E-02 -0.12057E+02 0.27804E+05
100.08  -0.24967E+01  -0.26052E+01 -0.23222E+04
4 40.22 0.10897e-01  -0.13129e+02 0.24812E+05
98.95 -0.23668E+01 -0.37772E+01  -0.23735e+04
5 53.56 0.29701E-01  -0.14280E+02 0.20351E+05
97.38 -0.21933e+01  -0.43947e+01  -0.24408e+04
6 66.84 0.59537e-01  -0.15592E+02 0.14242€E+05
95.38 -0.19855E+01  -0.49469e+01 -0.25205E+04
7 80.05 0.10018e+00  -0.16794E+02 0.62874E+04
92.93 -0.17609e+01 -0.54132e+01 -0.26119E+04
8 93.16 0.14910e+00  -0.17985E+02  -0.36900E+04
90.05 -0.15332e+01 -0.58853E+01 -0.27149e+04
9 106.18 0.20210E+00  -0.19100E+02  -0.15860E+05
86.73 -0.13174e+01  -0.59488E+01  -0.28274E+04
10 119.08 0.25306E+00  -0.19895E+02  -0.30372E+05
82.99  -0.11355e+01 -0.58013e+01 -0.29456E+04
11 131.84 0.29776E+00  -0.20225e+02  -0.47329E+05
78.82 -0.99316E+00 -0.56217e+01  -0.30684E+04
12 144.47 0.33510E+00  -0.20221E+02 -0.66756E+05
74.23  -0.88621E+00 -0.53972e+01  -0.31959E+04
13 156.93 0.36585E+00 -0.20703E+02  -0.88642E+05

Page 18

Y-BAR

CRACK DEPTH

O OO OO0 OO OO0 ©O 00O OO0 OO0 OO0 oo oo oo

.73190E+01
.69902E+01

.73190E+01
.69805E+01

.73190E+01
.69533E+01

.73391E+01
.68968E+01

.74181E+01
.67783E+01

.74181E+01
.64430E+01

.56707E+01
.15705E+01

.20283E+01
.68048E+01

.25648E+01
.66474E+01

.28493E+01
.73652E+01

.35466E+01
.83055E+01

.41431e+01
.10482E+02

.44678E+01
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69.23 -0.80609E+00 -0.51904E+01 -0.33287E+04

14 169.22 0 39167e+00 -0.24785e+02 -0.11307E+06
63.82 -0 74438e+00 -0.19721E+02 -0.36303E+04
15 171.39 0 42816E+00 -0.11069E+02 -0.99297€+05
54.75 -0 73467e+00 -0.47517e+01 -0.38391E+04
16 172.91 0.45554E+00 -0.11587E+02  -0.83989E+05
45.55 -0.72910E+00 -0.48469e+01 -0.37828E+04
17 173.78 0.46746E+00  -0.12941E+02 0 67222E+05
36.26 -0.72678E+00 -0.51325E+01 0 37147E+04
18 174.00 0.45930e+00  -0.14406E+02 -0.49142E+05

26.94 -0.72567E+00 -0.47981E+01 -0.36894E+04

19 174.00 0.41370E+00 -0.52472e+01  -0.24095E+05
13.47 0.72372e+00  -0.24249e+01  -0.37239E+04
20 174 00 0.34948E+00 0.39111E+01 -0.89358E-10
0 00 0.72254e+00 -0.51606E-01 -0.37706E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR
v-factor CAPACITY SHEAR CAPACITY DEPTH-d
NODE 1bs/inch Tbs/inch ratio inches
1 1 86 1197.05 -4.68 0.004 8 00
2 1 86 1198.20 82.42 0.069 8 00
3 1 86 1199.90 174.37 0.145 8 00
4 1 86 1202.65 277 .48 0.231 8 00
5 1 87 1206.27 393.52 0.326 8 00
6 1.98 1274.77 523.56 0.411 8 00
7 4.47 2879.92 667.59 0.232 8 00
8 4.50 2741.89 824.53 0.301 7 56
9 3.27 1995.21 993.36 0.498 7 56
10 2.18 1437.98 1171.61 0.815 8 19
11 2.15 1708.21 1354.59 0.793 9 88
12 1.85 1899.54 1538.06 0.810 12 75
13 1.65 2233.60 1724.32 0.772 -16 75
14 1.42 2812.40 171.07 0.061 -24.50
15 1.62 2260.21 -1559.13 0.690 -17.31
16 1 86 1945.25 -1719.65 0.884 -12.94
17 2 12 1777.35 -1868.23 1.051 -10 38
18 2 60 1989.34 -1898.98 0.955 9 50
19 3 65 2793.72 -1824.14 0.653 9 50
20 4 50 3444 .13 -1753.46 0.509 9 50

STRESS AND STRAIN MEASURES FOR CONCRETE-GROUP 1, LOAD STEP 15

MAXIMUM AVERAGE RADIAL INNER-WALL
COMPRESSION SHEAR TENSION STRAIN
Page 19
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.13574€+02

.55838E+01
.19611E+02

.45538E+01
.13962E+02

.42445e+01
.10640E+02

.38554E+01
.87009E+01

.34579E+01
.79610E+01

.30043€e+01
.78941E+01

.60775E+01
.00000E+00

STIRRUP

L
Tbs/i

Yo
COO0OOOCOOCOOOOOOOOCOOCOOO
o
o

OAD
nch

.00

OUTER-WALL

STRAIN



NODE p
1 -3777.
2 -3744.
3 -3631.
4 -3430.
5 -3036.
6 -2254.
7 -654.
8 -1686.
9 -2545,

10 -3670.
11 -3533.
12 -3379.
13 -2993.
14 -2170.
15 -3211.
16 -3814.
17 -4179.
18 -3797.
19 -2778.
20 -293.

ps

-0.6
10.6
22.5
35.8
50.7
67.5

105.5
127.1
138.8
133.7
118.3
101.4

-88.7
-130.4
-175.8
-194.7
-187.0
-179.8

28x8under8c4mMoD.out

i

psi

18
00
42

.90
.74

COOO0O0OO0O0OOCOOOOOWUINOWY
o
o

OOOOOOO

in/in

.2124E-02 -
.2083E-02 -
.1952E-02 -
.1721€E-02 -
.1381E-02 -
.8911E-03 -
.3762E-04 -
.3563€E-03
.5379€e-03
.8566E-03
.8014E-03
.7389E-03
.6325E-03
.4588E-03
.6787E-03
.9149E-03
.1062E-02
.9078E-03
.5872E-03
.6195E-04

COOO0COOOOOOOOCOO

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 15

NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.

ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

INNER

CAGE

NODE psi
1 48401.67
2 47445 .64
3 44404 .29
4 39034.65
5 31122.44
6 19680.57
7 77.98
8 -4384.69
9 -6918.02
10 -10675.54
11 -12831.25
12 -13537.81
13 -12941.69
14 -10576.53
15 -14126.54
16 -16871.31
17 -17478.80
18 -14447 .65
19 -9442 .55
20 -1974.22

OUTER
CAGE

-4593

-4597.
-4546.
-4450.
-4333.
-4287.
-3004.

15002

21520.
40756.
37208.
40267 .
40270.
34911.
43307.
50320.
51079.
39866.
25320.
-1974.

psi

.89
46
95
53
57
74
55
.02
56
23
71
95
89
45
78
96
16
02
77
22

MAX STRESS
TO YIELD
ratio

.8067
.7908
.7401
.6506
.5187
.3280
.0501
.2500
.3587
.6793
.6201
.6711
.6712
.5819
.7218
.8387
.8513
.6644
.4220
.0329

QOOOOCOCOOOO0OOOOOOOOO

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 15

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 15

DESIGN-CRITERION

CONTROL

FACTORED
Page 20

CRACK
_WIDTH
inches

.00504
.00466
.00344
.00131
.00000
.00000
.00000
.00000
.00000
.00223
.00430
.00372
.00112
.00000
.00198
.00763
.00957
.00566
.00000
.00000

COOCOOOOOOOOOOOCOOCOO0O

FACTORED

Chk: SLV/RJP

in/in

.9000E-03
.8866E-03
.8409e-03
.7599E-03
.6417E-03
.4764E-03
.1382€E-03
.7441e-03
.1076E-02
.1931E-02
.1666E-02
.1656E-02
.1547€E-02
.1254E-02
.1653E-02
.2061E-02
.2245E-02
.1819€e-02
.1158€E-02
.6195€E-04

RATIO

27
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NODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) 17 51079.2 57000.0 0.896
CONCRETE CRUSHING (psi) 17 4179.1 4875.0 0.857
SHEAR FAILURE (1bs/in) 17 1868.2 1599.6 1.168
RADIAL-TENSION FAIL (psi) 1 9.2 69.6 0.132

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 15

NODE NUMBER FOR MAXIMUM CRACK WIDTH .......... 17
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) . 0.00957
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE ...... 0.96
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches).. 348.00

*# % * * NORMAL EXIT FROM CANDE * * * *

Page 21
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28x8under8clmMoD.out

**% WELCOME TO CANDE-2013(version 3/1/2013) ***
MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1
USER TITLE: 28x8_u8.6_cl

* * * BOUNDARY CONDITIONS * * *

(FORCES = LBS; DISPLACEMENTS INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD X-FORCE OR Y-FORCE OR X-Y ROTATION

BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT Y-DISPLACEMENT
BOUNDARY CONDITIONS

287 12 F = 0.0000E+00 F = -0.2280eE+02 0.0000E+00
F287 13 F = 0.0000E+00 F = -0.2280E+02 0.0000E+00
F287 14 F = 0.0000E+00 F = -0.2280E+02 0.0000E+00
F287 15 F = 0.0000E+00 F = -0.2280E+02 0.0000E+00
F293 12 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 13 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 14 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F287 15 F = 0.0000E+00 F = -0.7000E+01 0.0000£+00
F288 15 F = 0.0000E+00 F = -0.1400E+02 0.0000£+00
F289 15 F = 0.0000E+00 F = -0.1400E+02 0.0000&+00
F290 15 F = 0.0000E+00 F = -0.1400e+02 0.0000E+00
F291 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F292 15 F = 0.0000E+00 F = -0.1400E+02 0.0000£+00
F293 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F294 15 F = 0.0000E+00 F = -0.1400e+02 0.0000£+00
F295 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
z296 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15

Page 1
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STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15

COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES

Y-BAR IS "NEUTRAL AXIS"

PRESSURES ARE LB/IN*¥
MOMENTS ARE IN-LB/IN
THRUST AND SHEAR ARE

LOCAL
NODE

1

10

11

12

13

14

15

16

17

X-COORD.
Y-COORD.

0
101

13.
100.

26.
100.

40
98

53
97

66.
95.

80.

92
93

90.

106.
86.

119.

82

131.
78.

144.
74.

156.
69.

169
63

171.
54,

172.
45.

173.

36

00
00

43
76

84
08

22
95

56
38

84
38

05
.93

.16
05

18
73

08
.99

84
82

47
23

93
23

22
82

39
75

91
55

78
.26

LOCATION FROM INTERIOR, INCHES

LB/IN

X-DISP.
Y-DISP.

O.OOOOOE+OO

-0.
-0.

.13847€E-02
-0.

.97211E-02
-0.

.26312E-01
-0.

.52461E-01
-0.

.87837E-01
-0.

0.13024E+00

.17584E+00
.11588E+01

0.21924E+00

0.25697E+00

0.28821E+00

0.31369E+00

0.33487E+00

O.36448E+00

0.38623E+00

O.39474E+00

22831E+01

91809E-03

22589E+01

21874E+01

20723E+01

19194e+01

17375e+01

15420e+01

13446e+01

10036€E+01

88334E+00

79371E+00

72723E+00

67659E+00

66869E+00

66420E+00

66237E+00

-0.
-0.

-0
-0

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

0
0

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

N-PRES
S-PRES

10411E+02
17473e+00

10619e+02
16878E+01

10826E+02
32008E+01

11271e+02
42359€E+01

11898€e+02
46182E+01

12812e+02
49300E+01

13774E+02
50469E+01

14881E+02
51266E+01

16064E+02
50464E+01

16840E+02
45598E+01

17274E+02
42197E+01

17483E+02
39846E+01

18242E+02
37669E+01

22590E+02
17118e+02

10196E+Q2
43572E+01

10485E+02
43565E+01

11687e+02
46874E+01

Page 2

MOMENT
THRUST

.26923E+05
.19456E+04

.26362E+05
.19716€E+04

.24604E+05
.20093E+04

.21630E+05
.20676E+04

.17386E+05
.21389E+04

.11789€E+05
.22187E+04

.47148E+04
.23053E+04

.39742E+04
.23977E+04

.14437E+05
.24948E+04

.26842E+05
.25934E+04

.41297€E+05
.26923E+04

.57857E+05
.27938E+04

.76561E+05
.28998E+04

.97554E+05
.31542E+04

.85571E+05
.33349E+04

.72309E+05
.32899E+04

.57816E+05
.32346E+04

Chk: SLV/RJP 30

Y-BAR

CRACK DEPTH

OO OO OO OO0 OO OO OO0 OO OO OO OO OO0 OO OO0 OO oo oo

.74705E+01
.70321E+01

.74705E+01
.70151E+01

.73612E+01
.69682E+01

.74181E+01
.68995E+01

.74181E+01
.67550E+01

.74181E+01
.63394E+01

.50615E+01
.24018E+00

.20283E+01
.70029e+01

.25648E+01
.66654E+01

.28196E+01
.73725E+01

.34327e+01
.83098E+01

.40506E+01
.10476€E+02

.44678E+01
.13546E+02

.55838E+01
.19560E+02

.45538E+01
.13935E+02

.42445E+01
.10643E+02

.36636E+01
.87239e+01



18 174.0
26.9
19 174.0
13.4
20 174 0
00

0

0

0

28x8under8clmoD.out

0.38611E+00
4 -0.66145E+00

0.34478E+00
7 -0.65974E+00

0.28750E+00
0 -0.65872E+00

-0.12897E+02
-0.44361E+01

-0.48481E+01
-0.22554E+01

0.32008E+01
-0.74805E-01

-0.42218E+0

5

-0.32171E+04

-0.20669E+05
-0.32515E+04

0 17462E-09
0 32960E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity
-- Shear depth "d" 1is negative if measured from outer wall
-- Stirrup load is excess shear force above capacity.

EQUIVALENT

v-factor
NODE

1 183
2 1 83
3 183
4 1 84
5 1 85
6 2.09
7 4.50
8 4.50
9 3.09
10 2.09
11 2.12
12 1.83
13 1.63
14 1.41
15 1.60
16 1.84
17 2.09
18 2.56
19 3.60
20 4.50

STRESS AND STRAIN

MAXIMUM
COMPRESSION
psi

-3511.96
-3479.08
-3368.54
-3110.08
-2606.10
-1867.80

-502.40
-1667.10
-2300.40
-3405.06
-3264.80

Z
(]
=
m

RFOWOONAOAVIRARWNRE

=

SH
CAPAC
1bs/i

1179.
1181.
1183.
1186.
1190.
1351.
2900.
2741.
1882.
1380.
1685.
1876.

2198

2789.
2233.
1917.
1748.
1961.
2754.
3444.

EAR
ITY
nch

66
05
08
21
05
00
32
89
72
65
11
88
.78
17
99
59
38
61
52
13

APPLIED
SHEAR
1bs/inch

-2
86

176.
268.
366.
471.
586.

713

851.
1000.
1154.
1312.
1477.

139
-1353
-1488
-1613
-1636
-1567
-1501

.74
.32
15
75
36
72
87
.00
34
02
72
85
93
.15
.43
.02
.30
.12
.09
.79

AP
CA

PLIED/
PACITY
ratio

.002
0.073
.149
.227
.308
.349
.202
.260
.452
.724
.685
.699
.672
.050
.606
.776
.923
.834
.569
.436

o

QOO OCOOOOO0OOCCOOOOOC0O

MEASURES FOR CONCRETE-GROUP 1,

AVERAGE

SHEAR
ps1

-0.35
11.14
22.73
34.68
47 .27
60.87
75.73
91.26
108.96
118.51
114.05

RADIAL
TENSION

p

OQOOOONUVICYNOOO

Page 3

Si

I

OCOO0OOOCOOCOOOO

SHEAR
DEPTH-d
inches

LOAD STEP 15

NNER-WALL
STRAIN
in/in

.1912E-02
.1865E-02
.1722E-02
.1495€E-02
.1177E-02
.7108€E-03
.1286E-04
.3523€e-03
.4861E-03
.7494E-03
.6928E-03

0

-0.
-0.
-0.
-0.
-0.
-0.
-0.

OOOO

Chk: SLV/RJP 31

.34579E+01
.79582E+01

0
0
0.30043E+01
0.78642E+01
0
0

.60775E+01
.00000E+00

STIRRUP
LOAD
1bs/inch

o
o
o

OCOO0OOOCOOOOOOCOCOOOO0O0O
o
o

UTER-WALL
STRAIN
in/in

7926E-03
7793€E-03
7347€E-03
6572€E-03
5507E-03
3947E-03
1062E-03
.8062E-03
.9833E-03
.1699E-02
.1447e-02



12 -3018.13
13 -2586.68
14 -1872.33
15 -2769.78
16 -3483.31
17 -3771.37
18 -3466.15
19 -2393.47
20 -256.26

28x8under8clMOD.out

100.99
86.94
5.62
-77.06
-112.83
-151.84
-167.81
-160.73
-154.03

CQOOOOOOOO

00
00
00
00
00
00
00
00

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

6378E-03
5466E-03
3957e-03
5853E-03
7810E-03
8974E-03
7741E-03
5058E-03
5415E-04

COO0OOOOCOOO0O

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 15

NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.

ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

INNER

CAGE

NODE psi
1 43685.85
2 42583.51
3 39207.11
4 33918.39
5 26502.02
6 15607.11
7 -348.83
8 -3889.09
9 -6184.73
10 -9283.84
11 -11058.85
12 -11676.63
13 -11199.91
14 -9133.50
15 -12197.57
16 -14375.11
17 -14667.12
18 -12304.74
19 -8169.67
20 -1725.69

OUTER
CAGE
psi

-3714.11
-3767.51
-3844.05
-3799.51
-3783.82
-3770.31
-2435.01
16520.31
19702.00
35886.08
32324.80
34807.31
34668.31
29963.14
37223.87
43133.84
43676.79
34063.73
21637 .45
-1725.69

MAX S
TO

OCOOCOOCOOOOOOCOOOOOO0O0O0O0

TRESS
YIELD
ratio

.7281
.7097
.6535
.5653
.4417
.2601
.0406
.2753
3284
5981
5387
5801
5778
4994
6204
7189
7279
5677
3606
0288

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 15

LRFD SUMMARY EVALUATION

DESIGN-CRITERION

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)
SHEAR FAILURE (1lbs/in)

RADIAL-TENSION FAIL (psi)

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1,

FOR GROUP

CONTROL
NODE

1
17
17

1

FAC
D

43
3

TORED
EMAND

685.9
771.4

1613.3

Page 4

8.3

1, LOAD STEP 15

CRACK
WIDTH
inches

.00439
.00394
.00255
.00034
.00000
.00000
.00000
.00000
.00000
.00131
.00332
.00260
.00000
.00000
.00072
.00613
.00800
.00445
.00000
.00000

OCOOOCCOOOOOCOOOCOO0O00O0O0

FACTORED
CAPACITY

57000.0
4875.0
1573.5

69.6

LOAD STEP 15

Chk: SLV/RJP

.1431E-02
.1332E-02
.1077E-02
.1421E-02
.1766E-02
.1917e-02
.1554E-02
.9907e-03
.5415e-04

RATIO
VALUE

0.766
0.774
1.025
0.119

32



Chk: SLV/RJP 33

28x8under8cl1moD.out

NODE NUMBER FOR MAXIMUM CRACK WIDTH 17
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) 0.00800
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE 0.80
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches). 348.00

* * % % NORMAL EXIT FROM CANDE * * * *

Page 5



28x8under8c2moD.out

*%*% WELCOME TO CANDE-2013(version 3/1/2013) #**

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x8_u8.6_c2

* ok %

BOUNDARY CONDITIONS * *

(FORCES = LBS; DISPLACEMENTS
BOUNDARY LOAD X-FOR
BEAM ROTATIONAL
NODE STEP X-DIS
BOUNDARY CONDITIONS
291 12 F= 0
F201 13 F= 0
F201 14 F= 0
F201 15 F= 0
F203 12 F= 0
F203 13 F= 0
203 14 F= 0
203 15 F= 0
F287 15 F= 0
"288 15 F= 0
"289 15 F= 0
"290 15 F= 0
"201 15 F= 0
"202 15 F= 0
"203 15 F= 0
F204 15 F= 0
"205 15 F= 0
"296 15 F= 0
F
CONCRETE, FACTORED-EVALUATION

s

CE OR

PLACEMENT

.0000E+00
.0000E+00
.0000E+00
.0000E+Q0
.0000E+00
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

mM M M M m

mM M M M M M

m M M m

FOR GROUP 1,
Page 1

INCHES; ROTATIONS

DEGREES)

Y-FORCE OR

Y-DISPLACEMENT

-0.
.4600E+02
.4600E+02
.4600E+02
.0000E+00
.0000E+0Q0
.0000E+00
.0000E+Q0
.7000E+01
.1400E+02
.1400E+02
.1400€E+02
.1400€E+02
.1400E+02
.1400E+02
.1400E+02
.1400E+02
.1400E+02

4600E+02

LOAD-STEP 15

X-Y ROTATION

O O O O O O O O O O O O O O O O ©o o

Chk: SLV/RJP

.0000E+00
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+Q0
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

34



STRUCTURAL RESPONSES OF CONCRETE-GROUP 1,
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN¥*
MOMENTS ARE IN-LB/IN

28x8under8c2moD.out

THRUST AND SHEAR ARE LB/IN

LOCAL
NODE

1

10

11

12

13

14

15

16

17

X-COORD.
Y-COORD.

0.
101.

13
100.

26.
100.

40.
98.

53.
97.

66.
95.

80.
92.

93
90.

106.
86.

119.
82.

131.
78.

144.
74.

156.
69.

169.
63.

171.
54.

172
45.

173.

00
00

.43

76

84
08

22
95

56
38

84
38

05
93

.16

05

18
73

08
99

84
82

47
23

93
23

22
82

39
75

.91

55
78

!
(oY)

[
oo

|
oo

|
QOO OO OO

SO

[e)e)

| | 1 |
OO OO OO

(=X e]

] 1
OO OO0 OO

|
[N e)

o

X-DISP.
Y-DISP.

.00000E+Q0
.23639E+01

93466E-03
23395E+01

13623E-02
22672E+01

.97932E-02
.21502E+01

.26715E-01
.19940E+01

.53569E-01
.18071E+01

.90075E-01
.16054E+01

.13396E+00
.14011E+01

.18145E+00
.12076E+01

.22702E+00
.10448e+01

.26688E+00
.91783E+00

.30007E+00
.82268E+00

32731E+00
75170E+00

.35008E+00
.69730E+00

38208E+00
68879E+00

.40586E+00
.68392E+00

.41573€E+00

N-PRES
S-PRES

.93840E+01
.41975e-01

.10131E+02
.12994E+01

.10879€E+02
.25569€E+01

.11837E+02
.35691E+01

.12883E+02
.40729E+01

.14056E+02
.46280E+01

.15092E+02
.50027E+01

.16127E+02
.53408E+01

.17188E+02
.55111E+01

.17865E+02
.51813E+01

.18168E+02
.49063E+01

.18198E+02
.46276E+01

.18797E+02
.43914E+01

.23035E+02
.18105E+02

.10227€E+02
.43966E+01

.10639E+02
.44466E+01

.11997€e+02

Page 2

LOAD-STEP 15

MOMENT
THRUST

.27157E+0Q5
.20564E+04

.26684E+05
.20767E+04

.25150E+05
.21070E+04

0.22433E+05

0.
-0.

0.
-0.

0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.

21559E+04

18382E+05
22187E+04

12838E+05
22926E+04

56235E+04
23773E+04

34111E+04
24716E+04

14411e+05
25746E+04

27521E+05
26822E+04

42826E+05
27920E+04

60353E+05
29048E+04

80103E+05
30219E+04

10219€E+06
32950E+04

89702E+05
34871E+04

75840E+05
34382E+04

60662E+05

Chk: SLV/RJP 35

Y-BAR

CRACK DEPTH

O OO0 OO OO0 OO0 OO0 OO OO OO OO OO0 OO OO OO0 oo oo oo

.73190E+01
.69938E+01

.73190E+01
.69839E+01

.73442+01
.69564E+01

.74181E+01
.68986E+01

.74181E+01
.67695E+01

.74181E+01
.64024E+01

.50615E+01
.94828E+00

.20283E+01
.68182E+01

.25648E+01
.66394E+01

.28369E+01
.73667E+01

.34722E+01
.83076E+01

.40506E+01
.10481E+02

.44678E+01
.13556E+02

.55838E+01
.19575€E+02

.45538€E+01
.13943e+02

.42445E+01
.10642E+02

.36636E+01



36.26  -0.68191E+00 -0.47974e+01  -0.33787E+04 0.87240E+01
18 174.00 0.40760E+00 -0.13385E+02 -0.44311E+05 0.34579E+01
26.94  -0.68093E+00 -0.45245E+01 -0.33586E+04 0.79594E+01
19 174.00 0.36549E+00 -0 49560E+01 -0.21706E+05 0.30043E+01
13.47 -0.67915e+00 -0 23084E+01 -0.33930E+04 0.78747E+01
20 174.00 0.30663E+00 0.34735e+01  -0.59845E-09 0.60775E+01
0.00 -0.67808E+00 -0.92321E-01 -0.34381E+04 0.00000E+00
SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity
-- Shear depth "d" is negative if measured from outer wall
-- Stirrup load is excess shear force above capacity.
EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR STIRRUP
v-factor CAPACITY SHEAR CAPACITY DEPTH-d LOAD
NODE Tbs/inch Tbs/inch ratio inches 1bs/inch
1 1.84 1185.61 -4.31 0.004 8.00 0 00
2 1.84 1186.70 74.72 0.063 8.00 0 00
3 1.84 1188.33 158.28 0.133 8.00 0 00
4 1.85 1190.96 251.96 0.212 8.00 0 00
5 1.85 1194.33 357.22 0.299 8.00 0 00
6 1.97 1269.70 475.00 0.374 8.00 0 00
7 4.46 2879.80 604.94 0.210 8.00 0 00
8 4.50 2741.89 745.88 0.272 -7.56 0 00
9 3.23 1967.15 897.59 0.456 -7.56 0 00
10 2.15 1419.45 1057.90 0.745 -8.19 0 00
11 2.12 1691.24 1222.36 0.723 -9.88 0 00
12 1.83 1883.14 1387.82 0.737 -12.75 0 00
13 1.64 2216.91 1557.58 0.703 -16.75 0 00
14 1.42 2796.04 152.84 0.055 -24.50 0 00
15 1.61 2241.91 -1412.64 0.630 -17.31 0 00
16 1.85 1925.91 -1556.96 0.808 -12.94 0 00
17 2.10 1757.08 -1690.38 0.962 -10.38 0 00
18 2.57 1969.76 -1715.69 0.871 -9.50 0 00
19 3.61 2765.74 -1644.79 0.595 -9.50 0 00
20 4.50 3444 .13 -1578.03 0.458 -9.50 0 00
STRESS AND STRAIN MEASURES FOR CONCRETE-GROUP 1, LOAD STEP 15
MAXIMUM AVERAGE RADIAL INNER-WALL OUTER-WALL
COMPRESSION SHEAR TENSION STRAIN STRAIN
NODE psi psi psi in/in in/in
1 -3551.65 -0.56 8.28 0.1915e-02 -0.8087e-03
2 -3521.57 9 64 8.12 0.1878eE-02 -0.7965E-03
3 -3419.25 20 42 7.59 0.1759e-02  -0.7552E-03
4 -3228.21 32 51 6.67 0.1550E-02 -0.6822E-03
5 -2745.82 46 09 5.32 0.1247e-02  -0.5802E-03
6 -2012.46 61 29 3.29 0.7846E-03  -0.4253E-03
7 -565.78 78 06 0.00 0.2357e-04  -0.1196E-03
8 -1545.55 95 47 0.00 -0.3266€E-03 0.6863E-03
9 -2314.15 114.88 0.00 -0.4890e-03 0.9778E-03
10 -3458.69 125.37 0.00 -0.7711e-03 0.1743e-02

28x8under8c2moD.out
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11 -3333
12 -3146.
13 -2705
14 -1960.
15 -2902.
16 -3583.
17 -3886.
18 -3566.
19 -2509.
20 -267.

.40

90

.20

52
40
44
03
09
77
31

120.
106.
91.

-80.
-118.
-159.

-175

-168.
-161.

28x8under8c2moD.out

73
76
62
.18
43
06
09
.97
70
85

COOOCOOOOCOO0O
(=)
o

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

INNER

CAGE

NODE psi
1 43656.97
2 42789.70
3 40028.56
4 35159.34
5 28089.54
6 17292.53
7 -161.04
8 -3992.81
9 -6293.87
10 -9583.90
11 -11513.59
12 -12170.77
13 -11706.25
14 -9560.53
15 -12777.91
16 -15129.15
17 -15431.79
18 -12951.05
19 -8552.91
20 -1800.12

-40
-40
-40
-39
-39
-39
-26
138
195
367
335
363
363
314
390
453
458
358
227
-18

OUTER
CAGE
psi

74.54
79.21
36.28
58.66
34.58
13.34
69.76
51.45
46.85
93.99
57.64
18.41
13.94
12.72
38.02
07.68
92.39
19.69
53.99
00.12

MAX STRESS
TO YIELD
ratio

.7276
.7132
.6671
.5860
.4682
.2882
. 0445
.2309
.3258
.6132
.5593
.6053
.6052
.5235
.6506
.7551
.7649
.5970
.3792
.0300

COO0OOCOOOOOOOOOOOCOOO0O0

-0 7205E-03
-0 6650E-03
-0 5717e-03
-0 4143e-03
-0 6133e-03
-0 8215€E-03
-0 9438E-03
-0 8145E-03
-0 5304e-03
-0 5649e-04

OOOOOOOCOOO

1, LOAD STEP 15

CRACK
'WIDTH
inches

.00438
.00401
.00282
.00075
.00000
.00000
.00000
.00000
.00000
.00160
.00372
.00309
.00049
.00000
.00131
.00683
.00873
.00502
.00000
.00000

OCOOO0OOOCOOCOOOOOOOOOO0O

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 15

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 15

DESIGN-CRITERION

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)
SHEAR FAILURE (Tbs/in)

RADIAL-TENSION FAIL (psi)

CONTROL
NODE

17
17
17

1

FACTORED
DEMAND

45892.4
3886.0
1690.4

8.3

Page 4

FACTORED
CAPACITY

57000.0
4875.0
1581.4

69.6

Chk: SLV/RJP

1502e-02
1493€g-02
1395e-02
1129€e-02
1490€-02
1855E-02
2014E-02
1634E-02
1041E-02
5649E-04

RATIO
VALUE

0.805
0.797
1.069
0.119

37



Chk: SLV/RJP 38

28x8under8c2MoD.out
LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 15

NODE NUMBER FOR MAXIMUM CRACK WIDTH 17
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) 0.00873
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .... 0.87
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches) 348.00

* % % * NORMAL EXIT FROM CANDE * * * *

Page 5



Chk: SLV/RJP

28x8under8c3MOD.out

**%* WELCOME TO CANDE-2013(version 3/1/2013) ***
MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x8_u8.6_c3

* % * BOUNDARY CONDITIONS * * *

(FORCES = LBS; DISPLACEMENTS INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD X-FORCE OR Y-FORCE OR X-Y ROTATION

BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT Y-DISPLACEMENT
BOUNDARY CONDITIONS

288 12 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F288 13 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F288 14 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F288 15 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F293 12 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 13 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 14 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F287 15 F = 0.0000E+00 F = -0.7000E+01 0.0000E+00
F288 15 F = 0.0000E+00 F = -0.1400e+02 0.0000€E+00
F289 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F290 15 F = 0.0000E+00 F = -0.1400eE+02 0.0000E+00
F291 15 F = 0.0000e+00 F = -0.1400E+02 0.0000E+00
F292 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F293 15 F = 0.0000E+00 F = ~0.1400E+02 0.0000E+00
F294 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F295 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
E296 15 F = 0.0000e+00 F = -0.1400E+02 0.0000E+00

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15

Page 1
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28x8under8c3mMoD.out

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES

Y-BAR IS "NEUTRAL AXIS"
PRESSURES ARE LB/IN**2

MOMENTS ARE IN-LB/IN
THRUST AND SHEAR ARE

LOCAL
NODE

1

10

11

12

13

14

15

16

17

X-COORD.
Y-COORD.

0
101

13.
100.

26.
100.

40.
98.

53.
97.

66.
95.

80.

92

93.
90.

106.
86.

119.
82.

131.
78,

144.
74.

156.
69.

169.

63

171.
54.

172

45.
173.

36

00
00

43
76

84
08

22
95

56
38

84
38

05
.93

16
05

18
73

08
99

84
82

47
23

93
23

22
.82

39
75

.91
55

78
.26

LOCATION FROM INTERIOR, INCHES

LB/IN

-0

X-DISP.
Y-DISP.

0.OOOOOE+00

-0.
-0.

.16738E-02
-0.

0.11151E—01

.29921E-01
-0.

.59409€e-01
-0.

.99275E-01
-0.

O.14700E+00

0.19819E+00

25187E+01

98604E-03

24913€e+01

24104e+01

22803E+01

21077E+01

19026E+01

16824E+01

14603e+01

12518E+01

24674E+00
10784E+01

0.28883E+OO

0.32361E+00

0.35198E+00

.37556E+00
.71406E+00

O.40861E+00

0.43298E+00

94426E+00

84450E+00

77050E+00

70524E+00

70023E+00

44272E+00
69819E+00

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0
-0

-0
-0

-0
-0

-0.
-0.

-0.
-0.

N-PRES
S-PRES

12020E+02
26215E+00

12128E+02
18681E+01

12237E+02
34740e+01

12633E+02
47926E+01

13188E+02
52030e+01

14078E+02
55699E+01

15063E+02
57623E+01

16216E+02
58327E+01

17415E+02
55535E+01

18272E+02
51438E+01

18725€E+02
47596€E+01

18922E+02
44532e+01

19655E+02
41473€E+01

23882E+02
17705E+02

11186E+02
46410€E+01

11559€e+02
46397E+01

12711E+02
49276E+01

Page 2

O OO OO0 OO

oo

|
(o]

-0

-0
-0

-0
-0

-0.
-0.

-0
-0

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.

-0

MOMENT
THRUST

30331E+05
21194E+04

29673E+05
21482E+04

27624E+05
21897E+04

.24184E+05
.22547€E+04

19311E+05
23352E+04

12941E+05
24251E+04

49559e+04
25231E+04

47793E+04
26275E+04

16427E+05
27357E+04

30153€E+05
28449E+04

46077E+05
29550E+04

64250E+05
30673E+04

84705E+05
31833E+04

10758E+06
34479€e+04

94327€E+05
36304E+04

79691E+05
35776E+04

63726E+05
.35137e+04

Chk: SLV/RJP 40

Y-BAR

CRACK DEPTH

QO OO OO OO OO0 OO OO OO OO OO OO0 OO OO0 OO OO OO OO

.74705E+01
.70404E+01

.74705E+01
.70233E+01

.73190E+01
.69751E+01

.73598E+01
.69103E+01

.74181E+01
.67709€e+01

.74181€+01
.63789E+01

.50615E+01
.10690E+00

.15738E+01
.70920E+01

.25648E+01
.67014E+01

.28493E+01
.73800E+01

.35466E+01
.83134E+01

.40945E+01
.10486E+02

.44678E+01
.13567E+02

.55838E+01
.19604E+02

.45538E+01
.13962E+02

.42445E+01
.10645E+02

.36636E+01
.87272E+01



28x8under8c3moD.out

18 174.00 0 43350E+00 -0.13892E+02  -0.46562E+05
26.94 -0 69718E+00 -0.45522E+01  -0.34903E+04
19 174.00 0.38823E+00 -0 50878E+01  -0.22819E+05
13.47  -0.69533e+00 -0 23177e+01 -0.35239E+04
20 174.00 0.32534€+00 0.37161E+01 0.18167E-09

0.00 -0.69422e+00 -0.83230e-01 -0.35692E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" 1is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR
v-factor CAPACITY SHEAR CAPACITY DEPTH-d
NODE 1bs/inch Tbs/inch ratio inches
1 1 84 1189.00 -2.70 0.002 8.00
2 1 85 1190.55 100.79 0.085 8.00
3 1 85 1192.78 204.34 0.171 8.00
4 1 85 1196.27 309.49 0.259 8.00
5 1 86 1200.60 418.57 0.349 8.00
6 2.16 1393.71 534.43 0.383 8.00
7 4.50 2900.32 659.71 0.227 8.00
8 4.50 2741.89 796.07 0.290 -7.56
9 3.05 1860.44 944.66 0.508 -7.56
10 2.08 1373.76 1103.88 0.804 -8.19
11 2.14 1701.25 1269.43 0.746 -9.88
12 1.84 1892.29 1438.11 0.760 -12.75
13 1.62 2190.88 1613.14 0.736 -16.75
14 1.42 2803.50 141.21 0.050 -24.50
15 1.61 2249.36 -1495.13 0.665 -17.31
16 1.85 1933.74 -1640.65 0.848 -12.94
17 2.11 1765.22 -1776.12 1.006 10 38
18 2.58 1976.56 -1801.49 0.911 -9 50
19 3.62 2773.96 -1728.35 0.623 -9 50
20 4.50 3625.40 -1659.81 0.458 10 00

STRESS AND STRAIN MEASURES FOR CONCRETE-GROUP 1, LOAD STEP 15

MAXIMUM AVERAGE RADIAL INNER-WALL
COMPRESSION SHEAR TENSION STRAIN

NODE psi psi psi in/in
1 -3769.70 -0.35 9.39 0.2167€E-02
2 -3730.76 13.01 9.15 0.2112E-02
3 -3601.84 26.37 8.40 0.1945E-02
4 -3371.85 39.93 7.23 0.1678E-02
5 -2885.80 54.01 5.59 0.1310€-02
6 -2074.20 68.96 3.34 0.7997€E-03
7 -537.19 85.12 0.00 0.1133e-04
8 -1959.85 101.89 0.00 -0.4141e-03
9 -2595.72 120.91 0.00 -0.5485E-03
10 -3644.46 130.82 0.00 -0.8462e-03
11 -3474.39 125.38 0.00 -0.7774e-03
12 -3304.48 110.62 0.00 -0.7088E-03

Page 3

Chk: SLV/RJP

O OO OO

STIRRUP
LOAD
Tbs/inch

=
OCOO0OO0OO0COOOOOOOOOOOOO0O0O
o
o

OUTER-WALL
STRAIN
in/in

.8968E-03
.8810E-03
.8289€E-03
.7360E-03
.6098E-03
.4383E-03
.1135€-03
.1022€E-02
.1123e-02
.1920€e-02
.1622E-02
.1592E-02

COO0COOOOOOCO0O0O

.34579E+01
.79643E+01

.30043e+01
.78911E+01

.60775E+01
.00000E+00



13 -2858.
14 -2064.
15 -3046.
16 -3690.
17 -4007.
18 -3671.
19 -2630.
20 -277.

99
41
96
83
53
53
66
50

28x8under8c3mobD.out

5.71
-85.13
-124.41
-167.16
-184.77
-177.27
-170.24

COOOOOOO0O

-0.
-0.
-0.
-0.

QOOCO

6042E-03
4362€E-03
6439E-03
8649E-03
9929€e-03
8571E-03
5559E-03
5864E-04

COOCOOOOO

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 15

NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.

ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

INNER

CAGE

NODE psi
1 49531.97
2 48237.89
3 44291.80
4 38100.80
5 29502.10
6 17595.20
7 -434.54
8 -4099.04
9 -6890.53
10 -10469.51
11 -12418.94
12 -12970.63
13 -12365.48
14 -10056.50
15 -13396.80
16 -15928.26
17 -16230.48
18 -13620.02
19 -8937.46
20 -1868.73

OUTER
CAGE
psi

-4168.91
-4228.61
-4320.40
-4219.03
-4141.25
-4104.62
-2622.86
21210.11
22564.64
40569.65
36235.78
38722.04
38431.19
33207.91
41134.05
47701.01
48300.63
37733.61
23980.25
~-1868.73

MAX STRESS
TO YIELD

COOCOOOOOOOOOO0OOOOOOOO0

ratio

8255
8040
7382
6350
4917
2933
0437
3535
3761
6762
6039
6454
6405
5535
6856
7950
8050
6289
3997
0311

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 15

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 15

DESIGN-CRITERION

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)
SHEAR FAILURE (1bs/in)

RADIAL-TENSION FAIL (psi)

CONTROL
NODE

1
17
17

1

FAC
D

49
4
1

TORED
EMAND

532.0
007.5
776.1

9.4

CRACK
WIDTH
inches

.00541
.00492
.00341
.00101
.00000
.00000
.00000
.00000
.00000
.00217
.00398
.00321
.00052
.00000
.00127
.00678
.00867
.00497
.00000
.00000

OCOO0OO0OOOOOOOOOOOOOCOOOO

FACTORED
CAPACITY

57000.0
4875.0
1588.7

69.6

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 15

Page 4

Chk: SLV/RJP

.1476E-02
.1193e-02
.1570E-02
.1953E-02
.2120€E-02
.1721E-02
.1097€-02
.5864E-04

RATIO
VALUE

0.869
0.822
1.118
0.135

42



Chk: SLV/RJP 43

28x8under8c3MoD.out

NODE NUMBER FOR MAXIMUM CRACK WIDTH .... 17
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) 0.00867
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .... 0.87
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches) 348.00

* % % * NORMAL EXIT FROM CANDE * * * *

Page 5
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

FOOTING DESIGN

JOB

DESCIPTION

SHEET NO

CALCULATED BY

CHECKED BY

Chk: SLV/RJP 44

2016.059.009
28x8 under 8
OF SCALE
rjia DATE 71512016
DATE



JoB

ADELTA =

ENGINEERS, ARCHITECTS, & LAND SURVEYORS  SHEETNO
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

CALCULATED BY

CHECKED BY

Reactions from Cande (Service Level)

H V ok
DC -1.50 -3.18
EH 0.12 -0.35

EV -10.72 -24.03
Live Load Reactions:
Case 1: HL-93 Truck at Center
LL w/ Impact -1.62 -2 54

LL w/o Impact  -1.62 -2.54

Case 2: HL-93 Truck at Quarter Point

H wmn V km
LL w/Im -2.14 -3.52
LL w/o Impact -2.14 -3.52

Case 3: HL-93 Tandem at Center

H wn \2
LL w/im -2.07 -3.17
LL w/o Impact -2.07 -3.17

Case 4: HL-93 Tandem at Quarter Point

H V kit
LL w/ Impact -2.71 -4.55
LL w/o Impact -2.71 -4.55
controling
H V km
DL Only -12.11 -27.56

LL Only 2.71 -4.55

Chk: SLV/RIP 45
2016.059.009

28x8 single arch under 8
OF SCALE
RJA DATE 7/5/2016

DATE

Impact Factor=  1.0000



ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

Structure Geometry
Toe Width 1 Stem Height 3.51
Wall Width 12 1n Footing Thickness 25
Stem Width 225 Fill Height 8.6
Heel Width 5 Structure Height 8.83
Footing Width 8.25 1t
FLL
FORCES
¥
+ STR.
WAL HBIGHT
N
|+
STEM HT
FTG. THK.
1
HEEL TOE
WIDTH WIDTH
STEM
WIDTH
Pedestal Footing
FILL
FORCES
v
* walL STR.
WIDTH HEIGHT
FTG THK
!
HEEL TOE
WIDTH WIDTH
STEM
WIDTH

Strip Footing

JoB

DESCIPTION

SHEET NO.

CALCULATED BY

CHECKED BY

Chk: SLV/RJP 46

2016.059.009

28x8u8
OF SCALE

ria DATE 7/5/2016
DATE

Backfill Soil (phi) 32 deg

Soil Weight 140 pcf

Ka= 0.3073
LL Surcharge 21t

Factored Brg Res 15.5ksf

(Note: A Stem Ht. of
Zero indicates a strip
footing, not a pedestal
footing as shown)

(Note: Ensure Stem Width equals
Wall Width and Stem Ht. equals
Zero when designing a strip footing)



Chk: SLV/RIP 47
JoB 2016.059.009
/f DELT A DESCIPTION 28x8u8
ENGI@!S, ARCHITECTS, & LAND SURVEYORS SHEET NO OF SCALE
860 Hmfd':‘;: ade’nEg';::::’_ ‘:)Yn: 3760 CALCULATED BY ria DATE 715/2016
P o (607) 216650 creckeo oy
Toe Width 1 Backfill Soil (phi) 32 deg Soil Weight 140 pcf
Wall Width 12 1n Limit States Ka = 2 <<<ENGAGING
Stem Width 2.25 Factor Str-1a Str-1b StrIV  Serv Resistance Factors PASSIVE
Heel Width 5 DC 126 090 150 1.00 Sliding 0.9 PRESSURE
Footing Width 825 DW 150 065 1.50 1.00 Bearing 0.45 AGAINST
Stem Height 3.51 EH 090 090 0.90 1.00 Moment 0.9 STEMAND
Footing Thickness 2.5 EV 135 1.00 135 1.00 Shear 0.9 FOOTING
Fill Height 8.6 LL 1.75 175 0.00 1.00
Structure Height 8.83 LS 0.00 0.00 0.00 1.00 Factored Bearing Resistance  15.5ksf
Note: Downward and inward forces are
Str-1a Str-1b Str IV Service
Dir Factor Force Arm ft F kips Mk-ft Fkips Mk-ft Fkips Mk-ft F kios M k-ft
vV DC 318 x 6.13 398 2435 286 1753 477 2922 318 1948
vV DW 0 x 613 - 000 000 000 000 000 000 0.00 0.00
V EH 035 x 6.13 032 193 032 193 032 193 035 214
é V EV 2403 x 6.13 3244 198.70 24.03 147.2 32.44 198.70 24.03 147.18
§ VvV LL 455 x 6.13 796 4877 796 4877 0.00 0.00 455 27.87
o H DC -15 x  6.01 -1.88 -11.27 -135 -8.11 -225 -13.562 -1.50 -9.02
‘3 H DwW 0 x 6.01 000 0.00 000 000 000 000 0.00 0.00
;D"-' H EH 012 x 6.01 011 065 011 065 011 065 012 0.72
H EV -107 x 6.01 -14.47 -86.98 -10.72 -64.43 -14.47 -86.98 -10.72 -64.43
H LL -271 x 6.01 474 -2850 474 -2850 0.00 0.00 -2.71 -16.29
H LS 0 x 6.01 000 000 000 000 000 000 000 0.00
Soil Above
Heel V EV 1466 x 250 19.79 4947 1466 36.65 19.79 49.47 1466 36.65
Soil Above
Stem vV EV 153 x  5.31 206 1094 153 810 206 1094 153 8.10
EH trom Soll
Above H EH 2933 x 3.01 - 2640 7933 2640 79.33 2640 79.33 29.33 88.14
EH on Stem
FTG H EH 5057 x 200 455 912 455 912 455 912 506 10.13
Stem Weiaht vV DC 1.18 x 6.13 - 148 907 107 653 178 10.88 118 7.26
Fta Weight V DC 3094 x 4.13 387 1695 278 1149 464 19.14 3.09 1276
Totals 321.52 266.23 308.87 270.70
Total Vertical 71.89 55.20 65.79 52.57
Net Horizontal 9.97 14.24 14.34 19.58
Resultant Loacation 4.47 it 4.82 4.69 5.15 ft
Eccentricity -0.35 ft -0.70 -0.57 -1.02 ft
bf 7.55 ft 6.85 7.1 6.20 ft
Bearing Pressure 9.52 ksf 8.05 ksf 9.25 ksf 8.48 ksf
Eccentricity within middle half YES YES YES YES
Sliding Resistance 32.34 kips 24.84 kips 29.60 kips 23.65



Chk: SLV/RIP 48
JoB 2016.059.009
/r DELT A DESCIPTION 28x8u8
ENGI@E, ARCHITECTS, & LAND SURVEYORS SHEET NO OF SCALE
860 Hml.’d.‘e‘l)? adénEg';::;I;’_ (::“1 3760 CALCULATED BY ria DATE 715/2016
Phone: (607) 231-6600 CHEGKED BY DATE
Fax: (607) 231-6650
Toe Width 1 Backfill Soil (phi) 32 deg Soil Weight 140 pcf
Wall Width 12in Limit States Ka= 0.307
Stem Width 2.25 Factor Str-1z Str-1b StrIV ~ Serv Resistance Factors
Heel Width 5 DC 125 090 150 1.00 Sliding 0.9
Footing Width 825t DW 150 065 1.50 1.00 Bearing 0.45
Stem Height 3.51 EH 090 090 080 1.00 Moment 0.9
Footing Thickness 25 EV 135 1.00 1.35 1.00 Shear 0.9
Fill Height 8.6 LL 175 1.75 0.00 1.00
Structure Height 8.83 LS 0.00 0.00 000 1.00 Factored Bearing Resistance  15.5ksf
Note: Downward and inward forces are
Str-1a Str-1b Striv Service
Dir Factor Force Arm ft F kips Mk-ft Fkips Mk-ft Fkips Mk-ft F kips M k-ft
vV DC 318 x 6.13 398 2435 286 17.53 4.77 2922 3.18 19.48
vV DW 0 x 6.13 000 000 000 000 000 0.00 0.00 0.00
V EH 035 x 613 032 193 032 193 032 193 035 214
é V EV 2403 x 613 32.44 198.70 24.03 147.2 3244 198.70 24.03 147.18
§ vV LL 0 x 613 0.00 000 000 000 000 000 000 0.00
° H DC 1.5 x 6.01 -1.88 -11.27 -135 -8.11 -225 -1352 -1.50 -9.02
§ H DW 0 x 6.01 0.00 000 000 000 000 0.00 000 0.00
5 H EH 012 x 601 - 011 o065 011 0685 011 065 0.12 0.72
H EV -10.7 x 6.01 -14.47 -86.98 -10.72 -64.43 -14.47 -86.98 -10.72 -64.43
H LL x  6.01 0.00 000 000 000 000 000 0.00 0.00
H LS 0 x 6.01 000 000 000 000 000 000 000 0.00
Soil Above
Heel V EV 1466 x 250 19.79 4947 1466 36.65 19.79 4947 1466 36.65
Soil Above
Stem vV EV 153 x 531 2.06 1094 153 810 206 1094 153 8.10
EH from Soll
Above H EH 4506 x 3.01 406 1219 4.06 1219 4.06 1219 4.51 13.54
EH on Stem
FTG H EH 0777 x 200 070 140 070 140 070 140 0.78 1.56
Stem Weight vV DC 1.185 x 6.13 148 907 107 653 1.78 1088 1.18 7.26
Ftg Weight vV DC 3094 x 413 387 1595 278 1149 464 1914 3.09 1276
Totals 226.40 171.10 234.02 175.95
Total Vertical 63.93 47.24 65.79 48.02
Net Horizontal -11.48 -7.21 -11.86 -6.82
Resultant Loacation 3.54 ft 3.62 3.56 ft 3.66
Eccentricity 0.58 ft 0.50 0.57 ft 0.46
bf 7.08 ft 7.24 7.11 ft 7.33
Bearing Pressure 9.03 ksf 6.52 ksf 9.25 ksf 6.55 ksf
Eccentricity within middle half YES YES YES YES
Sliding Resistance 28.76 kips 21.25 kips 29.60 kips 21.61



Chk: SLV/RJP 49

JoB 2016.059.009
/r DELT A DESCIPTION 28x8uB
ENGIF@!S. ARCHITEGTS, & LAND SURVEYORS SHEETNO OF SCALE
860 Hm dlto?ta:.’neg'::m:'sl’.;vm‘l 3760 CALCULATED BY ria DATE 7/5/12016
Phone: (607) 231-6600 CHECKED BY DATE
Fax: (607) 231-6650
Stem and Footing Design Forces - Stablilty about Heel
Footing Width ~ 8.25 ft
Toe width 1 ft Limit States
Heel Width 5 ft Factor Str-1a Str-1b Str-IV Serv
Footing Thickness 25 ft DC 1.25 0.90 1.80 1.00
Overburden Ht over Heel 20.94 ft DW 150 065 150 100
EH 090 090 0.90 1.00
EV 135 1.00 1.35 1.00
LL 175 175 0.00 1.00
LS 0.00 0.00 0.00 1.00
Note: Inward forces are positive, moment indicates inside face in tension
Str-1a Str-1b Str-lV Service
Dir Factor Force Arm ft F kios M k-ft F kips M k-ft F kips M k-ft F kips M k-ft
H DC -15  x 3.51 = -1.88 -6.58 -135 474 -225 -7.9 -1.50 -5.27
DW 0 x 3.51 = 0.00 0.00 000 0.00 0.00 0 0.00 0
H EH 012 x 351 = 011 0.38 0.11 0.38 0.11 0379 0.12 0.421
H EV -107 x 351 = -14.47 -50.80 -10.72 -37.63 -14.47 -508 -10.72 -37.6
H LL -271 x 351 = -4.74 -16.65 474 -1665 0.00 0 271 -9.51
H LS 0 x 3.51 = 0.00 0.00 000 000 0.00 0 0.00 0
H EH 1713 «x 1.755 = 15.42 27.06 1542 27.06 15.42 27.06 17.13 30.06
H EH 1725 x 117 = 1.55 1.82 155 182 1.55 1.816 1.72 2.018
Totals -4.01 4477 0.27 -29.76 0.36 -29 44 4.05 -19.90
Stem Design Forces: Mu = 44.77 k-ft Ma = -19.90 k-ft Vu= 4.01 k
FTG: B= 8.25 ft 825 ft 8.25 ft 8.25 it
B/6 = 1.375 ft 1375 it 1.375 ft 1.375 ft
e= -0.348 ft -0.698 ft -0.570 ft -1.024 ft
Total Vertical = 7189 k 55.20 k 65.79 k 52.57 k
Pressure @ P1 (Toe) 10.92 psf 10.09 psf 11.28 psf 11 12 psf
Pressure @ P2 (Heel) 6 51 psf 3.30 psf 4.67 psf 1.63 psf
Pressure @ FF Stem (Toe) 10.38 psf 9.26 psf 10.48 psf 9 97 psf
Pressure @ RF Stem (Heel) 918 psf 7.41 psf 8.68 psf 7.38 psf
Upward Bending Moment (Heel) 92.52 k-ft 58 35 k-ft 75.06 k-ft 44 29 k-t
Upward Shear (Heel) 39.23 k 26.77 k 33.36 k 22.51 k
Downward Overburden Moment (Heel) -49.47 k-ft -36.65 k-ft -49.47 k-ft -36.65 k-ft
Downward Overburden Shear (Heel) -19.79 k -14.66 k -1979 k -14.66 k
Downward Heel Weight Moment (Heel) -5.86 k-ft -4.22 k-ft -7 03 k-ft -4.69 k-ft
Downward Heel Weight Shear (Heel) -2.34 k -1.69 k -2.81 k -1.88 k
Net Upward Bending Moment (Heel) 37.19 k-ft 17.49 k-ft 18.56 k-ft 2.96 k-ft
Net Upward Shear (Heel) 17.10 k 1042 k 10.76 k 598 k
Upward Bending Moment (Toe) 5 369 k-ft 4.906 k-ft 5.506 k-ft 5.368 k-ft
Upward Shear (Toe) 10.65 k 967 k 10.88 k 10.54 k
Footing Design Forces: Upward Mu = 37.19 k-ft Upward Ma = 5.37 k-ft Up.ShearVu= 17.10 k
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Stem and Footing Design Forces - Stablilty about Heel - structure without live load reaction

Footing Width  8.25 ft

Toe width 1 ft

Heel Width 5 ft

Footing Thickness 25 ft
Overburned Ht over Heel 20.94 ft

Note: Inward forces are positive,

Limit States
Factor Str-1a Str-1b Str-lv = Serv
DC 125 090 150 100
DW 1.50 065 150 1.00
EH 090 090 090 1.00
EV 135 1.00 1.35 1.00
LL 175 175 000 1.00
LS 000 0.00 0.00 1.00

moment indicates inside face in tension.

Str-1a Str-1b Str-lv Service
Dir Factor Force Arm ft F kios M k-ft F kips M k-ft F kips M k-ft F kips M k-ft
H DC 15 x 351 = -1.88 -6.58 -1.35 474 225 -79 -1.50 -5.27
H Dw 0 x 351 = 0.00 0.00 0.00 0.00 0.00 0 0.00 0
H EH 012 x 351 = 0.11 0.38 0.11 038 0.11 0.379 0.12 0.421
H EV -107 x 3.51 = -14.47 -50.80 -10.72 -37.63 -14.47 -50.8 -10.72 -37.6
H LL 0 x 3.51 = 0.00 0.00 0.00 0.00 0.00 0 0.00 0
H LS 0 x 3.51 = 0.00 0.00 0.00 0.00 0.00 0 0.00 0
H EH 28632 x 1.755 = 237 416 237 416 2.37 4.157 263 4619
H EH 0265 x 1.17 = 024 0.28 024 0.28 0.24 0.279 026 0.31
Totals -13.63 -52.56 -9.35 -37 55 -14.01 -53 88 -9.20 -37.54
Stem Design Forces: Mu -53.88 k-ft Ma = -37.54 k-ft Vu= -14.01 k
FTG. B= 8.25 ft 8.25 ft 825 ft 825 ft
B/6 = 1.375 ft 1.375 ft 1375 ft 1375 ft
e= 0583 ft 0.503 ft 0.568 ft 0461 ft
Total Vertical = 63 93 k 47.24 k 65.79 k 48.02 k
Pressure @ P1 (Toe) 4.46 psf 363 psf 4.68 psf 3.87 psf
Pressure @ P2 (Heel) 11.04 psf 7.82 psf 11.27 psf 7.77 psf
Pressure @ FF Stem (Toe) 5.26 psf 4.14 psf 5.48 psf 4.34 psf
Pressure @ RF Stem (Heel) 7 05 psf 5.28 psf 7.28 psf 5.41 psf
Upward Bending Moment (Heel) 121 35 k-ft 87.18 k-ft 124 22 k-ft 87.30 k-ft
Upward Shear (Heel) 4522 k 32.76 k 4636 k 32.95 k
Downward Overburden Moment (Heel) -49.47 k-ft -36.65 k-ft -49 47 k-ft -36.65 k-ft
Downward Overburden Shear (Heel) -19.79 k -14.66 k -1979 k -14 66 k
Downward Heel Weight Moment (Heel) -5.86 k-ft -4.22 k-ft -7.03 k-ft -4.69 k-ft
Downward Heel Weight Shear (Heel)  -2.34 k -1.69 k -2.81 k -1.88 k
Net Upward Bending Moment (Heel) 66.02 k-ft 46.32 k-ft 67 72 k-ft 45.97 k-ft
Net Upward Shear (Heel) 23.09 k 16 41 k 23.76 k 16.42 k
Upward Bending Moment (Toe) 2.363 k-ft 19 k-ft 2.473 k-ft 2.013 k-ft
Upward Shear (Toe) 486 k 3.89 k 508 k 411k

Footing Design Forces: Upward Mu = 67.72 k-ft Upward Ma= 4597 k-ft Up. ShearVu:= 23.76 k

50
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Toe Width 1
Wall Width 12.1n
Stem Width 2.25
Heel Width 5
Footing Width 825 ft
Stem Height 3.51 ft
Footing Thickness 25 ft
Fill Height 86 ft
Structure Height 8.83 ft

Note: Downward and outward forces are

Dir Factor Force

V DC 3.18 x
vV DW 0 x
c V EH 035 x
g V EV 2403 x
o
g V LL 455 x
o H DC 15 x
:3 H DW 0 x
a H EH -012 x
H EV 1072 x
H LL 271 x
H LS 0 x
Soil Above
Heel V EV 1466 x
Soil Above
Stem V EV 153 x
EH from Soil
Above H EH 451 x
EH on Stem
FTG H EH -0.78 x
Stem Weiaght V DC 1185 x
Fta Weiaht V DC 3094 x
LS on Stem
FTG H LS -052 x
Totals
Total Vertical

Net Horizontal

Resultant Loacation
Eccentricity

bf

Bearing Pressure
Eccentricity within middle half
Sliding Resistance

JoB 2016.059.009
DESCIPTION 28x8u8
SHEET NO OF SCALE
CALCULATED BY ra DATE 7/5/2016
CHECKED BY DATE
Backfill Soil (phi) 32 deg Soil Weight 140 pcf
Limit States Ka= 0.31
Factor Str-1g Str-1b  StrlvV ~ Serv Resistance Factors
DC 1.25 0.90 1.50 1.00 Sliding 0.9
DwW 150 0.85 150 1.00 Bearing 0.45
EH 1.50 1.50 150 1.00 Moment 0.9
EV 1.35 1.00 1.35 1.00 Shear 0.9
LL 175 175 0.00 1.00
LS 175 175 0.00 1.00 Factored Resistance 15.53
LL 2
Str-1a Str-1b Str IV Service
Arm ft F kios Mk-ft Fkips Mk-ft Fkips Mk-ft Fkips M k-ft
213 = 3.98 845 286 608 477 1014 318 676
213 = 0.00 0.00 0.00 o000 000 000 000 0.00
213 = 0.53 112 053 112 053 112 035 074
213 = 3244 6894 2403 511 3244 6894 2403 51086
213 = 796 1692 796 1692 000 000 455 967
6.01 = 188 1127 135 811 225 1352 150 902
6.01 = 0.00 0.00 000 000 000 000 000 0.0
601 = -018 -1.08 -0.18 -1.08 -0.18 -1.08 -012 -072
601 = 1447 86.98 10.72 6443 1447 8698 1072 6443
601 = 474 2850 474 2850 000 000 271 16.29
6.01 = 0.00 0.00 000 000 000 000 000 000
575 = 1979 11378 1466 8428 19.79 113.78 14.66 84.28
294 = 2.08 6.05 153 448 206 6.05 153 448
301 = -676 -20.31 -6.76 -2031 -6.76 -20.31 -4.51 -13.54
200 = 117 -233 -117 -233 -117 -233 -078 -1.56
213 = 1.48 315 107 227 178 378 118 252
413 = 387 1595 278 1149 464 19.14 3.09 1276
3010 = -090 -272 090 -272 000 000 -052 -155
334.65 25229 299.71 24463
72.10 55.41 66.00 52.57
12.08 7.80 8.62 9.01
4.64 ft 4.55 ft 4.54 ft 4.65 ft
-0.52 ft -0.43 ft -0.42 ft -0.53 ft
7.22 ft 7.39 ft 7.42 ft 7.19 ft
9.99 ksf 7.49 ksf 8.90 ksf 7.31 ksf
YES YES YES YES
32.44 kips 24.93 kips 29.69 kips 23.65

Chk: SLV/RJP
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Toe Width 1 Backfill Soil (phi) deg Soil Weight 140 pcf
Wall Width 12 1In Limit States Ka = 0.307
Stem Width 225 Factor Str-1a Str-1b Striv  Serv Resistance Factors
Heel Width 5 DC 125 09 150 1.00 Sliding 09
Footing Width 8.25 # Dw 150 065 150 1.00 Bearing 045
Stem Height 3.51 EH 150 150 150 1.00 Moment 0.9
Footing Thickness 25 EV 1.35 100 135 1.00 Shear 0.9
Fill Height 86 LL 175 175 000 100
Structure Height 8.83 LS 175 175 0.00 1.00 Factored Resistance 15.525
Note: Downward and outward forces are positive LL 2
Str-1a Str-1b Str v Service
Dir Factor Force Arm ft F kios Mk-ft Fkips Mk-ft Fkips MKk-ft Fkips M k-ft
vV DC 318 x 213 = 398 845 286 608 477 1014 3.18 676
DW 0 x 213 = 000 000 000 000 0.00 0.00 0.00 000
c V EH 035 x 213 = 053 112 053 112 053 112 035 0.74
g V EV 2403 x 213 = 3244 6894 2403 511 3244 6894 2403 5106
Q
E V LL 0 x 213 = 000 000 000 000 000 0.00 0.00 0.00
o H DC 15 x 601 = 188 1127 135 81 225 1352 1.50 9.02
=3
§ H DW 0 x 601 = 000 000 000 000 000 0.00 0.00 0.00
ﬁ H EH -0.12 x 601 = -018 -1.08 -0.18 -1.08 -018 -1.08 -0.12 -0.72
H EV 1072 x 6.01 = 1447 8698 1072 6443 1447 8698 10.72 6443
H LL 0 x 6.01 = 000 000 Q00 000 0.00 0.00 0.00 0.00
H LS 0 x 6.01 = 0.00 000 000 000 000 0.00 0.00 0.00
Soil Above
Heel V EV 1466 x 575 = 19.79 113.78 1466 8428 19.79 113.78 1466 84.28
Soil Above
Stem V EV 183 x 294 = 206 605 153 448 206 6.05 153 4 48
EH trom Solil
Above H EH 451 x 3.01 = -6.76 -20.31 -6.76 -2031 -6.76 -20.31 -4.51 -1354
EH on Stem
FTG H EH -078 x 200 = -117 -233 -117 -233 -117 -233 -0.78 -156
Stem Weiaht V DC 1185 x 213 = 148 315 107 227 178 378 1.18 2.52
Fta Weiaht V DC 3094 x 413 = 3.87 1595 278 1149 464 1914 309 1276
LS on Stem
FTG H LS -0.52 x 301 = -090 -272 -090 -272 000 000 -052 -155
Totals 289.23 206.87 299.71 218 68
Total Vertical 64.14 47.45 66 00 48 02
Net Horizontal 7.34 3.06 8.62 630
Resuitant Loacation 4.51 4.36 ft 454 455 ft
Eccentricity 0.38 0.23 ft 042 043 ft
bf 7.48 778 ft 7.42 739 ft
Bearing Pressure 8.57 ksf 6 10 ksf 8.90 ksf 6.50 ksf
Eccentricity within middle half YES YES YES YES

Sliding Resistance 28 86 kips 21.35 kips 29.69 kips 2161
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Stem Inside Face Reinforcing Design

Limit State: Strength
MATERIAL PROPERTIES:
1 Concrete Strength, F'c 5 ksi
2 Reinforcing Steel Yield, Fy 60 ksi
3 Concrete Unit Weight 150 pcf
4 Soil Unit Weight 120 pcf
Ec=57000"vfc= 4031 ksi p,
Es= 29000 ksi
n=Es/Ec= 7.20
065<B1<0.85= 0.80
Unfactored Moment, Ma=  46.12 kip-ft
Design Ultimate Moment, Mu = 64.37 kip-ft
Ultimate Shear, Vu=  15.64 kips
dv = Greater of .72h or 0.9de = 22.163 in
Ve=$(0.0316)pVfc*b*dv= 33.83 kips/ft
pz{l_( = 0.00199
Steel Area Req'd; As=p*b*d= 0.5892 in?/ft
Use #6 Bar@ 6.00 inoc
AsProv=  0.88 in’fft
p Prov = 0.00299 OK

Check Min As > 1.33 AsReq OK
oMn = pAsfy(de-a/2)/12 = 95.844 kip-ft OK

CHECK CRACKING
k= 2pn+pn* —pn=0.187
j=1-(k3)= 0.938
fs = Ma/(As*j*d) =  27.13 ksi
max spa < [(700ye) / (Bsfs)] - 2dc = 17 in

Chk: SLV/RJP 53
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Member Design Width b= 12.00 in
Member Thickness Ts = 27.00 in
BarCover=  2.00 in
Bar Size = 6
de=Ts-Cov-Bar Size/2 = 24.63 in
= 0.0335
fr=.37*vfc= 0.83 ksi

Capacity Reduction Factors
Moment, dM= 0.9
Shear, V= 0.9

p= 20

c=As*Fy/.85*fc*B1*b = 1.299 In
c/de<0.6;c/de= 0.053 OK
a=p;c= 1.0391n
Ilg =bt/12= 19683 in*
vw=T/2= 13.50 In

Mer = fr*(1g / yt) = 100.52 kip-ft
1.2Mcr= 120.63 kip-ft

de= 2.38in
Bs=1+dc/(0.7*(h-dc))= 1.138
ve= 075

7/5/2016
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Stem Outside Face Reinforcing Design
Limit State: Strength
MATERIAL PROPERTIES:

1 Concrete Strength, F'c 5 ksi
2 Reinforcing Steel Yield, Fy 60 ksi
3 Concrete Unit Weight 150 pcf
4 Soil Unit Weight 120 pcf
Ec=57000*vfc= 4031 ksi

Es= 29000 ksi

n=Es/Ec= 7.20
0.65<B1<0.85= 0.80

Unfactored Moment, Ma = 1.24 Kip-ft
Design Ultimate Moment, Mu = 2.09 kip-ft
Ultimate Shear, Vu = 1.32 kips
dv = Greater of .72hor0.9de= 22219 in

Ve=¢(0.0316)pVfc*b*dv=

2eM, ..85f’c
dbd’ ¢ 85f¢c 7

Steel AreaReq'd; As=p*b*d=
Use #5 Bar@
As Prov =

p Prov = 0.00104
Check Min As > 1.33 AsReq OK

= 0.00006

®Mn = Asfy(de-a/2)/12 = 33.834 kip-ft
CHECK CRACKING
k= 2pn+pn® —pn= 01149
j=1-(k3)=  0.962
fs = Ma/(Asj*d) =  2.043 ksi
max spa <[(700ve) / (Bsfs)] - 2dc = 227 in

0.0188 in%/ft

12.00 In oc
0.31 in’/ft

b

OK

OK

Chk: SLV/RJP 54
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Member Design Widthb= 12.00 in
Member Thickness Ts = 27.00 In
2.00 in
Bar Size = 5
de=Ts-Cov-Bar Size/2 = 24.69 in

Bar Cover =

0.850 ¢f'c . 87,000 — 0.0335
fy 87,000 +fy
fr=.37*vfc= 0.83 ksi

Capacity Reduction Factors
Moment, PM= 0.9
Shear,®V= 09

B= 2.0

33.91 kips/ft > 2Vu OK

¢=As"Fy/.85"fc*B1*b = 0.451 in
c/de < 0.6; c/de = 0.018 OK
a=p,c= 0.361in
lg = bt*’/12 = 19683 in*
yi=T/2= 13.50 in
Mcr = fr*(1g/yt) = 100.52 kip-ft
1.2Mcr=120.63 kip-ft

de= 2.31in
Bs=1+dc/(0.7*(h-dc))= 1.134
ve= 0.75

7/5/2016
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Footing Bottom Reinforcing design
Limit State: Strength
MATERIAL PROPERTIES:

1 Concrete Strength, F'c 5 ksi
2 Reinforcing Steel Yield, Fy 60 ksi
3 Concrete Unit Weight 150 pcf
4 Soil Unit Weight 120 pcf
Ec = 57000 * vfc =
Es=
n=Es/Ec= 7.20
065<B1<0.85= 10.80
Unfactored Moment, Ma = 56.56 kip-ft
Design Uitimate Moment, Mu = 78.37 kip-ft
Ultimate Shear, Vu = 28.03 kips
dv = Greater of .72h or 0.9 de = 23.96 in

Ve=¢(0.0316)pVfc*b*dv=

A an

p=|1- 2eM, — 0.00208
¢bdk  85f'c
Steel AreaReq'd; As=p*b*d= 0.664 in%/ft

Use #6 Bar@ 6.00iinoc
AsProv=  0.88 in/ft

p Prov = 0.00277
Check Min As > 1.33 AsReq OK

¢Mn = @Asfy(de-a/2)/12 = 103.8 kip-ft

CHECK CRACKING
k= 2pn+pn* —pn= 0.181
j=1-(k/3)= 0.940
fs = Ma/(As*j*d) = 30.7 ksi
max spa < [(700ye) / (Bsfs)] - 2dc = 15 in

OK

OK

Chk: SLV/RJP 55
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Member Design Widthb= 12.00 in
Member Thickness Ts= 30.00 in

Bar Cover = 3.00 In

Bar Size = 6
de=Ts-Cov-Bar Size/2= 26.63 in
O.85ﬂ10fc. 87,000 — 0.0335
ya y 87,000+ 1 5
fr=.37*vfc= 0.83 ksi

Capacity Reduction Factors

Moment, ®M = 0.9
Shear, PV = 0.9
B= 2.0

36.57 Kips/ft > Vu OK

c=As*Fy/.85*fc*B1*b = 1.2994 In
c/de £0.42; c/de = 0.0488 OK

a=B,c= 1.0395 In
Ig=bt*¥12= 27000 in*
w=T/2= 15.00In
Mcr =fr*(Ig/yt) = 124.10 kip-ft
1.2Mcr= 148.92 kip-ft
dc= 2.38in
Bs=1+dc/(0.7*(h-dc))= 1.1228
ye= 0.75

7/5/12016
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Footina Top Reinforcing design
Limit State: Strength

MATERIAL PROPERTIES:
1 Concrete Strength, F'c 5 ksi
2 Reinforcing Steel Yield, Fy 60 ksi
3 Concrete Unit Weight 150 pcf
4 Soil Unit Weight 120 pcf

Ec=57000 " vfc = 4031 ksi
Es = 29000 ksi
n=Es/Ec= 720
065<p1<0.85= 0.80

Unfactored Moment, Ma= 6.14 kip-ft
Design Ultimate Moment, Mu = 8.29 kip-ft
Ultimate Shear, Vu=  3.32 kips

dv = Greater of . 72h or0.9de = 24.92 in
Ve=¢(0.0316)pVfc*b*dv=38.03 kips/ft > Vu OK

p=|1 2eM, | 85¢ _ 4 00020
¢bd’ 851 ¢ f,
Steel AreaReq'd; As=p*b*d= 0.067 in%/ft
Use #5 Bar@ in oc

AsProv= 0.31 in’/ft

p Prov = 0.00092 OK
Check Min As > 1.33 AsReq OK

oMn = @Asfy(de-a/2)/12 = 37.98 kip-ft OK

CHECK CRACKING
k= 2pn+pn* —pn= 0109
j=1-(k/3)= 0.964
fs = Ma/(As*j*d) = 9.004 ksi
max spa < [(700ye) / (Bsfs)] - 2dc = 52 in

Member Design Widthb = 12.00 in
Member Thickness Ts = 30.00 In
BarCover= 2.00 In

Bar Size = 5
de=Ts-Cov-Bar Size/2 = 27.69 in

87,000
87,000+1,

= 0.0335

fr=.37*vfc= 0.83 ksi

Capacity Reduction Factors
Moment, ®M = 0.9
Shear, ®V = 0.9

B= 20

¢c=As"Fy/.85*fc*"B1"b = 0.4512 In
c/de £ 0.42; c/de = 0.0163 OK
a=p4c= 0.3609 In
Ig = bt¥12 = 27000 in*
y1=T/2= 15.00 In
Mcr = fr*(Ig / yt) = 124.10 kip-ft
1.2Mcr= 148.92 kip-ft

de=  231in
Bs=1+dc/(0.7*(h-dc))= 1.1193
ve= 075
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28x8under8c4servMoD.out

*%% WELCOME TO CANDE-2013(version 3/1/2013) *%**

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

CAE 4 cerucg INPUT PRESENTED

USER TITLE: 28x8_u8.6_c4dserv
Ve — Loadp ¢Ter L

EXECUTION MODE ANALYS EH - nooe
SOLUTION LEVEL +'vvrvuvrrnennn #2 AUTO v - oot
METHODOLOGY (LRFD OR SERVICE) LRFD LL - = " IS
NUMBER OF PIPE-ELEMENT GROUPS 1
MAXIMUM ITERATIONS PER STEP . 50 Loap STEP 1~ 11 sAmE: folt
ML CALES. oMy L STEP IS
PRESENTED F CASE /2.3
CULVERT PIPE-TYPE ..... CONCRETE
CANNED MESH CODE # .... 3
NUMBER OF BEAM ELEMENTS 19

CONCRETE MATERIAL PROPERTIES ARE AS FOLLOWS

COMPRESSION STRENGTH (psi) 6500.000
ELASTIC YOUNGS MODULUS (psi) 4595487 .000
POISSON RATIO ......uvvvvnen.. 0.170
CONCRETE DENSITY (pcf) 150.000
INITIAL TENSILE CRACKING STRAIN..... 0.000010
INITIAL COMPRESSION YIELD STRAIN.... 0.000687
INITIAL COMPRESSION CRUSH STRAIN ... 0.002000
SHEAR STRENGTH MODEL (NSHEAR) # ... 1

(VARIABLE STRENGTH MODEL PRINTED IN OUTPUT)

CONCRETE CRACK-WIDTH MODEL NAME..... HEGER-MCGRATH
(DRIVEN BY TENSILE STRAIN IN STEEL)

STEEL REINFORCEMENT MATERIAL PROPERTIES

TYPE OF STEEL CAGES (RSHAPE) ARBIT
STEEL YIELD STRENGTH (psi) 60000.000
STEEL ELASTIC MODULUS (psi)..... 29000000.000

Page 1



STEEL POISSON RATIO .
STEEL YIELDING STRAIN

NONLINEAR MODELING CODE (1,2,3)

28x8under8c4servMoD.out

STEEL-BASED CRACKWIDTH PREDICTION PARAMETERS
REBAR SPACING INNER ROW (SLI),
REBAR SPACING OUTER ROw (SLO),
NUMBER OF STEEL LAYERS FOR INNER CAGE ....
NUMBER OF STEEL LAYERS FOR OUTER CAGE ....
HEGER-MCGRATH CODE NUMBER FOR STEEL TYPE..

WALL THICKNESS,

WALL-THICK

10.
10.
10.
10.
10.
10.
10.
10.
10.
.6880
12.

10
15

15
12
12
12
12

0000
0000
0000
0000
0000
0000
0000
0630
0630

3750

.2500
19.
27.
19.
.4380
.8750
.0000
.0000
.0000

2500
0000
8130

()=

QOO0 OOOO0COOOOOOOO00

INNER-REBAR

0770
0770
0770
0770
0770
0770
0770
0770
0770
0200
0400
0400
0400
0400
0400
0400
0400
0400
0400
0400

0.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0200
.0880
.0880
.1300
.1300
.1300
.1300
.1300
.1300
.1300
.1300
.0880
.0880

OCOO0OOOCOOCOO0COOOO0OOOOOO00O

REBAR AREAS AND COVER DEPTHS

Chk: SLV/RJP

0.300000
0.001883

3

OUTER-REBAR INNER-COVER

2.0000

NNNNNNNNNNNNNNNNNNN

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

LRFD RESISTANCE FACTORS FOR STRENGTH-LIMIT STATES

AND CRACK-WIDTH LIMIT AT SERVICE LOAD

LARGE DEFORMATION/BUCKLING CODE, IBUCK =

YIELDING OF REINFORCEMENT STEEL
CRUSHING OF CONCRETE OUTER FIBER

SHEARING FAILURE OF CONCRETE

SPLITTING OF CONCRETE IN RADIAL TENSION ....

ALLOWABLE CRACKWIDTH SERVICE LOAD (inch)....

0

WHERFAWN
(oo
[eXe]

OUTER COVER

2.5000
2.5000

NNNNNNNNNNNNNNNNN N

0.950
0.750
0.900
0.900
0.010

IBUCK=0, MEANS SMALL DEFORMATION THEORY FOR GROUP
AND NO BUCKLING PREDICTION.

Page 2

.5000
.5000
.5000
.5000
.5000
.5000
. 5000
.5000
. 5000
.5000
.5000
.5000
.5000
. 5000
.5000
.5000
.5000
.5000
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

*
*
%

&
b
EH

TRk

*%* MESH PARAMETERS *¥**

TYPE OF MESH —=---—-m o e -
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT)

WIDTH OF TRENCH AT FOOTING LEVEL (FT)

SLOPE OF TRENCH WALL (H/V)

MESH SPACING PARAMETER -------————-——————————————-
TOTAL SOIL HEIGHT ABOVE CROWN (FT)

MESH HEIGHT ABOVE CROWN (FT)

SOIL DENSITY ABOVE MESH (PCF)

NUMBER OF ELEMENT LAYERS ABOVE CROWN

* ARCH PARAMETERS ***

CENTERLINE RISE OF ARCH (IN)

BOTTOM HALF SPAN OF ARCH (IN)

SIDE RISE OF ARCH ABOVE FOOTING (IN)

FOOTING DEPTH (IN)

OUTSIDE FOOTING WIDTH (IN)

INSIDE FOOTING WIDTH (IN)

NUMBER OF ARCH SEGMENTS DEFINED ------------------

CURVED TOP SEGMENT **%*

RADIUS (IN)

CENTRAL ANGLE (DEG)

SEGMENT ARC LENGTH (IN)

NUMBER OF BEAM ELEMENTS IN SEGMENT ---------------

CURVED CORNER SEGMENT **%*

RADIUS (IN)

CENTRAL ANGLE (DEG)

SEGMENT ARC LENGTH (IN)

NUMBER OF BEAM ELEMENTS IN SEGMENT ---------------

STRAIGHT SIDE SEGMENT **%*

DEFLECTION ANGLE (DEG)

SEGMENT LENGTH (IN)

NUMBER OF BEAM ELEMENTS IN SEGMENT ---------------

FINITE ELEMENT INPUT CONTROLS (PREP)

THE DATA TO BE RUN IS ENTITLED

New Level 2 arch mesh

PRINT AND PLOT CONTROL CODES

PRINT CONTROL FOR MESH DATA------=—=-=---
PLOT FILE CONTROL MESH & RESULS--------
PRINT FINITE ELEMENT RESULTS ----------
INPUT DATA CHECK CODE-----=--=—-——-—————-—~

OoRrww

406.
24.
174.

13

00
64
60

.38
.15
31

00
94

Chk: SLV/RJP
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KEY NUMBERS DESCRIBING MESH ...

THE NUMBER OF LOAD STEPS IS------------ 15
TOTAL NUMBER OF NODES IS--------------- 307
TOTAL NUMBER OF ELEMENTS IS---------—--- 269
TOTAL NUMBER OF BEAM ELEMENTS IS------- 19
MAX NUMBER OF BOUNDARY CONDITIONS IS--- 42

* % * BOUNDARY CONDITIONS * * *
(FORCES = LBS; DISPLACEMENTS = INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD X-FORCE OR Y-FORCE OR X-Y ROTATION
BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT Y-DISPLACEMENT

BOUNDARY CONDITIONS

290 12 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F290 13 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F290 14 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F290 15 F = 0.0000eE+00 F = -0.3560E+02 0.0000E+00
F293 12 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F293 13 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F293 14 F = 0.0000eE+00 F = -0.3560E+02 0.0000E+00
F293 15 F = 0.0000e+00 F = -0.3560E+02 0.0000E+00
F287 15 F = 0.0000E+00 F = -0.7000e+01 0.0000E+00
F288 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F289 15 F = 0.0000e+00 F = -0.1400E+02 0.0000E+00
F290 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F291 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F292 15 F = 0.0000e+00 F = -0.1400E+02 0.0000E+00
F293 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+0Q0
F294 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F295 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
;296 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00

*

* % % % % COMPLETED MESH GENERATION * * # *
New Level 2 arch mesh

CALCULATED KEY NUMBERS ...
Page 4



THE NUMBER
THE NUMBER
THE NUMBER
THE NUMBER
BAND WIDTH

* K * % MESH

BEAM-NODE SE

BEAM-ELEM

BEAM-NOD
SEQUENCE

MATERIAL DES

28x8under8c4servMoD.out
0

OF DATA ERRORS IS-----------

OF SOIL MATERIALS IS-------- 3
OF PIPE-TYPE GROUPS IS------ 1
OF INTERFACE MATERIALS IS--- 19
ESTIMATE (MAX)--------~---——-- 88

DATA HAS BEEN SAVED ON UNIT 14 * * * *

QUENCE NUMBERS FOR EACH GROUP

ENT GROUP NUMBER = 1
E MESH-NODE CONNECTED-GROUP-ELEMENTS
NUMBER FOREWARD-# BACKWARD-#
198 1 0
194 2 1
190 3 2
167 4 3
164 5 4
161 6 5
158 7 6
138 8 7
136 9 8
134 10 9
132 11 10
130 12 11
128 13 12
118 14 13
115 15 14
109 16 15
103 17 16
97 18 17
91 19 18
80 0 19

CRIPTION FOR SOILS AND INTERFACE

(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)

PROPERTIE
DENS
YOUN
POIS
CONF
LATE
PROPERTIE
DENS
YOUN

POIS
CONF

S FOR MATERIAL 1 *EkEEEERIN Site
ITY = 0.14000E+03

GS MODULUS= 0.5000E+04
SONS RATIO= 0.3500E+00
INED MOD.= 0.8025E+04
RAL COEFF.= 0.5385E+00

S FOR MATERIAL 2 FrEREEEFEOOTLING
ITY = 0.15000E+03

GS MODULUS= 0.3122e+07

SONS RATIO= 0.1700£+00

INED MOD.= 0.3356E+07
Page 5
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28x8under8c4servMOD.out
LATERAL COEFF.= 0.2048E+00

PROPERTIES FOR MATERIAL 3 FREREILEMLIS

DENSITY = 0.14000€E+03

CONTROLS FOR DUNCAN SOIL MODEL
WITH SELIG HYPERBOLIC BULK MODULUS FORMULATION

LRFD STRESS CONTROL...... 0

ENTERING ELEMENT RATIO... 0.5000

HYPERBOLIC STRESS-STRAIN PARAMETERS

SOIL CLASSIFICATION ML95

COHESION INTERCEPT C ........ 4.0000
FRICTION ANGLE PHIO (DEG).... 34.0000
10-FOLD REDUCTION IN PHIO(DEG) 0.0000
SCALED MODULUS NUMBER ZK .... 440.0000
MODULUS EXPONENT ZN ......... 0.4000
FAILURE RATIO RF ............ 0.9500
INIT. BULK MODULUS NUMBER BI.. 48.3000
ULT. VOLUMETRIC STRAIN EU .... 0.0600

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

MAT. NO. NORMAL-ANGLE COEF-FRICTION TENSILE-RUPTURE INITIAL-GAP

1 90.00 0.40000 50 00000 0 00000
2 88.03 0.40000 50 00000 0 00000
3 86.14 0.40000 50 00000 0 00000
4 84.24 0.40000 50 00000 0 00000
5 82.35 0.40000 50 00000 0 00000
6 80.45 0.40000 50 00000 0 00000
7 78.56 0.40000 50 00000 0.00000
8 76.66 0.40000 50 00000 0.00000
9 74.77 0.40000 50 00000 0.00000
10 72.87 0.40000 50 00000 0.00000
11 70.97 0.40000 50 00000 0.00000
12 69.08 0.40000 50 00000 0.00000
13 67.18 0.40000 50 00000 0.00000
14 66.55 0.40000 50 00000 0.00000
15 11.42 0.40000 50 00000 0.00000
16 7.38 0.40000 50.00000 0.00000
17 3.35 0.40000 50.00000 0.00000
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18 0.00 0.40000
19 0.00 0.40000

LRFD TOTAL LOAD FACTORS PER LOAD STEP

LOAD STEP LOAD FACTOR
1 1.000
2 1.000
3 1.000
4 1.000
5 1.000
6 1.000
7 1.000
8 1.000
9 1.000

10 1.000
11 1.000
12 1.000
13 1.000
14 1.000
15 1.000

50 00000
50 00000

USER COMMENT

Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor

Factor

for
for
for
for
for
for
for
for
for
for
for
for
for
for

for

Toad
Toad
Toad
lToad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad

T T S S S S S S S S S S S S S S S S

SOLUTION OUTPUT RESULTS

++++++F+ A+ A+ A+ A+

FINITE ELEMENT OUTPUT FOR LOAD STEP 1

R s i S S I S S S S S S e e i sl sl s S S I S S S

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 1

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 1

Page 7
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step
step
step
step
step
step
step
step
step
step
step
step
step
step

step

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

0.00000
0.00000

+ 4+ + + + 4+ + 4

+ 4+ + + + + 4+

+++ + ++ 4+ +



COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES

Y-BAR IS "NEUTRAL AXIS"
PRESSURES ARE LB/IN**2

MOMENTS ARE IN-LB/IN

28x8under8c4servMmoD.out

LOCATION FROM INTERIOR, INCHES

THRUST AND SHEAR ARE LB/IN

LOCAL
NODE

1

10

11

12

13

14

15

16

17

18

X-COORD.
Y-COORD.

0
101

13

100.

26
100

40.
98.

53.
97.

66.
95.

80.
92.

93

90.

106.
86.

119.

82

131.
78.

144.
74.

156.
69.

169
63

171.
54.

172

45.

173.
36.

174.

26

00
00

.43
76

84
08

22
95

56
38

84
38

05
93

.16
05

18
73

08
.99

84
82

47
23

93
23

22
82

39
75

.91
55

78
26

00
.94

I 1 1 | | 1 1
OO OO0 OO0 OO OO OO OO OO OO0 OO OO0 OO OO ©Oo oo oo

X-DISP.
Y-DISP.

.00000E+00
.19917€e+00

59083E-04
19785E+00

.54217€e-04
.19400E+00

.48831E-03
.18791E+00

.13049e-02
.18056E+00

.24340E-02
.17286E+00

.38344E-02
.16511E+00

.54605E-02
.15754€E+00

.71833€e-02
.15056E+00

.85166E-02
.14564E+00

.90108E-02
.14385E+00

.86963E-02
.14450E+00

76914E-02
14683E+00

.62778E-02
.14997E+00

.37845E-02
.15054E+00

.78521E-03
.15098E+00

.32498€E-02
.15128E+00

.86212E-02
.15133€e+00

N-PRES
S-PRES

.93020€E-11
.66496E-12

.41072E-11
.57582E-13

.10877E-11
.78012E-12

.68190E-11
.17681E-11

.91173e-11
.15990eE-11

.99103e-11
.24395e-11

.70822E-11
.86186E-12

.10785E-10
.41585E-11

22222€E-11
74564E-12

.32803E-11
.22030E-11

.46923E-11
.30785E-11

.12239€e-10
.57362E-11

-0.
-0.

-0.
0.

-0.
-0.

-0.
0.

-0.
-0.

-0.
-0.

39305E-10
18576€E-10

91162E-11
42242E-10

60591E-11
14243€e-10

11305e-11
19008E-11

45404E-12
11160€E-10

71395E-12
79760E-11

Page 8

MOMENT
THRUST

.14815E+04
.12466E+03

.14331E+04
.12531€E+03

.12838E+04
.12627€E+03

.10344E+04
.12786E+03

68603E+03
13008E+03

.24020E+03
.13292E+03

.30093E+03
.13638E+03

.93519e+03
.14045E+03

.16602E+04
.14515E+03

.24750E+04
.15061E+03

.33869E+04
.15716E+03

.44165E+04
.16536E+03

.55999€e+04
.17610€E+03

.69962E+04
.19880E+03

.62786E+04
.22056E+03

.54464E+04
.22876€E+03

.44794€+04
.23319€e+03

.33649E+04
.23924E+03

Chk: SLV/RJP 65

Y-BAR

CRACK DEPTH

0O OO0 OO0 OO0 OO OO0 00O OO OO OO OO0 OO OO OO ©OoO OO 0o 0o

.74181e+01
.63240E+01

.74181E+01
.62848E+01

.74181E+01
.61494E+01

.72278E+01
.56455E+01

.48856E+01
.00000E+00

.48856E+01
.00000E+00

.48856E+01
.00000E+00

.49166E+01
.00000E+00

.25648E+01
.65160£+01

.27446E+01
.71406E+01

.34229€e+01
.78312E+01

.40506E+01
.97301E+01

.48788E+01
.12324E+02

.13257E+02
.12796E+01

.49926E+01
.12718E+02

.40905E+01
.99601E+01

.35348e+01
.82382E+01

.33381E+01
.74145e+01



19 174.00
13.47
20 174 00
0 00

28x8under8c4servMoD.out

-0.17923e-01
-0.15125E+00

-0.27835e-01
-0.15119€E+00

0.16205e-11
0.43214€e-11

0.39549€e-11
0.16619€-10

-0.16824E+04
-0.25087E+03

-0.29104€E-10
-0.26490E+03

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 1
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

EQUIVALENT SHEAR APPLIED APPLIED/
v-factor CAPACITY SHEAR CAPACITY
NODE 1bs/inch Tbs/inch ratio
1 1 68 1081.77 -0.15 0.000
2 1 68 1081.81 7.36 0.007
3 1 68 1081.86 14.84 0.014
4 1 68 1081.94 22.26 0.021
5 2 00 1291.93 29.57 0.023
6 4 50 2900.32 36.74 0.013
7 3 78 2286.61 43.76 0.019
8 177 1076.91 50.61 0.047
9 191 1163.23 57.33 0.049
10 1 82 1203.43 64.29 0.053
11 192 1529.44 72.28 0.047
12 1 68 1728.70 82.39 0.048
13 150 2026.53 96.05 0.047
14 134 2644 .94 13.51 0.005
15 1 48 2072.05 -83.09 0.040
16 1 67 1745.78 -96.46 0.055
17 1 87 1567.34 -111.59 0.071
18 2 17 1658.96 -122.20 0.074
19 3 14 2407.65 -124.90 0.052
20 4 50 3444.13 -124.90 0.036
CONCRETE, FACTORED-EVALUATION FOR GROUP 1,

SHEAR
DEPTH-d
inches

LOAD-STEP 4

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 4
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN*%2

MOMENTS ARE IN-LB/IN
THRUST AND SHEAR ARE

LOCAL X-COORD.
NODE Y-COORD.
1 0.00
101.00

2 13.43
100.76

LB/IN
X-DISP.
Y-DISP.

0.00000E+00
-0.26176E+00

-0.60074€E-04
-0.26032E+00

N-PRES.
S-PRES.

-0.80483E-11
0.75013€E-12

-0.35695E-11
-0.33158E-13

Page 9

MOMENT
THRUST

0.16136E+04
-0.12937€E+03

0.15663E+04
-0.13001E+03
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0.58742E+01
0.52536E+00

0.60775E+01
0.00000E+00

STIRRUP

LOAD

Tbs/inch

.00
.00

OQOOOCOO0O0OOOOCOOOOO00O00O00
o
o

Y-BAR
CRACK DEPTH

0.74181E+01
0.63992E+01

0.74181E+01
0.63664E+01



10

11

12

13

14

15

16

17

18

19

20

1

1

1

1

1

1

1

1

1

1

1

1

1

26.
00.

40.
98.

53.
97.

66.
95.

80.
92.

93.
90.

06.
86.

19.
.99

31.
78.

44.
74.

56.
69.

69.
.82

82

63

71.
54.

91
45.

.78

72

73

36.

74.
26.

74.
13.

74.
.00

84
08

22
95

56
38

84
38

05
93

16
05

18
73

08
84
82

47
23

93
23

22

39
75

55

26

00
94

00
47

00
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.68359E-04
.25611E+00

.54995€E-03
.24942€e+00

.14550€E-02
.24131e+00

.27108E-02
.23276E+00

.42783E-02
.22410€E+00

.61170E-02
.21555E+00

.81094€E-02
.20751€e+00

.98126E-02
.20131E+00

.10809e-01
.19797€e+00

.11110e-01
.19692€E+00

10817e-01
19747e+00

.10193e-01
.19882E+00

.90317€e-02
.19907E+00

.74056E-02
.19927E+00

.48066E-02
.19943€E+00

.94346€E-03
.19943E+00

.61032E-02
.19935E+00

.13725€e-01
.19928E+00

0.
-0.

0.
0.

-0.
-0.

.90719€e-11
.20024E-11

.45350E-11
.70664E-12

.96618E-11
.42064E-11

.17206€E-11
.68978E-12

.30085E-11
.18474E-11

.67644E-11
.39153e-11

.12071€e-10
.55826E-11

.46651E-10
.12399€E-10

.13044E+01
.12355E+01

.42095€E+00
.17036€E+00

.38862E+00
.15390E+00

.37099€e+00
.14600€E+00

.18588E+00
.78005E-01

.28128E+00
.11178€E+00

.74844€E+00
.14556E+00

90937e-12
81644E-12

45432€e-11
15325€e-11

77926E-11
11958e-11

0.14203E+04

-0.

0.
-0.

0.
-0.

0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0
-0

-0.
-0.

-0.
-0.

-0
-0

-0
-0

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

13096E+03

11761E+04
13254€E+03

83513E+03
13474E+03

39875E+03
13756E+03

13086E+03
14099E+03

75155E+03
14503E+03

14610E+04
14969E+03

22582E+04
15510E+03

31505E+04
16160E+03

41584E+04
16975€+03

53183E+04
18044E+03

66892E+04
21137e+03

59783E+04
24226E+03

51752E+04
25218E+03

42558E+04
25837E+03

32046E+04
26582E+03

15768E+04
27871E+03

17280E-10
29424€+03

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 4
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

EQUIVALENT

SHEAR

APPLIED

APPLIED/

Page 10

SHEAR
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OO OO0 OO0 OO0 OO OO OO OO OO OO OO OO OO OO ©o OO oo o©o

.74181E+01
.62549E+01

.72278E+01
.58182E+01

.48856E+01
.00000E+00

.48856E+01
. 00000E+00

.48856E+01
.00000E+00

.49166€E+01
. 00000E+00

.25648E+01
.63683E+01

.27446E+01
.70528E+01

.34229e+01
.77344E+01

.40506E+01
.96247E+01

.48788E+01
.12199€e+02

.13257E+02
.59667E+00

.49926E+01
.12535E+02

.40905E+01
.98251E+01

.35348E+01
.81230€E+01

.33381E+01
.72824E+01

.58742E+01
.49264€-01

.60775E+01
. 00000E+00

STIRRUP
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CONCRETE, FACTORED-EVALUATION

AWNRRRREBERERPRHENAWRRRRPRE
o0
N

CAPACITY
1bs/inch

1082.
1082.
1082
1082.
1082.
2269.
2719.
1274.
1163
1203.
1529.
1728.
2026.
2645.
2073.
1747.
1568.
1684.
2487.
3444,

03
06

11

20
31
51
05
46

.49

68
72
95
75
56
18
09
85
76
32
13

28x8under8c4servMoD.out
SHEAR
1bs/inch

-0.

7.
14.
21.
28.
35.
42.
49.
56.
.90

70.

80.

94.

12.
-81.
-92.
.65

62

-105

-116.
-118.
-115.

15
20
52
78
94
96
82
52
09

75
71
22
93
17
35

78
95
16

STRUCTURAL RESPONSES OF CONCRETE-GROUP

COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES

PRESSURES ARE LB/IN¥**2
MOMENTS ARE IN-LB/IN
THRUST AND SHEAR ARE LB/IN

LOCAL
NODE

1

X-COORD
Y-COORD

0
101

13

92

00
00

.43
100.

26.
100.

40.
98.

53.
97.

66.
95.

80.
.93

93.

76

84
08

22
95

56
38

84
38

05

16

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0.

X-DISP.
Y-DISP.

.00000E+00
15018E+01

64826E-03
14873E+01

.62531E-03
14442e+01

.55424€E-02
13747e+01

.15437g-01
12827e+01

.31047e-01
11734E+01

.52252E-01
10559E+01

.77821E-01

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.

CAPACITY
ratio

000
007
013
020
027
016
016
.039
.048
.052
.046
. 047
.046
.005
.039
.053
.067
.069
.048
.033

OCOOOO0COO0OOOO0OOCOOOOOOO000

DEPTH-d
inches

| I I S |
=
N

FOR GROUP 1, LOAD-STEP 11

1, LOAD-STEP 11

N-PRES.
S-PRES.

61238E+01
12144€E+00

63862E+01
88358E+00

66486E+01
16457E+01

70822E+01
23026E+01

76552E+01
27067E+01

83960E+01
29407E+01

91428E+01
31022e+01

98938E+01

Page 11

MOMENT
THRUST

.16315E+05
.13676E+04

.15996€E+05
.13815€E+04

.14981E+05
.14016E+04

.13233€E+05
.14334E+04

.10689E+05
.14747€E+04

.72638E+04
.15229€e+04

.28468E+04
.15766E+04

.26727E+04

Chk: SLV/RJP

1bs/
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LOAD
inch

0 00

[slelololololololalalaoleleolole ool ol o]
(=]
(=]

Y-BAR
RACK DEPTH

.74181E+01
.69425E+01

.74181E+01
.69287E+01

.74181£+01
.68889E+01

.74181E+01
.68115e+01

.74181E+01
.66152E+01

.74181e+01
.61754e+01

.48856E+01
.00000E+00

.49166E+01



10

11

12

13

14

15

16

17

18

19

20

90.

106.
86.

119.
82.

131.
78.

144.
74.

156.
69.

169
63

171.
54.

.91
45.

173.
36.

172

174
26

174
13

174.
.00

05

18
73

08
99

84
82

47
23

93
23

22
82

39
75
55

78
26

00
94

00
47

00

-0.

-0.

-0.

-0.

-0.

-0.

-0.

-0

-0.

-0.

-0.

28x8under8c4servmoD.out

.93756E+00

.10665E+00
82186E+00

.13538E+00
71909€+00

.16049E+00
63899E+00

.18139€+00
57898E+00

.19855E+00
53425€e+00

.21304E+00
49978E+00

.23368E+00
49435€E+00

24921E+00
49117€+00

.25592E+00
.48983E+00

.25120e+00
48916E+00

.22578E+00
48804E+00

.19032e+00
48735E+00

0

0
0

0

0.

0.
0.

0.
0.

0.
0.

0.
0.

0
0

0.
0.

0.
0.

0.
0.

0
0
0
0

.32196E+01

.10795E+02
.30155E+01

.11630E+02
28264E+01

12073€+02
26488E+01

12296E+02
25482E+01

12826E+02
24168E+01

16445E+02
12686E+02

73147E+01
29247E+01

72982E+01
29170E+01

78150E+01
31253e+01

81984E+01
31933e+01

34568E+01
13849E+01

.12847E+01
.42354E+00

-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

16352E+04

94044E+04
16967E+04

17483E+05
17593e+04

27043E+05
18240E+04

38156E+05
18919€+04

50876E+05
19645E+04

65326E+05
21564E+04

57357€E+05
23008E+04

48541E+05
22760€E+04

38880E+05
22430E+04

28430E+05
22364E+04

13902E+05
22641E+04

14188E-09
22968E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 11
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

z
(©]
o
m

==
HOWRNOUVIAWNI

==
WN

EQUIVALENT

v-factor

78

RRNNNBANR R RR
(W]
o

SHEAR APPLIED
CAPACITY SHEAR
1bs/inch 1bs/inch

1148.58 -2.05
1149.33 49.68
1150.41 102.84
1152.12 159.79
1154.34 222.25
1338.32 291.96
2900.32 369.93
2741.89 456.11
1823.72 551.39
1346.37 656.69
1631.80 769.65
1826.04 887.30
2198.42 1011.56

APPLIED/
CAPACITY
ratio

0.

002

0.043

[elolelalololalelele o)

.089
.139
.193
.218
.128
.166
.302
.488
.472
.486
.460

SHEAR
DEPTH-d
inches

Chk: SLV/RJP
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.00000E+00

.25648€e+01
.65952E+01

.27446E+01
.73350E+01

.34229e+01
.82600E+01

.40506E+01
.10420€E+02

.48788E+01
.13430€e+02

.55838E+01
.19334E+02

.49926E+01
.13814E+02

.40905E+01
.10611E+02

.35348E+01
.87118E+01

.33381E+01
.79243E+01

.30043E+01
.77112E+01

.60775E+01
.00000E+00

STIRRUP

LOAD

1bs/inch

0 00

QOO OOO0O0OCOOO0O
(=]
o
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14 139 2740.47 110.76 0.040 24 50 0 00
15 1 56 2180.22 -899.91 0.413 17 31 0 00
16 178 1860.68 -990.61 0.532 12 94 0 00
17 2 02 1688.57 -1078.17 0.639 10 38 0 00
18 2 47 1892.73 -1099.53 0.581 -9 50 0 00
19 3 48 2668.61 -1055.32 0.395 -9 50 0 00
20 4 50 3444.13 -1008.75 0.293 -9 50 0 00
CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15
STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS '"NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN**2
MOMENTS ARE IN-LB/IN
THRUST AND SHEAR ARE LB/IN
LOCAL X-COORD. X-DISP. N-PRES MOMENT Y-BAR
NODE Y-COORD. Y-DISP. S-PRES THRUST CRACK DEPTH
1 0 00 0.00000E+00 -0.73266E+01 0.20325E+05 0.74181E+01
101 00 -0.18100E+01 -0.91668E-01 -0.16133E+04 0.69766E+01
2 13.43 -0.74710e-03  -0.78093E+01 0.19945E+05 0.74181E+01
100.76  -0.17919e+01  -0.94060E+00 -0.16283E+04 0.69645E+01
3 26.84 0.90363e-03  -0.82920E+01 0.18723E+05 0.74181E+01
100.08 -0.17382E+01  -0.17895E+01  -0.16503E+04 0.69291E+01
4 40.22 0.71052e-02  -0.89657E+01 0.16582E+05 0.74181E+01
98.95 -0.16515E+01 -0.25485E+01 -0.16858E+04 0.68588E+01
5 53.56 0.19544e-01  -0.97386E+01 0.13417€E+05 0.74181E+01
97.38 -0.15364E+01  -0.30552E+01 -0.17326E+04 0.66853E+01
6 66.84 0.39177e-01  -0.10629E+02 0.91089E+04 0.74181E+01
95.38 -0.13994E+01 -0.34236E+01 -0.17886E+04 0.62888E+01
7 80.05 0.65831E-01  -0.11438E+02 0.35249E+04 0.48856E+01
92.93 -0.12519e+01 -0.37289e+01 -0.18526E+04 0.00000€+00
8 93.16 0.97953e-01 -0.12162E+02 -0.34530E+04 0.49166E+01
90.05 -0.11033e+01 -0.39786E+01 -0.19241E+04 0.00000E+00
9 106.18 0.13416E+00 0 12939e+02  -0.11924E+05 0.25648E+01
86.73 -0.95820E+00 0 39342e+01  -0.20011E+04 0.66731E+01
10 119.08 0.17025E+00 0 13688e+02 -0 21993E+05 0.27446E+01
82.99  -0.82941E+00 0 38871e+01 -0 20819E+04 0.73809E+01
11 131.84 0.20175e+00  -0.13996e+02 -0 33772E+05 0.34229€+01
78.82 -0.72913e+00 -0.37415E+01 -0 21665E+04 0.83071E+01
12 144 .47 0.22800E+00 -0.14018E+02 -0.47297E+05 0.40506€E+01
74.23 0.65393E+00 -0.35727E+01  -0.22546E+04 0.10468E+02
13 156.93 0 24961e+00 -0.14347E+02 -0 62580E+05 0.44678E+01
69.23 -0 59768E+00 -0.33943e+01 -0 23469E+04 0.13533E+02
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15

16
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169
63

171.
54.

172.
45.

173.
36.

174.
26.

174.

13
174

22
82

39
75

91
55

78
26

00
94

00

.47

00
00
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.26792E+00
.55415E+00

.29409E+00
.54727€E+00

.31401E+00
.54325E+00

.32315E+00
.54156€E+00

.31836E+00
.54076E+00

.28857E+00
.53944€e+00

.24639E+00
.53863E+00

0.
0.

0
0

0.
0.

0.
0.

0.
0.

0
0
0
0

17894E+02
14285E+02

79486E+01
30876E+01

82480E+01
32060E+01

91585E+01
34698E+01

99777€E+01
32970e+01

38597E+01
15439e+01

.22582E+01
.20928E+00

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

79698E+05
25622E+04

69977E+05
27140E+04

59193E+05
26764€E+04

47385E+05
26303E+04

34649E+05
26146E+04

16974€E+05
26412E+04

11096€E-09
26761E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity
-- Shear depth "d" is negative if measured from outer wall
-- Stirrup load is excess shear force above capacity.

NODE

WONUVTAWNR

EQUIVALENT

v-factor

BWNNRRRERRPHENNNARANERRRR
o
w

SHEAR
CAPAQITY
Tbs/inch

1161.79
1162.60
1163.78
1165.69
1168.21
1344.
2900.
2741.
1810.
1341.
1652.
1846.
2166.
2760.
2201.
1883.
1711.
1912.
2688.
3444,

APPLIED
SHEAR
Tbs/1inch

-3
125

-1315

.03
59.

65

.21
197.
278.
368.
467.
575.
690.
813.
942.
1072.
1206.
116.
-1099.

-1211.

56
23
26
67
16
25
39
08
54
26
19
26
26

.87
-1338.
-1286.
-1234.

85
16
17

APPLIED/
CAPACITY
ratio

.003
0.051
.108
.169
.238
274
.161
.210
.381
.607
.570
.581
.557
.042
.499
.643
.769
.700
.478
.358

o

COOOOOCOOCOOOOOOOOOC0O
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SHEAR
DEPTH-d
inches

Ch
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.55838E+01
.19457E+02

.45538E+01
.13918E+02

.40905E+01
.10651E+02

.36107E+01
.87393E+01

.33381E+01
.79650E+01

.30043E+01
.77999E+01

.60775E+01
.00000€e+00

STIRRUP

LOAD

Tbs/inch

COOO0OO0OOCOOOOCOOOOO0OOCOOOO0O
o
o
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#%% WELCOME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x8_u8.6_clserv

* * * BOUNDARY CONDITIONS * *

s

(FORCES = LBS; DISPLACEMENTS INCHES;
BOUNDARY LOAD X-FORCE OR

BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT

BOUNDARY CONDITIONS

287 12 F= 0
"287 13 F= 0
"287 14 F= 0
"287 15 F= 0
"203 12 F= 0
203 13 F= 0
"293 14 F= 0
F203 15 F= 0
F287 15 F= 0
"288 15 F= 0
F289 15 F= 0
"290 15 F= 0
"201 15 F= 0
F292 15 F= 0
F203 15 F= 0
"294 15 F= 0
F205 15 F= 0
i296 15 F= 0

CONCRETE, FACTORED-EVALUATION

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

ROTATIONS

m M M M M M M M

M T M M M M M m  m

T

FOR GROUP 1,

Page 1

Y-FOR

Y-DIS

LOAD-

CE OR

PLACEMENT

.2280E+02
.2280E+02
.2280E+02
.2280E+02
.0000E+Q0
.0000E+00
.0000E+00
.0000E+00
.7000E+01
.1400E+02
.1400E+02
.1400E+02
.1400E+02
.1400E+02
.1400E+02
.1400E+02
.1400€E+02
.1400E+02

STEP 15

DEGREES)

X-Y ROTATION

©C O O O O O O O O O O O o O o o o o

Chk: SLV/RJP

.0000E+0Q0
.0000E+00
.0000E+00
.0000E+00
.0000E+Q0
.0000E+00
. 0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

72
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STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15

COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES

Y-BAR IS "NEUTRAL AXIS"
PRESSURES ARE LB/IN**2

MOMENTS ARE IN-LB/IN
THRUST AND SHEAR ARE

LOCAL
NODE

1

10

11

12

13

14

15

16

17

X-COORD.
Y-COORD.

0.
101.

13

100.

26.
100.

40.
98.

53.
97.

66.
95.

80.
.93

93.
90.

106.
86.

92

119
82

131.
78.

144.
74.

156.
69.

169
63

171.
54.

172

45,
173.

36

00
00

.43
76

84
08

22
95

56
38

84
38

05
16
05

18
73

08
99

84
82

47
23

93
23

22
82

39
75

91
55

78
.26

LOCATION FROM INTERIOR, INCHES

LB/IN

X-DISP.
Y-DISP.

0.OOOOOE+OO

-0.
-0.

.91341€e-03
-0.

.68213€E-02
-0.

.18587E-01
-0.

.37038E-01
-0.

.61974e-01
-0.

.91965E-01
-0.

17014E+01

68463E-03

16841e+01

16330E+01

15506€E+01

14418e+01

13130e+01

11750e+01

10363E+01

12570€+00
90105E+00

0.15915E+OO

0.18816E+00

.21218E+00
-0.

.23184E+00
-0.

0.24841E+00

O.27199E+00

0.28975E+00

O.29751E+00

78157€E+00

68913E+00

62024E+00

56904E+00

52964E+00

52344€e+00

51984E+00

51833E+00

0
0

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0
-0

0
0

-0.
-0.

-0.
-0.

-0.
-0.

N-PRES.
S-PRES.

76767E+01
15508E+00

78257E+01
11419e+01

79746E+01
21288E+01

83141E+01
29056E+01

88055E+01
33477E+01

94860E+01
35802E+01

10185E+02
37098E+01

10902E+02
37694e+01

11764E+02
35427e+01

12572E+02
33589e+01

12970€E+02
31318e+01

13127e+02
29547e+01

13604E+02
27562E+01

17236€E+02
13166E+02

78395E+01
30146E+01

80061E+01
30714e+01

87497E+01
33234e+01

Page 2

MOMENT
THRUST

.19431E+05
.14953E+04

.19009E+05
.15131E+04

.17692E+05
.15389€+04

.15463E+05
.15792E+04

.12281E+05
.16305E+04

.80788E+04
.16892E+04

27624E+04
17534E+04

37660E+04
18223E+04

.11605E+05
.18937E+04

.20879E+05
.19664E+04

.31712E+05
.20410E+04

.44163E+05
.21182E+04

.58270E+05
.21992E+04

.74144E+05
.23948E+04

.65043E+05
.25349E+04

. 54988E+05
.25018€E+04

.44001E+05
. 24606E+04

Chk: SLV/RJP 73

Y-BAR

CRACK DEPTH

OO OO OO0 OO0 OO0 ©O0O OO OO OO OO0 OO OO OO OO OO ©Oo oo

.74181E+01
.69863E+01

.74181E+01
.69721E+01

.74181E+01
.69317E+01

.74181E+01
.68524E+01

.74181E+01
.66578E+01

.74181E+01
.62005E+01

.48856E+01
.00000E+00

.49166E+01
.00000E+00

.25648E+01
.66913E+01

.27446E+01
.73806E+01

.34229e+01
.83006E+01

.40506E+01
.10457E+02

.48788E+01
.13467E+02

.55838E+01
.19423€E+02

.49926E+01
.13856E+02

.40905E+01
.10641E+02

.35348E+01
.87370e+01
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1

174.

1

74
26

13
74

00
94

00

.47

00
00
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28x8under8clservMoD.out

.29234€E+00
.51760E+00

.26372E+00
.51637E+00

.22365E+00
.51561E+00

-0.
-0.

-0.
-0.

0.
0.

93724€E+01
31764E+01

37141e+01
14857E+01

19441e+01
20514E+00

-0.
-0.

-0.
-0.

-0.
-0.

32164E+05
24479E+04

15745E+05
24745E+04

21373E-09
25086E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

Zz
o
9
m

OWONOUVTAWNRE

EQUIVALENT
v-factor

.79
.79
.80
.80
.80
.22
.50
.17
.84
.98

AWNNRRRRPRENENARANRERRERRE

SHEAR
CAPACITY
1bs/inch

1155.45
1156.41
1157.80
1159.96
1162.72
1433.19
2900.32
2544.93
1732.54
1304.94
1645.12
1838.79
2148.85
2752.11
2192.40
1873.36
1701.69
1903.38
2675.82
3444 .13

APPLIED
SHEAR
Ths/inch

-1
64

132.
201.
274.
354.
440.
534.
637.
748.
866.
988.

1116
103

-1026.
-1128.
-1223.
-1244.
-1193.
-1143.

.98
.73
01
46
93
36
97
91
11
56
85
76
.20
.12

APPLIED/
CAPACITY
ratio

.002
0.056
.114
.174
.236
.247
.152
.210
.368
.574
.527
.538
.519
.037
.468
.602
.719
.654
.446
.332

o

OOOOOCOOOOOOCOCOOOO0O0O

Page 3

SHEAR
DEPTH-d
inches

.00

Chk: SLV/RJP

74

0.33381E+01
0.79546E+01

0.30043e+01
0.77759e+01

0.60775E+01
0.00000E+00

STIRRUP
LOAD
Tbs/inch

oo

QOOOOOCO0O0O0OOCOCOOOOO0O0



28x8under8c2servmoD.out

*%%* WELCOME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x8_u8.6_c2serv

* % * BOUNDARY CONDITIONS * *

(FORCES = LBS; DISPLACEMENTS
BOUNDARY LOAD X-FORCE
BEAM ROTATIONAL
NODE STEP

BOUNDARY CONDITIONS

291 12 F= 0
"201 13 F= 0
F201 14 F= 0
F201 15 F= 0
"203 12 F= 0
F203 13 F= 0
203 14 F= 0
"203 15 F= 0
"287 15 F= 0
288 15 F= 0
289 15 F= 0
"290 15 F= 0
"201 15 F= 0
"292 15 F= 0
"203 15 F= 0
"204 15 F= 0
205 15 F= 0
E296 15 F= 0

CONCRETE, FACTORED-EVALUATION

oo

INCHES; ROTATIONS

OR

X-DISPLACEMENT

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+Q0
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00

mM M M M M M M M ™ M m M

m MMM M M M m

FOR GROUP 1,
Page 1

Y-FOR

Y-DIS

LOAD-

= DEGREES)

CE OR
PLACEMENT

.4600E+02
.4600E+02
.4600E+02
.4600E+02
.0000E+00
.0000E+Q0
.0000E+00
. 0000E+00
.7000E+01
.1400E+02
.1400E+02
.1400E+02
.1400E+02
.1400E+02
.1400E+02
.1400E+02
.1400E+02
.1400E+02

STEP 15

X-Y ROTATION

©C O © O O O O O O O O 0O o o o o o o

Chk: SLV/RJP

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€e+00
.0000E+Q0

75



STRUCTURAL RESPONSES OF CONCRETE-GROUP 1,

PRESSURES ARE LB/IN**2

MOMENTS ARE IN-LB/IN
THRUST AND SHEAR ARE

LOCAL
NODE

1

10

11

12

13

14

15

16

17

X-COORD.
Y-COORD.

0
101

13

80
92

93
90

106.
86.

119.
82.

131.
78.

144.
74.

156.
69.

169
63

171.
54.

172.
45,

173.

00
00

.43
100.

26.
100.

40.
98.

53.
97.

66.
95.

76

84
08

22
95

56
38

84
38

05
93

16
05

18
73

08
99

84
82

47
23

93
23

22
82

39
75

91
55

78

28x8under8c2servMoD.out

LB/IN

|
oo

[
[ e

1
oo

1
QO

|
oo

1
oo

|
OO OO0 OO OO OO OO OO OO oo

|
o OO

X-DISP.
Y-DISP.

.00000E+00
.17479E+01

.72248E-03
.17304E+01

.86551E-03
.16787E+01

.68368E-02
.15952E+01

.18809E-01
.14843E+01

.37693E-01
.13525E+01

63318E-01
12107E+01

94192e-01
10679E+01

.12898E+00
.92846E+00

.16362E+00
.80480E+00

-19380E+00
.70865E+00

.21892E+00
.63669E+00

.23956E+00
.58297E+00

.25702€E+00
.54148€E+00

.28193E+00
.53493€E+00

.30082E+00
-53112e+00

.30935E+00

-0
-0

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0
-0

-0.
-0.

-0.

N-PRES.
S-PRES.

70943E+01
83901E-01

75462E+01
92379E+00

79980E+01
17637e+01

86303E+01
25240€E+01

93611E+01
30360E+01

10196E+02
34056€E+01

10950E+02
36814E+01

11633E+02
38900E+01

12421E+02
38047E+01

13161E+02
37122e+01

13481e+02
35216E+01

13535E+02
33197e+01

13920E+02
31104e+01

17487E+02
13724E+02

78573E+01
30361E+01

80922e+01
31204e+01

89212e+01

Page 2

LOAD-STEP 15
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES

MOMENT
THRUST

.19591E+05
.15585E+04

.19220E+05
.15732E+04

.18031E+05
.15948E+04

.15950E+05
.16298E+04

12881E+05
16761E+04

.87126€E+04
.17315E+04

.33206E+04
.17945E+04

.34031E+04
.18645E+04

11551e+05
19392E+04

.21231E+05
.20171E+04

32554E+05
20979E+04

.45563E+05
.21815E+04

.60273€+05
.22688E+04

.76775E+05
.24753E+04

.67391E+05
.26220E+04

.56995E+05
.25867E+04

.45621E+05

Chk: SLV/RJP 76

Y-BAR

CRACK DEPTH

O OO OO OO OO OO0 OO0 OO0 OO OO OO0 OO0 OO OO OO ©oo oo

.74181E+01
.69739E+01

.74181E+01
.69615E+01

.74181E+01
.69255E+01

.74181E+01
.68540E+01

.74181E+01
.66763E+01

.74181E+01
.62688E+01

.48856E+01
.00000E+00

.49166E+01
.00000€E+00

.25648E+01
.66701E+01

.27446E+01
.73771E+01

.34229e+01
.83019e+01

.40506E+01
.10462E+02

.48788E+01
.13473E+02

.55838E+01
.19439E+02

.49926E+01
.13862E+02

.40905E+01
.10645E+02

.35560E+01
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19

20

174.
.00

36.

174.
26.

174.
.47

13

26

00
94

00

00

28x8under8c2servmoD.out
0.33830E+01

.52951E+00

.30447E+00
-0.

0.27546E+00

.23453E+00
-0.

52875€e+00

52747€E+00

52669E+00

-0.
-0.

-0.
-0.

0.
0.

96428E+01
32333e+01

37725e+01
15090E+01

20979E+01
21540€E+00

-0
-0

-0.
-0.

-0.
-0.

0.25430€E+04

33355E+05
25289€E+04

16335E+05
25555E+04

10550E-09
25898E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- shear depth "d" is negative if measured from outer wall.
-- stirrup load is excess shear force above capacity.

EQUIVALENT
v-factor

.80
.80
.80
.80
.81
.10
.50
.50
.95
.02
.07
.79
.60
.40
.57
.80
.04
.49
.50
.50

AWNNRHERRRENNNDANRRR R

SHEAR APPLIED
CAPACITY SHEAR
1bs/inch 1bs/inch

1158.84 -2.87
1159.64 58.10
1160.80 121.75
1162.68 191.71
1165.17 269.45
1353.68 355.93
2900.32 451.06
2741.89 553.67
1797.15 663.74
1333.70 781.96
1648.61 905.85
1842.36 1031.95
2162.74 1162.06
2756.04 111.30
2196.92 -1060.44
1878.12 -1167.18
1706.67 -1267.39
1907.76 -1289.32
2681.77 -1238.14
3444 .13 -1187.32

APPLIED/
CAPACITY
ratio

002
050
105
165
231
263
156
202
369
586
549
560
537
.040
.483
.621
.743
.676
. 462
.345

COOOOCOOOOOO0OOOOOO00O000

Page 3

SHEAR
DEPTH-d
inches

(O G0~ ~J 00 00 00 00 OO OO OO
o
o

| T I N |
N
NLhOVN

-12.
-10.
-9.
-9.
-9.

Chk: SLV/RJP

OO ©COo OO O

77

.87393e+01

.33381E+01
.79595e+01

.30043E+01
.77875E+01

.60775E+01
.00000E+00

STIRRUP

LOAD

1bs/inch

QOOOOOO0OOOCOOCOOOOO00O0O0O0
o
o



Chk: SLV/RJP

28x8under8c3servMoD.out

*#*% WELCOME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x8_u8.6_c3serv

* % * BOUNDARY CONDITIONS * * *
(FORCES = LBS; DISPLACEMENTS = INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD X-FORCE OR Y-FORCE OR X-Y ROTATION
BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT Y-DISPLACEMENT

BOUNDARY CONDITIONS

288 12 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F288 13 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F288 14 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F288 15 F = 0.0000E+00 F = -0.3560E+02 0.0000E+00
F293 12 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 13 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 14 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F287 15 F = 0.0000E+00 F = -0.7000E+01 0.0000E+00
F288 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F289 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F290 15 F = 0.0000E+00 F = -0.1400e+02 0.0000E+00
F291 15 F = 0.0000eE+00 F = -0.1400e+02 0.0000E+00
F292 15 F = 0.0000e+00 F = -0.1400E+02 0.0000E+00
F293 15 F = 0.0000E+00 F = -0.1400E+02 0.0000E+00
F294 15 F = 0.0000E+00 F = -0.1400E+02 0.0000€E+00
F295 15 F = 0.0000eE+00 F = -0.1400E+02 0.0000€E+00
E296 15 F = 0.0000e+00 F = -0.1400E+02 0.0000E+00

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15
Page 1



STRUCTURAL RESPONSES OF CONCRETE-GROUP 1,
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES

PRESSURES ARE LB/IN%*%*2

MOMENTS ARE IN-LB/IN

28x8under8c3servMoD.out

THRUST AND SHEAR ARE LB/IN

LOCAL
NODE

1

10

11

12

13

14

15

16

17

X-COORD.
Y-COORD.

0
101

13

92

82

63

171.
54.

91
45.

173.

172

00
00

.43
100.

26.
100.

40.
98.

53.
97.

66.
95.

80.
.93

93.
90.

106.
86.

119.
.99

131.
78.

144,
74,

156.
69.

169.
.82

76

84
08

22
95

56
38

84
38

05
16
05

18
73

08
84
82

47
23

93
23

22

39
75

55
78

X-DISP.
Y-DISP.

0.OOOOOE+OO

-0.
-0.

.10162E-02
.16876E+01

.72437€E-02
-0.

.19603€E-01
-0.

.38937E-01
-0.

.65019E-01
-0.

17596E+01

69088E-03
17413e+01

16011e+01

14871e+01

13523e+01

12080E+01

96354E-01
10631E+01

O.13156E+00

0.1664OE+OO

0.19650E+00

0.22137E+00

O.24167E+00

.25875E+00
-0.

0.283O4E+OO

0.30133E+00

.30928E+00

92197E+00

79761E+00

70169E+00

63040E+00

57749e+00

53685E+00

53046E+00

52676E+00

N-PRES.
S-PRES.

82244E+01
16343E+00

83175E+01
12210e+01

.84107e+01
.22786E+01

.86923E+01
.31000E+01

.91294£+01
.35580E+01

.97624E+01
.37975E+01

.10419E+02
.39114e+01

.11110E+02
.39558E+01

.11949€E+02
.37116E+01

.12752E+02
.35126E+01

.13134€E+02
.32527E+01

.13276€E+02
.30379e+01

.13750E+02
.28043E+01

.17385E+02
.13153E+02

.80113e+01
.30271E+01

.82348E+01
.30920€E+01

.90360E+01

Page 2

LOAD-STEP 15

MOMENT
THRUST

.20432€E+05
.15280E+04

.19973€E+05
.15471E+04

.18544E+05
.15748E+04

.16141E+05
.16178E+04

.12733€E+05
.16723E+04

.82659E+04
.17345E+04

.26547E+04
.18023€E+04

.41891E+04
.18745E+04

.12358E+05
.19491e+04

.21970E+05
.20249e+04

.33147€E+05
.21022E+04

.45946E+05
.21816E+04

.60399E+05
.22643E+04

.76616E+05
.24582E+04

67185E+05
25946E+04

56775E+05
25590€E+04

.45416E+05

Chk: SLV/RJP 79

Y-BAR

CRACK DEPTH

O OO0 OO OO OO OO OO OO OO OO OO OO OO OO OO OO ©o

.74181E+01
.69995E+01

.74181E+01
.69852E+01

.74181E+01
.69445g+01

.74181E+01
.68644E+01

.74181E+01
.66689E+01

.74181E+01
.62010E+01

.48856E+01
.00000E+00

.47655E+01
.61271E+00

.25648E+01
.67206E+01

.27446E+01
.73942E+01

.34229e+01
.83123e+01

.40506E+01
.10468E+02

.44678E+01
.13529€E+02

.55838E+01
.19446€E+02

.49926€E+01
.13868E+02

.40905e+01
.10649€+02

.35470E+01



18

19

20

36.

174.
26.

174.

13

174.
.00

26

00
94

00

.47

00

-0

-0.

-0.

28x8under8c3servMmoD.out
0.33582€e+01

.52521E+00

30389€e+00
52447€g+00

.27424E+00
52321E+00

.23274E+00
52244€E+00

-0.
-0.

-0.
-0.

0.
0.

96942E+01
31431e+01

37750E+01
15100e+01

21441e+01
12312e+00

-0
-0

0
0

-0.
-0.

0.25152E+04

33195E+05
25006E+04

16255E+05
25268E+04

19645€E-09
25611E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.

-- Stirrup

z
(©]
=}
m

ORONOAVIAWN =

EQUIVALENT

v-factor

BAWNNRERERERFRENENWA N R
o)
o

SHEAR
CAPACITY
Tbs/inch

1157.21
1158.24
1159.72
1162.03
1164.96
1471.47
2900.32
2428.76
1699.33
1308.21
1648.88
1842.37
2135.94
2755.20
2195.50
1876.57
1704.99
1905.75
2676.86
3444 .13

APPLIED
SHEAR
1bs/inch

-1.
70.
142.
216.
293.
375.
463.
558.
661.
773.
892.
1014.
1141.

-1063.
-1167.
-1264.
-1283.
-1232.
-1181.

APPLIED/
CAPACITY
ratio

002
061
123
186
252
255
160
230
390
592
541
551
535
036
485
622
741
674
460
343

O

COO0OOOTCOOOOOOCOOOO00O

Page 3

oad is excess shear force above capacity.

SHEAR
DEPTH-d
inches

Chk:

o0 OO OO O

SLV/RJIP 80

.87432E+01

.33381E+01
.79633E+01

.30043E+01
.77937E+01

.60775E+01
.00000E+00

STIRRUP

LOAD

Tbs/inch

(=]
o
(=]

COO0OOCOO0OOOCOOCOOOO0O00O
o
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ADELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

WINGWALL DESIGN
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Project: 2016.059.009
Anchored Wingwall Design

Wingwall Anchor Soil Pressure Diagram

Precast l——-—l

Chk: SLV/RJP

BY: ra 6/23/2016
CHK:

82



Chk: SLV/IRIP 83
Project: 2016.059.009 BY: GSC 7/21/2016 /
Anchored Wingwall Design CHK: /

Controling Wall WW1 /

Backfill Slope perp to road 2 1 /
Wingwall Angle 8, + 6,- 60 deg (with respect to slope, not road) /'
Effective Backfill Slope 23.41
Rise to level grade 8.82 ft
Stem projection above grade 3in ;
Surcharge 0 ft /
—_d =
Wingwall Stability Check: e, BACKFILL = 0, + 6,
Wall Height (high) = 13.24 ft / bap= 34
Wall Height (low) = 9.41 ft / 0a8= 90
Wall Length = 18.84 ft dpp= 26
Plate tributary width = 0.00 ft (Ka)ag = 0.34
Unit Weight of Backfill, v = 140.00 dsc= 34
Unit Weight of Conc, y, = 150.00 Bsc= 120
Adjusted Broken Backfill p'= 19.95 deg. dgc= 17
Wall thickness = 10.00 in (Ka)ge = 0.11
Bearing Resistance, ¢q,; = 15525 psf (FACTORED)
Friction Coefficient y = 0.54 =0.8"TAN($)  Conc Railing Wt = 0 ib/ft
Vehicle Collision Force = 0.00 k Location wrt Stem F F = 0.625 ft
Distribution Length = 8.50 ft
Location of Collision Force = 1.50 ft (Above top of wall)
Dist. To Heightat Contributary Anchor Bearing Stability
Anchor Anchor width type Pressure Check
Anchor #1 L1= 225/ 1278 ft 475t E 5179 OK
Anchor #2 L2 = 5.00ftv 11.77 ft 471 ft E 4214 OK
Anchor #3 L3 = 450ft 10.85ft 471ft D 4086 OK
Anchor #4 L4 = 5.00 ft 9.83 ft 4671t C 4159 OK
Anchor #5 L5 = 0.00 ft 0.00 ft 0.00 ft NA NA
Anchor Data
Anchor Length at Bottom Length at Top
Type Anchor Anchor End  Total Anchor End Total
(in) (in) (in) (in) (in) (in)
B 16 8 080 24.080 41 375 8.080 49.455
C 28 8.080 36 080 53.375 8.080 61 455
D 40 8 080 48.080 65 375 8 080 73.455
E 52 8 080 60 080 77 375 8.080 85.455
F 64 8.080 72.080 89.375 8 080 97 455
G 76 8 080 84.080 101 375 8.080 109.455
H 88 8.080 96 080 113.375 8.080 121 455
GENERALLY
4' MAX
A3 A2 A1 ;, PLATE

TRIB. WIDTH TRIB. WIDTH TRIB. WIDTH



Chk: SLV/RJP

Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:
Anchor #1 Stability Check
Limit State Str 1-a Str1-b Str IV Service Extre-II
EH 150 150 1.50 1.00 1.50
LL/LS 1.75 1.75 0.00 1.00 0.50
1.00 135 1.35 1.00 1.00
DC 0.90 1.25 150 1.00 0.90
EQ 0.00 0.00 0.00 0.00 0.00
CT 0.00 0.00 0.00 0.00 1.00
Resistance Factors
Sliding 0.90 0.90 0.90 1.00 0.90
Bearing 045 0.45 045 0.33 0.45
Soil Properties:
Active Earth Coeff., (Ka)ag = 0.340 Modification Factor = 1.00
Active Earth Coeff., (Ka)agy = 0.307
Active Earth Coeff., (Ka)agy = 0.146
Active Earth Coeff., (Ka)gc = 0.110
Active Earth Coeff., (Ka)gcy = 0.105
Active Earth Coeff., (Ka)gey = 0.032
Overturning Check:
Anchor Height = 12.7826 ft
Design Wall Height, H= 1562  ft
Anchor Type =
Anchor Length at Top, Ligp, = 7.12 ft
Anchor Length at Bot., Ly, = 5.01 ft Back slope Bl = 23.41 deg.
Soil Pressure:
Horizontal (kah) : Vertical (kav) :
Soil Pressure at A, 0., = 0 psf Soil Pressure at A, 6., = 0 psf
Soil Pressure at B, 65,5 = 520.51  psf Soil Pressure at B, ogap = 248.27  psf
Soil Pressure at B, 6g,.= 177.87 psf Soil Pressure at B, g = -54.38  psf
Soil Pressure at C, 6gor= 236.59 psf Soil Pressure at C, ogor= -72.33  psf
Driving Forces: Resisting Forces:
Force Psyrcharge = 0 Ib/ft Weight of Wall, Ww = 1598 Ib/ft
Moment Arm, y; = 7.81 ft Dist. From PT. O, X, = 0.42 ft
Overturning Moment, DM1 = 0 ft-Ib/ft Resisting Moment, RM1 = 666 ft-Ib/ft
Force Pagy = 3153 Ib/ft Backslope Soil, I = 1537.13 Ib/ft
Moment Arm, y, = 7.54 ft Dist. From PT. O, X, = 5.58 ft
Overturning Moment, DM2 = 23772 ft-Ib/ft Resisting Moment, RM2 = 8578 ft-Ib/ft
Force Py = 711 Ib/ft Soil Above Anchor, g = 9255 Ib/ft
Moment Arm, y3 = 1.50 Dist. From PT. O, X3 = 4.39 ft
Overturning Moment, DM3 = ft-1b/ft Resisting Moment, RM3 = 40664 ft-Ib/ft
Force Pgcon = 117 b/ft Weight of Soll, 1, = 2123 lb/ft
Moment Arm, y, = 0.83 ft Dist. From PT. O, X, = 3000 ft
Overturning Moment, DM4 = 98 ft-lb/ft Resisting Moment, RM4 = 6370 ft-Ib/ft
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Project: 2016.059.009
Anchored Wingwal! Design

Chk: SLV/RJP

Anchor #1 Stability Check

Driving Forces (Con't):
Collision Force ,CT =0 Ib/ft
Moment Arm, ys = 14.28 ft

Overturning Moment, DM5 = 0 ft-1b/ft
Location of Resultant Force:

Str 1-a Str1-b

Overturning Moment (k-ft):  37.41 37 41
Resisting Moment (k-ft): 58 74 79.32
Vertical Loads (Ilb) = 13567 18371
x(fty=1.57 2.28

Footing Length, B (ft)= 584 5.84

e(fty= 1.35 064

(note: 80% of soil weight used for overturning resist.)

Overturning Check:
1/3B(ft)= 1.95 1.95
Is resultant within middle 2/3?  OK OK

Bearing Check: AASHTO 11.6.3.2

Resist. Mom. for Bearing (k-ft): 70.69 95.46
Vertical Loads for Bearing (Ib) = 16287 22043
x for bearing (ft) = 2.04 263

e for bearing (ft) = 0.88 0.29

Beff(ft)= 314 4.56

Bearing Pressure (psf) = 5179 4831
Bearing Resistance, ¢q,; = 15525 15525

OK OK

Sliding Check:

Sliding Force (Ib/ft) = 5973 5973
Sliding Resistance = 7910 10705

OK OK

BY: GSC 7/21/2016
CHK:
Resisting Forces (Con't):
Weight of Soil, llg = 683 Ib/ft
Dist. From PT. O, X5 = 6.096 ft
Resisting Moment, RM5 = 4164 ft-Ib/ft
Force Ppgy = 1504 Ib/ft
Moment Arm, x6 = 7.95 ft
Resisting Moment, RM6 = 11964 ft-Ib/ft
Force Pgcyy = -218 Ib/ft
Moment Arm, x7 = 6 56 ft
Resisting Moment, RM7 = -1427 ft-Ib/ft
Force Pgcoy = -36 Ib/ft
Moment Arm, x8 = 6.10 ft
Resisting Moment, RM8 = -219 ft-lb/ft
Weight of Conc. Railing = 0 ib/ft
Moment Arm, x9 = 0.625 ft
Resisting Moment, RM9 = 0 ft-lb/ft
Str IV Service Extre-Il
37.41 24 94 37.41
79.49 58.80 58.74
18771 13727 13567
2.24 247 1.57
584 5.84 584
0.68 045 1.35
1.95 195 1.95
OK OK OK
95.63 70.76 70.69
22442 16446 16287
2.59 2.79 2.04
0.33 013 0.88
448 4.93 3.14
5005 3333 5179
16525 5000 16525
OK oK
5973 3982 5973
10899 8875 7910
OK OK OK

85



Chk: SLV/RJP

Project: 2016.0598.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:
Anchor #2 Stability Check
Limit State Str1-a Str 1-b Str IV Service  Extre-ll
EH 150 1.50 150 1.00 1.50
LL/LS 1.75 1.75 0.00 1.00 0.50
100 135 1.35 1.00 1.00
DC 0.90 1.25 1.50 1.00 0.90
EQ 000 0.00 0.00 0.00 0.00
CT 0.00 0.00 0.00 0.00 1.00
Resistance Factors
Sliding  0.90 0.90 0.90 1.00 0.90
Bearing 045 045 0.45 033 045
Soil Properties:
Active Earth Coeff., (Ka)sg = 0.340 Modification Factor = 1.00
Active Earth Coeff., (Ka)agy = 0.307
Active Earth Coeff., (Ka)agy = 0.146
Active Earth Coeff., (Ka)gc = 0.110
Active Earth Coeff., (Ka)gcy = 0.105
Active Earth Coeff., (Ka)gey = 0.032
Overturning Check:
Anchor Height = 11.7661 ft
Design Wall Height, H= 4 60
Anchor Type = E
Anchor Length at Top, Ly, = 7.12 ft
Anchor Length at Bot., Ly, = 5.01 ft Back slope Bt = 23.41 deg.
Soil Pressure:
Horizontal (kah) : Vertical (kav) :
Soil Pressure atA, o, = 0 psf Soil Pressure at A, o, = 0 psf
Soil Pressure at B, g, = 476.84  psf Soil Pressure at B, 6gg, = 227.44  psf
Soil Pressure at B, og,. = 162.95 psf Soil Pressure at B, 6y = -49.82  psf
Soil Pressure at C, ogor = 221.67 psf Soil Pressure at C, ogor= -67.77  psf
Driving Forces: Resisting Forces:
Force Pgurcharge = 0 Ib/ft Weight of Wall, Ww = 1471 Ib/ft
Moment Arm, y, = 7.30 ft Dist. From PT. O, X, = 0.42 ft
Overturning Moment, DM1 = 0 ft-lb/ft Resisting Moment, RM1 = 613 ft-Ib/ft
Force Pagy = 2646 Ib/ft Backslope Soil, I = 1537.13 Ib/ft
Moment Arm, y, = 7.20 ft Dist. From PT. O, X, = 5.58 ft
Overturning Moment, DM2 = 19054  ft-Ib/ft Resisting Moment, RM2 = 8578 ft-lb/ft
Force Pgc1y = 652 Ib/ft Soil Above Anchor, Ig = 8241 Ib/ft
Moment Arm, y3 = 1.50 ft Dist. From PT. O, X5 = 4.39 ft
Overturning Moment, DM3 = 978 ft-1b/ft Resisting Moment, RM3 = 36211 ft-lb/ft
Force Pggon = 117 Ib/ft Weight of Soil, {5 = 2123 Ib/ft
Moment Arm, y, = 0.83 ft Dist. From PT. O, X4 = 3.000 ft
Overturning Moment, DM4 = 98 ft-b/ft Resisting Moment, RM4 = 6370 ft-Ib/ft
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Project: 2016.059.009
Anchored Wingwall Design

Driving Forces (Con't):

Anchor #2 Stability Check

Collision Force ,.CT =0
Moment Arm, ys = 13 27
Overturning Moment, DM5 = 0

Location of Resultant Force:

Overturning Moment (k-ft):
Resisting Moment (k-ft):
Vertical Loads (Ib) =

x (ft) =

Footing Length, B (ft) =

e (ft) =

(note: 80% of soil weight used for overturning resist.)

Overturning Check:
1/3 B (ft) =
Is resultant within middle 2/37?

Bearing Check:
Resist. Mom. for Bearing (k-ft):
Vertical Loads for Bearing (Ib) =
x for bearing (ft) =
e for bearing (ft) =
Beff (ft) =
Bearing Pressure (psf) =
Bearing Resistance, ¢q,; =

Sliding Check:
Sliding Force (Ib/ft) =
Sliding Resistance =

Str1-a
30.19
5332
12418
1.86
5.84
106

1.95
OK

64.39
14935
2.29
0.63
3.73
4009
155625

OK

5123
7253
OK

Ib/ft

ft-lb/ft

Str1-b
3019
72.01
16816

2.49
584
0.43

1.95
OK

AASHTO 11.6.3.2

86 95
20214
2.81
011
4.97
4065
15525
OK

5123
9817
OK

Resisting Forces (Con't):
Weight of Sail, llg =
Dist. From PT. O, X5 =
Resisting Moment, RM5 =
Force Pagy =
Moment Arm, x6 =
Resisting Moment, RM6 =
Force Pgcyy =
Moment Arm, x7 =
Resisting Moment, RM7 =
Force PBCZV =
Moment Arm, x8 =
Resisting Moment, RM8 =
Weight of Conc. Railing =
Moment Arm, x9 =
Resisting Moment, RM9 =

Str v
3019
72.16
17184
2.44
5.84
0.48

1.95
OK

87.10
20582
2.76
016
4.88
4214
15525
OK

5123
9996
OK

BY: GSC

Chk: SLV/RJP

7/21/2016

683 lb/ft

6.096 ft

4164 fi-Ib/ft
1262 Ib/ft

7.95 ft

10041 ft-Ib/ft
-199 ib/ft

6.56 ft

-1307 ft-Ib/ft
-36 Ib/ft
6.10 ft
-219 ft-b/ft
0 Ib/ft
0.625 ft

0 ft-Ib/ft

Service
20.13
53.39
12566

2.65
5.84
0.27

1.95
OK

64.45
15082
2.94
-0 02
5.29
2849
5000

3416
8139
OK

Extre-Il
3019
53.32
12418

1.86
5.84
106

1.95
OK

64.39
14935
229
0.63
373
4009
15625

OK

5123
7253
OK /
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Chk: SLV/RJP

Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:
Anchor #3 Stability Check
Limit State Str 1-a Str 1-b Str v Service Extre-il
EH 1.50 1.50 1.50 1.00 150
LL/LS 1.75 1.75 0.00 100 050
EV  1.00 1.35 135 1.00 1.00
DC 0.90 1.25 1.50 1.00 090
EQ 0.00 0.00 0.00 0.00 0.00
CT 0.00 0.00 0.00 0.00 1.00
Resistance Factors
Sliding 0.90 090 090 1.00 090
Bearing 045 0.45 045 0.33 0.45
Soil Properties:
Active Earth Coeff., (Ka)ag = 0.340 Modification Factor = 1.00
Active Earth Coeff., (Ka)agy = 0.307
Active Earth Coeff., (Ka)agy = 0.146
Active Earth Coeff., (Ka)sgc = 0.110
Active Earth Coeff., (Ka)gcy = 0.105
Active Earth Coeff., (Ka)gcy = 0.032
Overturning Check:
Anchor Height = 10.8513 ft
Design Wall Height, H = 13 25
Anchor Type = D
Anchor Length at Top, Ly, = 6.12 ft
Anchor Length at Bot., Ly, = 4.01 ft Back slope B1 = 23.41 deg
Soil Pressure:
Horizontal (kah) : Vertical (kav) :
Soil Pressure at A, 6, = 0 psf Soil Pressure at A, 6 = 0 psf
Soil Pressure at B, ogg, = 418.94  psf Soil Pressure at B, o, = 199.82  psf
Soil Pressure at B, ogp. = 143.16  psf Soil Pressure at B, og,. = -43.77  psf
Soil Pressure at C, ogor= 201.88  psf Soil Pressure at C, opgr= -61.72  psf
Driving Forces: Resisting Forces:
Force Psyrcnarge = 0 Ib/ft Weight of Wall, Ww = 1356 Ib/ft
Moment Arm, y; = 6.63 ft Dist. From PT. O, X, = 042 ft
Overturning Moment, DM1 = 0 ft-b/ft Resisting Moment, RM1 = 565 fi-Ib/ft
Force Pagy = 2043 Ib/ft Backslope Soil, [, = 1135.74 lb/ft
Moment Arm, y, = 6.75 ft Dist. From PT. O, X, = 491 ft
Overturning Moment, DM2 = 13790  ft-Ib/ft Resisting Moment, RM2 = 5581 ft-Ib/ft
Force Pgciny = 573 Ib/ft Soil Above Anchor, Ig = 6300 Ib/ft
Moment Arm, yz = 1.50 ft Dist. From PT. O, X5 = 3.89 ft
Overturning Moment, DM3 = 859 ft-Ib/ft Resisting Moment, RM3 = 24532 ft-Ib/ft
Force Pgeoy = 117 Ib/ft Weight of Soil, ll4 = 1633 Ib/ft
Moment Arm, y, = 0.83 ft Dist. From PT. O, X, = 2.500 ft
Overturning Moment, DM4 = 98 ft-b/ft Resisting Moment, RM4 = 4083 ft-Ib/ft
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Project: 2016.059.009
Anchored Wingwall Design

Driving Forces (Con't):

Chk: SLV/RJP

BY: GSC 7/21/2016
CHK:

Anchor #3 Stability Check

Collision Force ,CT =0
Moment Arm, ys = 12.35
Overturning Moment, DM5 = 0

Location of Resultant Force:

Overturning Moment (k-ft):
Resisting Moment (k-ft):
Vertical Loads (Ib) =

x (ft) =

Footing Length, B (ft) =

e (ft) =

Str 1-a
2212
36.27
9786
1.45
4.84
0.97

Ib/ft

ft-1b/ft

Str1-b
2212
48.98
13258
2.03
4.84
0.39

Resisting Forces (Con't):

Weight of Soll, lig = 683 Ilb/ft
Dist. From PT. O, X5 = 5.096 ft
Resisting Moment, RM5 = 3481 ft-Ib/ft
Force Ppgy = 974 Ib/ft
Moment Arm, x6 = 6.95 ft
Resisting Moment, RM6 = 6776 ft-Ib/ft
Force PBC1V = -175 lb/ft
Moment Arm, x7 = 5.56 ft
Resisting Moment, RM7 = -974 ft-Ib/ft
Force Pgeoy = -36 Ib/ft
Moment Arm, x8 = 510 ft
Resisting Moment, RM8 = -183 ft-Ib/ft
Weight of Conc Railing = 0 Ib/ft
Moment Arm, x9 = 0.625 ft
Resisting Moment, RM9 = 0 ft-Ib/ft
Str v Service Extre-I|
2212 1475 22.12
49.13 36.33 36.27
13597 9921 9786
1.99 2.18 1.45
4 84 484 484
0.43 0.24 0.97

(note: 80% of soil weight used for overturning resist.)

Overturning Check:
1/3 B (ft) =
Is resultant within middle 2/3?

Bearing Check:
Resist. Mom. for Bearing (k-ft):
Vertical Loads for Bearing (Ib) =
x for bearing (ft) =
e for bearing (ft) =
Beff (ft) =
Bearing Pressure (psf) =
Bearing Resistance, ¢qy; =

Sliding Check:
Sliding Force (Ib/ft) =
Sliding Resistance =

1.61
OK

43 81
11736
185
0.57
2.89
4058
15525

OK

4099
5700
OK

1.61
OK

AASHTO 11.6.3.2

59.16
15891
233
0.09
4056
3921
15525
OK

4099
7718
OK

1.61 1.61 1.61
OK OK OK
59.30 43.86 43.81
16230 11872 11736
2.29 2.45 1.85
0.13 -003 057
3.97 4.35 2.89
4086 2729 4058
15525 5000 15525
OK OK
4099 2733 4099
7882 6406 5700

OK OK OK
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Chk: SLV/RJP 90

Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:
Anchor #4 Stability Check
Limit State Str 1-a Str 1-b Str IV Service Extre-il
EH 1.50 150 150 100 1.50
LL/LS  1.75 1.75 0.00 1.00 0.50
EV 1.00 1.35 1.35 100 100
DC 090 1.25 150 1.00 0.90
EQ 0.00 0.00 0.00 000 000
CT 000 000 0.00 0.00 1.00
Resistance Factors
Sliding 0.90 0.90 090 1.00 0.90
Bearing 0.45 045 045 0.33 045
Soil Properties:
Active Earth Coeff., (Ka)ag = 0.340 Modification Factor = 1.00
Active Earth Coeff., (Ka)agy = 0.307
Active Earth Coeff,, (Ka)agy = 0.146
Active Earth Coeff., (Ka)ge = 0.110
Active Earth Coeff., (Ka)gcy = 0.105
Active Earth Coeff., (Ka)gcy = 0.032
Overturning Check:
Anchor Height = 9.83488 ft
Design Wall Height, H= 11.80  ft
Anchor Type = C
Anchor Length at Top, L, = 5.12 ft
Anchor Length at Bot., Ly = 3.01 ft Back slope Bl = 23.41 deg.
Soil Pressure:
Horizontal (kah) : Vertical (kav) :
Soil Pressure at A, 0, = 0 psf Soil Pressure at A, 5, = 0 psf
Soil Pressure at B, 6gqp = 356.67 psf Soil Pressure at B, 6gan= 170.12  psf
Soil Pressure at B, ogpc= 121.88  psf Soil Pressure at B, ogpc = -37.26  psf
Soil Pressure at C, ogor= 180.60 psf Soil Pressure at C, oggr= -55.22 psf
Driving Forces: Resisting Forces:
Force Pgurcharge = 0 Ib/ft Weight of Wall, Ww = 1229 Ib/ft
Moment Arm, y; = 5.90 ft Dist. From PT. O, X, = 0.42 ft
Overturning Moment, DM1 = 0 ft-1b/ft Resisting Moment, RM1 = 512 ft-Ib/ft
Force Pagy = 1481 Ib/ft Backslope Soil, 4=  794.97 Ib/ft
Moment Arm, y, = 6.27 ft Dist. From PT. O, X, = 425 ft
Overturning Moment, DM2 = 9280 ft-1b/ft Resisting Moment, RM2 = 3377 ft-Ib/ft
Force Pgciy = 488 Ib/ft Soil Above Anchor, Ig = 4542 Ibfft
Moment Arm, y; = 1.50 ft Dist. From PT. O, X5 = 3.39 ft
Overturning Moment, DM3 = 731 ft-Ib/ft Resisting Moment, RM3 = 15415 ft-Ib/ft
Force Pgeoy = 117 ib/ft Weight of Soil, Il = 1143 Ib/ft
Moment Arm, y, = 0.83 ft Dist. From PT. O, X4 = 2.000 ft
Overturning Moment, DM4 = 98 ft-1b/ft Resisting Moment, RM4 = 2287 ft-b/ft



Chk: SLV/RJP

Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:
Anchor #4 Stability Check
Driving Forces (Con't): Resisting Forces (Con't):
Collision Force ,CT =0 ib/ft Weight of Soll, llg = 683 Ib/ft
Moment Arm, ys = 1235  ft Dist. From PT. O, X5 = 4.096 ft
Overturning Moment, DM5 = 0 ft-1b/ft Resisting Moment, RM5 = 2798 ft-Ib/ft
Force Ppgy = 706 Ib/ft
Moment Arm, x6 = 5.95 ft
Resisting Moment, RM6 = 4205 ft-b/ft
Force PBC1V = -149 Ib/ft
Moment Arm, x7 = 4.56 ft
Resisting Moment, RM7 = -680 ft-Ib/ft
Force Pgcoy = -36 Ib/ft
Moment Arm, x8 = 410 ft
Resisting Moment, RM8 = -147 ft-Ib/ft
Weight of Conc Railing = 0 Ib/ft
Moment Arm, x9 = 0.625 ft
Resisting Moment, RM9 = 0 ft-b/ft
Location of Resultant Force:
Str 1-a Str1-b Striv Service Extre-lI
Overturning Moment (k-ft): 1516 15.16 1516 10 11 1516
Resisting Moment (k-ft): 22.94 30.99 31.12 22.99 22.94
Vertical Loads (lb) = 7358 9977 10284 7481 7358
x(f)y= 1.06 159 1.55 1.72 1.06
Footing Length, B (ft) = 3.84 3.84 384 384 3.84
e(fy= 086 0.33 0.37 020 086
(note: 80% of soil weight used for overturning resist.)
Overturning Check:
1/3B(ft)y= 128 1.28 1.28 128 128
Is resultant within middle 2/3?  OK OK OK OK OK
Bearing Check: AASHTO 11.6.3.2
Resist. Mom for Bearing (k-ft): 27 72 37.43 37.56 2777 27.72
Vertical Loads for Bearing (Ib) = 8791 11911 12218 8914 8791
x for bearing (ft) = 143 1.87 1.83 198 143
e for bearing (ftf) = 0.49 0.05 009 -0 06 0.49
Beff (fty = 2.11 3.17 3.10 344 211
Bearing Pressure (psf) = 4159 3755 3938 2588 4159
Bearing Resistance, ¢q,; = 15525 16525 15525 5000 15525
OK OK OK oK
Sliding Check:
Sliding Force (Ib/ft) = 3128 3128 3128 2086 3128
Sliding Resistance = 4269 5784 5934 4810 4269
OK OK OK OK OK
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Chk: SLV/RJP

Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:

Connection Plate Design
Assumption: Wall is more likely to slide then to rotate.

(overturning & (Bearing

Soil Properties: Load Factors: slidi Pressure
At Rest Earth Coeff.,, (Ko)ag =  0.441 EH=1.35 1.35
At Rest Earth Coeff., (Ko)agy =  0.398 EV=0.00 0
At Rest Earth Coeff., (KO)agy = 0.190 DC = 0.00 0
LS=0 0
Live Load Surcharge = 0 ft

Connection Plate Locations

Wall Height = 13.24 ft
Wall Width for Plates = 0.00 ft (Wall does not count on

Plate #3, y1 from Bot of Wall Stem = 9.74 ft plates for stability)

Plate #2, y1 from Bot of Wall Stem = 4.50 ft
Plate #1, y1 from Bot of Wall Stem = 1.5 ft (input 0 if no plate #1)
Tributary Wall Height for Plate #3 = 6.12 ft
Tributary Wall Height for Plate #2 = 412 ft
Tributary Wall Height for Plate #1 = 3 ft
Conn. Plate Force EH, Plate #3 = 0 Ib
Conn. Plate Force EH, Plate #2 = 0 Ib
Conn. Plate Force EH, Plate #1 = 0 b
Conn. Plate Force LS, Plate #3 = 0 Ib
Conn. Plate Force LS, Plate #2 = 0 Ib
Conn. Plate Force LS, Plate #1 = 0 Ib
Conn. Plate Force, Plate #3 Pu = 0 b
Conn. Plate Force, Plate #2 Pu = 0 Ib
Conn. Plate Force, Plate #1 Pu = 0 b
Controlling Pu = 0.0 kips
Check Bolt / Insert Capacity
No. of Bolts Per Connection = 2
Bolt Pu = 0.00 kips
Bolt Pullout Capacity (ult) =  8.2875  kips OK

Bolt Shear Capacity (ult) = 4.3875  kips OK



Project: 2016.059.009
Anchored Wingwall Design

BY: GSC
CHK:

Connection Plate Design

Check Bending of Plate

Moment Arm for Plate Bending = 4.5
Connection Plate Height(width) = 10
Connection Plate Thickness = 0.50
Connection Plate Yield Strength Fy = 36
Reduction Factor for Bending Phi = 0.9
Factored Mu = 0.00
S, = 0.42

Plate Bending Stress Fult = 0.00

in
in
ksi
k-in

ksi OK

Chk: SLV/RIP
7/21/2016
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Chk: SLV/RJP 94

Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:

Check Bending in Wall - Vertical Bars
Assumptions: 1.) Wall stem is cantileverd from anchor.
2.) Use active earth pressure because wall is free to rotate.
3.) Critical Wall section will be at maximum horizontal load, at tallest anchor section.

Modification Factor = 1
Data: Find the horizontal load:
Hmax = 15.62
Pimax = 1212 ft P =1/2)yK ., (cosd)=  3.15 kip/ft
LL surcharge, Vis = 0.000 ksf PL ¢ =0 KA hmax(cos§) = 0.00 Kip/ft
Ysoil = 0.140 ksf CT= 000 kip/ft
Ks= 0.34
§= 255
fc= 4 ksi Factored Loads:
fy = 60 ksi Str1-a Service  Extre-ll
065<B1<085= 085 (5.7.2.2) Mu 1910 1274 1910
Vertical Bars Size: #5 Vu 473 315 473
Spacing: 5in vy
Bar Cover: 2in Moment Capacity:
As prov. : 0736 in’
d (in): 7.69 d=t-2.0"cov.-1/2Bar ®
a (in): 1.083 a=As*fy/(0.85"b*fc)
c (in): 1.274 c=a/p1
verical bars oMn (kip-ft):  23.68  ¢Mn = py*As*fy*(d-a/2)/12
Py by = 0.90
(6m=0.75+0.15[(er-cy)/ (gy-€¢)], 0.75min, 0.9max, 5.5.4.2.1-2)
j oMn > Mu OK!

Shear Capacity Check
oVn (kip): 10.49 oVn = 0.90*B*Vfc*b*d

p=2.00
oVn > Vu OK!
Check Min. Reinforcement:
fr= .24 *vfc = 0 48 ksi (5.4.2 6)
Crack Control Check S =bt’6 = 200in3
Ma = 12 74 kip-ft/ift Fiex cracking var. fac. (Other Con. Strs.) 1.60
E =1820e/f'c = 3640ksi AB15, Gr 60 Reinforcement (Carbon steel) 067
E = 29000ksi dc= 2.31in Mcr = vz * [(y; * fr)*S] = 8.58 kip-ft (57332)
ye= 0.75 Mr = ¢Mn > (lesser of Mcr or 1 33 Mu)
n=E/E, = 7.97 Mcr = 8 58 kip-ft
pn= 0.0635904 133*Mu = 25.41 kip-ft
k=+2pn+ pn* —pn= 0.299 Mr = ¢Mn = 23.68 kip-ft OK
Jj=1-(k/3)= 0.900
f.=(M) (4, jd)= 29.98 ksi
Bs=1+acnu.r"(n-ac))= 1.43

max spa < [(700ve) / (Bsfs)] - 2dc = 8in OK! /
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Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:

Check Type E Anchor Attachment
Assumptions: 1.) Only top three connection bars, represented by T1, T2 & T3 in sketch below,
will resist tension.
2.) Assume min. steel will control, design for 1.33 Mu (See ART. 5.7.3.3.2)

Anchor #1 Mpgu= 118.45  Kip-ft Anchor#1 Mp = 000  Kip-ft
Anchor #2 Mpegy= 94 81 kip-ft Anchor #2 Mp s&= 000  kip-ft
Anchor #3 Mpgq= 6946  Kip-ft Anchor#3Mp,g= 000  Kkip-ft
Anchor #1 Mp 1= 000 kip-ft Anchor #1 1 Mod. Factor= 100
Anchor #2 Mg 1= 000 kip-ft Anchor #2 1 Mod Factor= 100
Anchor #3 Mp c1= 000 kip-ft Anchor #3 1 Mod Factor= 1.00
Data:
Factored Loads:
fc= 4 ksi Str1-a  Service Extre-ll
fy = 60 ksi Anchor #1 Mu (k-fty = 17767 11845 17767
065<p1<085= 085 (57.2.2) Anchor#2 Mu (k-ft) = 142.21 94.809 142.21
Connection Bars Size: #7 Anchor #3 Mu (k-fty= 104 18 69456 104 18
1.33Mu= 236 31
Moment Capacity:
As prov. : 3608 in’ (6 Bars)
d(in): 30.00
'.‘-‘ b(in):  6.00
a(in): 10612 a=As*fy/(0.85*b*f'c)
c(in): 12.484 c=a/f1
oMn (kip-ft):  383.31 ¢Mn = op+As*fy*(d-a/2)/12
dm=  0.86
(bm=0.75+0.15[(er-e0))/(eg-€x)], 0.75min, 0.9max, 5.5.4.2.1-2)
B oMn > Mu OK!
connection bers Check Hook Development:
T, C© db (in):  0.875
E ART 5.11.2.4
L o1 -5 . L (in):  16.63 < Controls
= ’ c -
= or
" - 8db (in):  7.00
© ..l L or
min: 6.00
8 M/8° min ened

Lgn (in): 616 =(08)Ly, xAreqd/As,pro'd



Project: 2016.059.009
Anchored Wingwall Design

Backfill Slope perp to road
Wingwall Angle 8, + 6, -
Effective Backfill Slope

Rise to level grade

Stem projection above grade
Surcharge

Wall Height (high) =

Wall Height (low) =

Wall Length =

Plate tributary width

Unit Weight of Backfill, yso) =
Unit Weight of Conc, v, =
Adjusted Broken Backfill p'=
Wall thickness =

Bearing Resistance, ¢q,; =
Friction Coefficient p =
Vehicle Collision Force =

Distribution Length =
Location of Collision Force =

Chk: SLV/RJP

BY: GSC 7/21/2016 /
CHK: /
1o
Controling Wall WW2 '
41 /
20 deg (with respect to slope, not road) /
4.89 deg
14.31 ft !
3in. /
0 ft /
_1/__
Wingwall Stability Check: e, BACKFILL L= 0,+ 6,
7.68 ft ¢AB= 34
3.84 ft Oas= 90
9.58 ft Sag= 26
0.00 ft (Ka)ag = 0.27
140.00 dsc= 34
150.00 Ogc = 120
4.89 deg. Sgc= 17
10.00 in (Ka)gc = 0.09
15525 psf (FACTORED)
0.54 =08*TAN(¢) Conc Railing Wt. = 0 Ib/ft
0.00 k Location wrt Stem F F = 0.625 ft
8.50 ft
1 50 ft (Above top of wall)
Dist. To Heightat Contributary Anchor  Bearing Stability
Anchor Anchor width type Pressure Check
Anchor #1: L1 = 2.50 ft 6.68 ft 500ft C 2319 OK
Anchor #2: L2 = 5.00 ft 467 ft 458ft C 1563 OK
Anchor #3: L3 = 0.00 ft 0.00 ft 0.00 ft NA NA
Anchor #4: L4 = 0.00 ft 0.00 ft 0.00 ft NA NA
Anchor #5: L5 = 0.00 ft 0.00ft 0.00 ft NA NA
Anchor Data
Anchor Length at Bottom Length at Top
Type Anchor Anchor End  Total Anchor End Total
(in) (in) (in) (in) (in) (in)
B 16 8 080 24.080 41.375 8.080 49.455
C 28 8.080 36 080 53.375 8.080 61 455
D 40 8.080 48.080 65 375 8.080 73.455
E 52 8 080 60 080 77.375 8 080 85.455
F 64 8.080 72.080 89 375 8.080 97.455
G 76 8.080 84.080 101 375 8 080 109.455
H 88 8.080 96 080 113.375 8.080 121 455
GENERALLY
4' MAX

A3

TRIB WIDTH

| pLaTE |
TRIB WIDTH

A2
TRIB WIDTH

Al
TRIB WIDTH
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Project: 2016.059.009
Anchored Wingwall Design

Anchor #1 Stability Check

Limit State Str 1-a Str1-b
EH 150 150
LLAS 1.75 1.75
1.00 135
DC 0.90 1.25
EQ 0.00 0.00
CT 0.00 0.00
Resistance Factors
Sliding  0.90 0.90
Bearing 045 0.45
Soil Properties:
Active Earth Coeff., (Ka),g = 0.269
Active Earth Coeff., (Ka)agy = 0.243
Active Earth Coeff., (Ka)agy = 0.116
Active Earth Coeff., (Ka)gc = 0.092
Active Earth Coeff., (Ka)gcy = 0.088
Active Earth Coeff., (Ka)gcy = 0.027
Overturning Check:
Anchor Height = 6.67791 ft
Design Wall Height, H =
Anchor Type = C
Anchor Length at Top, L, = 5.12 ft
Anchor Length at Bot., Ly, = 3.01 ft
Soil Pressure:
Horizontal (kah) :
Soil Pressure at A, 6, = 0 psf
Soil Pressure at B, 6gn= 114.37  psf
Soil Pressure at B, 6gy,. = 41.60 psf
Soil Pressure at C, ogor= 91.03 psf
Driving Forces:
Force Pgyrharge = 0 Ib/ft
Moment Arm, y, = 3.43 ft
Overturning Moment, DM1 = 0 ft-b/ft
Force Pagy = 192 Ib/ft
Moment Arm, y, = 4.62 ft
Overturning Moment, DM2 = 890 ft-tb/ft
Force Pggip = 166 Ib/ft
Moment Arm, y; = 1.50
Overturning Moment, DM3 = 250 ft-lb/ft
Force Pgeoy = 99 Ib/ft
Moment Arm, y, = 0.83 ft
Overturning Moment, DM4 = 82 ft-lb/ft

Chk: SLV/RJP

BY: GSC 7/21/2016
CHK:
Str IV Service Extre-il
150 1.00 1.50
0.00 100 050
1.35 1.00 1.00
1.50 1.00 0.90
0.00 0.00 0.00
0.00 000 1.00
0.90 1.00 0.90
045 0.33 0.45
Modification Factor = 1.00
Back slope B1 = 4.89 deg
Vertical (kav) :
Soil Pressure at A, o, (= 0 psf
Soil Pressure at B, og,, = 54.55 psf
Soil Pressure at B, ogpc= -12.72  psf
Soil Pressure at C, ogor= -27.83  psf
Resisting Forces:
Weight of Wall, Ww = 835 Ibfit
Dist. From PT. O, X4 = 0.42 ft
Resisting Moment, RM1 = 348 ft-1b/ft
Backslope Soil, I, =  156.98 Ib/ft
Dist. From PT. O, X, = 425 ft
Resisting Moment, RM2 = 667 ft-Ib/ft
Soil Above Anchor, Ig = 2278 Ib/ft
Dist. From PT. O, X, = 3.39 ft
Resisting Moment, RM3 = 7733 ft-Ib/ft
Weight of Soil, ll5 = 1143 Ib/ft
Dist. From PT. O, X, = 2.000 ft
Resisting Moment, RM4 = 2287 ft-Ib/ft
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Project: 2016.059.009
Anchored Wingwall Design

Anchor #1 Stability Check

Driving Forces (Con't):
Collision Force ,CT =0 Ib/ft
Moment Arm, y; = 8.18 ft

Overturning Moment, DM5 = 0 ft-lb/ft
Location of Resultant Force:

Str1-a Str1-b

Overturning Moment (k-ft): 183 1.83
Resisting Moment (k-ft):  11.29 15 26
Vertical Loads (Ib) = 4171 5661

x(fty= 227 2.37

Footing Length, B (ft) = 3.84 384

e(fty= -035 -0.45

(note: 80% of soil weight used for overturning resist.)

Overturning Check:
173B(fty= 128 1.28
Is resultant within middle 2/3?  OK OK

Bearing Check: AASHTO 11.6.3.2

Resist Mom. for Bearing (k-ft):  13.99 18.90
Vertical Loads for Bearing (ib) = 5024 6811
x for bearing (ft)y = 242 251
e for bearing (ft) = -0 50 -0.59
Beff (ft)y = 3.14 294
Bearing Pressure (psf) = 1597 2319
Bearing Resistance, ¢q,; = 15525 15525
OK OK
Sliding Check:
Sliding Force (Ib/ft) = 687 687
Sliding Resistance = 2440 3308

OK OK

Chk: SLV/RJP

BY: GSC
CHK:

7/21/2016

Resisting Forces (Con't):

Weight of Soil, llg =

Dist. From PT. O, X5 =
Resisting Moment, RM5 =
Force Ppgy =

Moment Arm, x6 =
Resisting Moment, RM6 =
Force Pgey =

Moment Arm, x7 =
Resisting Moment, RM7 =
Force Pgcoy =

Moment Arm, x8 =
Resisting Moment, RM8 =
Weight of Conc Railing =
Moment Arm, x9 =
Resisting Moment, RM9 =

Str IV
1.83
15.34
5869
230
3.84
-038

1.28
OK

18 98
7020
2.44
-0.52
3.08
2282
15525
OK

687
3409
OK

683 Ib/ft

4096 ft
2798 ft-Ib/ft
92 Ib/ft

5.95 ft
547 ft-lb/ft
-51 Ibfft

4.56 ft

-232 ft-Ib/ft
-30 Ib/ft

410 ft

-124 ft-b/ft

0 Ib/ft
0.625 ft
0 ft-lb/ft

Extre-ll
1.83
11 29
4171
2.27
3.84
-0.35

Service
1.22
11.33
4255
237
3.84
-045

128 1.28
OK OK

14.02 1399
5107 5024
2.51 242
-0.59 -0.50
2.93 314
1743 1597
5000 15525
OK OK

458 687
2756 2440
OK OK
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Project: 2016.059.009
Anchored Wingwall Design

Chk: SLV/RJP

BY: GSC 7/21/2016
CHK:

Connection Plate Design
Assumption: Wall is more likely to slide then to rotate.

Soil Properties:
At Rest Earth Coeff., (KO)ag =  0.441

At Rest Earth Coeff., (KO)agy = 0.398
At Rest Earth Coeff., (KO)agy = 0.190

Connection Plate Locations

Walli Height =

Wall Width for Plates =

Plate #3, y1 from Bot of Wall Stem =
Plate #2, y1 from Bot of Wall Stem =
Plate #1, y1 from Bot of Wall Stem =

Tributary Wall Height for Plate #3 =
Tributary Wall Height for Plate #2 =
Tributary Wall Height for Plate #1 =

Conn. Plate Force EH, Plate #3 =
Conn. Plate Force EH, Plate #2 =
Conn. Plate Force EH, Plate #1 =

Conn. Plate Force LS, Plate #3 =
Conn. Plate Force LS, Plate #2 =
Conn. Plate Force LS, Plate #1 =

Conn. Plate Force, Plate #3 Pu =
Conn. Plate Force, Plate #2 Pu =
Conn. Plate Force, Plate #1 Pu =

Controlling Pu =

Check Bolt / Insert Capacity
No. of Bolts Per Connection =
Bolt Pu =
Bolt Pullout Capacity (ult) =
Bolt Shear Capacity (ult) =

(overturning & (Bearing

Load Factors: Pressure
EH=1.35 1.35
EV =0.00 0
DC = 0.00 0
LS=0 0
Live Load Surcharge = 0 ft
7.68 ft
0.00 ft (Wall does not count on
4.50 plates for stability)
1.50
0 ft (input O if no plate #1)
4.68 ft
3 ft
0 ft
0 Ib
0 ib
0 Ib
0 b
0 Ib
0 Ib
0 Ib
0 Ib
0 Ib
0.0 kips
2
0.00 kips
8.2875  kips OK
4.3875 kips OK
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Project: 2016.059.009
Anchored Wingwall Design

BY: GSC
CHK:

Connection Plate Design

Check Bending of Plate

Moment Arm for Plate Bending = 4.5
Connection Plate Height(width) = 10
Connection Plate Thickness = 0.50
Connection Plate Yield Strength Fy = 36
Reduction Factor for Bending Phi = 0.9
Factored Mu = 0.00
Spi = 0.42

Plate Bending Stress Fult = 0.00

In

n
ksi

k-in

ksi OK

Chk: SLV/RJP
7/21/2016
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Project: 2016.059.009 BY: GSC 7/21/12016
Anchored Wingwall Design CHK:

Check Bending in Wall - Vertical Bars
Assumptions: 1.) Wall stem is cantileverd from anchor.
2.) Use active earth pressure because wall is free to rotate.
3.) Critical Wall section will be at maximum horizontal load, at tallest anchor section

Modification Factor = 1
Data: Find the horizontal load:
Hemax = 6.87 ft
Nmax = 3.37 ft P, = (1/2);/SKAhr2m(cosé') = 0.19 kip/ft
LL surcharge, Vis = 0.000 ksf PLS =0 KA hmax (0055) — 0.00 kip/ft
Ysoil = 0.140 ksf CT=  0.00 kip/ft
K,= 0.27
8= 255
fc= 4 Kksi Factored Loads:
fy = 60 ksi Str1-a Service  Extre-Il
065<B1<085= 085 (567.2.2) Mu 032 0.22 032
Vertical Bars Size: #5 Vu 029 0.19 029
Spacing: 12 in
Bar Cover: 21in Moment Capacity:
As prov. : 0.307 in?
d (in): 7.69 d=t-2.0"cov.-1/2Bar®
a(in): 0.451 a=As*fy/(0.85*b*fc)
c (in): 0.531 c=al/B1
vertical bars oMn (kip-ft):  10.30  ¢Mn = dy*As*fy*(d-a/2)/12
Py by = 090
(dm=0.75+0.15[(ec o)/ (gy-€¢)], 0.75min, 0.9max, 5.5.4.2.1-2)
i oMn > Mu OK!

Shear Capacity Check
dVn (Kip): 10.49 oVn = 0.90*p*Vfc*b*d

p=2.00
ovn > Vu OK!
Check Min. Reinforcement:
fr=.24 *vyfc = 0.48 ksi (5.4.2 6)
Crack Control Check S = bt¥/6 = 200 in3
Ma = 0.22 Kip-ft/ft Flex. cracking var fac. (Other Con. Strs.) 1.60 71
E =1820¢ N 3640ksi AB15, Gr 60 Reinforcement (Carbon steel) 067 3
E = 29000ksi dc= 2.31in Mcr = y3 * [(y4 * fr)*S] = 8.58 kip-ft (6733.2)
ye= 0.75 Mr = ¢Mn > (lesser of Mcr or 1.33 Mu)
n=E/E = 7.97 Mcr = 8 58 kip-ft
pn=  0.026496 133*Mu = 0 43 kip-ft
k= 2pn+pn® —pn= 0.205 Mr oMn 1030 kip-ft ~ OK
J=1-(k/3)= 0.932
fx:(A/[)/(Asjd): 1.18 ksi
Bs=1+acru.s"(n-ac))= 1.43

max spa < [(700ye) / (Bsfs)] - 2dc = 307 in OKl!



Project: 2016.059.009
Anchored Wingwall Design

Check Type C

Assumptions
will resist tension.

Chk: SLV/RIP 102
BY: GSC 7/21/2016

CHK:

Anchor Attachment

1.) Only top three connection bars, represented by T1, T2 & T3 in sketch below,

2.) Assume min. steel will control, design for 1.33 Mu (See ART. 5.7.3.3.2)

Anchor #1 Mp = 6.11 kip-ft
Anchor #2 Mp g= 1.41 kip-ft
Anchor #3 Mg gy= 0.00 kip-ft
Anchor #1 Mp o= 000 kip-ft
Anchor #2 Mp c1= 0.00 kip-ft
Anchor #3 Mp 1= 000 kip-ft
Data:

fc= 4 Kksi

fy = 60 ksi
0.65<B1<0.85= 085 (5.7.2.2)

Connection Bars Size: #5

t
=
conneciion bars
C
T‘ C
_E
5 b g ¥
S C
©

Anchor #1 Mp _g=

Anchor #2 Mp | g= 000

Anchor #3 Mp | = 000
Anchor #1 1 Mod Factor =
Anchor #2 1 Mod Factor =
Anchor #3 1 Mod Factor =

000 kip-ft

kip-ft

kip-ft
1.00
1.00

0.00

Factored Loads:

Str1-a Service Extre-l|
916 6.108 9.1621
212 14102 2.1154
000 0 0

12.19

Anchor #1 Mu (k-ft)
Anchor #2 Mu (k-ft)
Anchor #3 Mu (k-ft)

1.33 Mu

Moment Capacity:

1227 in?
30.00
6.00
3.609
4.246
oMn (kip-ft):  155.70
b=  0.90
(dn=0.75+0.15[(gr-ec)/(eqec)], 0.75min, 0.9max, 5.5.4.2.1-2)
oMn > Mu OK!

As prov. :
d (in):
b (in):
a (in):
c{in):

( 4 Bars)

a=As*fy/(0.85*b*f'c)
c=alB1
dMn = o\ xAs*fy*(d-a/2)/12

Check Hook Development:

db (in). 0.625
ART 5.11.24
Lip(in):  11.88 <-- Controls
or
8db (in): 5.00
or
Bin min: 6.00
Lan (in): 6.00 =(08)Ly, xA reqd/As,prod



Chk: SLV/RIP 103
Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:

Controling Wall WW3 /

Backfill Slope perp to road 4 1 .
Wingwall Angle 8, +6,- 25 deg (with respect to slope, not road) /’ o
Effective Backfill Slope 6.03 deg v
Rise to level grade 12.56 ft
Stem projection above grade 3in. ;
Surcharge 0 ft /
R S
Wingwall Stability Check o, . BACKFILLL=0,+ 6,
Wall Height (high) = 7.24 ft bag= 34
Wall Height (low) = 416 ft Bas= 90
Wall Length = 6.93 ft Sag = 26
Plate tributary width = 1.50 ft (Ka)ag = 0.27
Unit Weight of Backfill, ys = 140.00 Ppc = 34
Unit Weight of Conc, y. = 150.00 Bsc = 120
Adjusted Broken Backfill B'= 6.03 deg. Sgc= 17
Wall thickness = 10.00 in (Ka)gc = 0.09
Bearing Resistance, ¢qy; = 15525 psf (FACTORED)
Friction Coefficient p = 0.54 =08'TAN(¢) Conc Railing Wt. = 0 Ib/ft
Vehicle Collision Force = 000 k Location wrt Stem F F = 0.625 ft
Distribution Length = 8.50 ft
Location of Collision Force = 1.50 ft (Above top of wall)
Dist. To Heightat Contributary Anchor  Bearing Stability
Anchor Anchor width type Pressure Check
Anchor #1: L1= 4.67 ft 5.16 ft 575ft C 1696 OK
Anchor #2: L2 = 0.00 ft 0.00 ft 0.00 ft NA NA
Anchor #3: L3 = 0.00 ft 000 ft 0.00 ft NA NA
Anchor #4: L4 = 0.00 ft 0.00 ft 0.00 ft NA NA
Anchor #5: L5 = 0.00 ft 0.00 ft 0.00 ft NA NA
Anchor Data
Anchor Length at Bottom Length at Top
Type Anchor Anchor End  Total Anchor End Total
in) (in) (in) (in) (in) (in)
B 16 8.080 24.080 41 375 8 080 49 455
C 28 8 080 36.080 53.375 8.080 61.455
D 40 8 080 48 080 65.375 8 080 73.455
E 52 8.080 60.080 77 375 8 080 85.455
F 64 8 080 72 080 89.375 8.080 97.455
G 76 8.080 84.080 101 375 8 080 109 455
H 38 8 080 96.080 113.375 8.080 121.455
GENERALLY
4' MAX

A3
WIDTH TRIB WIDTH



Project: 2016.059.009
Anchored Wingwall Design

Anchor #1 Stability Check

Limit State Str 1-a
EH 1.50
LL/LS 1.75
1.00
DC 090
EQ 0.00
CT 000
Resistance Factors
Sliding 0.90
Bearing 0.45
Soil Properties:

Active Earth Coeff.,, (Ka),g = 0.273
Active Earth Coeff., (Ka)agy = 0.246
Active Earth Coeff., (Ka)agy = 0.117

Active Earth Coeff., (Ka)gc = 0.093
Active Earth Coeff., (Ka)gcy = 0.089
Active Earth Coeff., (Ka)gcy = 0.027

Overturning Check:

Str1-b
1.50
175
1.35
1.25
0.00
0.00

0.90
045

Anchor Height = 5.16444 ft

Design Wal! Height, H = 5.46
Anchor Type = C
Anchor Length at Top, L, = 5.12
Anchor Length at Bot., Lyt = 3.01
Soil Pressure:
Horizontal (kah) :
Soil Pressure at A, 6, = 0
Soil Pressure at B, 6z, = 67.39
Soil Pressure at B, oy = 24.39
Soil Pressure at C, ogor = 74.28

Driving Forces:
Force |:,Surcharge =0
Moment Arm, y; = 2.73
Overturning Moment, DM1 = 0
Force Py = 66
Moment Arm, y, = 4.15
Overturning Moment, DM2 = 274
Force Pgeqy = 98
Moment Arm, y; = 1.50
Overturning Moment, DM3 = 146
Force Pgcon = 100
Moment Arm, y, = 0.83
Overturning Moment, DM4 = 83

ft

ft
ft

psf
psf
psf
psf

Ib/ft

ft
ft-Ib/ft
Ib/ft

ft
ft-Ib/ft
Ib/ft

ft
ft-b/ft
ib/ft

ft
ft-Ib/ft

Chk: SLV/RJIP

BY: GSC 7/21/2016
CHK:
Str IV Service Extre-ll
1.50 100 150
0.00 1.00 0.50
1.35 1.00 100
1.50 1.00 0.90
0.00 000 000
0.00 0.00 1.00
0.90 1.00 0.90
045 0.33 0.45
Moadification Factor = 0.96
Back slope 1 = 6.03 deg.
Vertical (kav) :
Soil Pressure at A, o,.= 0 psf
Soil Pressure at B, op,p = 32.14 psf
Soil Pressure at B, og,.= -7.46 psf
Soil Pressure at C, ogor= -22.71 psf
Resisting Forces:
Weight of Wall, Ww = 646 Ib/ft
Dist. From PT. O, X, = 0.42 ft
Resisting Moment, RM1 = 269 ft-Ib/ft
Backslope Soil, I, = 193.97 Ib/ft
Dist. From PT. O, X, = 425 ft
Resisting Moment, RM2 = 824 ft-Ib/ft
Soil Above Anchor, Ig = 1193 Ib/ft
Dist. From PT. O, X5 = 3.39 ft
Resisting Moment, RM3 = 4050 ft-Ib/ft
Weight of Soll, Il = 1143 |b/ft
Dist. From PT. O, X, = 2 000 ft
Resisting Moment, RM4 = 2287 ft-Ib/ft
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Chk: SLV/RJIP

Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:
Anchor #1 Stability Check
Driving Forces (Con't): Resisting Forces (Con't):
Collision Force ,CT = 0 Ib/ft Weight of Soil, llg = 683 Ibfft
Moment Arm, y5 = 6.66 ft Dist. From PT. O, X5 = 4.096 ft
Overturning Moment, DM5 = 0 ft-to/ft Resisting Moment, RM5 = 2798 ft-Ib/ft
Force Ppgy = 31 Ib/ft
Moment Arm, x6 = 5.95 ft
Resisting Moment, RM6 = 187 ft-Ib/ft
Force Pgeqy = -30 Ib/ft
Moment Arm, x7 = 4.56 ft
Resisting Moment, RM7 = -136 ft-Ib/ft
Force Pgeoy = -31 Ib/ft
Moment Arm, x8 = 410 ft
Resisting Moment, RM8 = -125 ft-Ib/ft
Weight of Conc. Railing = 0 Ib/t
Moment Arm, x9 = 0.625 ft
Resisting Moment, RM9 = 0 ft-Ib/ft
Location of Resultant Force:
Str 1-a Str 1-b Str IV Service  Extre-ll
Overturning Moment (k-ft):  0.75 075 0.75 0.50 0.75
Resisting Moment (k-ft): 779 10.53 10.60 782 7.79
Vertical Loads (Ib) = 3013 4090 4251 3077 3013
x(fty= 234 2.39 2.32 2.38 2.34
Footing Length, B (ft) = 3.84 384 384 3.84 384
e(fy= -042 -0.47 -0.40 -0.46 -0.42
(note: 80% of soil weight used for overturning resist.)
Overturning Check:
1/3B(fty= 1.28 1.28 1.28 1.28 1.28
Is resultant within middle 2/3? OK OK OK OK OK
Bearing Check: AASHTO 11.6.3.2
Resist. Mom. for Bearing (k-ft): 970 13.10 13.17 9.72 9.70
Vertical Loads for Bearing (lb) = 3627 4919 5081 3692 3627
x for bearing (ft) = 247 2.51 2.44 2.50 247
e for bearing (ft) = -0.55 -059 -0.52 -0.58 -0.55
Beff (ft)y = 3.01 2.90 305 293 3.01
Bearing Pressure (psf) = 1206 1696 1666 1262 1206
Bearing Resistance, ¢q,, = 15525 15525 15525 3000 15525
OK OK OK OK
Sliding Check:
Sliding Force (Ib/fty = 395 395 395 263 395
Sliding Resistance = 1762 2389 2468 1992 1762
OK OK OK OK OK
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Anchored Wingwall Design

Chk: SLV/RJIP

BY: GSC 7/21/2016
CHK:

Connection Plate Design
Assumption: Wall is more likely to slide then to rotate.

Soil Properties:
At Rest Earth Coeff., (Ko)ag =  0.441

At Rest Earth Coeff., (Ko)agy =  0.398
At Rest Earth Coeff., (Ko)agy = 0.190

Connection Plate Locations

Wall Height =

Wall Width for Piates =

Plate #3, y1 from Bot of Wall Stem =
Plate #2, y1 from Bot of Wall Stem =
Plate #1, y1 from Bot of Wall Stem =

Tributary Wall Height for Plate #3 =
Tributary Wall Height for Plate #2 =
Tributary Wall Height for Plate #1 =

Conn. Plate Force EH, Plate #3 =
Conn. Plate Force EH, Plate #2 =
Conn. Plate Force EH, Plate #1 =

Conn. Plate Force LS, Plate #3 =
Conn. Plate Force LS, Plate #2 =
Conn. Plate Force LS, Plate #1 =

Conn. Plate Force, Plate #3 Pu =
Conn. Plate Force, Plate #2 Pu =
Conn. Plate Force, Plate #1 Pu =

Controlling Pu =

Check Bolt / Insert Capacity
No. of Bolts Per Connection =
Bolt Pu =
Bolt Pullout Capacity (ult) =
Bolt Shear Capacity (ult) =

(overturning & (Bearing

Load Factors: slidi Pressure
EH=1.35 1.35
EV =0.00 0
DC = 0.00 0
LsS=0 0
Live Load Surcharge = 0 ft
7.24 ft
1.50 ft
4.50 ft
1.50 ft
0 ft (input 0 if no plate #1)
424 ft
3 ft
0 ft
751 Ib
1439 Ib
0 Ib
0 b
0 Ib
0 Ib
1014 b
1942 Ib
0 Ib
1.9 kips
2
0.97 kips
8.2875  kips OK
4.3875 kips OK

106



Project: 2016.059.009 BY: GSC
Anchored Wingwall Design CHK:

Connection Plate Design

Check Bending of Plate

Moment Arm for Plate Bending = 4.5 In
Connection Plate Height(width) = 10 in
Connection Plate Thickness = 0.50 in
Connection Plate Yield Strength Fy = 36 ksi
Reduction Factor for Bending Phi = 0.9
Factored Mu = 8.74 k-in
Sa= 042 in’

Plate Bending Stress Fult = 20.98 ksi OK

Chk: SLV/RJP
7/21/2016
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BY: GSC 7/21/2016
CHK:

Project: 2016.059.009
Anchored Wingwall Design

Check Bending in Wall - Vertical Bars
Assumptions: 1.) Wall stem is cantileverd from anchor.
2.) Use active earth pressure because wall is free to rotate.
3.) Critical Wall section will be at maximum horizontal load, at tallest anchor section.

Modification Factor =

0.956522

Data: Find the horizontal load:
Hmax = 5.46 ft
Pmax = 1.96 ft P, =1/2yK . (cosd)=  0.07 kip/ft
LL surcharge, Vis = 0.000 ksf pL s =0 KA hmax (COS§) — 0.00 kip/ft
Ysoil = 0.140 ksf CT=  0.00 kip/ft
K, = 0.27
8= 25.5
fc= 4 Ksi Factored Loads:
fy = 60 ksi Str 1-a Service  Extre-l
065<B1<085= 0.85 (5.7.2.2) Mu 0.07 0.04 0.07
Vertical Bars Size: #5 Vu 0.10 0.07 0.10
Spacing: 12 n
Bar Cover: 21n Moment Capacity:
As prov. : 0.307 in?
d (in): 7.69 d=t-2.0"cov.-1/2Bar®
a (in): 0.451 a=As*fy/(0.85*b*f'c)
c (in): 0.531 c=a/B1
H vertical bars oMn (kip-ft):  10.30  oMn = ¢y As*fy*(d-a/2)/12
Py dv = 0.90
(dm=0.75+0.15[(er-ec)/(ey-€)], 0.75min, 0.9max, 5.5.4.2.1-2)
j oMn > Mu OK!
Shear Capacity Check
oVn (kip): 10.49 oVn = 0.90*p*Vfc*b*d
o =200
“ oVn > Vu OK!
Check Min. Reinforcement:
fr=24*vfc= 0.48 ksi (5.4 2 B6)
Crack Control Check S = bt’/6 = 200 in3
Ma = 0 04 kip-ft/ft Flex. cracking var. fac. (Other Con. Strs.) 1.60
E =1820e,/f'c = 3640ksi A615, Gr. 60 Reinforcement (Carbon steel)  0.67
E_ = 29000ksi dec= 2.31in Mcr = y3 * [(v4 * fr)*S] = 8.58 kip-ft (5.7.3.32)
ye= 0.75 Mr = ¢Mn > (lesser of Mcr or 1.33 Mu)
n=E/E = 7.97 Mcr = 8 58 kip-ft
pn=  0.026496 1.33*Mu = 0.09 kip-ft
k= 2pn+pn’ —pn 0.205 Mr = 6Mn = 10.30 kip-ft OK
J=1-(k/3)= 0.932
f=(MDN4jd)= 025k
Bs=1+aci./ (n-ac))= 1.43
max spa < [(700ve) / (Bsfs)] - 2dc = 1493 in OK!
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Anchored Wingwall Design

Check Type

Cc

Chk: SLV/RJIP 109

BY: GSC 7/21/2016
CHK:

Anchor Attachment

Assumptions: 1.) Only top three connection bars, represented by T1, T2 & T3 in sketch below,

will resist tension.

2.) Assume min. steel will control, design for 1.33 Mu (See ART. 5.7.3.3.2)

Anchor #1 Mp gy=
Anchor #2 Mp g4=
Anchor #3 Mp gy=
Anchor #1 Mp ¢1=
Anchor #2 Mp 1=
Anchor #3 Mp 1=

Data:

fc

fy
065<B1<0.85=
Connection Bars Size:

T

da=300"
A MmN

8 34" rn embed

2.89 kip-ft
0.00 kip-ft
000 kip-ft
0.00 kip-ft
0.00 Kip-ft
0.00 kip-ft
4 ksi
60 ksi
0.85 (5.7.2.2)
#5
conneciion bars
&
-

Anchor #1 Mp | g= 0.00  kip-ft

Anchor #2 Mp . g= 0.00  kip-ft

Anchor #3 Mp , g= 0.00  kip-ft
Anchor #1 1 Mod. Factor= 0.96
Anchor #2 1 Mod. Factor= 0.00
Anchor #3 1 Mod. Factor= 0.00

Factored Loads:
Str1-a  Service Extre-ll

Anchor #1 Mu (k-ft) 4 54 3.0241 45362

Anchor #2 Mu (k-ft) = 0.00 0 0
Anchor #3 Mu (k-ft) = 000 0 0
1.33Mu= 603
Moment Capacity:
As prov. 1227 in? (4 Bars)
d (in):  30.00
b (in):  6.00

a(in): 3.609 a=As*fy/(0.85*b*fc)
c(in): 4246 c=a/B1
OMn (kip-ft):  155.70 ¢Mn = ¢y +As*fy*(d-a/2)/12

dmy= 090
(dm=0.75+0.15[(e-eg)/(ey-€c)], 0.75min, 0.9max, 5.5.4.2.1-2)
éMn > Mu OK!

Check Hook Development:

db (in): 0.625
ART 5.11.2.4
Ly (in): 1188  <-- Controls
or
8db (in): 5.00
or
Bin min: 6.00

Lgn (in): 6 00 =(08)Lw, x A,req'd/As,pro'd



Project: 2016.059.009
Anchored Wingwall Design

Controling Wall WW4

Backfill Siope perp to road
Wingwall Angle 8, + 6, -
Effective Backfill Slope

Rise to level grade

Stem projection above grade
Surcharge

Wall Height (high) =

Wall Height (low) =

Wall Length =

Plate tributary width =

Unit Weight of Backfill, yso =
Unit Weight of Conc, vy, =
Adjusted Broken Backfill B'=
Wall thickness =

Bearing Resistance, ¢qu; =
Friction Coefficient u =
Vehicle Collision Force =

Distribution Length =
Location of Collision Force =

Anchor #1: L1=
Anchor #2: L2 =
Anchor #3: L3 =
Anchor #4. L4 =
Anchor #5: L5 =
Anchor Data
Anchor Length at Bottom
Type Anchor
(in)
B 16
C 28
D 40
E 52
F 64
G 76
H 88
GENERALLY
4' MAX

A3
et

TR B WIDTH

BY: GSC 7/21/12016
CHK:
2:1
80 deg (with respect to slope, not road)
26.22 deg
4.62 ft
3.
2 ftv //
Wingwall Stability Check 6
12.68 ft 7 das= 34
8.34 ft Bas= 90
29.78 ft dap= 26
0.00 ft (Ka)as = 0.29
140.00 dgc = 34
150.00 Bgc= 120
11.44 deg. Sgc= 17
10.00 in (Ka)sc = 0.10

15525 psf (FACTORED)
0.54 =08"TAN($) Conc Railing Wt.

0.00 k l.ocation wrt Stem F F =
8.50 ft
1 50 ft (Above top of wall)
Dist. To Heightat Contributary Anchor
Anchor Anchor width type
250ft 12.321t 5.00 ft F
500ft 11591t 5.00 ft F
500ft 10.86ft 5.00 ft E
0.00 ft 0.00 ft 0.00 ft
0.00 ft 0.00 ft 0.00 ft
Length at Top
Anchor End  Total Anchor End
(in) (in) (in) (in)
8.080 24.080 41 375 8 080
8 080 36.080 53.375 8 080
8 080 48 080 65 375 8.080
8.080 60.080 77 375 8 080
8 080 72.080 89.375 8.080
8 080 84 080 101 375 8 080
8 080 96.080 113.375 8 080

A2
e p———
TR B WIOTH

A
TRIB WIDTH

PLATE
TRIB WIDTH

Chk: SLV/RJIP

BACKFILL L= 0,+ 6,

0 Ib/ft
0.625 ft

Bearing
Pressure
7087
5720
7034
NA
NA

Stability
Check
OK
OK
OK
#N/A
#N/A

Total
(in)
49.455
61 455
73455
85.455
97 455
109.455
121 455
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Anchored Wingwall Design

Anchor #1 Stability Check

Limit State Str 1-a
EH 1.50
LLAS 175
EV 1.00
DC 090
EQ 0.00
CT 0.00
Resistance Factors
Sliding  0.90
Bearing 045
Soil Properties:

Active Earth Coeff., (Ka)sg = 0.293
Active Earth Coeff., (Ka)agy = 0.265
Active Earth Coeff., (Ka)ygy = 0.126

Active Earth Coeff., (Ka)gc = 0.098
Active Earth Coeff., (Ka)gcy = 0.094
Active Earth Coeff.,, (Ka)gey = 0.029

Overturning Check:

Str1-b
150
1.75
1.35
1.25
000
0.00

090
0.45

Anchor Height = 12.3157 ft

Design Wall Height, H = 16.06
Anchor Type =
Anchor Length at Top, L, = 8.12
Anchor Length at Bot., L,; = 6.01
Soil Pressure:
Horizontal (kah) :
Soil Pressure at A, 6, = 82
Soil Pressure at B, 6g,, = 465.67
Soil Pressure at B, 6gp. = 164.69
Soil Pressure at C, ogor= 217.12

Driving Forces:
Force Pgycharge = 1319
Moment Arm, y, = 8.03
Overturning Moment, DM1 = 10597
Force Pagy = 2925
Moment Arm, y, = 7.69
Overturning Moment, DM2 = 22492
Force Pgciy = 659
Moment Arm, y; = 1.50
Overturning Moment, DM3 = 988
Force Pgcony = 105
Moment Arm, y, = 0.83
Overturning Moment, DM4 = 87

ft
ft

psf
psf
psf
psf

Ib/ft

ft
ft-Ib/ft
lb/ft

ft
ft-1b/ft
Ib/ft

ft
ft-lb/ft
Ib/ft

ft
ft-Ib/ft

Chk: SLV/RJIP

BY: GSC 7/21/2016
CHK:
Str IV Service Extre-ll
150 1.00 150
0.00 1.00 0.50
135 1.00 100
1.50 100 0.90
000 0.00 000
0.00 000 1.00
0.90 1.00 0.90
0.45 033 0.45
Modification Factor = 1.00
Back slope Bl = 26.22 deg
Vertical (kav) :
Soil Pressure at A, 6, = 0 psf

Soil Pressure at B, o, = 222.11  psf
Soil Pressure at B, ogpc= -50.35  psf
Soil Pressure at C, ogor= -66.38  psf

Resisting Forces:

Weight of Wall, Ww = 1539 |b/ft
Dist. From PT. O, X, = 0.42 ft
Resisting Moment, RM1 = 641 ft-Ib/ft

Backslope Soil, |, = 2273.34 Ib/ft

Dist. From PT. O, X, = 6.25 ft
Resisting Moment, RM2 = 14203 ft-Ib/ft
Soil Above Anchor, Ig = 10023 Ib/ft
Dist. From PT. O, X5 = 4.89 ft
Resisting Moment, RM3 = 49053 ft-Ib/ft

Weight of Soil, Il = 2613 |b/ft
Dist. From PT. O, X, = 3.500 ft
Resisting Moment, RM4 = 9146 ft-Ib/ft
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Project: 2016.059.009
Anchored Wingwall Design

Anchor #1 Stability Check

Driving Forces (Con't):
Collision Force ,.CT =10 ib/ft
Moment Arm, ys = 13 82 ft

Overturning Moment, DM5 = 0 ft-lb/ft
Location of Resultant Force:

Str1-a Str1-b

Overturning Moment (k-ft): 53 90 53.90
Resisting Moment (k-ft):  73.12 98 74
Vertical Loads (Ib) = 15022 20333

x(fy= 1.28 221

Footing Length, B (ft) = 684 6.84

e(fy= 214 1.21

(note: 80% of soil weight used for overturning resist.)

Overturning Check:
13B(fty= 228 2.28
Is resultant within middle 2/3? OK OK

Bearing Check: AASHTO 11.6.3.2

Resist. Mom. for Bearing (k-ft): 88.57 119 59
Vertical Loads for Bearing (Ib) = 18140 24543
x for bearing (ft) = 1.91 2.68

e for bearing (ft) = 1.51 074

Beff (ff)y = 256 4.41

Bearing Pressure (psf) = 7087 5565
Bearing Resistance, ¢q,, = 15525 16525

OK OK

Sliding Check:

Sliding Force (Ib/ft) = 7842 7842
Sliding Resistance = 8810 11919

OK OK

Chk: SLV/RJIP

BY: GSC 7/21/12016
CHK:
Resisting Forces (Con't):
Weight of Sail, lig = 683 Ib/ft
Dist. From PT. O, X5 = 7 096 ft
Resisting Moment, RM5 = 4847 ft-Ib/ft
Force Papy = 1395 Ib/t
Moment Arm, x6 = 8.95 ft
Resisting Moment, RM6 = 12495 ft-Ib/ft
Force Pggiy = -201 Ib/ft
Moment Arm, x7 = 7.56 ft
Resisting Moment, RM7 = -1623 ft-1b/ft
Force Pgeoy = -32 Ib/ft
Moment Arm, x8 = 710 ft
Resisting Moment, RM8 = -227 ft-Ib/t
Weight of Conc. Railing = 0 Ib/ft
Moment Arm, x9 = 0.625 ft
Resisting Moment, RM9 = 0 ft-Ib/ft
Str IV Service Extre-|
35.35 34 16 40 65
98 90 73.19 73.12
20718 15176 15022
3.07 2.57 2.16
6.84 684 6 84
035 0.85 1.26
228 2.28 2.28
OK OK OK
11975 88.64 88.57
24928 18294 18140
3.39 2.98 264
003 044 0.78
6.13 5.14 432
4064 3557 4196
15525 5000 15525
OK OK OK
5534 5008 6193
12106 9872 8810
OK OK OK
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Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:
Anchor #2 Stability Check
Limit State Str1-a Str 1-b Str v Service Extre-il
EH 1.50 1.50 1.50 1.00 150
LL/LS 175 1.75 000 1.00 0.50
EV 1.00 135 1.35 1.00 1.00
DC 0.90 1.25 1.50 1.00 0.90
EQ 000 0.00 0.00 000 0.00
0.00 0.00 0.00 0.00 100
Resistance Factors
Sliding 0.90 0.90 0.90 1.00 0.90
Bearing 0.45 045 0.45 0.33 0.45
Soil Properties:
Active Earth Coeff., (Ka)sg = 0.293 Modification Factor = 1.00
Active Earth Coeff., (Ka)sgy = 0.265
Active Earth Coeff., (Ka)agy = 0.126
Active Earth Coeff.,, (Ka)gc = 0.098
Active Earth Coeff., (Ka)gcy = 0.094
Active Earth Coeff., (Ka)gcy = 0.029
Overturning Check:
Anchor Height = 11.587 ft
Design Wall Height, H = 15.34  ft
Anchor Type = F
Anchor Length at Top, Ly, = 8.12 ft
Anchor Length at Bot., Ly, = 6.01 ft Back slope Bl = 26.22 deg
Soil Pressure:
Horizontal (kah) : Vertical (kav) :
Soil Pressure at A, 6, = 82 psf Soil Pressure at A, 6., = 0 psf
Soil Pressure at B, ogap = 438.67  psf Soil Pressure at B, 6ggp = 209.23  psf
Soil Pressure at B, ogp. = 155.14  psf Soil Pressure at B, opp. = -47.43  psf
Soil Pressure at C, ogor = 207.57  psf Soil Pressure at C, ogor= -63.46  psf
Driving Forces: Resisting Forces:
Force Pgycharge = 1259 Ib/ft Weight of Wall, Ww = 1448 Ib/ft
Moment Arm, y, = 7.67 ft Dist. From PT. O, X, = 0.42 ft
Overturning Moment, DM1 = 9657 ft-b/ft Resisting Moment, RM1 = 603 ft-Ib/ft
Force Pagy = 2596 Ib/ft Backslope Soil, I, = 2273.34 Ib/ft
Moment Arm, y, = 7.45 ft Dist. From PT. O, X, = 6.25 ft
Overturning Moment, DM2 = 19328  ft-Ib/ft Resisting Moment, RM2 = 14203 ft-Ib/ft
Force Pgcy = 621 Ib/ft Soil Above Anchor, Ig = 9195 Ib/ft
Moment Arm, y; = 1.50 Dist. From PT. O, X; = 4.89 ft
Overturning Moment, DM3 = 931 ft-Ib/ft Resisting Moment, RM3 = 44998 ft-Ib/ft
Force Pgeon = 105 Ib/ft Weight of Soil, Il = 2613 Ib/ft
Moment Arm, y, = 0.83 ft Dist. From PT. O, X, = 3500 ft
Overturning Moment, DM4 = 87 ft-Ib/ft Resisting Moment, RM4 = 9146 ft-Ib/ft
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Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:
Anchor #2 Stability Check
Driving Forces (Con't): Resisting Forces (Con't):
Collision Force ,CT = 0 Ib/ft Weight of Soil, llg = 683 Ib/ft
Moment Arm, ys = 13.09  ft Dist. From PT. O, X5 = 7.096 ft
Overturning Moment, DM5 = 0 ft-lb/ft Resisting Moment, RM5 = 4847 ft-Ib/ft
Force Pagy = 1238 Ib/ft
Moment Arm, x6 = 8.95 ft
Resisting Moment, RM6 = 11088 ft-Ib/ft
Force Pgcqy = -190 Ib/ft
Moment Arm, x7 = 7 56 ft
Resisting Moment, RM7 = -1434 ft-ib/ft
Force Pggyy = -32 Ib/ft
Moment Arm, x8 = 7.10 ft
Resisting Moment, RM8 = -227 ft-Ib/ft
Weight of Conc. Railing = O Ib/ft
Moment Arm, x9 = 0.625 ft
Resisting Moment, RM9 = 0 ft-lb/ft
Location of Resultant Force:
Str 1-a Str1-b Str IV Service  Extre-l!
Overturning Moment (k-ft):  47.42 47.42 30.52 3000 35.35
Resisting Moment (k-ft); 68 52 92.53 92.68 68.59 68.52
Vertical Loads (Ib) = 14132 19128 19490 14276 14132
x(fty= 149 2.36 3.19 2,70 235
Footing Length, B (ft) = 6.84 6 84 6.84 6 84 6.84
e(fy= 1093 1.06 0.23 072 107
(note: 80% of sail weight used for overturning resist.)
Overturning Check:
1/3B (ft)= 2.28 2.28 2.28 2.28 228
Is resultant within middle 2/3?  OK oK OK OK OK
Bearing Check: AASHTO 11.6.3.2
Resist. Mom. for Bearing (k-ft): 83.16 112.29 112.44 83.22 83.16
Vertical Loads for Bearing (Ib) = 17084 23115 23477 17229 17084
x for bearing (ft) = 2.09 2.81 3.49 3.09 2.80
e for bearing (ft) = 1.33 0.61 -0.07 0.33 062
Beff (fty = 299 4,72 6.38 5.40 4.70
Bearing Pressure (psf) = 5720 4901 3681 3188 3639
Bearing Resistance, ¢q,, = 15525 15525 15525 5000 15525
OK OK OK OK OK
Sliding Check:
Sliding Force (Ib/ft) = 7186 7186 4982 4581 5612
Sliding Resistance = 8297 11226 11401 9297 8297
OK OK OK OK OK
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Anchored Wingwall Design CHK:
Anchor #3 Stability Check
Limit State Str 1-a Str 1-b Str IV Service  Extre-l|
EH 1.50 150 1.50 100 1.50
LLILS 175 1.75 0.00 1.00 0.50
1.00 1.35 1.35 1.00 1.00
DC 0.90 1.25 1.50 1.00 0.90
EQ 0.00 0.00 0.00 0.00 000
CT o000 0.00 0.00 0.00 1.00
Resistance Factors
Sliding 0.90 090 0.90 1.00 0.90
Bearing 0.45 0.45 045 0.33 045
Soil Properties:
Active Earth Coeff., (Ka)p,s = 0.293 Modification Factor = 1.00
Active Earth Coeff., (Ka)agy = 0.265
Active Earth Coeff., (Ka)agy = 0.126
Active Earth Coeff., (Ka)sgc = 0.098
Active Earth Coeff., (Ka)gcy =  0.094
Active Earth Coeff., (Ka)gey =  0.029
Overturning Check:
Anchor Height = 10.8583 ft
Design Wall Height, H =
Anchor Type = E
Anchor Length at Top, Liop = 7.12 ft
Anchor Length at Bot., Ly, = 5.01 ft Back slope Bl = 2622 deg.
Soil Pressure:
Horizontal (kah) : Vertical (kav) :
Soil Pressure at A, 6 = 82 psf Soil Pressure at A, 6, = 0 psf
Soil Pressure at B, 6g,,= 393.41  psf Soil Pressure at B, 6p,,= 187.65  psf
Soil Pressure at B, gy = 139.13  psf Soil Pressure at B, 6y = -42.54  psf
Soil Pressure at C, 6gor= 191.56  psf Soil Pressure at C, 6gor= -58.57  psf
Driving Forces: Resisting Forces:
Force Pgyrcharge = 1159 Ib/ft Weight of Wall, Ww = 1357 Ib/ft
Moment Arm, y, = 7.06 ft Dist. From PT. O, X, = 0.42 ft
Overturning Moment, DM1 = 8181 ft-b/ft Resisting Moment, RM1 = 566 fi-Ib/ft
Force Pagy = 2088 Ib/ft Backslope Soil, I, = 1747.96 Ib/ft
Moment Arm, y, = 7.04 ft Dist. From PT. O, X, = 5.58 ft
Overturning Moment, DM2 = 14696  ft-Ib/ft Resisting Moment, RM2 = 9755 ft-Ib/ft
Force Pgciy = 557 Ib/ft Soil Above Anchor, Ig = 7336 Ib/ft
Moment Arm, y; = 1.50 ft Dist. From PT. O, X3 = 4.39 ft
Overturning Moment, DM3 = 835 ft-lb/ft Resisting Moment, RM3 = 32234 ft-Ib/ft
Force Pgeoy = 105 Ib/ft Weight of Soil, Il = 2123 Ib/ft
Moment Arm, y, = 0.83 ft Dist. From PT. O, X, = 3.000 ft
Overturning Moment, DM4 = 87 ft-1b/ft Resisting Moment, RM4 = 6370 ft-Ib/ft
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Chk: SLV/RJIP

Anchor #3 Stability Check

Driving Forces (Con't):
Collision Force ,CT =10 Ib/ft
Moment Arm, ys = 12.36 ft

Overturning Moment, DM5 = 0 ft-lb/ft
Location of Resultant Force:

Str1-a Str 1-b

Overturning Moment (k-ft): 37.74 3774
Resisting Moment (k-ft): 49.14 66.36
Vertical Loads (Ib) = 11528 15610

x(f)= 0.99 1.83

Footing Length, B (ft) = 5.84 5.84

e(f)= 1.93 1.09

(note: 80% of soil weight used for overturning resist.)

Overturning Check:
1/3B(fty= 1.95 195
Is resultant within middle 2/3?  OK OK

Bearing Check: AASHTO 11.6.3.2

Resist. Mom. for Bearing (k-ft): 59.64 80 54
Vertical Loads for Bearing (Ib) = 13906 18820
x for bearing (fty = 1.57 2.27

e for bearing (ft) = 1.35 065

Beff (ft) = 1.98 3.67

Bearing Pressure (psf) = 7034 5134
Bearing Resistance, ¢q,, = 15525 15525

OK OK

Sliding Check:

Sliding Force (Ib/ft) = 6153 6153

Sliding Resistance = 6753 9140

OK OK

BY: GSC 7/21/2016
CHK:
Resisting Forces (Con't):
Weight of Soil, llg = 683 Ib/ft
Dist. From PT. O, X5 = 6.096 ft
Resisting Moment, RM5 = 4164 ft-Ib/ft
Force Pagy = 996 Ib/ft
Moment Arm, x6 = 7.95 ft
Resisting Moment, RM6 = 7922 ft-Ib/ft
Force PBC1V = -170 Ib/it
Moment Arm, x7 = 6.56 ft
Resisting Moment, RM7 = -1116 ft-ib/ft
Force Pgeyy = -32 Ib/ft
Moment Arm, x8 = 6.10 ft
Resisting Moment, RM8 = -195 ft-Ib/ft
Weight of Conc. Railing = 0 b/t
Moment Arm, x9 = 0.625 ft
Resisting Moment, RMQ = 0 ft-Ib/ft
Str IV Service Extre-lI
23.43 23.80 27 52
66 50 4919 49.14
15949 11663 11528
270 218 1.88
5.84 5.84 584
022 0.74 1.04
1.95 1.95 1.95
OK OK OK
80.68 59.70 59.64
19159 14041 13906
299 256 2.31
-0.07 0.36 061
540 435 375
3547 3224 3707
15525 5000 16525
OK OK
4124 3909 4704
9305 7577 6753

OK OK OK
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Project: 2016.059.009 BY: GSC 7/21/2016
Anchored Wingwall Design CHK:

Connection Plate Design
Assumption: Wall is more likely to slide then to rotate.

(overturning & (Bearing

Soil Properties: Load Factors: s Pressure
At Rest Earth Coeff., (Ko)ag =  0.441 EH= 1.35 1.35
At Rest Earth Coeff., (Ko)agy =  0.398 EV = 0.00 0
At Rest Earth Coeff., (KO)agy = 0.190 DC = 0.00 0
LS=0 0

Live Load Surcharge =

Connection Plate Locations

Wall Height = 1268 ft

Wall Width for Plates = 0.00 v (Wall does not count on
Plate #3, y1 from Bot of Wall Stem = 10.85 ft plates for stability)
Plate #2, y1 from Bot of Wall Stem = 450 ft
Plate #1, y1 from Bot of Wall Stem = 1.5 ft (input O if no plate #1)
Tributary Wall Height for Plate #3 = 5.01 ft
Tributary Wall Height for Plate #2 = 4675 ft
Tributary Wall Height for Plate #1 = 3 ft

Conn. Plate Force EH, Plate #3 = 0 b
Conn. Plate Force EH, Plate #2 = 0 Ib
0

Conn. Plate Force EH, Plate #1 = Ib
Conn. Plate Force LS, Plate #3 = 0 b
Conn. Plate Force LS, Plate #2 = 0 Ib
Conn. Plate Force LS, Plate #1 = 0] b
Conn. Plate Force, Plate #3 Pu = 0 b
Conn. Plate Force, Plate #2 Pu = 0 Ib
Conn. Plate Force, Plate #1 Pu = 0 Ib
Controlling Pu = 0.0 kips
Check Bolt / Insert Capacity
No. of Bolts Per Connection = 2
Bolt Pu = 0.00 kips
Bolt Pullout Capacity (ult) =  8.2875  kips OK

Bolt Shear Capacity (ulty =  4.3875  kips OK
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CHK:

Connection Plate Design

Check Bending of Plate

Moment Arm for Plate Bending = 45
Connection Plate Height(width) = 10

Connection Plate Thickness = 0.50
Connection Plate Yield Strength Fy = 36
Reduction Factor for Bending Phi = 0.9

Factored Mu = 0.00

Sy = 0.42

Plate Bending Stress Fult = 0.00

in
In

ksi

k-in

ksi OK

Chk: SLV/RJIP

7/21/2016
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Project: 2016.059.009
Anchored Wingwall Design

BY: GSC
CHK:

7/21/2016

Check Bending in Wall - Vertical Bars
Assumptions: 1.) Wall stem is cantileverd from anchor.
2.) Use active earth pressure because wall is free to rotate.
3.) Critical Wall section will be at maximum horizontal load, at tallest anchor section.
Modification Factor = 1

Data Find the horizontal load:
Hiax = 16.06
Pimax = 12.56 ft P, =1/2)yK . (cosd)=  2.93 kipt
LL surcharge, Vis = 0.082 ksf PL s =0 KA hmax(cosé‘) — 0.27 kip/ft
Ysoil = 0.140 ksf CT=  0.00 kip/ft
K, = 0.29
&= 255
fc = 4 ksi Factored Loads:
fy = 60 ksi Str 1-a Service  Extre-l|
0B65<B1<085= 085 (5722 Mu 2138 1397 1924
Vertical Bars Size: #5 Vu 4.87 320 452
Spacing: 5in
Bar Cover: 2in Moment Capacity:
As prov. : 0.736  in?
d (in): 7.69 d=t-2.0"cov.-1/2 Bar ®
a (in): 1.083 a=As*fy/(0.85*b*f'c)
c (in): 1274 c=a/p1
vertical bers oMn (kip-ft): 23.68 dMn = ¢*As*fy*(d-a/2)/12
Pu Oy = 0.90
(dm=0.75+0.15[(er&c)/ (ey-€q)], 0.75min, 0.9max, 5.5.4.2.1-2)
j oMn > Mu OK!
Shear Capacity Check
dVn (kip): 10.49 oVn = 0.90*B*Vfc*b*d
f=200
ovn > Vu OK1!
Check Min. nt:
fr= 24 *vfc = 048 ksi (5426)
Crack Control Check S =bt’6 = 200 in3
Ma = 13 97 kip-fuft Flex cracking var fac (Other Con Strs) 160 ¥
E, =1820e [f'c = 3640ksi A615, Gr 60 Reinforcement (Carbon steel) 0 67
E_ = 29000ksi dc= 2.31in Mer = v3 * [(v4 * fr)*S] = 8.58 kip-ft (5733.2)
ye= 0.75 Mr = ¢Mn > (lesser of Mcr or 1.33 Mu)
n=E/E, = 7.97 Mcr = 8 58 kip-ft
pn= 0.0635904 1.33*Mu = 28 44 Kip-ft
k= 2pn+pn* —pn= 0.299 Mr = ¢Mn = 23 68 kip-ft OK
J=1-(k/3)= 0.900
f :(M)/(Asjd): 32.89 ksi
Bs=+ac/.s"(n-ac))= 1.43
max spa < [(700ye) / (Bsfs)] - 2dc = 7in OK! e
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Project: 2016.059.009 BY: GSC 712112016
Anchored Wingwall Design CHK:

Check Type F  Anchor Attachment
Assumptions: 1.) Only top three connection bars, represented by T1, T2 & T3 in sketch below,
will resist tension.
2.) Assume min. steel will control, design for 1.33 Mu (See ART. 5.7.3.3.2)

Anchor #1 Mpg=  117.84  kip-ft Anchor #1 Mp ¢&= 52.99 Kkip-ft
Anchor #2 Mpg= 10173 kip-ft Anchor#2 Mp  s&= 48.29  Kkip-ft
Anchor #3 Mgpg= 7809 kip-ft Anchor#3 Mp s= 4090 Kip-ft
Anchor #1 Mp 1= 000 Kip-ft Anchor #1 1 Mod Factor= 100
Anchor #2 My o= 000 kip-ft Anchor #2 1 Mod Factor= 1.00
Anchor #3 Mp 1= 0.00 kip-ft Anchor #3 1 Mod Factor= 1.00

Data:
Factored Loads:
fc = 4 ksi Str1-a  Service Extre-l|
fy = 60 ksi Anchor #1 Mu (k-ft)y = 269.48 17082 203.25
0B65<B1<085= 0.85 (56722) Anchor #2 Mu (k-fty = 23710 150.02 176 74
Connection Bars Size: #7 v Anchor #3 Mu (k-ft) = 188.72 11899 137.59
133 Mu= 35841
Moment Capacity:
As prov. : 3608 in? ( 6 Bars)
d(in): 30.00
t b(in): 6.00
= g N
a(in): 10.612 a=As*fy/(0.85"h*fc)
c(in). 12484 c=a/p1
OMn (kip-ft):  383.31 ¢Mn = ¢\ *As*fy*(d-a/2)/12
o= 0.86
(dp=0.75+0.15{(g-eo)/(ey-€g)], 0.75min, 0.9max, 5.5.4.2.1-2)
dMn > Mu OK! .
moa 7 connection brs Check Hook Development:
T C db (in): 0.875
- ART 5.11.2.4
L T _E i Lw(n): 1663 < Controls
g‘ or
" C 8db (in):  7.00
A~

-—ll— 6in min: > 6.00

Lgn (in): 9.35 =(0.8)Lp, xAreqd/As,prod
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Design Code: AASHTO LRFD 5th Edition

Soil Zones

Soil Density (pcf)=

Soil Friction Angle (Phi)=
Interface Friction Angle (delta) =
Back slope angle (beta)=
Backslope distance (x) =
Broken backslope angle (beta')=
Slope - Back face of wall=
Water Table Height, (ft) =
Allowable Bearing (Strength)
(Service)

Ka=

KaH=

Kav=

Stem Height, hs=

Stem Projection Above Grade =
Stem Thickness, ts=

Base Thickness, tb=

Toe Width, It=

Heel Width, |h=

Surcharge, hsc=

Load Factors

Ret

140
32.0°
21.3°
26.5°

1.00
26.5°

0.0°

0.00

NA
2000
0.454
0.423
0.165

6.17

3.00 i
12.00 i

12.00
1.00
1.00
2.00

Fdtn
140

32.0°

Jos

DESCIPTION
SHEET NO
CALCULATED BY

CHECKED BY

Agg
140

Chk: SLV/RIP 123
2016.059.009

28x8 headwall
OF SCALE
rja DATE 6/23/2016

DATE

Coulomb 'C' or Rankine'R' C

32.0° Calculate Strength Bearing Pressure "Y" or "N" NA
Backslope Continuous 'C' or Broken'B' C

Distance to Level Grade 12 ft

Specified Service Brg. Press (psf) 2000
Weone 150 pcf Specified Strength Brg. Press (psf) NA

Cohesion 0 psf
Embedment 1.00 ft

psf
psf

in

==

EP(H)= 59.24
EP(V)= 23.14

*Given Sliding Coefficient 0.440

Bea Coefficients
Na Nv Nc Quilt
23.17 30.21 35.48 9588 psf

Design Wall Height-Ht=  6.92 ft

Total Base Width Lb=  3.00 ft

Height at back of soil wedge Hw = 7.42 ft

Limit State Str 1-a Str 1-b Str IV Service

EH 1.50
LS 1.75
1.00
DC 0.90

Resistance Factors
Table 10.5.5.2.2-1 Sliding 0.90
Bearing 0.45
55421 Moment 0.90
Shear 0.90

1.50
1.75
1.35
1.25

0.90
0.45

1.50
0.00
1.35
1.50

0.90
0.45

1.00
1.00 1
1.00
1.00

1.00
0.33

Stem Des Hgt  5.92 ft
Wedge hgt 0.50 ft

W4

w3 g

w2

Wall Pressure Diagram
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Case 1 - Dry Condition
ACTIVE FORCES - Factored

Limit State Str 1-a Str 1-b Str IV Service
Pg(lb) 1538 1538 0 879
P1(lb) 2443 2443 2443 1629
P2(b) O 0 0 0
P3(b) O 0 0 0
Total Sliding Force (Ib) 3981 3981 2443 2507
Case 1 - Dry Condition
VERTICAL FORCES - Factored

Limit State Str 1-a Str 1-b Str IV Service

Stem Wall - w1 (Ib)= 833 1156 1388 925

Base Slab-w2 (lb)= 405 563 675 450

Soil above heel - w3 (Ib)= 828 1118 1118 828
)

Soil wedge - w4 (Ib)= 35 47 47 35
w5 (lb)= 0 0 0 0

PaVv (b)= 636 859 859 636
Resultant Ver. Force (lb) 2737 3743 4087 2874
Slidi 1204 1647 1798 1265
Sliding NG NG NG NG
Safety Factor U8. 04 07 05
Resultant Location= -2.14 -0.99 m -0.41
Eccentricity = 3.64 249 089 T8¢
Check Ecce NG NG NG NG
Safety 0.2 0.3 0.8 04
Bearing Pressure, P = -641 -1887 3334 -3490
Check Bearing OK OK OK OK~

Safety Facto #HHH #iHH #HE#H ~-0.6
P2

For Toe Reinforcing P1

Bearing Pressure (psf) = 7547 -5722 -6.41
7465 -4970 -2.97

Lb/6 = 0. 3779 -1054 1.84 2168
4622 -2706 -1.24

JoB

DESCIPTION
SHEET NO
CALCULATED BY

CHECKED BY

Arm

3.71
2.47

0.00

Arm

1.50 ft
1.50 ft
2.50 ft
1.67 ft
3.00 ft
3.00 ft

NA

3.3

To Toe P3 Pheel

3124 9902 Str1-a
3320 12484 Str 1-b
-331 Striv

2179 12103 Service

Chk: SLV/RIP 124
2016.059.009

28x8 headwall
OF SCALE
6/23/201

ra DATE

DATE

Overturning Moments (Ib-ft)
Str 1-a Str 1-b Str IV Service
5701 5701 0 3258
6039 6039 6039 4026
0 0 0 0
0 0 0 0
11740 11740 6039 7284

Resisting Moments (Ib-ft)
Str 1-a Str 1-b Str IV Service
1249 1734 2081 1388
608 844 1013 675
2071 2796 2796 2071
58 79 79 58
0 0 0 0

1908 2576 2576 1908
5894 8029 8545 6100

<

Footing Pressure Diagram

P1

Footing Pressure Di

6

P2
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Stem Design
MATERIAL PROPERTIES:

1 Concrete Strength, F'c 5.0 ksi
2 Reinforcing Steel Yield, Fy 60 Ksi
3 Concrete Unit Weight 150 pcf
4 Soil Unit Weight 140 pcf
5.4.2.4 E, =1820e . /f'c = 4070 ksi
E = 29000 ksi
n=FE /E, = 713
0.65 < B, <0.85 = 0.80
Moment due to Surcharge, Mq = 2.44 kip-ft
Moment due to Active Soil, Mp=  2.61 kip-ft
Design Ultimate Moment, Mu=  8.18 kip-ft
Ultimate Shear, Vu=  3.16 kips
dv = Greater of .72h or 0.9 de = 8.7188 in

$Ve=(0.0316)BvVfc b*dv=

p=|1- 2eM, ¢3¢ _ 000163
dbd” ©.85f ¢ £,
Steel Area Req'd; As=p*b*d= 0.1898 in2/ft
Use #5 Bar@ 10.00 noc
AsProv=  0.37 in’fft

p Prov = 0.00317
Check Min As > 1.33 AsReq OK

oMn = pAsfy(de-a/2)/12 = 15.69 kip-ft
CHECK CRACKING
k= 2m+(om)’ —pn= 01911
i=1-(k/3)= 0936

[, =(M)/(4,jd)= 18.131 ksi

max spa < [(700ye) / (Bsts)] - 2dc = 17 in

13.31 kips/ft > Vu OK

2016.059 980
28x8 headwal

JoB
DESCIPTION

SHEET NO OF SCALE

CALCULATED BY

fjia DATE

CHECKED BY DATE

Member Design Width b = 12.00 in
Member Thickness Ts = 12.00 in

Bar Cover=" 2.00 In
Bar Size =, 5
de=Ts-Cov-Bar Size/2= 9.69 in
f. =037, f'¢c= 0.83ksi 5426
Capacity Reduction Factors
Moment, M= 0.90
Shear, S = 0.90
5.8.29 Bv=  2.0: 5.8.34
58.34&58.24
c=As"Fy/.85*fc*B1*b = 0.541 In
c/de £ 0.6; ¢c/de = 0.056 OK
a=pc= 0433 1In
lg=bt/12= 1728 in*
yw=T/2= 6.00 In
OK Mcr=fr(Ilg/yt) = 19.86 kip-ft
1.2Mcr= 23.83 kip-ft
dc= 2.311in
Bs=1+dc/(0.7*(h-dc))= 1.341
ye= 0.75

SLV/RJIP

125

6/23/2016

57312
5.7.21
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LOAD RATING
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JoB 2016.059.009
/ DE I I A DESCIPTION 28x8u8.6
/4
ENGINEERS, ARCHITECTS, & LAND SURVEYORS SHEET NO OF SCALE
860 Hooper Road, Endwell, NY 13760
p .deltaengineers.com CALCULATED BY DATE 712712016
Phone: (607) 231-6600 CHECKED BY OATE
Fax: (607) 231-6650 p
SUMMARY OF BRIDGE RATING
TOWN: Duxbury, VT BRIDGE NO.: 7
CARRIES: VT 100 OVER: Crossett Brook
PORJECT NO.: BF 013-4(47)
DESIGN LIVE LOAD AASHTO HL-93
DESIGN SPAN 28 FEET
REINFORCING STEEL 60 KSl
CONCRETE 6000 PSI
DESIGN SOIL UNIT WEIGHT 140 PCF

LOAD RATING
LOADING LEVELS H-20 HL-93 3S2 6AT 3A 4AS 5AS
INVENTORY 540 1.08 352 162 239 200 3.66
OPERATING 701 140 457 209 310 260 475
COMMENTS 28x8 ARCH UNDER 8.6' FILL
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SHEET NO
CALCULATED BY

CHECKED BY

287 288 291 282
Lane load to input into CANDE

earth cover 8.6
span 28
rse 8 ft
leg thickness 12 in.
additional dead load 35 psf
lane load 64 psf
deck thickness 10 in
leg thickness 12 in

apply lane load as point load at top nodes

Node coordinate tributary width dead load / node
287 0 in. 1.654 ft. 2412 Ibs /in
288 19.85 in. 1.653 ft. 4.822 lbs/in
289 39.69 in. 1.654 ft. 4.825 Ibs/in
290 59.54 in. 1.653 ft. 4.822 Ibs /in
291 79.38 in. 1.654 ft. 4825 |bs/in
292 99.23 in. 1.654 ft. 4.825 Ibs /in
293 119.1 in. 1.653 ft. 4.822 Ibs /in
294 138.9 in. 1.654 ft. 4.825 Ibs /in
295 158.8 in. 1.654 ft. 4.825 Ibs /in
296 178.6 in. 1.653 ft. 4.822 Ibs /in
297 198.5 in. 1.654 ft. 4.825 lbs /in
298 218.3 in. 1.653 ft. 4.822 Ibs/in
299 238.2 in. 1.654 ft. 4.825 Ibs /in
300 258 in.

Chk: SLV/RJIP 128

2016.059.009
28x8u8.6
OF SCALE
DATE 7/21/2016
DATE
295 296 287 299 300

lane load / node

4.411 Ibs / in <=== Cande doubles
8.818 Ibs /in
8.822 Ibs /in
8.818 Ibs/in
8.822 Ibs /in
8.822 Ibs /in
8.818 Ibs /in
8.822 Ibs /in
8.822 Ibs /in
8.818 Ibs /in
8.822 Ibs / in live load from here out becomes

center load, so this is

1/2 regular trib load

8.818 Ibs / in beneficial and is neglected
8.822 Ibs / in dead load is applied because

it is a perminant load
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span 28 ft.
earth cover over structure 8.6 ft.
axle width 6 ft
wheel width 20 in

axle distribution width = axle width + wheel width + earth cover * dist factor thru fill =

Chk: SLV/RJP
2016.059.009

28x8u8.6

SCALE

129
JoB

DESCIPTION
SHEET NO oF
7/21/2016

CALCULATED BY DATE

CHECKED BY DATE

MPF 1.2
impact = 33*(1-0.125"earth cover) = 0%
# of steps to divide load over in Cande = 4
live load distribution factor thru fill = 1.16

17.56 feet

axle load to input into Cande = axle weight*impact*MPF/distribution width/12" per ft/# of load steps

LOAD RATING VEHICLES

8 k
HL-93 TRUCK
72 KIPS (36 TONS) 14
0.64 K/L.F. LANE LOAD
25k

HL-93 TANDEM
50 KIPS (25 TONS) 4
0.64 K/L.F. LANE LOAD

32 k

L]

(for load rating)

8 k
H20 VEHICLE

20 TONS TOTAL

(no lane load or MPF)

32 k 32 k axle load to put into Cande
8 k= 11.39 Ib/inch/step
14'-30' 32k= 45.57 Ibfinch/step
25k axle load to put into Cande
25k= 35.6 Ib/inch/step
25 k= 35.6 Ib/inch/step

axle load to put into Cande
R2k= 37.97 Iblinch/step
8k= 11.39 Ib/inch/step
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span 28 ft
leg thickness 12 inches

Axle applied at center (case 1)
node 287
axle applied at quarter point (case 2)
node 291
HL-93 AXLE AND HS-20
case 1 7.25 ft.
axle applied to centerline

case 2
axle applied to quarter point only

14.5 ft

Tandem applied at center (case 3...other tandem mirrored)

node 288
Tandem applied at quarter point
node 290 (case 4)
node 293
HL-93 TANDEM
case 3 20 ft

tandem applied at centerline

case 4
tandem applied at quarter point 7.25 it
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OF
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HL93 truck 8.6 ft earth cover (controls)
Load Case Description for rating information.
1 HL93 truck at center
2 HL93 truck at quarter point
3 HL93 truck w/ tandem at center
4 HL93 truck w/ tandem at quarter point
Boundary conditions
Case1 Case 2 Case 3
node step force node step force node step force
287 12 -22.80 291 12 -46.00 288 12 -35.60
287 13 -22.80 291 13 46.00 288 13 -35.60
287 14 -22.80 291 14 -46.00 288 14 -35.60
287 15 -22.80 291 15 46.00 288 15 -35.60
293 12 0.00 293 12 0.00 293 12 0.00
293 13 0.00 293 13 0.00 293 13 0.00
293 14 0.00 293 14 0.00 293 14 0.00
293 15 0.00 293 15 0.00 293 15 0.00
287 15 -7.00 287 15 -7.00 287 15 -7.00
288 15 -14.00 288 15 -14.00 288 15 -14.00
289 15 -14.00 289 15 -14.00 289 15 -14.00
290 15 -14.00 290 15 -14.00 290 15 -14.00
291 15 -14.00 291 15 -14.00 291 15 -14.00
292 15 -14.00 292 15 -14.00 292 15 -14.00
293 15 -14.00 293 15 -14.00 293 15 -14.00
294 15 -14.00 294 15 -14.00 294 15 -14.00
295 15 -14.00 295 15 -14.00 295 15 -14.00
296 15 -14.00 296 15 -14.00 296 15 -14.00
capacity demand ratio
Case 1 Case 2 Case 3
failure mode node ratio node ratio node ratio
steel yeilding 1 0.766 17 0.805 1 0.869
concrete crushing 17 0.774 17 0.797 17 0.822
shear failure 17 1.025 17 1.069 17 1.118
radial tension failure 1 0.119 1 0.119 1 0.135

node

290
290
290
290
293
293
293
293
287
288
289
290
291
292
293
294
295
296

DATE

28x8u8.6

SCALE

7/28/2016

DATE

See design calculations for HL-93 and HL-93 w/ Tandem

Case 4
step
12 -35.60
13 -35.60
14 -35.60
15 -35.60
12 -35.60
13 -35.60
14 -35.60
15 -35.60
15 -7.00
15 -14.00
15 -14.00
15 -14.00
15 -14.00
15 -14.00
15 -14.00
15 -14.00
15 -14.00
15 -14.00

force

Case 4
node ratio
17 0.896
17 0.857 controls
17 1.168
1 0.132
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Technical Data & Load Factors

Culvert
Crown Radius

Bar Cover
Outside Face (Cov,yy) =

Inside Face (Covy,) =

Design Section Length (b) =

‘Compressive Strength (fo) =

Yield Strength (f,) =

Stirrup Yield Strength (f,si) =

Circumferential Reinforcement Spa. (spa.) =
Circumferential Reinforcement Provided

Reinforcement
1 - smooth wire or lain bar
2-WWF  max Smooth
3 -WWF deform  orbar

Resistance Factors:
¢f - Flexure = 1.00

29.00 ft

33.83 ft.

2.00in
1.50 in
12in
6.5 ksi
60 ksi
60 ksi
5.00in

Chk: SLV/RJIP 132
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to
1 for1 n=2 for mu AASHTO
AASHTO Table 112.10.4.2.4d
12.10.4.4d-1

- Radial Tension = 0.90 AASHTO Table 12.5.5-1

Tension= 0.90
Radial Tension Process (Fp) 1.00

Diag Tension Process (

Load Factors::

1.00 AASHTO 12.10.4.2.3

IR OR
LLF 1.75 1.35 load modification factors al lied to itude
7,DC (component) 1.31 (1.25*1.05)
Y (hor. At rest earth pressure) 0.86 (0.9/1.05)
Y.EV 1.37 (1.3*1.05)
State Trucks 1.45
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Chk: SLV/RJIP 134

JoB 2016.059.009
" DESCRIPTION 28x8 under 8: HL93 Case 4

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEET NG OF SCALE
www.deltaengineers.com

Phone: (607) 231-6600 CALCULATED BY GSC DATE 712112016
Fax: (607) 231-6650 CHECKED BY DATE
LRFR L TING - HL93 4
Node Total Fac. Factored DC+EH+EV Factored LL
Number  Nu (k/fty  Nup (K/ft)  Mup (in-k/ft)  Vup (k/ft)  Nug (k/ft)  +Muy (in-k/ft)  Vuy (k/ft) - Thick (in)

1 -27.23 -22.14 275.22 0.03 -5.09 84.98 0.02 10

2 -27.49 -22.37 270.08 0.80 -5.12 83.86 0.19 10

3 -27.87 -22.70 253.74 1.66 -5.16 79.91 0.44 10

4 -28.48 -23.24 225.56 2.58 -5.24 72.18 0.75 10

5 -29.29 -23.93 184.46 3.59 -5.36 59.75 1.13 10

6 -30.25 -24.72 129.08 472 -5.563 41.82 1.56 10

7 -31.34 -25.60 57.57 6.00 -5.74 17.88 2.01 10
-32.58 -26.56 -32.02 7.43 -6.02 -12.26 2.47 10.063

9 -33.93 -27.58 -141.89 9.02 -6.35 -48.43 2.90 10.063

10 -35.35 -28.61 -274.38 10.77 -6.74 -90.08 3.29 10.688

11 -36.82 -29.66 -431.26 12.63 -7.16 -136.69 3.63 12.375

12 -38.35 -30.77 -613.57 14.55 -7.58 -187.50 3.90 15.25

13 -39.94 -31.95 -822.16 16.58 -8.00 -241.55 4.1 19.25

14 -43.56 -35.06 -1058.99 1.91 -8.51 -297.85 0.15 27

15 -46.07 -37.39 -930.06 14.57 -8.67 -261.50 414 19.813

16 -45.39 -36.98 -787.22 16.06 -8.41 -220.64 4.58 15.438

17 -44.58 -36.44 -630.60 17.49 -8.14 -176.06 4.93 12.875

18 -44.27 -36.33 -461.04 17.83 -7.94 -128.66 4.96 12

19 -44.69 -36.77 -225.56 17.11 -7.91 -63.58 478 12

20 -45.25 -37.29 0.00 16.38 -7.96 0.00 4.66 12

note all shear values no



LDELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

Node
Number

TN S0 ©® N oA W N

N =2 A A A a
O O o N O O

thk (in)
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.1
10.1
10.7
12.4
15.3
19.3
27.0
19.8
15.4
12.9
12.0
12.0
12.0

d
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
950

As'in prova
(in / ft)
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48

JoB
DESCRIPTION
SHEET NO
CALCULATED BY

CHECKED BY

As'out prova
/
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

Chk: SLV/RJIP 135

2016 059.009
28x8 under 8: HL93 Case 4
OF SCALE
GSC DATE 7/21/2016

DATE



ADELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

LRFR L
Node
Number thk
1 10.0
2 10.0
3 10.0
4 10.0
5 10.0
6 10.0
7 10.0
8 10.1
9 101
10 10.7
11 12.4
12 15.3
13 19.3
14 27.0
15 19.8
16 15.4
17 12.9
18 12.0
19 12.0
20 12.0

AASHTO 12.10.4.2.4a
=0.85bfc='61

TING - HL93

d
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
950

As (prov'd) Total Fac.

(in? / ft)
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

oM, = —;-[g@fd)z — Nu2g,d —h)-

Nu (k/ft)
-27.23
-27.49
-27.87
-28.48
-29.29
-30.25
-31.34
-32.58
-33.93
-35.35
-36.82
-38.35
-39.94
-43.56
-46.07
-45.39
-44.58
-44.27
-44.69
-45.25

g

JoB
DESCRIPTION
SHEET NO
CALCULATED BY

CHECKED BY

Phi Mn

523.84
524.78
526.15
528.39
531.32
534.77
538.70
254.80
572.58
628.09
1013.16
1343.58
1806.56
2727.60
1917.51
1403.55
1102.07
999.54
774.66
777.03

(g¢jd_Nu _Astv)z}

Chk: SLV/RJIP 136
2016.059.009
28x8 under 8: HLI3 Case 4
OF SCALE
GSC DATE 7/21/2016

DATE



ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

L D
Node
Number thk (in)
1 10.0
2 10.0
3 10.0
4 10.0
5 100
6 10.0
7 10.0
8 10.1
9 10.1
10 10.7
11 12.4
12 15.3
13 19.3
14 27.0
15 19.8
16 15.4
17 12.9
18 12.0
19 12.0
20 12.0

g=085bfc=61

oM, = %[g@fd)z _ Nu(24,d—h)-

d (in)
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
9.50

Phi Mn
(in-k/ft)
523.84
52478
526.15
528.39
531.32
534.77
538.70
254.80
572.58
628.09
1013.16
1343.58
1806.56
2727.60
1917.51
1403.55
1102.07
999.54
774.66
777.03

JoB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

e4

Mup (in-k/ft)
275.22
270.08
253.74
225.56
184.46
129.08

57.57
-32.02
-141.89
-274.38
-431.26
-613.57
-822.16
-1058.99
-930.06
-787.22
-630.60
-461.04
-225.56
0.00

(g¢fd—]\[u —AsFy)2

OF

Chk: SLV/RJP
2016.059.009

SCALE

~ GSC__ onatE
DATE
Inve

+Muy (in-k/ft) Rating
84.98 2.93
83.86 3.04
79.91 3.4
72.18 4.20
59.75 5.81
41.82 9.70
17.88 26.91
-12.26 18.18
-48.43 8.89
-90.08 3.93
-136.69 4.26
-187.50 3.89
-241.55 4.08
-297.85 5.60
-261.50 3.78
-220.64 2.79

-176.06 2.68 /
-128.66 4.19
-63.58 8.64
0.00 N/A
2.68

Rating
3.79
3.94
442
5.44
7.53
12.57

34.89

23.56
11.53
5.09
5.52
5.05
5.28
7.26
4.89
3.62
3.47
5.43
11.20

N/A
3.47

137
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A DELTA

ENGINEERS

184 Court Street

BINGHAMTON, NEW YORK 13901
(607) 231-6600 Fax 231-6650

JoB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

LRFR LOAD RATING - HL93 Case 4

Elmt

Nmbr  thk (in)

1

O 0O ~N OO G p~ WODN

_
- O

a4 A a4 A A A o
0o ~N OO OB W N

19

#V, = $0.0316bdF,, [ f'c(l.1+ 63p)(

Shear Resistance With Stirru

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.1
10.1
10.7
12.4
15.3
19.3
27.0
19.8
15.4
12.9
12.0
12.0
12.0

d (in)
8.000
8.000
8.000
8.000
8.000
8.000
8.000
7.563
7.563
8.188
9.875
12.750
16.750
24.500
17.313
12.938
10.375
9.500
9.500
9.500

As

in? /

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

Vtotal
(kip/ft)
0.06
0.99
2.09
3.33
472
6.28
8.01
9.89
11.92
14.06
16.26
18.46
20.69
2.05
18.71
20.64
22.42
22.79
21.89
21.04

P = pd =

F,F
F

¢

)

Vdl only
(kip/ft)
0.03
0.80
1.66
2.58
3.59
472
6.00
7.43
9.02
10.77
12.63
14.55
16.58
1.91
14.57
16.06
17.49
17.83
17.11
16.38

AASHTO 12.10.4.2.5

OF

Vil only
(Kip/ft)
0.02
0.19
0.44
0.75
113
1.56
2.01
2.47
2.90
3.29
3.63
3.90
4.1
0.15
414
4.58
493
4.96
4.78
4.66

Chk: SLV/RJIP

2016 059.009

138

28x8 under 8: HL93 Case 4

GSC DATE
DATE
Vn=Vc+Vs

oVn 1.75

(kip/ft) INV
12.93 5746
12.94 64.12
12.96 25.97
12.99 13.87
13.03 8.348
13.77 5.802
31.10 12.47
29.61 8.988
21.55 4.323
15.53 1.448
18.45 1.605
20.52 1.527
24.12 1.835

30.37 193
24.41 2.377
2101 1.081
47.69 6.125
47.90 6.066
57.25 8.403
64.14 10.24
control 1.081

SCALE

7/21/2016

1.356
OPR
744.9
83.11
33.67
17.98
10.82
7.522
16.17
11.65
5.604
1.877
2.08
1.98
2.379
250.2
3.081
1.402
7.94
7.864
10.89
13.28
1.402



fa

DELTA

E NGINEERS
184 Court Street

BINGHAMTON, NEW YORK 13901 CALCULATED BY GSC DATE 7/21/2016
(607) 231-6600 Fax 231-6650 . e
Arch
Positive Moment Design (cont.)
Shear Resistance With Radial AASHTO 12.10.4.2.6
Element Sv MAX Sv Act Avr Sv MAX Sv Act Avs ¢Vs
Number  thk d (in) (in) In (in® / ft) (in) (in) (in®/f) (k)
1 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
2 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
3 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
4 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
5 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
6 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
7 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
8 101 7.69 519 0.00 0.00 5.19 0.00 0.00 0
9 101 7.69 5.19 0.00 0.00 5.19 0.00 0.00 0
10 10.7 8.31 5.61 0.00 0.00 5.61 0.00 0.00 0
11 12.4 10.00 6.75 0.00 0.00 6.75 0.00 0.00 0
12 15.3 12.88 8.69 0.00 0.00 8.69 0.00 0.00 0
13 19.3 16.88 11.39 0.00 0.00 11.39 0.00 0.00 0]
14 27.0 24.63 16.62 0.00 0.00 16.62 0.00 0.00 0
15 19.8 17.44 11.77 0.00 0.00 11.77 0.00 0.00 0
16 15.4 13.06 8.82 0.00 0.00 8.82 0.00 0.00 0
17 12.9 10.50 7.09 4.50 0.01 7.09 4.50 0.06 28.49
18 12.0 9.63 6.50 4.50 0.01 6.50 4.50 0.08 26.42
19 12.0 9.63 6.50 4.50 0.00 6.50 4.50 0.06 27.08
20 12.0 9.63 6.50 4.50 0.00 6.50 450 0.05 26.94
For Radial Tension For Shear
o 1.1s, M, —0.45N ¢,d) 1.1s, V.F V)4 A,
’ forb.d "/
$, <0754, v M4V* <0.0633¢,bd[f".
Mnu=Mu-Nu o4+
Avs above and Vud
taking Fc =1.0, Vs= *ov*d/(1.1*Sv) ( As provided = 0.293 in./LF

JoB

DESCRIPTION

SHEET NO

Chk: SLV/RJIP 139

2016.059.009
28x8 under 8: HL93 Case 4
0

OF SCALE



ADELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

HS20 truck 8.6 ft earth cover (controls)

JoB

DESCIPTION
SHEET NO
CALCULATED BY

CHECKED BY

force
-37.80 7/
-37.80
-37.80
-37.80
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

17 0.751 controls

Load Case Description
1 HS20 truck at center
2 HS20 truck at quarter point
Boundary conditions
Case 1 Case 2
node step force node step
2877 12 -19.00v 291/ 12
287 13 -19.00 291 13
287 14 -19.00 291 14
287 15 -19.00 291 15
293 12 0.00 293 12
293 13 0.00 293 13
293 14 0.00 293 14
293 15 0.00 293 15
287 15 0.00 287 15
288 15 0.00 288 15
289 15 0.00 289 15
290 15 0.00 290 15
capacity demand ratio
Case 1 Case 2
failure mode node ratio node ratio
steel yeilding 17 0.696 17 0.727
concrete crushing 17 0.732
shear failure 17 0.941 17 0.977 <«—3
radial tension failure 1 0.106 1 0105

Chk: SLV/RIP 140
2016.059.009

28x8u8.6
OF SCALE
DATE 7/21/2016

DATE



Chk: SLV/RJIP 141

28x8under8_HS20c1MOD.out
**% WELCOME TO CANDE-2013(version 3/1/2013) ***
MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1
USER TITLE: 28x8_u8.6_HS20cl

* % * BOUNDARY CONDITIONS * * *

(FORCES = LBS; DISPLACEMENTS INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD X-FORCE OR Y-FORCE OR X-Y ROTATION
BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT Y-DISPLACEMENT
BOUNDARY CONDITIONS
287 12 F = 0.0000eE+00 F = -0.1900E+02 Y 0.0000E+00
F287 13 F = 0.0000eE+00 F = -0.1900E+02 0.0000E+00
F287 14 F = 0.0000e+00 F = -0.1900E+02 0.0000E+00
F287 15 F = 0.0000e+00 F = -0.1900+02/ 0.0000E+00
F293 12 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 13 F = 0.0000eE+00 F = 0.0000E+00 0.0000e+00
F293 14 F = 0.0000e+00 F = 0.0000E+00 0.0000E+00
F293 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F287 15 F = 0.0000e+00 F = 0.0000E+00 0.0000E+00
F288 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F289 15 F = 0.0000eE+00 F = 0.0000E+00 0.0000E+00
F290 15 F = 0.0000e+00 F = 0.0000E+00 0.0000e+00
F291 15 F = 0.0000e+00 F = 0.0000E+00 0.0000E+00
F292 15 F = 0.0000e+00 F = 0.0000E+00 0.0000E+00
F293 15 F = 0.0000eE+00 F = 0.0000E+00 0.0000E+00
F294 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F295 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
:296 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1 1.313 Factor for load step #1

2 0.875 Factor for load step #2

3 0.857 Factor for load step #3

Page 1



28x8under8_HS20c1MOD.out

4 0.857 Factor for Toad
5 0.857 Factor for load
6 1.365 Factor for Toad
7 1.365 Factor for load
8 1.365 Factor for load
9 1.365 Factor for load
10 1.365 Factor for Toad
11 1.365 Factor for load
12 1.750 Factor for Toad
13 1.750 Factor for load
14 1.750 Factor for Tload
15 1.750 Factor for load

B . T T ik i e N S S T S SE S S i S

Chk: SLV/RJIP

#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

step
step
step
step
step
step
step
step
step
step
step

step

++ + + +

+ + +

FINITE ELEMENT OUTPUT FOR LOAD STEP 15

B s T 2 ik 2 st B S S T T S S S S o S o

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15
STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS' LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN*%*2

MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN

LOCAL X-COORD X-DISP N-PRES. MOMENT
NODE Y-COORD Y-DISP S-PRES. THRUST
1 0 00 0.00000e+00  -0.93356E+01 0.24167€e+05
101 00 -0.20828E+01 -0.16515e+00 -0.18041E+04

2 13.43 -0.81749e-03  -0.95386E+01 0.23668E+05
100.76 -0.20612E+01  -0.15424E+01  -0.18277E+04

3 26 84 0.12125e-02  -0.97415e+01 0.22104E+05
100 08 -0.19975e+01 -0.29197e+01 -0.18622E+04

4 40.22 0.86180e-02 -0.10142g+02 0.19452E+05
98.95 -0.18946E+01 -0.38747e+01 0.19153E+04

5 53.56 0.23421e-01  -0.10720E+02 0 15667€E+05
97.38 -0.17577e+01  -0.42096e+01 -0 19804e+04

6 66.84 0.46800e-01  -0.11579e+02 0.10672E+05
95.38 -0.15949E+01  -0.44841e+01 -0.20529E+04

Pa

ge 2

+ 4+ ++++ ++

CRACK

.74705e+01
.70225e+01

.73583E+01
.69927e+01

.74181e+01
.69565E+01

.74181e+01
.68801E+01

.74181E+01
.67322e+01

.74181e+01
.63008E+01

00 00O OO OO0 oo ©Oo

Y-BAR
DEPTH

142



10

11

12

13

14

15

16

17

18

19

20

1

1

1

1

1

1

1

1

1

1

80
92

93.
90.

106.
86.

19.
82.

31.
78.

144,
74.

56.
69.

69.
63.

71.
54.

72.
45.

73.
36.

74
26

74.
13.

.00
0.

74

05
93

16
05

18
73

08
99

84
82

47
23

93
23

22
82

39
75

91
55

78
26

00
94

00
47

00

-0.

0.
-0.

0.
-0.

0

-0.

SHEAR FORCE QIAGNOSTQS_FOR CONCRET
- v-factor is coefficient of sqrt

-- Shear depth "d" is negative i

-— Stirrup load

NODE

VooONOYVTAWNEF

EQUIVALENT
v-factor

28x8under8_HS20c1MOD.out
.78463E-01  -0.12497e+02 0.43474€e+04
'14198e+01  -0.45813e+01  -0.21315e+04
.11642€E+00 -0.13589e+02 -0.34386E+04
"12429e+01  -0.46429e+01  -0.22153E+04
.15727€e+00 -0.14804E+02 -0.12846E+05
.10762€+01  -0.44989+01  -0.23029€E+04
.19621€e+00 -0.15610E+02 -0.24054E+05
.93693E+00 -0.39597e+01  -0.23908e+04
.23010e+00 -0.16104E+02 -0.37180€E+05
.82875E+00 -0.36262E+01  -0.24784E+04
.25816E+00 -0.16406E+02 -0.52296€E+05
.74817e+00 -0.34424e+01 -0.25688E+04
.28103E+00 -0.17251e+02 -0.69460E+05
.68850E+00 -0.32499e+01 -0.26639E+04
.29997€e+00 -0.21595€e+02 -0.88841E+05
.64318€E+00 -0.16198€e+02 -0.29053E+04
.32637E+00 -0.97355e+01 -0 77933e+05
.63613e+00 -0.42277e+01 -0 30821e+04
.34562E+00 -0.98356e+01 -0.65874E+05
.63213E+00 -0.41486E+01  -0.30446E+04
.35284€E+00 -0.10792€e+02 -0.52688E+05
63050E+00 -0.44522e+01 -0.29971E+04
34450€+00 -0.11743€e+02 -0.38475€E+05
62966E+00 -0.44329e+01  -0.29853E+04
30623E+00 -0.45774e+01  -0.18822e+05
62808E+00 -0.20956E+01 -0.30203eE+04
.25348E+00 0.25884E+01  -0.34015e-09
62713E+00 0.24167E+00 -0.30626E+04
E-GROUP 1, LOAD STEP 15

(PFPC) equal to capacity.

is excess shear force above capacity.

RN WR RN R

.82
.82

SHEAR APPLIED
CAPACITY SHEAR
1bs/inch 1bs/inch

1172.05 -2.47
1173.32 76.84
1175.17 156.95
1178.03 239.63
1181.52 326.89
1333.20 421.42
2900.32 525.34
2741.89 640.10
1894.70 767.49
1384.13 905.97
1671.98 1051.45
1864.19 1201.75

APPLIED/
CAPACITY
ratio

002

065
.134
.203
.277
.316
.181
.233
.405
.655
.629
.645

COOOOOOOOCOO00

Page 3

f measured from outer wall.

SHEAR
DEPTH-d
inches

8
8
8
8
8
8
8.
-7
-7
-8
-9
-12

Chk: SLV/RJIP

.50615E+01
.13885E+00

.20283e+01
.69520E+01

.25648E+01
.66284E+01

.27446E+01
.73600E+01

.34229e+01
.82912E+01

.40506E+01
.10457E+02

.44678E+01
.13519€e+02

.55838E+01
.19519e+02

.49926E+01
.13865E+02

.42445e+01
.10640E+02

.36636E+01
.87194E+01

.34579e+01
.79510E+01

.30043E+01
.78352E+01

.60775e+01
.00000E+00

STIRRUP

LOAD

1bs/inch

OO0 O0OOOO0OO00
o
o
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13 1.64 2211.
14 1.41 2777.
15 1.59 2220.
16 1.83 1903.
17 2.07 1734.
18 2.54 1947.
19 3.58 2739.
20 4.50 3444.

19
02
85
82
06
93
33
13

28x8under8_HS20c1MOD.out
1360.
136.
-1231.
-1353.
-1468.
-1491.
-1428.
-1366.

ASSESSMENT SUMMARY CONCRETE-GROUP

LRFD SUMMARY EVALUATION FOR GROUP

DESIGN-CRITERION

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)

SHEAR FAILURE (1bs/in)

RADIAL-TENSION FAIL (psi)

CONTROL
NODE

17
17
17

1, LOAD-STEP 15

1, LOAD STEP 15

0.615

OO0

.049
.554
.711
. 847
.766
.521
.397

FACTORED
DEMAND

39657.6
3566.8
1469.0

7.4

-16.75
-24.50
-17.31
-12.94
-10.38
-9.50
-9.50
-9.50

FACTORED
CAPACITY

57000.0
4875.0
1560.7

69.6

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP

NODE NUMBER FOR MAXIMUM CRACK WIDTH .

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches)

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .

SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)

* % % * NORMAL EXIT FROM CANDE * * * *

Page 4

Chk: SLV/RJIP

[=lelolelole o] ]
o
o

RATIO
VALUE

0.696
0.732

0.941 v~

0.106
15
17
0.00670
0.67
348.00
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28x8under8_HS20c2MOD. out
***% WELCOME TO CANDE-2013(version 3/1/2013) *=*=*

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x8_u8.6_HS20c2

* * * BOUNDARY CONDITIONS

* %

(FORCES = LBS; DISPLACEMENTS

BOUNDARY LOAD
BEAM ROTATIONAL
NODE STEP
BOUNDARY CONDITIONS
291/ 12
F
291 13
F
291 14
F
291 15
F
293 12
F
293 13
F
293 14
F
293 15
F
287 15
F
288 15
F
289 15
F
290 15
F
291 15
F
292 15
F
293 15
F
294 15
F
295 15
F
296 15
F

m M M M M M M M m

n

m m M M

M M M M

LRFD TOTAL LOAD FACTORS

LOAD STEP

1

2
3
4

*

INCHES; ROTATIONS = DEGREES)

X-FORCE OR

X-DISPLACEMENT

0
0
0
0
0
0
0
0
0
= 0
0
0
0
0
0
0
0
0

.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F

PER LOAD STEP

LOAD FACTOR
1.313
0.875
0.857
0.857

Page 1

Y-FORCE OR

Y-DISPLACEMENT

= -0.3780E+02/

= -0.3780E+02

= -0.3780E+02

= -0.3780e+02,
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

= 0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

USER COMMENT

X-Y ROTATION

O O O O © O O © © O O 0o 0o o o o o o

Chk: SLV/RJIP

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

Factor for load step #1

Factor for load step #2

Factor for load step #3

Factor for load step #4

145



O 0 N (o2 IV, |

10
11
12
13
14
15

28x8under8_HS20c2MOD.out
.857 Factor

e N e e e e

.365
.365
.365
.365
.365
.365
.750
.750
.750
.750

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad

for
for
for
for
for
for
for
for
for
for

for load

o S T SR S S S S S S S I T i TR T i e s S e SN St S S

FINITE ELEMENT OUTPUT FOR LOAD STEP 15

++++++++ A+

CONCRETE,

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1,

FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15

Y-BAR IS "NEUTRAL AXIS"

PRESSURES ARE LB/IN**
MOMENTS ARE IN-LB/IN
THRUST AND SHEAR ARE

LOCAL
NODE

1

X-COORD.
Y-COORD.

0.00
101.00

13.43
100.76

26 84
100 08

40.22
98.95

53.56
97.38

66.84
95.38

80.05
92.93

93.16

LB/IN

X-DISP.
Y-DISP.

0.00000E+00

-0.
-0.

.11195e-02
-0.

.85520E-02
.19541e+01

.23534e-01
-0.

.47364E-01
-0.

.79796eE-01
-0.

.11880E+00

21435e+01
87214e-03
21219e+01

20578e+01

18153e+01

16492E+01

14698E+01

-0.
-0.

-0.
-0.

-0
-0
-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
Pa

N-PRES.
S-PRES.

84418E+01
53167e-01

90608E+01
12249e+01

96799e+01
23967e+01

10534€E+02
33151e+01

11494E+02
37549e+01

12615€E+02
42414e+01

13642E+02
45622E+01

14714E+02
ge 2

LOAD-STEP 15
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
LOCATION FROM INTERIOR, INCHES

MOMENT
THRUST

.24206E+05
.18936E+04

.23784E+05
.19127e+04

.22422€E+05
.19410E+04

.20018E+05
.19864E+04

.16441E+05
.20441e+04

.11544E+05
.21117e+04

.51553E+04
.21888E+04

.28753E+04

Chk: SLV/RJIP

#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

step
step
step
step
step
step
step
step
step
step

step

+ 4+ ++ o+

++ 4+ ++ +++

Y-BAR
CRACK DEPTH

.73190E+01
.69865E+01

.73309e+01
.69762E+01

.74181E+01
.69457E+01

.74181e+01
.68778E+01

.74181e+01
.67454E+01

.74181e+01
.63636E+01

.50615e+01
.85553E+00

.20283€e+01

O OO0 OO OO OO0 OO OO oo
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28x8under8_HS20c2MOD. out
90.05 -0.12881E+01 -0.48286E+01 -0.22743E+04 0.67380E+01
9 106.18 0.16104e+00 -0.15802E+02 -0.12704E+05 0.25648E+01
86.73 -0.11158E+01 -0.48943e+01 -0.23668E+04 0.65964E+01
10 119.08 0.20166E+00 -0.16492E+02  -0.24485E+05 0.27446E+01
82.99 -0.97056E+00 -0.44915e+01 -0.24623E+04 0.73546E+01
11 131.84 0.23725e+00 -0.16855E+02 -0.38312E+05 0.34229e+01
78.82 -0.85705E+00 -0.41948e+01 -0.25591E+04 0.82918E+01
12 144 .47 0.26690E+00 -0.17002e+02  -0.54227€e+05 0.40506E+01
74.23  -0.77197e+00 -0.39674e+01 -0.26588E+04 0.10461E+02
13 156.93 0 29120E+00 -0.17705e+02 -0 72259e+05 0.44678e+01
69.23 -0 70859e+00 -0.37499e+01 -0 27629e+04 0.13528E+02
14 169.22 0.31147e+00 -0.21950e+02  -0.92545E+05 0.55838E+01
63.82 -0.66015e+00 -0.16986E+02 -0.30200E+04 0.19533€e+02
15 171 39 0.33987e+00 -0.97623e+01  -0.81238e+05 0.45538E+01
54 75 -0.65259e+00 -0.42632e+01 -0.32066E+04 0.13912E+02
16 172.91 0.36082€+00 0 99578e+01 -0.68701E+05 0.42445E+01
45.55 -0.64827e+00 0 42253e+01 -0.31660E+04 0.10639E+02
17 173 78 0.36921E+00 -0.11043E+02  -0.54966€E+05 0.36636E+01
36 26 -0.64649E+00 -0.45487e+01 -0.31152E+04 0.87192E+01
18 174.00 0.36136E+00 -0.12151e+02  -0.40149e+05 0.34579e+01
26.94  -0.64560E+00 -0.44749E+01 -0.31012e+04 0.79518E+01
19 174.00 0.32259e+00 -0.46710e+01 -0.19651E+05 0.30043e+01
13.47 -0.64395E+00 -0.21944e+01 -0.31363E+04 0.78447e+01
20 174.00 0.26869E+00 0.28086E+01 -0.29922E-09 0.60775E+01
0.00 -0.64297e+00 0.86004e-01  -0.31799E+04 0.00000E+00
SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.
EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR STIRRUP
v-factor CAPACITY SHEAR CAPACITY DEPTH-d LOAD
NODE Tbs/inch 1bs/inch ratio inches Tbs/inch
1 182 1176.86 -3.65 0 003 8.00 0 00
2 1 83 1177.89 66.44 0 056 8.00 0 00
3 1 83 1179.41 140.21 0 119 8.00 0 00
4 1 83 1181.85 222.64 0 188 8.00 0 00
5 1 84 1184.95 315.51 0 266 8.00 0 00
6 194 1249.17 420.17 0 336 8.00 0 00
7 4 37 2821.74 536.81 0 190 8.00 0 00
8 4 50 2741.89 664.90 0 242 -7.56 0 00
9 3 25 1984.44 804.52 0 405 -7.56 0 00
10 2 16 1424 .45 953.38 0 669 -8.19 0 00
11 2 11 1676.93 1107.31 0 660 -9.88 0 00
12 1 82 1869.26 1263.84 0 676 -12.75 0 00
13 1 65 2229.26 1426 59 0 640 -16.75 0 00
14 141 2782.62 149 10 0 054 -24.50 0 00
15 1 60 2227.33 -1278 35 0 574 -17.31 0 00
16 1 83 1910.64 -1408.54 0 737 -12.94 0 00

Page 3
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17 2 08 1741.18 -1530.71 0.879 10.38
18 2 55 1954.60 -1555.24 0.796 -9.50
19 3 59 2748.43 -1490.32 0.542 -9.50
20 4 50 3444.13 -1427.40 0.414 -9.50

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 15

LRFD SUMMARY EVALUATION FOR GROUP 1 LOAD STEP 15

DESIGN-CRITERION CONTROL FACTORED FACTORED

NODE DEMAND CAPACITY
STEEL YIELDING (psi) 17 41428.2 57000.0
CONCRETE CRUSHING (psi) 17 3658.9 4875.0
SHEAR FAILURE (1bs/in) 17 1530.7 1567.1
RADIAL-TENSION FAIL (psi) 1 7.3 69.6

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 15

NODE NUMBER FOR MAXIMUM CRACK WIDTH ..............

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches)

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE ..........

SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)

* % * * NORMAL EXIT FROM CANDE * * * *

Page 4
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[efeofole]
[elolelo]
[afolole)

RATIO
VALUE

0.727 ¢
0.751 v~
0.977 ~
0.105

17
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DELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

LRFR L

‘Technical Data & Load Factors

Culvert
Crown Radius aa

‘Bar Cover
Outside Face (Cov,yy)

Inside Face (Covy,)
Section
‘Compressive Strength (f.)
Yield Strength (f,)
Stirrup Yield Strength (f,e)
Circumferential Reinforcement Spa. (spa.)
Circumferential Reinforcement Provided
Reinforcement
1 - smooth wire or n bar .
2 - WWF max spa. Smooth)

3-WWF or bar deformed

Resistance Factors:
- Flexure= 1.00
r - Radial Tension = 0.90

Tension= 0.90
' Radial Tension Process (Fp)= 1.00

Diag Tension Process (F,,) = 1.00

L o 175

7,DC (component) 1.31

YoEH (hor. At rest earth pressure) 0.86
YEV  1.37

Jos

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

OF

Chk: SLV/RJIP 149

2016.059.009

28x8 under 8: HS20 Case 2

SCALE

DATE

DATE

TING - HS20
29.00 ft. (C to C)
= 33.83ft.
= 2.00in
= 150in
12in
= B.5ksi
= B0 ksi
= 60ksi
= 500in
1 (n=1 for 1 layer, n=2 for multiple layers) EAASHTO
3 'AASHTO Table 112.10.4.2.4d
12.10.4.4d-1

AASHTO Table 12.5.5-1

AASHTO 12.10.4.2.3
OR
1.35 load modification factors a lied to e

(1.25*1.05)

(0 9/1 05)

1(1.3*1.05) 1

1.45
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JoB 2016 059 009
" DESCRIPTION 28x8 under 8: HS20 Case 2

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEET NO OF SCALE
www.deltaengineers.com

Phone: (607) 231-6600 CALCULATED BY OATE
Fax: (607) 231-6650 CHECKED BY DATE
LOAD NG - HS20 2
Node Total Fac. Factored DC+EH+EV Factored LL
Number Nu (k/ft)  Nup (k/ft)  Mup (in-k/ft)  Vup (k/ft)  Nug (k/ft)  +Muy (in-k/ft)  Vug (k/ft)  Thick (in)
1 -22.72 -22.14 275.22 0.03 -0.59 15.25 0.0t 10
2 -22.95 -22.37 270.08 0.80 -0.58 15.32 0.00 10
3 -23.29 -22.70 253.74 1.66 -0.59 15.32 0.03 10
4 -23.84 -23.24 225.56 2.58 -0.60 14.65 0.09 10
5 -24.53 -23.93 184.46 3.59 -0.60 12.83 0.19 10
6 -25.34 -24.72 129.08 4.72 -0.62 9.44 0.32 10
7 -26 27 -25.60 57.57 6.00 -0.67 429 0.44 10
8 -27.29 -26.56 -32.02 7.43 -0.73 -2.48 0.55 10.063
9 -28.40 -27.58 -141.89 9.02 -0.82 -10.56 0.63 10.063
10 -29.55 -28.61 -274.38 10.77 -0.94 -19.44 0.67 10.688
11 -30.71 -29.66 -431.26 12.63 -1.05 -28.49 0.66 12.375
12 -31.91 -30.77 613.57 14.55 114 -37.15 0.61 15.25
13 -33.15 -31.95 -822.16 16.58 -1.21 -44.95 0.54 19.25
14 -36.24 -35.06 -1058.99 1.91 1.18 -51.55 0.12 27
15 -38.48 -37.39 -930.06 14.57 -1.08 -44.80 0.77 19.813
16 -37.99 -36.98 -787.22 16.06 -1.01 -37.19 0.85 15.438
17 -37.38 -36.44 -630.60 17.49 -0.94 -28.99 0.88 12.875
18 -37.21 -36.33 -461.04 17.83 -0.89 -20.75 0.83 12
19 -37.64 -36.77 -225.56 17.11 -0.86 -10.25 0.77 12
20 -38.16 -37.29 0.00 16.38 -0.87 0.00 0.75 12

note all shear values normalized to
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Node
Number
1

T o © ® N o oA~ WN

N = a2 «@a a2 a 4a a -
O O 0o ~N O 0 b W N

thk
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.1
10.1
10.7
12.4
156.3
19.3
27.0
19.8
15.4
12.9
12.0
12.0
12.0

dIn
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
950

As'in  rov'd
2y
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48

JoB
DESCRIPTION
SHEET NO
CALCULATED BY

CHECKED BY

As'out
n?/
0.24
0.24
0.24
024
0.24
0.24
0.24
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

Chk: SLV/RJP 152
2016.059.009

28x8 under 8: HS20 Case 2
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DATE

DATE
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DESCRIPTION
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEETNO
www.deltaengineers.com

Phone: (607) 231-6600 CALCULATED BY

Fax: (607) 231-6650 CHECGKED BY
L D G- 20 2
Node As Total Fac. Phi Mn
Number thk in din / Nu
1 10.0 8.00 0.92 -22.72 507.22
2 10.0 8.00 0.92 -22.95 508.07
3 10.0 8.00 0.92 -23.29 509.34
4 10.0 8.00 0.92 -23.84 511.36
5 10.0 8.00 0.92 -24.53 513.92
6 10.0 8.00 0.92 -25.34 516.91
7 10.0 8.00 0.92 -26.27 520.31
8 10.1 7.56 0.24 -27.29 232.02
9 10.1 7.56 1.06 -28.40 553.30
10 10.7 8.19 1.06 -29.55 606.17
11 12.4 9.88 1.56 -30.71 988.06
12 15.3 12.75 1.56 -31.91 1307.99
13 19.3 16.75 1.56 -33.15 1755.65
14 27.0 24.50 1.56 -36.24 2644.71
15 19.8 17.31 1.56 -38.48 1859.17
16 15.4 12.94 1.56 -37.99 1362.78
17 12.9 10.38 1.56 -37.38 1071.58
18 12.0 9.50 1.56 -37.21 972.68
19 12.0 9.50 1.06 -37.64 744.40
20 12.0 9.50 1.06 -38.16 746.67

'AASHTO 12.10.4.2.4a
=0.85b fic = 161

d—N,—AF)
¢Mn=%\:g(¢/d)2—Nu(2¢jd—h)—(g¢f ¥ s V)

OF

Chk: SLV/RJP
2016.059 009

28x8 under 8: HS20 Case 2
SCALE
DATE

DATE
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Chk: SLV/RJIP 154

JoB 2016.059.009
" DESCRIPTION 28x8 under 8; HS20 Case 2

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEETNO OF SCALE
www.deltaengineers.com

Phone: (607) 231-6600 CALCULATED BY DATE
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING - HS20 Case 2

Node Phi Mn Invento rati
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft)  +Muyg (in-k/ft) Rating Rating
1 10.0 8.00 507.22 275.22 15.25 15.21 19.72

2 10.0 8.00 508.07 270.08 15.32 15.53 20.13

3 10.0 8.00 509.34 253.74 15.32 16.68 21.62
4 10.0 8.00 511.36 22556 14.65 19.51 2528

5 10.0 8.00 513.92 184.46 12.83 25.68 33.29

6 10.0 8.00 516.91 129.08 9.44 41.07 5323
7 10.0 8.00 520.31 57.57 4.29 107.83 139.78
8 10.1 7.56 232.02 -32.02 -2.48 80.63 104.52

9 10.1 7.56 553.30 -141.89 -10.56 38.96 50.50
10 10.7 8.19 606.17 -274.38 -19.44 17.07 22.12
11 124 9.88 988.06 -431.26 -28.49 19.55 25.34
12 15.3 12.75 1307.99 -613.57 -37.15 18.69 2423
13 19.3 16.75 1755.65 -822.16 -44.95 20.77 26.92
14 27.0 24.50 2644.71 -1058.99 -51.55 30.76 39.87
15 19.8 17.31 1859.17 -930.06 -44 .80 20.74 26.89
16 15.4 12.94 1362.78 -787.22 -37.19 15.48 20.06
17 12.9 10.38 1071.58 -630.60 -28.99 15.21 19.72
18 12.0 9.50 972.68 -461.04 -20.75 24 .66 31.97
19 12.0 9.50 744.40 -225.56 -10.25 50.63 65.63

20 20 9.50 746.67 0.00 0.00 N/A N/A
Contro 15.21 19.72

=0.85bfc= 61
2
oM, = %{g(gﬁ, ay - nuzpyd -y =AY
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Jos

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

LRFR LOAD RATING - HS Case 2

Elmt

Nmbr  thk (in)

1

TS © o N o g A wN

[ O O G G
© oo ~N O o h WON

20

@V, = $0.0316bdF,, [ f'c(l.1+ 63p)[ 4

Shear Resistance With Stirrups

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.1
10.1
10.7
124
15.3
19.3
27.0
19.8
15.4
12.9
12.0
12.0
12.0

d (in)

8.000

8.000
8.000

8.000
8.000
8.000
8.000
7.563
7.563
8.188
9.875
12.750
16.750
24.500
17.313
12.938
10.375
9.500
9.500
9.500

As (prov'd) Vtotal

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

Vdl only
(in? / ft) (kip/ft) (Kip/ft)
0.04 0.03
0.80 0.80
1.68 166
2.67 2.58
3.79 3.59
5.04 472
6.44 6.00
7.98 7.43
9.65 9.02
11.44 10.77
13.29 12.63
15.17 14.55
17.12 16.58
1.79 1.91
15.34 14.57
16.90 16.06
18.37 17.49
18.66 17.83
17.88 17.11
17.13 16.38
o= A, <0.02
gbd

F,F

F

c

2

]

AASHTO 12.10.4.2.5

Chk: SLV/RJIP 155
2016.059.009
28x8 under 8: HS20 Case 2

OF SCALE

DATE

DATE

Vn=Vc+Vs

VIl only ovn 175 1.35
(kipff)y  (kip/fy  INV  OPR
0.01 1271 1258 1630
0.00 1272 4967 6439
0.03 12.74 4397 570
0.09 12.76 1101 142.7
0.19 12.80 47.41 61.46
0.32 1349  27.58 35.75
0.44 3047 5516 715
0.55 2961 4013 52.02
0.63 2143 1966 25.48
0.67 1538  6.909 8.957
0.66 1811 831 10.77
0.61 2019  9.188 11.91
0.54 2408 13.98 18.12
0.12 3005 2423 314.1
0.77 2406 12.31 15.96
0.85 2063 5404 7.006
0.88 4755 3414 44.25
0.83 4770 3589 46.53
0.77 56.82 51.54 66.82
0.75 6420 63.74 82.63

control 5.404 7.006

+( d
2*rad



Chk: SLV/RIP 156
/ DEI I A 108 2016.059 009

ENGINEER S DESCRIPTION 28x8 under 8: HS20 Case 2
184 Court Street SHEET NO OF SCALE 0
BINGHAMTON, NEW YORK 13901 CALCULATED BY DATE

(607) 231-6600 Fax 231-6650

CHECKED BY DATE

hD
osi
Shear Resistance With Radial Stirrups ~ AASHTO 12.10.4.2.6

Element Sv MAX Sv Act Avr Sv MAX Sv Act Avs dVs

Number  thk In d In (in) n?/ (in) in?/ KITL
10.0 8.13 548 0.00 0.00 5.48 0.00 0.00 0
2 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
3 10.0 8.13 5.48 0.00 0.00 548 0.00 0.00 0
4 10.0 8.13 5.48 0.00 0.00 548 0.00 0.00 0
5 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
6 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
7 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
8 10.1 7.69 5.19 0.00 0.00 5.19 0.00 0.00 0
9 10.1 7.69 5.19 0.00 0.00 5.19 0.00 0.00 0
10 10.7 8.31 5.61 0.00 0.00 5.61 0.00 0.00 0
11 12.4 10.00 6.75 0.00 0.00 6.75 0.00 0.00 0
12 15.3 12.88 8.69 0.00 0.00 8.69 0.00 0.00 0
13 19.3 16.88 11.39 0.00 0.00 11.39 0.00 0.00 0
14 27.0 24.63 16.62 0.00 0.00 16.62 0.00 0.00 0
15 19.8 17.44 11.77 0.00 0.00 11.77 0.00 0.00 0
16 15.4 13.06 8.82 0.00 0.00 8.82 0.00 0.00 0
17 12.9 10.50 7.09 4.50 0.01 7.09 4.50 0.02 28.75
18 12.0 9.63 6.50 450 0.01 6.50 4.50 0.03 26 59
19 12.0 9.63 6.50 4.50 0.00 6.50 4.50 0.02 27.13 |
20 12.0 9.63 6.50 4.50 0.00 6.50 4.50 0.01 27
Radial Tension 1For Shear |
) 1.1s,(M, - 0.45N,$.d) 4 = 1.1s, VF V) A,
fire.d fy¢va’
5, £0.75¢,d v - M—‘W— <0.0633¢,bd[f".
‘Mnu=Mu-Nu(4h-d)/8 4]
rearanging Avs equation above and V.d 5

Fc 10, Vs 1.1*Sv) ( 0293 sqn LF
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860 Hooper Road, Endwell, NY 13760
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Fax: (607) 231-6650

span 28 ft.
earth cover over structure 8.6 ft.
axle width 6 ft
wheel width 20 in

axle distribution width = axle width + wheel width + earth cover

2016 OSQ%SLV/RJP 157

28x8u8.6

JoB
DESCIPTION
SHEET NO

OF SCALE

CALCULATED BY DATE

CHECKED BY DATE

MPF 1.
impact = 33%(1-0.125"earth cover) = 0%
# of steps to divide load over in Cande = 4
live load distribution factor thru fill = 1.15

* dist factor thru fill = 17.56 feet

axle load to input into Cande = axle weight*impact*MPF/distribution width/12" per ft/# of load steps

LOAD RATING VEHICLES

16 k

bl -
l4l4l

TYPE 352 VEHICLE
36 TONS
(no lane load or MPF)

TYPE 6A VEHICLE
66 TONS
(no lane load or MPF)

24 k
TYPE 3A VEHICLE
30 TONS l l
(no lane load or MPF)
19 19 19 k
TYPE 4A VEHICLE
34.5 TONS
(no lane load or MPF)
17 17 k
TYPE 5A VEHICLE
38 TONS 16'

(no lane load or MPF)

!

- |

16 k 8 k
axle load to put into Cande
l l l 16 k= 18.99 Ib/inch/step
8 k= 9.493 Ib/inch/step
24 k 12 k
axle load to put into Cande
l 467 l l 24 k = 28.48 Ib/inch/step
12 k= 14.24 Ib/inch/step
12 k axle load to put into Cande
24 k= 28.48 Ib/inch/step
12 k= 14.24 Ib/inch/step
12 k axle load to put into Cande
19 k= 22.55 Ib/inch/step
12 k= 14.24 |b/inch/step

8 k

g

axle load to put into Cande
17 k= 20.17 Ib/inch/step
8 k= 9.493 Ib/inch/step
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

span 28 ft

leg thickness 12 inches
382 TRUCK

case 1

center axle group centered on culvert

off span

case 2
center axte group at quarter point

Chk: SLV/RJIP

J0B 2016.059.009
DESCIPTION

SHEET NO OF SCALE
CALCULATED BY DATE
CHECKED BY DATE

traffic parallel with main reinforcement

mirrored about centerline

node 288
node 295
< N
14.5 ft
node 290 node 293
11.00 4 22'
5.25
7.25

14.5 ft

158
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JoB

DESCIPTION

SHEET NO

CALCULATED BY

CHECKED BY

352 truck 8.6 ft earth cover (controls)
Load Case Description
1 382  truck at center
2 382  truck at quarter point
Boundary conditions
Case 1 Case 2
node step force node step force
288 12 -19.00 290 12 -19.00
288 13 -19.00 290 13 -19.00
288 14 -19.00 290 14 -19.00
288 15 -19.00 290 15 -19.00
295 12 -19.00 293 12 -19.00
295 13 -19.00 293 13 -19.00
295 14 -19.00 293 14 -19.00
295 12 -19.00 293 12 -19.00
296 13 0.00 296 13 0.00
296 14 0.00 296 14 0.00
296 15 0.00 296 15 0.00
296 15 0.00 296 15 0.00
capacity demand ratio
Case 1 Case 2
failure mode node ratio node ratio
steel yeilding 17 0.745 17 0.751
concrete crushing 17 0.763 17 0.766 Controls
shear failure 17 0.995 17 1.001

radial tension failure 1 0.110

1 0108

Chk: SLV/RIP 159
2016.059.009

28x8u8.6
OF SCALE
DATE

DATE



Chk: SLV/RJIP 160

28x8under8_3s2c1MOD.out
*%% WELCOME TO CANDE-2013(version 3/1/2013) =*¥x*

USER TITLE: 28x8_u8.6_352_cl

* * % BOUNDARY CONDITIONS * * *
(FORCES = LBS; DISPLACEMENTS = INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD X-FORCE OR Y-FORCE OR X-Y ROTATION
BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT Y-DISPLACEMENT
BOUNDARY CONDITIONS
288 12 F = 0.0000E+00 F = -0.1900E+02 0.0000E+00
F288 13 F = 0.0000E+00 F = -0.1900E+02 0.0000E+00
F288 14 F = 0.0000e+00 F = -0.1900E+02 0.0000E+00
F288 15 F = 0.0000E+00 F = -0.1900E+02 0.0000E+00
F295 12 F = 0.0000E+00 F = -0.1900e+02 0.0000e+00
F295 13 F = 0.0000E+00 F = -0.1900e+02 0.0000E+00
F295 14 F = 0.0000E+00 F = -0.1900E+02 0.0000E+00
F295 12 F = 0.0000E+00 F = -0.1900E+02 0.0000E+00
F296 13 F = 0.0000E+00 F = 0.0000E+00 0.0000€+00
F296 14 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F296 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F296 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F287 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F288 15 F = 0.0000eE+00 F = 0.0000E+00 0.0000E+00
F289 15 F = 0.0000E+00 F = 0.0000e+00 0.0000E+00
F290 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F291 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F292 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F294 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F295 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
Z296 15 F = 0.0000E+00 F = 0.0000E+00 0.0000€E+00
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT
1 1.313 Factor for load step #1

Page 1



28x8under8_352c1MOD.out

2 0.857 Factor for load
3 0.857 Factor for load
4 0.857 Factor for Tload
5 1.365 Factor for load
6 1.365 Factor for load
7 1.365 Factor for load
8 1.365 Factor for load
9 1.365 Factor for load
10 1.365 Factor for load
11 1.365 Factor for load
12 1.350 Factor for load
13 1.350 Factor for load
14 1.350 Factor for load
15 1.350 Factor for Toad

e e T o i T S S S e S e e e e

FINITE ELEMENT OUTPUT FOR LOAD STEP 15

T T T s i T S S i o e s e e e

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15

COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN**2

MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN

LOCAL X-COORD. X-DISP. N-PRES. MOMENT
NODE Y-COORD. Y-DISP. S-PRES. THRUST
1 0 00 0.00000E+00  -0.95542E+01 0.25131E+05
101 00 -0.22007E+01  -0.19333e+00 -0.19490E+04
2 13.43 -0.89528€E-03 -0.98528e+01 0.24640E+05
100.76 -0.21782E+01  -0.14307e+01  -0.19711e+04
3 26 84 0.11797e-02 -0.10151e+02 0.23091E+05
100 08 -0.21117e+01 -0.26681e+01  -0.20031E+04
4 40.22 0.88750E-02 -0.10715E+02 0 20444€e+05
98.95 -0.20043E+01 -0.37317e+01 -0 20536E+04
5 53.56 0.24326E-01  -0.11449E+02 0.16620E+05
97.38 -0.18612e+01 -0.41734e+01  -0.21175E+04
6 66.84 0.48816E-01  -0.12483E+02 0.11517€e+05

Page 2

step
step
step
step
step
step
step
step
step
step
step
step
step

step

+ + + +

Chk: SLV/RJIP

#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13

#14
#15

+ + + +

++ 4+ +++ o+

Cc

o 0o 00 0o ©Oo OO

Y-BAR
RACK DEPTH

.73190E+01
.69881E+01

.73190e+01
.69766E+01

.73794€E+01
.69455E+01

.74181e+01
.68728E+01

.74181E+01
.67308E+01

.74181E+01

161
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Chk: SLV/RJIP

95.38 -0.16902E+01 -0.44715e+01 -0.21900E+04 0.63500E+01
7 80.05 0.82139e-01  -0.13590E+02 0.49815E+04 0.50615e+01
92.93 -0.15058E+01 -0.46451E+01 -0.22696E+04 0.55116€E+00
8 93.16 0.12218e+00 -0.14844E+02 -0.31510E+04 0.20283E+01
90.05 -0.13192e+01 -0.48220e+01 -0.23558E+04 0.68127e+01
9 106.18 0.16544e+00 -0.16161E+02 -0.13069E+05 0.25648E+01
86.73 -0.11426E+01  -0.45836E+01 -0.24464E+04 0.65946E+01
10 119.08 0.20701E+00 -0.17130e+02 -0.24968E+05 0.28329e+01
82.99 0.99391E+00 -0.42478e+01  -0.25386E+04 0.73480E+01
11 131.84 0 24347e+00 -0.17714e+02 -0 38995E+05 0.34229e+01
78.82 -0 87760E+00 -0.40238e+01 -0 26331E+04 0.82864E+01
12 144 .47 0.27390E+00 -0.18059e+02 -0.55232E+05 0.40506E+01
74.23  -0.79027e+00 -0.39267e+01 -0.27321E+04 0.10457E+02
13 156.93 0.29893e+00 -0.18864E+02 -0.73743E+05 0.44678E+01
69.23 -0.72504E+00 -0.38337e+01 -0.28377E+04 0.13522E+02
14 169.22 0.31982E+00 -0.23130e+02 -0.94685E+05 0.55838E+01
63.82 -0.67508e+00 -0.17803e+02 -0.31080E+04 0.19539e+02
15 171 39 0.34915€e+00 0 10278e+02  -0.83149E+05 0.49926€e+01
54 75 -0.66725E+00 0 45757e+01  -0.33070E+04 0.13867E+02
16 172.91 0.37086E+00 -0.10337E+02 -0.70362E+05 0.42445e+01
45.55 -0.66279e+00 -0.45027e+01 -0.32673E+04 0.10632E+02
17 173.78 0.37970e+00 -0.11151e+02 -0 56344E+05 0.36636E+01
36.26 -0.66093E+00 -0.47464e+01 -0 32164E+04 0.87138E+01
18 174 00 0.37186E+00 -0 12123e+02 -0.41186E+05 0.34579e+01
26 94 0.66000E+00 -0 48155E+01 -0.32037E+04 0.79458E+01
19 174.00 0.33241e+00 -0.47783E+01  -0.20159e+05 0.30043e+01
13.47 -0.65830E+00 -0.22257e+01 -0.32406E+04 0.78391E+01
20 174 00 0.27741E+00 0.25663E+01 0.11528E-09 0.60775e+01
0 00 -0.65728E+00 0.36417e+00 -0.32846E+04 0.00000E+00
SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-~ Stirrup load is excess shear force above capacity.
EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR STIRRUP
v-factor CAPACITY SHEAR CAPACITY DEPTH-d LOAD
NODE 1bs/inch Tbs/inch ratio inches  Tbs/inch
1 1.83 1179.84 -2.83 0.002 8 00 0 00
2 1.83 1181.03 75.96 0.064 8 00 0 00
3 1.83 1182.74 156.23 0.132 8 00 0 00
4 1.84 1185.46 240.89 0.203 8 00 0 00
5 1.84 1188.90 332.34 0.280 8 00 0 00
6 2.00 1292.78 433.30 0.335 8 00 0 00
7 4.50 2900.32 546.08 0.188 8 00 0 00
8 4.50 2741.89 672.01 0.245 7 56 0 00
9 3.23 1970.30 812.24 0.412 7 56 0 00
10 2.16 1423.13 965.22 0.678 8 19 0 00
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11 2 11 1681.48 1126.71 0.670 -9 88 0 00
12 1 82 1873.40 1293.67 0.691 -12 75 0 00
13 167 2248.57 1468.86 0.653 -16 75 0 00
14 141 2786.91 161.24 0.058 -24 50 0 00
15 160 2232.55 ~-1304.02 0.584 -17.31 0 00
16 184 1916.32 -1437.14 0.750 -12.94 0 00
17 2 09 1747.29 -1564.17 0.895 -10.38 0 00
18 2 56 1961.04 -1593.10 0.812 -9.50 0 00
19 3 61 2761.50 -1528.80 0.554 -9.50 0 00
20 4 50 3625.40 -1464.44 0.404 10.00 0 00

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 15

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 15

DESIGN-CRITERION CONTROL FACTORED FACTORED RATIO

NODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) 17 42461.6 57000.0 0.745
CONCRETE CRUSHING (psi) 17 3717.3 4875.0 0.763
SHEAR FAILURE (1bs/in) 17 1564.2 1572.6 0.995
RADIAL-TENSION FAIL (psi) 1 7.6 69.6 0.110

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 15

NODE NUMBER FOR MAXIMUM CRACK WIDTH .. 17
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) 0.00705
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE 0.71
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 348.00

* % * % NORMAL EXIT FROM CANDE * * * *
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28x8under8_352c2M0D. out
#%% WELCOME TO CANDE-2013(version 3/1/2013) ***

USER TITLE: 28x8_u8.6_352_c2

* % * BOUNDARY CONDITIONS * *
(FORCES = LBS; DISPLACEMENTS

BOUNDARY LOAD
BEAM ROTATIONAL
NODE STEP
BOUNDARY CONDITIONS
290 12 F
F
290 13 F
F
290 14 F
F
290 15 F
F
293 12 F
F
293 13 F
F
293 14 F
F
293 12 F
F
296 13 F
F
296 14 F
F
296 15 F
F
296 15 F
F
287 15 F
F
288 15 F
F
289 15 F
F
290 15 F
F
291 15 F
F
292 15 F
F
293 15 F
F
294 15 F
F
295 15 F
F
296 15 F
F
LRFD TOTAL LOAD FACTORS
LOAD STEP
1

X-FOR!

X-DIS

= 0

PER L

0
0
0
0
0
0
0
0
0
0
= 0.
0
0
0
0
0
0
0
0
0
0

*

CE OR

PLACEMENT

.0000E+00 F
.0000E+Q0 F
.0000E+00 F
.0000e+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F

.0000E+00 F
.0000E+00 F
0000E+00 F
.0000E+00 F
.0000E+00 F
.0000e+00 F
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00 F
.0000E+00 F

n

m M T T

OAD STEP
LOAD FACTOR
1.313

Page 1

INCHES; ROTATIONS = DEGREES)

Y-FORCE OR

Y-DISPLACEMENT

= -0.1900E+02
= -0.1900E+02
= -0.1900€E+02
= -0.1900€E+02
= -0.1900E+02
= -0.1900E+02
= -0.1900E+02
= -0.1900€E+02
0.0000£+00
0.0000E+00
0.0000E+00
0.0000€E+00
0.0000€e+00
0.0000E+00
0.0000E+00
= 0.0000€e+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

USER COMMENT

X-

Chk: SLV/RJIP

Y ROTATION

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.
0
0
0
0
0
0
0
0
0
0
0

0000E+00

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€e+00
.0000E+00
.0000€E+00

Factor for load step #1
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2 0.857 Factor for load
3 0.857 Factor for Tload
4 0.857 Factor for load
5 1.365 Factor for Toad
6 1.365 Factor for load
7 1.365 Factor for load
8 1.365 Factor for Toad
9 1.365 Factor for Toad
10 1.365 Factor for load
11 1.365 Factor for load
12 1.350 Factor for load
13 1.350 Factor for load
14 1.350 Factor for load
15 1.350 Factor for load

R T T S S S e S S S s e e e s G A ol s N S S S S
FINITE ELEMENT OUTPUT FOR LOAD STEP 15
R i S T S S e e i a at S S ol S I S S N

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15
STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN**

MOMENTS ARE IN-LB/IN

Chk: SLV/RJIP

step
step
step
step
step
step
step
step
step
step
step
step
step

step

#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

+ + + + ++ + 4+

+ + 4+ + + + + +

THRUST AND SHEAR ARE LB/IN

LOCAL X-COORD. X-DISP. N-PRES MOMENT
NODE Y-COORD. Y-DISP. S-PRES THRUST
1 0.00 0.00000E+00 -0.89956E+01 0.24886€E+05
101.00 -0.22049e+01 -0.14606E+00 -0.19676E+04

2 13.43 -0.91103€e-03 -0.95007e+01 0.24437E+05
100.76 -0.21826E+01  -0.12706E+01  -0.19874E+04

3 26 84 0.11245e-02 -0.10006E+02 0.23002E+05
100 08 -0.21167e+01  -0.23951E+01 -0.20162e+04

4 40.22 0.87511E-02 -0.10788e+02 0.20500E+05
98.95 -0.20101e+01  -0.34334e+01 -0.20626E+04

5 53.56 0.24123e-01  -0.11704E+02 0.16813e+05
97.38 -0.18676E+01 -0.39327E+01 -0.21226€E+04

6 66.84 0.48566E-01  -0.12850E+02 0.11802E+05

Page 2

Y-BAR
CRACK DEPTH

.73190e+01
.69808E+01

.73190e+01
.69702E+01

.73855e+01
.69410e+01

.74181e+01
.68721e+01

.74181E+01
.67372e+01

.74181E+01

O 0O OO0 OO OO oo
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95.38 -0.16969E+01  -0.43366E+01 -0.21923E+04 0.63759e+01
7 80.05 0.81894E-01 -0.13988E+02 0.52935e+04 0.50615E+01
92.93 -0.15124E+01 -0.46349e+01 -0.22708E+04 0.82825E+00
8 93.16 0.12199e+00  -0.15200E+02 0.28830E+04 0.20283E+01
90.05 0.13256E+01  -0.49205E+01 0.23577e+04 0.67167E+01
9 106.18 0.16543E+00 -0.16421E+02 -0.12908E+05 0.25648E+01
86.73 -0.11483e+01  -0.47655E+01  -0.24505E+04 0.65820E+01
10 119 08 0.20729e+00 -0.17300E+02 -0.24960E+05 0.28493e+01
82 99 -0.99859e+00 -0.44760E+01 -0.25458E+04 0.73462e+01
11 131.84 0.24407e+00 -0.17806E+02 -0.39166E+05 0.34229e+01
78.82 -0.88127E+00 -0.42666E+01 -0.26439e+04 0.82869e+01
12 144 .47 0.27483e+00 -0 18051E+02 -0 55595E+05 0.40506e+01
74.23  -0.79303e+00 -0 41315e+01 -0 27464E+04 0.10458E+02
13 156.93 0.30015e+00 -0 18759e+02 -0 74291E+05 0.44678E+01
69.23  -0.72705E+00 -0 39651E+01 -0 28547E+04 0.13525E+02
14 169.22 0.32132E+00 -0 22902e+02 -0 95390E+05 0.55838E+01
63.82 -0.67644e+00 -0 17687E+02 -0 31259e+04 0.19543e+02
15 171.39 0.35107e+00 -0 10250E+02 -0.83772E+05 0.45538E+01
54.75 -0.66851E+00 -0 45372e+01  -0.33243E+04 0.13908E+02
16 172.91 0.37313e+00  -0.10355E+02 -0.70889E+05 0.42445e+01
45.55 -0.66399e+00 -0.44782E+01 -0.32835e+04 0.10633E+02
17 173.78 0.38223E+00 -0.11213e+02 -0.56766E+05 0.36636E+01
36.26  -0.66210E+00 -0.47180E+01 -0.32317E+04 0.87150e+01
18 174 00 0.37453e+00 -0.12184e+02 -0.41498E+05 0.34579e+01
26 94  -0.66116E+00 -0.47215e+01 -0.32177e+04 0.79475e+01
19 174.00 0.33504e+00 -0.47483e+01 -0.20318E+05 0.30043E+01
13.47 -0.65945e+00 -0.22209e+01 -0.32539€E+04 0.78438e+01
20 174 00 0.27989€e+00 0.26874E+01 0.94360E-10 0.60775e+01
0 00 -0.65843E+00 0.27974e+00  -0.32978E+04 0.00000E+00
SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity
-- Shear depth "d" is negative if measured from outer wall
-- Stirrup load is excess shear force above capacity.
EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR STIRRUP
v-factor CAPACITY SHEAR CAPACITY DEPTH-d LOAD
NODE 1bs/inch Tbs/inch ratio inches 1bs/inch
1 183 1180.84 -3.36 0 003 8 00 0 00
2 183 1181.90 70.15 0 059 8 00 0 00
3 1 83 1183.45 146.59 0 124 8 00 0 00
4 1 84 1185.94 230.41 0 194 8 00 0 00
5 1 84 1189.17 323.83 0 272 8 00 0 00
6 1 95 1255.40 428.85 0.342 8 00 0 00
7 4 39 2831.60 546.70 0.193 8 00 0 00
8 4 50 2741.89 677.64 0.247 -7 56 0 00
9 3 29 2005.62 821.92 0.410 -7 56 0 00
10 2 18 1437.74 977.60 0.680 -8 19 0 00
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11 2.11 1682.
12 1.82 1874.
13 1.67 2251.
14 1.41 2787.
15 1.60 2233.
16 1.84 1917.
17 2.09 1748.
18 2.56 1961.
19 3.60 2761.
20 4.50 3625.

14
20
39
79
44
23
21
13
05
40

28x8under8_35S2c2MOD.out

1140.
1307.
1481.
162.
-1313.
-1447.
-1575.
-1604.
-1540.
-1476.

ASSESSMENT SUMMARY CONCRETE-GROUP

LRFD SUMMARY EVALUATION FOR GROUP

DESIGN-CRITERION

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)

SHEAR FAILURE (1bs/in)

RADIAL-TENSION FAIL (psi)

CONTROL
NODE

17
17
17

1

56 0.678 -9.88
66 0.698 -12.75
57 0.658 -16.75
70 0.058 -24.50
56 0.588 -17.31
91 0.755 -12.94
69 0.901 -10.38
68 0.818 -9.50
40 0.558 -9.50
44 0.407 10.00

1, LOAD-STEP 15

1, LOAD STEP 15

FACTORED FACTORED
DEMAND CAPACITY
42797.6 57000.0
3733.7 4875.0
1575.7 1573.4
7.5 69.6

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP

NODE NUMBER FOR MAXIMUM CRACK WIDTH ........

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches)

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE

SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)

* % % % NORMAL EXIT FROM CANDE * * * =

Page 4
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COOOOOCOOCOO
o
o

RATIO
VALUE

0.751
0.766
1.001
0.108

17
0.00719
0.72
348.00
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860 Hooper Road, Endwell, NY 13760 SHEET NO
www.deltaengineers.com
Phone: (607) 231-6600 CALCULATED BY
Fax: (607) 231-6650
CHECKED BY

D RATING - 3

Technical Data & Load Factors

Culvert 29.00 ft. (Cto C)
i Crown Radius 33.83 ft.

Bar Cover
Outside Face (Covgy) = 2.00in

Inside Face (Covi,) = 1.50in
Design Section Len 12in
pompressnve Strength (f.) 6.5 ksi
Yield Strength (f)) = 60 ksi
Stirrup Yield Strength (fysi) = 60 ksi
Circumferential Reinforcement Spa. (spa.)= 5.00in
Circumferential Reinforcement Provided
Reinforcement 3 AASHTO Table
1 - smooth wire or plain bar 12.10.4.44-1
2-WWF  max Sm
3 - WWF

Resistance Factors
- Flexure= 1.00
- Radial Tension= 0.90 AASHTO Table 12.5.5-1

Tension = 0.90
Radial Tension Process (F,) = 1.00

Diag Tension Process (F,,) = 1.00 12.104.2.3 |

Load Factors::
IR OR
LL Facto 1.75 1.35 load modification factors
131 (1.25*1.05)
yoEH (hor. At rest earth pressure) 0.86 (0.9/1.05)
Y 1.37 (1.3*1.05) |
State Trucks' 1.45 (ADTT = 280)

Chk: SLV/RJIP 168

2016.059.009
28x8 under 8 3S2 Case 2
OF SCALE
DATE

DATE

e2

1 1 for 1 rn=2formu le AASHTO
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

Node
Number

-—
23 © o N oo s w2

N A a2 A 2 O a2
O © o ~N O o~ WD

Factored DC+EH+EV
Mup (in-k/ft)

LOA RATIN
Total Fac
Nu (k/ft)  Nup (k/ft)
-23.61 -22.14
-23.85 -22.37
-24.19 -22.70
-24.75 -23.24
-25.47 -23.93
-26.31 -24.72
-27.25 -25.60
-28.29 -26.56
-29.41 -27.58
-30.55 -28.61
-31.73 -29.66
-32.96 -30.77
-34.26 ﬁ31 .95
-37.51 -35.06
-39.89 -37.39
-39.40 -36.98
-38.78 -36.44
-38.61 -36.33
-39.05 -36.77
-39.57 -37.29

note all shear values normalized to positive |

- 3S2

275.22
270.08
253.74
225.56
184.46
129.08
57.57
-32.02
-141.89
-274.38
-431.26
-613.57
-822.16

-1058.99

-930.06
-787.22
-630.60
-461.04
-225.56
0.00

:

JOB
DESCRIPTION
SHEET NO
CALCULATED BY

CHECKED BY

2

Chk: SLV/RJIP

2016.059.009

170

28x8 under 8 352 Case 2

OF

SCALE

DATE

DATE

Factored LL

VUD (k/ft) NULL (k/ﬁ) +MU|_L (ln'k/ft) VuLL (k/ft)

0.03 -1.47
0.80 -1.48
1.66 -1.49
2.58 -1.51
3.59 -1.54
472 -1.59
6.00 -1.65
7.43 -1.73
9.02 -1.83
10.77 -1.94
12.63 -2.07
14.55 -2.19
16.58 -2.31
1.91 -2.45
14.57 -2.50
16.06 -2.42
17.49 -2.34
17.83 -2.28
17.11 -2.27
16.38 -2.28

23.41
23.16
22.28
20.44
17.29
12.54
5.95
-2.57
-13.01
-25.14
-38.74
-53.57
-69.34
-85.69
-75.20
-63.44
-50.59
-36.94
-18.25
0.00

0.01
0.04
0.10
0.19
0.29
0.42
0.56
0.71
0.84
0.96
1.06
1.14
1.20
0.05
1.19
1.32
1.42
143
1.37
1.34

Thick (in)
10
10
10
10
10
10
10

10.063
10.063
10.688
12.375
15.25
19.25
27
19.813
15.438
12.875
12
12
12
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com

Node

Phone: (607) 231-6600
Fax: (607) 231-6650

Number thk 1n

1

© 0O ~N O 0 A~ WDN

N 2 a2 A A 2 a3 A a2
O © O ~N O o A WO N > O

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.1
10.1
107
12.4
15.3
193
270
19.8
15.4
12.9
12.0
12.0
12.0

din
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
950

As'in

n“/

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48

JoB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

As'out rov'd

/
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

OF

Chk: SLV/RJIP

2016 059 009

28x8 under 8 382 Case 2

SCALE

DATE

DATE
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

Node
Number
1

I © ® N o o b N

N a2 A a A aa a A «a
O W 00 ~N O O h~h ODN

thk (in)
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.1
101
10.7
12.4
15.3
19.3
27.0
19.8
15.4
12.9
12.0
12.0
12.0

TING - 3S2 Case 2
As Total Fac
d (in) 2/ Nu (k/ft)
8.00 0.92 -23.61
8.00 0.92 -23.85
8.00 0.92 2419
8.00 0.92 -24.75
8.00 0.92 -25.47
8.00 0.92 -26.31
8.00 0.92 -27.25
7.56 0.24 -28.29
7.56 1.06 -29.41
8.19 1.06 -30.55
9.88 1.56 -31.73
12.75 1.56 -32.96
16.75 1.56 -34.26
24.50 1.56 -37.51
17.31 1.56 -39.89
12.94 1.56 -39.40
10.38 1.56 -38.78
9.50 1.56 -38.61
9.50 1.06 -39.05
9.50 1.06 -39.57

AASHTO 12.10.4.2.4a

=0.85bfc=61

oM, = %{g(q»,d)z — Nug,d - h)-

g

JoB
DESCRIPTION
SHEET NO
CALCULATED BY

CHECKED BY

Phi Mn

(in-k/ft)
510.52

511.40

512.68
514.74
517.39
520.46
523.91

236.37
556.84
610.00
992.29
1313.84
1763.96
2659.15
1870.09
1370.62
1077.57
978.06
750.52
752.80

(g¢,d—N, - ASFY)Z}

OF

2016046 3hy/RIP

28x8 under 8 3S2 Case 2
SCALE
DATE

DATE

172



860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

L L D
Node
Number thk (in)
1 10.0
2 10.0
3 10.0
4 10.0
5 10.0
6 10.0
7 10.0
8 10.1
9 10.1
10 10.7
11 12.4
12 15.3
13 19.3
14 27.0
15 19.8
16 15.4
17 12.9
18 12.0
19 12.0
20 12.0

g=085bfc=61

M, = %{g(@d)z — Nu(2p,d —h)-

TIN

d (in)
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
9.50

-3

Phi Mn
(in-k/ft)
510.52
511.40
512.68
514.74
517.39
520.46
523.91
236.37
556.84
610.00
992.29
1313.84
1763.96
2659.15
1870.09
1370.62
1077.57
978.06
750.52
752.80

Jos

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

Chk: SLV/RJIP
2016.059 009
28x8 under 8 352 Case 2
OF SCALE
DATE

DATE

invento 0]

Mup (in-k/ft)  +Mu (in-k/ft) Rating Rating

275.22 23.41
270.08 23.16
253.74 22.28
225.56 20.44
184.46 17.29
129.08 12.54
57.57 5.95
-32.02 -2.57
-141.89 -13.01
-274.38 -25.14
-431.26 -38.74
-613.57 -53.57
-822.16 -69.34
-1058.99 -85.69
-930.06 -75.20
-787.22 -63.44
-630.60 -50.59
-461.04 -36.94
-225.56 -18.25
0.00 0.00

Contro

(gp,d—N, - Afﬂ

10.05 13.03

10.42 13.51
11.62 15.06
14.15 18.34
19.25 24.96
31.21 40.46

78.38 101.60
79.43 102.96

31.90 41.35
13.35 17.31
14.48 18.77
13.07 16.95
13.58 17.61
18.67 24.21
12.50 16.20
9.20 11.92
8.83 11.45
14.00 18.16
28.76 37.28
N/A N/A
8.83 11.45

173



/a

DELTA

ENGINEERS

184 Court Street

BINGHAMTON, NEW YORK 13901
(607) 231-6600 Fax 231-6650

LRFR LOAD RATING - 3S2 Cas 2

dn
8.000
8.000
8.000
8.000
8.000
8.000
8.000
7.563
7.563
8.188
9.875
12.750
16.750
24.500
17.313
12.938
10.375
9.500
9.500
9.500

Elmt

Nmbr  thk In
1 10.0
2 10.0
3 10.0
4 10.0
5 10.0
6 10.0
7 10.0
8 101
9 10.1
10 10.7
11 12.4
12 15.3
13 19.3
14 27.0
15 19.8
16 15.4
17 12.9
18 12.0
19 12.0
20 12.0

F, =0.8+%£1.3

V. = $0.0316bdF,, [ f'c(l.1+ 63p)(

As

Shear Resistance With Stirrups

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

JoB

DESCRIPTION

SHEET NO

CHECKED BY

Vtotal Vdl
KIp/IL KIP/ 1L
0.04 0.03
0.84 0.80
1.76 1.66
2.76 2.58
3.89 3.59
5.15 472
6.56 6.00
8.13 7.43
9.86 9.02
11.73 10.77
13.69 12.63
15.69 14.55
17.78 16.58
1.95 1.91
15.76 14.57
17.37 16.06
18.91 17.49
19.26 17.83
18.48 17.11
17.72 16.38
p= —1—4‘— <0.02
pbd
F,F,
i)
AASHTO 12.10.4.2.5

\l
KIp/TT
0.01
0.04
0.10
0.19
0.29
0.42
0.56
0.71
0.84
0.96
1.06
1.14
1.20
0.05
1.19
1.32
1.42
1.43
1.37
1.34

Chk: SLV/RJIP

174

2016.059.009
28x8 under 8 352 Case 2

OF SCALE

DATE

DATE

Vn=Vc+Vs

175 135
KIp/ITT INV OPR
12.75 1927 2498
12.76 284.1 368.2
12.78 109.3 141.7
12.81 55.07 71.38
12.84 31.47 40.79
13.56 2093 27.13
30.58 43.71 56.66
29.61 31.44 40.75
21.66 15.04 195
15.53 4963 6.434
18.17 5232 6.782
20.24 4994 6.473
24.32 6.466 8.382
30.11 5995 777.2
24.12 8.007 10.38
20.71 3.524 4.568
47.60 21.19 27.47
47.75 2099 27.21
56.95 29.05 37.66
66.15 37.18 48.19
controln  3.524 4.568

aerad
2*prad



Chk: SLV/RJIP 175

/s DELTA

ENGINEER S DESCRIPTION 28x8 under 8 352 Case 2
184 Court Street SHEET NO OF SCALE 0
BINGHAMTON, NEW YORK 13901 DATE
(607) 231-6600 Fax 231-6650 Csoken oY -
Arc D
n
Shear Resistance With Radial Sti AASHTO 12.10:4.2.6
Element Sv MAX Sv Act Avr Sv MAX Sv Act Avs oVs
Number  thk In d in (in) n?/ In 2y
10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
2 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
3 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
4 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
5 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
6 10.0 8.13 5.48 0.00 0.00 5.48 0.00 0.00 0
7 10.0 813 . 548  0.00 0.00 5.48 0.00 0.00 0
8 10.1 7.69 519 0.00 0.00 5.19 0.00 0.00 0
9 10.1 7.69 5.19 0.00 0.00 5.19 0.00 0.00 0
10 10.7 8.31 5.61 0.00 0.00 5.61 0.00 0.00 0
11 12.4 10.00 6.75 0.00 0.00 6.75 0.00 0.00 0
12 15.3 12.88 8.69 0.00 0.00 8.69 0.00 0.00 0
13 19.3 16.88 11.39 0.00 0.00 11.39 0.00 0.00
14 27.0 24.63 16.62 0.00 0.00 16.62 0.00 0.00
15 19.8 17.44 11.77 0.00 0.00 11.77 0.00 0.00
16 15.4 13.06 8.82 0.00 0.00 8.82 0.00 0.00 0
17 12.9 10.50 7.09 4.50 0.01 7.09 4.50 0.02 28.72 |
18 12.0 9.63 6.50 4.50 0.01 6.50 4.50 0.04 26.57 .
19 12.0 9.63 6.50 4.50 0.00 6.50 4.50 0.03 27.13
20 12.0 9.63 6.50 4.50 0.00 6 50 4.50 0.01 26.99
For Radial Tension .For Shear !
4 = 1 s y 0.45N ¢,.d (V, F. - Vc)+ A
’ firg.d
s, £0.754,4 v, - Mﬂ/— <0.0633,bd /1",
Mnu=Mu-Nu — 41
above and Vud

taking Fc =1.0, Vs = (Avs-Avr)*Fys As provided =  0.293 in./LF



Chk: SLV/RJIP 176

JoB 2016.059.009

/r DE I I A DESCIPTION 28x8u8.6
a SHEET NO OF SCALE

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 CALGULATED BY DATE
www.deltaengineers.com v
Phone: (607) 231-6600 GHECKED BY DATE

Fax: (607) 231-6650

span 28 ft
leg thickness 12 inches traffic paraliel with main reinforcement
6A TRUCK
Axle applied at center (1/2 magnitude since mirrored)
node 287
mirrored about centerline node 289
4.67
case 1
rear axle group centered on culvert
145 ft
node 289 node 291 node 284

case 2 3.25

rear axle group at quarter point
7.25

14.5 ft



DELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

JoB

DESCIPTION

SHEET NO

CALCULATED BY

CHECKED BY

B6A truck 8.6 ft earth cover (controls)
Load Case Description
1 6A truck at center
2 6A truck at quarter point
Boundary conditions
Case 1 Case 2
node step force node step force
2877/ 12 -14.30 291/ 12 -28.50
287 13 -14.30 291 13 -28.50
287 14 -14.30 291 14 -28.50
287 15 -14.30 291 15 -28.50
289/ 12 -28.50 289V 12 -28.50
289 13 -28.50 289 13 -28.50
289 14 -28.50 289 14 -28.50
289 12 -28.50 289 12 -28.50
294 13 0.00 204/ 13 -28.50
294 14 0.00 294 14 -28.50
294 15 0.00 294 15 -28.50
294 15 0.00 294 15 -28.50
capacity demand ratio
Case 1 Case 2
failure mode node ratio node ratio
steel yeilding 1 0.782 17 0.823
concrete crushing 17 0.781 17 0.809 Controls
shear failure 17 1.038 17 1.087
radial tension failure 1 0121 1 0.122

Chk: SLV/RIP 177
2016.059.009

28x8u8.6
OF SCALE
DATE

DATE



Chk: SLV/RJIP 178

28x8under8_6Ac1MoOD.out
*%% WELCOME TO CANDE-2013(version 3/1/2013) *+*=*

USER TITLE: 28x8_u8.6_6A_cl

* * * BOUNDARY CONDITIONS * * *
(FORCES = LBS; DISPLACEMENTS = INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD X-FORCE OR Y-FORCE OR X-Y ROTATION
BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT Y-DISPLACEMENT
BOUNDARY CONDITIONS
287 12 F = 0.0000E+00 F = -0.1430E+02v 0.0000E+00
F287 13 F = 0.0000E+00 F = -0.1430E+02 0.0000E+00
F287 14 F = 0.0000E+00 F = -0.1430E+02 0.0000E+00
F287 15 F = 0.0000E+00 F = -0.1430E+02 0.0000E+00
F289v/ 12 F = 0.0000E+00 F = -0.2850E+02 7 0.0000E+00
F289 13 F = 0.0000E+00 F = -0.2850E+02 0.0000E+00
F289 14 F = 0.0000E+00 F = -0.2850E+02 0.0000E+00
F289- 12 F = 0.0000E+00 F = -0.2850E+02 0.0000E+00
F294 13 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F294 14 F = 0.0000eE+00 F = 0.0000E+00 0.0000E+00
F294 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F294 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F287 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F288 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F289 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F290 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F291 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F292 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F294 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F295 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
:296 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT
1 1.313 Factor for load step #1

Page 1
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28x8under8_6Ac1MOD.out
0.

.857
.857
.365
.365
.365
.365
.365
.365
.365
.350
.350
.350
.350

T = T T R R R = R =)

857

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
load
Toad
Toad
Toad
Toad
Toad

for
for
for
for
for
for
for
for
for
for
for
for
for

for

S I I T T AR T T T T S S S SN S S S I e T e i i

FINITE ELEMENT OUTPUT FOR LOAD STEP 15

TR T T T e S T S N S S St I e S e

CONCRETE,

FACTORED-EVALUATION FOR GROUP 1,

LOAD-STEP 15

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15

COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES

PRESSURES ARE LB/IN**2

MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN

LOCAL X-COORD.
NODE Y-COORD.
1 0.00
101.00

2 13.43
100.76

3 26.84
100.08

4 40.22
98.95

5 53.56
97.38

6 66.84
95.38

X-DISP.
Y-DISP.

o.00000E+00

-0.
-0.

.14747€E-02
-0.

.99771E-02
-0.

.26887E-01
-0.

.53519e-01
-0.

23178E+01
89490E-03
22931E+01
22202E+01
21028E+01

19469E+01

17615E+01

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.
Pa

N-PRES.
S-PRES.

10755E+02
21083E+00

10928E+02
16497e+01

11101E+02
30886E+01

11534€e+02
42857E+01

12105E+02
47703e+01

12965E+02
51143e+01
ge 2

-0.

0.
-0.

0.
-0.

0.
-0.

MOMENT
THRUST

.27462€E+05
.19868E+04

.26881E+05
.20123€E+04

.25066E+05

20492E+04

22002E+05
21073e+04

17638E+05
21803E+04

11904E+05
22626E+04

Chk: SLV/RJIP

step
step
step
step
step
step
step
step
step
step
step
step
step

step

179

#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

+ 4+ + +++

+ 4+ + + + 4+

o0 00 OO OO0 OO OO0

Y-BAR

CRACK DEPTH

.74705E+01
.70300e+01

.73190e+01
.69987E+01

.73190E+01
.69669E+01

.74181E+01
.68993e+01

.74181E+01
.67529e+01

.74181E+01
.63547E+01



10

11

12

13

14

15

16

17

18

19

20

80.
92.

93.
90.

106.
86.

119.
82.

131.
78.

144.
74.

156.
69.

169
63

171.
54.

172.
45.

173

13

05
93

16
05

18
73

08
99

84
82

47
23

93
23

22
82

39
75

91
55

.78
36.

174.
26.

174.

26

00
94

00

.47

174,
0.

00
00

-0.

0.
-0.

0.
-0.

0.
-0.

28x8under8_6Ac1MOD.out

.89585E-01
.15621E+01

.13280€+00
.13609e+01

.17921E+00
.11717€E+01

.22335€E+00
.10139e+01

.26168E+00
.89170€E+00

.29340€E+00
.80067E+00

.31927e+00
.73317€e+00

.34073€E+00
.68176E+00

.37076€E+00
.67374E+00

.39281E+00
.66919€e+00

.40140€E+00
66734E+00

39258E+00
66640€E+00

35047E+00
66467£+00

29215e+00
66363E+00

0
0

0
0

0
0

0
0

0
0

0.
0.

0
0

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

.13911E+02
.52600E+01

.15040€E+02
.53589e+01

.16241E+02
.50301E+01

17099€e+02
45780E+01

17598E+02
42017E+01

17881E+02
39467E+01

18686€E+02
36645E+01

22895E+02
16854E+02

10712€+02
45141E+01

10898E+02
44417€E+01

11826€E+02
47105E+01

12782E+02
45487€E+01

482656+01
21667E+01

31290E+01
21541e+00

0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

0.
-0.

46823E+04
23523E+04

41571E+04
24480E+04

14776€E+05
25469€E+04

27347€E+05
26459404

41991€E+05
27453E+04

58775E+05
28471E+04

77750€E+05
29528E+04

99073E+05
32058E+04

86878E+05
33854E+04

73417€E+05
33400E+04

58727€+05
32837E+04

42912E+05
32659E+04

21018E+05
33001e+04

17485€E-09
33433eE+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
Z- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- shear depth "d" is negative if measured from outer wall.
-~ stirrup load is excess shear force above capacity.

NODE

HWN

=
= OWoe~NGYW

EQUIVALENT

v-factor

NNWADMNRRREFREPE
=
N

SHEAR
CAPACITY
1bs/inch

1181.87
1183.24
1185.
1188.35
1192.
1368.
2900.
2741.
1875.
1378.
1688.

APPLIED
SHEAR
1bs/inch

-2,
89.
181.
276.
375.
482.
597.
724.
863.
1013.
1170.

APPLIED/
CAPACITY
ratio

.002
0.075
.153
233
315
353
206
264
.460
.735
.693

(=]

[eleololololalolo o)

Page 3

SHEAR
DEPTH-d
inches

00
00
00

(O 00 ~J ~J 00 00 00 QO 00 00 X
o
(=)

Chk: SLV/RJIP
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180

.50615e+01
.10134E+00

.20283E+01
.70354E+01

.25648E+01
.66690E+01

.28493E+01
.73710e+01

.35466E+01
.83071E+01

.40506E+01
.10475€E+02

.44678E+01
.13546E+02

.55838E+01
.19572€E+02

.45538E+01
.13935E+02

.42445e+01
.10642E+02

.36636E+01
.87234+01

.34579e+01
.79583E+01

.30043E+01
.78676E+01

.60775E+01
.00000E+00

STIRRUP

LOAD

1bs/inch

o
(=]
(=]

COO0OO0OOO0O00OO0O
o
o



ASSESSMENT

=
o
PWNNRERHERR

1879.
2201.
2791.
2236.
1920.
1751.
1962.
2758.
3625.

28x8un
1331.
1500.
140.
-1375
-1509.
-1635.
-1660.
-1592
-1527

SUMMARY CONCRETE-GROUP

LRFD SUMMARY EVALUATION FOR GROUP

DESIGN-CRITERION

STEEL YIELDING (psi)

CONCRETE CRUSHING (psi)

SHEAR FAILURE (lbs/in)

RADIAL-TENSION FAIL (psi)

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 15

oo
w

*

CONTROL
NODE

1
17
17

1

der8_6Ac1MOD.out

30 0.708 -12.75
29 0.682 -16.75
07 0.050 -24.50
.42 0.615 -17.31
23 0.786 -12.94
43 0.934 -10.38
55 0.846 -9.50
.89 0.578 -9.50
.88 0.421 10.00

1, LOAD-STEP 15
1, LOAD STEP 15

FACTORED FACTORED
DEMAND CAPACITY
44562.1 57000.0
3808.3 4875.0
1635.4 1576.2
8.5 69.6

NODE NUMBER FOR MAXIMUM CRACK WIDTH ............

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches)

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .

SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)....

* % NORMAL EXIT FROM CANDE * * * *

Page 4

Chk: SLV/RJIP

QOOOOOOOO0
o
o

RATIO
VALUE

0.782
0.781
1.038
0.121

17
0.00786
0.79
348.00

181



28x8under8_6Ac2MOD.out
#%% WELCOME TO CANDE-2013(version 3/1/2013) ***

USER TITLE: 28x8_u8.6_6A_c2

* % % BOUNDARY CONDITIONS * * *
(FORCES = LBS; DISPLACEMENTS = INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD
BEAM ROTATIONAL
NODE STEP
BOUNDARY CONDITIONS
291 ¢ 12
F
291" 13
F
291" 14
F
291" 15
F
289 < 12
F
289 . 13
F
289 14
F
289 12
F
294 13
F
294 14
F
294 15
F
294 / 15
F
287 15
F
288 15
F
289 15
F
290 15
F
291 15
F
292 15
F
293 15
F
294 15
F
295 15
F
296 15
F

m

M m M m

F
F
F
F
.
F
E
F
.
F
F
F
F

LRFD TOTAL LOAD FACTORS

LOAD STEP

1

X-FORCE OR

X-DISPLACEMENT

=  0.0000e+00 F
=  0.0000e+00 F
= 0.0000e+00 F
=  0.0000e+00 F
=  0.0000e+00 F
= 0.0000e+00 F
=  0.0000E+00 F
= 0.0000E+00 F
= 0.0000e+00 F
=  0.0000E+00 F
=  0.0000E+00 F
=  0.0000e+00 F
=  0.0000e+00 F
= 0.0000E+00 F
=  0.0000e+00 F
= 0.0000e+00 F
= 0.0000e+00 F
=  0.0000e+00 F
=  0.0000E+00 F
= 0.0000E+00 F
=  0.0000E+00 F
=  0.0000E+00 F

PER LOAD STEP

LOAD FACTOR
1.313

Page 1

Y-FORCE OR

Y-DISPLACEMENT

= -0.2850E+02v
= -0.2850E+02
= -0.2850E+02
= -0.2850E+02
= -0.2850E+02-
= -0.2850E+02
= -0.2850E+02:
= -0.2850E+02"
= -0.2850E+02"
= -0.2850E+02"
= -0.2850E+02 -
= -0.2850E+02 -
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
=  0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

USER COMMENT

X~

o o o © o

Chk: SLV/RJIP

Y ROTATION

.0000E+00
.0000E+00
.0000€e+00
.0000E+00
.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000e+00
0.0000E+00
0.
0
0
0
0
0
0
0
0

0000E+00

.0000E+00
.0000E+00
.0000€E+00
.0000€+00
.0000E+00
.0000€e+00
.0000E+00
.0000E+00

Factor for load step #1
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© 00 N O v A~ w N

=
o

11
12
13
14
15

28x8under8_6Ac2MOD.out
0.857

0.857
0.857
1.365
1.365
1.365
1.365
1.
1
1
1
1
1
1

365

.365
.365
.350
.350
.350
.350

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Factor

Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
load
Toad
Toad
Toad
Toad

for
for
for
for
for
for
for
for
for
for
for
for
for

for

++++++++F A A+t

FINITE ELEMENT OUTPUT FOR LOAD STEP 15

+++++F+++ A F A+t

CONCRETE,

FACTORED-EVALUATION FOR GROUP 1,

LOAD-STEP 15

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15

COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES

Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR,
PRESSURES ARE LB/IN¥*%2

MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN

LOCAL
NODE

1

X-COORD
Y-COORD

0
101

13.
100.

26.
100.

40.
98.

53.
97.

66.

00
00

43
76

84
08

22
95

56
38

84

X-DISP.
Y-DISP.

0.00000E+00

-0.
-0.

.13810e-02
-0.

.99877e-02
-0.

.27246E-01
-0.

.54604€e-01

24123e+01
96193€e-03
23873E+01
23134e+01
21938E+01

20344€E+01

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.

N-PRES.
S-PRES.

10066E+02
13746E+00

10614E+02
13885E+01

11163E+02
26396E+01

11997e+02
37777e+01

12949€e+02
43382e+01

14117e+02

pPage 2

INCHES

MOMENT
THRUST

.27779€e+05
.21110e+04

.27268E+05
.21327e+04

.25632E+05
.21644+04

.22788E+05
.22156€E+04

.18609E+05
.22818E+04

.12952E+05

Chk: SLV/RJIP

step
step
step
step
step
step
step
step
step
step
step
step
step

step

#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

++++++ + +

++ 4+ +++++

C

O OO0 00O OO oo o

Y-BAR
RACK DEPTH

.73190E+01
.69914E+01

.73190e+01
.69810E+01

.73190E+01
.69522E+01

.73766E+01
.68928E+01

.74181e+01
.67607E+01

.74181e+01

183



95.38 -0.18437e+01 -0.47894E+01 -0.23589E+04 0.64060E+01
7 80.05 0.91835e-01 -0.15262E+02 0.56430E+04 0.50615E+01
92.93 -0.16379e+01 -0.51213E+01 -0.24457E+04 0.84992e+00
8 93.16 0.13659e+00 -0.16458E+02 -0.34863E+04 0.20283E+01
90.05 -0.14295e+01  -0.54436E+01 -0.25418E+04 0.68254E+01
9 106.18 0.18500E+00 -0.17659e+02 -0.14610E+05 0.25648E+01
86.73 -0.12322e+01 -0.53742e+01 -0.26448E+04 0.66299€e+01
10 119 08 0.23150E+00 0 18508e+02 -0.27896E+05 0.28493E+01
82 99 -0.10660e+01 0 51107e+01  -0.27515E+04 0.73597e+01
11 131.84 0.27224e+00  -0.18948E+02  -0.43464E+05 0.35466E+01
78.82  -0.93620e+00 -0.48890E+01 -0.28614E+04 0.83009e+01
12 144 .47 0.30625E+00 0 19093e+02 -0.61363E+05 0.40506€E+01
74.23  -0.83872e+00 0 47012e+01  -0.29755E+04 0.10477€E+02
13 156.93 0.33422e+00 -0.19721E+02 -0.81616E+05 0.44678E+01
69.23 -0.76583e+00 -0.45152e+01 -0.30951E+04 0.13554E+02
14 169.22 0.35762E+00  -0.23856E+02 -0.10434E+06 0.55838e+01
63.82 -0.70985E+00 -0.18576E+02 -0.33786E+04 0.19581E+02
15 171.39 0.39060e+00 -0.10710e+02 -0.91612E+05 0.45538E+01
54.75 -0.70107e+00 -0.46458E+01 -0.35797E+04 0.13939e+02
16 172.91 0.41516e+00 -0.11029e+02 -0 77491E+05 0.42445e+01
45.55 -0.69604E+00 -0.46662E+01 -0 35311E+04 0.10637E+02
17 173.78 0.42551E+00 -0.12135E+02 -0.62027€E+05 0.36636E+01
36.26  -0.69396E+00 -0.49253e+01 -0.34710E+04 0.87203E+01
18 174.00 0.41743€e+00 0 13338e+02 -0.45341e+05 0.34579€e+01
26.94  -0.69294E+00 0 47293e+01  -0.34511E+04 0.79556E+01
19 174.00 0.37469e+00  -0.50020E+01 -0 22217€E+05 0.30043E+01
13.47 -0.69111E+00 -0.23268E+01 -0 34863E+04 0.78724€e+01
20 174 00 0.31479€e+00 0.33339e+01 -0 20464E-11 0.60775E+01
0 00 -0.69001E+00 0.75615e-01 -0 35316E+04 0.00000E+00
SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.
EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR STIRRUP
v-factor CAPACITY SHEAR CAPACITY DEPTH-d LOAD
NODE 1bs/inch Tbs/inch ratio inches Tbs/inch
1 1.84 1188.55 -3.76 0.003 8 00 0 00
2 1.84 1189.71 79.91 0.067 8 00 0 00
3 1.85 1191.42 166.75 0.140 8 00 0 00
4 1.85 1194.17 261.48 0.219 8 00 0 00
5 1.86 1197.73 366.22 0.306 8 00 0 00
6 1.99 1284.38 482.72 0.376 8 00 0 00
7 4.50 2900.32 611.98 0.211 8 00 0 00
8 4.50 2741.89 754.00 0.275 -7 56 0 00
9 3.24 1976.34 908.77 0.460 -7 56 0 00
10 2.16 1427.17 1074.26 0.753 -8 19 0 00

28x8under8_6Ac2MOD.out

Page 3
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11 2 13 1695.50
12 1 84 1887.12
13 165 2234.76
14 1 42 2800 12
15 161 2246.73
16 1 85 1931.12
17 2 11 1762.64
18 2 58 1974.88
19 3 62 2776.12
20 4 50 3444.13

28x8under8_6Ac2MOD.out

1245.
1420.
1599.
163.
-1439.
-1586.
-1723.
-1752.
-1683.
-1615.

ASSESSMENT SUMMARY CONCRETE-GROUP

LRFD SUMMARY EVALUATION FOR GROUP

DESIGN-CRITERION

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)
SHEAR FAILURE (1bs/in)

RADIAL-TENSION FAIL (psi)

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 15

NODE NUMBER FOR MAXIMUM CRACK WIDTH .

CONTROL
NODE

17
17
17

1

1, LOAD-STEP 15

1,

LOAD STEP 15

0.735

[eelolololololole)

.753
.716
.058
.641
.821
.978
.888
.606
.469

FACTORED
DEMAND

46925.8
3943.1
1723.6

8.5

-9.88
-12.75
-16.75
-24.50
-17.31
-12.94
-10.38

-9.50

-9.50

-9.50

FACTORED
CAPACITY

57000.0
4875.0
1586.4

69.6

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches)

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE ....

SPAN LENGTH FOR AUXILTIARY EQUATIONS (inches)

* % % % NORMAL EXIT FROM CANDE * * * *

pPage 4

Chk: SLV/RJIP

[oYelololololololele)
o
o

RATIO
VALUE

0.823
0.809
1.087
0.122

17

0.00894

0.89

348.00

185



ADELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

Chk: SLV/RJIP 186

JoB 2016.059.009

DESCRIPTION 28x8 under 8: 6A Case 2

SHEET NO OF SCALE

CALCULATED BY GSC DATE 7/28/2016
CHECKED BY DATE

. Culvert 29.00 ft.
. Crown Radius (Rad) = 33.83 ft.
Bar Cover
Outside Face (Covyy) = 2.001n
Inside Face (Cov;,)) =  1.50in
Design Section Length (b) = 12in
iCompressive Strength (f.) = 6.5 ksi
Yield Strength (f,) = 60 ksi
Stirrup Yield Strength (fei) = 60 ksi
Circumferential Reinforcement Spa. (spa.) = 5.00in
Circumferential Reinforcement Provided (n) = 1 {n=1 for 1 laver, n=2 for multiple layers) ;AASHTO
Reinforcement Type (Type) = 3 AASHTO Table ‘ 12.10.4.2.4d
1 -smooth wireor inbar '12.10.4.4d-1
2 -WWF  "max
3 - WWF (deformed) or bar (deformed) |
Resistance Factors:|
¢f - Flexure = 1.00
- Radial Tension = 0.90 AASHTO Table 12.5.5-1
-Di  Tension= 0.90
Radial Tension Process (F,,) = 1.00
Diag Tension Process (F 1.00 AASHTO 12.104.2.3
Load Factors::
iR OR
LL Factor 1.75 1.35 'load modification factors a lied to itude
- ¥pDC (component) 1.31 (1.25*1.05)
YoEH (hor. At rest earth pressure) 0.86 (0.9/1.05)
YoEV 1.37 (1.3*1.05)
State Trucks 1.45 =28



187

Chk: SLV/RJIP

00 sjesIput Isniy} -, ‘910N

000°¢lL L0€- 000 60°G- 6E61- 000 8e'cY- 8€9l- 000 6¢ L€~ 0¢
000°¢L 80°¢- Yo'l v- 90°G- 0¢°0¢- 09'99¢- 104 LL'LL- 9G'G¢c- L1°9¢€- 6l
000°¢l o0ce- G0'e8- 80°G- €o0'le 60'¥S- da €811 Y0'LOY- €e'9¢e- 8l
G/8°¢Cl 0ce- cLELL- L2'G6- 89°0¢- cevvl- SO'LY- 67 LL- 09'0€9- v 9¢e- Ll
8eY Gl 86°¢C L9¢vL- 6e°G- €06L- 68626~ ANAa 90°9L- [44VA 7y 86°9¢- 9l
€186l 0L¢ 8C691- 96°G- XA Ye 6601- 96°¢ct- LGl 90°0€6- AN Gl
000°L¢ 900 60°€6L- 6v°G- 96°L 80°¢Scl- vG 0 16l 668501~ 90'G€E- 147
0sc6l c9¢ v LS)- 0C'G- 0c6l 6€'6.6- vl Le- 8G9l 9l'¢e8- G6'Le- €l
0G2'Sl 4 8. ¢cl- Y6 v- vo'Ll 9e9El- L2 °Ge- SSvl LS€ELY 11°0¢€- cl
G/e7¢l cee LE€°06- 89V~ G6'vl FAN YA Y ye ve- €97¢L o' Ley- 99'6¢- Ll
88901 AN L8209 L v 68°¢Cl SLvEE- coee- 1201 BEVLC- l9'8¢- ol
€9001 881 evee- ol¥- 1601 FASR YA vLle- 06 68°Lvi- 8G/C 6
€90°01 c9'l 186" v6e- G0'6 8Ly 0s°0¢- eVl ¢oce- 96'9¢- 8
0000l Ge'l 10l Gle ve'lL cl'l9 GE'6¢- 009 A A 09'G¢- A
0000l L0°L ¥e9c 6G¢- 6L°G [A4°°] L€'8¢C (484 80'6¢l clve 9
0000} 080 ¥8'8¢ 14 % 6EV le'eee 8€'LC- 65°¢ o8l £€6'€c- S
00001 960 68°L¥ gee- vlL'e ov'ele 65°9¢- 86°¢C 96'Gce vecee L4
0oool ve0 ¥8'€S L¢e- 0o¢c 86°20€ 16°G¢- 99'L v.'€S¢ 0.¢Cc €
00001 910 €145 [44% 960 ¢e'lee 6G°G¢- 080 80°04¢C Le°CC [4
00001 L0°0- €l 86 0ce- S00- Ge'eee €e’§e €0°0- ¢esle vi'ce b
(u1) spou @m) nA - @u) NN (W) NN WP nA - Qu) NN (A1) NN WA NA - @u) NN (@A) NN JsquinN
1e MUl leays JUSWO 1sniy | Jeays JUSWION Isniy| Jeays JUBSWION sniyj OPON
palojoe palojoe palojoe paloloeS palojoe paioloe4 paiojoe4 palojoe4 palioloe4
7 palojoeq Xe\ peoT |ejo] paioioe Xep H3+ palojoe4
ew 9210 U

0599-1£Z (109) :xed
0099-1€£2 (209) :2uoyd

3Lva A8 @3X03HO woo siaauibusae)ap MMM
910Z/12/L 3tva 789 A8 Q3LYINOYO 0911 AN ‘lIempuz ‘peoy 12dooH 098
10 ON 133HS SHOAIAUNS ANYT ® ‘S1DILIHONY ‘SHIINIONI
Z 9SED Y9 '8 Japun gxgz NOILdI¥OS3a -&
6006509102 gor



108 201690Hg Bby/RIP - 188
" DESCRIPTION 28x8 under 8: 6A Case 2

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEET NO OF SCALE
www.deltaengineers.com

Phone: (607) 231-6600 CALCULATED BY GSC DATE 712112016
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING - 6A 2
Node Total Fac. Factored DC+EH+EV Factored LL
Number Nu (k/ft)  Nup (k/ft) Mup (in-k/ft)  Vup (k/ft)  Nuy, (k/ft)  +Muy (in-k/ft)  Vuy (k/ft)  Thick (in)

-25.33 -22.14 275.22 0.03 -3.20 58.13 0.01 10

2 -25.59 -22.37 270.08 0.80 -3.22 57.13 0.16 10

3 -25.97 -22.70 253.74 1.66 -3.27 53.84 0.34 10

4 -26.59 -23.24 225.56 2.58 -3.35 47.89 0.56 10

5 -27.38 -23.93 184.46 3.59 -3.45 38.84 0.80 10

6 -28.31 -24.72 129.08 4.72 -3.59 26.34 1.07 10

7 -29.35 -25.60 57.57 6.00 -3.75 10.14 1.35 10

8 -30.50 -26.56 -32.02 7.43 -3.94 -9.81 1.62 10.063

9 -31.74 -27.58 -141.89 9.02 -4.16 -33.43 1.88 10.063

10 -33.02 -28.61 -274.38 10.77 -4.41 -60.37 212 10.688

11 -34.34 -29.66 -431.26 12.63 -4.68 -90.31 2.32 12.375

12 -35.71 -30.77 -613.57 14.55 -4.94 -122.78 2.49 15.25

13 -37.14 -31.95 -822.16 16.58 -5.20 -157.24 262 19.25

14 -40 54 -35.06 -1058.99 1.91 -5.49 -193.09 0.06 27

15 -42.96 -37 39 -930 06 14.57 -5.56 -169.28 2.70 19.813

16 -42.37 -36.98 -787.22 16.06 -5.39 -142.67 2.98 15.438

17 -41.65 -36.44 -630.60 17.49 -5.21 -113.72 3.20 12.875

18 -41.41 -36.33 -461.04 17.83 -5.08 -83.05 3.20 12

19 -41.84 -36.77 -225.56 17.11 -5.06 -41.04 3.08 12

20 -42.38 -37.28 000 16.38 -5.09 0.00 3.01 12

note all shear values normalized to



LDELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

Node
Number

230 @ N oA ON =

N A 4O A A a a -
o O o ~N O o bh w0 N

thk
100
10.0
10.0
10.0
10.0
10.0
10.0
10.1
10.1
10.7
12.4
15.3
19.3
27.0
19.8
15.4
12.9
12.0
12.0
12.0

dn
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
950

As'in
n?/
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48

JoB
DESCRIPTION
SHEET NO
CALCULATED BY

CHECKED BY

in?/
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

Chk: SLV/RJIP 189
2016 059.009
28x8 under 8: 6A Case 2
OF SCALE
GSC DATE 7/121/2016

DATE



LDELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

LRFRL D RATING - 6A

Node

Number thk d (in)
10.0 8.00

2 100 8.00
3 10.0 8.00
4 10.0 8.00
5 10.0 8.00
6 10.0 8.00
7 10.0 8.00
8 10.1 7.56
9 10.1 7.56
10 10.7 8.19
11 12.4 9.88
12 15.3 12,75
13 19.3 16.75
14 27.0 24.50
15 19.8 17.31
16 15.4 12.94
17 12.9 10.38
18 12.0 9.50
19 12.0 9.50
20 12.0 9.50

AASHTO 12.10.4.2.4a
g=085bfc=61 =

M, = %[g(«p, dY: — Nu2g,d — h)

As

n?/

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

Jos

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

2
Total Fac. Phi Mn
Nu kit
-25.33 516.88
-25.59 517.84
-25.97 519.23
-26.59 521.48
-27.38 524.39
-28.31 527.75
-29.35 531.53
-30.50 24590
-31.74 564.99
-33.02 619.35
-34.34 1003.03
-35.71 1329.06
-37.14 1785.63
-40.54 2693.52
-42.96 1893.69
-42.37 1387.02
-41.65 1089.78
41.41 988.75
-41.84 762.52
-42.38 764.85
(84d-N,~ )
g

Chk: SLV/RJIP 190
2016 059.009
28x8 under 8: 6A Case 2
OF SCALE
GSC DATE 7121/2016

DATE



JoB 20160k0 BOY/RIP 191
" DESCRIPTION 28x8 under 8: 6A Case 2

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEET NO OF SCALE
www.deltaengineers.com

Phone: (607) 231-6600 CALCULATED BY GSC DATE 7/21/2016
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING - 6A Case 2
Node Phi Mn Invento rat
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft)  +Muyg (in-k/ft) Rating Rating
1 10.0 8.00 516.88 275.22 58.13 4.16 5.39
2 10.0 8.00 517.84 270.08 57.13 4.34 5.62
3 10.0 8.00 519.23 253.74 53.84 493 6.39
4 10.0 8.00 521.48 225.56 47.89 6.18 8.01
5 10.0 8.00 524.39 184.46 38.84 8.75 11.34
6 10.0 8.00 527.75 129.08 26.34 15.14 19.62
7 10.0 8.00 531.53 57.57 10.14 46.72 60.57
8 10.1 7.56 245.90 -32.02 -9.81 21.80 28.26
9 10.1 7.56 564.99 -141.89 -33.43 12.66 16.41
10 10.7 8.19 619.35 -274.38 -60.37 5.71 7.41
11 12.4 9.88 1003.03 -431.26 -90.31 6.33 8.21
12 15.3 12.75 1329.06 -613.57 -122.78 5.83 7.55
13 19.3 16.75 1785.63 -822.16 -157.24 6.13 7.94
14 27.0 24.50 2693.52 -1058.99 -193.09 8.47 10.97
15 19.8 17.31 1893.69 -930.06 -169.28 5.69 7.38
16 15.4 12.94 1387.02 -787.22 -142.67 4.20 5.45
17 12.9 10.38 1089.78 -630.60 -113.72 4.04 5.23
18 12.0 9.50 988.75 -461.04 -83.05 6.35 824
19 12.0 9.50 762.52 -225.56 -41.04 13.08 16.96
20 12.0 9.50 764.85 0.00 0.00 N/A N/A
Controlling 4.04 5.23
=0.85bfc= 61
2
oM, =%[g(¢,d>2 ~Na(agyd =AY }



fa

DELTA

ENGINEERS

184 Court Street

BINGHAMTON, NEW YORK 13901
(607) 231-6600 Fax 231-6650

Case 2

As (prov'd) Vtotal
(in? / ft) (kip/ft)

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

LRFR LOAD RATING -

Elmt

Nmbr  thk (in) d (in)
1 10.0 8.000
2 10.0 8.000
3 10.0 8.000
4 10.0 8.000
5 10.0 8.000
6 10.0 8.000
7 10.0 8.000
8 10.1 7.563
9 10.1 7.563
10 107 8.188
11 12.4 9.875
12 15.3 12.750
13 19.3 16.750
14 27.0 24.500
15 19.8 17.313
16 15.4 12.938
17 12.9 10.375
18 12.0 9.500
19 12.0 9.500
20 12.0 9.500

1.6

n

F, :0.8+7sl.3 F =1+

¢Vn=¢o.o316bdva1/f'c(1.1+63p)( d” n

Shear Resistance With Stirrups

u

0.05
0.96
2.00
3.14
4.39
5.79
7.34
9.05
10.91
12.89
14 95
17.04
19.20
1.96
17.27
19.03
20.68
21.03
20.20
19.39

A

s

—_— p =
24 * thk pbd

F,F

F

c

JOB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

Vdl only
(kip/ft)
0.03
0.80
1.66
2.58
3.59
472
6.00
7.43
9.02
10.77
12.63
14.55
16.58
1.91
14.57
16.06
17.49
17.83
17.11
16.38

<0.02

J

AASHTO 12.10.4.2.5

OF

VIl only
(Kip/ft)
0.01
0.16
0.34
0.56
0.80
1.07
1.35
1.62
1.88
2.12
2.32
2.49
2.62
0.06
2.70
2.98
3.20
3.20
3.08
3.01

Chk: SLV/RJIP

2016 059.009
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28x8 under 8: 6A Case 2

SCALE

GSC DATE
DATE
Vn=Vc+Vs

oVn 1.75
(kip/ft) INV
12.84 1123
12.85 75.67
12.87 32.62
12.90 18.47
12.94 11.64
13.87 8.561
31.32 18.82
29.61 13.68
21.34 6.546
15.41 2.191
18.31 2.446
20.38 2.339
24.14 2.886
30.24 481.9
24.26 3.587
20.86 1.612
47.64 9.435
47.82 9.36
57.08 12.97
64.16 15.88

1.612

712172016

1.35
OPR
1456
98.09
42.28
23.94
15.09
111
24.39
17.73
8.486
2.84
3.17
3.032
3.741
624.7
4.65
2.089
12.23
12.13
16.81
20.58
2.089



4 DELTA

ENGINEERS

184 Court Street
BINGHAMTON, NEW YORK 13901
(607) 231-6600 Fax 231-6650

Arch esign

Shear Resistance With Radial Stirrups

Element
Number thk In
1 10.0
2 10.0
3 10.0
4 10.0
5 10.0
6 10.0
7 10.0
8 10.1
9 10.1
10 10.7
11 12.4
12 15.3
13 19.3
14 27.0
15 19.8
16 15.4
17 12.9
18 12.0
19 12.0
20 12.0

For Radial Tension

A =

d in

8.13
8.13
8.13
8.13
8.13
8.13
8.13
7.69
7.69
8.31

10.00
12.88
16.88
24.63
17.44
13.06
10.50
9.63
9.63
963

1 s ,—-045N ¢.d)

" fyr.d

s, £0.75¢,d

=Mu-Nu(4h-d)/8
Avs

above and

JoB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

AASHTO 12.10.4.2.6

Sv MAX Sv Act Avr
2y

5.48 0.00 0.00
5.48 0.00 0.00
5.48 0.00 0.00
5.48 0.00 0.00
5.48 0.00 0.00
5.48 0.00 0.00
5.48 0.00 0.00
5.19 0.00 0.00
5.19 0.00 0.00
5.61 0.00 0.00
6.75 0.00 0.00
8.69 0.00 0.00
11.39 0.00 0.00
16.62 0.00 0.00
11.77 0.00 0.00
8.82 0.00 0.00
7.09 4.50 0.01
6.50 4.50 0.01
6.50 4.50 0.00
6.50 4.50 0.00

For Shear

A, = 1.1

1,9

V

0]

Sv MAX

5.48
5.48
5.48
5.48
5.48
5.48
5.48
5.19
5.19
5.61
6.75
8.69
11.39
16.62
11.77
8.82
7.09
6.50
6.50
6.50

N
>V F.-V, )+ 4
‘,d(“ c c)+ r

F

GSC

<0.06334,bd [,

Chk: SLV/RJP 193
2016 059.009

28x8 under 8: 6A Case 2

Sv Act
In
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.50
4.50
4.50
4.50

As provided =

SCALE 0
DATE 7121/2016

DATE

Avs Vs
n/

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 0

0.04 28.6
0.06 26.49
0.04 271
0.03 26.97

o O O O |© O

0.293 sq.in./L.F



Chk: SLV/RJIP

Jos 2016 009
DESCIPTION 28x8u8.6
ENGINEERS, ARCHITECTS, & LAND SURVEYORS SHEET NO OF SCALE
860 Hooper Road, Endwell, NY 13760
www.deltaenglneers,.com CALCULATED BY DATE
Phone: (607) 231-6600 CHECKED BY DATE
Fax: (607) 231-6650
span 28 ft
leg thickness 12 inches traffic parallel with main reinforcement
3A TRUCK
node 288
mirrored about centerline
node
off span
4 15 —
case 1
rear axle group centered on culvert
14.5 ft
node 290 node 293
past centerline
15 4
case 2
rear axle group at quarter point < 725

14.5 ft

194



LDELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

3A truck 8.6 ft earth cover (controls)
Load Case Description
1 3A
2 3A

Boundary conditions

truck at center

JoB

DESCIPTION

SHEET NO

CALCULATED BY

CHECKED BY

truck at quarter point

Case 1 Case 2
node step force node step force
288 12 -28.50 293 12 -28.50
288 13 -28.50 293 13 -28.50
288 14 -28.50 293 14 -28.50
288 15 -28.50 293 15 -28.50
291 12 0.00 290 12 -28.50
291 13 0.00 290 13 -28.50
291 14 0.00 290 14 -28.50
291 12 0.00 290 12 -28.50
294 13 0.00 294 13 0.00
294 14 0.00 294 14 0.00
294 15 0.00 294 15 0.00
294 15 0.00 294 15 0.00
capacity demand ratio
Case 1 Case 2
failure mode node ratio node ratio
steel yeilding 17 0.751 17 0.780
concrete crushing 17 0.765 17 0.783
shear failure 17 1.004 17 1.035 Controls
radial tension failure 1 0.115 1 0.113

Chk: SLV/RIP 195
2016.059.009
28x8u8.6
OF SCALE
DATE

DATE



28x8under8_3AclIMOD.out
*** WELCOME TO CANDE-2013(version 3/1/2013) =*=*x=

USER TITLE: 28x8_u8.6_3A_cl

* % % BOUNDARY CONDITIONS
(FORCES = LBS; DISPLACEMENTS

BOUNDARY LOAD
BEAM ROTATIONAL
NODE STEP
BOUNDARY CONDITIONS

288 12
F
288 13
F
288 14
F
288 15
F
291 12
F
291 13
F
291 14
F
291 12
F
294 13
F
294 14
F
294 15
F
294 15
F
287 15
F
288 15
F
289 15
F
290 15
F
291 15
F
292 15
F
293 15
F
294 15
F
295 15
F
296 15
F

LRFD TOTAL LOAD FACTORS

LOAD STEP

1

* % %

X-FORCE OR

X-DISPLACEMENT

.0000E+00 F
.0000e+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000e+00 F
.0000e+00 F

= .0000e+00 F
= .0000E+00 F
= .0000E+00 F
= .0000e+00 F
= .0000E+00 F
= .0000E+00 F

|
O O O O O O O O O O O O O O 0o O O o o o o o

.0000E+00 F

PER LOAD STEP
LOAD FACTOR
1.313

Page 1

INCHES; ROTATIONS = DEGREES)

Y-FORCE OR

Y-DISPLACEMENT

= ~0.2850E+02
= -0.2850E+02
= -0.2850E+02
= -0.2850E+02
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

I
O O O O O O O O O O O O O © o ©o o o

USER COMMENT

X-Y ROTATION

O O O O O O O O O O O O O 0 O O ©o o o o o o

Chk: SLV/RJIP

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€e+00
.0000E+00
.0000E+00
.0000€E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

Factor for load step #1
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28x8under8_3Ac1MOD.out

2 0.857 Factor for load
3 0.857 Factor for Toad
4 0.857 Factor for load
5 1.365 Factor for load
6 1.365 Factor for load
7 1.365 Factor for load
8 1.365 Factor for load
9 1.365 Factor for load
10 1.365 Factor for load
11 1.365 Factor for load
12 1.350 Factor for load
13 1.350 Factor for load
14 1.350 Factor for load
15 1.350 Factor for load

T Tk T it e o It o S S S s e e e e

FINITE ELEMENT OUTPUT FOR LOAD STEP 15

T I T Tk s i e e S U S S o S ol e i A e

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN**2

MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN

LOCAL X-COORD. X-DISP. N-PRES. MOMENT
NODE Y-COORD. Y-DISP. S-PRES. THRUST
1 0.00 0.00000E+00 -0.10167E+02 0.26117e+05
101.00 -0.22332e+01 -0.22232e+00 -0.19364E+04
2 13 43 -0.87450E-03  -0.10361E+02 0.25574€E+05
100 76 -0.22098E+01 -0.15788e+01  -0.19608E+04
3 26.84 0.13412e-02 -0.10556E+02 0.23877€e+05
100.08 -0.21407e+01  -0.29354e+01  -0.19959e+04
4 40.22 0.93833e-02 -0.11002E+02 0 21006E+05
98.95 -0.20292E+01 -0.40684e+01 -0 20510E+04
5 53.56 0.25430e-01  -0.11604E+02 0.16906E+05
97.38 -0.18810e+01 -0.45423e+01 -0.21203E+04
6 66.84 0.50756e~-01  -0.12501e+02 0.11498E+05

Page 2

step
step
step
step
step
step
step
step
step
step
step
step
step

step

+ +

+ +

Chk: SLV/RJIP

#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

+ + 4+ + + +

+ + 4+ + + +

Y-BAR
CRACK DEPTH

.74705e+01
.70198E+01

.73190E+01
.69918E+01

.73190e+01
.69599e+01

.74181E+01
.68880E+01

.74181e+01
.67416E+01

.74181E+01

o OO0 OO OO0 OO OO0
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Chk: SLV/RJIP

95.38 -0.17044E+01 -0.48411e+01 -0.21985E+04 0.63444E+01
7 80.05 0 85102E-01 -0.13481E+02 0.46598E+04 0.50615e+01
92.93 -0 15145e+01 -0.49819e+01 -0.22835e+04 0.19748E+00
8 93.16 0.12629e+00 -0.14645e+02 -0.37501e+04 0.20283€e+01
90.05 -0.13227e+01  -0.50984E+01  -0.23745E+04 0.69740E+01
9 106.18 0.17059e+00 -0.15893e+02  -0.13901E+05 0.25648€+01
86.73 -0.11419e+01 -0.47703e+01 -0.24689E+04 0.66416E+01
10 119.08 0.21285e+00 -0.16787e+02  -0.25975E+05 0.28493e+01
82.99 -0.99079e+00 -0.43365E+01 -0.25633E+04 0.73627E+01
11 131.84 0.24966E+00 -0.17321E+02  -0.40104E+05 0.34229e+01
78.82 -0.87337e+00 -0.40067e+01 -0.26585E+04 0.82992e+01
12 144 .47 0.28019e+00 -0.17636E+02 -0.56360E+05 0.40506E+01
74.23 -0.78572E+00 -0.38063e+01 -0.27567E+04 0.10466E+02
13 156.93 0.305156+00 -0.18459e+02 -0.74804E+05 0.44678E+01
69.23 -0.72064E+00 -0.35758e+01  -0.28596E+04 0.13532E+02
14 169.22 0.32587e+00 -0.22678e+02 -0 95596E+05 0.55838E+01
63.82 -0.67102e+00 -0.16841E+02 -0 31135E+04 0.19554E+02
15 171 39 0.35487e+00 -0.10469e+02  -0.83861E+05 0.45538E+01
54 75 -0.66328E+00 -0.44967e+01 -0.32971E+04 0.13920E+02
16 172.91 0.37615E+00 0 10576E+02 -0.70897E+05 0.42445e+01
45.55 -0.65888E+00 0 44116E+01 -0.32552E+04 0.10639E+02
17 173 78 0.38447e+00 -0.11413e+02 -0.56732E+05 0.36636E+01
36 26 -0.65708E+00 -0.46627e+01  -0.32025E+04 0.87198E+01
18 174.00 0.37599e+00 -0.12305€E+02 0 41459E+05 0.34579e+01
26.94  -0.65616E+00 -0.45962E+01 0 31874E+04 0.79533E+01
19 174.00 0.33539e+00 -0.47400e+01  -0.20300E+05 0.30043E+01
13.47 -0.65448E+00 -0.21539e+01  -0.32225E+04 0.78531E+01
20 174 00 0.27916€E+00 0.28255E+01 0.48885E-10 0.60775e+01
0 00 -0.65346E+00 0.28845E+00 -0.32655E+04 0.00000E+00
SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- stirrup load is excess shear force above capacity.
EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR STIRRUP
v-factor CAPACITY SHEAR CAPACITY DEPTH-d LOAD
NODE 1bs/inch 1bs/inch ratio inches  1bs/inch
1 1 83 1179.16 -2.58 0.002 8 00 0 00
2 1 83 1180.47 83.38 0.071 8 00 0 00
3 1 83 1182.36 170.08 0.144 8 00 0 00
4 1 84 1185.32 259.55 0.219 8 00 0 00
5 1 84 1189.05 353.97 0.298 8 00 0 00
6 2 08 1344.55 455.91 0.339 8 00 0 00
7 4 50 2900.32 567.70 0.196 8 00 0 00
8 4 50 2741.89 691.01 0.252 -7 56 0 00
9 3 12 1900.97 827.43 0.435 -7 56 0 00
10 211 1390.16 975.53 0.702 -8 19 0 00

Page 3



11 2 11 1683.04
12 182 1874.78
13 1 o4 2216.33
14 141 2787.18
15 160 2232.03
16 1.84 1915.64
17 2.09 1746.45
18 2.56 1958.59
19 3.60 2754.67
20 4.50 3625.40

28x8under8_3Acl1MOD.out

1131.24

1291.
1460.
144,
-1324.
-1454.
-1578.
-1604.
-1538.
-1475.

ASSESSMENT SUMMARY CONCRETE-GROUP

LRFD SUMMARY EVALUATION FOR GROUP

DESIGN-CRITERION

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)
SHEAR FAILURE (1bs/in)

RADIAL-TENSION FAIL (psi)

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1,

CONTROL
NODE

17
17
17

1

1,
1,

LOAD-STEP 15

LOAD STEP 15

0.672

QOO OOOOOO0O

.689
.659
.052
.593
.759
.904
.819
.559
.407

FACTORED
DEMAND

42804.5
3729.8
1578.2

8.0

NODE NUMBER FOR MAXIMUM CRACK WIDTH

-9.88
-12.75
-16.75
-24.50
-17.31
-12.94
-10.38

-9.50

10.00

FACTORED
CAPACITY

57000.0
4875.0
1571.8

69.6

LOAD STEP

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches)

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE

SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)

*# *% % * NORMAL EXIT FROM CANDE * * * *

Page 4

Chk: SLV/RJIP

OOOCOOCOOOOO
o
o

RATIO
VALUE

0.751

0.765

1.004

0.115
15

17
0.00720
0.72
348.00
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28x8under8_3Ac2MOD.out
#%% WELCOME TO CANDE-2013(version 3/1/2013) ¥*#*

USER TITLE: 28x8_u8.6_3A_c2

* * * BOUNDARY CONDITIONS
(FORCES = LBS; DISPLACEMENTS

BOUNDARY LOAD
BEAM ROTATIONAL
NODE STEP
BOUNDARY CONDITIONS
293 12
F
293 13
F
293 14
F
293 15
F
290 12
F
290 13
F
290 14
F
290 12
F
294 13
F
294 14
F
294 15
F
294 15
F
287 15
F
288 15
F
289 15
F
290 15
F
291 15
F
292 15
F
293 15
F
294 15
F
295 15
F
296 15
F

m MM m M

T M M T M M M M. M M

LRFD TOTAL LOAD FACTORS

LOAD STEP

1

* % %

X-FORCE OR

X-DISPLACEMENT

0.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000£+00
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€e+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

n

m W M M

m M M m M M

I
O O O O 0O O O O O 0O 0O O o O o o o o o o o
M

mM M M M M T

PER LOAD STEP
LOAD FACTOR
1.313

Page 1

INCHES; ROTATIONS = DEGREES)

Y-FORCE OR

Y-DISPLACEMENT

= -0.2850€E+02
= -0.2850E+02
= -0.2850E+02
= -0.2850E+02
= -0.2850E+02
= -0.2850E+02
= -0.2850E+02
= -0.2850E+02
.0000E+00
.0000E+00
.0000E+00
.0000e+00
.0000E+00
.0000€e+00
.0000E+00
.0000E+00
.0000e+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

]
o O O O O O O O O o © o o o

USER COMMENT

X-Y ROTATION

O O O O O O O 0O O 0O O 0O O O O O ©o o o o o o

Chk: SLV/RJIP

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

Factor for load step #1
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2 0.857 Factor for load
3 0.857 Factor for Toad
4 0.857 Factor for load
5 1.365 Factor for Toad
6 1.365 Factor for Toad
7 1.365 Factor for load
8 1.365 Factor for Toad
9 1.365 Factor for load
10 1.365 Factor for load
11 1.365 Factor for Tload
12 1.350 Factor for Toad
13 1.350 Factor for load
14 1.350 Factor for Toad
15 1.350 Factor for load

I T T T i i i S R S R T T T S T S

FINITE ELEMENT OUTPUT FOR LOAD STEP 15

T AT T T e T S S S S S T N e T Tk i i
CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN**
MOMENTS ARE IN-LB/IN

Chk: SLV/RJIP

step
step
step
step
step
step
step
step
step
step
step
step
step

step

#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

++ ++++ + 4+

++ 4+ +++ ++

THRUST AND SHEAR ARE LB/IN

LOCAL X-COORD. X-DISP. N-PRES. MOMENT
NODE Y-COORD. Y-DISP. S-PRES. THRUST
1 0 00 0.00000E+00  -0.92353e+01 0.25862E+05
101 00 -0.22829e+01 -0.13576E+00 0.20271E+04

2 13.43  -0.93568E-03 -0.98077e+01 0 25403e+05
100.76  -0.22597e+01  -0.12783e+01 -0 20470e+04

3 26.84 0.11979e-02 -0.10380E+02 0.23927E+05
100.08 -0.21911e+01 -0.24208e+01 -0.20762E+04

4 40.22 0.91572e-02 -0.11241e+02 0.21345E+05
98.95 -0.20799e+01 -0.34851E+01 -0.21233e+04

5 53.56 0.25186E-01  -0.12225e+02 0.17523€+05
97.38 -0.19315e+01 -0.40140E+01 -0.21845E+04

6 66.84 0.50669E-01 -0.13417€e+02 0.12310E+05
95.38 -0.17537e+01  -0.44579e+01 -0.22561E+04

Page 2

Y-BAR
CRACK DEPTH

.73190e+01
.69825E+01

.73190e+01
.69722E+01

.73190e+01
.69436E+01

.74181E+01
.68797E+01

.74181E+01
.67473e+01

.74181E+01
.63940e+01

OO 0O OO0 OO OO oo

201
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28x8under8_3Ac2MOD.out

7 80.05 0.85412e-01  -0.14578E+02 0.55257E+04 0.50615e+01
92.93 -0.15615e+01 -0.47927e+01 -0.23372E+04 0.91663E+00
8 93.16 0.12721e+00 -0.15787e+02 -0.30036E+04 0.20283E+01
90.05 -0.13667E+01 -0.51212e+01 -0.24274E+04 0.67236E+01
9 106.18 0.17252E+00 -0.16979e+02  -0.13457E+05 0.25648E+01
86.73 -0.11819e+01 -0.50199e+01 -0.25243e+04 0.65951E+01
10 119 08 0.21617E+00 -0.17840e+02 -0.26004E+05 0.28493e+01
82 99 -0.10259e+01 -0.47688E+01 -0.26244E+04 0.73502e+01
11 131.84 0.25452E+00 -0.18305e+02 -0.40769E+05 0.34229e+01
78.82 -0.90361E+00 -0.45726E+01 -0.27279E+04 0.82946E+01
12 144 .47 0.28660E+00 -0.18483e+02 -0 57808E+05 0.40506E+01
74.23 -0.81161e+00 -0.44118e+01 -0 28358E+04 0.10466E+02
13 156.93 0.31301E+00 -0.19131e+02 -0.77152E+05 0.44678E+01
69.23 -0.74277e+00  -0.42280E+01 -0.29494E+04 0.13537E+02
14 169.22 0.33512E+00 -0.23244e+02 -0.98925E+05 0.55838E+01
63.82 -0.68991E+00 -0.18079e+02 -0.32268E+04 0.19558E+02
15 171.39 0.36624E+00 -0.10404e+02 -0.86877E+05 0.45538e+01
54.75 -0.68162E+00 -0.45713e+01 -0.34273e+04 0.13921E+02
16 172.91 0.38938E+00 -0.10596E+02  -0.73509e+05 0.42445e+01
45.55 -0.67687E+00 -0.45452e+01 -0.33834E+04 0.10635E+02
17 173.78 0.39908e+00 -0.11560e+02 -0 58857E+05 0.36636E+01
36.26 -0.67490E+00 -0.47955e+01 -0 33282E+04 0.87170e+01
18 174.00 0.39132E+00 -0.12635e+02 -0.43027e+05 0.34579e+01
26.94 -0.67393e+00 -0.47234e+01 -0.33119e+04 0.79506E+01
19 174 00 0.35066E+00 -0.48429e+01 -0.21074E+05 0.30043E+01
13 47 -0.67217e+00 -0.22632E+01 -0.33477e+04 0.78554E+01
20 174 00 0.29376€E+00 0.29489E+01 0.11937e-09 0.60775E+01
0 00 -0.67112eE+00 0.19700E+00  -0.33922E+04 0.00000E+00
SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.
EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR STIRRUP
v-factor CAPACITY SHEAR CAPACITY DEPTH-d LOAD
NODE 1bs/inch 1bs/inch ratio inches Tbs/inch
1 1 84 1184.04 -3.64 0.003 8.00 0.00
2 1 84 1185.11 72.03 0.061 8.00 0.00
3 1 84 1186.67 151.07 0.127 8.00 0.00
4 1 84 1189.20 238.45 0.201 8.00 0.00
5 1 85 1192.50 336.39 0.282 8.00 0.00
6 1 95 1254.77 446.63 0.356 8.00 0.00
7 4 38 2826.65 570.10 0.202 8.00 0.00
8 4 50 2741.89 706.71 0 258 -7.56 0.00
9 329 2006.84 856.30 0 427 -7.56 0.00
10 2 18 1439.12 1016.83 0 707 -8.19 0.00
11 2 12 1687.30 1184.07 0 702 -9.88 0.00

Page 3



12 1 83 1879.25
13 1 66 2247.61
14 141 2792.71
15 160 2238.80
16 184 1922.84
17 2 10 1754.03
18 2 57 1966.61
19 3 61 2767.11
20 4 50 3625.40

28x8under8_3Ac2MOD.out
1354.55

1530.
164.
-1362.
-1502.
-1634.
-1663.
-1597.
-1531.

ASSESSMENT SUMMARY CONCRETE-GROUP

LRFD SUMMARY EVALUATION FOR GROUP

DESIGN-CRITERION

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)
SHEAR FAILURE (lbs/in)

RADIAL-TENSION FAIL (psi)

CONTROL
NODE

17
17
17

1

0.721 -12.75
0.681 -16.75
0.059 -24.50
0.609 -17.31
0.781 -12.94
0.932 -10.38
0.846 -9.50
0.577 -9.50
0.423 10.00

1, LOAD-STEP 15

1, LOAD STEP 15

FACTORED FACTORED
DEMAND CAPACITY
44436.6 57000.0
3817.1 4875.0
1634.2 1578.6
7.9 69.6

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP

NODE NUMBER FOR MAXIMUM CRACK WIDTH ..

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches)

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE ......

SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)..

* % % % NORMAL EXIT FROM CANDE * *

Page 4
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RATIO
VALUE

0.780
0.783
1.035
0.113

17
0.00789
0.79
348.00
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

JoB

DESCRIPTION

SHEET NO OF

CALCULATED BY

CHECKED BY

LRFR LOAD RATING -3A C

Culvert
Crown Radius

IBar Cover
Outside Face (Cov,yy) =

Inside Face (Covi,) =
Design Section Length
.Compressive Strength (f;) =
Yield Strength (f,) =
Stirrup Yield Strength
iCircumferential Reinforcement
Circumferential Reinforcement Provided n
Reinforcement Type
1 - smooth wire or bar
2 - WWF max Smooth
'3 - WWF (deformed) or bar (deformed)

Resistance Factors
- Flexure= 1.00

29.00 ft.
33.83 ft.

2.00in
1.50in
12in
6.5 ksi
60 ksi
60 ksi
5.00in

1

3

toC

for 1 , n=2 for
'AASHTO Table
12.10.4.4d-1

¢r - Radial Tension = 0.90 ‘AASHTO Table 12.5.5-1

D Tension= 0.90
Radial Tension Process (F - 1.00

Diag Tension Process (F,,) = 1.00 AASHTO 12.104.2.3

Load Factors

IR OR
LL 1.75 1.35 ‘load modification factors al
1,DC (component) 1.31 (1.25*1.05)
YoEH (hor. At rest earth pressure) 0.86 (0.9/1.05)
YoEV 1.37 (1.3*1.05)
State Trucks 1.45

Chk: SLV/RJIP 204
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28x8 under 8: 3A Case 2

SCALE

DATE

DATE

lied to

AASHTO
12.104.2.4d

itude
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Chk: SLV/RJIP 206

Jos 2016.059.009
" DESCRIPTION 28x8 under 8: 3A Case 2

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEET NO oF SCALE
www.deltaengineers.com

Phone: (607) 231-6600 CALCULATED BY PATE
Fax: (607) 231-6650 CHECKED BY DATE
LR D RATING - 3A
Node Total Fac. Factored DC+EH+EV Factored LL
Number  Nu (kK/ft) Nup (k/ft)  Mup (in-k/fty  Vup (k/ft)  Nug (k)  +Muy (in-k/ft)  Vuy (k/ft)  Thick (in)
1 -24.33 -22.14 275.22 0.03 -2.19 35.12 0.01 10
2 -24.56 -22.37 270.08 0.80 -2.20 34.75 0.06 10
3 -24.91 -22.70 253.74 1.66 -2.21 33.38 0.16 10
4 -25.48 -23.24 225.56 2.58 -2.24 30.58 0.28 10
5 -26.21 -23.93 184.46 3.59 -2.28 25.81 0.44 10
6 -27.07 -24.72 129.08 472 -2.35 18.64 0.64 10
7 -28.05 -25.60 57.57 6.00 -2.45 8.74 0.84 10
8 -29.13 -26.56 -32.02 7.43 -2.57 -4.02 1.05 10.063
9 -30.29 -27.58 -141.89 9.02 -2.71 -19.60 1.25 10.063
10 -31.49 -28.61 -274.38 10.77 -2.88 -37.67 1.43 10.688
11 -32.73 -29.66 -431.26 12.63 -3.07 -57.97 1.58 12.375
12 -34.03 -30.77 -613.57 14.55 -3.26 -80.12 1.70 15.25
13 -35.39 -31.95 -822.16 16.58 -3.45 -103.67 1.79 19.25
14 -38.72 -35.06 -1058.99 1.91 -3.66 -128.11 0.07 27
15 -41.13 -37.39 -930.06 14.57 -3.73 -112.46 1.78 19.813
16 -40.60 -36.98 -787.22 16.06 -3.62 -94.88 1.97 15.438
17 -39.94 -36.44 -630.60 17.49 -3.50 -75.68 2.12 12.875
18 -39.74 -36.33 -461.04 17.83 -3.41 -55.28 213 12
19 -40.17 -36.77 -225.56 17.11 -3.40 -27.32 2.05 12
20 -40.71 -37.29 0.00 16.38 -3.42 0.00 2.00 12

note all shear values normalized to



ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

Node
Number
1

—_— =k
T8 © o N oA wN

N 2 A A A A Q a 4
O OW 0 ~N O O~ W DN

thk
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.1
101
10.7
12.4
15.3
19.3
27.0
19.8
154
12.9
12.0
12.0
12.0

d (in)
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
950

As'in
in?/
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48

JoB
DESCRIPTION
SHEET NO
CALCULATED BY

CHECKED BY

As'out

n?/

0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

Chk: SLV/RJP 207
2016.059 009

28x8 under 8: 3A Case 2
OF SCALE
DATE

DATE



LDELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

Node
Number
1

238 © @ N o g b wwN

l\)_\_\_n_\_\_L_n_\
O O o ~N OO g b~ 0N

AASHTO 12.10.4.2.4a
g=085bfc= 61

oM, = %[g«b,d)z _ Nu2g,d —h)-

OAD

thk (in)
10.0
10.0
10.0
10.0
10.0
10.0
10.0
101
10.1
10.7
12.4
15.3
19.3
27.0
19.8
154
12.9
12.0
12.0
12.0

d (in)
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
9.50

G-3A

As (prov'd) Total Fac.
(in / ft)

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

Nu kit
-24.33
-24.56
-24.91
-25.48
-26.21
-27.07
-28.05
-29.13
-30.29
-31.49
-32.73
-34.03
-35.39
-38.72
-41.13
-40.60
-39.94
-39.74
-40.17
-40.71

g

Joe
DESCRIPTION
SHEET NO
CALCULATED BY

CHECKED BY

Phi Mn
(in-k/ft)
513.16
514.05
515.34
517.42
520.12
523.26
526.81
239.99
559.95
613.58
996.45
1319.79
1772.51
2672.89
1879.63
1377.26
1082.51
982.39
755.38
757.68

(g¢,d~N,—AF,)

OF

Chk: SLV/RJP
2016.059 009

28x8 under 8: 3A Case 2
SCALE
DATE

DATE
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LDELTA

ENGINEERS, ARCHITEGTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

LRFR D RATING-3A C

Node

Number thk (in)
1 10.0
2 10.0
3 10.0
4 10.0
5 10.0
6 10.0
7 10.0
8 101
9 10.1
10 10.7
11 12.4
12 15.3
13 19.3
14 27.0
15 19.8
16 15.4
17 12.9
18 12.0
19 12.0
20 12.0

g=0.85bfc= 61

oM, = %{g(@ dy’ - Nu(2$,d —h) -

d (in)
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
9.50

Phi Mn
(in-k/ft)
513.16
514.056
515.34
517.42
520.12
523.26
526.81
239.99
559.95
613.58
996.45
1319.79
1772.51
2672.89
1879.63
1377.26
1082.51
982.39
755.38
757.68

JoB

DESCRIPTION

SHEET NO OF
CALCULATED BY

CHECKED BY

Mup (in-k/ft)  +Muy (in-k/ft)

275.22 35.12
270.08 34.75
253.74 33.38
22556 30.58
184.46 25.81
129.08 18.64
57.57 8.74
-32.02 -4.02
-141.89 -19.60
-274.38 -37.67
-431.26 -57.97
-613.57 -80.12
-822.16 -103.67
-1058.99 -128.11
-930.06 -112.46
-787.22 -94 .88
-630.60 -75.68
-461.04 -55.28
-225.56 -27.32
0.00 0.00
Controllin

(g¢d—N,—AF)

Chk: SLV/RJP
2016.059.009

28x8 under 8: 3A Case 2

SCALE
DATE

DATE

Inventory
Rating
6.77
7.02
7.84
9.55
13.00
21.15
53.71
51.73
21.33
9 01
9.75
8.81
9.17
12.60
8.44
6.22
5.97
9.43
19.39
N/A
5.97

rati
Rating
8.78
9.10
10.16
12.37
16.86
27.42
69.63
67.06
27.66
11.67
12.64
11.43
11.88
16.33
10.95
8.06
7.74
12.22
25.14
N/A
7.74

209
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ENGINEERS

184 Court Street

BINGHAMTON, NEW YORK 13901
(607) 231-6600 Fax 231-6650

R LOAD RATING - 3A Ca e 2

Elmt
Nmbr  thk (in)
1 10.0
2 10.0
3 10.0
4 10.0
5 10.0
6 10.0
7 10.0
8 10.1
9 10.1
10 10.7
11 124
12 15.3
13 19.3
14 27.0
15 19.8
16 15.4
17 12.9
18 12.0
19 12.0
20 12.0
1.6

F,=08+—><13
d

d (in)

8.000

8.000

8.000
8.000

8.000

8.000

8.000
7.563
7.563
8.188
9.875
12.750
16.750
24.500
17.313
12.938
10.375
9.500
9.500
9.500

As (prov'd) Vtotal

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

JoB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

Vdl only

(in? / ft) (kip/ft) (kip/ft)
0.04 0.03
0.86 0.80
181 1.66
2.86 2.58
4.04 3.59
5.36 4.72
6.84 6.00
8.48 7.43
10.28 9.02
12.20 10.77
14.24 12.63
16.25 14.55
18.37 16.58
1.98 1.91
16.35 14.57
18.03 16.06
19.61 17.49
19.96 17.83
19.17 17.11
18.38 16.38

14&
p =

¢V, = $0.0316bdF,, [ f'c(1.1+63p

Shear Resistance With Stirru

AASHTO 12.10.4.2.5

c

Chk: SLV/RJIP

2016.059 009

210

28x8 under 8: 3A Case 2

OF SCALE
DATE
DATE
Vn=Vc+Vs
VH only oVn 1.75
(kip/ft) (Kip/ft) INV
0.01 12.79 1281
0.06 12.80 185.5
0.16 12.82 71.75
0.28 12.84 36.37
0.44 12.88 20.88
0.64 13.55 13.89
0.84 30.53 29.09
1.05 29.61 21.04
1.25 21.67 10.1
1.43 15.54 3.338
1.58 18.22 3.539
1.70 20.30 3.375
1.79 2427 4.305
0.07 30.16 3971
1.78 2418 5.393
1.97 20.77 2.389
2.12 47 .61 14.19
213 47.78 14.05
2.05 57.00 19.44
2.00 66.14 24.83

Il
H+

controling: 2.389

(247ad)
2 *rad

1.35
OPR
1660
2405
93 01
47.14
27.07
18.01
37.71
27.27
13.09
4.327
4.588
4.375
5.58
5147
6.992
3.097
18.39
18.21
25.2
32.18
3.097
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DELTA

ENGINEERS

184 Court Street

BINGHAMTON, NEW YORK 13901
(607) 231-6600 Fax 231-6650

Arc

Positive Moment Design (cont.)

Shear Resistance With Radial Stirrups

Element
Number

238 © 0N AW N2

-
N

13
14
15
16
17
18
19
20

thk (in)
10.0
10.0
10.0
10.0
10.0
10.0
10.0
101
10.1
10.7
12.4
15.3
19.3
27.0
19.8
15.4
12.9
12.0
12.0
12.0

For Radial Tension

A

r

fyre.d

s, <0.75¢.d

Mnu=Mu-Nu

rearanging Avs equation above and
‘taking Fc =1.0, Vs = (Avs-Avr)*Fys*¢pv*d/(1.1

dn
8.13
8.13
8.13
8.13
8.13
8.13
8.13
7.69
7.69
8.31
10.00
12.88
16.88
24.63
17.44
13.06
10.50
9.63
9.63
9.63

11ls, M, -0.45N ¢4,d)

SHEET NO OF SCALE 0

CALCULATED BY DATE

CHECKED BY DATE

AASHTO 12.10.4.2.6
Sv MAX Sv Act Avr Sv MAX Sv Act Avs dVs
in?/ n?/
5.48 0.00 0.00 5.48 0.00 0.00 0
5.48 0.00 0.00 5.48 0.00 0.00 0
5.48 0.00 0.00 5.48 0.00 0.00 0
5.48 0.00 0.00 5.48 0.00 0.00 0
5.48 0.00 0.00 5.48 0.00 0.00 0
5.48 0.00 0.00 5.48 0.00 0.00 0
5.48 0.00 0.00 5.48 0.00 0.00 0
5.19 0.00 0.00 5.19 0.00 0.00 0
5.19 0.00 0.00 519 0.00 0.00 0
5.61 0.00 0.00 5.61 0.00 0.00 0
8.75 0.00 0.00 6.75 0.00 0.00 0
8.69 0.00 0.00 8.69 0.00 0.00 0
11.39 0.00 0.00 11.39 0.00 0.00 0
16.62 0.00 0.00 16.62 0.00 0.00 0
11.77 0.00 0.00 11.77 0.00 0.00 0
8.82 0.00 0.00 8.82 0.00 0.00 0
7.09 4.50 0.01 7.09 4.50 0.03 28.67
6.50 4.50 0.01 6.50 450 0.05 26.54
6.50 4.50 0.00 6.50 450 0.03 2712
6.50 4.50 0.00 6.50 4.50 0.02 26.98
For Shear
A, =B F —v)e 4,
f9.d
V. M 0.0633¢,bd\[f'.
ﬁ +1
5

JoB

DESCRIPTION

*Sv) (<8*/F'c*Bw*d)
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LDELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

span 28 ft
leg thickness 12 inches
4A TRUCK

mirrored about

case 1
rear axle group centered on culvert

past centerline node

case 2
rear axle group at quarter point

JoB

DESCIPTION

SHEET NO.

CALCULATED BY

CHECKED BY

traffic parallel with main reinforcement

Axle applied at center (1/2 magnitude since mirrored)

node
4 4
node
289
15 —>
7.25

Chk: SLV/RJIP

2016 059.009

OF

287

node 289

15

14.5 ft

291
/

14.5 ft

28x8u8.6
SCALE
DATE

DATE

node 298

node

294

212



LDELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

4A truck 8.6 ft earth cover (controls)
Load Case Description
1 4A
2 4A

Boundary conditions
Case 1

node step force
287/ 12 -11.307
287 13 -11.30
287 14 -11.30
287 15 -11 30
289/ 12 -22.60Y
289 13 -22.60
289 14 -22.60
289 12 -22.60
298 13 -14.20
298 14 -14.20
298 15 -14.20
298 15 -14.20

capacity demand ratio

Case 1
failure mode node ratio
steel yeilding 17 07637
concrete crushing 17 0.773
shear failure 17 1.018
radial tension failure 1 0116

truck at center

JoB

DESCIPTION

SHEET NO

CALCULATED BY

CHECKED BY

truck at quarter point

Case 2
node step force
2897 12 -22.607
289 13 -22.60
289 14 -22.60
289 15 -22.60
291/ 12 -22.60
291 13 -22.60
291 14 -22.60
291 12 -22.60
2947 13 -22.60
294 14 2260
294 15 -22.60
294 15 -22.60
Case 2
node ratio
17 0.796
17 0.793

17 1.055 Controls

1 0.117

2016.059.60Y StV/RIP 213
28x8u8.6
OF SCALE
DATE

DATE
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28x8under8_4AclMOD.out
**% WELCOME TO CANDE-2013(version 3/1/2013) #**=*

USER TITLE: 28x8_u8.6_4A_cl

* * * BOUNDARY CONDITIONS * *
(FORCES = LBS; DISPLACEMENTS

BOUNDARY LOAD
BEAM ROTATIONAL
NODE STEP
BOUNDARY CONDITIONS
287v 12
F
287 13
F
287 14
F
287 15
F
289V 12
F
289 13
F
289 14
F
289 12
F
298 13
F
298 14
F
298 15
F
298 15
F
287 15
F
288 15
F
289 15
F
290 15
F
291 15
F
292 15
F
293 15
F
294 15
F
295 15
F
296 15
F

m T M M

n

m M

LRFD TOTAL LOAD FACTORS

LOAD STEP

1

*

INCHES; ROTATIONS = DEGREES)

X-FORCE OR

X-DISPLACEMENT

0
0
0
0
0
0
0
0
0
0
= 0.
0
0
0
0
0
0
0
0
0
0
0

.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F

0000E+00 F

.0000E+00 F
.0000e+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+0Q0 F

PER LOAD STEP

LOAD FACTOR
1.313

Page 1

Y-FORCE OR X-Y ROTATION

Y-DISPLACEMENT

= -0.1130e+02V 0.0000E+00
= -0.1130E+02 0.0000E+00
= -0.1130E+02 0.0000E+00
= -0.1130e+02 0.0000E+00
= -0.2260e+027 0.0000E+00
= -0.2260E+02 0.0000E+00
= -0.2260E+02 0.0000E+00
= -0.2260E+02 0.0000E+00
= -0.1420E+02 0.0000E+00
= -0.1420E+02 0.0000E+00
= -0.1420E+02 0.0000E+00
= -0.1420E+02 0.0000E+00
= 0.0000E+00 0.0000E+00
= 0.0000E+00 0.0000E+00
=  0.0000E+00 0.0000E+00
= 0.0000E+00 0.0000E-+00
= 0.0000E+00 0.0000E+00
= 0.0000E+00 0.0000E+00
= 0.0000E+00 0.0000E+00
= 0.0000E+00 0.0000E+00
= 0.0000E+00 0.0000E+00
= 0.0000E+00 0.0000E+00

USER COMMENT

Factor for load step #1

214
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2 0.857 Factor for load step
3 0.857 Factor for Toad step
4 0.857 Factor for load step
5 1.365 Factor for load step
6 1.365 Factor for load step
7 1.365 Factor for load step
8 1.365 Factor for load step
9 1.365 Factor for Toad step
10 1.365 Factor for load step
11 1.365 Factor for load step
12 1.350 Factor for load step
13 1.350 Factor for load step
14 1.350 Factor for load step
15 1.350 Factor for Toad step

. = o S S S S T T S T S S S N S N
FINITE ELEMENT OUTPUT FOR LOAD STEP 15

. Tk Tk T Tt S H e E R N S T N o St S S o S i
CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15
STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES

Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES

PRESSURES ARE LB/IN**2
MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN

LOCAL X-COORD . X-DISP N-PRES. MOMENT
NODE Y-COORD. Y-DISP S-PRES. THRUST C
1 0.00 0.00000E+00  -0.10252E+02 0.26447E+05 0
101.00 -0.22679e+01  -0.19930E+00 -0.19734E+04 0
2 13.43  -0.89765e-03 -0.10479e+02 0.25904E+05 0
100.76  -0.22442e+01  -0.15556E+01  -0.19974E+04 0
3 26.84 0.13409e-02  -0.10707€e+02 0 24201e+05 0
100.08 -0.21741E+01  -0.29120e+01 -0 20322e+04 0
4 40.22 0.94881E-02  -0.11193E+02 0.21313e+05 0
98.95 -0.20611E+01 -0.40532E+01 -0.20871E+04 0
5 53.56 0 25756E-01  -0.11825E+02 0.17178€E+05 0
97.38 -0 19108e+01 -0.45427e+01  -0.21564E+04 0
6 66.84 0.51443e-01  -0.12743€e+02 0.11712e+05 0

Page 2

#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

+++ ++ + ++

++ 4+ + + + ++

Y-BAR
RACK DEPTH

.74705e+01
.70155E+01

.73190E+01
.69889E+01

.73190e+01
.69573E+01

.74181E+01
.68873E+01

.74181E+01
.67419e+01

.74181E+01

215
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95.38 -0.17317e+01  -0.48540e+01  -0.22349E+04 0.63488E+01
7 80 05 0.86296E-01 -0.13745e+02 0.47874E+04 0.50615E+01
92 93  -0.15389e+01  -0.50151E+01 -0.23204E+04 0.27099E+00
8 93.16 0.12810E+00 -0.14918e+02 -0.37397E+04 0.20283e+01
90.05 -0.13442E+01  -0.51343e+01 -0.24122E+04 0.69546E+01
9 106 18 0.17311e+00 -0.16179e+02  -0.14040€+05 0.25648E+01
86 73 -0.11606E+01  -0.48244E+01 -0.25075e+04 0.66379e+01
10 119.08 0.21607E+00 -0 17095e+02 -0 26299e+05 0.28493e+01
82.99 -0.10070E+01 -0 43982e+01 -0 26031E+04 0.73604E+01
11 131 84 0.253556+00 -0.17657e+02  -0.40649€e+05 0.34229e+01
78 82  -0.88744+00 -0.40773e+01 -0.26998E+04 0.82988E+01
12 144 .47 0.28467e+00 -0.17996E+02 -0.57170E+05 0.40506E+01
74.23  -0.79811E+00 -0.38742e+01  -0.27995e+04 0.10466E+02
13 156.93 0.31014+00 -0.18852e+02  -0.75924E+05 0 44678E+01
69.23 -0.73166E+00 -0.36424e+01 -0.29041E+04 0 13535E+02
14 169.22 0.33134e+00 -0.23229e+02 -0 97077e+05 0.55838E+01
63.82 -0.68093E+00 -0.17356E+02 -0 31648E+04 0.19555E+02
15 171.39 0.36103E+00 -0.10563E+02 -0.85178E+05 0.45538E+01
54.75 -0.67300E+00 -0.46424e+01  -0.33542E+04 0.13921E+02
16 172.91 0.38290E+00 -0.10684e+02 -0 72021E+05 0.42445e+01
45.55 -0.66849e+00 -0.46118e+01 -0 33125e+04 0.10637E+02
17 173.78 0.39159e+00 -0.11544e+02 -0.57634E+05 0.36636E+01
36.26 -0.66664E+00 ~-0.48439e+01  -0.32599e+04 0.87179e+01
18 174 00 0.38320E+00 -0.12538E+02  -0.42113E+05 0.34579e+01
26 94  -0.66570E+00 -0.47429e+01  -0.32454E+04 0.79509E+01
19 174.00 0.34228E+00 -0.48918e+01 -0 20613E+05 0.30043e+01
13.47 -0.66398e+00 -0.22828e+01 -0 32818E+04 0.78513E+01
20 174.00 0.28547€e+00 0.27548e+01 -0.50022e-11 0.60775e+01
0.00 -0.66294E+00 0.17741E+00 -0.33266E+04 0.00000E+00
SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.
EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR STIRRUP
v-factor CAPACITY SHEAR CAPACITY DEPTH-d LOAD
NODE Tbs/inch 1bs/inch ratio inches  1bs/inch
1 1.83 1181.15 -2.73 0 002 8 00 0 00
2 1.83 1182.44 83.60 0 071 8 00 0 00
3 1.84 1184.31 170.89 0 144 8 00 0 00
4 1.84 1187.26 261.47 0 220 8 00 0 00
5 1.85 1190.99 357.45 0 300 8 00 0 00
6 2.08 1339.86 461.30 0 344 8 00 0 00
7 4.50 2900.32 575.27 0 198 8 00 0 00
8 4.50 2741.89 700.96 0 256 7 56 0 00
9 3 14 1912.10 839.86 0 439 7 56 0 00
10 2 11 1396.02 990.65 0 710 8 19 0 00
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11 2.12 1685.57 1149.35 0.682 -9.88
12 1.83 1877.20 1313.28 0.700 -12.75
13 1.65 2222.25 1485.74 0.669 -16.75
14 1.41 2789.68 149.62 0.054 -24.50
15 1.60 2235.00 -1343.30 0.601 -17.31
16 1.84 1918.86 -1476.72 0.770 -12.94
17 2.09 1749.91 -1603.43 0.916 -10.38
18 2.56 1963.67 -1630.17 0 830 -9.50
19 3.61 2762.22 -1563.22 0 566 -9.50
20 4.50 3444.13 -1497.33 0 435 -9.50
ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 15

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 15

DESIGN-CRITERION CONTROL FACTORED FACTORED

NODE DEMAND CAPACITY
STEEL YIELDING (psi) 17 43492.6 57000.0
CONCRETE CRUSHING (psi) 17 3767.2 4875.0
SHEAR FAILURE (1bs/in) 17 1603.4 1574.9
RADIAL-TENSION FAIL (psi) 1 8.1 69.6

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 15

*

NODE NUMBER FOR MAXIMUM CRACK WIDTH ..............
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) .....
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE

SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)......

* * * NORMAL EXIT FROM CANDE * * * *

Page 4
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RATIO
VALUE

0.763
0.773
1.018
0.116

17

0.00749

0.75
348.00
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28x8under8_4Ac2MOD.out
*%% WELCOME TO CANDE-2013(version 3/1/2013) #*¥=*

USER TITLE: 28x8_u8.6_4A_c2

* % * BOUNDARY CONDITIONS * *
(FORCES = LBS; DISPLACEMENTS

I %

INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD X-FORCE OR Y-FORCE OR X-Y ROTATION
BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT Y-DISPLACEMENT
BOUNDARY CONDITIONS
2897 12 F = 0.0000e+00 F = -0.2260E+02 0.0000E+00
F289' 13 F = 0.0000E+00 F = -0.2260e+02 0.0000E+00
F289' 14 F = 0.0000eE+00 F = -0.2260E+02 0.0000e+00
F289' 15 F = 0.0000E+00 F = -0.2260E+02 0.0000E+00
F291/’ 12 F = 0.0000E+00 F = -0.2260E+02 0.0000E+00
F291 13 F = 0.0000€+00 F = -0.2260E+02 0.0000e+00
F291' 14 F = 0.0000E+00 F = -0.2260E+02 0.0000€E+00
F291 }21; F = 0.0000eE+00 F = -0.2260E+02 0.0000E+00
F294J ?5’}3\1 F = 0.0000E+00 F = -0.2260E+02 0.0000E+00
F294 }4\9 F = 0.0000E+00 F = -0.2260E+02 0.0000E+00
F294 Y5\ F = 0.0000eE+00 F = -0.2260E+02 0.0000E+00
F294 15 F = 0.0000E+00 F = -0.2260E+02 0.0000E+00
F287 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F288 15 F = 0.0000€+00 F = 0.0000E+00 0.0000E+00
F289 15 F = 0.0000e+00 F = 0.0000E+00 0.0000E+00
F290 15 F = 0.0000eE+00 F = 0.0000E+00 0.0000E+00
F291 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F292 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 15 F = 0.0000eE+00 F = 0.0000E+00 0.0000E+00
F294 15 F = 0.0000E+00 F = 0.0000eE+00 0.0000€e+00
F295 15 F = 0.0000E+00 F = 0.0000eE+00 0.0000E+00
:296 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT
1 1.313 Factor for load step #1
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2 0.857 Factor for load
3 0.857 Factor for load
4 0.857 Factor for load
5 1.365 Factor for load
6 1.365 Factor for load
7 1.365 Factor for load
8 1.365 Factor for load
9 1.365 Factor for load
10 1.365 Factor for Toad
11 1.365 Factor for Tload
12 1.350 Factor for Tload
13 1.350 Factor for load
14 1.350 Factor for load
15 1.350 Factor for Toad

. Tk T T T T e CH SR R S N I R S I I S N S

FINITE ELEMENT OUTPUT FOR LOAD STEP 15

+++++F+++rF A+ A+

CONCRETE,

FACTORED-EVALUATION FOR GROUP 1,

++ 4+ + + + ++

LOAD-STEP 15

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15

COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN**
MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN

LOCAL X-COORD X-DISP. N-PRES. MOMENT
NODE Y-COORD Y-DISP. S-PRES. THRUST
1 0 00 0.00000E+00  -0.97425e+01 0 26782E+05
101 00 -0.23373e+01  -0.14205e+00 -0 20575e+04

2 13.43  -0.94173e-03 -0.10260€E+02 0.26288E+05
100.76  -0.23132e+01  -0.13644e+01  -0.2078B8E+04

3 26.84 0.12972e-02  -0.10778E+02 0.24711E+05
100.08 -0.22421E+01 -0.25868E+01  -0.21098e+04

4 40.22 0.95648e-02 -0.11567E+02 0.21969€e+05
98.95 -0.21270E+01 -0.36941e+01 -0.21598E+04

5 53 56 0.26162e-01  -0.12482e+02 0.17946E+05

97 38 -0.19735e+01  -0.42281e+01 -0.22244e+04

6 66.84 0.52489e-01  -0.13623E+02 0.12503E+05

Page 2
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step
step
step
step
step
step
step
step
step
step
step
step
step

step

#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

++ 4+ 4+ ++ ++

++++++ o+

C

O 0O OO OO OO oo

Y-BAR
RACK DEPTH

.73190E+01
.69888E+01

.73190E+01
.69782E+01

.73190E+01
.69491E+01

.74181E+01
.68868E+01

.74181E+01
.67522E+01

.74181E+01
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95.38 -0.17899e+01 -0.46510E+01 -0.22993E+04 0.63927e+01
7 80.05 0.88330E-01 -0.14756E+02 0.54713e+04 0.50615E+01
92.93 -0.15917e+01  -0.49551E+01 -0.23833E+04 0.80455e+00
93.16 0.13141E+00 -0.15953e+02 -0 33171E+04 0.20283e+01
90.05 -0.13910e+01 -0.52424e+01 -0 24761eE+04 0.68053E+01
9 106.18 0.17803e+00 -0.17165e+02  -0.14038E+05 0.25648E+01
86.73 -0.12009e+01  -0.51296E+01 -0.25752E+04 0.66164E+01
10 119.08 0.22282E+00 -0 18032E+02 -0.26863E+05 0.28493E+01
82.99 -0.10408e+01 -0 48456E+01 -0.26773E+04 0.73557E+01
11 131.84 0.26210E+00 -0.18509e+02 -0.41918E+05 0.35427e+01
78.82 -0.91565e+00 -0.46237e+01 -0.27823E+04 0.82980e+01
12 144 .47 0.29489e+00 -0.18704E+02  -0.59259E+05 0.40506E+01
74.23 -0.82162E+00 -0.44576E+01 -0.28917e+04 0.10471E+02
13 156.93 0.32185E+00 -0.19374e+02  -0.78921e+05 0.44678e+01
69.23 -0.75133e+00 -0.42837e+01 -0.30067E+04 0.13544€E+02
14 169.22 0.34441e+00 -0.23521e+02 -0.10103E+06 0.55838e+01
63.82 -0.69740E+00 -0.18223E+02 -0.32849E+04 0.19568E+02
15 171.39 0.37614e+00 -0.10557e+02  -0.88709E+05 0.45538E+01
54.75 -0.68894E+00 -0.46101E+01 -0.34845e+04 0.13929€e+02
16 172.91 0.39974e+00 -0.10792e+02  -0.75043E+05 0.42445e+01
45.55 -0.68410e+00 -0.46011E+01 -0.34388E+04 0.10636E+02
17 173.78 0.40959e+00 -0.11804e+02 -0.60074E+05 0.36636E+01
36.26 -0.68210e+00 -0.48531E+01 -0.33817E+04 0.87185E+01
18 174.00 0.40161e+00 -0.12926E+02  -0.43913E+05 0.34579e+01
26.94 -0.68111E+00 -0.47226E+01 -0.33640E+04 0.79528E+01
19 174.00 0.36001E+00 -0.49140e+01 -0.21511E+05 0.30043e+01
13.47 -0.67932e+00 -0.22916e+01 -0.33996E+04 0.78624E+01
20 174 00 0.30182e+00 0.30979e+01 0.66166E-10 0.60775e+01
0 00 -0.67825E+00 0.13929e+00  -0.34445e+04 0.00000E+00
SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity
-- shear depth "d" is negative if measured from outer wall
-- stirrup load is excess shear force above capacity.
EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR STIRRUP
v-factor CAPACITY SHEAR CAPACITY DEPTH-d LOAD
NODE Tbs/inch 1bs/inch ratio inches 1bs/inch
1 1.84 1185.67 -3.59 0 003 8 00 0 00
2 1.84 1186.81 77.11 0 065 8 00 0 00
3 1.84 1188.48 160.78 0 135 8 00 0 00
4 1.85 1191.17 251.85 0 211 8 00 0 00
5 1.85 1194.64 352.44 0 295 8 00 0 00
6 1.98 1279.79 464 .41 0 363 8 00 0 00
7 4.50 2900.32 588.98 0 203 8 00 0 00
8 4.50 2741.89 726.31 0 265 -7 56 0 00
9 3.25 1979.90 876.62 0 443 -7 56 0 00
10 2.16 1427.85 1037.98 0 727 -8 19 0 00

Page 3
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11 2.12 1690.64 1206.11 0 713 -9.88 0 00
12 1.83 1882.39 1377.63 0 732 -12.75 0 00
13 1.66 2238.94 1555.14 0 695 -16.75 0 00
14 1.42 2795.55 162.57 0 058 -24.50 0 00
15 1.61 2241.78 -1393.23 0 621 -17.31 0 00
16 1.85 1925.94 -1535.22 0 797 -12.94 0 00
17 2.10 1757.26 -1668.96 0 950 -10.38 0 00
18 2.57 1969.80 -1697.95 0 862 -9.50 0 00
19 3.62 2770.35 -1630.02 0.588 -9.50 0 00
20 4.50 3625.40 -1563.83 0.431 10.00 0 00

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 15

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 15

DESIGN-CRITERION CONTROL FACTORED FACTORED RATIO

NODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) 17 45393.7 57000.0 0.796
CONCRETE CRUSHING (psi) 17 3865.3 4875.0 0.793
SHEAR FAILURE (lbs/in) 17 1669.0 1581.5 1.055
RADIAL-TENSION FAIL (psi) 1 8.2 69.6 0.117

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 15

NODE NUMBER FOR MAXIMUM CRACK WIDTH 17
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) 0.00829
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE 0.83
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches) 348.00

* % % * NORMAL EXIT FROM CANDE * * * %

Page 4
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS DESCRIPTION

860 Hooper Road, Endwell, NY 13760 SHEET NO
www.deltaengineers.com
Phone: (607) 231-6600 CALCULATED BY

Fax: (607) 231-6650
CHECKED BY

LRFR LOAD

Technical Data & Load Factors

Culvert 29.00 ft. (Cto C)
Crown Radius (Rad) = 33.83 ft.
Bar Cover

Outside Face (Covyy) = 2.00in
Inside Face (Covi,) = 1.50in
Section 12in

Compressive Strength (f.)) = 6.5 ksi
Yield Strength (f,)) = 60 ksi
Stirrup Yield Strength (fyq) = 60 ksi

iCircumferential Reinforcement Spa. (spa.)= 5.00in
Circumferential Reinforcement Provided (n) = 1 1 for 1
Reinforcement = 3 AASHTO Table
1 - smooth wire or lain bar 12.10.4.4d-1

2 - WWF max
3 - WWF deform or bar defo

Resistance Factors:
of - Flexure = 1.00
¢r - Radial Tension= 0.90 AASHTO Table 12.5.5-1
¢v - Diag Tension = 0.90
' Radial Tension Process (F,) = 1.00
Diag Tension Process (F,p) = 1.00 AASHTO 12.10.4.2.3

Load Factors::
IR OR
LL Factor 1.75 1.35 load modification factors
¥,DC (component) 1 31 (125*1 05)
YoEH (hor. At rest earth pressure) 0.86 (0.9/1.05)
YEV 1.37 (1.3*1.05)

1.45 =

Chk: SLV/RJP 222
2016.059.009

28x8 under 8: 4A Case 2

OF SCALE
rja DATE 7/28/2016
DATE
2
n=2 for AASHTO
12.10.4.2.4d

ied to nitude
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JoB 2016%.8 IRIP 224
,‘ DESCRIPTION 28x8 under 8: 4A Case 2
ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEET NO OF SCALE
www.deltaengineers.com

Phone: (607) 231-6600 CALCULATED BY DATE
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD -4A 2
Node Total Fac. Factored DC+EH+EV Factored LL
Number  Nu(k/ft) Nup (k/fty  Mup (in-k/ft)  Vup (k/ft)  Nup (k/Aft)  +Muy (in-k/ift)  Vuy (k/ft)  Thick (in)
1 -24.69 -22.14 275.22 0.03 -2 55 46.16 0.01 10
2 -24.95 -22.37 270.08 0.80 -2.58 45.37 0.13 10
3 -25.32 -22.70 253.74 1.66 -2.61 42.79 0.27 10
4 -25.92 -23.24 225.56 2.58 -2.68 38.06 0.44 10
5 -26.69 -23.93 184.46 3.59 -2.76 30.89 0.64 10
6 -27.59 -24.72 129.08 472 -2.87 20.95 0.85 10
7 -28.60 -25.60 57.57 6.00 -3.00 8.08 1.07 10
8 -29.71 -26.56 -32.02 7.43 -3.15 -7.78 1.29 10.063
9 -30.90 -27.58 -141.89 9.02 -3.32 -26.57 1.50 10.063
10 -32.13 -28.61 -274.38 10.77 -3.52 -47.98 1.68 10.688
11 -33.39 -29.66 -431.26 12.63 -3.73 -71.76 1.85 12.375
12 -34.70 -30.77 -613.57 14.55 -3.93 -97.54 1.98 15.25
13 -36.08 -31.95 -822.16 16.58 -4.14 -124.90 2.08 19.25
14 -39.42 -35.06 -1058.99 191 -4.36 -153.37 0.05 27
15 -41.81 -37.39 -930.06 14.57 -4.42 -134.45 2.15 19.813
16 -41.27 -36.98 -787.22 16.06 -4.28 -113.29 2.37 15.438
17 -40.58 -36.44 -630.60 17.49 -4.14 -90.29 2.54 12.875
18 -40 37 -36.33 -461.04 17.83 -4.04 -65.92 2.54 12
19 -40.80 -36.77 -225.56 17.11 -4.02 -32.57 2.45 12
20 -41.33 -37.29 0.00 16.38 -4.05 0.00 2.39 12

note all shear values itive



ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

Nod

www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

e

Number thk n

1

20 © 0N o o bh WwN

N =) a A O A QA
o O 0w N O O A~ WDN

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.1
10.1
10.7
12.4
15.3
19.3
27.0
19.8
154
12.9
12.0
12.0
12.0

d (in)
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
9.50

As'in (prov'd)
(in®/ ft)
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48
0.48

JoB
DESCRIPTION
SHEET NO
CALCULATED BY

CHECKED BY

As'out
in?/
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

Chk: SLV/RJP 225
2016 059 009

28x8 under 8; 4A Case 2
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DATE

DATE



DELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

LRFR LOAD RATING - 4A

Node
Number
1

O 00 N O g~ W N

N & A A A A A A a2 a o
O ©OW 0w N OO 0 b~ WO DN -~ O

thk (in)
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.1
10.1
10.7
12.4
15.3
19.3
27.0
19.8
15.4
12.9
12.0
12.0
12.0

din
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
9.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
9.50

AASHTO 12.10.4.2.4a .

=0.85bfc= 61

As rov
(in® / ft)
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

oM, =%{g<¢_,d>2 ~ Nu2g,d )~

2

Total Fac.
Nu (k/ft)
-24.69
-24.95
-25.32
-25.92
-26.69
-27.59
-28.60
-29.71
-30.90
-32.13
-33.39
-34.70
-36.08
-39.42
-41.81
-41.27
-40.58
-40.37
-40.80
-41.33

g

JoB
DESCRIPTION
SHEET NO
CALCULATED BY

CHECKED BY

Phi Mn

514.51
515.46
516.83
519.03
521.87
525.16
528.82
242.51
562.08
615.99
999.14
1323.51
1777.68
2680.79
1884.92
1380.93
1085.24
984.78
758.06
760.37

(gp,d—N, - ASF;)Z}

OF

Chk: SLV/RJP
2016 059 009

28x8 under 8: 4A Case 2
SCALE
DATE

DATE
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ADELTA

JoB

DESCRIPTION

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEET NO
www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

LRFR LOAD
Node
Number thk (in)
10.0
2 10.0
3 10.0
4 10.0
5 10.0
6 10.0
7 10.0
8 10.1
9 101
10 10.7
11 12.4
12 15.3
13 19.3
14 27.0
15 19.8
16 15.4
17 12.9
18 12.0
19 12.0
20 12.0

g=0.85bfc= 61

oM, =%{g(¢,d>2 - Nu(2g,d )

OF

CALCULATED BY

CHECKED BY

TING - 4A

Phi Mn
d (in) (in-k/ft) Mup (in-k/ft)  +Muy (in-k/ft)
8.00 514.51 275.22 46.16
8.00 515.46 270.08 4537
8.00 516.83 253.74 42.79
8.00 519.03 225.56 38.06
8.00 521.87 184.46 30.89
8.00 525.15 120.08 20.95
8.00 528.82 57.57 8.08
7.56 242.51 -32.02 -7.78
7.56 562.08 -141.89 -26.57
8.19 615.99 -274.38 -47.98
9.88 999.14 -431.26 -71.76
12.75 1323.51 -613.57 -97.54
16.75 1777.68 -822.16 -124.90
24.50 2680.79 -1058.99 -153.37
17.31 1884.92 -930.06 -134.45
12.94 1380.93 -787.22 -113.29
10.38 1085.24 -630.60 -90.29
9.50 984.78 -461.04 -65.92
9.50 758.06 -225.56 -32.57
9.50 760.37 0.00 0.00

Control n

(gpd—N,—AF)

Chk: SLV/RJP
2016 059.009

28x8 under 8: 4A Case 2

Inve
Rating
5.18
5.41
6.15
7.71
10.92
18.90
58.30
27.05
15.82
7.12
7.91
7.28
7.65
10.57
7.10
5.24
5.04
7.95
16.35
N/A
5.04

SCALE

DATE

DATE

Rating
6.72
7.01
7.97
9.99
14.16

2450

75.57
35.06

20.50
9.23
10.26
9.44
9.92
13.71
9.21
6.79
6.53
10.30
21.19

N/A
6.53

227
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DELTA

ENGINEERS

184 Court Street
BINGHAMTON, NEW YORK 13901
(607) 231-6600 Fax 231-6650

LRFR LOAD RATING - 4A Case 2

Elmt
Nmbr
1

© 00 N O o~ W N

N A A Ao A 4 4a a4 A @a—a A
O W 0o N O O A W N =~ O

«

¢V, = $0.0316bdF,, [ f'c(l.1+ 63p)[

Shear Resistance With Stirrups

thk (in) d (in)
10.0 8.000
10.0 8.000
10.0 8.000
10.0 8.000
10.0 8.000
10.0 8.000
10.0 8.000
10.1 7.563
10.1 7.563
10.7 8.188
12.4 9.875
16.3 12.750
19.3 16.750
270 24.500
19.8 17.313
154 12.938
12.9 10.375
12.0 9.500
12.0 9.500
12.0 9.500
1.6

F,=08+—-<123
d

h

F =1

As (prov'd)
(in?/ ft)
0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

u

+—
24 *thk

Jo,

Vtotal
(kip/ft)
0.04
0.93
1.93
3.02
423
5.57
7.07
8.72
10.52
12.46
14.47
16.53
18.66
1.95
16.72
18.42
20.03
20.38
19.56
18.77

A

— S

 gbd

Fan
F

c

J

oB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED 8Y

<

J

Vdi only
(kip/ft)
0.03
0.80
1.66
2.58
3.59
472
6.00
7.43
9.02
10.77
12.63
14.55
16.58
1.91
14.57
16.06
17.49
17.83
17.11
16.38

0.02

'AASHTO 12.10.4.2.5

Chk: SLV/RJIP

2016.059.009

228

28x8 under 8: 4A Case 2

OF

SCALE

DATE

DATE

Vn=Vc+Vs
Vil only oVn 1.75
(kip/ft) {kip/ft) INV
0.01 12.81 1364
0.13 12.82 95.65
0.27 12.84 41.09
0.44 12.86 23.22
0.64 12.90 14.61
0.85 13.82 10.72
1.07 31.32 23.67
1.29 29.61 17.2
1.50 21.38 8.26
1.68 15.42 2.762
1.85 18.26 3.051
1.98 20.33 2,919
2.08 24.18 3.655
0.05 30.19 622
2.15 24.21 4.487
2.37 20.80 2.004
2.54 47.62 11.87
2.54 47.79 11.77
2.45 57.03 16.32
2.39 66.13 20.84
2.004

1.35

OPR
1769

124
53.27
30.09
18.94
13.89
30.69
223
10.71
3.581
3.956
3.785
4.738
806.2
5816
2.598
15.38
15.26
21.15
27.01
2.598
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184 Court Street
BINGHAMTON, NEW YORK 13901
(607) 231-6600 Fax 231-6650

Arch Des

Positive Moment Design (cont.)

Shear Resistance With Radial Stirru

Element
Number

_ ey e
DN IS © N oA WN

N
H

15
16
17
18
19
20

For Radial Tension

s, <0.75¢.d

thk n
10.0
10.0
10.0
10.0
10.0
10.0
10.0
101
101
10.7
12.4
163
18.3
27.0
19.8
15.4
12.9
12.0
12.0
12.0

Mnu=Mu-Nu(4h-d

rearanging

8.13
8.13
8.13
8.13
8.13
8.13
8.13
7.69
7.69
8.31
10.00
12.88
16.88
24.63
17.44
13.06
10.50
9.63
9.63
9.63

above and

DELTA

ENGINEERS

JOB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

OF

:AASHTO 12.10.4.2.6

Sv MAX

n
5.48
5.48
5.48
5.48
5.48
5.48
5.48
5.19
5.19
5.61
6.75
8.68

11.39
16.62
1.77
8.82
7.09
6.50
6.50
6.50

takin Fc=1.0, Vs = (Avs-Avr)*Fys*¢v*d/(1.1*Sv) (

Chk: SLV/RJIP

2016.059 009

28x8 under 8: 4A Case 2

Sv Act Avr Sv MAX Sv Act

(in) in?/

0.00 0.00 5.48 0.00
0.00 0.00 5.48 0.00
0.00 0.00 5.48 0.00
0.00 0.00 5.48 0.00
0.00 0.00 5.48 0.00
0.00 0.00 5.48 0.00
0.00 0.00 5.48 0.00
0.00 0.00 5.19 0.00
0.00 0.00 5.19 0.00
0.00 0.00 5.61 0.00
0.00 0.00 6.75 0.00
0.00 0.00 8.69 0.00
0.00 0.00 11.39 0.00
0.00 0.00 16.62 0.00
0.00 0.00 11.77 0.00
0.00 0.00 8.82 0.00
4.50 0.01 7.09 450
4.50 0.01 6.50 4.50
4.50 0.00 6.50 4.50
4.50 0.00 6.50 4.50

:For Shear
=, F V)t 4,
f,9.d
: M 0.0633¢,bd . [f".
F'c*Bw*d) As provided =

SCALE
DATE

DATE

0.293

Avs

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.05
0.04
0.02

229

K/TU

O O 0O 0O 0O 0O 0O O 0O O 0O O O o o o

28.64
26.52
27.11
26.98

sqg.in./ L.F
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JoB 2016.059.009
/r DE A DESCIPTION 28x8u8.6
ENGINEERS, ARCHITECTS, & LAND SURVEYORS SHEET NO OF __ SCAE
860 Hooper Road, Endwell, NY 13760 CALGULATED BY DATE

www.deltaengineers.com
Phone: (607) 231-6600 CHECKED BY DATE
Fax: (607) 231-6650

span 28 ft
leg thickness 12 inches traffic parallel with main reinforcement
5A TRUCK
node mirrored about centerline
node 288
node 295
4 16 4 < 11
case 1
center axle group centered on culvert
145 ft
off span node 290 node 293
off span
11 4 16 4

case 2 5.25
center axle group at quarter point
7.25

14.5 ft



ADELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

JOB

DESCIPTION

SHEET NO

CALCULATED BY

CHECKED BY

5A truck 8.6 ft earth cover (controls)
Load Case Description
1 5A truck at center
2 5A truck at quarter point
Boundary conditions
Case 1 Case 2
node step force node step force
288 12 -20.20 293 12 -20.20
288 13 -20.20 293 13 -20.20
288 14 -20.20 293 14 -20.20
288 15 -20.20 293 15 -20.20
295 12 -20.20 290 12 -20.20
295 13 -20.20 290 13 -20.20
295 14 -20.20 290 14 -20.20
295 12 -20.20 290 12 -20.20
296 13 0.00 297 13 0.00
296 14 0.00 297 14 0.00
296 15 0.00 297 15 0.00
296 15 0.00 297 15 0.00
capacity demand ratio
Case 1 Case 2
failure mode node ratio node ratio
steel yeilding 17 0.748 17 0.754
concrete crushing 17 0.764 17 0.768 Controls
shear failure 17 0.999 17 1.006
radial tension failure 1 0.110 1 0.109
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*%% WELCOME TO CANDE-2013(version 3/1/2013) =*=*=

USER TITLE: 28x8_u8.6_5A_cl

* % % BOUNDARY CONDITIONS
(FORCES = LBS; DISPLACEMENTS

BOUNDARY LOAD
BEAM ROTATIONAL
NODE STEP
BOUNDARY CONDITIONS

288 12
F
288 13
F
288 14
F
288 15
F
295 12
F
295 13
F
295 14
F
295 12
F
296 13
F
296 14
F
296 15
F
296 15
F
287 15
F
288 15
F
289 15
F
290 15
F
291 15
F
292 15
F
293 15
F
294 15
F
295 15
F
296 15
F

LRFD TOTAL LOAD FACTORS

LOAD STEP

1

* %

[T

X-FORCE OR

X-DISPLACEMENT

.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F
.0000E+00 F

]
O O O O O © O O O O O O O O © o o o o o o o©

PER LOAD STEP
LOAD FACTOR
1.313

Page 1

INCHES; ROTATIONS = DEGREES)

Y-FORCE OR

Y-DISPLACEMENT

-0.2020€E+02
-0.2020€E+02
-0.2020€E+02
-0.2020e+02
-0.2020E+02
-0.2020E+02
-0.2020€E+02
-0.2020E+02
.0000E+00
.0000E+00
.0000E+00
.0000€+00
.0000e+00
.0000€E+00
.0000E+00
.0000€E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

O O O O O O O O O O © o o o

USER COMMENT

X-Y ROTATION

© O O O O O O O O O O O O O O O o o o o o o

Chk: SLV/RJIP

.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000&+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

Factor for Toad step #1
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0.857

0.
0.
1
1
1
1
1.
1
1
1
1
1
1

857
857

.365
.365
.365
.365

365

.365
.365
.350
.350
.350
.350

FINITE ELEMENT OUTPUT FOR LOAD STEP 15

Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor
Factor

Factor

Toad
Toad
Toad
load
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad
Toad

for
for
for
for
for
for
for
for
for
for
for
for
for
for load

+ + +

PP At i i i e e A A A

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15

LOCAL
NODE

X-COORD
Y-COORD

.00
101.

13.
100.

26.
100.

40.
98.

53.
97.

66.
95.

00

43
76

84
08

22
95

56
38

84
38

X-DISP.
Y-DISP.

0.00000E+00

-0.
-0.

22104e+01

89752E-03
21877e+01

0.11924E—02

.89346E-02
-0.

21209e+01

20128E+01

.24474e-01
-0.

0.49100E—01

18689E+01

16970e+01

EPTHS ARE INCHES
INTERIOR, INCHES

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

1, LOAD-STEP 15

N-PRES. MOMENT

S-PRES. THRUST
96217e+01 0.25271E+05
19441E+00 -0.19556E+04
99149e+01 0.24776€+05
14420E+01  -0.19779e+04
10208E+02 0.23215€E+405
26896E+01  -0.20101E+04
10768E+02 0 20548€+05
375786+01 -0 20610E+04
11499€E+02 0.16699E+05
41993e+01  -0.21253E+04
12534€E+02 0.11564€+05
44956E+01  -0.21982E+04

Page 2

step
step
step
step
step
step
step
step
step
step
step
step
step
step

+ +

+ +

Chk: SLV/RJIP

#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

+ + 4+ + + +

+ + + + + +

Y-BAR
CRACK DEPTH

.73190e+01
.69887E+01

.73190E+01
.69772E+01

.73556E+01
.69460E+01

0
0
0
0
0
0
0.
0
0
0
0
0

74181E+01

.68738E+01

.74181E+01
.67317E+01

.74181E+01
.63509e+01
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10

11

12

13

14

15

16

17

18

19

20

1

1

1

1

1

1

1

1

1

1

1

80.
92.

93.
90.

06.
86.

19.
82.

31.
78.

144.
74.

56.
69.

69.
63.

71.
54.

72.
45.

.78
36.

74.
26.

74.
13.

74.
0.

SHEAR FORCE DIAGNOSTQS_FOR CONC
-- v-factor is coefficient of sq
-- Shear depth "d" is negative if m

73

-- Stirrup load

=z
o
g
onihwNoRE M

P
ROWo~

EQUIVALENT

05
93

16
05

18
73

08
99

84
82

47
23

93
23

22
82

39
75

91
55
26

00
94

00
47

00
00

-0.

0.
-0.

0.
-0.

0.
-0.

28x8under8_5AclMOD.out

0.
-0.

0.
-0.

0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

0.
-0.

0.
-0.

0.
-0.

-0.
-0.

0.
0.

.82603€e-01
.15116€e+01

.12285€e+00
.13240€e+01

.16635€E+00
.11465€E+01

.20813E+00
.99708e+00

.24476€E+00
.88021E+00

.27535€E+00
.79245€e+00

.30049€e+00
.72691E+00

.32149€e+00
.67670E+00

.35097€e+00
.66883E+00

.37279€e+00
.66435E+00

.38169€+00
66248E+00

37384€E+00
66155E+00

33423e+00
65984E+00

27902E+00
65882E+00

RETE-GROUP 1, )
qrt(PFPC) equal to capacity.
easured from outer wall.

13643E+02
46660E+01

14900€+02
48404E+01

16217+02
46036E+01

17187E+02
42693E+01

17771E+02
40447e+01

18114E+02
39472€e+01

18917e+02
38559E+01

23186E+02
17856E+02

10301E+02
45823e+01

10367E+02
45121E+01

11192e+02
47581E+01

12178e+02
48222e+01

47926E+01
22307e+01

25925e+01
36091E+00

0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.

-0

-0
-0

0
-0

is excess shear force above capacity.

v-factor

.83
.83
.83
.84

NNWRDNRRHERE
o
=

SHEAR APPLIED
CAPACITY SHEAR
1bs/inch 1bs/inch

1180 19 -2.83
1181 39 76.57
1183.12 157.41
1185.86 242 .57
1189.32 334.47
1294.82 435.84
2900.32 549.03
2741.89 675.40
1968.49 816.08
1422.45 969.50
1682.10 1131.42

APPLIED/
CAPACITY
ratio

.002
.065
.133
.205
.281
.337
.189
.246
.415
.682
.673

[of=l=lelclolalalelole]

Page 3

49919e+04
22782E+04

31831E+04
23648E+04

13149e+05
24558E+04

25103e+05
25484E+04

39190€e+05
26433E+04

55493€e+05
27428E+04

74076€E+05
28488E+04

95093€E+05
31197e+04

83507E+05
33190E+04

70663E+05
32790E+04

56584E+05
32278E+04

41362E+05
.32148E+04

.20246€E+05
.32517E+04

.16939€e-09
.32957e+04

LOAD STEP 15

SHEAR
DgPTH-d
inches

Chk: SLV/RJIP

.50615E+01
.54695E+00

.20283e+01
.68186E+01

.25648E+01
.65970E+01

.28493e+01
.73486E+01

.34229e+01
.82874E+01

.40506E+01
.10457E+02

.44678E+01
.13523E+02

.55838E+01
.19540e+02

.49926E+01
.13868E+02

.42445e+01
.10632E+02

.36636E+01
.87140e+01

.34579e+01
.79461E+01

.30043E+01
.78404E+01

.60775E+01
.00000E+00

STIRRUP

LOAD
1bs/inch

COOOOOOOO00OO0
(=)
o
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ASSESSMENT

SU

Chk: SLV/RJIP
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1874.00 1298.78 0.693 -12.75 0 00
2247.81 1474.33 0.656 -16.75 0 00
2787.49 161.37 0.058 -24.50 0 00
2233.17 -1309.72 0.586 -17.31 0 00
1916.97 -1443.43 0.753 -12.94 0 00
1747.97 -1570.95 0.899 -10.38 0 00
1961.72 -1599.90 0.816 -9.50 0 00
2762.27 -1535.32 0.556 -9.50 0 00
3625.40 -1470.76 0.406 10.00 0 00

MMARY CONCRETE-GROUP 1, LOAD-STEP 15

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 15

DESIGN-CRITERION CONTROL FACTORED FACTORED RATIO

NODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) 17 42650.0 57000.0 0.748
CONCRETE CRUSHING (psi) 17 3726.9 4875.0 0.764
SHEAR FAILURE (1bs/in) 17 1570.9 1573.2 0.999
RADIAL-TENSION FAIL (psi) 1 7.7 69.6 0.110

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 15

*

*

NODE NUMBER FOR MAXIMUM CRACK WIDTH .............. 17
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) ..... 0.00713
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .......... 0.71
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 348.00

* * NORMAL EXIT FROM CANDE * * * *

Page 4
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28x8under8_5Ac2MOD.out
*%% WELCOME TO CANDE-2013(version 3/1/2013) ***

USER TITLE: 28x8_u8.6_5A_c2

* % * BOUNDARY CONDITIONS * *
(FORCES = LBS; DISPLACEMENTS

[T

INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD X-FORCE OR Y-FORCE OR X-Y ROTATION
BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT Y-DISPLACEMENT
BOUNDARY CONDITIONS
293 12 F = 0.0000E+00 F = -0.2020E+02 0.0000E+00
F293 13 F = 0.0000E+00 F = -0.2020E+02 0.0000E+00
F293 14 F = 0.0000E+00 F = -0.2020E+02 0.0000E+00
F293 15 F = 0.0000E+00 F = -0.2020E+02 0.0000E+00
F290 12 F = 0.0000E+00 F = -0.2020E+02 0.0000Ee+00
F290 13 F = 0.0000E+00 F = -0.2020E+02 0.0000E+00
F290 14 F = 0.0000E+00 F = -0.2020E+02 0.0000E+00
F290 12 F = 0.0000E+00 F = -0.2020E+02 0.0000E+00
F297 13 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F297 14 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F297 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F297 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F287 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F288 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F289 15 F = 0.0000E+00 F = 0.0000E+00 0.0000€E+00
F290 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F291 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F292 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F293 15 F = 0.0000E+00 F = 0.0000E+00 0.0000€E+00
F294 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F295 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
E296 15 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT
1 1.313 Factor for load step #1

Page 1
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2 0.857 Factor for Toad
3 0.857 Factor for load
4 0.857 Factor for Tload
5 1.365 Factor for Toad
6 1.365 Factor for Tload
7 1.365 Factor for load
8 1.365 Factor for load
9 1.365 Factor for Tload
10 1.365 Factor for Toad
11 1.365 Factor for Toad
12 1.350 Factor for Toad
13 1.350 Factor for load
14 1.350 Factor for Toad
15 1.350 Factor for Tload

I T I T T T S T T S S T S R S

FINITE ELEMENT OUTPUT FOR LOAD STEP 15

FH++++++F+ A A A F A+

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 15

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 15

COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES
Y-BAR IS "NEUTRAL AXIS" LOCATION FROM INTERIOR, INCHES
PRESSURES ARE LB/IN**
MOMENTS ARE IN-LB/IN

THRUST AND SHEAR ARE LB/IN

LOCAL X-COORD. X-DISP. N-PRES. MOMENT
NODE Y-COORD. Y-DISP. S-PRES. THRUST
1 0 00 0.00000E+00  -0.90239e+01 0.24999E+05
101 00 -0.22142e+01  -0.14586E+00 0.19743e+04

2 13.43 -0.91395€E-03 -0.95355e+01 0.24549E+05
100.76  -0.21918e+01 -0.12725E+01 0.19941E+04

3 26.84 0.11328E-02 -0.10047E+02 0.23109E+05
100.08 -0.21256E+01  -0.23990E+01  -0.20230E+04

4 40.22 0.87976E-02 -0.10838E+02 0.20598E+05
98.95 -0.20184E+01 -0.34407e+01  -0.20694E+04

5 53.56 0.24245e-01  -0.11763E+02 0.16896E+05
97.38 -0.18752E+01  -0.39451E+01  -0.21296E+04

6 66.84 0.48808E-01  -0.12913e+02 0.11862E+05

Page 2
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step
step
step
step
step
step
step
step
step
step
step
step
step

step

237

#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12
#13
#14
#15

+ 4+ + + + + +

+ 4+ + + +++ o+

C

O OO0 OO OO OO0 OO

Y-BAR

RACK DEPTH

.73190E+01
.69811E+01

.73190e+01
.69705E+01

.73190e+01
.69414E+01

.74181E+01
.68731E+01

.74181E+01
.67384E+01

.74181€E+01
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95.38 -0.17037e+01  -0.43545e+01 -0.21996E+04 0.63782E+01
7 80.05 0.82301e-01  -0.14055E+02 0.53231E+04 0.50615E+01
92.93 -0.15184E+01 -0.46569E+01 -0.22785E+04 0.84118E+00
8 93.16 0.12259e+00  -0.15272E+02 -0.28928E+04 0.20283e+01
90.05 -0.13306E+01 -0.49472e+01  -0.23658E+04 0.67160E+01
9 106.18 0.16625E+00 -0.16495E+02  -0.12967E+05 0.25648E+01
86.73 -0.11524e+01  -0.48001E+01  -0.24591e+04 0.65832E+01
10 119.08 0.20832E+00 -0.17374E+02 -0.25077E+05 0.28493E+01
82.99 -0.10020e+01  -0.45164E+01  -0.25551E+04 0.73466E+01
11 131.84 0.24530e+00  -0.17875E+02 -0 39351E+05 0.34229E+01
78.82 -0.88407E+00 -0.43102E+01 -0 26539E+04 0.82877E+01
12 144.47 0.27622E+00 -0 18110E+02 -0.55855E+05 0.40506E+01
74.23 -0.79537E+00 -0 41725e+01 -0.27571E+04 0.10459E+02
13 156.93 0.30167E+00  -0.18810E+02 -0.74632E+05 0.44678E+01
69.23 -0.72904E+00 -0.40042e+01 -0.28662E+04 0.13526E+02
14 169 22 0.32296E+00  -0.22949E+02 -0.95816E+05 0.55838E+01
63 82 -0.67815E+00 -0.17746E+02 -0.31383E+04 0.19545E+02
15 171.39 0.35288E+00  -0.10266E+02 -0.84147E+05 0.45538E+01
54.75 -0.67017e+00 -0.45422e+01  -0.33372E+04 0.13910E+02
16 172.91 0.37508E+00 -0.10384E+02 -0 71206E+05 0.42445E+01
45.55 -0.66562E+00 -0.44890E+01 -0 32960E+04 0.10633E+02
17 173.78 0.38426E+00 -0 11256E+02  -0.57019E+05 0.36636E+01
36.26 -0.66372e+00 -0 47285e+01 -0.32438E+04 0.87152E+01
18 174.00 0.37655E+00 -0.12240E+02 -0.41683E+05 0.34579E+01
26.94 -0.66277e+00 -0.47193e+01  -0.32296E+04 0.79478E+01
19 174.00 0.33693E+00 -0.47599E+01  -0.20410E+05 0.30043E+01
13.47 -0.66106E+00 -0.22300e+01  -0.32657E+04 0.78451E+01
20 174.00 0.28158€E+00 0.27202E+01 0 15689E-10 0.60775E+01
0.00 -0.66003E+00 0.25928E+00 0 33098E+04 0.00000E+00
SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 15
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.
EQUIVALENT SHEAR APPLIED APPLIED/ SHEAR STIRRUP
v-factor CAPACITY SHEAR CAPACITY DEPTH-d LOAD
NODE Tbs/inch 1bs/inch ratio inches 1bs/inch
1 1 83 1181.20 -3.39 0.003 8 00 0 00
2 1 83 1182.26 70.37 0.060 8 00 0 00
3 184 1183.81 147.10 0.124 8 00 0 00
4 1 84 1186.31 231.31 0.195 8 00 0 00
5 184 1189.55 325.23 0.273 8 00 0 00
6 195 1254.99 430.83 0.343 8 00 0 00
7 4.39 2829.72 549.31 0.194 8 00 0 00
8 4.50 2741.89 680.92 0.248 7 56 0 00
9 3.29 2006.37 825.90 0.412 7 56 0 00
10 2.18 1438.25 982.28 0.683 8 19 0 00

Page 3



28x8under8_5Ac2MOD.out

11 2 11 1682.75 1145.88 0.681 -9.88
12 1 82 1874.81 1313.50 0.701 -12.75
13 167 2251.31 1487.78 0.661 -16.75
14 141 2788.39 163.14 0.059 -24.50
15 1 60 2234.12 -1319.43 0.591 -17.31
16 184 1917.93 -1454.46 0.758 -12.94
17 2 09 1748.94 -1582.77 0.905 -10.38
18 2 56 1961.84 -1611.81 0.822 -9.50
19 3 61 2761.87 -1547.26 0.560 -9.50
20 4 50 3444.13 -1483.15 0.431 -9.50

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 15

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 15

DESIGN-CRITERION CONTROL FACTORED FACTORED

NODE DEMAND CAPACITY
STEEL YIELDING (psi) 17 42995.4 57000.0
CONCRETE CRUSHING (psi) 17 3743.8 4875.0
SHEAR FAILURE (1bs/in) 17 1582.8 1574.0
RADIAL-TENSION FAIL (psi) 1 7.6 69.6

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP

NODE NUMBER FOR MAXIMUM CRACK WIDTH

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches)
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE ......
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)..

* % % * NORMAL EXIT FROM CANDE * * * *

Page 4
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RATIO
VALUE

0.754

0.768

1.006

0.109
15

17
0.00728
0.73
348.00
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DELTA

ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

LRFR L

Technical Data & Load Factors

. Culvert n
" Crown Radius Rad
Bar Cover |

‘Outside Face (Covyy) =
Inside Face (Cov;,) =

Section
pressive Strength (f;) =

Yield Strength (f,) =

Stirrup Yield Strength (fys) =

Circumferential Reinforcement =
Circumferential Reinforcement Provided (n) =
Reinforcement Type (Type) =

1 - smooth wire or n bar
2 -WWF "max
3 -WWF or bar deformed

Resistance Factors:

29.00 ft
33.83 ft.

2.00in
1.50in
12in

6.5 ksi
60 ksi
60 ksi
5.00in

1

3

Chk: SLV/RJIP 240
JoB 2016.059.009
DESCRIPTION 28x8 under 8 5A Case 2
SHEET NO OF SCALE

CALCULATED BY DATE

CHECKED BY DATE

TING - 5A

to

{(n=1 for 1 layer, n=2 for multiple layers)  AASHTO
AASHTO Table 12.10.4.2.4d
12.10.4.4d-1

- Flexure = 1.00
¢r - Radial Tension = 0.90 AASHTO Table 12.5.5-1
Tension= 0.90
Radial Tension Process (Fp) = 1.00 i
Diag Tension Process (F,;) = 1.00 AASHTO 12.10.4.2.3
Load Factors
IR OR
LL 1.75 135 load modification factors to
7,DC (component) 1 31 (1.25*1.05)
voEH (hor. At rest earth pressure) 0.86 (0.9/1.05)
YoEV 1.37 (1.3*1.05)
State Trucks 1.45 =280) |
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JoB 2016.059 009
" DESCRIPTION 28x8 under 8 5A Case 2
ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEET NO oF SCALE
www.deltaengineers.com

Phone: (607) 231-6600 CALOULATED BY PATE
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOA se 2
Node Total Fac Factored DC+EH+EV Factored LL
Number  Nu (k/ft)  Nup (k/ft)  Mup (in-k/ft)  Vup (k/ft)  Nug (k/ft)  +Muy (in-k/ft)  Vuy (k/ft)  Thick (in)
1 -23.51 -22.14 275.22 0.03 -1.38 23.38 0.01 10
2 -23.75 -22.37 270.08 0.80 -1.39 23.08 0.05 10
3 -24.10 -22.70 253.74 1.66 -1.40 22.06 0.11 10
4 -24.66 -23.24 225.56 2.58 -1.42 20.02 0.20 10
5 -25.39 -23.93 184.46 3.59 -1.46 16.68 0.31 10
6 -26.23 -24.72 129.08 472 -1.51 11.81 0.43 10
7 -27.18 -25.60 57.57 6.00 -1.58 5.20 0.56 10
8 -28.23 -26.56 -32.02 7.43 -1.66 -3.19 0.69 10.063
9 -29.34 -27.58 -141.89 9.02 -1.76 -13.31 0.81 10.063
10 -30.48 -28.61 -274.38 10.77 -1.87 -24.97 0.92 10.688
11 -31.65 -29.66 -431.26 12.63 -1.99 -37.93 1.01 12.375
12 -32.87 -30.77 -613.57 14.55 -2.10 -51.96 1.07 15.25
13 -34.16 -31.95 -822.16 16.58 -2.21 -66.78 112 19.25
14 -37.39 -35.06 -1058.99 1.91 -2.33 -82.10 0.03 27
15 -39.75 -37.39 -930.06 14.57 -2.36 -71.95 1.15 19.813
16 -39.26 -36.98 -787.22 16.06 -2.28 -60.62 1.27 15.438
17 -38.64 -36.44 -630.60 17.49 -2.20 -48.30 1.36 12.875
18 -38.48 -36.33 -461.04 17.83 -2.15 -35.24 1.36 12
19 -38.91 -36.77 -225.56 17.11 -2.14 -17.42 1.31 12
20 -39.44 -37.29 0.00 16.38 -2.15 000 1.28 12

‘note all shear values normalized to positive
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

LRFR LOAD RATING -
Node As'in
Number  thk (in) d (in) n?/
1 10.0 8.00 0.92
2 10.0 8.00 0.92
3 10.0 8.00 0.92
4 10.0 8.00 0.92
5 10.0 8.00 0.92
6 10.0 8.00 0.92
7 10.0 8.00 0.92
8 10.1 7.56 0.92
9 10.1 7.56 0.92
10 10.7 8.19 0.24
11 12.4 9.88 0.48
12 15.3 12.75 0.48
13 19.3 16.75 0.48
14 27.0 24.50 0.48
15 19.8 17.31 0.48
16 15.4 12.94 0.48
17 12.9 10.38 0.48
18 12.0 9.50 0.48
19 12.0 9.50 0.48
20 12.0 9.50 0.48

JoB
DESCRIPTION
SHEET NO
CALCULATED BY

CHECKED BY

As'out (prov'd)
(in” / ft)
0.24
0.24
0.24
0.24
0.24
0.24
0.24
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

Chk: SLV/RJP 243
2016.059.009

28x8 under 8 5A Case 2
OF SCALE
DATE

DATE
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760

www.deltaengineers.com

Phone: (607) 231-6600
Fax: (607) 231-6650

LRFR LOAD RA
Node

Number thk (in)
1 10.0
2 10.0
3 10.0
4 10.0
5 10.0
6 10.0
7 10.0
8 10.1
9 101
10 10.7
11 12.4
12 15.3
13 19.3
14 27.0
15 19.8
16 15.4
17 12.9
18 12.0
19 12.0
20 12.0

AASHTO 12.10.4.2.4a
1g=0.85bfc= 61

oM, =%{g(¢, dY: — Nu2g,d — h) -

d
8.00
8.00
8.00
8.00
8.00
8.00
8.00
7.56
7.56
8.19
0.88
12.75
16.75
24.50
17.31
12.94
10.38
9.50
9.50
9.50

As

n?/

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

JoB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

ase 2
Total Fac. Phi Mn
Nu kit
-23.51 510.16
-23.75 511.05
-24.10 512.34
-24.66 514.41
-25.39 517.09
-26.23 520.19
-27.18 523.65
-28.23 236.08
-29.34 556.60
-30.48 609.72
-31.65 991.96
-32.87 1313.35
-34.16 1763.23
-37.39 2657.76
-39.75 1869.01
-39.26 1369.85
-38.64 1076.99
-38.48 977.54
-38.91 749.93
-39.44 752.21
(g4 d-N,~ )
g

OF

Chk: SLV/RJIP

2016.059 009
28x8 under 8 5A Case 2
SCALE
DATE

DATE
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ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
Phone: (607) 231-6600
Fax: (607) 231-6650

LRFR LOAD RA
Node Phi Mn
Number thk (in) d (in) (in-k/ft)
1 10.0 8.00 510.16
2 10.0 8.00 511.05
3 10.0 8.00 512.34
4 10.0 8.00 514.41
5 10.0 8.00 517.09
6 10.0 8.00 520.19
7 10.0 8.00 523.65
8 10.1 7.56 236.08
9 10.1 7.56 556.60
10 10.7 8.19 609.72
11 12.4 0.88 991.96
12 15.3 12.75 1313.35
13 19.3 16.75 1763.23
14 27.0 24.50 2657.76
15 19.8 17.31 1869.01
16 154 12.94 1369.85
17 12.9 10.38 1076.99
18 12.0 9.50 977.54
19 12.0 9.50 749.93
20 12.0 9.50 752.21
=0.85bfc= 61

1 2
M, =§{g(¢fd) —Nu(2p,d —h)—

JoB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

OF

Mup (in-k/ft)  +Mug, (in-k/ft)

275.22 23.38
270.08 23.08
253.74 22.06
225.56 20.02
184.46 16.68
129.08 11.81
57.57 5.20
-32.02 -3.19
-141.89 -13.31
-274.38 -24.97
-431.26 -37.93
-613.57 -51.96
-822.16 -66.78
-1058.99 -82.10
-930.06 -71.95
-787.22 -60.62
-630.60 -48.30
-461.04 -35.24
-225.56 -17.42
0.00 0.00
Controlli

(g, d—N, —A.,.Fyf}

g

Chk: SLV/RJP
2016 059 009

28x8 under 8 5A Case 2

Inventory Operating

Rating
10.05
10.44
11.72
14.43
19.94
33.12
89.66
64.05
31.16
13.43
14.78
13.47
14.09
19.47
13.05
9.61
9.24
14.66
30.09
N/A
9.24

SCALE

DATE

DATE

Rating
13.03
13.54
15.20
18.71
25.85
42.94
116.22
83.02
40.40
17.41
19.16
17.46
18.27
25.24
16.92
12.46
11.98
19.00
39.01
N/A
11.98

245
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DELTA

ENGINEERS

184 Court Street

BINGHAMTON, NEW YORK 13901
(607) 231-6600 Fax 231-6650

LRFR LOAD RATING - 5A ase 2

Elmt
Nmbr
1

S © ® N o o AN

N 2 A 8 a 2 a a2 a2 2
O O 0w ~N OO 0~ W DN =

thk (in)
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.1
10.1
10.7
12.4
156.3
19.3
27.0
19.8
15.4
12.9
12.0
12.0
12.0

1.6

d (in)

8.000

8.000

8.000
8.000
8.000
8.000
8.000
7.563
7.563
8.188
9.875
12.750
16.750
24.500
17.313
12.938
10.375
9.500
9.500
9.500

F,=08+-2><13
d

0.92
0.92
0.92
0.92
0.92
0.92
0.92
0.24
1.06
1.06
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.56
1.06
1.06

@V, = $0.0316b6dF,, [ f'c(1.1+63p

Shear Resistance With

JOB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

As (prov'd)  Viotal Vdl only

(in? / ft) (kip/ft) (kip/ft)
0.04 0.03
0.85 0.80
1.77 1.66
2.78 2.58
3.90 3.59
5.15 4.72
6.56 6.00
8.12 7.43
9.83 9.02
11.69 10.77
13.63 12.63
15.63 14.55
17.70 16.58
1.93 1.91
15.72 14.57
17.32 16.06
18.85 17.49
19.19 17.83
18.42 17.11
17.66 16.38
o= 4, —-<0.02
Pbd

AASHTO 12.10.4.2.5

Chk: SLV/RJIP
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2016.059.009
28x8 under 8 5A Case 2

OF SCALE

DATE

DATE

Vn=Vc+Vs

VIt only oVn 1.75 135
(Kip/ft) (kip/ft) INV  OPR
0.01 12.75 2119 2747
0.05 12.76 2425 3144
0.1 12.78 97.54 1264
0.20 12.80 51.21 66.38
0.31 12.84 30.23 39.19
0.43 13.62 20.81 26.98
0.56 30.80 44 46 57.63
0.69 29.61 322 4174
0.81 21.57 15.48 20.06
0.92 15.49 5142 6.666
1.01 18.16 5506 7.137
1.07 20.24 5291 6.859
112 2429 6.867 8.902
0.03 30.10 1068 1385
1.15 2411 8.29 10.75
1.27 20.70 3.661 4.746
1.36 47.59 2213 28.69
1.36 47.74 21.97 2848
1.31 56.94 30.43 39.45
1.28 64.19 3742 485
controli 3.661 4.746



fa

184 Court Street
BINGHAMTON, NEW YORK 13901
(607) 231-6600 Fax 231-6650

Arch Design

Shear Resistance With Radial Stirrups

Des

Element
Number thk

10.0
2 10.0
3 10.0
4 10.0
5 10.0
6 10.0
7 10.0
8 10.1
9 10.1
10 10.7
11 12.4
12 15.3
13 19.3
14 27.0
15 19.8
16 15.4
17 12.9
18 12.0
19 12.0
20 12.0

For Radial Tension

1 s ,—-045N,4,d

A =

r

Mnu=Mu-Nu(4h-d)/8
rearanging Avs equation above and
taking Fc =1.0, Vs = (Avs-Avr)*Fys"ov*d/(1.1°8v) (<8*VF'c'Bw'd)

for..d
s, <0.754,d

d
8.13
8.13
8.13
8.13
8.13
8.13
8.13
7.69
7.69
8.31
10.00
12.88
16.88
24.63
17.44
13.06
10.50
9.63
9.63
963

DELTA

ENGINEERS

LOAD

Sv MAX
in
5.48
5.48
5.48
5.48
5.48
5.48
5.48
5.19
5.19
5.61
6.75
8.69
11.39
16.62
1177
8.82
7.09
6.50
6.50
6.50

JOB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

G-

Sv Act

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
4.50
4.50
4.50
4.50

For Shear

v

1

s,

f,0.d
4v

r

—_m o
V.d

u

AASHTO 12.10.4.2.6

Avr
(in? / ft)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00
0.00

<0.06334,bd.[f".

OF

se 2

Sv MAX
(in)
5.48
5.48
5.48
5.48
5.48
5.48
5.48
5.19
5.19
5.61
6.75
8.69
11.39
16.62
11.77
8.82
7.09
6.50
6.50
6.50

(VM FL’ - VL‘ )+ A\'I‘

Chk: SLV/RJIP

2016.059.009

28x8 under 8 5A Case 2

Sv Act

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.50
4.50
4.50
4.50

~Asprovided =

SCALE
DATE

DATE

0.293

Avs
n?/

000
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.04
0.03
0.01

247

$Vs

OOOOOOOOOOOOOOOO

28.72
26.57
27.13
26.99 '

sq.in. /L.F
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SPECIALTY PRECAST CONCRETE ENGINEERS DESCRIPTION

860 Hooper Road, Endwell, NY 13760 SHEET NO. OF SCALE
delta-eas.com

Phone (607) 231-6600 CALCULATED BY DATE

Fax (607) 231-6650 CHECKED BY WA DATE
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[
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= SN GU For sune B,
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e "TeA cyp” pipT cappizr pseeil | Pe~| wf LS—{  Chput{ =83 T o

@ B prEE
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VT = 304k + 1\\‘%{7«»"'/44 L1 R o b =490k
@ urm S
) LFTq pouT 250 AR sune A
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REGIONS

INLE T

Area: ;‘111_1—11_{2_’_52\ sq in
Perimeter: .8648 in
Bounding box: X: 4631.1694 —— 4991.1695 in
Y: =—643.4407 --— —554.4514 in
Centroid: X: 4882.4741 in
: =599.3228 in
REGIONS
Area: 10903.2420 sq in
Perimeter: 838.2164 in
Bounding box: X: 5111.3840 —-— 5471.3841 in
Y: -—-636.3261 —— —554.0568 in
X: 5352.5259 in

Centroid:
:  —594.7278 in

OUTLET

Chk: SLV/RJIP
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113 SECTION 7 -

“Tea Cup” Pipe Carrier
FEATURES:
« An efficient way to handle concrete water and sewer pipes:
+ The “Tea Cup” Cartier will save you ime and money. .
« Three sizes available, to handle from 3/4” to 1-1/2” cable, and lift up to 18 tons,
« Designed and manufactured to ASME B30.20.

[
P
) H
bt
- Rawd:
‘Capscity ~ B c2C
Tots ST
34 5916 2 2-1/8 1158
[
i 6 212 258 1318 5-5/8 2 1-3/8
-) 1-1/8
1-174
% PCl-72 150 1R 8 3 3-1/4 1-5/8 7.5/8 3
i fod Sling Dia.  Stedard
Cotciy gy Leghi(®):
* Tois R ERAY.
. 5 3.25 155
. 6.6 718 3 3.86 1.80
A 85 1 5 436 205
~igh 10 1-18 5 481 230 26
13 1-1/4 5 5.42 2.56
PC-112 L2 18 112 5 652 3.00 52

“Corky” Container Lifting Lug

v PRODUCT FEATURES:

.74+ Anefficient way to lift containers from bottom lifting slo
AEP N “Corky™ lugs.
; eperate left and right handed
HARDING COMPANY, INC, "%
Wite Rope » Chain » Nylon Slings 's Iug is fuily engaged for lift.
ASME B30.9 sling capacites.
Voice:  603.778.70'70
800.220.2577 , g

JOHN K. LOGAN Fax:  603.778.9550 ~
SALES REPRESENTATIVE

! Cell 603. -
3 ‘{Ql 007y 6 Industrial Drive

Exeter, NH 03333
| www.alpind com
N
i

iL 8112 1-3/4 2 !




/DELTA 2t
r‘ 28‘{ 8 APC&I Chk: SLV/RJIP 251

SPECIALTY PRECAST CONCRETE ENGINEERS DESCRIPTION

860 Hooper Road, Endwell, NY 13760 SHEET NO. OF SCALE
delta-eas.com \“

Phone (607) 231-6600 CALCULATED BY DATE 20
Fax (607) 231-6650 CHECKED BY DS DATE
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Expose the Holding Plate with a firm 2
tap using a hammer

4 Push screwdriver toward center of recess
member to pop loose. Repeat “Step 4" in
second hole

w

PHYSICAL DATA
ltem
Number A B C
79040 4" Anchor  3-1/8" 6 5/8'
79U50 5" Anchor  4-1/8" 6  5/8°
79U55 5-1/2" Anchor  4-5/8' 6" 5/8'
79080 8 Anchor  7-1/8 8-1/2° 5@
79URM  Recess Member 8-1/2" 3-1/2" 3-3/8

79URC-1  reusable g qpe 340 33

Recess Member

Description

LOAD CHART: FACE INSTALL

Concrete Tension 45°

ininches (Ibs) (Ibs)
79040 4 1,800 2,025
79U50 5 3,750 4,400
79U55 5-1/2' 5,000 7 5,200
g 10,000

LOAD CHART: EDGE INSTALL

Shear

(lbs)  (Ibs)
79U80 8,000 3,569
79U80 5,000 2478

MB0712

MeadowBurke

Insert screwdriver under Holding Plate,
pry loose and remove

Lift Recess Member from void exposing
Hook-Lift

To Order, Specify:
quantity, name
and finish.

1.01
1.35
1.50
2.30
1.42

1.42

Safety Factor is
approximately 4:1 in
4000 PSI concrete

Safety Factor is
approximately 4:1 in
4000 PSI concrete

Chk: SLV/RJIP 252

3 Place srewdriver in hole one of two holes
as shown

Wrong method for removing Recess Member



