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2014.059.004
28x10 Arch LRFR Load Rating
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING FACTORS

LOADING TRUCK

LEVELS | H-20 | HL-93| 352 |6 AXLE| 3A STR. | 4A STR.| 5A SEMI
TONNAGE | 20 | 36 | 36 | 66 30 35 38

INVENTORY| 1.58 | 1.00

POSTING

OPERATING| 2.04 | 1.204 | 3275|1551 219 | 194 | 308
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5

J08 2014.059.004

DESCIPTION 28'x10' Arch

SHEET NO OF SCALE

CALCULATED BY YL DATE 3/13/2014

CHECKED BY St DATE J_,LQ.D_'IJ__"’

Beam Information

Point Reinforcing Area (in*2/ft) | Reinforcing Area (in*2/in)
from |Thickness( Beam Beam
Crown in) Thickness(in) | No. inside outside inside outside
1 10 2.37 0.9 0.198 0.075
2 10 10 19 2,37 0.9 0.188 0.075
3 10 10 18 2.37 0.9 0.198 0.075
4 10 10 17 2.37 0.9 0.198 0.075
5 10 10 16 2.37 0.9 0.198 0.075
6 10 10 15 2.37 0.9 0.198 0.075
7 10.063 10.03 14 2.37 0.9 0.198 0.075
8 10.063 10.06 13 2.37 0.9 0.198 0.075
9 10.063 10.06 12 1.32 1.8 0.110 0.150
10 10.625 10.34 11 1.32 1.8 0.110 0.150
11 12.313 11.47 10 1.32 1.8 0.110 0.150
12 15.125 13.72 9 1.32 1.8 0.110 0.150
13 19.125 17.13 8 1.32 1.8 0.110 0.150
14 27 23.06 7 1.32 1.8 0.110 0.150
15 18.313 | 22.66 6 1.32 1.8 0.110 0.150
16 13.563 | 15.94 5 1.32 1.8 0.110 0.150
17 12 12.78 4 1.32 1.8 0.110 0.150
18 12 12 3 0.6 1.8 0.050 0.150
19 12 12 2 0.6 1.8 0.050 0.150
20 12 12 1 06 1.8 0.050 0.150
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//\ DE I I A DESCIPTION 28x10 Arch Load Rating

ENG»%S, ARCHITECTS, & LAND SURVEYORS SHEETNO OF SCALE 0

860 Hooper Road, Endwell, NY 13760

N Elilasnginaeraicom CALCULATED BY YL DATE 11/24/2014
Phone: (607) 231-6600 CTECKED B¢ SReE
Fax: (607) 231-6650

live load for <2' earth cover

span 28 ft MPF 12

earth cover over structure S]ft_ impact = 33*(1-0.125"earth cover) = 33 %

section width 5.96 ft # of steps to divide load over in Cande = 4
Skew Angle = degrees

axle distribution width = 96+1.44*span = 11.36 feet

adjusted axle distribution width due to skew = 5.96 feet

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

LOAD RATING VEHICLES

8k 32 k

HL-93 14'-30'
72 kips

0.64 K/L.F. LANE LOAD

25k 25k

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

32 k 8 k

H20 VEHICLE
20 TONS TOTAL l 14 l

32 k

axle load to put into Cande
8k= 44.63 Ib/inch/step
32 k= 178.5 Ib/inch/step

axle load to put into Cande
25 k= 139.5 Ib/inch/step
25 k= 139.5 Ib/inch/step

axle load to put into Cande
32 k= 178.5 Ib/inch/step
8k= 44.63 Ib/inch/step
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ENG»%!S, ARCHITECTS, & LAND SURVEYORS SHEET NO OF SCALE
£60 Hmr dRe?ta:énEg';:g;I;’_;:: 260 CALCULATED BY YL DATE 11/24/2014
Phone: (607) 231-6600 CHEGKED BY DATE
Fax: (607) 231-6650
live load for <2' earth cover
span 28 ft MPF 1
earth cover over structure |:5|ﬁ. impact = 33*(1-0.125"earth cover) = 33 %
section width 5.96 ft # of steps to divide load over in Cande = 4
Skew Angle = degrees
axle distribution width = 96+1.44*span = 11.36 feet
adjusted axle distribution width due to skew = 5.96 feet

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

LOAD RATING VEHICLES
8 k 16 k

352 VEHICLE

36 TONS TOTAL l 4 l 22'
12k 24k 24k

6 AXLE TRAILER

66 TONS TOTAL l 11 l4.67' l 31
12k 24k 24k

3 AXLE STRAIGHT

30 TONS TOTAL l 15’ l 4 l
12k 1% 19k

4 AXLE STRAIGHT

34.5 TONS TOTAL l 15’ l 4 l

8k 17k 17k
5 AXLE SEMI
38 TONS TOTAL l 11 l4' l

16 k

12k
4 l 19k =

16 k 16 k
axle load to put into Cande
l 4' l 11 l 8k= 37.19 Ib/inch/step
16 k = 74.38 Ibfinch/step

24k 24k 24k
axle load to put into Cande
14' l 4 l 12k 55.79 Ib/inch/step

24k 111.6 Ib/inch/step

axle load to put into Cande

12k = 5579 Iblinch/step
24k = 111.6 Ib/inch/step
19k axle load to put into Cande

= 55.79 Ib/inch/step
88.33 Ib/inch/step

17k 17k
axle load to put into Cande
16' lt@l 8k = 37.19 Ib/inch/step
17k =

= 79.03 Ib/inch/step
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DESCIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS SHEETNO OF SCALe
850 KiaopSHiRGs, ERdwell, N 13260 CALGULATED BY YL DATE 3/17/2014

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

CHECKED BY 5 DATE
Fax: (607) 231-6650 Ly —’4&#-‘!—

224 225 226 227 228 229 230 33 234 235 236 237

Lane load or additional dead load to input into CANDE
earth cover over structure 2 ft. additional dead load (FWS) 0.035 ksf
span 28 ft lane load 0.064 ksf

apply lane load as point load at top nodes

unfactored unfactored
Node coordinate  tributary width dead load / node lane load / node
224 0in. 1.5 ft. 2.188 Ibs 4.8 Ibs <=== Cande doubles
225 18 in. 1.5 ft. 4.375 Ibs 9.6 Ibs center load, so this is
226 36 in. 1.5 ft. 4.375 Ibs 9.6 Ibs 1/2 regular trib load
227 54 in. 1.5 ft. 4.375 lbs 9.6 Ibs
228 72 in. 1.5 ft. 4.375 Ibs 9.6 Ibs
229 90 in. 1.5 ft. 4.375 Ibs 9.6 Ibs
230 108 in. 1.5 ft. 4.375 Ibs 9.6 Ibs
231 126 in. 1.5 ft. 4.375 lbs 9.6 Ibs
232 144 in, 1.5 ft. 4.375 Ibs 9.6 Ibs
233 162 in. 1.5 ft. 4.375 Ibs 9.6 lbs
234 180 in. 1.5 ft. 4.375 Ibs 9.6 lbs live load from here out becomes
235 198 in. 1.5 ft. 4.375 Ibs 9.6 lbs beneficial and is neglected.
236 216 in. 1.5 ft. 4.375 lbs 96 Ibs  dead load is applied because

237 234 in. it is a perminant load
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/r DE I I A DESCIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS SHEETNO OF SCALE
860 Hooper Road, Endwell, NY 13760
www.delta e,ngineers,. el CALCULATED BY YL DATE 3/13/2014
Phone: (607) 231-6600 CHECKED BY sV oATE
Fax: (607) 231-6650

application point of live load HL— 93 My H X

span 28 ft
leg thickness 12 inches
Axle applied at center (case 1)
¥ node 224
/ -~ axle applied at quarter point (case 2)
% & node 229
case 1 e 7.25 ft. >

axle applied to centerline

case 2
axle applied to quarter point only

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

’

/" node 225

4 P = Tandem applied at quarter point
' node 228
4 node 230

case 3
tandem applied at centerline

case 4

tandem applied at quarter point
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DESCRIPTION 28x10 Arch

SHEET NO OF SCALE

CALCULATED BY YL DATE 11/25/2014
CHECKED BY DATE

LRFR LOAD RATING -HL93 Case 1

Technical Data & Load Factors |

' Culvert Span (S) =

28.00 ft.

Crown Radius (Rad) =

33.82 ft.

|Bar Cover

Outside Face (Covyy) =

2.00in

Inside Face (Cov;,) =

1.50 in

Design Section Length (b) =

12 in

Compressive Strength (f.) =

6.5 ksi

Yield Strength (f,) =

60 ksi

Stirrup Yield Strength () =

60 ksi

Circumferential Reinforcement Spa. (spa.) =

4.00in

Circumferential Reinforcement Provided (n) =

Reinforcement Type (Type) =

‘1 - smooth wire or plain bar _
12 - WWF (8" max spa. Smooth) |
'3 - WWF (deformed) or bar (deformed)

Resistance Factors:
¢f - Flexure =| 1.00

(n=1 for 1 layer, n=2 for multiple layers) AASHTO
AASHTO Table 12.10.4.2.4d
112.10.4.4d-1

¢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,,) =| 1.00

Load Factors:

AASHTO 12.10.4.2.3

IR OR

LL Factor| 1.75 1.35

_ | ¥,DC (component)| 1.31
YoEH (hor. At rest earth pressure)| 0.86
YpEV| 1.37

(1.25*1.05 = 1.3125)
(0.9/1.05 =0.857)
(1.3"1.05=1.365)




Chk: RJA

Page 14 of 304

2014.059.004

uoissa1dwod a1edipul 1SNy} -, 810N

000°¢CL LL Vv 000 09'8- 8.8 000 L9V LO'v- 000 09l- 0¢
000°¢Cl £6't- 928 08'8- 9¢'6- L1 €G- 86 v¢- £ev- 18°0.- 8L°Gl- 6l
000°CL op G- 0¥ /9L- 0C'6- LC0L- 8¥vle- 0L ¥ L8t 80 L¥L- 05§°SL- 8l
000°¢Cl 8€'9- £€1°19¢ v.'6- 8G°L1L- 08°10G- 10°G¢- 6l°'G- L0'vEC- LZGlL- Ll
€95°¢tl ¥8°9- 68°¢S¢e- 8C0lL- 9/L'L1- ¥l ¥59- \'Gc- 6V G2 '00€- vl'GlL- 9l
€Legl ¥9'9- L9 6EY /801- 160L- 06°26/- 18'G¢- LCV- 68°.G¢E- 00'Gl- Sl
000°.¢C £8°0- ¥9°02S- L9'LL- G6°0 82'8¢6- 88'v¢C- 8.1 79 L0p- LZeL- Pl
GClL 6l ¥8'¥ 2G9S~ L6LL- 811 ¥E'€9.- €L e 769 £8'90¢- 441 €l
SZl'sl 66t 16°06€- Lril- 1801 8¥'CL9- 60°¢C- 88°G 1GL¢e £9°01L- [4"
€lLecl 8L'G £.'¢Ce- OL'LL- /101 6Ly 6l°Lc 66t 0c'6vl- 60°01L- L
G290l JAN] 980'¢se- 8.°0l)- 196 98'6€¢- 12°0¢- vy 08'/8- 09'6- 0l
€90°01 189S G6'8LL- 1G°0L- Ll'6 SGvie- G9'61- 19°¢ 09°6¢- €L'6- 6
£€90°01 18'S £6°20L- 8C0L- /88 €0'v6- 00'6l- 0°¢ 068 18- 8
€90°01 L9 LE€C L00lL- 89'8 L2'ec ch'8lL- 18C 1S9 Ge 8- L
00001 9€'9 5209 ¢8'6- L¥'8 S9'8¢l G8°/LL- [A%4 06'2L £0'8- 9
00001 9.9 96°9%1 09'6- ¥¥'8 §C05¢C VANV 89°L 8C'€0l 8L ]
00001 LEL 00°¢vC LE'6- 968 Y6 v9¢ 169}~ 9c'L 14 X44% 6G°/L- 14
00001 80/ SIR44Y 08'8- ¢6'L 0L6.F LC9l- 80 ¥6'9¢} v /- €
00001 06'v 9L'LEY 8Yv'/L- ce'S €128 88'vl- [A 4\ LEGY] ov'L- [4
00001 Ev'l SCviy 99'G- ev'l S¥'2¢9 LO'EL- 000 02’8yl Ge'L- 3
(u)spou | (Wpt) NA | (yud) niN [ (Wi NN sy nA - | u-) niv | (WA NN WA NA | (uus) NN | (aE) NN Jaqunn
eyl leays JUSWON 1sniy| Jlesys JUBSWO sniyjg lesays JUSWION sniyjl S9PON
palojoe4 paJojoe4 paiojoe4 palojoe4 paiojoe palojoe4 palojoe paJojoe4 palojoe
77 paJdojoeq Xe\ peoT |ejo| psalojoe4 Xep H3+A3+0J paioioe4
| 9sED £67TH- ONILYYH AVO1 H4Y1 Atewwng 82104 ubisaq
0599-1€Z (209) :xed
0099-1£Z (209) :auoyd
3iva A8 03XOIHO woo-sisauibusejap-mmm
vLoz/Se/LL 3iva A A8 43LVINITVO 09.€} AN ‘lIdmpu3 ‘peoy s1adooy 098
- 10 ON 133HS SUOAIAYUNS ANV B ‘SLOALIHOYY ‘SHIANIONI
YaIy 01X8¢ NOILdI¥OS3a Q
¥00°650'¥10C gor




2014.059.004 Chk: RJA
Page 15 of 304

JoB 2014.059.004
’ ‘ DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SEEET S oF M
www.deltaengineers.com YL 11/25/2014

Phone: (607) 231-6600 CALCULATED BY PATE

Fax: (607) 231-6650 CHECKED BY DATE

LRFR LOAD RATING -HL93 Case 1

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/ift) | Vu (k/ft) |[ Thick (in)
1 -13.01 -7.35 148.20 0.00 -5.66 474.25 1.43 10
2 -14.88 -7.40 145.37 0.42 -7.48 431.76 4.90 10
3 -16.27 -7.47 136.94 0.84 -8.80 342.76 7.08 10
4 -16.97 -7.59 122.94 1.26 -9.37 242.00 7.31 10
5 -17.37 -7.78 103.28 1.68 -9.60 146.96 6.76 10
6 -17.85 -8.03 77.90 2.12 -9.82 60.75 6.36 10
7 -18.42 -8.35 46.57 2.57 -10.07 -23.37 6.11 10.063
8 -19.00 -8.71 8.90 3.07 -10.28 -102.93 5.81 10.063
9 -19.65 -9.13 -35.60 3.61 -10.51 -178.95 5.57 10.063
10 -20.37 -9.60 -87.80 4.24 -10.78 -252.06 5.37 10.625
11 -21.19 -10.09 -149.20 4.99 -11.10 -322.73 5.18 12.313
12 -22.09 -10.63 -221.57 5.88 -11.47 -390.91 4.99 15.125
13 -23.13 -11.22 -306.83 6.94 -11.91 -456.52 4.84 19.125
14 -24.88 -13.21 -407.64 1.78 -11.67 -520.64 0.83 27
15 -25.87 -15.00 -357.89 4.27 -10.87 -439.61 6.64 18.313
16 -25.41 -15.14 -300.25 4.92 -10.28 -353.89 6.84 13.563
17 -25.01 -15.27 -234.07 5.19 -9.74 -267.73 6.38 12
18 -24.70 -15.50 -147.08 4.81 -9.20 -167.40 5.46 12
19 -24.58 -15.78 -70.81 4.33 -8.80 -82.36 4.93 12
20 -24.67 -16.07 0.00 4.01 -8.60 0.00 4.77 12

‘note all shear values normalized to positive
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2014.059.004
28x10 Arch

11/25/2014

Node As'in (prov'd) | As'out (prov'd)
Number | thk (in) d (in) (in®/ ft) (in?/ ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 7.69 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 0.60 1.80
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2014.059.004

2014.059.004

28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -HL93 Case 1

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in®/ ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -13.01 1040.84
2 10.0 8.13 2.38 -14.88 1045.76
3 10.0 8.13 2.38 -16.27 1049.41
4 10.0 8.13 2.38 -16.97 1051.21
5 10.0 8.13 2.38 -17.37 1052.27
6 10.0 8.13 2.38 -17.85 1053.50
7 10.1 8.19 2.38 -18.42 1064.53
8 10.1 7.69 0.90 -19.00 470.56
9 10.1 7.69 1.80 -19.65 806.28
10 10.6 8.25 1.80 -20.37 874.95
11 12.3 9.94 1.80 -21.19 1077.88
12 15.1 12.75 1.80 -22.09 1416.44
13 19.1 16.75 1.80 -23.13 1900.50
14 27.0 24.63 1.80 -24.88 2862.20
15 18.3 15.94 1.80 -25.87 1823.02
16 13.6 11.19 1.80 -25.41 1246.42
17 12.0 9.63 1.80 -25.01 1056.15
18 12.0 9.63 1.80 -24.70 1054.91
19 12.0 9.63 1.80 -24.58 1054.42
20 12.0 9.63 1.80 -24.67 1054.77

'AASHTO 12.10.4.2.4a
lg=0.85bfc= 66

g

i, = [g(céfaoz ~ Nu2g,d -y EU AN _ASFy)_}
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JoB 2014.059.004
/r‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEETNO oF SCALE
W;’:“’::’::'::g!"?;“;e_’:ég;m CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 TR o
LRFR LOAD RATING -HL93 Case 1
Node Phi Mn Inventory | Operating
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy, (in-k/ft) Rating Rating
1 10.0 8.13 1040.84 148.20 474.25 1.88 2.44
2 10.0 8.13 1045.76 145.37 431.76 2.09 2.70
3 10.0 8.13 1049.41 136.94 342.76 2.66 3.45
4 10.0 8.13 1051.21 122.94 242.00 3.84 4.97
5 10.0 8.13 1052.27 103.28 146.96 6.46 8.37
6 10.0 8.13 1053.50 77.90 60.75 16.06 20.82
7 10.1 8.19 1064.53 46.57 -23.37 47.55 61.64
8 10.1 7.69 470.56 8.90 -102.93 4.66 6.04
9 10.1 7.69 806.28 -35.60 -178.95 4.31 5.58
10 10.6 8.25 874.95 -87.80 -252.06 3.12 4.05
11 12.3 9.94 1077.88 -149.20 -322.73 2.88 3.73
12 15.1 12.75 1416.44 -221.57 -390.91 3.06 3.96
13 19.1 16.75 1900.50 -306.83 -456.52 3.49 4.53
14 27.0 24.63 2862.20 -407.64 -520.64 4.71 6.11
15 18.3 15.94 1823.02 -357.89 -439.61 3.33 4.32
16 13.6 11.19 1246.42 -300.25 -353.89 2.67 3.47
17 12.0 9.63 1056.15 -234.07 -267.73 3.07 3.98
18 12.0 9.63 1054.91 -147.08 -167.40 5.42 7.03
19 12.0 9.63 1054.42 -70.81 -82.36 11.94 15.48
20 12.0 9.63 1054.77 0.00 0.00 N/A N/A
Controlling 1.88 2.44

1g=0.85bfc=66

|om, =%[g(¢_,d)2 ~ Ni2g,d )~

(g¢d~N,—AF)

g
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/s DELTA

ENGINEERS DESCRIPTION 28x10 Arch
184 Court Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014

(607) 231-6600 Fax 231-6650

CHECKED BY DATE

LRFR LOAD RATING -HL93 Case 1

Eimt As (prov'd)| Vtotal \d| only Vi only oVn 1.75 | 1.35
Nmbr |  thk (in) d (in) (in®/f) | (kip/t) (Kip/ft) (Kip/ft) (kip/fty | INV | OPR
1 10.0 8.125 2.38 1.43 0.00 1.43 19.08 13.35 | 17.31
2 10.0 8.125 2.38 5.32 0.42 4.90 19.22 3.832 | 4.968
3 10.0 8.125 2.38 7.92 0.84 7.08 19.32 261 | 3.384
4 10.0 8.125 2.38 8.56 1.26 7.31 19.37 248 | 3.214
5 10.0 8.125 2.38 8.44 1.68 6.76 19.40 2.62 | 3.397
6 10.0 8.125 2.38 8.47 212 6.36 27.95 4.064 | 5.269
7 10.1 8.188 2.38 8.68 2.57 6.11 31.57 4.747 | 6.154
8 10.1 7.688 0.90 8.87 3.07 5.81 24.82 3.747 | 4.858
9 10.1 7.688 1.80 9.17 3.61 5.57 18.61 2.696 | 3.494
10 10.6 8.250 1.80 9.61 4.24 5.37 17.68 2.505 | 3.247
11 12.3 9.938 1.80 10.17 4.99 5.18 18.75 2.656 | 3.443
12 15.1 12.750 1.80 10.87 5.88 4.99 20.77 2.981 | 3.865
13 19.1 16.750 1.80 11.78 6.94 4.84 23.91 3.506 | 4.544
14 27.0 24.625 1.80 0.95 1.78 0.83 30.67 34.68 | 44.95
15 18.3 15.938 1.80 10.91 4.27 6.64 23.40 2.883 | 3.737
16 13.6 11.188 1.80 11.76 4.92 6.84 19.84 2.181 | 2.828
17 12.0 9.625 1.80 11.58 5.19 6.38 18.78 2129 | 2.76
18 12.0 9.625 1.80 10.27 4.81 5.46 19.26 2.648 | 3.432
19 12.0 9.625 1.80 9.26 4.33 4.93 31.37 5.486 | 7.111
20 12.0 9.625 1.80 8.78 4.01 4.77 39.15 7.363 | 9.545
_ | controling:| 2.129 | 2.76
Fr=08+ 0 cial |p c1s M | oA com
d ! 24* thk #bd
oV, =¢o.0316bdva\/ﬁ(1.1+63p)(F;F"J T Fc=1i[2*‘iad] |

Shear Resistance Without Stirrups =~ AASHTO 12.10.4.2.5
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JoB 2014.059.004

DESCRIPTION 28x10 Arch

SHEET NO OF SCALE

CALCULATED BY YL DATE 11/25/2014
CHECKED BY DATE

LRFR LOAD RATING -HL93 Case 2

Technical Data & Load Factors \

Culvert Span (S) =

28.00 fi.

Crown Radius (Rad) =

33.82 ft.

‘Bar Cover

Outside Face (Covgy) =

2.00in

Inside Face (Covy,) =

1.50 in

Design Section Length (b) =
Compressive Strength (f.) =

12in

6.5 ksi

Yield Strength (f,) =

60 ksi

Stirrup Yield Strength (f,ss) =

60 ksi

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

4.00 in

_ Reinforcement Type (Type) =
1 - smooth wire or plain bar

2 - WWF (8" max spa. Smooth)

'3 - WWF (deformed) or bar (deformed)

Resistance Factors:
of - Flexure =| 1.00
¢r - Radial Tension =| 0.90
¢v - Diag Tension =| 0.90
Radial Tension Process (F,) =[ 1.00

Diag Tension Process (F,p) =| 1.00

 Load Factors:

((n=1 for 1 layer, n=2 for multiple layers) AASHTO
/AASHTO Table . 12104.24d
112.10.4.4d-1

AASHTO Table 12.5.5-1

AASHTO 12.10.4.2.3

IR OR

LL Factor| 1.75 1.

35

¥,DC (component)| 1.31
YpEH (hor. At rest earth pressure)| 0.86
YoEV| 1.37

(1.25*1.05 = 1.3125)
(0.9/1.05=0.857)
(1.3*1.05 = 1.365) |
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ENGINEERS, ARCHITEGCTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760
www.deltaengineers.com
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Jos

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

2014.059.004

OF

YL

Chk: RJA

Page 22 of 304
2014.059.004

28x10 Arch
SCALE
DATE

DATE

11/25/2014

LRFR LOAD RATING -HL93 Case 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)
1 -20.08 -7.35 148.20 0.00 -12.73 162.56 0.01 10
2 -20.14 -7.40 145.37 0.42 -12.74 164.38 0.28 10
3 -20.23 -7.47 136.94 0.84 -12.76 170.09 0.62 10
4 -20.30 -7.59 122.94 1.26 -12.70 180.86 1.01 10
5 -20.05 -7.78 103.28 1.68 -12.27 197.06 0.96 10
6 -19.36 -8.03 77.90 2.12 -11.34 206.64 0.44 10
7 -19.07 -8.35 46.57 2.57 -10.73 185.37 3.1 10.063
8 -20.24 -8.71 8.90 3.07 -11.52 123.35 6.26 10.063
9 -22.51 -9.13 -35.60 3.61 -13.37 17.52 9.81 10.063
10 -24.21 -9.60 -87.80 4.24 -14.61 -139.49 11.51 10.625
11 -25.20 -10.09 -149.20 4.99 -15.11 -290.89 11.14 12.313
12 -26.26 -10.63 -221.57 5.88 -15.63 -437.95 10.72 15.125
13 -27.40 -11.22 -306.83 6.94 -16.18 -578.15 10.23 19.125
14 -30.53 -13.21 -407.64 1.78 -17.32 -712.13 1.32 27
15 -32.85 -15.00 -357.89 4.27 -17.85 -619.57 8.04 18.313
16 -32.36 -15.14 -300.25 4.92 -17.22 -510.11 9.08 13.563
17 -31.91 -15.27 -234.07 5.19 -16.64 -391.31 9.02 12
18 -31.59 -15.50 -147.08 4.81 -16.08 -245.62 7.97 12
19 -31.45 -15.78 -70.81 4.33 -15.67 -120.75 7.23 12
20 -31.50 -16.07 0.00 4.01 -15.43 0.00 6.99 12

‘note all shear values normalized to positive |
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Jos 2014.059.004
/f‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEET NG, o Nt
w;:‘v:;‘deilzg:;l?lzn;‘e-;sé::m CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
Node As'in (prov'd) | As'out (prov'd)
Number | thk (in) d (in) (in? / ft) (in? / ft)

1 10.0 8.13 2.38 0.90

2 10.0 8.13 2.38 0.90

3 10.0 8.13 2.38 0.90

4 10.0 8.13 2.38 0.90

5 10.0 8.13 2.38 0.90

6 10.0 8.13 2.38 0.90

7 10.1 8.19 2.38 0.90

8 10.1 8.19 2.38 0.90

9 10.1 7.69 1.32 1.80

10 10.6 8.25 1.32 1.80

11 12.3 9.94 1.32 1.80

12 15.1 12.75 1.32 1.80

13 19.1 16.75 1.32 1.80

14 27.0 24.63 1.32 1.80

15 18.3 15.94 1.32 1.80

16 13.6 11.19 1.32 1.80

17 12.0 9.63 1.32 1.80

18 12.0 9.63 0.60 1.80

19 12.0 9.63 0.60 1.80

20 12.0 9.63 0.60 1.80




ADELTA

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

www.deltaengineers.com

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

Jos

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

2014.059.004 Chk: RJA

Page 24 of 304

2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -HL93 Case 2

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in2 / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -20.08 1059.22
2 10.0 8.13 2.38 -20.14 1059.38
3 10.0 8.13 2.38 -20.23 1059.60
4 10.0 8.13 2.38 -20.30 1059.77
5 10.0 8.13 2.38 -20.05 1059.13
6 10.0 8.13 2.38 -19.36 1057.39
7 10.1 8.19 2.38 -19.07 1066.22
8 10.1 8.19 2.38 -20.24 1069.24
9 10.1 7.69 1.80 -22.51 815.10
10 10.6 8.25 1.80 -24.21 887.79
11 12.3 9.94 1.80 -25.20 1094.64
12 15.1 12.75 1.80 -26.26 1439.63
13 19.1 16.75 1.80 -27.40 1932.75
14 27.0 24.63 1.80 -30.53 2926.93
15 18.3 15.94 1.80 -32.85 1872.49
16 13.6 11.19 1.80 -32.36 1279.16
17 12.0 9.63 1.80 -31.91 1083.33
18 12.0 9.63 1.80 -31.59 1082.08
19 12.0 9.63 1.80 -31.45 1081.54
20 12.0 9.63 1.80 -31.50 1081.74

AASHTO 12.10.4.2.4a

lg=0.85bfc= 66

|om, =§[g(¢fd)2—Nu(2¢,d—h)—(g¢fd_N"_Asﬁ;) J

g
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JoB 2014.059.004
DESCRIPTION 28x10 Arch
SHEET NO OF SCALE
CALCULATED BY YL DATE 11/25/2014
CHECKED BY DATE

LRFR LOAD RATING -HL93 Case 2

Node || Phi Mn Inventory | Operating
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy (in-k/ft) | Rating Rating -
1 10.0 8.13 1059.22 148.20 162.56 5.60 7.26
2 10.0 8.13 1059.38 145.37 164.38 5.56 7.21
3 10.0 8.13 1059.60 136.94 170.09 5.42 7.03
4 10.0 8.13 1059.77 122.94 180.86 5.18 6.71
5 10.0 8.13 1059.13 103.28 197.06 4.85 6.29
6 10.0 8.13 1057.39 77.90 206.64 4.74 6.14
7 10.1 8.19 1066.22 46.57 185.37 5.50 7.13
8 10.1 8.19 1069.24 8.90 123.35 8.60 11.14
9 10.1 7.69 815.10 -35.60 17.52 48.56 62.95
10 10.6 8.256 887.79 -87.80 -139.49 5.74 7.43
11 12.3 9.94 1094.64 -149.20 -290.89 3.25 4.21
12 15.1 12.75 1439.63 -221.57 -437.95 2.78 3.61
13 19.1 16.75 1932.75 -306.83 -578.15 2.81 3.65
14 27.0 24.63 2926.93 -407.64 -712.13 3.54 4.59
15 18.3 15.94 1872.49 -357.89 -619.57 2.44 3.17
16 13.6 11.19 1279.16 -300.25 -510.11 1.92 2.49
17 12.0 9.63 1083.33 -234.07 -391.31 2.17 2.81
18 12.0 9.63 1082.08 -147.08 -245.62 3.81 4.93
19 12.0 9.63 1081.54 -70.81 -120.75 8.37 10.85
20 12.0 9.63 1081.74 0.00 0.00 N/A N/A

Controlling 1.92 249

g=085bfc= 66

M, = %[g@fd)z —Nu(2¢,d - h) -

—
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/ DELT A J0B 2014.059.004
f‘ ENGINEERS DESCRIPTION 28x10 Arch
184 COUI‘t Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650 CHEoKED BY -

LRFR LOAD RATING -HL93 Case 2

Eimt As (prov'd)| Vitotal Vdl only VIl only dVn 1.75 | 1.35
Nmbr | thk (in) d (in) an?/fty | iy | kipiy | kipiy | (kipr) | INV | OPR
1 10.0 8.125 2.38 0.01 0.00 0.01 19.61 1702 | 2206
2 10.0 8.125 2.38 0.14 0.42 0.28 19.61 68.41 | 88.68
3 10.0 8.125 2.38 0.22 0.84 0.62 19.62 30.5 | 39.54
4 10.0 8.125 2.38 0.25 1.26 1.01 19.62 18.24 | 23.65
5 10.0 8.125 2.38 0.72 1.68 0.96 19.61 18.64 | 24.16
6 10.0 8.125 2.38 2.55 2.12 0.44 19.65 39.96 | 51.79
7 10.1 8.188 2.38 5.68 2.57 3.1 19.65 5462 | 7.08
8 10.1 8.188 2.38 9.33 3.07 6.26 31.56 4.55 | 5.898
9 10.1 7.688 1.80 13.42 3.61 9.81 29.86 2.676 | 3.469
10 10.6 8.250 1.80 15.75 4.24 11.51 28.29 2.09 | 2.709
11 12.3 9.938 1.80 16.13 4.99 11.14 21.28 1.462 | 1.896
12 15.1 12.750 1.80 16.60 5.88 10.72 21.10 142 | 1.84
13 19.1 16.750 1.80 17.18 6.94 10.23 24.30 1.696 | 2.199
14 27.0 24625 1.80 3.10 1.78 1.32 30.93 22.16 | 28.73
16 18.3 15.938 1.80 12.31 4.27 8.04 23.75 2.423 | 3.141
16 13.6 11.188 1.80 14.00 4.92 9.08 20.23 1.686 | 2.185
17 12.0 9.625 1.80 14.21 5.19 9.02 19.20 1.653 | 2.013
18 12.0 9.625 1.80 12.77 4.81 7.97 19.67 1.866 | 2.418
19 12.0 9.625 1.80 11.56 4.33 7.23 32.14 3.845 | 4.984
20 12.0 9.625 1.80 11.00 4.01 6.99 37.44 4.782 | 6.199

controling:| 142 | 1.84
IF, =08+ <13l |p 14N p= <002
d " 24 % thk ¢bd
¢V, = $0.0316b6dF,,\[f'c(1.1+ 63p)(F;F" j F, = 1i(2*‘iad) |

‘Shear Resistance Without Stirrups

AASHTO 12.10.4.2.5
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// ) DELIA o
‘ DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEET NO OF SCALE
www.deltaengineers.com
Phone: (607) 231-6600 CALCULATED BY YL DATE 11/25/2014

Fax: (607) 231-6650
CHECKED BY DATE

LRFR LOAD RATING -HL93 Case 3

_Technical Data & Load Factors

Culvert Span (S) =| 28.00 ft.
~ Crown Radius (Rad) =| 33.82 ft.

Bar Cover
Qutside Face (Cov,) =| 2.00in

Inside Face (Cov;,) =| 1.50in

Design Section Length (b)=[ 12in
Compressive Strength (f.) =| 6.5 ksi
| Yield Strength (£,) =| 60 ksi
Stirrup Yield Strength (fss) =| 60 ksi

Circumferential Reinforcement Spa. (spa.)=| 4.00in _
Circumferential Reinforcement Provided (n) = 1 (n=1 for 1 layer, n=2 for multiple layers) AASHTO
Reinforcement Type (Type) = 3 AASHTO Table . 12104.24d
1 - smooth wire or plain bar o 112.10.4.4d1

2 - WWF (8" max spa. Smooth) _
'3 - WWF (deformed) or bar (deformed)

Resistance Factors:
¢f - 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 12.1074.2.3

| Load Factors:| |
IR OR
[ LL Factor[ 1.756 | 1.35 [ ]
1,DC (component)| 1.31 |  (1.25*1.05 = 1.3125)
YoEH (hor. At rest earth pressure)| 0.86 |  (0.9/1.05 = 0.857)
vEV| 137 | (1.3*1.05 = 1.365)




Chk: RJA

Page 28 of 304

2014.059.004

uolssaldwod a)eslpul 1sniy) -, 910N

000°¢cl 10°/- 000 LLcl- 80'L1L- 000 6/.'8¢- 1OV 000 109}~ (014
000°¢cl e /- geeel- 16°Cl- 89°L |- GL'E61- S/ 8¢ ee v 18°0/- 8.°Gl- 6l
000721 €8 ey'6vc- A4S v6°¢Cl- €5 '96¢- 86°'8¢- 18- 80°/¥lL- 0G'Gl- 8l
000°clL 0v'6- G '86¢- cCvl- 6G'1l- ¢9'CE9- 0S9°'6¢- 61°G- 10'vEC- 1CSL- Ll
€99°¢cl 10°0L- LG '¥CS- S0GlL- €6'vl- 9/ vi8- 61 °0¢- 6V SC 00¢E- yl'GlL- 9l
eLeE'8l 11°6- ¢l '069- G6°Gl- 045 108001~ 96°0¢- XA 68°/G¢- 00°Gl- Sl
000°'/¢C GC'L- ¢6'69.- 9c' /- $6°0 99 /.11~ 81°0¢- 8/l 9 /0%~ lZ'€lL- 14"
Gcl 6l L4 8¥'G/9- 06°LL- 80t 1 €°¢86- ¢l '6¢- ¥6°9 £8°90¢- [441% el
GZlL'Gl 8¢/ 1G9'8/G- V' LL- 9c'tl ¥1°008- ¥0'8¢- 88'G 18°L2¢- €901~ 4"
eLecl 99/ ¥8' L.V ¢6'9lL- 99'¢Cl y0°'/C9- L0'/¢c- 66V 0Cc 61~ 60°0L- 11l
Gc90l 96°/ LL'€LE- 6F'91- 0ccl 1609t 60°9¢- 1444 08'/8- 09'6- 0l
£90°01 0g'8 cy ¥9cC- ¢l 9l- 1611 10°00¢- T4 T 19°¢ 09'Ge- €l 6~ 6
£90°01 GL'8 ¢8°0Gl- 18°Gl- c8'LL 6'Lyl- [4° 8 4% L0°¢€ 068 1.8 8
€900} GC'6 16'6C 09'Gl- c8'LL 199l g8'¢ce- 18°C 1S9 Ge 8- L
00001 866 £6°96 9z’ Sl- oLzl €e8v.l 6C¢e [4%4 06'L.L €0'8- 9
00001 8G°0L 8G6°/€C c6'vl- 927?cl 98°0v¢€ 69°¢c- 891 8¢c't0l 8/ /- G
00001 G001 1¥°08¢ 60'¥L- 0g’LlL Ge'€08 89| ¢- ac'l ¥6'¢Cl 6G/- 14
00001 808 ¥8°90G 0/¢l- 26’8 6/'€¥9 11°0¢- ¥8°0 ¥6°9€1 AN €
00001 1459 4 06'96G ¢8'LL- 1784 lCCvl [441 s 440 yAN14" ov'/- [4
00001 0S°0- [ARA4AS] VL LL- 0G0- ¢/ 0/ 90'61- 000 0c'8vl qe'/- }
(upepou [ WA)nA | (wust) na [ (upn) NN M A | ) nn | (Wp) NN @p) nA | (wu-) na [ (wph) NN JaquinN
eyl leays JUBSWIOW sniy| leays JUSWION sniyl leays JUSWIOA Isniyj 9PON
paio)oe paso}oe paiojoe paijoioe4 palojoe paio)oe paioyoe paioje paioyoe
777 palojoe4 XeN peoT |ejo] palojoed XeN H3+A3+0J palojoe4
¢ 8se) £€6TH- ONILYYH dYO1 4441 Arewwng 82104 ubisag
0599-1£Z (L09) :xed
0099-1L£2 (209) duoyd
diva A8 @3X03HD woo siasubuae)op-Mmamm
v102/52/1 L alva IA Af G3LYINOTWO 09.LEL AN ‘lIoMmpug ‘peocy todooH 098

40

Ydlvy 01x8e

$00°650'¥10Z

ON 133HS
NOILdI¥OS3a
aor

SHOAIAUNS ANV ? ‘SLOIALIHONY ‘SHIIANIONT

VI 1dd¥Y




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

Fax: (607) 231-6650

ADELTA

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

JoB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

2014.059.004

OF

YL

Chk: RJA

Page 29 of 304
2014.059.004

28x10 Arch

SCALE

DATE

DATE

11/25/2014

LRFR LOAD RATING -HL93 Case 3

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) | +Mug (in-k/ft) | Vu, (k/ft) || Thick (in)
1 -19.06 -7.35 148.20 0.00 -11.71 622.52 0.50 10
2 -19.22 -7.40 145.37 0.42 -11.82 596.90 4.32 10
3 -20.17 -7.47 136.94 0.84 -12.70 506.84 8.08 10
4 -21.68 -7.59 122.94 1.26 -14.09 380.41 10.05 10
5 -22.69 -7.78 103.28 1.68 -14.92 237.58 10.58 10
6 -23.29 -8.03 77.90 2.12 -15.26 96.93 9.98 10
7 -23.85 -8.35 46.57 2.57 -156.50 -29.91 9.25 10.063
8 -24.52 -8.71 8.90 3.07 -15.81 -150.82 8.75 10.063
9 -25.25 -9.13 -35.60 3.61 -16.12 -264.42 8.30 10.063
10 -26.09 -9.60 -87.80 4.24 -16.49 -373.17 7.96 10.625
11 -27.01 -10.09 -149.20 4.99 -16.92 -477.84 7.66 12.313
12 -28.04 -10.63 -221.57 5.88 -17.41 -578.57 7.38 15.125
13 -29.12 -11.22 -306.83 6.94 -17.90 -675.48 7.14 19.125
14 -30.48 -13.21 -407.64 1.78 -17.26 -769.92 1.25 27
15 -30.95 -15.00 -357.89 4.27 -15.95 -650.12 9.77 18.313
16 -30.19 -15.14 -300.25 4.92 -15.05 -524.51 10.01 13.563
17 -29.50 -15.27 -234.07 5.19 -14.22 -398.54 9.40 12
18 -28.98 -15.50 -147.08 4.81 -13.47 -249.43 8.13 12
19 -28.75 -15.78 -70.81 4.33 -12.97 -122.35 7.34 12
20 -28.79 -16.07 0.00 4.01 -12.71 0.00 7.07 12

note all shear values normalized to positive |




ADELTA

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

CALCULATED BY

CHECKED BY

2014.059.004 Chk: RJA

Page 30 of 304

2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

Node As'in (prov'd) | As'out (prov'd)
Number | thk (in) d (in) (in? / ft) (in® / ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 7.69 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1,32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 0.60 1.80
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28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -HL93 Case 3

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in? / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -19.06 1056.60
2 10.0 8.13 2.38 -19.22 1057.01
3 10.0 8.13 2.38 -20.17 1059.45
4 10.0 8.13 2.38 -21.68 1063.27
5 10.0 8.13 2.38 -22.69 1065.82
6 10.0 8.13 2.38 -23.29 1067.31
7 10.1 8.19 2.38 -23.85 1078.43
8 10.1 7.69 0.90 -24.52 492.03
9 10.1 7.69 1.80 -25.25 823.45
10 10.6 8.25 1.80 -26.09 894.00
11 12.3 9.94 1.80 -27.01 1102.14
12 15.1 12.75 1.80 -28.04 1449.47
13 19.1 16.75 1.80 -29.12 1945.64
14 27.0 24.63 1.80 -30.48 2926.32
15 18.3 15.94 1.80 -30.95 1859.08
16 13.6 11.19 1.80 -30.19 1269.01
17 12.0 9.63 1.80 -29.50 1073.90
18 12.0 9.63 1.80 -28.98 1071.86
19 12.0 9.63 1.80 -28.75 1070.96
20 12.0 9.63 1.80 -28.79 1071.11

AASHTO 12.10.4.2.4a
9=085bfc= 66

g

o, = {g(@d)z — Nu2g,d -y BN ASFy)‘}
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DESCRIPTION 28x10 Arch

SHEET NO OF SCALE

CALCULATED BY YL DATE 11/25/2014
CHECKED BY DATE

LRFR LOAD RATING -HL93 Case 3

Node Phi Mn Inventory | Operating |

Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy (in-k/ft) Rating Rating
1 10.0 8.13 1056.60 148.20 622.52 1.46 1.89
2 10.0 8.13 1057.01 145.37 596.90 1.53 1.98
3 10.0 8.13 1059.45 136.94 506.84 1.82 2.36
4 10.0 8.13 1063.27 122.94 380.41 247 3.20
5 10.0 8.13 1065.82 103.28 237.58 4.05 5.25
6 10.0 8.13 1067.31 77.90 96.93 10.21 13.23
7 10.1 8.19 1078.43 46.57 -29.91 37.62 48.76
8 10.1 7.69 492.03 8.90 -150.82 3.32 4.31
9 10.1 7.69 823.45 -35.60 -264.42 2.98 3.86
10 10.6 8.25 894.00 -87.80 -373.17 2.16 2.80
11 12.3 9.94 1102.14 -149.20 -477.84 1.99 2.59
12 15.1 12.76 1449.47 -221.57 -578.57 212 2.75
13 19.1 16.75 1945.64 -306.83 -675.48 2.43 3.15
14 27.0 24.63 2926.32 -407.64 -769.92 3.27 4.24
15 18.3 15.94 1859.08 -357.89 -650.12 2.31 2.99
16 13.6 11.19 1269.01 -300.25 -524.51 1.85 2.39
17 12.0 9.63 1073.90 -234.07 -398.54 2.11 2.73
18 12.0 9.63 1071.86 -147.08 -249.43 3.71 4.81
19 12.0 9.63 1070.96 -70.81 -122.35 8.17 10.60
20 12.0 9.63 1071.11 0.00 0.00 N/A N/A
Controlling 1.46 1.89

g=0.85bfc= 66

oM, =%|:g(¢fd)2 —Nu(2¢fd—h)— (g¢fd—]\; _AA'Fy)_:|
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/ DELT A JoB 2014.059.004
A ENGINEERS DESCRIPTION 28x10 Arch
184 COUFt Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650 CHECKED BY e

LRFR LOAD RATING -HL93 Case 3

Elmt As (prov'd)[ Vitotal Vdl only VIl only ¢oVn 1.75 | 1.35
Nmbr | thk (in) d (in) (in® / ft) (kip/ft) (kip/ft) (kip/ft) (kip/ft) INV [ OPR
1 10.0 8.125 2.38 0.50 0.00 0.50 19.53 39.23 | 50.86
2 10.0 8.125 2.38 4.74 0.42 4.32 19.54 4431 | 5.744
3 10.0 8.125 2.38 8.92 0.84 8.08 19.62 2.324 | 3.013
4 10.0 8.125 2.38 11.30 1.26 10.05 19.73 1.838 | 2.383
5 10.0 8.125 2.38 12.26 1.68 10.58 19.81 1.713 | 2.221
6 10.0 8.125 2.38 12.10 2.12 9.98 30.95 2.888 | 3.744
7 10.1 8.188 2.38 11.82 2.57 9.25 31.57 3.136 | 4.066
8 10.1 7.688 0.90 11.82 3.07 8.75 23.14 2.293 | 2.973
9 10.1 7.688 1.80 11.91 3.61 8.30 17.85 1.717 | 2.226
10 10.6 8.250 1.80 12.20 4.24 7.96 18.04 1.733 | 2.247
11 12.3 9.938 1.80 12.66 4.99 7.66 19.10 1.841 | 2.386
12 15.1 12.750 1.80 13.26 5.88 7.38 21.09 2.062 | 2.672
13 19.1 16.750 1.80 14.08 6.94 7.14 24.21 2.418 | 3.135
14 27.0 24.625 1.80 0.54 1.78 1.25 30.93 23.41 ] 30.34
15 18.3 15.938 1.80 14.04 4.27 9.77 23.66 1.985 | 2.573
16 13.6 11.188 1.80 14.93 4.92 10.01 20.10 1.517 | 1.967
17 12.0 9.625 1.80 14.59 5.19 9.40 19.05 1.474 | 1.911
18 12.0 9.625 1.80 12.94 4.81 8.13 19.41 1.796 | 2.328
19 12.0 9.625 1.80 11.68 4.33 7.34 31.47 3.694 | 4.789
20 12.0 9.625 1.80 11.08 4.01 7.07 39.15 4.973 | 6.447

controling:| 1.474 | 1.911
.Fd=0.8+E51.3 AF =1+ N, _pzAs <0.02
d ! 24 * thk ¢bd
oV, = ¢0.0316bdvam(1.1+63p{%J :1i(2*‘;’adj |

‘Shear Resistance Without Stirrups

'AASHTO 12.10.4.2.5
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// ) DELI A R
‘ DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEET NO. OF SCALE
www.deltaengineers.com
Phone: (607) 231-6600 CALCULATED BY YL DATE 11/25/2014

Fax: (607) 231-6650
CHECKED BY DATE

LRFR LOAD RATING -HL93 Case 4

_Technical Data & Load Factors

Culvert Span (S) =| 28.00 ft.
~ Crown Radius (Rad) =| 33.82 ft.

Bar Cover \
Outside Face (Covyy,) =| 2.00in

Inside Face (Covi,) =| 1.50in

Design Section Length (b) =|  12in

fCompressive Strength (f)) =| 6.5 ksi

Yield Strength (f,) =| 60 ksi

Stirrup Yield Strength (fyes) =| 60 ksi

Circumferential Reinforcement Spa. (spa.) =| 4.00in

Circumferential Reinforcement Provided (n) = 1 (n=1 for 1 layer, n=2 for multiple layers) AASHTO
Reinforcement Type (Type) = 3 AASHTO Table _ _ 12.10.4.2.4d
1 - smooth wire or plainbar | 12.10.4.4d-1

2 - WWF (8" max spa. Smooth) |
3 - WWF (deformed) or bar (deformed)

Resistance Factors:
¢f - Flexure =| 1.00 |
¢r - Radial Tension =| 0.90 AASHTO Table 12.5.5-1
¢v - Diag Tension =| 0.90
RadiaI.Tension Process (F;p) =| 1.00
Diag Tension Process (F,p) = 1.00 .AASHTO 12.104.2.3

| Load Factors: _
IR OR
| LLFactor| 1.75 | 1.35 _
7,DC (component)| 1.31 (1.25*1.05 = 1.3125)
YoEH (hor. At rest earth pressure)| 0.86 (0.9/1.05 = 0.857)
vEV[ 137 | (131.05=1.365)




Chk: RJA

Page 35 of 304

2014.059.004

uoissaidwod a}edipul Isniyy ,-,, ‘910N

00021 9z 0L- 000 6. '€Z- 1ZYL- 000 99'6€- LO'b- 000 10°9L- 02
00021 19°0L- 19°1/\- 0lL'v2- 00'GL- Ly'8ve- 88'6¢- €€t~ 18'0.- 8/°GlL- 6l
00021 vl LL- £2'29¢- 89'vZ- GG'9l- Z£'606G- 8L 0v- L8'¥- 80'LyL- 0G°Gl- 8l
000'ZL LLEL- L¥'9.6- 1G'GZ- 1£8)- 817'018- 8/ 0v- 61°G 10'¥E€C- 12GL- ll
€9G°€lL 9z'clL- G0'6.- 8¥'9Z- 81'8lL- 0£'670L- 29'Ly- z6'¥- GZ'00€- #1°GlL- 9l
gLe'gl 86LL- 6. 606~ 6S'/Z- GZ'9lL- 89'/921- GG'Zh- 1TV 68 /GE- 00'GlL- Gl
000°/2 602 00'0S0}- 69 '9¢- /8°E ¥9'/GPL- 06'6€- 8.’} ¥9' /0t~ \Z€L- vl
GZL'6lL G9'GlL Ve 18- L6 ¥2- 6522 LLLGLL- ZL'9¢g- 6'9 £8'90¢- ZTLL- €l
GZL'Gl 9L'9lL 99'0£9- 10'vC- ¥0'22 €2'2G8- 0L v¢- 88'G 18°L2C- €9°01- Zl
cLezl ¥G 'Ol ot LLY- vZ €C- €61z 9G°'095- £e'ee- 66V 0Z 671" 60°0L- Ll
GZ90lL Z0'GlL 1G /8- v.'\2- 9z6l z£'6/2- ve'LE- vZv 08'/8- 09'6- 0l
£90°01 1GTL 96'8- 60°0Z- 819} 96 - 2T 62 L9'E 09°G¢- €l'6- 6
£€90°01L /€6 0E'6¥L 8Z'8lL- erZL 07’861 66'9¢- J0€ 068 L1'g- 8
€90°01 9l'g 90°'2v2 GG'9l- ') ¥9'882 06'¥2- 162 1S°9v GE'Q- J
00001 4 89'/8¢ 80'9L- vZ'y 85'G9¢ Ly ¥e- ZLe 06'.. €0'8- )
00001 80°0- #0'662 25'9L- 09'L Ze'20v 0€ vZ- 89'L 8Z'¢0l 8/'/- g
00001 glL- 65'G8Z 62 /LL- €10 £G'80¥ 88'vZ- 9z'l ¥6'CCl 6G'/- 4
00001 66°0- G8'89Z 0L /L- GL0- 6. 'S0V 11'GZ- #8°0 ¥6'9E1 y'l- 5
0000} 80~ 0L'65¢ 1L\~ 90°0- Ly v0v 112 Zr 0 LESY ot .- 4
000°01L €00 80'95C Y €00 8Z ¥0¥ LL'Se- 00°0 0Z'8vl GE /- |
(ur) spou s nA | (wus) nin | (wpt) NN ®p) nA | ue) ny [ A) NN e nA | W) N | @p) NN laquinn
eyl leays JUSWION shuyl leays JUSWIO 1sniyy leays JUSWOW sniyy 9PON
pa10}joe4 palojoe4 palojoe4 paiojoe4 palojoe4 paJojoe4 paiojoe4 palojoe4 pa.iojoe4
771 palojoe{ Xe| peoT |Bj0] paloloeq Xe H3+A3+5Qd paJlojoe4
¥ 8SED €6TH- ONILYY AVO1 ¥4y Alewwng 83104 ubisaqg
0599-1£Z (209) xed
0099-1£2 (209) :2uoyd
alva A8 @IOIHD woa ssasuibBuse)japmmm
vLoz/Se/LL alva TA A8 Q3LYINDTYD 09.£1l AN ‘lIampu3z ‘peoy 1adooy 098
40 ON 133HS SHMOAIAUNS ANV ? ‘SLOILIHONY ‘SNIANIONT
yaly 01x8Z NOILdI¥OS3A 4‘\
+00°650°'v10C gor




DELTA

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

CALCULATED BY

CHECKED BY

2014.059.004

OF

YL

Chk: RJA

Page 36 of 304
2014.059.004

28x10 Arch
SCALE
DATE

DATE

11/25/2014

LRFR LOAD RATING -HL93 Case 4

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) | +Mug (in-k/t) | Vu (k/ft) || Thick (in)
1 -25.11 -7.35 148.20 0.00 -17.76 256.08 0.03 10
2 -25.17 -7.40 145.37 0.42 -17.77 259.10 0.48 10
3 -25.17 -7.47 136.94 0.84 -17.70 268.85 0.99 10
4 -24.88 -7.59 122.94 1.26 -17.29 285.59 1.13 10
5 -24.30 -7.78 103.28 1.68 -16.52 299.04 0.08 10
6 -24.11 -8.03 77.90 2.12 -16.08 287.68 2.13 10
7 -24.90 -8.35 48.57 2.57 -16.55 242.06 5.16 10.063
8 -26.99 -8.71 8.90 3.07 -18.28 149.30 9.37 10.063
9 -29.22 -9.13 -35.60 3.61 -20.09 -8.96 12.57 10.063
10 -31.34 -9.60 -87.80 4.24 -21.74 -187.51 15.02 10.625
11 -33.33 -10.09 -149.20 4.99 -23.24 -411.36 16.54 12.313
12 -34.70 -10.63 -221.57 5.88 -24.07 -630.66 16.16 15.125
13 -36.12 -11.22 -306.83 6.94 -24.91 -844.34 15.65 19.125
14 -39.90 -13.21 -407.64 1.78 -26.69 -1050.00 2.09 27
15 -42.55 -15.00 -357.89 4.27 -27.55 -909.79 11.98 18.313
16 -41.62 -15.14 -300.25 4.92 -26.48 -749.05 13.26 13.563
17 -40.78 -15.27 -234.07 5.19 -25.51 -576.41 13.17 12
18 -40.18 -15.50 -147.08 4.81 -24.68 -362.23 11.74 12
19 -39.88 -15.78 -70.81 4.33 -24.10 -177.67 10.67 12
20 -39.86 -16.07 0.00 4.01 -23.79 0.00 10.26 12

‘note all shear values normalized to positive |
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2014.059.004

28x10 Arch

SCALE

DATE

DATE

11/25/2014

Node As'in (prov'd) | As'out (prov'd)
Number | thk (in) d (in) (in?/ ft) (in® / ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 8.19 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
16 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 0.60 1.80
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2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -HL93 Case 4

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in2 / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -25.11 1071.84
2 10.0 8.13 2.38 -25.17 1071.99
3 10.0 8.13 2.38 -25.17 1071.98
4 10.0 8.13 2.38 -24.88 1071.27
5 10.0 8.13 2.38 -24.30 1069.83
6 10.0 8.13 2.38 -24.11 1069.35
7 10.1 8.19 2.38 -24.90 1081.07
8 10.1 8.19 2.38 -26.99 1086.29
9 10.1 7.69 1.80 -29.22 835.34
10 10.6 8.25 1.80 -31.34 911.08
11 12.3 9.94 1.80 -33.33 1127.88
12 15.1 12.75 1.80 -34.70 1485.84
13 19.1 16.75 1.80 -36.12 1997.79
14 27.0 24.63 1.80 -39.90 3033.17
15 18.3 15.94 1.80 -42.55 1939.98
16 13.6 11.19 1.80 -41.62 1321.72
17 12.0 9.63 1.80 -40.78 1117.24
18 12.0 9.63 1.80 -40.18 1114.99
19 12.0 9.63 1.80 -39.88 1113.85
20 12.0 9.63 1.80 -39.86 1113.80

|AASHTO 12.10.4.2.4a

g=0.85bfc= 66

|, =%[g(¢fd)2 ~ Nu24,d )

(g¢,d—N, —Asﬁ;f}

g
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JOB 2014.059.004
" DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEET NG e SCELS
www.deltaengineers.com
11/25/2014
Phone: (607) 231-6600 CALCULATED BY YL DATE 51201
Fax: (607) 231-6650 CHECKED BY DATE

LRFR LOAD RATING -HL93 Case 4

Node Phi Mn Inventory | Operating
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy (in-k/ft) Rating Rating
1 10.0 8.13 1071.84 148.20 256.08 3.61 4.68
2 10.0 8.13 1071.99 145.37 259.10 3.58 4.64
3 10.0 8.13 1071.98 136.94 268.85 3.48 4.51
4 10.0 8.13 1071.27 122.94 285.59 3.32 4.30
5 10.0 8.13 1069.83 103.28 299.04 3.23 4.19
6 10.0 8.13 1069.35 77.90 287.68 3.45 4.47
7 10.1 8.19 1081.07 46.57 242.06 4.27 5.54
8 10.1 8.19 1086.29 8.90 149.30 7.22 9.35
9 10.1 7.69 835.34 -35.60 -8.96 89.25 115.70
10 10.6 8.25 911.08 -87.80 -187.51 4.39 5.69
11 12.3 9.94 1127.88 -149.20 -411.36 2.38 3.08
12 15.1 12.75 1485.84 -221.57 -630.66 2.00 2.60
13 19.1 16.75 1997.79 -306.83 -844.34 2.00 2.60
14 27.0 24.63 3033.17 -407.64 -1050.00 2.50 3.24
15 18.3 15.94 1939.98 -357.89 -909.79 1.74 2.25
16 13.6 11.19 1321.72 -300.25 -749.05 1.36 1.77
17 12.0 9.63 1117.24 -234.07 -576.41 1.53 1.99
18 12.0 9.63 1114.99 -147.08 -362.23 2.67 3.46
19 12.0 9.63 1113.85 -70.81 -177.67 5.87 7.61
20 12.0 9.63 1113.80 0.00 0.00 N/A N/A
Controlling 1.36 1.77

g=0.85bfc= 66

(g¢,d—N,— AF) }
g

oM, = %{g«bfd)z — NuQg,d— 1)
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/ DELTA JoB 2014.059.004
f‘ ENGINEERS DESCRIPTION 28x10 Arch
184 COUrt Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650
CHECKED BY DATE
LRFR LOAD RATING -HL93 Case 4
Elmt As (prov'd)| Viotal Vdl only VIl only oVn 1.76 | 1.356
Nmbr | thk (in) d (in) (in® / ft) (Kip/ft) (kip/ft) (Kip/ft) (kip/it) | INV | OPR
1 10.0 8.125 2.38 0.03 0.00 0.03 19.99 793.1 | 1028
2 10.0 8.125 2.38 0.06 0.42 0.48 19.99 41.1 | 53.28
3 10.0 8.125 2.38 0.15 0.84 0.99 19.99 [ 19.38 [ 25.12
4 10.0 8.125 2.38 0.13 1.26 1.13 19.97 16.6 | 21.52
5 10.0 8.125 2.38 1.60 1.68 0.08 19.93 [ 234.6 [ 304.2
6 10.0 8.125 2.38 4.24 2.12 2.13 19.91 8.369 | 10.85
7 10.1 8.188 2.38 7.74 2.57 5.16 19.99 3.372 | 4.372
8 10.1 8.188 2.38 12.43 3.07 9.37 31.57 3.043 | 3.945
9 10.1 7.688 1.80 16.18 3.61 12.57 29.86 2.088 | 2.707
10 10.6 8.250 1.80 19.26 4.24 15.02 29.36 1.673 | 2.169
11 12.3 9.938 1.80 21.53 4.99 16.54 22.61 1.065 | 1.381
12 16.1 12.750 1.80 22.04 5.88 16.16 22.02 1.00 | 1.294
13 19.1 16.750 1.80 22.59 6.94 15.65 24.95 1.151 | 1.492
14 27.0 24.625 1.80 3.87 1.78 2.09 31.36 14.13 | 18.32
15 18.3 15.938 1.80 16.25 4.27 11.98 24.24 1.668 | 2.162
16 13.6 11.188 1.80 18.18 4.92 13.26 20.75 1.194 | 1.547
17 12.0 9.625 1.80 18.37 5.19 13.17 19.73 1.103 | 1.43
18 12.0 9.625 1.80 16.55 4.81 11.74 20.15 1.307 | 1.694
19 12.0 9.625 1.80 15.00 4.33 10.67 32.88 | 2.676 | 3.469
20 12.0 9.625 1.80 14.27 4.01 10.26 39.15 3.425 | 4.44
controling:| 1.00 | 1.294
F,=08+%<13 PR I I PRI )
d " 24* thk ¢bd
¢V, = $0.0316bdF, \[f'c(l.1+ 63p)[FdF" J F, =1i(2*iadj

Shear Resistance Without Stirrups

AASHTO 12.10.4.2.5
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2014.059.004
28x10 Arch
SCALE
DATE 11/25/2014

DATE

LRFR LOAD RATING -H20 Case 1

Technical Data & Load Factors

Culvert Span (S) =

28.00 ft.

Crown Radius (Rad) =

33.82 ft.

Bar Cover

Outside Face (Covyy) =

2.00in

Inside Face (Covy,) =

1.50 in

Design Section Length (b) =

12in

1Compressive Strength (f;) =

6.5 ksi

Yield Strength (f,) =

60 ksi

Stirrup Yield Strength () =

60 ksi

Circumferential Reinforcement Spa. (spa.) =

4.00in

Circumferential Reinforcement Provided (n) =

Reinforcement Type (Type) =

1 - smooth wire or plain bar
|2 - WWF (8" max spa. Smooth) |
'3 - WWF (deformed) or bar (deformed) |

Resistance Factors:
of - Flexure =| 1.00

(n=1 for 1 layer, n=2 for multiple layers) AASHTO

AASHTO Table
12.10.4.4d-1

¢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,;) =| 1.00 | [ AASHTO 12.10.4.2.3

. Load Factors:

IR OR

LL Factor| 1.75 1.35

L] ¥,DC (component)| 1.31 _(1.25*1.05 =1.3125)
YoEH (hor. At rest earth pressure)| 0.86 (0.9/1.05 = 0.857)
YEV| 1.37 (1.3*1.05 = 1.365)

12.10.4.2.4d
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JoB 2014.059.004
" DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEETNO OF SCALE
wm:;':gg;;"zn; r_':s'ggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -H20 Case 1
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)
1 -11.84 -7.35 148.20 0.00 -4.48 443.81 1.46 10
2 -13.63 -7.40 145.37 0.42 -6.23 401.65 4.82 10
3 -14.97 -7.47 136.94 0.84 -7.50 314.51 6.91 10
4 -15.60 -7.59 122.94 1.26 -8.01 216.47 7.04 10
5 -15.94 -7.78 103.28 1.68 -8.16 125.87 6.38 10
6 -16.35 -8.03 77.90 2.12 -8.32 45.43 5.89 10
7 -16.84 -8.35 46.57 2.57 -8.50 -31.86 5.55 10.063
8 -17.34 -8.71 8.90 3.07 -8.63 -103.32 5.15 10.063
9 -17.91 -9.13 -35.60 3.61 -8.77 -169.99 4.82 10.063
10 -18.54 -9.60 -87.80 4.24 -8.95 -232.47 4.52 10.625
11 -19.26 -10.09 -149.20 4.99 -9.17 -291.14 4.24 12.313
12 -20.07 -10.63 -221.57 5.88 -9.45 -346.01 3.96 15.125
13 -21.01 -11.22 -306.83 6.94 -9.79 -397.14 3.72 19.125
14 -22.70 -13.21 -407.64 1.78 -9.49 -445.62 0.99 27
15 -23.72 -15.00 -357.89 4.27 -8.72 -375.19 5.75 18.313
16 -23.34 -15.14 -300.25 4.92 -8.20 -301.14 5.88 13.563
17 -23.01 -15.27 -234.07 5.19 -7.74 -227.30 5.44 12
18 -22.77 -156.50 -147.08 4.81 -7.26 -142.14 4.63 12
19 -22.69 -15.78 -70.81 4.33 -6.91 -69.98 4.19 12
20 -22.79 -16.07 0.00 4.01 -6.72 0.00 4.06 12

‘note all shear values normalized to positive
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2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

Node As'in (prov'd) [ As'out (prov'd)
Number [ thk (in) d (in) (in? / ft) (in? / ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 7.69 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 0.60 1.80
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2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -H20 Case 1

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in? / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -11.84 1037.71
2 10.0 8.13 2.38 -13.63 1042.48
3 10.0 8.13 2.38 -14.97 1046.02
4 10.0 8.13 2.38 -15.60 1047.66
5 10.0 8.13 2.38 -15.94 1048.54
6 10.0 8.13 2.38 -16.35 1049.60
7 10.1 8.19 2.38 -16.84 1060.40
8 10.1 7.69 0.90 -17.34 464.03
9 10.1 7.69 1.80 -17.91 800.85
10 10.6 8.25 1.80 -18.54 868.75
11 12.3 9.94 1.80 -19.26 1069.76
12 15.1 12.75 1.80 -20.07 1405.10
13 19.1 16.75 1.80 -21.01 1884.41
14 27.0 24.63 1.80 -22.70 2837.11
15 18.3 15.94 1.80 -23.72 1807.62
16 13.6 11.19 1.80 -23.34 1236.49
17 12.0 9.63 1.80 -23.01 1048.11
18 12.0 9.63 1.80 -22.77 1047.14
19 12.0 9.63 1.80 -22.69 1046.83
20 12.0 9.63 1.80 -22.79 1047.22

'AASHTO 12.10.4.2.4a
g=0.85bfc= 66

oM, = %[g(qﬁ,d)z — NuQg,d )~

(g, d-N, —A@)Z}

g
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Jos 2014.059.004
/r‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEETNQ i el
wm;‘d;':gg;?'z"; :_;‘ezggm CALCULATED BY DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -H20 Case 1
Node Phi Mn Inventory | Operating
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy (in-k/ft) Rating Rating
1 10.0 8.13 1037.71 148.20 443.81 2.00 2.60
2 10.0 8.13 1042.48 145.37 401.65 2.23 2.90
3 10.0 8.13 1046.02 136.94 314.51 2.89 3.75
4 10.0 8.13 1047.66 122.94 216.47 4.27 5.54
5 10.0 8.13 1048.54 103.28 125.87 7.51 9.74
6 10.0 8.13 1049.60 77.90 45.43 21.39 27.72
7 10.1 8.19 1060.40 46.57 -31.86 34.75 45.04
8 10.1 7.69 464.03 8.90 -103.32 4.58 5.93
9 10.1 7.69 800.85 -35.60 -169.99 4.50 5.84
10 10.6 8.25 868.75 -87.80 -232.47 3.36 4.35
11 12.3 9.94 1069.76 -149.20 -291.14 3.16 4.10
12 15.1 12.75 1405.10 -221.57 -346.01 3.42 4.43
13 19.1 16.75 1884.41 -306.83 -397.14 3.97 5.15
14 27.0 24.63 2837.11 -407.64 -445.62 5.45 7.07
15 18.3 15.94 1807.62 -357.89 -375.19 3.86 5.01
16 13.6 11.19 1236.49 -300.25 -301.14 3.11 4.03
17 12.0 9.63 1048.11 -234.07 -227.30 3.58 4.64
18 12.0 9.63 1047.14 -147.08 -142.14 6.33 8.21
19 12.0 9.63 1046.83 -70.81 -69.98 13.95 18.08
20 12.0 9.63 1047.22 0.00 0.00 N/A N/A
Controlling 2.00 2.60

g=085bfc= 66

M, = % {g(@d)z — Nu2p,d )~

(g¢fd_Nu _AJF;;)z

g
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/ DELTA JoB 2014.059.004
f‘ ENGINEERS DESCRIPTION 28x10 Arch
184 Court Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650 J— o
LRFR LOAD RATING -H20 Case 1
Elmt As (prov'd)| Vtotal Vdl only VIl only éVn 1.75 | 1.35
Nmbr [ thk (in) d (in) (in2 / ft) (kip/ft) (kip/ft) (Kip/ft) (kip/ft) INV | OPR
1 10.0 8.125 2.38 1.46 0.00 1.46 18.99 13 16.86
2 10.0 8.125 2.38 5.24 0.42 4.82 19.12 3.878 | 5.027
3 10.0 8.125 2.38 7.75 0.84 6.91 19.22 2.661 | 3.449
4 10.0 8.125 2.38 8.30 1.26 7.04 19.27 2.559 | 3.317
5 10.0 8.125 2.38 8.06 1.68 6.38 19.30 2.76 | 3.578
6 10.0 8.125 2.38 8.00 2.12 5.89 28.94 4.558 | 5.908
7 10.1 8.188 2.38 8.13 2.57 5.55 31.57 5.223 | 6.771
8 10.1 7.688 0.90 8.22 3.07 5.15 23.28 3.922 | 5.084
9 10.1 7.688 1.80 8.43 3.61 4.82 17.84 2.953 | 3.828
10 10.6 8.250 1.80 8.76 4.24 4.52 17.56 2.946 | 3.819
11 12.3 9.938 1.80 9.23 4.99 4.24 18.64 3.221 | 4.176
12 15.1 12.750 1.80 9.84 5.88 3.96 20.66 3.74 | 4.842
13 19.1 16.750 1.80 10.66 6.94 3.72 23.81 4.537 | 5.881
14 27.0 24.625 1.80 0.79 1.78 0.99 30.57 28.94 | 37.51
15 18.3 15.938 1.80 10.02 4.27 5.75 23.29 3.309 | 4.289
16 13.6 11.188 1.80 10.81 4.92 5.88 19.72 2515 | 3.26
17 12.0 9.625 1.80 10.64 5.19 5.44 18.66 2.474 | 3.207
18 12.0 9.625 1.80 9.44 4.81 4.63 19.14 3.094 [ 4.011
19 12.0 9.625 1.80 8.52 4.33 4.19 31.22 6.423 | 8.326
20 12.0 9.625 1.80 8.07 4.01 4.06 39.15 8.663 | 11.23
controling:| 2.47 | 3.207
.Fd=0.8+ESI3 =1+ N, lp=—-<0.02
d ! 24 * thk Pbd
¢V, = $0.0316bdF, \[f'c(l.1+ 63p)(F;F" j F, = 11(2*‘;6{) |

‘Shear Resistance Without Stirrups

'AASHTO 12.10.4.2.5
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JoB 2014.059.004
DESCRIPTION 28x10 Arch
SHEET NO OF SCALE
CALCULATED BY YL DATE 11/25/2014
CHECKED BY DATE

LRFR LOAD RATING -H20 Case 2

Technical Data & Load Factors

28.00 ft.

' Culvert Span (S) =
Crown Radius (Rad) =

33.82 ft.

Bar Cover

Outside Face (Cov,y) =

2.00in

Inside Face (Covy,) =

1.50 in

Design Section Length (b) =

12in

Compressive Strength (f,) =

6.5 ksi

Yield Strength (f,) =

60 ksi

Stirrup Yield Strength () =

60 ksi

Circumferential Reinforcement Spa. (spa.) =

4.00 in

Circumferential Reinforcement Provided (n) =

Reinforcement Type (Type) =

1 - smooth wire or plain bar
2 - WWF (8" max spa. Smooth) _
'3 - WWF (deformed) or bar (deformed) |

Resistance Factors:
¢f - Flexure =| 1.00

(n=1for 1 layer, n=2 for multiple layers) AASHTO
AASHTO Table 12.10.4.2.4d
12.10.4.4d-1

¢r - Radial Tension =| 0.90 /AASHTO Table 12.5.5-1

¢v - Diag Tension =| 0.90
Radial Tension Process (Fy,) =| 1.00

Diag Tension Process (F;) =| 1.00 | [ AASHTO 12.10.4.2.3

. Load Factors:

IR OR

LL Factor| 1.75 1.35

¥pDC (component)| 1.31 _(1.25*1 .05 =1.3125)
YpEH (hor. At rest earth pressure)| 0.86 (0.9/1.05 = 0.857)
YEV| 1.37 (1.3*1.05 = 1.365)
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" DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEETNO . SCALE
W;:‘v::etzlzgg;\)glzn;?rsséggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -H20 Case 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/At) | +Mup (in-k/ft) | Vuy (k/ft) || Thick (in)
1 -18.90 -7.35 148.20 0.00 -11.55 131.94 0.01 10
2 -18.91 -7.40 145.37 0.42 -11.51 134.17 0.34 10
3 -18.92 -7.47 136.94 0.84 -11.45 141.14 0.75 10
4 -18.86 -7.59 122.94 1.26 -11.27 154.15 1.24 10
5 -18.58 -7.78 103.28 1.68 -10.80 174.32 1.32 10
6 -17.90 -8.03 77.90 2.12 -9.87 189.42 0.01 10
7 -17.58 -8.35 46.57 2.57 -9.23 174.55 2.53 10.063
8 -18.68 -8.71 8.90 3.07 -9.97 121.54 5.51 10.063
9 -20.85 -9.13 -35.60 3.61 -11.72 26.77 8.94 10.063
10 -22.49 -9.60 -87.80 424 -12.89 -118.07 10.60 10.625
11 -23.40 -10.09 -149.20 4.99 -13.31 -257.41 10.18 12.313
12 -24.37 -10.63 -221.57 5.88 -13.75 -390.98 9.68 15.125
13 -25.43 -11.22 -306.83 6.94 -14.21 -516.76 9.13 19.125
14 -28.42 -13.21 -407.64 1.78 -15.21 -635.57 1.20 27
15 -30.65 -15.00 -357.89 4.27 -15.65 -554 .41 7.1 18.313
16 -30.24 -15.14 -300.25 4.92 -15.10 -456.92 8.11 13.563
17 -29.89 -15.27 -234.07 5.19 -14.61 -350.41 8.08 12
18 -29.64 -15.50 -147.08 4.81 -14.13 -219.92 713 12
19 -29.55 -15.78 -70.81 433 -13.77 -108.17 6.48 12
20 -29.61 -16.07 0.00 4.01 -13.54 0.00 6.27 12

‘note all shear values normalized to positive
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28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

Node As'in (prov'd) | As'out (prov'd)
Number | thk (in) d (in) (in? / ft) (in® / ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 8.19 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 0.60 1.80
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28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -H20 Case 2

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in® / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -18.90 1056.21
2 10.0 8.13 2.38 -18.91 1056.23
3 10.0 8.13 2.38 -18.92 1056.25
4 10.0 8.13 2.38 -18.86 1056.11
5 10.0 8.13 2.38 -18.58 1055.37
6 10.0 8.13 2.38 -17.90 1053.62
7 10.1 8.19 2.38 -17.58 1062.32
8 10.1 8.19 2.38 -18.68 1065.21
9 10.1 7.69 1.80 -20.85 810.02
10 10.6 8.25 1.80 -22.49 882.06
11 12.3 9.94 1.80 -23.40 1087.18
12 15.1 12.75 1.80 -24.37 1429.17
13 19.1 16.75 1.80 -25.43 1917.90
14 27.0 24.63 1.80 -28.42 2902.80
15 18.3 15.94 1.80 -30.65 1856.99
16 13.6 11.19 1.80 -30.24 1269.23
17 12.0 9.63 1.80 -29.89 1075.43
18 12.0 9.63 1.80 -29.64 1074.46
19 12.0 9.63 1.80 -29.55 1074.10
20 12.0 9.63 1.80 -29.61 1074.35

AASHTO 12.10.4.2.4a
g=085bfc= 66

M, = %{gwfd)z N2y d - EHT e ASFy)“}

g
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JOB 2014.059.004
ADELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEETNO OF SCALE
w;:‘v;'ndee::gg;;’izn:r_?éggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -H20 Case 2
Node Phi Mn Inventory | Operating
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy (in-k/ft) Rating Rating |
1 10.0 8.13 1056.21 148.20 131.94 6.88 8.92
2 10.0 8.13 1056.23 145.37 134.17 6.79 8.80
3 10.0 8.13 1056.25 136.94 141.14 6.51 8.44
4 10.0 8.13 1056.11 122.94 154.15 6.05 7.85
5 10.0 8.13 1055.37 103.28 174.32 5.46 7.08
6 10.0 8.13 1053.62 77.90 189.42 5.15 6.68
7 10.1 8.19 1062.32 46.57 174.55 5.82 7.54
8 10.1 8.19 1065.21 8.90 121.54 8.69 11.27
9 10.1 7.69 810.02 -35.60 26.77 31.59 40.95
10 10.6 8.25 882.06 -87.80 -118.07 6.73 8.72
11 12.3 9.94 1087.18 -149.20 -257.41 3.64 4.72
12 15.1 12.75 1429.17 -221.57 -390.98 3.09 4.00
13 19.1 16.75 1917.90 -306.83 -516.76 3.12 4.04
14 27.0 24.63 2902.80 -407.64 -635.57 3.93 5.09
15 18.3 15.94 1856.99 -357.89 -554.41 2.70 3.51
16 13.6 11.19 1269.23 -300.25 -456.92 212 2.75
17 12.0 9.63 1075.43 -234.07 -350.41 2.40 3.1
18 12.0 9.63 1074.46 -147.08 -219.92 4.22 5.47
19 12.0 9.63 1074.10 -70.81 -108.17 9.27 12.02
20 12.0 9.63 1074.35 0.00 0.00 N/A N/A
Controlling 212 2.75

g=085bfc= 66

oM, = % {g((zﬁfd)z — NuQg,d— )

}
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ENGINEERS DESCRIPTION 28x10 Arch
184 COUFt Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 1112512014
(607) 231-6600 Fax 231-6650 CHECKED By oare
LRFR LOAD RATING -H20 Case 2
Elmt As (prov'd)| Vtotal Vdl only VIl only oVn 1.75 | 1.35
Nmbr | thk (in) d (in) (in?/ ft) (kip/ft) (kip/ft) (kip/ft) (kip/ft) INV | OPR
1 10.0 8.125 2.38 0.01 0.00 0.01 19.52 1960 | 2540
2 10.0 8.125 2.38 0.08 0.42 0.34 19.52 55.63 | 72.12
3 10.0 8.125 2.38 0.09 0.84 0.75 19.52 25.05 | 32.47
4 10.0 8.125 2.38 0.02 1.26 1.24 19.52 14.75 | 19.11
5 10.0 8.125 2.38 0.36 1.68 1.32 19.50 13.54 | 17.55
6 10.0 8.125 2.38 2.11 2.12 0.01 19.44 2123 | 2753
7 10.1 8.188 2.38 5.11 2.57 2.53 19.44 6.659 | 8.633
8 10.1 8.188 2.38 8.58 3.07 5.51 29.86 4.859 | 6.298
9 10.1 7.688 1.80 12.55 3.61 8.94 29.86 2.935 | 3.805
10 10.6 8.250 1.80 14.84 4.24 10.60 28.87 |[2.322| 3.01
11 12.3 9.938 1.80 15.18 4.99 10.18 21.44 1.615 | 2.094
12 15.1 12.750 1.80 15.56 5.88 9.68 21.14 1.58 | 2.044
13 19.1 16.750 1.80 16.07 6.94 9.13 24.30 1.901 | 2.465
14 27.0 24.625 1.80 2.98 1.78 1.20 30.83 2415 | 31.31
15 18.3 15.938 1.80 11.38 4.27 7.11 23.64 2.725 | 3.532
16 13.6 11.188 1.80 13.04 4.92 8.11 20.11 1.871 | 2.426
17 12.0 9.625 1.80 13.27 5.19 8.08 19.08 1.718 | 2.227
18 12.0 9.625 1.80 11.94 4.81 7.13 19.56 2.068 | 2.681
19 12.0 9.625 1.80 10.81 4.33 6.48 31.98 | 4.269 | 5534
20 12.0 9.625 1.80 10.27 4.01 6.27 39.15 561 | 7.272
_ | controling:| 1.58 | 2.044
Fd:0.8+£31.3 L F =l+—N“— |p = 4, <0.02
d ! 24 * thk ¢bd
¢V, = $0.0316bdF,, m(1.1+63p{%J — F, =1i(2*cf‘adj

‘Shear Resistance Without Stirrups | AASHTO 12.10.4.2.5
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JoB 2014.059.004

DESCRIPTION 28x10 Arch

SHEET NO OF SCALE

CALCULATED BY YL DATE 11/25/2014
CHECKED BY DATE

LRFR LOAD RATING -3S2 Case 1

Technical Data & Load Factors

Culvert Span (8) =
i Crown Radius (Rad) =

Bar Cover
Outside Face (Cov,) =

Inside Face (Cov;,) =
Design Section Length (b) =
Compressive Strength (f.) =
Yield Strength (f,) =
Stirrup Yield Strength (f,s) =
Circumferential Reinforcement Spa. (spa.) =
Circumferential Reinforcement Provided (n) =
Reinforcement Type (Type) =
1 - smooth wire or plain bar

2 - WWF (8" max spa. Smooth)

'3 - WWF (deformed) or bar (deformed)

Resistance Factors:
¢f - Flexure = 1.00
¢r - Radial Tension = 0.90
¢v - Diag Tension =| 0.90
| Radial Tension Process (F,) =| 1.00

Diag Tension Process (F,,) =[ 1.00

~ Load Factors:

28.00 ft.

33.82 ft.

2.00in

1.50 in

12in

6.5 ksi

60 ksi

60 ksi

4.00in

(n=1 for 1 layer, n=2 for multiple layers) AASHTO
AASHTO Table 112.10.4.2.4d
12.10.4.4d-1

|AASHTO Table 12.5.5-1

AASHTO 12.10.4.2.3

IR OR

LL Factor 1.35

¥pDC (component)| 1.31
YoEH (hor. At rest earth pressure)| 0.86
Y.EV| 1.37

(1.25%1.05 = 1.3125)
(0.9/1.05 =0.857)
(1.3*1.05 = 1.365)
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JoB 2014.059.004
" DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SRECIS & ESACE
w;:’::;':gg;?;‘: r_':;g:m CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -3S2 Case 1
Node Total Fac. Factored DC+EH+EV Factored LL
Number || Nu (k/ft) || Nup (k/ft) | Mup (in-k/ft) | Vup (k/t) || Nug (k/ft) | +Muy (in-k/ft) | Vu (kfft) |[ Thick (in)
1 -13.22 -7.35 148.20 0.00 -5.87 234.06 0.09 10
2 -13.37 -7.40 145.37 0.42 -5.97 223.72 1.63 10
3 -13.87 -7.47 136.94 0.84 -6.40 190.32 3.03 10
4 -14.61 -7.59 122.94 1.26 -7.02 142.45 3.77 10
5 -15.15 -7.78 103.28 1.68 -7.37 89.17 3.88 10
6 -15.51 -8.03 77.90 2.12 -7.48 38.45 3.51 10
7 -15.87 -8.35 46.57 2.57 -7.53 -4.80 3.07 10.063
8 -16.34 -8.71 8.90 3.07 -7.62 -43.93 2.81 10.063
9 -16.93 -9.13 -35.60 3.61 -7.79 -80.15 2.82 10.063
10 -17.64 -9.60 -87.80 4.24 -8.04 -119.39 3.24 10.625
11 -18.09 -10.09 -149.20 4.99 -8.00 -167.10 3.75 12.313
12 -18.90 -10.63 -221.57 5.88 -8.28 -219.98 4.56 15.125
13 -20.23 -11.22 -306.83 6.94 -9.01 -289.43 5.34 19.125
14 -23.07 -13.21 -407.64 1.78 -9.86 -363.13 0.78 27
15 -25.26 -15.00 -357.89 4.27 -10.26 -313.64 4.23 18.313
16 -25.03 -15.14 -300.25 4.92 -9.89 -256.78 4.69 13.563
17 -24.83 -15.27 -234.07 5.19 -9.55 -195.64 4.59 12
18 -24.72 -15.50 -147.08 4.81 -9.22 -122.34 3.99 12
19 -24.73 -15.78 -70.81 4.33 -8.95 -60.25 3.60 12
20 -24.83 -16.07 0.00 4.01 -8.76 0.00 3.49 12

‘note all shear values normalized to positive |
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2014.059.004

28x10 Arch

SCALE

DATE

DATE

11/25/2014

Node As'in (prov'd) | As'out (prov'd)
Number thk (in) d (in) (in? / ft) (in®/ ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 7.69 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 0.60 1.80
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28x10 Arch

SCALE

DATE

DATE

11/25/2014

LRFR LOAD RATING -3S2 Case 1

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in®/ ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -13.22 1041.38
2 10.0 8.13 2.38 -13.37 1041.78
3 10.0 8.13 2.38 -13.87 1043.11
4 10.0 8.13 2.38 -14.61 1045.06
5 10.0 8.13 2.38 -156.156 1046.46
6 10.0 8.13 2.38 -15.51 1047.42
7 10.1 8.19 2.38 -15.87 1057.85
8 10.1 7.69 0.90 -16.34 460.04
9 10.1 7.69 1.80 -16.93 797.78
10 10.6 8.25 1.80 -17.64 865.67
11 12.3 9.94 1.80 -18.09 1064.77
12 15.1 12.75 1.80 -18.90 1398.51
13 19.1 16.75 1.80 -20.23 1878.43
14 27.0 24.63 1.80 -23.07 2841.44
15 18.3 15.94 1.80 -25.26 1818.65
16 13.6 11.19 1.80 -25.03 1244.60
17 12.0 9.63 1.80 -24.83 1055.40
18 12.0 9.63 1.80 -24.72 1054.98
19 12.0 9.63 1.80 -24.73 1055.01
20 12.0 9.63 1.80 -24.83 1055.43

AASHTO 12.10.4.2.4a

g=085bfc= 66

i 2 d—N,—AF)
_ ¢Mn=%{g(¢fd)'—Nu(2¢fd—h)_(g¢f : .)}
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JoB 2014.059.004
ADELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEET NO. OF SCALE
w;:\v::;l:gg;;;lzn;"e_;se.ggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -3S2 Case 1
Node | Phi Mn Operating
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy (in-k/ft) Rating
1 10.0 8.13 1041.38 148.20 234.06 4.95
2 10.0 8.13 1041.78 145.37 223.72 5.19
3 10.0 8.13 1043.11 136.94 190.32 6.17
4 10.0 8.13 1045.06 122.94 142.45 8.39
5 10.0 8.13 1046.46 103.28 89.17 13.71
6 10.0 8.13 1047.42 77.90 38.45 32.69
7 10.1 8.19 1057.85 46.57 -4.80 298.04
8 10.1 7.69 460.04 8.90 -43.93 13.84
9 10.1 7.69 797.78 -35.60 -80.15 12.33
10 10.6 8.25 865.67 -87.80 -119.39 8.45
11 12.3 9.94 1064.77 -149.20 -167.10 7.10
12 15.1 12.75 1398.51 -221.57 -219.98 6.94
13 19.1 16.75 1878.43 -306.83 -289.43 7.04
14 27.0 24.63 2841.44 -407.64 -363.13 8.69
15 18.3 15.94 1818.65 -357.89 -313.64 6.04
16 13.6 11.19 1244.60 -300.25 -256.78 4.77
17 12.0 9.63 1055.40 -234.07 -195.64 5.44
18 12.0 9.63 1054.98 -147.08 -122.34 9.62
19 12.0 9.63 1055.01 -70.81 -60.25 21.18
20 12.0 9.63 1055.43 0.00 0.00 N/A
Controlling 4.77

'g=085bfc= 66

oM, = % {g(;zﬁfd)z — Nu2g,d~h)-

(g¢d—N,-AF)

-
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/ DELT A JoB 2014.059.004
f‘ ENGINEERS DESCRIPTION 28x10 Arch
184 COUf't Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650 CHECKED BY -

LRFR LOAD RATING -3S52 Case 1

Elmt As (prov'd)| Vtotal Vdi only VIl only éVn 1.35
Nmbr | thk (in) d (in) (in? / f) (kip/ft) _(kip/ft) (kip/ft) (kip/ft) OPR
1 10.0 8.125 2.38 0.09 0.00 0.09 19.09 276
2 10.0 8.125 2.38 2.05 0.42 1.63 19.10 14.84
3 10.0 8.125 2.38 3.87 0.84 3.03 19.14 7.824
4 10.0 8.125 2.38 5.03 1.26 3.77 19.20 6.161
5 10.0 8.125 2.38 5.56 1.68 3.88 19.24 5.864
6 10.0 8.125 2.38 5.62 2.12 3.51 23.77 8.005
7 10.1 8.188 2.38 5.65 2.57 3.07 31.57 12.23
8 10.1 7.688 0.90 5.88 3.07 2.81 29.86 12.35
9 10.1 7.688 1.80 6.42 3.61 2.82 23.32 9.073
10 10.6 8.250 1.80 7.48 4.24 3.24 17.50 5.299
11 12.3 9.938 1.80 8.75 4.99 3.75 18.57 4.689
12 15.1 12.750 1.80 10.45 5.88 4.56 20.59 4.178
13 19.1 16.750 1.80 12.29 6.94 5.34 25.10 4.406
14 27.0 24.625 1.80 2.56 1.78 0.78 30.59 47.85
15 18.3 15.938 1.80 8.51 4.27 4.23 23.37 5.85
16 13.6 11.188 1.80 9.62 4.92 4.69 19.81 4.113
17 12.0 9.625 1.80 9.78 5.19 4.59 18.77 3.835
18 12.0 9.625 1.80 8.79 4.81 3.99 19.52 4.783
19 12.0 9.625 1.80 7.93 4.33 3.60 32.21 10.03
20 12.0 9.625 1.80 7.50 4.01 3.49 39.15 13.04

controling: 3.835
[F=08+20<ta] g s N | 1= <00
d ’ 24 * thk gbd
¢V, = $0.0316bdF, [ fc(l.1+ 63p)(FdF" j F, :1i[2*‘iad) |

‘Shear Resistance Without Stirrups

AASHTO 12.10.4.2.5
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// ) DELIA R
‘ DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEET NO. OF SCALE
www.deltaengineers.com
Phone: (607) 231-6600 CALCULATED BY YL DATE 11/25/2014

Fax: (607) 231-6650
CHECKED BY DATE

LRFR LOAD RATING -3S2 Case 2

_Technical Data & Load Factors

_ Culvert Span (S) =| 28.00 ft.
. Crown Radius (Rad) =| 33.82 ft.

'Bar Cover
Outside Face (Covey) =| 2.00 in

Inside Face (Cov;,) =| 1.50in

Design Section Length (b) = 12 in
Compressive Strength (f.) =[ 6.5 ksi

Yield Strength (f,) =| 60 ksi
Stirrup Yield Strength (fys) =| 60 ksi

Circumferential Reinforcement Spa. (spa.) =| 4.00in

Circumferential Reinforcement Provided (n) = 1 (n=1 for 1 layer, n=2 for multiple layers) AASHTO
Reinforcement Type (Type) = 3 AASHTOTable ~ 12104.2.4d
/1 -smooth wire or plainbar, | . 12.10.4.4d-1

2 - WWF (8" max spa. Smooth) _
3 - WWF (deformed) or bar (deformed) |

Resistance Factors:
¢f - Flexure =] 1.00 _
¢r - Radial Tension =[ 0.90 AASHTO Table 12.5.5-1
¢v - Diag Tension =| 0.90
- Ra.diaI.Ten.sion Process (F.,) =| 1.00
Diag Tension Process (F,,) =| 1.00 AASHTO 12.10.4.2.3

. Load Factors: |
IR OR
LL Factor 1.35
' ,DC (component)| 1.31 (1.25*1.05 = 1.3125)
YpEH (hor. At rest earth pressure)| 0.86 .(0.9/1.05 =0.857)
1eEV| 1.37 (1.3*1.05 = 1.365)
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2014.059.004

28x10 Arch
SCALE
DATE

DATE

11/25/2014

LRFR LOAD RATING -3S2 Case 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) [ +Mup (in-k/ft) | Vup (k/ft) || Thick (in)
1 -14.12 -7.35 148.20 0.00 -6.76 91.24 0.01 10
2 -14.18 -7.40 145.37 0.42 -6.78 92.87 0.26 10
3 -14.24 -7.47 136.94 0.84 -6.77 98.11 0.53 10
4 -14.24 -7.59 122.94 1.26 -6.65 107.15 0.66 10
5 -14.16 -7.78 103.28 1.68 -6.38 115.79 0.27 10
6 -14.24 -8.03 77.90 2.12 -6.21 114.48 0.70 10
7 -14.69 -8.35 46.57 2.57 -6.35 97.02 2.02 10.063
8 -15.68 -8.71 8.90 3.07 -6.97 60.26 3.62 10.063
9 -16.81 -9.13 -35.60 3.61 -7.68 -0.12 4.87 10.063
10 -17.94 -9.60 -87.80 4.24 -8.34 -70.11 5.80 10.625
11 -19.02 -10.09 -149.20 4.99 -8.93 -155.62 6.30 12.313
12 -19.95 -10.63 -221.57 5.88 -9.32 -239.00 6.14 15.125
13 -20.98 -11.22 -306.83 6.94 -9.76 -320.28 5.97 19.125
14 -23.63 -13.21 -407.64 1.78 -10.42 -398.88 0.75 27
15 -25.63 -15.00 -357.89 4.27 -10.63 -343.97 4.67 18.313
16 -25.36 -15.14 -300.25 4.92 -10.22 -281.44 5.14 13.563
17 -25.13 -15.27 -234.07 5.19 -9.85 -214.61 5.02 12
18 -25.02 -156.50 -147.08 4.81 -9.62 -134.28 4.37 12
19 -25.02 -15.78 -70.81 4.33 -9.24 -66.13 3.95 12
20 -25.12 -16.07 0.00 4.01 -9.05 0.00 3.83 12

‘note all shear values normalized to positive
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28x10 Arch
SCALE
DATE 11/25/2014

DATE

As'out (prov'd)

Node As'in (prov'd)

Number | thk (in) d (in) (in? / ft) (in® / ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 8.19 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80

20 12.0 9.63 0.60 1.80
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28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -3S2 Case 2

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in? / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -14.12 1043.76
2 10.0 8.13 2.38 -14.18 1043.92
3 10.0 8.13 2.38 -14.24 1044.07
4 10.0 8.13 2.38 -14.24 1044.08
5 10.0 8.13 2.38 -14.16 1043.88
6 10.0 8.13 2.38 -14.24 1044.07
7 10.1 8.19 2.38 -14.69 1054.72
8 10.1 8.19 2.38 -15.68 1057.34
9 10.1 7.69 1.80 -16.81 797.42
10 10.6 8.25 1.80 -17.94 866.69
11 12.3 9.94 1.80 -19.02 1068.73
12 15.1 12.75 1.80 -19.95 1404.40
13 19.1 16.75 1.80 -20.98 1884.19
14 27.0 24.63 1.80 -23.63 2847.87
15 18.3 15.94 1.80 -25.63 1821.33
16 13.6 11.19 1.80 -25.36 1246.15
17 12.0 9.63 1.80 -25.13 1056.60
18 12.0 9.63 1.80 -25.02 1056.17
19 12.0 9.63 1.80 -25.02 1056.18
20 12.0 9.63 1.80 -25.12 1056.59

/AASHTO 12.10.4.2.4a

g=085bfc= 66

oM, = % [g(@d)z ~ NuQg,d— )

(g¢,d—N, —AsFy)z}

g




2014.059.004 Chk: RJA

Page 67 of 304

JoB 2014.059.004
/f‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEETNO oF SCALE
w;:,v::;l::g;?lzn;ﬁg;ggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 GHECKED BY DATE
LRFR LOAD RATING -3S2 Case 2
Node Phi Mn Operating |
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy (in-k/ft) Rating
1 10.0 8.13 1043.76 148.20 91.24 12.72
2 10.0 8.13 1043.92 145.37 92.87 12.54
3 10.0 8.13 1044.07 136.94 98.11 11.99
4 10.0 8.13 1044.08 122.94 107.15 11.14
5 10.0 8.13 1043.88 103.28 115.79 10.53
6 10.0 8.13 1044.07 77.90 114.48 10.94
7 10.1 8.19 1054.72 48.57 97.02 13.47
8 10.1 8.19 1057.34 8.90 60.26 22.55
9 10.1 7.69 797.42 -35.60 -0.12 8148.10
10 10.6 8.25 866.69 -87.80 -70.11 14.40
11 12.3 9.94 1068.73 -149.20 -155.62 7.66
12 15.1 12.75 1404.40 -221.57 -239.00 6.42
13 19.1 16.75 1884.19 -306.83 -320.28 6.38
14 27.0 24.63 2847.87 -407.64 -398.88 7.93
15 18.3 15.94 1821.33 -357.89 -343.97 5.52
16 13.6 11.19 1246.15 -300.25 -281.44 4.36
17 12.0 9.63 1056.60 -234.07 -214.61 4.97
18 12.0 9.63 1056.17 -147.08 -134.28 8.78
19 12.0 9.63 1056.18 -70.81 -66.13 19.32
20 12.0 9.63 1056.59 0.00 0.00 N/A
Controlling 4.36

g=0.85bfc= 66

o, = [g(@d)z ~ Nu(g,d— )

(g¢d—N,—AE)Y

-
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/ DELT A Jos 2014.059.004
f‘ ENGINEERS DESCRIPTION 28x10 Arch
184 COUrt Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650 CHECKED BY are
LRFR LOAD RATING -3S2 Case 2
Elmt As (prov'd)| Vtotal Vdl only VIl only oVn 1.35
Nmbr | thk (in) d (in) (in® / ft) (kip/ft) (Kip/ft) (kip/ft) (Kip/ft) OPR
1 10.0 8.125 2.38 0.01 0.00 0.01 19.16 1990
2 10.0 8.125 2.38 0.16 0.42 0.26 19.16 94.75
3 10.0 8.125 2.38 0.30 0.84 0.53 19.17 44.59
4 10.0 8.125 2.38 0.60 1.26 0.66 19.17 35.18
5 10.0 8.125 2.38 1.41 1.68 0.27 19.16 82.79
) 10.0 8.125 2.38 2.82 212 0.70 19.17 31.55
7 10.1 8.188 2.38 4.60 2.57 2.02 19.22 10.67
8 10.1 8.188 2.38 6.69 3.07 3.62 31.57 10.19
9 10.1 7.688 1.80 8.47 3.61 4.87 29.86 6.994
10 10.6 8.250 1.80 10.04 4.24 5.80 26.40 4.951
11 12.3 9.938 1.80 11.29 4.99 6.30 21.14 3.32
12 15.1 12.750 1.80 12.03 5.88 6.14 21.40 3.275
13 19.1 16.750 1.80 12.91 6.94 5.97 25.11 3.948
14 27.0 24.625 1.80 2.53 1.78 0.75 30.61 50.03
15 18.3 15.938 1.80 8.95 4.27 4.67 23.39 5.303
16 13.6 11.188 1.80 10.07 4.92 5.14 19.83 3.756
17 12.0 9.625 1.80 10.22 5.19 5.02 18.79 3.509
18 12.0 9.625 1.80 9.18 4.81 4.37 19.48 4.348
19 12.0 9.625 1.80 8.29 4.33 3.95 32.06 9.091
20 12.0 9.625 1.80 7.84 4.01 3.83 39.15 11.88
| | controling: 3.275
Fr=08+ <t g oy M | 1o o0
d - 24 * thk ¢bd
¢Vn=¢O.0316bdvam(l.1+63p{FdF"J —|F =1J_r[ 4 ) |
F, [ | 2*%rad )|
‘Shear Resistance Without Stirrups AASHTO 12.10.4.2.5




2014.059.004 Chk: RJA
Page 69 of 304

ADELLA -
‘ DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEET NO OF SCALE
www.deltaengineers.com
Phone: (607) 231-6600 CALCULATED BY YL DATE 11/25/2014

Fax: (607) 231-6650
CHECKED BY DATE

LRFR LOAD RATING -6 Axle Case 1

Technical Data & Load Factors

Culvert Span (S) =[ 28.00 ft.
Crown Radius (Rad) =[ 33.82 ft.

Bar Cover
Outside Face (Covyy) =| 2.00in

Inside Face (Covi,) =| 1.50in

Design Section Length (b) = 12 in
Compressive Strength (f.) =| 6.5 ksi

Yield Strength (f,) =| 60 ksi
Stirrup Yield Strength (f,s) =| 60 ksi

Circumferential Reinforcement Spa. (spa.) =| 4.00in

Circumferential Reinforcement Provided (n) = 1 (n=1 for 1 layer, n=2 for multiple layers) AASHTO
Reinforcement Type (Type) = 3 AASHTOTable ~ 12.10.4.2.4d
1 - smooth wire or plain bar L 12.10.4.4d1

2 - WWF (8" max spa. Smooth) .
'3 - WWF (deformed) or bar (deformed) |

Resistance Factors:
¢f - Flexure =| 1.00 |
or - 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 1.35
v,DC (component)| 1.31 | (1.25*1.05 = 1.3125)
YoEH (hor. At rest earth pressure)| 0.86 | (0.9/1.05=0.857)
vEV| 1.37 | (1.3*1.05=1.365)
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SHEET NO
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CHECKED BY
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2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -6 Axle Case 1

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) | +Mug (in-k/ft) | Vup, (k/ft) || Thick (in)
1 -15.59 -7.35 148.20 0.00 -8.24 374.47 0.66 10
2 -16.42 -7.40 145.37 0.42 -9.02 358.18 1.77 10
3 -17.10 -7.47 136.94 0.84 -9.62 327.12 2.69 10
4 -17.39 -7.59 122.94 1.26 -9.80 286.19 3.97 10
5 -18.03 -7.78 103.28 1.68 -10.26 220.80 5.68 10
6 -19.22 -8.03 77.90 2.12 -11.19 134.04 7.06 10
7 -20.30 -8.35 46.57 2.57 -11.96 31.66 7.95 10.063
8 -21.07 -8.71 8.90 3.07 -12.35 -78.89 7.89 10.063
9 -21.67 -9.13 -35.60 3.61 -12.54 -179.68 7.30 10.063
10 -22.39 -9.60 -87.80 4.24 -12.79 -274.62 6.88 10.625
11 -23.19 -10.09 -149.20 4.99 -13.10 -364.00 6.48 12.313
12 -24.09 -10.63 -221.57 5.88 -13.46 -448.32 6.12 15.125
13 -25.12 -11.22 -306.83 6.94 -13.90 -527.92 5.82 19.125
14 -26.78 -13.21 -407.64 1.78 -13.57 -604.34 0.84 27
15 -27.64 -15.00 -357.89 4.27 -12.64 -511.55 7.60 18.313
16 -27.09 -15.14 -300.25 4.92 -11.95 -413.40 7.84 13.563
17 -26.61 -15.27 -234.07 5.19 -11.34 -314.33 7.40 12
18 -26.27 -15.50 -147.08 4.81 -10.77 -196.76 6.41 12
19 -26.13 -15.78 -70.81 4.33 -10.35 -96.59 5.79 12
20 -26.19 -16.07 0.00 4.01 -10.12 0.00 5.58 12

‘note all shear values normalized to positive
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DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 RCL oF SCALE
wm:;':gg;;"znsie_?é::m CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 GHECKED BY DATE
Node As'in (prov'd) | As'out (prov'd)
Number | thk (in) d (in) (in? / ft) (in® / ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 7.69 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 0.60 1.80
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28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -6 Axle Case 1

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in® / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -15.59 1047.62
2 10.0 8.13 2.38 -16.42 1049.79
3 10.0 8.13 2.38 -17.10 1051.55
4 10.0 8.13 2.38 -17.39 1052.32
5 10.0 8.13 2.38 -18.03 1053.97
6 10.0 8.13 2.38 -19.22 1057.01
7 10.1 8.19 2.38 -20.30 1069.40
8 10.1 7.69 0.90 -21.07 478.66
9 10.1 7.69 1.80 -21.67 812.53
10 10.6 8.25 1.80 -22.39 881.72
11 12.3 9.94 1.80 -23.19 1086.26
12 15.1 12.75 1.80 -24.09 1427.59
13 19.1 16.75 1.80 -25.12 1915.59
14 27.0 24.63 1.80 -26.78 2884.04
15 18.3 15.94 1.80 -27.64 1835.63
16 13.6 11.19 1.80 -27.09 1254.38
17 12.0 9.63 1.80 -26.61 1062.51
18 12.0 9.63 1.80 -26.27 1061.16
19 12.0 9.63 1.80 -26.13 1060.59
20 12.0 9.63 1.80 -26.19 1060.85

'AASHTO 12.10.4.2.4a
g=0.85bfc= 66

o, = {g(@d)z ~ Nu(2g,d—h)-

(g¢,d—N, —ASF;)T

g
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JoB 2014.059.004
/r‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEETNO oF SCALE
w;:‘v:;‘detzlzgg;?lzn::;ség:m CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -6 Axle Case 1
Node Phi Mn Operating
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy, (in-k/ft) Rating |

1 10.0 8.13 1047.62 148.20 374.47 3.11
2 10.0 8.13 1049.79 145.37 358.18 3.27
3 10.0 8.13 1051.55 136.94 327.12 3.62
4 10.0 8.13 1052.32 122.94 286.19 4.21
5 10.0 8.13 1053.97 103.28 220.80 5.58
6 10.0 8.13 1057.01 77.90 134.04 9.47
7 10.1 8.19 1069.40 46.57 31.66 41.87
8 10.1 7.69 478.66 8.90 -78.89 8.01
9 10.1 7.69 812.53 -35.60 -179.68 5.61
10 10.6 8.25 881.72 -87.80 -274.62 3.75
11 12.3 9.94 1086.26 -149.20 -364.00 3.34
12 15.1 12.75 1427.59 -221.57 -448.32 3.49
13 19.1 16.75 1915.59 -306.83 -527.92 3.95
14 27.0 24.63 2884.04 -407.64 -604.34 5.31
15 18.3 15.94 1835.63 -357.89 -511.55 3.74
16 13.6 11.19 1254.38 -300.25 -413.40 2.99
17 12.0 9.63 1062.51 -234.07 -314.33 3.42
18 12.0 9.63 1061.16 -147.08 -196.76 6.02
19 12.0 9.63 1060.59 -70.81 -96.59 13.28
20 12.0 9.63 1060.85 0.00 0.00 N/A

Controlling 2.99

g=085bfc= 66

v, = %[g@,d)z — NuQ4,d— )~

(g¢d—N,—AF)

g

}
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‘Shear Resistance Without Stirrups

AASHTO 12.10.4.2.5

/ DELTA JoB 2014.059.004
‘ ENGINEERS DESCRIPTION 28x10 Arch
184 Court Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650
CHECKED BY DATE

LRFR LOAD RATING -6 Axle Case 1

Elmt As (prov'd)| Vtotal Vdi only VIl only oVn 1.35
Nmbr | thk (in) d (in) (in®/ ft) (kip/ft) (Kip/ft) (kip/ft) (kip/ft) OPR
1 10.0 8.125 2.38 0.66 0.00 0.66 19.27 37.69
2 10.0 8.125 2.38 2.19 0.42 1.77 19.33 13.88
3 10.0 8.125 2.38 3.52 0.84 2.69 19.38 8.95
4 10.0 8.125 2.38 5.22 1.26 3.97 19.41 5.93
5 10.0 8.125 2.38 7.36 1.68 5.68 19.45 4.058
6 10.0 8.125 2.38 9.17 2.12 7.06 21.56 3.571
7 10.1 8.188 2.38 10.52 2.57 7.95 31.57 4.73
8 10.1 7.688 0.90 10.95 3.07 7.89 29.86 4.403
9 10.1 7.688 1.80 10.91 3.61 7.30 21.36 3.151
10 10.6 8.250 1.80 11.12 4.24 6.88 17.81 2.557
11 12.3 9.938 1.80 11.47 4.99 6.48 18.87 2.776
12 15.1 12.750 1.80 12.00 5.88 6.12 20.87 3.177
13 19.1 16.750 1.80 12.77 6.94 5.82 24.01 3.8
14 27.0 24.625 1.80 0.94 1.78 0.84 30.76 44.59
15 18.3 15.938 1.80 11.87 4.27 7.60 23.49 3.279
16 13.6 11.188 1.80 12.77 4.92 7.84 19.93 2.48
17 12.0 9.625 1.80 12.60 5.19 7.40 18.88 2.396
18 12.0 9.625 1.80 11.22 4.81 6.41 19.31 2.932
19 12.0 9.625 1.80 10.13 4.33 5.79 31.42 6.06
20 12.0 9.625 1.80 9.59 4.01 5.58 39.15 8.159

controling: 2.396
F—08+&<13 —|F, =1+ N, .p=Asso.02
d " 24 * thk gbd
SV, = ¢0.0316bdva\/7?(1.1+63p)(%] F =1i(2*‘;’adj .
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JOB 2014.059.004

DESCRIPTION 28x10 Arch

SHEET NO OF SCALE

CALCULATED BY YL DATE 11/25/2014
CHECKED BY DATE

LRFR LOAD RATING -6 Axle Case 2

'Technical Data & Load Factors

Culvert Span (S) =

28.00 ft.

Crown Radius (Rad) =

33.82 fi.

‘Bar Cover

Outside Face (Cov,,) =

2.00in

Inside Face (Cov;,) =

1.50in

Design Section Length (b) =

12in

Compressive Strength (f.) =

6.5 ksi

Yield Strength (f,) =

60 ksi

Stirrup Yield Strength (fyss) =

60 ksi

Circumferential Reinforcement Spa. (spa.) =

4.00in

Circumferential Reinforcement Provided (n) =

Reinforcement Type (Type) =

1 - smooth wire or plain bar
2 - WWF (8" max spa. Smooth) _
|3 - WWF (deformed) or bar (deformed) |

Resistance Factors:
¢f - Flexure =| 1.00

(n=1 for 1 layer, n=2 for multiple layers)  AASHTO
}AASHTO Tabe = 12104.24d
12.10.4.4d-1

¢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,,) =| 1.00 ._AA.SHTO 12.10;4.2.3

Load Factors:

IR OR

LL Factor 1.35

_ _ ¥,DC (component)| 1.31 _(1.25*1.05 =1.3125)
Yo,EH (hor. At rest earth pressure)| 0.86 (0.9/1.05 = 0.857)
(1.3*1.05 = 1.365)

YoEV| 1.37
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JoB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

2014.059.004

OF

YL

Chk: RJA

Page 78 of 304
2014.059.004

28x10 Arch
SCALE
DATE

DATE

11/25/2014

LRFR LOAD RATING -6 Axle Case 2

Node Total Fac. Factored DC+EH+EV Factored LL
Number || Nu (k/ft) || Nug (k/ft) | Mup (in-k/ft) | Vup (k/ft) || Nuy (k/ft) | +Mup (in-k/ft) | Vuy (k/ft) || Thick (in)
1 -22.20 -7.35 148.20 0.00 -14.85 245.46 0.04 10
2 -22.09 -7.40 145.37 0.42 -14.69 249.53 0.57 10
3 -21.84 -7.47 136.94 0.84 -14.37 260.70 0.77 10
4 -21.45 -7.59 122.94 1.26 -13.86 270.11 0.01 10
5 -21.44 -7.78 103.28 1.68 -13.67 261.08 1.51 10
6 -22.07 -8.03 77.90 2.12 -14.04 229.66 3.34 10
7 -23.33 -8.35 46.57 2.57 -14.99 171.50 5.59 10.063
8 -24.57 -8.71 8.90 3.07 -15.85 79.94 7.49 10.063
9 -26.05 -9.13 -35.60 3.61 -16.92 -29.32 9.64 10.063
10 -27.71 -9.60 -87.80 4.24 -18.11 -178.29 11.42 10.625
11 -29.31 -10.09 -149.20 4.99 -19.22 -335.40 12.68 12.313
12 -31.02 -10.63 -221.57 5.88 -20.39 -517.96 13.56 15.125
13 -32.44 -11.22 -306.83 6.94 -21.22 -698.68 13.36 19.125
14 -36.06 -13.21 -407.64 1.78 -22.85 -876.00 1.97 27
15 -38.61 -15.00 -357.89 4.27 -23.61 -759.20 9.95 18.313
16 -37.81 -15.14 -300.25 4.92 -22.68 -625.79 11.02 13.563
17 -37.11 -15.27 -234.07 5.19 -21.84 -482.23 10.98 12
18 -36.65 -15.50 -147.08 4.81 -21.15 -303.29 9.82 12
19 -36.44 -15.78 -70.81 4.33 -20.66 -148.66 8.93 12
20 -36.45 -16.07 0.00 4.01 -20.38 0.00 8.58 12

J

inote all shear values normalized to positive
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2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

Node As'in (prov'd) | As'out (prov'd)
Number | thk (in) d (in) (in® / ft) (in® / ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 8.19 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 0.60 1.80
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28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -6 Axle Case 2

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in2 / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -22.20 1064.59
2 10.0 8.13 2.38 -22.09 1064.30
3 10.0 8.13 2.38 -21.84 1063.68
4 10.0 8.13 2.38 -21.45 1062.70
5 10.0 8.13 2.38 -21.44 1062.67
6 10.0 8.13 2.38 -22.07 1064.24
7 10.1 8.19 2.38 -23.33 1077.14
8 10.1 8.19 2.38 -24.57 1080.24
9 10.1 7.69 1.80 -26.05 825.86
10 10.6 8.25 1.80 -27.71 899.32
11 12.3 9.94 1.80 -29.31 1111.56
12 15.1 12.75 1.80 -31.02 1465.83
13 19.1 16.75 1.80 -32.44 1970.46
14 27.0 24.63 1.80 -36.06 2989.85
15 18.3 15.94 1.80 -38.61 1912.75
16 13.6 11.19 1.80 -37.81 1304.40
17 12.0 9.63 1.80 -37.11 1103.37
18 12.0 9.63 1.80 -36.65 1101.62
19 12.0 9.63 1.80 -36.44 1100.82
20 12.0 9.63 1.80 -36.45 1100.85

AASHTO 12.10.4.2.4a

g=085bfc= 66

oM, = %[g(qﬁ,d)z — NuQg,d— )

g

(g¢,d~N, —AsFy)Z}
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JoB 2014.059.004
/f‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Er_ldwell, NY 13760 SHEET NO; OF SCALE
m:;':gg;f'zn;‘e_?éggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -6 Axle Case 2
Node Phi Mn Operating |
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy (in-k/ft) Rating
1 10.0 8.13 1064.59 148.20 245.46 4.84
2 10.0 8.13 1064.30 145.37 249.53 4.77
3 10.0 8.13 1063.68 136.94 260.70 4.61
4 10.0 8.13 1062.70 122.94 270.11 4.51
5 10.0 8.13 1062.67 103.28 261.08 4.76
6 10.0 8.13 1064.24 77.90 229.66 5.57
7 10.1 8.19 1077.14 46.57 171.50 7.79
8 10.1 8.19 1080.24 8.90 79.94 17.37
9 10.1 7.69 825.86 -35.60 -29.32 34.94
10 10.6 8.25 899.32 -87.80 -178.29 5.90
11 12.3 9.94 1111.56 -149.20 -335.40 3.72
12 16.1 12.75 1465.83 -221.57 -517.96 3.11
13 19.1 16.75 1970.46 -306.83 -698.68 3.09
14 27.0 24.63 2989.85 -407.64 -876.00 3.82
15 18.3 15.94 1912.75 -357.89 -759.20 2.65
16 13.6 11.19 1304.40 -300.25 -625.79 2.08
17 12.0 9.63 1103.37 -234.07 -482.23 2.34
18 12.0 9.63 1101.62 -147.08 -303.29 4.08
19 12.0 9.63 1100.82 -70.81 -148.66 8.98
20 12.0 9.63 1100.85 0.00 0.00 N/A
Controlling 2.08

|g=0.85bfc= 66

oM, = % {g(gzﬁfd)z ~ Nug,d by~

(g¢d~N,—AF)

—
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ENGINEERS DESCRIPTION 28x10 Arch
184 Court Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY 5 oare Pe——

(607) 231-6600 Fax 231-6650

CHECKED BY DATE

LRFR LOAD RATING -6 Axle Case 2

Elmt As (prov'd)| Vitotal Vdl only VIl only oVn 1.35
Nmbr | thk (in) d (in) (in / ft) (kip/ft) (Kip/ft) (kip/ft) (kip/ft) OPR
1 10.0 8.125 2.38 0.04 0.00 0.04 19.77 682.2
2 10.0 8.125 2.38 0.15 0.42 0.57 19.76 44.1
3 10.0 8.125 2.38 0.07 0.84 0.77 19.74 31.89
4 10.0 8.125 2.38 1.24 1.26 0.01 19.71 1634
5 10.0 8.125 2.38 3.19 1.68 1.51 19.71 15.48
6 10.0 8.125 2.38 5.46 2.12 3.34 19.76 6.841
7 10.1 8.188 2.38 8.16 2.57 5.59 20.08 4.061
8 10.1 8.188 2.38 10.56 3.07 7.49 31.57 4.931
9 10.1 7.688 1.80 13.24 3.61 9.64 29.86 3.531
10 10.6 8.250 1.80 15.66 4.24 11.42 25.82 2.449
11 12.3 9.938 1.80 17.67 4.99 12.68 21.54 1.692
12 15.1 12.750 1.80 19.44 5.88 13.56 22.10 1.551
13 19.1 16.750 1.80 20.30 6.94 13.36 25.32 1.783
14 27.0 24.625 1.80 3.75 1.78 1.97 31.18 19.37
15 18.3 15.938 1.80 14.23 4.27 9.95 24.04 2.575
16 13.6 11.188 1.80 15.94 4.92 11.02 20.54 1.837
17 12.0 9.625 1.80 16.17 5.19 10.98 19.51 1.69
18 12.0 9.625 1.80 14.63 4.81 9.82 19.98 2.002
19 12.0 9.625 1.80 13.26 4.33 8.93 32.72 4.12
20 12.0 9.625 1.80 12.59 4.01 8.58 39.15 5.31
_ _ controling: 1.551
F=08+ 8 <is| |p cie M | oA com
d " 24 * thk ¢bd
BV, = $0.0316bdF,, \[f'c(1.1+ 63p)(£;’:ij T F, = 11(2 *‘iad)

Shear Resistance Without Stirrups ~ AASHTO 12.10.4.2.5
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/ DEI I A J0B 2014.059.004
A DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEET NO OF SCALE
www.deltaengineers.com
Phone: (607) 231-6600 CALCULATED BY YL DATE 11/25/2014

Fax: (607) 231-6650
CHECKED BY DATE

LRFR LOAD RATING -3 Axle Case 1

Technical Data & Load Factors

Culvert Span (S) =| 28.00 ft.
Crown Radius (Rad) = 33.82 ft.

‘Bar Cover
Outside Face (Covyy) =| 2.00in

Inside Face (Cov;,) =| 1.50in

Design Section Length (b) = 12 in
Compressive Strength (f;) =| 6.5 ksi
| Yield Strength (f,) =| 60 ksi
Stirrup Yield Strength (fysyr) =| 60 ksi

Circumferential Reinforcement Spa. (spa.) =| 4.00in [ ] | | [ |
Circumferential Reinforcement Provided (n) = 1 (n=1 for 1 layer, n=2 for multiple layers) AASHTO
! . Reinforcement Type (Type) = 3 AASHTOTable = 1210424d
1 - smooth wire or plain bar S 1210.4.4d-1

2 - WWF (8" max spa. Smooth) _
'3 - WWF (deformed) or bar (deformed) |

Resistance Factors:

¢f - Flexure =[ 1.00 _

¢r - Radial Tension =| 0.90 /AASHTO Table 12.5.5-1

¢v - Diag Tension =[ 0.90

' Radial Tension Process (Fp)=| 1.00
| Diag Tension Process (F,;) =| 1.00 .AASHT_O 12.10_.4.2.3

_Load Factors: _
_ IR OR
_ LL Factor 1.35 |
7,DC (component)| 1.31 (1.25%1.05 = 1.3125)

YoEH (hor. At rest earth pressure)| 0.86 |  (0.9/1.05 = 0.857)
vEV| 137 |  (1.31.05=1.365)
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DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

2014.059.004

Chk: RJA
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2014.059.004

OF

YL

28x10 Arch
SCALE
DATE

DATE

11/25/2014

LRFR LOAD RATING -3 Axle Case 1

Total Fac.

Node Factored DC+EH+EV Factored LL _

Number || Nu (k/ft) || Nup (k/ft) | Mup (in-k/ft) | Vup (k/ft) || Nuy (k/ft) | +Mug (in-k/ft) | Vuy (ki) || Thick (in)
1 -13.65 -7.35 148.20 0.00 -6.30 364.38 0.23 10
2 -13.85 -7.40 145.37 0.42 -6.46 348.59 2.58 10
3 -14.52 -7.47 136.94 0.84 -7.05 295.12 4.80 10
4 -156.51 -7.59 122.94 1.26 -7.91 219.96 5.97 10
5 -16.20 -7.78 103.28 1.68 -8.43 135.14 6.26 10
6 -16.64 -8.03 77.90 2.12 -8.61 52.18 5.84 10
7 -17.07 -8.356 46.57 2.57 -8.72 -21.25 5.33 10.063
8 -17.59 -8.71 8.90 3.07 -8.87 -90.66 4.99 10.063
9 -18.15 -9.13 -35.60 3.61 -9.02 -154.89 4.65 10.063
10 -18.79 -9.60 -87.80 4.24 -9.20 -215.22 4.37 10.625
11 -19.53 -10.09 -149.20 4.99 -9.44 -272.12 4.13 12.313
12 -20.36 -10.63 -221.57 5.88 -9.74 -325.86 3.91 15.125
13 -21.19 -11.22 -306.83 6.94 -9.98 -377.00 3.75 19.125
14 -22.67 -13.21 -407.64 1.78 -9.46 -426.31 0.86 27
15 -23.61 -15.00 -357.89 4.27 -8.61 -358.50 5.51 18.313
16 -23.25 -15.14 -300.25 4.92 -8.12 -287.77 5.61 13.563
17 -22.94 -15.27 -234.07 5.19 -7.67 -217.40 5.20 12
18 -22.73 -15.50 -147.08 4.81 -7.23 -135.85 4.43 12
19 -22.67 -15.78 -70.81 4.33 -6.89 -66.82 4.00 12
20 -22.77 -16.07 0.00 4.01 -6.69 - 0.00 3.87 12

‘note all shear values normalized to positive
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2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

Node P As'in (prov'd) | As'out (prov'd)
Number thk (in) d (in) (in? / ft) (in?/ ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 7.69 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 0.60 1.80
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2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -3 Axle Case 1

Node As (prov'd)| Total Fac. Phi Mn

Number thk (in) d (in) (in® / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -13.65 1042.53
2 10.0 8.13 2.38 -13.85 1043.07
3 10.0 8.13 2.38 -14.52 1044.82
4 10.0 8.13 2.38 -15.51 1047.41
5 10.0 8.13 2.38 -16.20 1049.23
6 10.0 8.13 2.38 -16.64 1050.37
7 10.1 8.19 2.38 -17.07 1061.00
8 10.1 7.69 0.90 -17.59 464.99
9 10.1 7.69 1.80 -18.15 801.61
10 10.6 8.25 1.80 -18.79 869.60
11 12.3 9.94 1.80 -19.53 1070.87
12 15.1 12.75 1.80 -20.36 1406.73
13 19.1 16.75 1.80 -21.19 1885.80
14 27.0 24.63 1.80 -22.67 2836.80
15 18.3 15.94 1.80 -23.61 1806.88
16 13.6 11.19 1.80 -23.25 1236.08
17 12.0 9.63 1.80 -22.94 1047.86
18 12.0 9.63 1.80 -22.73 1047.00
19 12.0 9.63 1.80 -22.67 1046.74
20 12.0 9.63 1.80 -22.77 1047.14

AASHTO 12.10.4.2.4a
g=0.85bfc= 66

oM, = %{g@fd)z - Nuopd~py BT AT }

g




2014.059.004 Chk: RJA
Page 88 of 304

JoB 2014.059.004
/r‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEET NO, - RO
wm::::gg;;’izn;:?éggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -3 Axle Case 1
Node Phi Mn Operating |
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy (in-k/ft) Rating
1 10.0 8.13 1042.53 148.20 364.38 3.18
2 10.0 8.13 1043.07 145.37 348.59 3.34
3 10.0 8.13 1044.82 136.94 295.12 3.99
4 10.0 8.13 1047.41 122.94 219.96 5.45
5 10.0 8.13 1049.23 103.28 135.14 9.07
6 10.0 8.13 1050.37 77.90 52.18 24.16
7 10.1 8.19 1061.00 46.57 -21.25 67.58
8 10.1 7.69 464.99 8.90 -90.66 6.78
9 10.1 7.69 801.61 -35.60 -154.89 6.41
10 10.6 8.25 869.60 -87.80 -215.22 4.71
11 12.3 9.94 1070.87 -149.20 -272.12 4.39
12 15.1 12.75 1406.73 -221.57 -325.86 4.71
13 19.1 16.75 1885.80 -306.83 -377.00 5.43
14 27.0 24.63 2836.80 -407.64 -426.31 7.39
15 18.3 15.94 1806.88 -357.89 -358.50 5.24
16 13.6 11.19 1236.08 -300.25 -287.77 4.22
17 12.0 9.63 1047.86 -234.07 -217.40 4.85
18 12.0 9.63 1047.00 -147.08 -135.85 8.59
19 12.0 9.63 1046.74 -70.81 -66.82 18.93
20 12.0 9.63 1047.14 0.00 0.00 N/A
Controlling 3.18

g=0.85bfc= 66

oM, = %[g(@d)z — Nug,d )

(g4 d—N,—AF)

-
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f‘ ENQGINEERS DESCRIPTION 28x10 Arch
184 Court Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650 CHECKED BY —
LRFR LOAD RATING -3 Axle Case 1
Eimt As (prov'd)| Vtotal Vd! only Vil only oVn 1.35
Nmbr | thk (in) d (in) (in® / ft) (kip/ft) {kip/ft) (kip/ft) (kip/ft) OPR
1 10.0 8.125 2.38 0.23 0.00 0.23 19.12 108
2 10.0 8.125 2.38 3.00 0.42 2.58 19.14 9.39
3 10.0 8.125 2.38 5.64 0.84 4.80 19.19 4.956
4 10.0 8.125 2.38 7.23 1.26 5.97 19.26 3.911
5 10.0 8.125 2.38 7.94 1.68 6.26 19.32 3.651
6 10.0 8.125 2.38 7.95 2.12 5.84 27.81 5.707
7 10.1 8.188 2.38 7.91 2.57 5.33 31.57 7.051
8 10.1 7.688 0.90 8.05 3.07 4.99 25.50 5.831
9 10.1 7.688 1.80 8.26 3.61 4.65 18.76 4.224
10 10.6 8.250 1.80 8.61 4.24 4.37 17.58 3.952
11 12.3 9.938 1.80 9.12 4.99 4.13 18.66 4.291
12 15.1 12.750 1.80 9.80 5.88 3.91 20.67 4.899
13 19.1 16.750 1.80 10.69 6.94 3.75 23.82 5.835
14 27.0 24.625 1.80 0.92 1.78 0.86 30.57 43.42
15 18.3 15.938 1.80 9.79 4.27 5.51 23.29 4.472
16 13.6 11.188 1.80 10.54 4.92 5.61 19.71 3.416
17 12.0 9.625 1.80 10.39 5.19 5.20 18.66 3.356
18 12.0 9.625 1.80 9.24 4.81 4.43 19.18 4.202
19 12.0 9.625 1.80 8.33 4.33 4.00 31.32 8.747
20 12.0 9.625 1.80 7.88 4.01 3.87 39.15 11.77
| | controling: 3.356
|7, =08+ 813 |p cpe M | oA conm
d ! 24 * thk ¢bd
¢Vn=¢0.0316bdva\/ﬁ(1.1+63p)(F;F"j | FC=1i(2*‘iadj i

‘Shear Resistance Without Stirrups ~ AASHTO 12.10.4.2.5
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DESCRIPTION 28x10 Arch

SHEET NO OF SCALE

CALCULATED BY YL DATE 11/25/2014
CHECKED BY DATE

LRFR LOAD RATING -3 Axle Case 2

.Te(_:hnica_l Data & Load Factors

Culvert Span (S) =

28.00 ft.

Crown Radius (Rad) =

33.82 ft.

‘Bar Cover

Outside Face (Covm.,t) =

2.00in

Inside Face (Cov;,) =

1.50in

Design Section Length (b) =

12in

Compressive Strength (f,) =

6.5 ksi

Yield Strength (f,) =

60 ksi

Stirrup Yield Strength (f,s,) =

60 ksi

Circumferential Reinforcement Spa. (spa.) =

4.00 in

Circumferential Reinforcement Provided (n) =

Reinforcement Type (Type) =

|1 - smooth wire or plain bar
2 - WWF (8" max spa. Smaoth)
'3 - WWF (deformed) or bar (deformed)

Resistance Factors:
¢f - Flexure =| 1.00

(n=1 for 1 layer, n=2 for multiple layers) AASHTO
/AASHTO Table . 12.10.4.2.4d
112.10.4.4d-1

¢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,,) =[ 1.00 AASHTO 12.10.4.2.3

| Load Factors:

IR OR

LL Factor 1.35

¥pDC (component)| 1.31 _(1.25*1.05 =1.3125)
YoEH (hor. At rest earth pressure)| 0.86 (0.9/1.05 = 0.857)
YoEV| 1.37 (1.3*1.05 = 1.365) .




Chk: RJA

Page 91 of 304

2014.059.004

uoIssaidwod a1eslpul 1sniy) -, 810N

0002l £8°G- 000 9G'ElL- ¥8'6- 000 ¥9'62- L0~ 000 /0°9L- 0z
000721 €0'9- 2,001~ 6.°€L- /E0L- €G'LLL- 16'62- €€ - 18°0.- 8/°GL- 6l
0002l G9'9- L6°¥0Z- 9l yl- or'LL- 00°25€E- 99'6¢- 18- 80'L¥L- 0G'GlL- 8l
0002l GG'/- 0/'9Z¢- G9'vL- ¥.CL- 11°09G- 26°62- 6L°G- 10'¥EC- 1ZS)- Ll
€9G°El 99'/- GE'9ZY- 6l °GL- 65 CL- 09'92/- €€'0¢- z6'P- GZ'00€- L'GlL- 9l
£Le'8l 66O Ov'615- Z8'GlL- ZTLL- 82'//8- Z8°0¢- 1TV 68 /GE- 00'GlL- Gl
0002 el 06°009- GE'GL- L6 G800}~ 9G°'8¢- 8Ll ¥9'L0¥- LZEL- i
GZL'61 G6'8 09°€8t- 62 vL- 689Gl £¥'06./- LG'Ge- ¥6°'9 £8°90€- 2T LL- el
GZL'SL 8Z'6 8L'19¢- GL'EL- 9 Gl ¥, 28G- 1EVC- 889G 16122 €9°0L- Zl
€LeClL GG'6 L6 ¥EC- YT 'EL- ¥G P L ¥8¢- £e'eC- 66'% 0Z 6¥7L- 60°0L- m
G290l 9/'8 ¥Z'S0L- 1EL- 00°EL ¥0'E€61- 16'L2- vZ'v 08'/8- 09'6- 0l
€900l (3 1T 0- erLL- G6°0L 18°GE- 16°02- 19°€ 09°G¢E- €16 6
£90°01 er'S 2516 8€0L- 6178 Zy'00L 0L'6L- 10°€ 068 LL'g- 8
€900l €6C €L'ShL 8€'6- 0S'G 0L'16L Tl L)L~ 16T /G 9F GE'8- J]
00001 €0'L 96'69L ZL6- GL'E 98'/¥2 GL'/L- ZLe 06'L. €0°'8- 9
0000l €°0- V.2l £v'6- ve'l 20'9/2 0Z'LL- 89l 8Z'€0l 8.'/- g
00001 26°0- Z8'09L 68'6- vE0 9/'€82 6t LL- 9z'L ¥6'2CL 66 /- 4
00001 GL0- ZL8pL €L 0L- 600 90'68¢ L9'/L- ¥8°0 ¥6'9€1 Ly l- €
0000l 9¢'0- 08'0¥L 8L 0L- 90°0 91982 8G'/1- Zr'0 LE'SYL ov' /- 4
000°0L Z0'0 25'8¢cL 8L '0L- 200 21982 €G'/\- 000 0Z'8¥l GE'/- i

(ur) spou ) nA | us) ny [ (wat) PN ©A) A | (wus) niN [ () NN @A) nA | (wu-) na [ (WAt NN JaquinN
eyl leays JUBSWIO sniyj leays JUSWON sniyj leays JUSWON Isniy | S9PON

paiojoe4 palojoe4 palojoe palojoe4 palojoe4 palojoe4 palojoe4 palojoe4 paiojoe4
771 palojoeq Xe\ peoT |ejo] psalioloe Xe H3+A3I+D(J paiojoe4
Z 3SED 3|XY £- ONILYY AVO1 4447 Alewwng adi04 ubisag
0599-1€£Z (L09) :xed
0099-1£2 (209) :2uoyd
aLva A8 OIHOIHO wos sisaubuae)@pmmm
#10¢/S¢/L L lva A A8 @3LvINd1vo 09.€L AN ‘lIompu3z ‘peoy sodooH p9g

40

UdIv 01x8¢

$00°650°¥1L0C

ON 133HS
NOILdI¥OS3a
aor

SUOAIAYUNS ANV ® ‘SLOTLIHONY ‘SNIINIONT

vI1dd¥Y




L)

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

CALCULATED BY

CHECKED BY

2014.059.004 Chk: RJA

Page 92 of 304

2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -3 Axle Case 2

Node ([ Total Fac. Factored DC+EH+EV Factored LL |
Number || Nu (k/ft) || Nup (k/ft) | Mup (in-k/ft) | Vup (k/At) || Nup (k/ft) | +Muy (in-k/ft) | Vuy (k/ft) || Thick (in)
1 -17.53 -7.35 148.20 0.00 -10.18 138.52 0.02 10
2 -17.58 -7.40 145.37 0.42 -10.18 140.80 0.36 10
3 -17.61 -7.47 136.94 0.84 -10.13 148.12 0.756 10
4 -17.49 -7.59 122.94 1.26 -9.89 160.82 0.92 10
5 -17.20 -7.78 103.28 1.68 -9.43 172.74 0.34 10
6 -17.15 -8.03 77.90 212 -9.12 169.96 1.03 10
7 -17.72 -8.356 46.57 2.57 -9.38 145.13 2.93 10.063
8 -19.10 -8.71 8.90 3.07 -10.38 91.52 5.43 10.063
9 -20.57 -9.13 -35.60 3.61 -11.43 -0.27 7.34 10.063
10 -21.97 -9.60 -87.80 4.24 -12.37 -105.24 8.76 10.625
11 -23.33 -10.09 -149.20 4.99 -13.24 -234.91 9.55 12.313
12 -24.37 -10.63 -221.57 5.88 -13.75 -361.18 9.28 15.125
13 -25.51 -11.22 -306.83 6.94 -14.29 -483.60 8.95 19.126

14 -28.56 -13.21 -407.64 1.78 -16.35 -600.90 1.13 27
15 -30.82 -15.00 -357.89 4.27 -15.82 -519.40 6.95 18.313
16 -30.33 -15.14 -300.25 4.92 -15.19 -426.35 7.66 13.563
17 -29.92 -16.27 -234.07 5.19 -14.65 -326.70 7.556 12
18 -29.66 -15.50 -147.08 4.81 -14.16 -204.91 6.65 12
19 -29.57 -15.78 -70.81 4.33 -13.79 -100.72 6.03 12
20 -29.64 -16.07 0.00 4.01 -13.56 0.00 5.83 12

‘note all shear values normalized to positive |
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2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

Node As'in (prov'd) | As'out (prov'd)
Number thk (in) d (in) (in? / ft) (in® / ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 8.19 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 - 0.60 1.80




4DELTA

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.

CALCULATED BY

CHECKED BY

2014.059.004 Chk: RJA
Page 94 of 304

2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -3 Axle Case 2

Node As (prov'd) | Total Fac. Phi Mn
Number thk (in) d (in) (in? / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -17.53 1052.68
2 10.0 8.13 2.38 -17.58 1052.81
3 10.0 8.13 2.38 -17.61 1052.87
4 10.0 8.13 2.38 -17.49 1052.56
5 10.0 8.13 2.38 -17.20 1051.83
6 10.0 8.13 2.38 -17.15 1051.69
7 10.1 8.19 2.38 -17.72 1062.71
8 10.1 8.19 2.38 -19.10 1066.29
9 10.1 7.69 1.80 -20.57 809.13
10 10.6 8.25 1.80 -21.97 880.33
11 12.3 9.94 1.80 -23.33 1086.86
12 15.1 12.75 1.80 -24.37 1429.18
13 19.1 16.75 1.80 -25.51 1918.49
14 27.0 24.63 1.80 -28.56 2904.45
15 18.3 15.94 1.80 -30.82 1858.19
16 13.6 11.19 1.80 -30.33 1269.70
17 12.0 9.63 1.80 -29.92 1075.56
18 12.0 9.63 1.80 -29.66 1074.55
19 12.0 9.63 1.80 -29.57 1074.19
20 12.0 9.63 1.80 -29.64 1074.45

/AASHTO 12.10.4.2.4a

g=0.85bfc= 66

g

M, = %{g@,d)z _ Nu2g,d -y 84N —AE) }
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JOB 2014.059.004
/r‘ DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEETHNO oF SCALE
W;""“:;‘de":':gg!"fg‘;e_?égg“‘ CALGULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -3 Axle Case 2
Node Phi Mn Operating |
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy, (in-k/ft) Rating
1 10.0 8.13 1052.68 148.20 138.52 8.46
2 10.0 8.13 1052.81 145.37 140.80 8.35
3 10.0 8.13 1052.87 136.94 148.12 8.02
4 10.0 8.13 1052.56 122.94 160.82 7.49
5 10.0 8.13 1051.83 103.28 172.74 7.12
6 10.0 8.13 1051.69 77.90 169.96 7.43
7 10.1 8.19 1062.71 46.57 145.13 9.08
8 10.1 8.19 1066.29 8.90 91.52 14.98
9 10.1 7.69 809.13 -35.60 -0.27 3664.96
10 10.6 8.25 880.33 -87.80 -105.24 9.76
11 12.3 9.94 1086.86 -149.20 -234.91 5.17
12 15.1 12.75 1429.18 -221.57 -361.18 4.33
13 19.1 16.75 1918.49 -306.83 -483.60 4.32
14 27.0 24.63 2904 .45 -407.64 -600.90 5.39
15 18.3 15.94 1858.19 -357.89 -519.40 3.74
16 13.6 11.19 1269.70 -300.25 -426.35 2.95
17 12.0 9.63 1075.56 -234.07 -326.70 3.34
18 12.0 9.63 1074.55 -147.08 -204.91 5.87
19 12.0 9.63 1074.19 -70.81 -100.72 12.91
20 12.0 9.63 1074.45 0.00 0.00 N/A
Controlling 2.95

9=085bfc= 66

|om, %{g(mz ~ Nu24,d—h) -

(g¢,d—N, —AsFy)Z}
g
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/ DELT A JoB 2014.059.004
r‘ ENGINEERS DESCRIPTION 28x10 Arch
184 COUTt Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650
CHECKED BY DATE

LRFR LOAD RATING -3 Axle Case 2 |

Elmt As (prov'd)| Vtotal Vdl only VIl only oVn 1.35
Nmbr | thk (in) d (in) (in® / ft) (Kip/ft) (kip/ft) (Kip/ft) (Kip/ft) OPR
1 10.0 8.125 2.38 0.02 0.00 0.02 19.42 1436
2 10.0 8.125 2.38 0.06 0.42 0.36 19.42 68.74
3 10.0 8.125 2.38 0.09 0.84 0.75 19.42 32.23
4 10.0 8.125 2.38 0.34 1.26 0.92 19.41 25.61
5 10.0 8.125 2.38 1.34 1.68 0.34 19.39 67.41
6 10.0 8.125 2.38 3.15 2.12 1.03 19.39 21.73
7 10.1 8.188 2.38 5.50 2.57 2.93 19.45 7.474
8 10.1 8.188 2.38 8.49 3.07 5.43 31.57 6.81
9 10.1 7.688 1.80 10.95 3.61 7.34 29.86 4.634
10 10.6 8.250 1.80 13.00 4.24 8.76 27.75 3.481
11 12.3 9.938 1.80 14.54 4.99 9.55 21.72 2.271
12 15.1 12.750 1.80 15.16 5.88 9.28 21.56 2.19
13 19.1 16.750 1.80 15.89 6.94 8.95 24.88 2.599
14 27.0 24.625 1.80 2.91 1.78 1.13 30.84 33.25
15 18.3 15.938 1.80 11.22 4.27 6.95 23.65 3.617
16 13.6 11.188 1.80 12.59 4.92 7.66 20.11 2.569
17 12.0 9.625 1.80 12.74 5.19 7.55 19.08 2.384
18 12.0 9.625 1.80 11.46 4.81 6.65 19.64 2.89
19 12.0 9.625 1.80 10.37 4.33 6.03 32.20 5.988
20 12.0 9.625 1.80 9.84 4.01 5.83 39.15 7.814

controling: 2.19
.Fd=08+E31.3 LR =1+ N, 1p= 4, <0.02
d i 24 * thk gbd
@V, = $0.0316bdF,, \[f'c(l.1+ 63,0{1:}’:1:” J F, = 11(2*‘iadJ

‘Shear Resistance Without Stirrups

'AASHTO 12.10.4.2.5
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Jos 2014.059.004

DESCRIPTION 28x10 Arch

SHEET NO OF SCALE

CALCULATED BY YL DATE 11/25/2014
CHECKED BY DATE

LRFR LOAD RATING -4 Axle Case 1

Techni_cal Data & Load Factors

Culvert Span (S) =

28.00 ft.

Crown Radius (Rad) =

33.82 ft.

‘Bar Cover |

Outside Face (Cov,y) =

2.00in

Inside Face (Covy,) =

1.50 in

Design Section Length (b) =

12 in

Compressive Strength (f;) =

6.5 ksi

Yield Strength (f,) =

60 ksi

Stirrup Yield Strength (fyei) =

60 ksi

Circumferential Reinforcement Spa. (spa.) =

4.00in

Circumferential Reinforcement Provided (n) =

Reinforcement Type (Type) =

1 - smooth wire or plain bar
2 - WWF (8" max spa. Smooth) |
'3 - WWF (deformed) or bar (deformed) |

Resistance Factors:
¢of - Flexure =| 1.00

(n=1 for 1 layer, n=2 for multiple layers)  AASHTO
/AASHTO Table [ | - 12.10.4.2.4d
12.10.4.4d-1

¢r - Radial Tension = 0.90 /AASHTO Table 12.5.5-1

_ ¢v - Diag Tension =| 0.90
Radial Tension Process (F,,) =| 1.00

Diag Ten_sion_ Process (F,p) = 1.00 _AASHTO 12.10.4.2.3

Load Factors:

IR OR

LL Factor 1.35

¥,DC (component)| 1.31 (1.25*1.05 = 1.3125)
YoEH (hor. At rest earth pressure)| 0.86 (0.9/1.05 = 0.857)
YoEV| 1.37 (1.3*1.05 = 1.365) _
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JoB 2014.059.004
" DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 ELESFD o RCACs
www.deltaengineers.com
11/25/2014
Phone: (607) 231-6600 CALCULATED BY YL DATE 5/20
Fax: (607) 231-6650 CHECKED BY DATE

LRFR LOAD RATING -4 Axle Case 1

Node | Total Fac. Factored DC+EH+EV Factored LL _
Number | Nu (k/ft) || Nup (k/ft) | Mup (in-k/ft) | Vup (k/ft) || Nup (k/ft) | +Muy (in-k/ft) | Vuy (k/ft) || Thick (in)
1 -16.48 -7.35 148.20 0.00 -9.13 364.62 0.03 10
2 -16.65 -7.40 145.37 0.42 -9.25 351.74 1.95 10
3 -17.11 -7.47 136.94 0.84 -9.64 312.48 3.36 10
4 -17.85 -7.59 122.94 1.26 -10.25 261.66 4.05 10
5 -18.50 -7.78 103.28 1.68 -10.72 203.90 4.85 10
6 -19.26 -8.03 77.90 2.12 -11.23 131.65 5.95 10
7 -20.29 -8.35 46.57 2.57 -11.95 44.53 6.95 10.063
8 -21.38 -8.71 8.90 3.07 -12.67 -54.67 7.74 10.063
9 -22.24 -9.13 -35.60 3.61 -13.11 -162.97 7.78 10.063
10 -22.96 -9.60 -87.80 4.24 -13.37 -263.25 7.31 10.625
11 -23.80 -10.09 -149.20 4.99 -13.71 -358.87 6.95 12.313
12 -24.74 -10.63 -221.57 5.88 -14.11 -449.60 6.60 15.125
13 -25.73 -11.22 -306.83 6.94 -14.51 -535.87 6.32 19.126
14 -27.40 -13.21 -407.64 1.78 -14.18 -618.94 0.65 27
156 -28.32 -15.00 -357.89 4.27 -13.32 -524.77 7.73 18.313
16 -27.76 -15.14 -300.25 4.92 -12.62 -424.74 8.01 13.563
17 -27.27 -15.27 -234.07 5.19 -12.00 -323.26 7.60 12
18 -26.93 -15.50 -147.08 4.81 -11.43 -202.36 6.59 12
19 -26.79 -15.78 -70.81 4.33 -11.01 -99.32 5.96 12
20 -26.85 -16.07 0.00 4.01 -10.77 0.00 5.74 12

‘note all shear values normalized to positive
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J0B 2014.059.004
/r‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEETHNO oF SCALE
m'nd;l::g:";’izn;??éggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
Node As'in (prov'd) | As'out (prov'd)
Number | thk (in) d (in) (in? / ft) (in? / ft)

1 10.0 8.13 2.38 0.90

2 10.0 8.13 2.38 0.90

3 10.0 8.13 2.38 0.90

4 10.0 8.13 2.38 0.90

5 10.0 8.13 2.38 0.90

6 10.0 8.13 2.38 0.90

7 10.1 8.19 2.38 0.90

8 10.1 7.69 2.38 0.90

9 10.1 7.69 1.32 1.80

10 10.6 8.25 1.32 1.80

11 12.3 9.94 1.32 1.80

12 15.1 12.75 1.32 1.80

13 19.1 16.75 1.32 1.80

14 27.0 24.63 1.32 1.80

15 18.3 15.94 1.32 1.80

16 13.6 11.19 1.32 1.80

17 12.0 9.63 1.32 1.80

18 12.0 9.63 0.60 1.80

19 12.0 9.63 0.60 1.80

20 12.0 9.63 0.60 1.80
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28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

LRFR LOAD RATING -4 Axle Case 1

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in2 / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -16.48 1049.95
2 10.0 8.13 2.38 -16.65 1050.39
3 10.0 8.13 2.38 -17.11 1051.58
4 10.0 8.13 2.38 -17.85 1053.49
5 10.0 8.13 2.38 -18.50 1055.17
6 10.0 8.13 2.38 -19.26 1057.13
7 10.1 8.19 2.38 -20.29 1069.37
8 10.1 7.69 0.90 -21.38 479.88
9 10.1 7.69 1.80 -22.24 814.30
10 10.6 8.25 1.80 -22.96 883.65
11 12.3 9.94 1.80 -23.80 1088.84
12 15.1 12.75 1.80 -24.74 1431.19
13 19.1 16.75 1.80 -25.73 1920.14
14 27.0 24.63 1.80 -27.40 2891.10
15 18.3 15.94 1.80 -28.32 1840.49
16 13.6 11.19 1.80 -27.76 1257.56
17 12.0 9.63 1.80 -27.27 1065.14
18 12.0 9.63 1.80 -26.93 1063.78
19 12.0 9.63 1.80 -26.79 1063.20
20 12.0 9.63 1.80 -26.85 1063.45

'AASHTO 12.10.4.2.4a

g=085bfc= 66

M, =§[g(¢fd)2 Vg, d - EUT T AT }

g
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Jos 2014.059.004
/f‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Er)dwell, NY 13760 SHEETNO. oF SCALE
w:"lv:'nd;l:zg;)g'zn; :_;ss'ggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -4 Axle Case 1
Node Phi Mn Operating
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy (in-k/ft) Rating
1 10.0 8.13 1049.95 148.20 364.62 3.21
2 10.0 8.13 1050.39 145.37 351.74 3.34
3 10.0 8.13 1051.58 136.94 312.48 3.79
4 10.0 8.13 1053.49 122.94 261.66 4.61
5 10.0 8.13 1055.17 103.28 203.90 6.05
6 10.0 8.13 1057.13 77.90 131.65 9.64
7 10.1 8.19 1069.37 46.57 44.53 29.77
8 10.1 7.69 "~ 479.88 8.90 -54.67 11.59
9 10.1 7.69 814.30 -35.60 -162.97 6.19
10 10.6 8.25 883.65 -87.80 -263.25 3.92
11 12.3 9.94 1088.84 -149.20 -358.87 3.39
12 15.1 12.75 1431.19 -221.57 -449.60 3.49
13 19.1 16.75 1920.14 -306.83 -535.87 3.90
14 27.0 24.63 2891.10 -407.64 -618.94 5.20
15 18.3 15.94 1840.49 -357.89 -524.77 3.66
16 13.6 11.19 1257.56 -300.25 -424.74 2.92
17 12.0 9.63 1065.14 -234.07 -323.26 3.33
18 12.0 9.63 1063.78 -147.08 -202.36 5.87
19 12.0 9.63 1063.20 -70.81 -99.32 12.95
20 12.0 9.63 1063.45 0.00 0.00 N/A
Controlling 2.92

g=0.85bfc= 66

|om, =§{g<¢fd)2 ~ Nu2g,d~ 1)~

(g¢fd_Nu _ASFV)Z

)
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ENGINEERS DESCRIPTION 28x10 Arch
184 Court Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650 T are
LRFR LOAD RATING -4 Axle Case 1
Eimt As (prov'd)| Vtotal Vdl only VIl only oVn 1.35
Nmbr | thk (in) d (in) (in? / ft) (kip/ft) (Kip/ft) (kip/ft) (kip/ft) OPR
1 10.0 8.125 2.38 0.02 0.00 0.03 19.34 953.7
2 10.0 8.125 2.38 2.36 0.42 1.95 19.35 12.62
3 10.0 8.125 2.38 4.20 0.84 3.36 19.38 7.152
4 10.0 8.125 2.38 5.31 1.26 4.05 19.44 5.818
5 10.0 8.125 2.38 6.53 1.68 4.85 19.49 4.758
6 10.0 8.125 2.38 8.06 2.12 5.95 19.80 3.853
7 10.1 8.188 2.38 9.53 2.57 6.95 31.57 5.406
8 10.1 7.688 0.90 10.81 3.07 7.74 29.86 4.485
9 10.1 7.688 1.80 11.39 3.61 7.78 23.54 3.32
10 10.6 8.250 1.80 11.55 4.24 7.31 17.84 2.412
11 12.3 9.938 1.80 11.95 4.99 6.95 18.91 2.594
12 15.1 12.750 1.80 12.49 5.88 6.60 20.91 2.949
13 19.1 16.750 1.80 13.26 6.94 6.32 24.04 3.508
14 27.0 24.625 1.80 1.13 1.78 0.65 30.79 57.92
15 18.3 15.938 1.80 12.00 4.27 7.73 23.53 3.23
16 13.6 11.188 1.80 12.94 4.92 8.01 19.97 2.433
17 12.0 9.625 1.80 12.79 5.19 7.60 18.92 2.342
18 12.0 9.625 1.80 11.40 4.81 6.59 19.36 2.861
19 12.0 9.625 1.80 10.29 4.33 5.96 31.52 5.914
20 12.0 9.625 1.80 9.75 4.01 5.74 39.15 7.936
_ controling: 2.342
7, =08+ 8 <13 g cpp Mo | |, A 200
d * 24 * thk gbd
¢V,,=¢O.0316bdva\/ch(1.1+63p{F}’TFnj :li(z*iad]

‘Shear Resistance Without Stirrups

/AASHTO 12.10.4.2.5
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Jos 2014.059.004

DESCRIPTION 28x10 Arch

SHEET NO OF SCALE

CALCULATED BY YL DATE 11/25/2014
CHECKED BY DATE

LRFR LOAD RATING -4 Axle Case 2

Technical Data & Load Factors_

| Culvert Span (S) =
| Crown Radius (Rad) =

Bar Cover
Outside Face (Covgy) =

Inside Face (Cov,,) =
Design Section Length (b) =
Compressive Strength () =
Yield Strength (f,) =
Stirrup Yield Strength (f,s) =
Circumferential Reinforcement Spa. (spa.) =
Circumferential Reinforcement Provided (n) =
_ Reinforcement Type (Type) =
1 - smooth wire or plain bar _
2 - WWF (8" max spa. Smooth)

'3 - WWF (deformed) or bar (deformed)

Resistance Factors:
of - Flexure =] 1.00
¢r - Radial Tension =| 0.90
¢v - Diag Tension =| 0.90
Radial Tension Process (F,,) = 1.00

Diag Tension Process (F,,) =| 1.00

| Load Factors:

28.00 ft.

33.82 ft.

2.00in

1.50in

12 in

6.5 ksi

60 ksi

60 ksi

4.00in

(n=1 for 1 layer, n=2 for multiple layers) AASHTO
AASHTOTable @ 12.104.24d
12.10.4.4d-1

/AASHTO Table 12.5.5-1

AASHTO 12.10.4.2.3

IR OR

LL Factor 1.

35

| ¥,DC (component)| 1.31
YpEH (hor. At rest earth pressure)| 0.86
YoEV| 1.37

(1.25*1.05 = 1.3125)
(0.9/1.05 = 0.857)
(1.3"1.05 = 1.369)
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JoB

DESCRIPTION

SHEET NO

CALCULATED BY

CHECKED BY

2014.059.004

OF

YL

Chk: RJA

Page 106 of 304
2014.059.004

28x10 Arch
SCALE
DATE

DATE

11/25/2014

LRFR LOAD RATING -4 Axle Case 2

Total Fac.

Node 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)
1 -19.14 -7.35 148.20 0.00 -11.79 193.49 0.03 10
2 -19.08 -7.40 145.37 0.42 -11.68 196.82 0.47 10
3 -18.92 -7.47 136.94 0.84 -11.45 206.06 0.65 10
4 -18.66 -7.59 122.94 1.26 -11.07 214.18 0.06 10
5 -18.70 -7.78 103.28 1.68 -10.93 207.60 1.18 10
6 -19.25 -8.03 77.90 2.12 -11.22 182.59 2.66 10
7 -20.32 -8.35 46.57 2.57 -11.98 136.27 4.42 10.063
8 -21.37 -8.71 8.90 3.07 -12.66 64.05 5.96 10.063
9 -22.60 -9.13 -35.60 3.61 -13.47 -23.31 7.64 10.063
10 -24.00 -9.60 -87.80 4.24 -14.41 -140.68 9.04 10.625
11 -25.37 -10.09 -149.20 4.99 -15.28 -265.57 10.02 12.313
12 -26.84 -10.63 -221.57 5.88 -16.22 -409.19 10.67 15.125
13 -28.14 -11.22 -306.83 6.94 -16.93 -551.62 10.55 19.125
14 -31.41 -13.21 -407.64 1.78 -18.20 -691.87 1.53 27
15 -33.74 -15.00 -357.89 4.27 -18.75 -598.72 7.94 18.313
16 -33.15 -15.14 -300.25 4.92 -18.01 -492.31 8.78 13.563
17 -32.64 -156.27 -234.07 5.19 -17.36 -378.06 8.69 12
18 -32.30 -15.50 -147.08 4.81 -16.79 -237.35 7.70 12
19 -32.16 -15.78 -70.81 4.33 -16.38 -116.55 6.99 12
20 -32.20 -16.07 0.00 4.01 -16.13 0.00 6.74 12

‘note all shear values normalized to positive |
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2014.059.004
28x10 Arch
OF SCALE
YL DATE 11/25/2014

DATE

Node As'in (prov'd) | As'out (prov'd)
Number | thk (in) d (in) (in® / ft) (in®/ ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 8.19 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 .63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 0.60 1.80
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28x10 Arch
OF SCALE
YL DATE 11/25/12014

DATE

LRFR LOAD RATING -4 Axle Case 2

Node As (prov'd) | Total Fac. Phi Mn
Number thk (in) d (in) (in? / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -19.14 1056.82
2 10.0 8.13 2.38 -19.08 1056.65
3 10.0 8.13 2.38 -18.92 1056.24
4 10.0 8.13 2.38 -18.66 1055.59
5 10.0 8.13 2.38 -18.70 1055.70
6 10.0 8.13 2.38 -19.25 1057.09
7 10.1 8.19 2.38 -20.32 1069.45
8 10.1 8.19 2.38 -21.37 1072.15
9 10.1 7.69 1.80 -22.60 815.40
10 10.6 8.25 1.80 -24.00 887.11
11 12.3 9.94 1.80 -25.37 1095.35
12 15.1 12.75 1.80 -26.84 1442.88
13 19.1 16.75 1.80 -28.14 1938.35
14 27.0 24.63 1.80 -31.41 2936.95
15 18.3 15.94 1.80 -33.74 1878.76
16 13.6 11.19 1.80 -33.15 1282.87
17 12.0 9.63 1.80 -32.64 1086.15
18 12.0 9.63 1.80 -32.30 1084.84
19 12.0 9.63 1.80 -32.16 1084.29
20 12.0 9.63 1.80 -32.20 1084.48

'AASHTO 12.10.4.2.4a

g=085bfc= 66

M, = %[g(cbfd)z — Nu(2¢,d —h)— (8¢ d—N, = ALY }

g
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J0B 2014.059.004
/f‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEETNO OF SCALE
w;:’:‘:;'::;;? :l;:;séggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -4 Axle Case 2
Node Phi Mn Operating
Number | thk(n) | d (i) (inkft) | Mup (ink/ft) | +Muy (in-k/ft Rating
1 10.0 8.13 1056.82 148.20 193.49 6.09
2 10.0 8.13 1056.65 145.37 196.82 6.00
3 10.0 8.13 1056.24 136.94 206.06 5.78
4 10.0 8.13 1055.59 122.94 214.18 5.64
5 10.0 8.13 1055.70 103.28 207.60 5.95
6 10.0 8.13 1057.09 77.90 182.59 6.95
7 10.1 8.19 1069.45 46.57 136.27 9.73
8 10.1 8.19 1072.15 8.90 64.05 21.52
9 10.1 7.69 815.40 -35.60 -23.31 43.37
10 10.6 8.25 887.11 -87.80 -140.68 7.37
11 12.3 9.94 1095.35 -149.20 -265.57 4.62
12 15.1 12.75 1442.88 -221.57 -409.19 3.87
13 19.1 16.75 1938.35 -306.83 -551.62 3.83
14 27.0 24.63 2936.95 -407.64 -691.87 4.74
15 18.3 15.94 1878.76 -357.89 -598.72 3.29
16 13.6 11.19 1282.87 -300.25 -492.31 2.59
17 12.0 9.63 1086.15 -234.07 -378.06 2.92
18 12.0 9.63 1084.84 -147.08 -237.35 5.12
19 12.0 9.63 1084.29 -70.81 -116.55 11.27
20 12.0 9.63 1084.48 0.00 0.00 N/A
Controlling 2.59

g=0.85bfc= 66

oM, = %{g@,d)z - NuQg,d— )

(g d—N,—AF)

g

|
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/ DELT A Jo8 2014.059.004
r‘ ENGINEERS DESCRIPTION 28x10 Arch
184 Court Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650
CHECKED BY DATE
LRFR LOAD RATING -4 Axle Case 2
Elmt As (prov'd)| Vtotal Vdl only VIl only oVn 1.35
Nmbr | thk (in) d (in) (in® / ft) (kip/ft) (kip/ft) (kip/ft) (kip/ft) OPR
1 10.0 8.125 2.38 0.03 0.00 0.03 19.54 901.8
2 10.0 8.125 2.38 0.05 0.42 0.47 19.53 52.8
3 10.0 8.125 2.38 0.19 0.84 0.65 19.52 374
4 10.0 8.125 2.38 1.20 1.26 0.06 19.50 413.2
5 10.0 8.125 2.38 2.86 1.68 1.18 19.50 19.6
6 10.0 8.125 2.38 4.78 2.12 2.66 19.55 8.489
7 10.1 8.188 2.38 7.00 2.57 4.42 20.25 5.181
8 10.1 8.188 2.38 9.02 3.07 5.96 31.57 6.205
9 10.1 7.688 1.80 11.25 3.61 7.64 29.86 4.454
10 10.6 8.250 1.80 13.28 4.24 9.04 25.30 3.019
11 12.3 9.938 1.80 15.01 4.99 10.02 21.18 2.094
12 15.1 12.750 1.80 16.56 5.88 10.67 21.86 1.94
13 19.1 16.750 1.80 17.49 6.94 10.55 25.28 2.253
14 27.0 24.625 1.80 3.31 1.78 1.53 30.97 24.8
15 18.3 15.938 1.80 12.21 4.27 7.94 23.80 3.187
16 13.6 11.188 1.80 13.70 4.92 8.78 20.27 2.267
17 12.0 9.625 1.80 13.88 5.19 8.69 19.24 2.096
18 12.0 9.625 1.80 12.51 4.81 7.70 19.79 2.522
19 12.0 9.625 1.80 11.32 4.33 6.99 32.44 5.214
20 12.0 9.625 1.80 10.75 4.01 6.74 39.15 6.76
controling: 1.94
IF, =08+18<13 e N |y Ao
d " 24 * thk Pbd
oV, = ¢0.0316bdvam(1.1+63p{%J F, :li(2*iad) |

‘Shear Resistance Without Stirrups

|AASHTO 12.10.4.2.5
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MADELTA -
‘ DESCRIPTION 28x10 Arch

ENGINEERS, ARCHITECTS, & LAND SURVEYORS

860 Hooper Road, Endwell, NY 13760 SHEET NO. OF SCALE
www.deltaengineers.com
Phone: (607) 231-6600 CALCULATED BY YL DATE 11/25/2014

Fax: (607) 231-6650
CHECKED BY DATE

LRFR LOAD RATING -5 Axle Case 1

'Technical Data & Load Factors

. Culvert Span (S) =| 28.00 ft.
. Crown Radius (Rad) =| 33.82 ft.

Bar Cover
Outside Face (Cov,) =| 2.00in

Inside Face (Cov;;) =| 1.50in

Design Section Length (b) = 12 in
Compressive Strength (f;) =| 6.5 ksi
| Yield Strength (f,) =| 60 ksi
. Stirrup Yield Strength (f,ei) =| 60 ksi

f

Circumferential Reinforcement Spa. (spa.) =[ 4.00in

Circumferential Reinforcement Provided (n) = 1 (n=1 for 1 layer, n=2 for multiple layers) AASHTO
Reinforcement Type (Type) = 3 AASHTO Table - 12.10.4.2.4d
1 - smooth wire or plain bar _ 12.10.4.4d-1

|2 - WWF (8" max spa. Smooth)
'3 - WWF (deformed) or bar (deformed)

Resistance Factors:

¢f - Flexure =| 1.00 | [ |

or - 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,,) =| 1.00 _AASHTO 12.10.4.2.3

| Load Factors:

IR OR
LL Factor 1.35 _
7,DC (component)| 1.31 (1.25%1.05 = 1.3125)

1,EH (hor. At rest earth pressure)| 0.86 | (0.9/1.05 = 0.857)
wEV| 137 | (1.3"1.05=1.365)
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OF
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2014.059.004

28x10 Arch
SCALE
DATE

DATE

11/25/2014

LRFR LOAD RATING -5 Axle Case 1

Node Total Fac. Factored DC+EH+EV Factored LL
Number || Nu (k/ft) || Nup (k/ft) | Mup (in-k/ft) | Vup (k/ft) || Nu, (k/ft) [ +Muy (in-k/ft) | Vug (k/ft) || Thick (in)
1 -12.55 -7.35 148.20 0.00 -5.19 250.45 0.11 10
2 -12.74 -7.40 145.37 0.42 -5.34 239.35 1.77 10
3 -13.28 -7.47 136.94 0.84 -5.81 203.10 3.29 10
4 -14.06 -7.59 122.94 1.26 -6.46 151.21 4.1 10
5 -14.62 -7.78 103.28 1.68 -6.84 92.99 4.27 10
6 -15.01 -8.03 77.90 2.12 -6.98 36.69 3.94 10
7 -15.39 -8.35 46.57 2.57 -7.05 -12.59 3.54 10.063
8 -15.86 -8.71 8.90 3.07 -7.15 -58.24 3.27 10.063
9 -16.41 -9.13 -35.60 3.61 -7.28 -100.10 3.10 10.063
10 -17.13 -9.60 -87.80 4.24 -7.53 -141.22 3.18 10.625
11 -17.82 -10.09 -149.20 4.99 -7.73 -185.27 3.38 12.313
12 -18.63 -10.63 -221.57 5.88 -8.01 -231.70 3.74 15.125
13 -19.60 -11.22 -306.83 6.94 -8.38 -285.50 4.08 19.125
14 -21.78 -13.21 -407.64 1.78 -8.57 -341.16 0.06 27
15 -23.42 -15.00 -357.89 4.27 -8.43 -290.60 4.21 18.313
16 -23.20 -15.14 -300.25 4.92 -8.06 -235.43 4.46 13.563
17 -22.99 -16.27 -234.07 5.19 -7.72 -178.36 4.24 12
18 -22.89 -156.50 -147.08 4.81 -7.39 -111.40 3.64 12
19 -22.89 -15.78 -70.81 4.33 -7.11 -54.85 3.28 12
20 -23.00 -16.07 0.00 4.01 -6.93 0.00 3.18 12

‘note all shear values normalized to positive |
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OF SCALE
YL DATE 11/25/2014

DATE

Node As'in (prov'd) [ As'out (prov'd)
Number | thk (in) d (in) (in? / ft) (in® / ft)
1 10.0 8.13 2.38 0.90
2 10.0 8.13 2.38 0.90
3 10.0 8.13 2.38 0.90
4 10.0 8.13 2.38 0.90
5 10.0 8.13 2.38 0.90
6 10.0 8.13 2.38 0.90
7 10.1 8.19 2.38 0.90
8 10.1 7.69 2.38 0.90
9 10.1 7.69 1.32 1.80
10 10.6 8.25 1.32 1.80
11 12.3 9.94 1.32 1.80
12 15.1 12.75 1.32 1.80
13 19.1 16.75 1.32 1.80
14 27.0 24.63 1.32 1.80
15 18.3 15.94 1.32 1.80
16 13.6 11.19 1.32 1.80
17 12.0 9.63 1.32 1.80
18 12.0 9.63 0.60 1.80
19 12.0 9.63 0.60 1.80
20 12.0 9.63 0.60 1.80
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OF SCALE
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DATE

LRFR LOAD RATING -5 Axle Case 1

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in2 / ft) Nu (k/ft) (in-k/ft)

1 10.0 8.13 2.38 -12.55 1039.60
2 10.0 8.13 2.38 -12.74 1040.12
3 10.0 8.13 2.38 -13.28 1041.55
4 10.0 8.13 2.38 -14.06 1043.60
5 10.0 8.13 2.38 -14.62 1045.08
6 10.0 8.13 2.38 -15.01 1046.10
7 10.1 8.19 2.38 -15.39 1056.58
8 10.1 7.69 0.90 -15.86 458.15
9 10.1 7.69 1.80 -16.41 796.15
10 10.6 8.25 1.80 -17.13 863.92
11 12.3 9.94 1.80 -17.82 1063.65
12 15.1 12.75 1.80 -18.63 1396.97
13 19.1 16.75 1.80 -19.60 1873.66
14 27.0 24.63 1.80 -21.78 2826.48
15 18.3 15.94 1.80 -23.42 1805.53
16 13.6 11.19 1.80 -23.20 1235.81
17 12.0 9.63 1.80 -22.99 1048.06
18 12.0 9.63 1.80 -22.89 1047.63
19 12.0 9.63 1.80 -22.89 1047.66
20 12.0 9.63 1.80 -23.00 1048.10

'AASHTO 12.10.4.2.4a

9=0.85bfc= 66

2
M, = % {g(féfd)z — Nu(2¢,d —h)— (egd ]Z‘ A ]
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JoB 2014.059.004
/r‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEET NO, oF SCALE
wl\’n'l‘v:.ndee:ltgg;lfnzn;‘e-;séggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -5 Axle Case 1
Node Phi Mn Operating |
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy, (in-k/ft) Rating
1 10.0 8.13 1039.60 148.20 250.45 4.61
2 10.0 8.13 1040.12 145.37 239.35 4.85
3 10.0 8.13 1041.55 136.94 203.10 5.77
4 10.0 8.13 1043.60 122.94 151.21 7.89
5 10.0 8.13 1045.08 103.28 92.99 13.13
6 10.0 8.13 1046.10 77.90 36.69 34.20
7 10.1 8.19 1056.58 46.57 -12.59 113.62
8 10.1 7.69 458.15 8.90 -58.24 10.40
9 10.1 7.69 796.15 -35.60 -100.10 9.85
10 10.6 8.25 863.92 -87.80 -141.22 7.12
11 12.3 9.94 1063.65 -149.20 -185.27 6.40
12 156.1 12.75 1396.97 -221.57 -231.70 6.58
13 19.1 16.75 1873.66 -306.83 -285.50 7.11
14 27.0 2463 2826.48 -407.64 -341.16 9.19
15 18.3 15.94 1805.53 -357.89 -290.60 6.46
16 13.6 11.19 1235.81 -300.25 -235.43 5.15
17 12.0 9.63 1048.06 -234.07 -178.36 5.92
18 12.0 9.63 1047.63 -147.08 -111.40 10.48
19 12.0 9.63 1047.66 -70.81 -54.85 23.09
20 12.0 9.63 1048.10 0.00 0.00 N/A
Controlling 4.61

'g=0.85bfc=66

M, = %{g@fd)z — Nu2g,d —h) -

—
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/ DELT A Jo8 2014.059.004
r‘ ENGINEERS DESCRIPTION 28x10 Arch
184 Court Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650
CHECKED BY DATE

LRFR LOAD RATING -5 Axle Case 1

Elmt As (prov'd)| Vitotal Vdl only VIl only oVn 1.35
Nmbr | thk (in) d (in) (n?/f) | (kip) | ki) | (ki) | (kiprft) OPR
1 10.0 8.125 2.38 0.11 0.00 0.11 19.04 220.4
2 10.0 8.125 2.38 2.19 0.42 1.77 19.06 13.68
3 10.0 8.125 2.38 413 0.84 3.29 19.10 7.196
4 10.0 8.125 2.38 5.36 1.26 4.1 19.15 5.647
5 10.0 8.125 2.38 5.95 1.68 4.27 19.20 5.313
6 10.0 8.125 2.38 6.06 2.12 3.94 25.17 7.585
7 10.1 8.188 2.38 6.12 2.57 3.54 31.57 10.61
8 10.1 7.688 0.90 6.33 3.07 3.27 29.86 10.63
9 10.1 7.688 1.80 6.71 3.61 3.10 20.98 7.272
10 10.6 8.250 1.80 7.42 4.24 3.18 17.47 5.396
11 12.3 9.938 1.80 8.37 4.99 3.38 18.56 5.207
12 15.1 12.750 1.80 9.62 5.88 3.74 20.58 5.094
13 19.1 16.750 1.80 11.03 6.94 4.08 23.74 5.33
14 27.0 24.625 1.80 1.85 1.78 0.06 30.563 581.5
15 18.3 15.938 1.80 8.48 4.27 4.21 23.28 5.856
16 13.6 11.188 1.80 9.39 4.92 4.46 19.71 4.294
17 12.0 9.625 1.80 9.44 5.19 4.24 18.66 4.116
18 12.0 9.625 1.80 8.44 4.81 3.64 19.35 5.185
19 12.0 9.625 1.80 7.61 4.33 3.28 31.85 10.87
20 12.0 9.625 1.80 7.19 4.01 3.18 39.156 14.32

controling: 4.116
|7, —08+10<13 IR PI I PRSPy
d ! 24 * thk ¢bd
#V, = $0.0316bdF,, [ f'c(l.1+ 63p)(F;F" F, =1i(2*‘iad) |

‘Shear Resistance Without Stirrups

'AASHTO 12.10.4.2.5
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DESCRIPTION 28x10 Arch

SHEET NO OF SCALE

CALCULATED BY YL DATE 11/25/2014
CHECKED BY DATE

LRFR LOAD RATING -5 Axle Case 2

'Technical Data & Load Factors

Culvert Span (S) =
 Crown Radius (Rad) =

Bar Cover
Outside Face (Cov,y) =

Inside Face (Cov,) =
Design Section Length (b) =
Compressive Strength (f;) =
Yield Strength (f,) =
Stirrup Yield Strength (fye4r) =
Circumferential Reinforcement Spa. (spa.) =
Circumferential Reinforcement Provided (n) =
_ Reinforcement Type (Type) =
1 -smooth wire or plainbar
2 - WWF (8" max spa. Smooth)

28.00 ft.

33.82 ft.

2.00in

1.50in

12in

6.5 ksi

60 ksi

60 ksi

4.00in

3 - WWF (deformed) or bar (deformed)

Resistance Factors:
¢f - Flexure = 1.00
¢r - Radial Tension =| 0.90
| ¢v - Diag Tension =[ 0.90
- Radial Tension Process (Fy) =| 1.00

Diag Tension Process (F,,) =[ 1.00

~ Load Factors:

(n=1 for 1 layer, n=2 for multiple layers) AASHTO
AASHTOTable = 12.104.2.4d
112.10.4.4d-1

/AASHTO Table 12.5.5-1

AASHTO 12.10.4.2.3

IR OR

LL Factor 1.

35

| ¥,DC (bomponent) 1.31
YoEH (hor. At rest earth pressure)| 0.86
YoEV| 1.37

(1.25"1.05 = 1.3125)
(0.911.05=0.857)
(1.3*1.05 = 1.365)
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2014.059.004

28x10 Arch

SCALE

DATE

DATE

11/25/2014

LRFR LOAD RATING -5 Axle Case 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)
1 -14.55 -7.35 148.20 0.00 -7.20 96.89 0.01 10
2 -14.61 -7.40 145.37 0.42 -7.21 98.62 0.27 10
3 -14.67 -7.47 136.94 0.84 -7.19 104.14 0.56 10
4 -14.65 -7.59 122.94 1.26 -7.06 113.65 0.70 10
5 -14.55 -7.78 103.28 1.68 -6.78 122.76 0.29 10
6 -14.61 -8.03 77.90 2.12 -6.58 121.31 0.74 10
7 -15.08 -8.35 46.57 2.57 -6.74 102.93 2.13 10.063
8 -16.12 -8.71 8.90 3.07 -7.40 64.16 3.85 10.063
9 -17.29 -9.13 -35.60 3.61 -8.16 -0.11 5.18 10.063
10 -18.45 -9.60 -87.80 4.24 -8.85 -74.58 6.17 10.625
11 -19.56 -10.09 -149.20 4.99 -9.47 -165.58 6.71 12.313
12 -20.51 -10.63 -221.57 5.88 -9.88 -254.29 6.54 15.125
13 -21.56 -11.22 -306.83 6.94 -10.34 -340.74 6.34 19.125
14 -24.25 -13.21 -407.64 1.78 -11.04 -424.21 0.80 27
15 -26.28 -15.00 -357.89 4.27 -11.28 -365.96 4.96 18.313
16 -25.98 -15.14 -300.25 4.92 -10.84 -299.57 5.46 13.563
17 -25.73 -15.27 -234.07 5.19 -10.46 -228.60 5.34 12
18 -25.60 -15.50 -147.08 4.81 -10.10 -143.10 4.66 12
19 -25.59 -15.78 -70.81 4.33 -9.81 -70.46 4.21 12
20 -25.69 -16.07 0.00 4.01 -9.62 0.00 4.09 12

‘note all shear values normalized to positive
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Jos 2014.059.004
/r‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEET NO; OF SCALE
wl\:;‘v:;‘dee:ll(:gg;l)gizn;:;szggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
Node As'in (prov'd) | As'out (prov'd)
Number | thk (in) d (in) (in® / ft) (in? / ft)

1 10.0 8.13 2.38 0.90

2 10.0 8.13 2.38 0.90

3 10.0 8.13 2.38 0.90

4 10.0 8.13 2.38 0.90

5 10.0 8.13 2.38 0.90

6 10.0 8.13 2.38 0.90

7 10.1 8.19 2.38 0.90

8 10.1 8.19 2.38 0.90

9 10.1 7.69 1.32 1.80

10 10.6 8.25 1.32 1.80

11 12.3 9.94 1.32 1.80

12 15.1 12.75 1.32 1.80

13 19.1 16.75 1.32 1.80

14 27.0 24.63 1.32 1.80

15 18.3 15.94 1.32 1.80

16 13.6 11.19 1.32 1.80

17 12.0 9.63 1.32 1.80

18 12.0 9.63 0.60 1.80

19 12.0 9.63 0.60 1.80

20 12.0 9.63 0.60 1.80
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2014.059.004

28x10 Arch

SCALE

DATE

DATE

11/25/2014

LRFR LOAD RATING -5 Axle Case 2

Node As (prov'd)| Total Fac. Phi Mn
Number thk (in) d (in) (in® / ft) Nu (k/ft) (in-k/ft)
1 10.0 8.13 2.38 -14.55 1044.90
2 10.0 8.13 2.38 -14.61 1045.05
3 10.0 8.13 2.38 -14.67 1045.20
4 10.0 8.13 2.38 -14.65 1045.17
5 10.0 8.13 2.38 -14.55 1044.91
6 10.0 8.13 2.38 -14.61 1045.06
7 10.1 8.19 2.38 -15.08 1055.76
8 10.1 8.19 2.38 -16.12 1058.50
9 10.1 7.69 1.80 -17.29 798.93
10 10.6 8.25 1.80 -18.45 868.43
11 12.3 9.94 1.80 -19.56 1071.03
12 15.1 12.75 1.80 -20.51 1407.54
13 19.1 16.75 1.80 -21.56 1888.54
14 27.0 24.63 1.80 -24.25 2855.02
15 18.3 15.94 1.80 -26.28 1825.98
16 13.6 11.19 1.80 -25.98 1249.12
17 12.0 9.63 1.80 -25.73 1059.00
18 12.0 9.63 1.80 -25.60 1058.50
19 12.0 9.63 1.80 -25.59 1058.45
20 12.0 9.63 1.80 -25.69 1058.84

AASHTO 12.10.4.2.4a

g=0.85bfc= 66

g

oM, = % {g@,d)z — Nu2g,d -y~ EHA N A‘Fy)—}
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J08 2014.059.004
/f‘DELTA DESCRIPTION 28x10 Arch
ENGINEERS, ARCHITECTS, & LAND SURVEYORS
860 Hooper Road, Endwell, NY 13760 SHEETNO oF SCALE
w:"‘v:'nde?:gg;?'zn:ﬁg‘zggm CALCULATED BY YL DATE 11/25/2014
Fax: (607) 231-6650 CHECKED BY DATE
LRFR LOAD RATING -5 Axle Case 2
Node Phi Mn Operating |
Number thk (in) d (in) (in-k/ft) Mup (in-k/ft) | +Muy (in-k/ft) Rating
1 10.0 8.13 1044.90 148.20 96.89 12.00
2 10.0 8.13 1045.05 145.37 98.62 11.83
3 10.0 8.13 1045.20 136.94 104.14 11.31
4 10.0 8.13 1045.17 122.94 113.65 10.52
5 10.0 8.13 1044.91 103.28 122.76 9.94
6 10.0 8.13 1045.06 77.90 121.31 10.33
7 10.1 8.19 1055.76 46.57 102.93 12.71
8 10.1 8.19 1058.50 8.90 64.16 21.20
9 10.1 7.69 798.93 -35.60 -0.11 9265.00
10 10.6 8.25 868.43 -87.80 -74.58 13.57
11 12.3 9.94 1071.03 -149.20 -165.58 7.22
12 15.1 12.75 1407.54 -221.57 -254.29 6.05
13 19.1 16.75 1888.54 -306.83 -340.74 6.02
14 27.0 24.63 2855.02 -407.64 -424.21 7.48
15 18.3 15.94 1825.98 -357.89 -365.96 5.20
16 13.6 11.19 1249.12 -300.25 -299.57 4.11
17 12.0 9.63 1059.00 -234.07 -228.60 4.68
18 12.0 9.63 1058.50 -147.08 -143.10 8.26
19 12.0 9.63 1058.45 -70.81 -70.46 18.17
20 12.0 9.63 1058.84 0.00 0.00 N/A
Controlling 4.11

g=085bfc= 66

M, = % {g(cﬁfa’)2 — Nu(2¢p,d —h)—

(g¢fd_Nu _"45};;)2

g
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/ DELT A Jos 2014.059.004
r‘ ENGINEERS DESCRIPTION 28x10 Arch
184 COUFt Street SHEET NO OF SCALE
BINGHAMTON, NEW YORK 13901 CALCULATED BY YL DATE 11/25/2014
(607) 231-6600 Fax 231-6650 CHECKED BY oare

LRFR LOAD RATING -5 Axle Case 2

Elmt As (prov'd)| Vtotal Vdl only VIi only oVn 1.35
Nmbr [ thk (in) d (in) (in® / ft) (kip/ft) (Kip/ft) (kip/ft) (kip/ft) OPR
1 10.0 8.125 2.38 0.02 0.00 0.01 19.19 1902
2 10.0 8.125 2.38 0.15 0.42 0.27 19.20 90.07
3 10.0 8.125 2.38 0.28 0.84 0.56 19.20 42.39
4 10.0 8.125 2.38 0.56 1.26 0.70 19.20 33.46
5 10.0 8.125 2.38 1.39 1.68 0.29 19.19 79.48
6 10.0 8.125 2.38 2.86 2.12 0.74 19.20 29.94
7 10.1 8.188 2.38 4.71 2.57 2.13 19.25 10.14
8 10.1 8.188 2.38 6.91 3.07 3.85 31.57 9.609
9 10.1 7.688 1.80 8.79 3.61 5.18 29.86 6.572
10 10.6 8.250 1.80 10.41 4.24 6.17 26.59 4.692
11 12.3 9.938 1.80 11.70 4.99 6.71 21.21 3.135
12 15.1 12.750 1.80 12.42 5.88 6.54 21.42 3.082
13 19.1 16.750 1.80 13.28 6.94 6.34 25.07 3.706
14 27.0 24.625 1.80 2.58 1.78 0.80 30.64 47
15 18.3 15.938 1.80 9.23 4.27 4.96 23.42 5.006
16 13.6 11.188 1.80 10.39 4.92 5.46 19.87 3.546
17 12.0 9.625 1.80 10.53 5.19 5.34 18.83 3.309
18 12.0 9.625 1.80 9.46 4.81 4.66 19.49 4.088
19 12.0 9.625 1.80 8.55 4.33 4.21 32.07 8.533
20 12.0 9.625 1.80 8.09 4.01 4.09 39.15 11.15

controling: 3.082
|7, =08+10 <13 TR PR I P )
d i 24 *thk ¢bd
#V, = $0.0316b6dF, \[f'c(l.1+ 63p)[FdF" j F, = 1i[2*‘f_adJ

‘Shear Resistance Without Stirrups

/AASHTO 12.10.4.2.5
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28x10HL93c1Mod.out

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

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE .......oinneennnns ANALYS
SOLUTION LEVEL ......cciivinnnnn #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE ............u. CONCRETE
CANNED MESH CODE # .........000.n 3
NUMBER OF BEAM ELEMENTS ......... 19

CONCRETE MATERIAL PROPERTIES ARE AS FOLLOWS

COMPRESSION STRENGTH (PSi).....u.vun. 6500.000
ELASTIC YOUNGS MODULUS (pSi)........ 4595487.000
POISSON RATIO ..v'vevennnnnnnnnncnnns 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-BASED CRACKWIDTH PREDICTION PARAMETERS

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

28x10HL93c1Mod.out

STEEL POISSON RATIO ........iu0vununun

STEEL ' YIELDING STRAIN ..............

NONLINEAR MODELING CODE (1,2,3)

REBAR SPACING INNER ROW (SLI), (in)
REBAR SPACING OUTER ROW (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

27

12

.0000
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.
15.
19,
.0000
18.
13.
12.
12.
12.
.0000

0000
0000
0000
0000
0000
0630
0630
0630
6250
3130
1250
1250

3130
5630
0000
0000
0000

INNER-REBAR
0.

1980

0.1980

OCOOO0OOOCOO0OOOCOOOOOOCOO

.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

COOOOCOOOOCOOOOO0OOOOOO0O

NNNNNNNNNNNNNNNNNNN N

2014.059.004 Chk: RJA

0.300000
0.001883

OUTER-REBAR INNER-COVER

.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=
OO
oo

NNNNNNNNNNNNRNNNNNNNN

1.000
0.750
0.900
0.900
0.010

Page 126 of 304

OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

#%% MESH PARAMETERS **¥*

TYPE OF MESH -------—--—---——————— -~ ———
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) ---=-----==-
SLOPE OF TRENCH WALL (H/V) =------—mmmmmmmm e
MESH SPACING PARAMETER --------—------=—~—-——-—-——————
TOTAL SOIL HEIGHT ABOVE CROWN (FT) ---------------
MESH HEIGHT ABOVE CROWN (FT) =-=-==-=--—=meeeeaaae
SOIL DENSITY ABOVE MESH (PCF) ----=-=--=-————m———
NUMBER OF ELEMENT LAYERS ABOVE CROWN -----------=--

*%% ARCH PARAMETERS **¥
CENTERLINE RISE OF ARCH (IN) -------------—----—-——-
BOTTOM HALF SPAN OF ARCH (IN) --=---m-memcccemaean
SIDE RISE OF ARCH ABOVE FOOTING (IN) --—---=-=-—--
FOOTING DEPTH (IN) --—=—— e e
OUTSIDE FOOTING WIDTH (IN) -----—=--—---mmmmmmmmmm
INSIDE FOOTING WIDTH (IN) --==-—m e
NUMBER OF ARCH SEGMENTS DEFINED -------=-=-==-—-——-

3%
Ed
*

CURVED TOP SEGMENT *%%*
RADIUS (TN mommrm e s oo o o o o o o st o s e 5
CENTRAL ANGLE (DEG) —=--==-mmmm e
SEGMENT ARC LENGTH (IN) -——--===—=————mmmmmm
NUMBER OF BEAM ELEMENTS IN SEGMENT -------------——-

*%% CURVED CORNER SEGMENT *#%
RADIUS (IN) =======mmmmmmm o e
CENTRAL ANGLE (DEG) =—======mmmmmm == e e
SEGMENT ARC LENGTH (IN) =—-=-=-==-mmmmmmmmmm oo
NUMBER OF BEAM ELEMENTS IN SEGMENT --------=-=----

*¥% STRAIGHT SIDE SEGMENT **¥
DEFLECTION ANGLE (DEG) ==-=============—=———mme—e
SEGMENT LENGTH (IN) —====-==—=======mmmmmmmmme o
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-------—=-————————-

oRwR

2014.059.004

.94
.14
.73

.00
.94

Chk: RJA
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28x10HL93c1Mod.out

KEY NUMBERS DESCRIBING MESH ...
THE NUMBER OF LOAD STEPS IS------——=-—=
TOTAL NUMBER OF NODES IS-------=-====-=-
TOTAL NUMBER OF ELEMENTS IS------------
TOTAL NUMBER OF BEAM ELEMENTS IS-------
MAX NUMBER OF BOUNDARY CONDITIONS IS---

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* NUMBER OF NODES TO BE CHANGED

36

* NUMBER OF ELEMENTS TO BE CHANGED ----

* ADDITIONAL BOUNDARY CONDITIONS

* % * BOUNDARY CONDITIONS * * *

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

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

BOUNDARY CONDITIONS

224 10 F = 0.0000E+00
F224 11 F = 0.0000E+00
F224 12 F = 0.0000E+00
F224 13 F = 0.0000E+00
F229 10 F = 0.0000E+00
F229 11 F = 0.0000E+00
F229 12 F = 0.0000E+00
F229 13 F = 0.0000E+00
F224 10 F = 0.0000E+00
F225 10 F = 0.0000E+00
F226 10 F = 0.0000E+00
F227 10 F = 0.0000e+00
F228 10 F = 0.0000E+00
F229 10 F = 0.0000E+00
F230 10 F = 0.0000E+00

Page

m m m

m MM m mn

T

F
F
F
F
F
F
4

Y-FORCE OR

Y-DISPLACEMENT

.8925E+02
.8925E+02
.8925E+02
.8925E+02
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.4800E+01
.9600E+01
.9600E+01
.9600E+01
.9600E+01
.9600E+01
.9600E+01

2014.059.004 Chk: RJA

X-

o O O O O O O O © O O o o o o
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Y ROTATION

.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
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28x10HL93c1Mod.out

F231 10 F = 0.0000E+00 F = -0.9600E+01 0.0000E+00
F232 10 F = 0.0000e+00 F = -0.9600e+01 0.0000E+00
F233 10 F = 0.0000E+00 F = -0.9600E+01 0.0000E+00
F224 9 F = 0.0000E+00 F = -0.2188E+01 0.0000E+00
F225 9 F = 0.0000E+00 F = -0.4375e+01 0.0000E+00
F226 9 F = 0.0000E+00 F = -0.4375E+401 0.0000E+00
F227 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F228 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F229 9 F = 0.0000E+00 F = -0.4375e+01 0.0000E+00
F230 9 F = 0.0000E+00 F = -0.4375e+01 0.0000E+00
F231 9 F = 0.0000E+00 F = -0.4375e+01 0.0000E+00
F232 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F233 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F234 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F235 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
:236 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00

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

CALCULATED KEY NUMBERS ...
THE NUMBER OF DATA ERRORS IS-----~—==--- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ 1
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)--------—--—-—- 88

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE CONNECTED-GROUP-ELEMENTS
SEQUENCE NUMBER FOREWARD-# BACKWARD-#
1 198 1 0
2 194 2 1
3 190 3 2
4 167 4 3

Page 5
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28x10HL93c1Mod.out
5

5 164 4
6 161 6 5
7 158 7 6
8 138 8 7
9 136 9 8
10 134 10 9
11 132 11 10
12 130 12 11
13 128 13 12
14 118 14 13
15 115 15 14
16 109 16 15
17 103 17 16
18 97 18 17
19 91 19 18
20 80 0 19

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE )
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1  *#%#*%#*%¥*%*in gsjte
DENSITY = 0.14000E+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 *kkEREERFQOTING
DENSITY = 0.15000E+03
YOUNGS MODULUS= 0.3122E+07
POISSONS RATIO= 0.1700E+00
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00
PROPERTIES FOR MATERIAL 3 edkdekkkkkGWO5
DENSITY = 0.14000E+03
CONTROLS FOR DUNCAN SOIL MODEL
WITH SELIG HYPERBOLIC BULK MODULUS FORMULATION
LRFD STRESS CONTROL..v.0ovuun. 0

ENTERING ELEMENT RATIO....... 0.5000

HYPERBOLIC STRESS-STRAIN PARAMETERS

SOIL CLASSIFICATION ............ SW95
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000

SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF .............. 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES
MAT. NO. NORMAL-ANGLE COEF-FRICTION TENSILE-RUPTURE INITIAL-GAP

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1.310 Factor for load step #1

2 0.857 Factor for Toad step #2

3 0.857 Factor for Toad step #3

4 0.857 Factor for load step #4

5 1.365 Factor for load step #5

6 1.365 Factor for load step #6

7 1.365 Factor for load step #7

Page 7



10
11
12
13

2014.059.004
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1.365
1.500
1.750
1.750
1.750
1.750

+++++++ A A+

SOLUTION OUTPUT RESULTS

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

FINITE ELEMENT OUTPUT FOR LOAD STEP 9

+++++++++++ A+

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 9

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 9
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
NODE

1

X-COORD.
Y-COORD.

0.
.00

.42
124,

26.
124,

40.
.01

53.
121.

66.

125
13

123

00

78

80
11

15
46
47
71

LB/IN

0.
-0.

-0.
-0.

0.
-0.

0.
-0.

0.
-0.

0.

X-DISP.
Y-DISP.

00000E+00
97752E+00

20391E-03
97193€E+00

32050E-03
95544E+00

22378E-02
92875E+00

60939E-02
89301E+00

12261E-01

-0.
0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
Pa

Factor for load

Factor for Tload

Factor for load

Factor for load

Factor for load

Factor for load
N-PRES. MOMENT
S-PRES. THRUST
32256E+01 0.12350E+05
98569E-02 -0.61263E+03
32438E+01 0.12114E+05
17850E+00 -0.61656E+03
32619E+01 0.11412E+05
36686E+00 -0.62252E+03
33134E+01 0.10245E+05
59785E+00 -0.63282E+03
33973E+01 0.86070E+04
88055E+00 -0.64811E+03
35510E+01 0.64919E+04

ge 8
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step #8

step #9

step #10

step #11

step #12

step #13

+ + 4+

+ + +

+ + +

+ + + + 4+

+ 4+ + + 4+

+ + + + +

Y-BAR

CRACK DEPTH

S OO OO0 OO0 OO OO

.66148E+01
.60831E+01

.66148E+01
.60697E+01

.65476E+01
.59991E+01

.65476E+01
.59297E+01

.65476E+01
.57859E+01

.65476E+01
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119.48 -0.84991E+00 -0.12019E+01 -0.66901E+03 0.55127E+01
7 79.89 0.20821E-01 -0.37990e+01 0.38812E+04 0.63124E+01
117.06 -0.80195e+00 -0.14665E+01 -0.69545E+03 0.44639E+01
8 92.98 0.31513e-01 -0.41078E+01 0.74162E+03 0.48019E+01
114.21  -0.75200E+00 -0.15997E+01 -0.72624E+03 0.00000E+00
9 105.97 0.43875e-01  -0.46009e+01 -0.29663E+04 0.30685E+01
110.92  -0.70214e+00 -0.18062E+01 -0.76114E+03 0.51202e+01
10 118.85 0.56922E-01 -0.53294e+01 -0.73169e+04 0.30809E+01
107.21  -0.65550E+00 -0.18395E+01 -0.79977E+03 0.65776E+01
11 131.59 0.69364E-01 -0.61293E+01  -0.12433E+05 0.34674E+01
103.08 -0.61585E+00 -0.17713e+01 -0.84090E+03 0.80039E+01
12 144.19 0.80483E-01 -0.69136E+01  -0.18464E+05 0.40809e+01
98.53 -0.58400E+00 -0.18143E+01 -0.88544E+03 0.10113E+02
13 156.64 0.90199e-01 -0.79135e+01  -0.25569E+05 0.49117e+01
93.56 -0.55878E+00 -0.17918E+01 -0.93494E+03 0.13077E+02
14 168.91 0.98882E-01 -0.89555e+01  -0.33970E+05 0.64703e+01
88.19 -0.53827E+00 -0.73681e+01 -0.11010E+04 0.18665E+02
15 171.76 0.11569e+00 -0.47682E+01  -0.29824E+05 0.47460E+01
75.95 -0.53402E+00 -0.23804E+01 -0.12499E+04 0.12463E+02
16 173.47 0.12727e+00 -0.48196E+01  -0.25021E+05 0.37441E+01
63.50 -0.53198E+00 -0.22771E+01 -0.12616E+04 0.91076E+01
17 174.00 0.12926e+00 -0.44083e+01 -0.19506E+05 0.33970E+01
50.94 -0.53137E+00 -0.12977E+01 -0.12727E+04 0.79042E+01
18 174.00 0.11453E+00 -0.30947e+01  -0.12257E+05 0.34814e+01
33.96 -0.53060E+00 -0.25318E+00 -0.12919E+04 0.73567E+01
19 174.00 0.85856E-01 -0.15809e+01  -0.59005E+04 0.41094E+01
16.98 -0.52993E+00 -0.38657E+00 -0.13150E+04 0.57414E+01
20 174.00 0.51776e-01  -0.67208e-01 0.23078E-09 0.61687E+01
0.00 -0.52948e+00 -0.51997E+00 -0.13393E+04 0.00000E+00
SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 9
-- 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 Tbs/inch
1 2.68 1726.73 0.18 0.000 8.00 0.00
2 2.68 1727.06 34.99 0.020 8.00 0.00
3 2.68 1727.56 69.76 0.040 8.00 0.00
4 2.68 1728.43 104.68 0.061 8.00 0.00
5 2.68 1729.71 140.04 0.081 8.00 0.00
6 2.68 1731.46 176.36 0.102 8.00 0.00
7 3.76 2443 .88 214.58 0.088 8.06 0.00

Page 9



BAWNNRRRRERNNA A
S
'—l
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12
13
14
15
16
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20

MAXIM
COMPRESSI

p

-1111.
-1093.
-1042.
-948.
-812.
-636.
-372
-100.
-411.
-755.
-894.
-870.
-779.
-590.
-996.
-1443.
-1464.
-1040.
-563.
-100.

UM
ON
S1

86
51
67
14
79
51

.83

06
92

2923.
2764,
1970.
1774.
1966.
2447 .
2790.
2116.
1782.
1685.
1780.
3007.
3625.

28x10HL93c1Mog.

255.52

300.
353.

415

490.
578.
148.
356.
410.
432.

73
28
.96
17
64
47
08
39
79

-400.63
-360.94

334

.09

OCOOOOCOOOOOCOO

MEASURES FOR CONCRETE-GROUP

AVERAGE

SHEAR
psi

0.02
4.50
8.97

RADIAL
TENSION

psi

.12
.03
.74

COOOOOOOCOOCOOOCOHRNWWASN
(=]
(=]

out
087

.109
.179
.234
.249
.236
.053
.168
.230
.257
.225
.120
.092

1,

2014.059.004

-7.63
-8.19
-9.88
-12.69
-16.69
-24.56
-15.88
-11.13
-9.56
-9.56
-9.56
10.00

LOAD STEP 9

INNER-WALL
STRAIN
in/in

.3904E-03
.3823€E-03
.3554E-03
.3165E-03
.2595E-03
.1875E-03
.8078E-04
.5365E-05
.8705E-04
.1597E-03
.1890€E-03
.1840E-03
.1648E-03
.1248€-03
.2105E-03
.3051E-03
.3096E-03
.2199E-03
.1191E-03
.2120E-04

COOCOOOOOO

OCOO0OOOOOCOOCOOOO0OOOOOOOO
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OCOOOCOOOOOOOOO
(=]
o

OUTER-WALL

OCOO0OOOOOOOO0O

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 9
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

OCONOVIRARWN

IN
C

8456.
8273.

7655

6790.
5522.
3923.
1563.
-270.

-1522

NER
AGE
psi

22
78
.62
75
23
54
78
92
.61

ouT
CA
p

-2629.
-2599.
-2549.
-2370.
-2123
-1784.
-1278.

-552.

1997.

ER
GE
S1

66
35
64
54

.24

93
98
03
22

MAX STRESS
TO YIELD
ratio

Page

Socoococoocooco

.1409
.1379
1276
.1132
.0920
.0654
.0261
.0092
.0333

CRACK
_WIDTH
inches

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

COOOCOOO0O

STRAIN
in/in

.2350E-03
.2311e-03
.2203€E-03
.2004E-03
.1718E-03
.1345€-03
.7879E-04
.2114e-04
.1105e-03
.2858E-03
.3796E-03
.4015€e-03
.3879€E-03
.3120€e-03
.4799€e-03
.6541E-03
.6267E-03
.3743€E-03
.1284€E-03
.2120E-04



10
11
12
13
14
15
16
17
18
19
20

28x10HL93c1mod.out

-2417.07 5850.88
-3079.50 8510.44
-3396.60 9786.75
-3408.86 10116.45
-2947.09 8684.80
-4306.45 12364.09
-5215.52 15352.39
-4892.24 13911.10
-3852.38 8080.95
-2479.92 2489.86

-675.75 -675.75

0.0975

OCOOCOOOO0OOO0O

.1418
.1631
.1686
.1447
.2061
.2559
.2319
.1347
.0415
.0113

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP

DESIGN-CRITERION CONTROL

NODE
STEEL YIELDING (psi) 16
CONCRETE CRUSHING (psi) 17
SHEAR FAILURE (1bs/in) 17
RADIAL-TENSION FAIL (psi) 1

FACTORED
DEMAND

15352.4
1464.9
432.8

4.1

2014.059.004 Chk: RJA

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

COO0OO0OOOOOOO

FACTORED
CAPACITY

60000.0
4875.0
1516.5

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)......

Page 135 of 304

RATIO
VALUE

0.256
0.300
0.285
0.059

++++++++++++++ AR+

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

R S S S O T S S S S S S S S S S S S S S S I T T s e St S S

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13
COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES

Page 11



PRESSURES ARE LB/IN*%*2

MOMENTS ARE IN-LB/IN

28x10HL93c1mod.out
Y-BAR IS "NEUTRAL AXIS" 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.
.00

13.
124,

26.
124,

40.
123.

.46
121.

66.
119.

79.
117.

92.
114,

.97
110.

118.
107.

131.
.08

144.
98.

156.
93.

168.
88.

171.

125

53

105

103

75

173

33

00
42
78

80
11

15
01
47

71
48

89
06

98
21
92

85
21

59
19
53

64
56

91
19

76

.95

.47
63.

174,
50.

174.

50

00
94

00

.96

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.

X-DISP.
Y-DISP.

00000E+00
19929€e+01

19813E-03
19695E+01

24516E-02
19027e+01

10266E-01
17999e+01

24666E-01
16700E+01

46161E-01
15220e+01

74358E-01
13652e+01

10794E+00
12089€e+01

14442e+00
10622E+01

18003E+00
93562E+00

21154€E+00
83574E+00

23798E+00
76032E+00

26006E+00
70314€e+00

27925E+00
65775E+00

31608E+00
64852E+00

34123E+00
64431E+00

34545E+00
64325E+00

31370€E+00
64199E+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.

N-PRES.
S-PRES.

42227€E+02
16779€E+02

26375E+02
10450E+02

10524E+02
41211E+401

25847€E+01
95393E+00

12726E+01
43774e+00

45960E+01
17762E+01

37492e+01
14469£+01

45779E+01
17877E+01

54107e+01
21299e+01

64108E+01
25380E+01

72541E+01
28833E+01

80642E+01
32180E+01

96821E+01
38820E+01

11551E+02
64673E+01

90277€E+01
24343e+01

10980E+02
26820E+01

12050E+02
98578E-01

75241E+01
26689E+01
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0

-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

2014.059.004

MOMENT
THRUST

.51871E+05
.10845E+04

.48094E+05
.12397E+04

.39975E+05
.13562E+04

0.30412E+05

0.
-0.

0.
-0.

.19341E+04

14138E+04

20854E+05
14479e+04

11554E+05
14877€E+04
15350E+04

78358E+04
15833€e+04

17879€e+05
16373E+04

28322E+05
16978E+04

39327E+05
17656E+04

51040E+05
18410eE+04

63612E+05
19274e+04

77357€E+05
20732E+04

66458E+05
21557E+04

54512E+05
21179e+04

41817E+05
20845E+04

26207E+05
20586E+04

Chk: RJA
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Y-BAR

CRACK DEPTH

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

.65127E+01
.63920E+01

.65127E+01
.63568E+01

.65704E+01
.63010E+01

.66148E+01
.61953E+01

.65476E+01
.59702E+01

.65476E+01
.54790E+01

.56601E+01
.14352E+01

. 24151401
.64273E+01

.29481E+01
.64952E+01

.30809E+01
.70832E+01

.34674E+01
.83621E+01

.40809€e+01
.10445E+02

.45666E+01
.13481E+02

.57315E+01
.19517E+02

.47460E+01
.12799€+02

.37441E+01
.93149E+01

.33970E+01
.81073E+01

.34814E+01
.77081E+01
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19 174.00 0.25159e+00 -0.23484E+01  -0.12764E+05 0.36437E+01
16.98 -0.64089e+00 0.61644E+00 -0.20484E+04 0.67560E+01
20 174.00 0.17744€e+00 0.28274E+01 0.35811E-09 0.61687e+01
0.00 -0.64018E+00 -0.14360E+01 -0.20556E+04 0.00000E+00

Chk: RJA

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 13
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wa1¥.
-- 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 Tbs/inch
1 2.74 1766.27 119.23 0.068 8.00 0.00
2 2.76 1779.26 443.72 0.249 8.00 0.00
3 2.77 1789.02 659.86 0.369 8.00 0.00
4 2.78 1793.85 713.54 0.398 8.00 0.00
5 2.79 1796.70 703.68 0.392 8.00 0.00
6 4.01 2587.87 706.03 0.273 8.00 0.00
7 4.50 2923.16 723.58 0.248 8.06 0.00
8 3.74 2298.36 739.34 0.322 -7.63 0.00
9 2.80 1723.08 764.48 0.444 -7.63 0.00
10 2.48 1636.88 800.42 0.489 -8.19 0.00
11 2.18 1736.50 847.77 0.488 -9.88 0.00
12 1.88 1922.76 906.20 0.471 -12.69 0.00
13 1.65 2214.26 982.06 0.444 -16.69 0.00
14 1.43 2839.89 79.05 0.028 -24.56 0.00
15 1.69 2166.92 -909.00 0.419 -15.88 0.00
16 2.05 1836.58 -979.99 0.534 -11.13 0.00
17 2.26 1739.15 -964.59 0.555 -9.56 0.00
18 2.31 1783.49 -855.53 0.480 -9.56 0.00
19 3.77 2904.97 -771.72 0.266 -9.56 0.00
20 4.50 3625.40 -731.84 0.202 10.00 0.00

STRESS AND STRAIN MEASURES FOR CONCRETE-GROUP 1, LOAD STEP 13

MAXIMUM AVERAGE RADIAL INNER-WALL OUTER-WALL
COMPRESSION SHEAR TENSION STRAIN STRAIN

NODE psi psi psi in/in in/in
1 -3903.64 15.32 18.30 0.1712e-02  -0.9509e-03
2 -3746.59 57.02 16.80 0.1576E-02 -0.8874E-03
3 -3386.30 84.80 13.77 0.1291E-02 -0.7419e-03
4 -2726.44 91.70 10.20 0.9644e-03 -0.5761£-03
5 -1953.30 90.43 6.64 0.6363E-03  -0.4128E-03
6 -1188.03 90.73 3.28 0.3264e-03  -0.2511E-03
7 -325.26 92.24 0.00 0.1143e-04 -0.6873E-04
8 -945.06 94.25 0.00 -0.1997e-03 0.3807E-03
9 -1981.04 97.46 0.00 -0.4186E-03 0.7903E-03
10 -2672.88 95.22 0.00 -0.5648E-03 0.1160e-02
11 -2683.63 83.99 0.00 -0.5671E-03 0.1231E-02
12 -2322.55 70.21 0.00 -0.4908E-03 0.1128E-02
13 -1879.02 58.09 0.00 -0.3971e-03 0.9824E-03
14 -1284.21 3.19 0.00 -0.2714E-03 0.7438E-03
15 -2144.74 -56.48 0.00 -0.4532e-03 0.1085E-02
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16
17
18
19
20

-3050.37
-3033.96
-2107.09
-1145.41

-154,

02

-86.39
-98.62
-87.47
-78.90
-74.82

28x10HL93c%Mod.out

.00
0.00
0.00
0.00
0.00

2014.059.004

-0.6446E-03 0.1445
-0.6411€E-03 0.1366
-0.4453€e-03 0.8276
-0.2420€E-03 0.3347
-0.3255E-04  -0.3255

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

ORNOUVTRAWNE

IN

NER

CAGE

37593.
34519.
28178.

20915
13592

6720.

-143.
-2687.
-5683.
-7655.
-8762.
-8820.
-8056.
-6251.
-9088.
10720.
-9770.
-7428.
-4650.
-1037.

psi

75
62
53
.48
.05

OUTER
CAGE
psi

-9615.82
-9146.36
-7852.50
-6393.63
-5004.80
-3515.25
-1571.56
7652.60
15854.00
24347 .17
27897.43
27622.34
25703.12
20783.50
28058.41
34090.39
30541.56
18135.68
6933.20
-1037.18

MAX STRESS
TO YIELD
ratio

OCOO0OO0OOOOOOOOOOOOOO0OOO

.6266
.5753
. 4696
.3486
. 2265
.1120
.0262
.1275
.2642
.4058
.4650
.4604
.4284
.3464
.4676
.5682
.5090
.3023
.1156
.0173

CRACK
_WIDTH
inches

.00698
.00604
. 00407
.00180
.00000
.00000
.00000
.00000
.00000
.00041
.00090
.00000
.00000
.00000
.00000
.00281
.00238
.00000
.00000
.00000

COO0OO0OO0OOCOCOOOOOOOCOOOO

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13

DESIGN-CRITERION

STEEL YIELDING (psi)
CONCRETE CRUSHING (psi)
SHEAR FAILURE (lbs/in)
RADIAL-TENSION FAIL (psi)

LRFD SERVICE-LOAD PERFORMANCE

CONTROL
NODE

1
1
17
1

FACTORED
DEMAND

37593.8
3903.6
964.6

18.3

NODE NUMBER FOR MAXIMUM CRACK WIDTH

Page 14

FACTORED
CAPACITY

60000.0
4875.0
1565.2

69.6

MEASURES FOR GROUP 1, LOAD STEP 13

Chk: RJA
Page 138 of 304

E-02
E-02
E-03
E-03
E-04

RATIO
VALUE

0.627
0.801
0.616
0.263
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MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches)

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE ......

SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)

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

Page 15
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*%% WELCOME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE .......ccvviieennnn ANALYS
SOLUTION LEVEL .......ovvvvnnnnnnn #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE ........ieivuunn CONCRETE
CANNED MESH CODE # .......000uunn 3
NUMBER OF BEAM ELEMENTS ......... 19

CONCRETE MATERIAL PROPERTIES ARE AS FOLLOWS

COMPRESSION STRENGTH (pPSi).......... 6500.000
ELASTIC YOUNGS MODULUS (pSi)........ 4595487.000
POISSON RATIO .....cotvennnannannnns 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
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STEEL POISSON RATIO ......cveeunnnnn 0.300000
STEEL YIELDING STRAIN .............. 0.001883
NONLINEAR MODELING CODE (1,2,3) .... 3

STEEL-BASED CRACKWIDTH PREDICTION PARAMETERS

REBAR SPACING INNER ROw (SLI), (in) ...... 4.00
REBAR SPACING OUTER ROW (SLO), (in) ...... 4.00
NUMBER OF STEEL LAYERS FOR INNER CAGE .... 1
NUMBER OF STEEL LAYERS FOR OUTER CAGE .... 1
HEGER-MCGRATH CODE NUMBER FOR STEEL TYPE.. 3

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS
WALL-THICK INNER-REBAR OUTER-REBAR INNER-COVER OUTER COVER

10.0000 0.1980 0.0750 2.0000 2.4375
10.0000 0.1980 0.0750 2.0000 2.4375
10.0000 0.1980 0.0750 2.0000 2.4375
10.0000 0.1980 0.0750 2.0000 2.4375
10.0000 0.1980 0.0750 2.0000 2.4375
10.0000 0.1980 0.0750 2.0000 2.4375
10.0630 0.1980 0.0750 2.0000 2.4375
10.0630 0.1980 0.0750 2.0000 2.4375
10.0630 0.1100 0.1500 2.0000 2.4375
10.6250 0.1100 0.1500 2.0000 2.4375
12.3130 0.1100 0.1500 2.0000 2.4375
15.1250 0.1100 0.1500 2.0000 2.4375
19.1250 0.1100 0.1500 2.0000 2.4375
27.0000 0.1100 0.1500 2.0000 2.4375
18.3130 0.1100 0.1500 2.0000 2.4375
13.5630 0.1100 0.1500 2.0000 2.4375
12.0000 0.1100 0.1500 2.0000 2.4375
12.0000 0.0500 0.1500 2.0000 2.4375
12.0000 0.0500 0.1500 2.0000 2.4375
12.0000 0.0500 0.1500 2.0000 2.4375
LRFD RESISTANCE FACTORS FOR STRENGTH-LIMIT STATES
AND CRACK-WIDTH LIMIT AT SERVICE LOAD
YIELDING OF REINFORCEMENT STEEL ....v.vvvenn 1.000
CRUSHING OF CONCRETE OUTER FIBER......v.vu.. 0.750
SHEARING FAILURE OF CONCRETE . .v'vvvnnnnnnns 0.900
SPLITTING OF CONCRETE IN RADIAL TENSION .... 0.900
ALLOWABLE CRACKWIDTH SERVICE LOAD (inch).... 0.010

LARGE DEFORMATION/BUCKLING CODE, IBUCK = O
IBUCK=0, MEANS SMALL DEFORMATION THEORY FOR GROUP
AND NO BUCKLING PREDICTION.

Page 2
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

**% MESH PARAMETERS ¥**

TYPE OF MESH ——--——-—mm e e e
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) --=-===—-—=n
SLOPE OF TRENCH WALL (H/V) ==-—--mm e
MESH SPACING PARAMETER ----===———-—mm e e
TOTAL SOIL HEIGHT ABOVE CROWN (FT) —-----=-————————m
MESH HEIGHT ABOVE CROWN (FT) ===----cemmmmmmmmeeee
SOIL DENSITY ABOVE MESH (PCF) -=-=--=---mmmmmm e
NUMBER OF ELEMENT LAYERS ABOVE CROWN -----=-=-—----

*%% ARCH PARAMETERS *¥%*
CENTERLINE RISE OF ARCH (IN) —=----=mmmmmmmmmmmemm
BOTTOM HALF SPAN OF ARCH (IN) ===-====-====mmmmeae
SIDE RISE OF ARCH ABOVE FOOTING (IN) -============
FOOTING DEPTH (IN) ===—== === m oo
OUTSIDE FOOTING WIDTH (IN) --=-=-=mmmmmmmmmmmmmm o
INSIDE FOOTING WIDTH (IN) ======m=mmmmmmmmm e
NUMBER OF ARCH SEGMENTS DEFINED ------------—————-

*%% CURVED TOP SEGMENT **%
RADIUS (IN) =—====—=—smmmmmmmmcmcmmmcmmcmmmmm oo m
CENTRAL ANGLE (DEG) —====—mmmm e e
SEGMENT ARC LENGTH (IN) ——=----mmmmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT -------—-—-——=—-

*%% CURVED CORNER SEGMENT ***
RADIUS (IN) iy o srowise s oo o oy i oo s i i o
CENTRAL ANGLE (DEG) -====-=-=m e
SEGMENT ARC LENGTH (IN) --=-==memmmmmmmmm e e
NUMBER OF BEAM ELEMENTS IN SEGMENT ---------—---—--

#%% STRAIGHT SIDE SEGMENT *%%
DEFLECTION ANGLE (DEG) —----===m—mmmmmmm e e
SEGMENT LENGTH (IN) ——=——mm—m oo oo e
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----—=—-=—-—-——————-

oRwWH

.94
.14
.73

.00
.94
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KEY NUMBERS DESCRIBING MESH ...

THE NUMBER OF LOAD STEPS IS------------ 13
TOTAL NUMBER OF NODES IS--------------- 244
TOTAL NUMBER OF ELEMENTS IS------------ 209
TOTAL NUMBER OF BEAM ELEMENTS IS------- 19
MAX NUMBER OF BOUNDARY CONDITIONS IS--- 36

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

3

*F ok

* * * BOUNDARY CONDITIONS * * *
(FORCES = LBS; DISPLACEMENTS =

NUMBER OF NODES TO BE CHANGED -----
NUMBER OF ELEMENTS TO BE CHANGED ----
ADDITIONAL BOUNDARY CONDITIONS ----

INCHES; ROTATIONS = DEGREES)

BOUNDARY LOAD X-FORCE OR Y-FORCE OR

BEAM ROTATIONAL

NODE STEP X-DISPLACEMENT Y-DISPLACEMENT

BOUNDARY CONDITIONS

229 10 F = 0.0000E+00 F =
F229 11 F = 0.0000E+00 F =
F229 12 F = 0.0000E+00 F =
F229 13 F = 0.0000£+00 F =
F229 10 F = 0.0000E+00 F =
F229 11 F = 0.0000E+00 F =
F229 12 F = 0.0000E+00 F =
F229 13 F = 0.0000E+00 F =
F224 10 F = 0.0000E+00 F =
F225 10 F = 0.0000E+00 F =
F226 10 F = 0.0000E+00 F =
F227 10 F = 0.0000E+00 F =
F228 10 F = 0.0000E+00 F =
F229 10 F = 0.0000E+00 F =
F230 10 F = 0.0000E+00 F =

Page 4

.1785E+03
.1785E+03
.1785E+03
.1785E+03
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.4800E+01
.9600E+01
.9600E+01
.9600E+01
.9600E+01
.9600E+01
.9600E+01

2014.059.004 Chk: RJA
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Y ROTATION

.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
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F231 10 F = 0.0000E+00 F = -0.9600e+01
F232 10 F = 0.0000E+00 F = -0.9600e+01
F233 10 F = 0.0000e+00 F = -0.9600E+01
F224 9 F = 0.0000E+00 F = -0.2188E+01
F225 9 F = 0.0000E+00 F = -0.4375e+01
F226 9 F = 0.0000E+00 F = -0.4375E+01
F227 9 F = 0.0000E+00 F= -0.4375e+01
F228 9 F = 0.0000E+00 F = -0.4375E+01
F229 9 F = 0.0000E+00 F = -0.4375e+401
F230 9 F = 0.0000E+00 F = -0.4375e+401
F231 9 F = 0.0000e+00 F = -0.4375eE+01
F232 9 F = 0.0000E+00 F= -0.4375E+01
F233 9 F = 0.0000E+00 F = -0.4375e+01
F234 9 F = 0.0000E+00 F = -0.4375e+01
F235 9 F = 0.0000E+00 F= -0.4375e+01
E236 9 F = 0.0000E+00 F= -0.4375e+01

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

CALCULATED KEY NUMBERS ...

THE NUMBER OF DATA ERRORS IS----------- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ 1
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)-------------- 88

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE CONNECTED-GROUP-ELEMENTS
SEQUENCE NUMBER FOREWARD-# BACKWARD-#
1 198 1 0
2 194 2 1
3 190 3 2
4 167 4 3

2014.059.004 Chk: RJA
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.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
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5 164 4
6 161 6 5
7 158 7 6
8 138 8 7
9 136 9 8
10 134 10 9
11 132 11 10
12 130 12 11
13 128 13 12
14 118 14 13
15 115 15 14
16 109 16 15
17 103 17 16
18 97 18 17
19 91 19 18
20 80 0 19

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE .
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1 khEkEkEERIN site
DENSITY = 0.14000E+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 *kkEFEXXEQOLING
DENSITY = 0.15000E+03
YOUNGS MODULUS= 0.3122E+07
POISSONS RATIO= 0.1700E+00
CONFINED MoD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00
PROPERTIES FOR MATERIAL 3 kEEREREEGWIS
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 ............ Sw95
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000
SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF .............. 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1 1.310 Factor for load step #1

2 0.857 Factor for load step #2

3 0.857 Factor for load step #3

4 0.857 Factor for load step #4

5 1.365 Factor for Toad step #5

6 1.365 Factor for load step #6

7 1.365 Factor for Toad step #7

Page 7
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1.365
1.500
1.750
1.750
1.750
1.750

2014.059.004

Factor for load

Factor for load

Factor for Toad

Factor

Factor

Factor

Toad
Toad
load

for
for

for

R T T T T T e S S S S O S S e i i e s I S S R S S

SOLUTION OUTPUT RESULTS

++++++ A+ A+t

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

R T Tk T I S S S S S S S S S S s i i e s S R

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13

COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES

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

MOMENTS ARE IN-LB/IN

LOCATION FROM INTERIOR, INCHES

THRUST AND SHEAR ARE LB/IN

LOCAL
NODE

1

X-COORD.
Y-COORD.

0.
125.

.42

13

124.

26.
124.

40.
.01

123

53.
121.

66.
119.

00
00
78

80
11

15
46
47

71
48

0.
-0.

-0.
-0.

0.
-0.

0.
-0.

0.
-0.

0.
-0.

X-DISP.
Y-DISP.

00000E+00
19540€E+01

65547E-03
19422e+01

24241E-03
19070E+01

42303E-02
18487E+01

12816E-01
17677e+01

27446E-01
16650E+01

-0.
-0.

-0.
-0.

—Os
-0.

-0.
0.

-0.
0.

-0.
0.

Pa

N-PRES.
S-PRES.

45446E+01
27618E-02

40387E+01
31834E+00

35327401
63392E+00

34111E+01
73640E-01

89893E+01
34488E+01

20199e+02
59533e+01

ge 8

-0.

0.
-0.

0.
-0.

0.
-0.

0.
-0.

MOMENT
THRUST

.25897E+05
.16736E+04

.25812E+05

16786E+04

25586E+05
16861E+04

25317€E+05
16914E+04

25029E+05
16705E+04

23712E+05
16137E+04

Chk: RJA
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step #8

step #9

step #10

step #11

step #12

step #13

+ + +

+ + +

+ 4+ +

+ 4+ + + +

+ + 4+ + 4+

++ + + +

Y-BAR

CRACK DEPTH

OO OO OO0 OO0 OO OO

.66148E+01
.60469E+01

.66148E+01
.60432E+01

.66148E+01
.60361E+01

.66148E+01
.60275E+01

.66148E+01
.60211E+01

.65476E+01
.59927€E+01
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11

12

13

14

15

16

17

18

19

20

79.
117.

92.
114.

.97

105

110.

118.
107.

131.
.08

144,
98.

156.
93.

168.
88.

.76
.95

.47
63.

174.
50.

174.
.96

103

171
75

173

33

174.
16.

174.
.00

89
06

98
21
92

85
21

59
19
53

64
56

91
19

50

00
94

00
00
98
00
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.49218E-01
.15428€E+01

.78363E-01
.14065E+01

.11400E+00
.12630E+01

.15337E+00
.11231E+01

.19200€E+00
.10008E+01

.22701€+00
.90120€+00

. 25800E+00
.82129€e+00

.28611E+00
.75515e+00

.34188E+00
.74132€E+00

.38351E+00
.73463E+00

.39918E+00
.73284E+00

.37350€E+00
.73124E+00

.30974E+00
.72980E+00

.23086E+00
. 72888E+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.

24907€E+02
31556E+00

26808E+02
10723E+02

31108E+02
12392e+02

57179e+01
22624E+01

72184e+01
28702E+01

69346E+01
27679E+01

83661E+01
33567E+01

89267E+01
94729e+01

68764E+01
32278e+01

10619€E+02
36045E+01

13271e+02
59958E+00

91209e+01
26647E+01

27672E+01
78369E+00

35864E+01
10973e+01

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.

2014.059.004

19329E+05
15894E+04

11021E+05
16865E+04

15064E+04
18756E+04

18941E+05
20173€E+04

36674E+05
20998E+04

54960E+05
21881E+04

73748E+05
22833€E+04

93314E+05
25442E+04

81455E+05
27376E+04

67530E+05
26963E+04

52115E+05
26590E+04

32725E+05
26322E+04

15963E+05
26206E+04

12574€E-09
26250E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 13
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.

-- Stirrup

=z
o
=
m

OWRONOVIAWN =

EQUIVALENT

v-factor

.81
.82
.82

SARNNNNNNN
(o]
=

SHEAR APPLIED
CAPACITY SHEAR
Tbs/inch Tbs/inch

1815.61 1.14
1816.03 11.61
1816.66 18.44
1817.11 20.78
1815.35 59.89
1810.60 212.73
1810.46 473.61
2922.61 777.49
2764.55 1118.12

APPLIED/
CAPACITY
ratio

.001
.006
.010
.011
.033
.117
.262
.266
.404

COOOO0OO0OO00

Page 9

oad is excess shear force above capacity.

SHEAR
DEPTH-d
inches

~ 00 G0 00 G 00 G0 OO OO
o
o

OO OO OO CO OO OO OO0 OO OO OO ©OOo OO ©o oo
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.65930E+01
.58955E+01

.63124E+01
.50161E+01

.38329e+01
.24069E+01

.30809€e+01
.67427E+01

.34674E+01
.82429E+01

.40809e+01
.10399€+02

.45666E+01
.13487E+02

.57315E+01
.19543E+02

.47460E+01
.12798E+02

.38703E+01
.92976E+01

.35078E+01
.80936E+01

.34814E+01
.77092E+01

.36437E+01
.67834E+01

.61687E+01
.00000E+00

STIRRUP
LOAD
1bs/inch

OCOOOOOCO0O
o
o
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STRESS AND STRAIN

4
(@]
=]
m

OCOoONOYUVTRARWNE

MAXIM
COMPRESSI

p

-2407.
-2401.
-2383.
-2361.
-2328.
-2210.
-1774.
-1024.
-1024.
-1946.
-2576.
-2529.
-2187.
-1556.
-2640.
-3553
-3554.
-2643
-1451.

-196.

UM
ON
S1

91
99
81
22
87
73
70
91
91
89
22
54
36
32
15

.45

20

.16

98
68

2619.
1970.
1953.
2250.
2863.
2199,
1872.
1777.
1821.
2975.
3466.

85
19
69
11
75
43
91
45
45
89
79

1
1
1

-1
-1
-1
-1
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312.
344.
383.
1431.
258.
025.
166.
184.
064 .
963.
916.

38
06
43

0.501
.682
.708
.636
.090
.466
.623
.666
.584
.324
.264

OOOOCOOOOCOO0

MEASURES FOR CONCRETE-GROUP 1,

AVERAGE

SHEAR
psi

0.15
1.49
2.37
2.67
7.70

27.34

60.38

99.12
142.54
156.12

RADI
TENSI

p

COOCOOOOOCOOOONUINICO 0000000

AL
ON
S1

.39
.36
.30
.17
.06
.54
.74

2014.059.004

-8.19
-9.88
-12.69
-16.69
-24.56
-15.88
-11.13
-9.56
-9.56
-9.56
-9.56

LOAD STEP 13

INNER-WALL
STRAIN
in/in

.8036e-03 -
.8005E-03 -
.7923e-03 -
.7823E-03 -
.7699E-03 -
.7236E-03 -
.5547e-03 -
.2352E-03 -
0.9266E-04
0.4114e-03
0.5444E-03
0.5345€E-03
0.4622E-03
0.3289€e-03
0.5579e-03
0.8094E-03
0.8097e-03
0.5585E-03
0.3068E-03
0.4156E-04

OCQOOOOO0O0
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OCOOOOOOOOOO0
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OUTER-WALL

STRAIN
in/in

.5088E-03
.5076E-03
.5037€-03
.4990€e-03
.4921E-03
.4672E-03
.3750E-03
.2166E-03
.2913E-04

0.7419e-03

OCOO0OOCOOOOOO

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NOD

[ Y

E

HOW~NOUVIAWNE

IN
C

17244.
17173.
16988.
16763.
16490.
15469.
11787.

4633.
-2181.
-6192.
-8667.

NER
AGE
psi

ouT
CA

p

-6020.
-6014.
-5985.
-5948.
-5880.
-5638.
-4774.
-3414.

-11.
15210.
25519.

ER
GE
S1

48
58
74
71
29
15
87
62
79
91
38

MAX S
TO

0
0
0
0
0
0.
0
0
0
0
0

TRESS
YIELD
ratio

.2874
.2862
.2831
.2794
.2748
2578
.1965
.0772
.0364
.2535
.4253

Page 10

CRACK
WIDTH
inches

.00083
.00079
.00068
.00054
.00035
.00000
.00000
.00000
.00000
.00000
.00013

COO0OQOO0OOCOOOCO

.1133€e-02
.1208E-02
.1140€-02
.8981E-03
.1328E-02
.1796E-02
.1708E-02
.1031E-02
.4220€E-03
.4156E~04
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12 -9691.06 29550.66 0.4925
13 -9392.17 29809.42 0.4968
14 -7584.13 25092.04 0.4182
15 -11216.77 34313.42 0.5719
16 -13549.99 42315.65 0.7053
17 -12429.55 38140.42 0.6357
18 -9354.46 22579.08 0.3763
19 -5907.01 8730.25 0.1455
20 -1324.46 -1324.46 0.0221

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13

DESIGN-CRITERION CONTROL FACTORED

NODE DEMAND
STEEL YIELDING (psi) 16 42315.6
CONCRETE CRUSHING (psi) 17 3554.2
SHEAR FAILURE (lbs/in) 12 1383.4
RADIAL-TENSION FAIL (psi) 1 8.4

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1,

NODE NUMBER FOR MAXIMUM CRACK WIDTH ...

2014.059.004 Chk: RJA

.00001
.00000
.00000
.00000
.00547
.00483
.00000
.00000
.00000

[slfololololole o)

FACTORED
CAPACITY

60000.0
4875.0
1758.3

69.6

LOAD STEP 13

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) .....

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE

----------

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

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

Page 11
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RATIO
VALUE

0.705
0.729
0.787
0.121

16
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*** WELCOME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE ........ccovuuunnn ANALYS
SOLUTION LEVEL .....ivuivvcvnnnns #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE .......ccuucnnn CONCRETE
CANNED MESH CODE # ......vvunvnnn 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 .....cevvuneennnrnnnnns 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
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STEEL POISSON RATIO ...........c0.n.

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

NONLINEAR MODELING CODE (1,2,3)

STEEL-BASED CRACKWIDTH PREDICTION PARAMETERS
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 THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.
15.
19.
27.
18.
13.
.0000
12.
.0000
.0000

12

12
12

0000
0000
0000
0000
0000
0000
0630
0630
0630
6250
3130
1250
1250
0000
3130
5630

0000

COOO0COO0COOOOCOOOOCOOOO0O

INNER-REBAR

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

COO0OO0OOCOOOOOOOOOOOOO0O0
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0.300000
0.001883

OUTER-REBAR INNER-COVER

2.0000

NANNNNNNNNNNNNNNNNNN

.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

WHEREARM
[eX=]
OO

NNNNNNNNNNNNNNNNNNNN

1.000
0.750
0.900
0.900
0.010
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

#%% MESH PARAMETERS ***

TYPE OF MESH ---—----—=---—---—— =~~~
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---=----=--
WIDTH OF TRENCH AT FOOTING LEVEL (FT) ------------
SLOPE OF TRENCH WALL (H/V) —==--=memmmmmmmm e
MESH SPACING PARAMETER -----------------"~——--——-————
TOTAL SOIL HEIGHT ABOVE CROWN (FT) ---------------
MESH HEIGHT ABOVE CROWN (FT) =-=--=-=mommmmmmmmmmn e
SOIL DENSITY ABOVE MESH (PCF) ----=-----mmmmmmemee
NUMBER OF ELEMENT LAYERS ABOVE CROWN -------------

*%%* ARCH PARAMETERS *¥*
CENTERLINE RISE OF ARCH (IN) =-----=-=---m——m—mm e
BOTTOM HALF SPAN OF ARCH (IN) =====-=-=memeem—e—e
SIDE RISE OF ARCH ABOVE FOOTING (IN) -=======-===-=
FOOTING DEPTH (IN) =s=ssisacmsmsamsmommmmnssmmmnm
OUTSIDE FOOTING WIDTH (IN) -========-—mmmmm e e
INSIDE FOOTING WIDTH (IN) ==-=======-m-mmmmmm e
NUMBER OF ARCH SEGMENTS DEFINED ------------------

*%% CURVED TOP SEGMENT *%*
RADIUS (IN) =======mmmmmmmmmmm oo
CENTRAL ANGLE (DEG) —===============m-—memmmmmoeo
SEGMENT ARC LENGTH (IN) -===-—====mmmmmmmmmmmmmee
NUMBER OF BEAM ELEMENTS IN SEGMENT ---------------

*%% CURVED CORNER SEGMENT ***
RADIUS (IN) Sovc—acoasssasmasemasonsesamon snsanaais
CENTRAL ANGLE (DEG) ====== = e
SEGMENT ARC LENGTH (IN) -=—-=----—=-—mmmmmmmoe
NUMBER OF BEAM ELEMENTS IN SEGMENT -------———————-

#%% STRAIGHT SIDE SEGMENT ¥%%
DEFLECTION ANGLE (DEG) -==—====—===mmmm e
SEGMENT LENGTH (IN) sSescsiitie—eiisilisoainsimmsns
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-~--=--=--——————=—=

orRwR

2014.059.004

.94
.14
.73

.00
.94
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KEY NUMBERS DESCRIBING MESH ...

THE NUMBER OF LOAD STEPS IS------------ 13
TOTAL NUMBER OF NODES IS-----~----———~- 244
TOTAL NUMBER OF ELEMENTS IS------------ 209
TOTAL NUMBER OF BEAM ELEMENTS IS------- 19
MAX NUMBER OF BOUNDARY CONDITIONS IS--- 36

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* NUMBER OF NODES TO BE CHANGED ------- 0 *
* NUMBER OF ELEMENTS TO BE CHANGED ---- 0 *
* ADDITIONAL BOUNDARY CONDITIONS ------ 31 *

* % * 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

225 10 F = 0.0000E+00 F = -0.1395E+03 0.0000E+00
F225 11 F = 0.0000E+00 F = -0.1395E+03 0.0000E+00
F225 12 F = 0.0000E+00 F = -0.1395e+03 0.0000E+00
F225 13 F = 0.0000E+00 F = -0.1395£+03 0.0000E+00
F229 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F229 11 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F229 12 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F229 13 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F224 10 F = 0.0000E+00 F = -0.4800E+01 0.0000E+00
F225 10 F = 0.0000E+00 F = -0.9600E+01 0.0000E+00
F226 10 F = 0.0000E+00 F = -0.9600E+01 0.0000E+00
F227 10 F = 0.0000E+00 F = -0.9600E+01 0.0000E+00
F228 10 F = 0.0000E+00 F = -0.9600E+01 0.0000E+00
F229 10 F = 0.0000E+00 F = -0.9600E+01 0.0000E+00
F230 10 F = 0.0000E+00 F = -0.9600E+01 0.0000E+00

Page 4
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F231 10 F = 0.0000E+00 F = -0.9600E+01 0.0000E+00
F232 10 F = 0.0000E+00 F = -0.9600E+01 0.0000E+00
F233 10 F = 0.0000E+00 F = -0.9600E+01 0.0000E+00
F224 9 F = 0.0000£+00 F = -0.2188E+01 0.0000E+00
F225 9 F = 0.0000E+00 F= -0.4375e+01 0.0000E+00
F226 9 F = 0.0000E+00 F= -0.4375e+01 0.0000E+00
F227 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F228 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F229 9 F = 0.0000E+00 F = -0.4375g+01 0.0000E+00
F230 9 F = 0.0000E+00 F= -0.4375e+01 0.0000E+00
F231 9 F = 0.0000E+00 F= -0.4375e+01 0.0000E+00
F232 9 F = 0.0000E+00 F= -0.4375e+01 0.0000€E+00
F233 9 F = 0.0000E+00 F = -0.4375e+01 0.0000E+00
F234 9 F = 0.0000e+00 F = -0.4375E+01 0.0000E+00
F235 9 F = 0.0000e+00 F = -0.4375E+01 0.0000E+00
E236 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00

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

CALCULATED KEY NUMBERS ...

THE NUMBER OF DATA ERRORS IS----------- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ 1
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)-------=—---=- 88

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

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

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE )
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1 whEEREREIN site
DENSITY = 0.14000E+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 *REEEEEEFoOting
DENSITY = 0.15000E+03
YOUNGS MODULUS= 0.3122E+07
POISSONS RATIO= 0.1700E+00
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00
PROPERTIES FOR MATERIAL 3 FkEkkkkEGWQS
DENSITY = 0.14000E+03
CONTROLS FOR DUNCAN SOIL MODEL
WITH SELIG HYPERBOLIC BULK MODULUS FORMULATION
LRFD STRESS CONTROL. ..+ e susn 0

ENTERING ELEMENT RATIO....... 0.5000

HYPERBOLIC STRESS-STRAIN PARAMETERS

SOIL CLASSIFICATION .......cv0..- Sw95
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000

SCALED MODULUS NUMBER 2ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF ......v:vv-uns 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1.310 Factor for load step #1

2 0.857 Factor for load step #2

3 0.857 Factor for load step #3

4 0.857 Factor for load step #4

5 1.365 Factor for load step #5

6 1.365 Factor for load step #6

7 1.365 Factor for load step #7

Page 7
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1.365
1.500
1.750
1.750
1.750
1.750

2014.059.004

+++++++ A F A A FF A A A+

SOLUTION OUTPUT RESULTS

+++++++++++++F A+ o+

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

++++++ A+ F A+

CONCRETE,

FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13

COORDINATES, DISPLACEMENTS AND CRACK DEPTHS ARE INCHES

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

MOMENTS ARE IN-LB/IN

LOCATION FROM INTERIOR, INCHES

THRUST AND SHEAR ARE LB/IN

LOCAL
NODE

1

X-COORD.
Y-COORD.

0.
.00

.42

125
13

124.

26.
124,

40.
123.

53.
121.

66.
119.

00

78

80
11

15
01

46
47

71
48

0.
-0.

-0.
-0.

0.
-0.

0.
-0.

0.
-0.

0.
=0}

X-DISP.
Y-DISP.

00000E+00
24762E+01

33206E-03
24460E+01

31854E-02
23583E+01

13610€E-01
22216E+01

32920e-01
20474€E+01

61796E-01
18485E+01

-0.
0.

-0.
0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.
Pa

Factor for load

Factor for load

Factor for load

Factor for load

Factor for load

Factor for load
N-PRES. MOMENT
S-PRES. THRUST
48397E+02 0.64227E+05
90407E+01 -0.15882E+04
35573E+02 0.61856E+05
13480E-01 -0.16014E+04
22749E+02 0.53649E+05
90137E+01 -0.16811E+04
13820E+02 0.41946E+05
54467E+01 -0.18068E+04
54519E+01 0.28405E+05
21096E+01 -0.18912E+04
26586E+00 0.14569E+05
44301E-01 -0.19408E+04

ge 8
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step #8

step #9

step #10

step #11

step #12

step #13

+ + +

+ + +

+ + +

+ + + + +

++ + 4+ +

+ + + 4+ +

Y-BAR

CRACK DEPTH

OO OO OO OO OO ©OOo

.61714E+01
.62773E+01

.62003E+01
.62799E+01

.63944E+01
.62860E+01

.65369E+01
.62260E+01

.66148E+01
.60313E+01

.65476E+01
.54864E+01



10

11

12

13

14

15

16

17

18

19

20

79.
117.

92

105

110.

118.
107.

131.
.08

103

144.
98.

156.
93.

168.
88.

171.

75
173

89
06

.98
114.

.97

21

92

85
21

59
19
53

64
56

91
19

76

.95

.47
63.

174.
50.

174.
33.

174.
16.

174.
.00

50

00
94

00
96

00
98

00
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.99611E-01
.16385E+01

.14448€E+00
.14296E+01

.19277€E+00
.12351E+01

.23927€E+00
.10699E+01

.27998E+00
.94090E+00

.31379e+00
.84447€E+00

.34178E+00
. 77190€E+00

.36601E+00
.71451E+00

.41248E+00
.70287€E+00

.44416E+00
.69760E+00

.44928£+00
.69633£+00

.40875E+00
.69486E+00

.32974E+00
.69355E+00

.23548E+00
.69272€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.

-0.
0.

0.
-0.

42318e+01
16402E+01

39540€E+01
15383E+01

56710E+01
22341e+01

68182E+01
27010E+01

77748E+01
30917e+01

87125E+01
34776E+01

10448E+02
31967E+01

13030E+02
45367E+01

11564E+02
24287E+01

14008E+02
25247e+01

14773E+02
63880£+00

94685E+01
34640E+01

29470E+01
85583E+00

35745E+01
17524E+01

0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

.84001E+05

-0

-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

0.
-0.

2014.059.004

13890E+04
19871E+04

11827E+05
20434E+04

25001E+05
21042E+04

38414E+05
21739E+04

52253E+05
22511E+04

66678E+05
23364E+04

81859E+05
24264E+04

98130E+05
25397E+04
25790E+04

68730E+05
25156E+04

52718E+05
24580E+04

33043E+05
24146E+04

16096E+05
23956E+04

47817€E-09
23988E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 13
-- v-factor is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" 1is negative if measured from outer wall.
oad is excess shear force above capacity.

4
o
=
m

RONOWVTRARWN =

stirrup

EQUIVALENT
v-factor

WhRANNNNN

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

1808.46 -41.30
1809.57 394.61
1816.24 743.00
1826.77 942.02
1833.84 1021.63
2865.52 1008.16
2923.16 985.01
2142.23 984.77

APPLIED/
CAPACITY
ratio

0.023
0.218
.409
.516
.557
.352
.337
.460

OCOOOCOCO

Page 9

SHEAR
DEPTH-d
inches

.00

~ 00 G0 00 00 00 OO o
o
o

OO OO OO OO OO OO OO0 OO0 OO0 OO OO oo oo o©o
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.51548E+01
.00000E+00

.24151E+01
.67478E+01

.29481E+01
.65573E+01

.31316€E+01
.71127E+01

.35229e+01
.83864E+01

.40809E+01
.10481E+02

.45666E+01
.13538E+02

.57315E+01
.19631E+02

.44372E+01
.12907E+02

.38703E+01
.93351e+01

.35078E+01
.81324E+01

.34814E+01
.77773E+01

.36437E+01
.69164E+01

.61687E+01
.00000E+00

STIRRUP
LOAD
Tbs/1inch

.00

COOOOO00OO0
o
o
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11
12
13
14

16
17
18
19
20

APUWNNNERERRRENNN
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STRESS AND STRAIN

NODE

1
2
3
4
5
6
7
8
9
10

11
12
13
14
15
16
17
18
19
20

MAXIM
COMPRESSI

p

-4665.
-4533
-4081.
-3523.
-2644.
-1510.

-346.
-1511.
-2746.
-3448.
-3418.
-3024.
-2411.
-1619.
-2676.
-3572.
-3557.
-2626.
-1426.

-179.

um
oN
S1

18

.62

14
24

1653.
1670.
1768.

1952

2241.
2863.
2190.
1861.
1764.
1797.
2913.

3625

12
83
45
.44
76
51
57
56
05
65
56
.40

1
1
1
1

-1
-1
-1
-1

28x10HL93c3mMod.out
992.16 0.600
017.00 0.609
054.70 0.596
104.76 0.566
173.69 0.524
44 .71 0.016
169.85 0.534
244 .15 0.668
216.19 0.689
078.42 0.600
973.02 0.334
922.98 0.255

MEASURES FOR CONCRETE-GROUP

AVERAGE
SHEAR

psi

-5.
50.
95.
121.
131.
129.
125.
125.
126.
120.
104.
85.
69.
1.
-72.
-109.
-124.
-110.
-99.
-94.

31
71

RADIAL
TENSION

psi

22.76
21.84
18.71
14.20

COOOCOOOOOOCOOOOHhY
o
(=]

1,
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-7.63
-8.19
-9.88
12.69
16.69
24.56

11.13
-9.56
-9.56

10.00
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LOAD STEP 13

INNER-WALL OUTER-WALL
STRAIN STRAIN
in/in in/in
0.2149€e-02 -0.1259E-02
0.2062E-02 -0.1205E-02
0.1758E-02 -0.1023E-02
0.1342E-02 -0.7972€E-03
0.8746E-03 -0.5589E-03
0.4102E-03 -0.3192E-03
0.1340E-05 -0.7330€e-04
0.3194E-03 0.6804E-03
0.5805E-03 0.1114E-02
0.7668E-03 0.1583E-02
0.7550€E-03 0.1644E-02
0.6391E-03 0.1475E-02
0.5096E-03 0.1269E-02
0.3423E-03 0.9486E-03
0.5656E-03 0.1384E-02
0.8169E-03 0.1836E-02
0.8110E-03 0.1736E-02
0.5550E-03 0.1051E-02
0.3014E-03 0.4337e-03
0.3798E-04 -0.3798E-04

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

QUOUOONOTVNI A WN =

=

IN

NER

CAGE

46769.
44880.
38294.
29123.
18734.
8423.
-498.
-3845.
-7763.
-10340.

psi

OUTER

CAGE

p

-13638.
-13036.
-10991.

-8790.

-6675

-4507.
-1780.
13966.
22431,
33272.

S1

69
21
51
76

.83

54
45
47
33
52

MAX STRESS
TO YIELD
ratio

Page

Booocoocoococo

.7795
.7480
.6382
.4854
.3122
.1404
.0297
.2328
.3739
.5545

CRACK
_WIDTH
inches

.00975
.00917
.00712
.00428
.00103
.00000
.00000
.00000
.00000
.00329

OCOOOOOOCOCOO



11
12
13
14
15
16
17
18
19
20

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13

DESIGN-CRITERION

28x10HL93c3Mod.out
.6209
.6025
.5537
.4419
.5974
.7218
.6474
.3848
.1510

-11643.04 37254.73
-11459.07 36149.67
-10313.61 33219.77
-7861.75 26516.50
-11238.29 35845.32
-13567.36 43310.87
-12316.02 38844.79
-9158.10 23086.28
-5701.39 9062.97
-1210.31 -1210.31

STEEL YIELDING {(psi)

CONCRETE CRUSHING (psi)

SHEAR FAILURE (1bs/in)

RADIAL-TENSION FAIL (psi)

LRFD SERVICE-LOAD PERFORMANCE

CONTROL
NODE

OCQOOOCOOOOOCO

.0202

FACTORED
DEMAND

46769.0
4665.2
1216.2

22.8

NODE NUMBER FOR MAXIMUM CRACK WIDTH

2014.059.004 Chk: RJA

.00392
.00214
.00000
.00000
.00048
.00579
.00506
.00000
.00000
.00000

OCOOOOCOOOOO

FACTORED
CAPACITY

60000.0
4875.0
1587.6

69.6

MEASURES FOR GROUP 1, LOAD STEP 13

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) .....

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE

..........

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

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

Page 11
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RATIO
VALUE

0.779
0.957
0.766
0.327
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*%% WELCOME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE ....c.vvivvunnnans ANALYS
SOLUTION LEVEL ......cccviiiiiannnn #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE .......ccc0uune 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)..uvunnn 4595487.000
POISSON RATIO ..vvvinvnennnnannnnns 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)....couun. 60000.000
STEEL ELASTIC MODULUS (pSi)......... 29000000.000

Page 1
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STEEL POISSON RATIO ......ciecvuurns

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

NONLINEAR MODELING CODE (1,2,3)

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

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK

10

15

.0000
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.
.1250
19,
27.
18.
13.
12.
12.
12.
12.

0000
0000
0000
0000
0000
0630
0630
0630
6250
3130

1250
0000
3130
5630
0000
0000
0000
0000

OCOO0COCOO0OOCOOOCOOOCOOOO0O

INNER-REBAR

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

OCOOO0OOCOOOOCOOOOOOOOOO0O
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0.300000
0.001883

OUTER-REBAR INNER-COVER

2.0000

NNNNNNMNNNNNNNNNNNNNNN

.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

WHRF A A
o0
oo

NNNNNNNNNNNNNNNNNNNN

1.000
0.750
0.900
0.900
0.010
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

*%% MESH PARAMETERS **¥

TYPE OF MESH —-======= = mmmmmmmm oo
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) ---=-=======
SLOPE OF TRENCH WALL (H/V) =======mmmmmmmmmmmme oo
MESH SPACING PARAMETER ---========--————oomoooo o
TOTAL SOIL HEIGHT ABOVE CROWN (FT) ---========m==-
MESH HEIGHT ABOVE CROWN (FT) ====-=====-=-—momeeee
SOIL DENSITY ABOVE MESH (PCF) -====-=-=------——o-
NUMBER OF ELEMENT LAYERS ABOVE CROWN -------------

#%%* ARCH PARAMETERS **¥
CENTERLINE RISE OF ARCH (IN) -===---mmmmmmmm e
BOTTOM HALF SPAN OF ARCH (IN) ---==-=---emmememme
SIDE RISE OF ARCH ABOVE FOOTING (IN) ---==-=—-==—==-
FOOTING DEPTH (IN) ==—====-m—mmmmm e e
OUTSIDE FOOTING WIDTH (IN) -------——mmmmmmmm oo
INSIDE FOOTING WIDTH (IN) ---=-----mmmmmmmmmmmmmm e
NUMBER OF ARCH SEGMENTS DEFINED -------—-—-———————-—-

*%% CURVED TOP SEGMENT *¥**
RADIUS (IN) ==-=-m—m—mm oo oo e e e e m e
CENTRAL ANGLE (DEG) =—-=—====m=—mmmmmm e e
SEGMENT ARC LENGTH (IN) -======;=-—mmmmmmm o~
NUMBER OF BEAM ELEMENTS IN SEGMENT -------——---—--=---

*#%% CURVED CORNER SEGMENT **%
RADIUS (IN) =====m==m === == mmmm o m o mm oo
CENTRAL ANGLE (DEG) --===============——mmmmmmmmmoe
SEGMENT ARC LENGTH (IN) ——-=-====-mommmmmmmm
NUMBER OF BEAM ELEMENTS IN SEGMENT ---------------

#%% STRAIGHT SIDE SEGMENT ***
DEFLECTION ANGLE (DEG) ==============-=——————emuue
SEGMENT LENGTH (IN) =-======mmmmmmmmmmmm e e e oo
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----———==~—==—oc—-

oRwH

2014.059.004

.88
.59
.19

.94
.14
.73

.00
.94

Chk: RJA
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KEY NUMBERS DESCRIBING MESH ...

THE NUMBER OF LOAD STEPS IS
TOTAL NUMBER OF NODES IS
TOTAL NUMBER OF ELEMENTS IS
TOTAL NUMBER OF BEAM ELEMENTS IS
MAX NUMBER OF BOUNDARY CONDITIONS IS---

EXTEN

b e

T R W

DED

BOUNDARY CONDITIONS * *
(FORCES = LBS; DISPLACEMENTS

BOUNDARY
BEAM ROTATIONAL

N

ODE

LEVEL-2: CHANGES TO CANNED MESH

L

3k

NUMBER OF NODES TO BE CHANGED

NUMBER OF ELEMENTS TO BE CHANGED ----

ADDITIONAL BOUNDARY CONDITIONS

LOAD

STEP

BOUNDARY CONDITIONS

F
.
.
.

T

b e e e e A & RN I BN I |

F

228
228
228
228
230
230
230
230
224
225
226
227
228
229
230

10
11
12
13
10
11
12
13
10
10
10
10
10
10
10

mM T M M M M M ™M m T

m T m M m

e

X-FORCE OR

X-DISPLACEMENT

.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

mM T M M T

M

m M M M M M M M

F

Page 4

w
OO
* %k o

INCHES; ROTATIONS = DEGREES)

Y-FORCE OR

Y-DISPLACEMENT

.1395E+03
.1395E+03
.1395E+03
.1395€E+03
.1395€+03
.1395€e+03
.1395E+03
.1395E+03
.4800E+01
.9600E+01
.9600E+01
.9600E+01
.9600E+01
.9600E+01
.9600E+01

2014.059.004 Chk: RJA

X-

O O O O O O O O © O O o o o o
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Y ROTATION

.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
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F231 10 F = 0.0000E+00 F = -0.9600E+01
F232 10 F = 0.0000E+00 F = -0.9600e+01
F233 10 F = 0.0000E+00 F = -0.9600E+01
F224 9 F = 0.0000E+00 F = -0.2188E+01
F225 9 F = 0.0000e+00 F = -0.4375e+01
F226 9 F = 0.0000E+00 F = -0.4375E+01
F227 9 F = 0.0000E+00 F = -0.4375e+01
F228 9 F = 0.0000E+00 F= -0.4375e+01
F229 9 F = 0.0000E+00 F = -0.4375e+01
F230 9 F = 0.0000E+00 F = -0.4375e+01
F231 9 F = 0.0000E+00 F = -0.4375e+01
F232 9 F = 0.0000E+00 F = -0.4375e+01
F233 9 F = 0.0000E+00 F= -0.4375e+01
F234 9 F = 0.0000E+00 F= -0.4375e+01
F235 9 F = 0.0000E+00 F = -0.4375e+01
E236 9 F = 0.0000E+00 F = -0.4375E+01

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

CALCULATED KEY NUMBERS ...

THE NUMBER OF DATA ERRORS IS----------- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ 1
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)---------———~~- 88

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE CONNECTED-GROUP-ELEMENTS
SEQUENCE NUMBER FOREWARD-# BACKWARD-#
1 198 1 0
2 194 2 1
3 190 3 2
4 167 4 3

Page 5
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.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.0000E+00
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.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
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5 164 4
6 161 6 5
7 158 7 6
8 138 8 7
9 136 9 8
10 134 10 9
11 132 11 10
12 130 12 11
13 128 13 12
14 118 14 13
15 115 15 14
16 109 16 15
17 103 17 16
18 97 18 17
19 91 19 18
20 80 0 19

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE .
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1 wEEEEEFRIN site
DENSITY = 0.14000E+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 *kxFEXEFFOOLING
DENSITY = 0.15000E+03
YOUNGS MODULUS= 0.3122E+07
POISSONS RATIO= 0.1700E+00
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00
PROPERTIES FOR MATERIAL 3 FhkkkEERSWIS
DENSITY = 0.14000E+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 ............ Sw95
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000

SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF ............-n 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1 1.310 Factor for load step #1

2 0.857 Factor for Tload step #2

3 0.857 Factor for load step #3

4 0.857 Factor for load step #4

5 1.365 Factor for load step #5

6 1.365 Factor for Toad step #6

7 1.365 Factor for load step #7

Page 7
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1.365
1.500
1.750
1.750
1.750
1.750

Factor

Factor

Factor

Factor

Factor

Factor

2014.059.004

for load
for load
for load
for load
for load

for Toad

B T i I T T S S T S S A A S R R S S S e i O

SOLUTION OUTPUT RESULTS

Ik T TR Tk T T e S S T S S R S A

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

T S S T S S S A e S R S e S S S S S S S i

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13

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.
125.

13.
124,

26.
124,

40.
123.

53.
121.

66.
119.

00
00

42
78

80
11

15
01

46
47

71
48

0.
-0.

-0.
-0.

0.
-0.

0.
-0.

0.
-0.

0.
-0.

X-DISP.
Y-DISP.

00000E+00
24466E+01

81521E-03
24312E+01

39870E-03
23852E+01

56782E-02
23086E+01

17075e-01
22016E+01

36509eE-01
20655E+01

-0.
-0.

-0.
-0.

-0.
0.

-0.
0.

-0.
0.

-0.
-0.
Pa

N-PRES.
S-PRES.

38927E+01
11901E+01

37692E+01
35677E+00

36458E+01
47658E+00

83928E+01
31929e+01

18312e+02
46269E+01

22746E+02
75712400
ge 8

0.
-0.

0.
-0.

0.
-0.

0.
-0.

MOMENT
THRUST

.33690E+05
. 20928E+04

.33706E+05
.20978E+04

33816E+05
20973E+04

34044E+05
20736E+04

33527E+05
20249E+04

30465E+05
20088E+04

Chk: RJA
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step #8

step #9

step #10

step #11

step #12

step #13

+ 4+ + 4+ + ++ 4+

++ 4+ +++++

++++++++

Y-BAR

CRACK DEPTH

OO OO0 OO OO0 OO ©Oo

.66148E+01
.60828E+01

.66148E+01
.60817E+01

.66148E+01
.60837E+01

.66148E+01
.60912E+01

.66148E+01
.60904E+01

.66148E+01
.60427E+01



10

11

12

13

14

15

16

17

18

19

20

79.
117.

92

103

144
98.

156.
93.

168.
88.

171.
75.

173.
63.

174.
50.

174,
33.

174.
16.

174.
.00

89
06

.98
114.

105.
110.

118.
107.

131.
.08

21

97
92

85
21

59
19
53

64
56

91
19

76
95

47
50

00
94

00
96

00
98

00
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.65255E-01
.19041E+01

.10352E+00
.17250e+01

.15009€+00
.15373e+01

.20133E+00
.13553E+01

.25181E+00
.11954E+01

.29784E+00
.10645E+01

.33874€E+00
.95897E+00

.37595E+00
.87137E+00

. 44998E+00
.85298E+00

.50560€E+00
.84404E+00

.52723E+00
.84167E+00

.49506E+00
.83960E+00

.41310E+00
.83774E+00

.31141E+00
.83658E+00

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

O.93247E+01

-0.
-0.

-0.
-0.

-0.
-0.

-0.
0.

-0.
0.

-0.
0.

0.
-0.

-0

29072E+02
63016E+01

38262E+02
15238E+02

18153E+02
62472E+01

30807E+02
12285E+02

87995E+01
34984E+01

92388E+01
36912E+01
37384E+01

10364E+02
10976E+02

10951E+02
31057E+01

15033E+02
29653E+01

16798E+02
49572E-01

11654E+02
39474E+01

35752E+01
11074e+01

45039e+01
17326E+01

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.

2014.059.004

24053E+05
20746E+04

13183€E+05
22492E+04

37130E+04
24354E+04

22943E+05
26118e+04

46713E+05
27779E+04

71019E+05
28915E+04

95931E+05
30104E+04

12147€+06
33249€e+04

10564E+06
35458E+04

87442E+05
34682€E+04

67540E+05
33982E+04

42443E+05
33484E+04

20706E+05
33232E+04

58003E-09
33220E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 13
-- v-factor is coefficient of sqrt(PFPC) equa1 to capacity.
-- Shear depth "d" is negative if measured from outer wall.
oad is excess shear force above capacity.

4
o
O
m

CONOYUVTRAWN =

stirrup

EQUIVALENT
v-factor

ANNNNNNN

.87
.87
.87
.87
.86
.86
.85
.50

SHEAR APPLIED
CAPACITY SHEAR
Tbs/inch 1bs/inch

1850.73 2.28
1851.15 -4.69
1851.10 -12.61
1849.12 10.76
1845.04 133.56
1843.69 353.55
1850.91 644.90
2923.16 1036.13

APPLIED/
CAPACITY
ratio

.001
.003
.007
.006
.072
.192
.348
.354

OOOCOOCO0OO

Page 9

SHEAR
DEPTH-d
inches

00 00 OO 00 OO0 00 00 OO
o
o

OO OO OO OO OO0 OO OO0 OO OO OO OO OO0 OO oo
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.65930E+01
.58918E+01

.63124€E+01
.49522E+01

.35323e+01
.38076E+01

.30809e+01
.67099E+01

.34778E+01
.82367E+01

.40882E+01
.10405E+02

.45666E+01
.13503€E+02

.57315E+01
.19596€E+02

.45063E+01
.12838E+02

.39865E+01
.92668E+01

.36408E+01
.80649E+01

.35182E+01
.77347E401

.36437E+01
.68677E+01

.61687E+01
. 00000E+00

STIRRUP
LOAD
Tbs/inch

OCOOOCOCOOO
(=]
o
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STRESS AND STRAIN

=z
o
o
m

=
QUOWOONOCOUVIRARWNE

=
=

12
13
14
15
16
17
18
19
20

MAXIM
COMPRESSI

p

-3118.
-3120.
-3128.
-3143.
-3086.
-2825.
-2238.
-1271.
-1271.
-2388.
-3277.
-3265.
-2852.
-2030.
-3343.
-4205.
-4214,
-3344.
-1884.

-248.

UM
ON
si

60

2764

2718.

2093

2038.
2310.

2903

2244,
1921.
1826.

1865

3044.
3625.

.55
92
.26
43
57
.28
59
39
74
91
36
40

28x10HL93c4Mod.
1348.
1604.
1794.
1836.
1882.
.89

322

-1354.
-1515.
-1530.
-1379.
-1249.
-1189.

15
65
01
61
73

01
31
57
14
84
14

OCOO0OOOOOOOO0OO

MEASURES FOR CONCRETE-GROUP

AVERAGE

SH

0.
-0.
-1.

1.
17.

45
82
132

171.
190.
177.
142.
111.

13.
-84.
133.
156.
141.
127.
121.

EAR
psi

29
60
62
38
16
.44
.21
.09
87

RAD
TENS

10.
10.
11.
11.
10.

COOCOOOOOOOOONNY

TAL
ION
psi

97
97
05
12
94
.79

out

.488
.590
.857
.901
.815
111
.603
.789
.838
.739
411
.328

1,

2014.059.004

-7.63
-8.19
-9.88
-12.69
-16.69
-24.56
-15.88
-11.13
-9.56
-9.56

10.00
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COO0OOOOOOOO0OO0O
o
o

LOAD STEP 13

INNER-WALL OUTER-WALL

STRAIN STRAIN

in/in in/in
0.1049€e-02 -0.6589E-03
0.1049E-02 -0.6594E-03
0.1052€E-02 -0.6610E-03
0.1061E-02 -0.6642E-03
0.1042€-02 -0.6523E-03
0.9371E-03 -0.5971E-03
0.6922E-03 -0.4729€E-03
0.2801E-03 -0.2687E-03
0.1539e-03 0.9369E-04
0.5047E-03 0.8922E-03
0.6977E-03 0.1440E-02
0.6930E-03 0.1560E-02
0.6029e-03 0.1482E-02
0.4290E-03 0.1172E-02
0.7244E-03 0.1732e-02
0.1073E-02 0.2345E-02
0.1076E-02 0.2237€E-02
0.7250E-03 0.1343E-02
0.3981E-03 0.5562E-03
0.5260E-04 -0.5260E-04

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

QW NOVIRWNR

._l

IN
C

22537.
22541.
22617.
22806.

22402

20084.
14678.

5449.
-3336.
-7705.

NER
AGE
pPsi

68
94
04
68
.04
68
25
64
90
52

-77
=77
-77
-77
-76
-71
-60
-43

10
182

OUTER
CAGE
psi

33.99
43.65
56.26
68.28
28.77
12.06
78.26
27.63
74.36
19.84

Page

MAX STRESS
TO YIELD
ratio

Sococococoocooco

.3756
.3757
.3770
.3801
.3734
.3347
. 2446
.0908
.0556
.3037

CRACK
WIDTH
inches

.00243
.00241
.00238
.00237
.00214
.00130
.00000
.00000
.00000
.00000

COOOOOOOO0O0



2014.059.004 Chk: RJA
Page 172 of 304

28x10HL93c4Mod.out

11 ~11168.96 32403.66 0.5401 0.00236
12 -12593.06 38133.61 0.6356 0.00278
13 -12264.29 38757.99 0.6460 0.00078
14 -9892.23 32736.96 0.5456 0.00000
15 -14535.32 44772.69 0.7462 0.00336
16 -18124.13 55169.33 0.9195 0.00962
17 -16707.44 49832.86 0.8305 0.00861
18 -12121.92 29409.26 0.4902 0.00149
19 -7619.52 11546.27 0.1924 0.00000
20 -1676.16 -1676.16 0.0279 0.00000
ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13
LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13
DESIGN-CRITERION CONTROL FACTORED FACTORED RATIO
NODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) 16 55169.3 60000.0 0.919
CONCRETE CRUSHING (psi) 17 4214.4 4875.0 0.864
SHEAR FAILURE (1bs/in) 12 1836.6 1834.6 1.001
RADIAL-TENSION FAIL (psi) 4 11.1 69.6 0.160

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 13

NODE NUMBER FOR MAXIMUM CRACK WIDTH .............. 16
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) ..... 0.00962
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .......... 0.96
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 348.00

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

Page 11
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*%% WELCOME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE ........ccieuvunnnn ANALYS
SOLUTION LEVEL .....iiviieernnans #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE ........ccccuunn CONCRETE
CANNED MESH CODE # .......c0vvuuns 3
NUMBER OF BEAM ELEMENTS ......... 19

CONCRETE MATERIAL PROPERTIES ARE AS FOLLOWS

COMPRESSION STRENGTH (PSi)....cvvu.n. 6500.000
ELASTIC YOUNGS MODULUS (psi)........ 4595487.000
POISSON RATIO ..vuvvvvronnnnnensnsns 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-BASED CRACKWIDTH PREDICTION PARAMETERS

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

28x10H20c1Mod.out

STEEL POISSON RATIO .....iuvvvvvnnnns

STEEL YIELDING STRAIN .........c000n

NONLINEAR MODELING CODE (1,2,3)

REBAR SPACING INNER ROW (SLI), (in)
REBAR SPACING OUTER ROW (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

15

12
12
12
12

.0000
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.
.1250
19.
27.
18.
13.
.0000
.0000
.0000
.0000

0000
0000
0000
0000
0000
0630
0630
0630
6250
3130

1250
0000
3130
5630

INNER-REBAR

0.1980

COO0OOCOCOO0OOOOOOOOOOO00

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

o

.0750
0.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

QOOOCOOCOOOOOOOCOOO0O0O

2014.059.

0.300000
0.001883

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

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

WEERAM
[ele]
(o) =]

NANNNNNNNNNNNNNNNNNN RN

1.000
0.750
0.900
0.900
0.010
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

#%% MESH PARAMETERS **%*

TYPE OF MESH -=--=— === = —mmmmmmmommmmmo oo
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) -=-=--===-==--
SLOPE OF TRENCH WALL (H/V) ==-——===-=—==——mmmmm
MESH SPACING PARAMETER =---============= e
TOTAL SOIL HEIGHT ABOVE CROWN (FT) =======-=====n-
MESH HEIGHT ABOVE CROWN (FT) ----=--=------oomuun
SOIL DENSITY ABOVE MESH (PCF) -=--=-======-=---oo-
NUMBER OF ELEMENT LAYERS ABOVE CROWN --~----------

#%% ARCH PARAMETERS ***
CENTERLINE RISE OF ARCH (IN) =-====-=-==mmcmomomon
BOTTOM HALF SPAN OF ARCH (IN) ===---=====-===meum-
SIDE RISE OF ARCH ABOVE FOOTING (IN) -------------
FOOTING DEPTH (IN) --===-=======———mmm—momoomoooo
OUTSIDE FOOTING WIDTH (IN) =-===========mmmmoomooe
INSIDE FOOTING WIDTH (IN) -=====--=-mmmmmmmmmmmeen
NUMBER OF ARCH SEGMENTS DEFINED ------------------

#%% CURVED TOP SEGMENT *%*
RADIUS (IN) ==========mmmmmmm e
CENTRAL ANGLE (DEG) --==============——=—co————oooo
SEGMENT ARC LENGTH (IN) =====-==r=====m=mmmmm e oo
NUMBER OF BEAM ELEMENTS IN SEGMENT ----------—-——-

**% CURVED CORNER SEGMENT ***
RADIUS (IN) sosemmsiom e cssimn s s cmim s owam o o o s e
CENTRAL ANGLE (DEG) ====--===-=mmcmmmmmmm e
SEGMENT ARC LENGTH (IN) ===--==--mmmmmmmmmmmmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT ~---=~---c-e--x

*%% STRAIGHT SIDE SEGMENT ***
DEFLECTION ANGLE (DEG) ===============mm—mmmm e
SEGMENT LENGTH (IN) =-=-===mmmmmmmmmm e mcmmmm e
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-----====—==—————

OoORwWH

2014.059.004

.00
.94
.00
.00
.88
.19

.94
.14
.73

.00
.94

Chk: RJA
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KEY NUMBERS DESCRIBING MESH ...
THE NUMBER OF LOAD STEPS IS------------
TOTAL NUMBER OF NODES IS---------——---—-
TOTAL NUMBER OF ELEMENTS IS------------
TOTAL NUMBER OF BEAM ELEMENTS IS-------
MAX NUMBER OF BOUNDARY CONDITIONS IS---

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* NUMBER OF NODES TO BE CHANGED

36

* NUMBER OF ELEMENTS TO BE CHANGED ----

* ADDITIONAL BOUNDARY CONDITIONS

* * * BOUNDARY CONDITIONS * *
(FORCES = LBS; DISPLACEMENTS

[

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

BOUNDARY CONDITIONS

224 10 F = 0.0000E+00
F224 11 F = 0.0000E+00
F224 12 F = 0.0000E+00
F224 13 F = 0.0000E+00
F230 10 F = 0.0000E+00
F230 11 F = 0.0000E+00
F230 12 F = 0.0000E+00
F230 13 F = 0.0000E+00
F224 10 F = 0.0000e+00
F225 10 F = 0.0000E+00
F226 10 F = 0.0000E+00
F227 10 F = 0.0000E+00
F228 10 F = 0.0000E+00
F229 10 F = 0.0000E+00
F230 10 F = 0.0000E+00

Page

m M

m M M M M M M M M

Tn

M

F
4

ROO
Sk o 3t

INCHES; ROTATIONS = DEGREES)

Y-FORCE OR

Y-DISPLACEMENT

Il
o O O O O O © O o o o

.8925E+02
.8925€E+02
.8925E+02
.8925E+02
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

2014.059.004 Chk: RJA
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Y ROTATION

.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
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231
232
233
224
225
226
227
228
229
230
231
232
233
234
235
236

o =~
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.0000E+00 F = 0.0000e+00
.0000E+00 F = 0.0000E+00
.0000E+00 F = 0.0000E+00
.0000E+00 F= -0.2188E+01
.0000E+00 F= -0.4375E+01
.0000E+00 F = -0.4375g+01
.0000E+00 F = -0.4375e+01
.0000E+00 F= -0.4375e+01
.0000E+00 F = -0.4375E+01
.0000E+00 F= -0.4375e+01
.0000E+00 F= -0.4375e+01
.0000E+00 F = -0.4375e+01
.0000E+0Q0 F = -0.4375e+01
. 0000E+00 F = -0.4375E+01
. 0000£+00 F = -0.4375e+01
.0000E+00 F= -0.4375e+01

* % % % % COMPLETED MESH GENERATION * * * * #

New Level 2 arch mesh

CALCULATED KEY NUMBERS ...
THE NUMBER OF DATA ERRORS I

THE NUMBER OF SOIL MATERIALS IS--------
THE NUMBER OF PIPE-TYPE GROUPS IS------
THE NUMBER OF INTERFACE MATERIALS IS---
BAND WIDTH ESTIMATE (MAX)-------———————

S

=
RORRWO

* * % * 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

1 198

2 194

3 190

4 167

1

CONNECTED-GROUP-ELEMENTS
FOREWARD-# BACKWARD-#
1

2
3
4
Page 5
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.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€e+00
.0000£+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00



5 164
6 161
7 158
8 138
9 136
10 134
11 132
12 130
13 128
14 118
15 115
16 109
17 103
18 97
19 91
20 80

MATERIAL DESCRIPTION FOR SOI

28x10H20c1Mod.out

LS AND INTERFACE

Voe~NOYVT A

10

12
13
14
15

17
18
19

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

PROPERTIES FOR MATERIAL 1 whkkEEERin site

DENSITY = 0.14000

E+03

YOUNGS MODULUS= 0.5000E+04
POISSONS RATIO= 0.3500E+00

CONFINED MOD.= 0.802

5E+04

LATERAL COEFF.= 0.5385E+00

PROPERTIES FOR MATERIAL
DENSITY = 0.15000
YOUNGS MoDuULUS= 0.31

2 ********FOOting
E+03
22E+07

POISSONS RATIO= 0.1700E+00

CONFINED MOD.= 0.335

6E+07

LATERAL COEFF.= 0.2048E+00

PROPERTIES FOR MATERIAL
DENSITY = 0.14000

3 ********swgs

E+03

CONTROLS FOR DUNCAN SOIL MODEL

WITH SELIG HYPERBOLIC BUL

K MODULUS FORMULATION

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

ENTERING ELEMENT RATIO....... 0.5000
HYPERBOLIC STRESS-STRAIN PARAMETERS

SOIL CLASSIFICATION .......0u004. Sw95

2014.059.004
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000
SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF ..........-u.. 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1 1.310 Factor for load step #1

2 0.857 Factor for load step #2

3 0.857 Factor for load step #3

4 0.857 Factor for load step #4

5 1.365 Factor for load step #5

6 1.365 Factor for load step #6

7 1.365 Factor for load step #7

Page 7
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12
13

28x10H20c1Mod. out

1.365
1.500
1.750
1.750
1.750
1.750

Factor
Factor
Factor
Factor
Factor

Factor

2014.059.004

for load
for load
for load
for load
for Toad

for load

+t+++++++++ A A+

SOLUTION OUTPUT RESULTS

++++++++++ L+

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

I T S A T T i T i i T S T S i i S i S S S S S S S S S S 3

CONCRETE,

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

FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

Y-BAR IS "NEUTRAL AXIS"

PRESSURES ARE LB/IN¥*¥
MOMENTS ARE IN-LB/IN

LOCATION FROM INTERIOR, INCHES

THRUST AND SHEAR ARE LB/IN

LOCAL
NODE

1

X-COORD.
Y-COORD.

0.
125.

.42
124,

26.
124,

40.
123.

53.
121.

66.
119,

13

00
00
78

80
11

15
01

46
47

71
48

0.
-0.

-0.
-0.

.23631E-02  -O0.

0

-0.

0.
-0.

0.
-0.

0.
-0.

X-DISP.
Y-DISP.

00000E+00  -O.
18733e+01  -0.

16499e-03  -O0.
18511E+01  -O.
17879e+01  -0.

97569E-02  -0.
16909e+01  -O0.

23321e-01  -0.
15686E+01  -0.

43493e-01  -0.
14298e+01  -0.
Pa

N-PRES.
S-PRES.

40977E+02 0.
16276e+02  -0.

25417€e+02 0.
10066E+02  -0.

98562E+01 0.
.12479€e+04

15130e+01 0.
52680E+00  -O0.

35307E+00 0.
70360e-01  -O.

37970E+01 0.
14562e+01  -O0.

38552E+01 -0

ge 8

LOAD-STEP 13

MOMENT
THRUST

49334E+05
98635E+03

45585E+05
11361E+04

37621E+05
28284E+05
13003E+04

19096E+05
13282E+04

10278E+05
13622E+04
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step #8

step #9

step #10

step #11

step #12

step #13

+ + +

+ + +

+ + +

++ + + +

+ 4+ + + 4+

++ + + +

Y-BAR

CRACK DEPTH

.65127E+01
.64011E+01

.65207E+01
.63656E+01

0
0
0
0
0.66090E+01
0.
0
0
0
0
0
0

63099E+01

.66148E+01
.61945E+01

.65476E+01
.59601E+01

.65476E+01
. 54296E+01
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11

12

13

14

15

16

17

18

19

20

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1,

79.
117.

92.
114.

.97
110.

118.
107.

131.
.08

105

103

144.
98.

156.
93.

168.
88.

171.

75
173

89
06

98
21
92

85
21

59
19
53

64
56

91
19

76

.95

.47
63.

174.
50.

174.
33.

174.
16.

174.
.00

50

00
94

00
96

00
98

00
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.69859E-01
.12834E+01

.10117E+00
.11377E+01

.13502E+00
.10015E+01

.16784E+00
.88494E+00

.19672E+00
.79344E+00

.22079E+00
.72476€E+00

.24078E+00
.67298E+00

.25810E+00
.63205E+00

.29120€e+00
.62376E+00

.31357E+00
.61999E+00

.31668E+00
.61905E+00

.28645E+00
.61790E+00

.22833E+00
.61689E+00

.15919€+00
.61624E+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.

28373E+01
10823E+01

36545E+01
14186E+01

44582E+01
17490e+01

54049e+01
21359E+01

62439E+01
24797E+01

71169E+01
28397E+01

86976E+01
34894E+01

10579€e+02
72816E+01

82593E+01
23868E+01

10027E+02
26232E+01

11093E+02
19731e+00

68518E+01
22776E+01

22144e+01
56279E+00

24230e+01
11520€E+01

0.
-0.

-0.
=0k

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
~0k;

[0k
-0.

-0.
-0.

-0.
~On

-0.
-0.

-0.
-0.

-0.
-0.

0.
-0.

2014.059.004

12264E+04
14035E+04

78687E+04
14452E+04

17132E+05
14923e+04

26689E+05
15454E+04

36695E+05
16053E+04

47298E+05
16727E+04

58664E+05
17510E+04

71105E+05
18916E+04

61090E+05
19763E+04

50116E+05
19449e+04

38448E+05
19173€E+04

24102E+05
18972E+04

11732E+05
18908E+04

17258E-09
18989E+04

LOAD STEP 13

-- v-factor is coefficient of sqrt(PFPC) equa1 to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

z
(©]
=}
m

CONOYUVT R WNR

EQUIVALENT
v-factor

WA RANNNNN

.73
.75
.76
77
.77
.15
.50
.51

SHEAR APPLIED
CAPACITY SHEAR
1bs/inch Tbs/inch

1758.04 121.84
1770.59 436.88
1779.95 645.62
1784.34 691.30
1786.68 671.95
2679.72 666.83
2923.16 677.16
2155.83 685.07

APPLIED/
CAPACITY
ratio

.069
.247
.363
.387
.376
.249
.232
.318

OOOCOOO0O0O

Page 9

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

SHEAR STIR
DEPTH-d L
inches 1bs/i

~ G0 00 00 G0 00 OQ 00
o
o
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.52563E+01
.12332E+00

.24151e+01
.65580E+01

.29481E+01
.65187E+01

.30809E+01
.70931E+01

.34674E+01
.83678E+01

.40809€e+01
.10447€E+02

.45666E+01
.13483E+02

.57315E+01
.19484E+02

.47460€E+01
.12790E+02

.37441E+01
.93097E+01

.33970E+01
.81019€e+01

.34814E+01
.76986E+01

.36437E+01
.67237E+01

.61687E+01
.00000E+00

RUP
OAD
nch

[eolelololololelo]
o
o
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STRESS AND STRAIN

z
(@]
Q
m

Y
ROWOOONOWVIAWNE

e
WhN

14
15
16
17
18
19
20

MAXIM
COMPRESSI

p

-3777.
-3621.
-3267
-2532.
-1788.
-1062.

-254,

-959.
-1884.
-2508.
-2497.
-2147.
-1728.
-1177.
-1970.
-2804.
-2789.
-1938.
-1050.

-142.

UM
oN
S1

28
03

.42

72
77
21
14
64
89

1651.
1626.
1725.
1912.
2204.
2830.
2156.
1825.
1728.
1772.
2890.
3625.

28x10H20c1Mod.out
702.32

730.
769.
819.
888.

65.
835.
900.
886.
786.
709.
672.

05
06
79
41
56
14
51
52
72
75
15

0.425
.449
.446
.429
.403
.023
.387
.493
.513
.444
.246
.185

OCOOCOOOOOOO0O

MEASURES FOR CONCRETE-GROUP 1,

AVERAGE

SHEAR
psi

15.66
56.15
82.97

2014.059.004

-7.63
-8.19
-9.88

16.69
24.56
15.88
11.13
-9.56
-9.56

10.00

LOAD STEP 13

RADIAL INNER-WALL
TENSION STRAIN
psi in/in
17.41 0.1628E-02 -
15.93 0.1493E-02 -
12.95 0.1213€e-02 -
49 0.8975E-03 -
.08 0.5824E-03 -
89 0.2885E-03 -
00 0.6663E-06 -

OCOO0OOOOOOOOOOOONO
o
o
1
o

.2028E-03
.3983E-03
.5302E-03
.5277€E-03
.4538E-03
.3654E-03
.2488E-03
.4165E-03
.5925E-03
.5895E-03
.4096E-03
.2220E-03
.3006E-04

Chk: RJA
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COO0OO0OOOOOOOCOO
o
o

OUTER-WALL

OCOO0OOOOOOOOCOCO

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

CORNOWVILAWN R

=

IN
C

35775.
32730.
26514,
19469.
12439.

5925.

-323.
-2593.
-5350.
~7147.

NER
AGE
psi

ouT
CA

p

-9038.
-8567.
-7295
-5927
-4585.
-3168.
-1291.

8290.
15302
230009.

ER
GE
Si

34
18

.00
.04

72
30
73
67

.10

82

MAX STRESS
TO YIELD
ratio

Page

Soocococoococooco

.5963
. 5455
.4419
.3245
.2073
.0988
.0215
.1382
.2550
.3835

CRACK
_WIDTH
inches

.00643
.00549
.00356
.00136
.00000
.00000
.00000
.00000
.00000
.00000

OCOOCOOOOOOO0O

STRAIN
in/in

.8998E-03
.8367E-03
.6938E-03
.5352E-03
.3780E-03
.2245E-03
.5370e-04
.4081E-03
.7610E-03
.1095€6-02
.1150€E-02
.1046E-02
.9070€e-03
.6809E-03
.9977€e-03
.1329e-02
.1256E-02
.7609€E-03
.3056E-03
.3006E-04
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12
13
14
15
16
17
18
19
20

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13

28x10H20c1Mod.out

-8129.79 26076.25
-8142.92 25628.30
-7402.75 23737.30
-5733.50 19024.25
-8350.42 25796.24
-9854.15 31343.50
-8984.02 28079.46
-6835.20 16672.89
-4272 .34 6324.74
-958.11 -958.11

DESIGN-CRITERION CONTROL

NODE
STEEL YIELDING (psi) 1
CONCRETE CRUSHING (psi) 1
SHEAR FAILURE (lbs/in) 17
RADIAL-TENSION FAIL (psi) 1

LRFD SERVICE-LOAD PERFORMANCE

0.4346

COOO0OOOOCO0O

4271
.3956
.3171
.4299
.5224
.4680
L2779
.1054
.0160

FACTORED
DEMAND

35775.9
3777.3
886.5

17.4

NODE NUMBER FOR MAXIMUM CRACK WIDTH

2014.059.004 Chk: RJA

.00031
.00000
.00000
.00000
.00000
.00192
.00158
.00000
.00000
.00000

COOOOOOO0O0OC

FACTORED
CAPACITY

60000.0
4875.0
1555.2

69.6

MEASURES FOR GROUP 1, LOAD STEP 13

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

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) .....

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE

----------

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

* % % * NORMAL EXIT FROM CANDE * *

Page 11

* %

Page 183 of 304

RATIO
VALUE

0.596
0.775
0.570
0.250

0.00643

0.64
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*%% WELCOME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE ......ccvvvvnnunnn ANALYS
SOLUTION LEVEL ........¢iiviunnnns #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE ......iiivuunnn CONCRETE
CANNED MESH CODE # .......0ivvuuns 3
NUMBER OF BEAM ELEMENTS ......... 19

CONCRETE MATERIAL PROPERTIES ARE AS FOLLOWS

COMPRESSION STRENGTH (PSi)....cce... 6500.000
ELASTIC YOUNGS MODULUS (pSi)........ 4595487.000
POISSON RATIO ......ciivivenmnnnnnnns 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)

28x10H20c2Mod . out

STEEL-BASED CRACKWIDTH PREDICTION PARAMETERS
REBAR SPACING INNER ROwW (SLI),
REBAR SPACING OUTER ROW (SLO),

NUMBER OF STEEL LAYERS FOR INNER CAGE ..

2014.059.004

0.300000
0.001883

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

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK

10

15

12

.0000
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.

0000
0000
0000
0000
0000
0630
0630
0630
6250
3130

.1250
19.
27.
18.
13.
12.
12.
12.
.0000

1250
0000
3130
5630
0000
0000
0000

INNER-REBAR

0.1980

OCOOOCOO0O0OOOOOCCOOOOO0O0O

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

0.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

OCOO0OO0OO0O0OO0O0OOOOCOOOOOO0O0

NNNNNNNNNNNNNNNNNNNN

OUTER-REBAR INNER-COVER

.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

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

WHER AN
(oY)
[e]e)

NNNNNNNNNNNNNNNNNNNN

1.000
0.750
0.900
0.900
0.010

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

Page 2
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

*#%% MESH PARAMETERS *#%

TYPE OF MESH --- - ------—- - -~ ——
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) ------------
SLOPE OF TRENCH WALL (H/V) --====---mommmmmmmm oo
MESH SPACING PARAMETER --------=---——--—---——————m
TOTAL SOIL HEIGHT ABOVE CROWN (FT) ---------------
MESH HEIGHT ABOVE CROWN (FT) ---=-=-=--=—=-=----=n
SOIL DENSITY ABOVE MESH (PCF) --=-=----——m—mmmm e
NUMBER OF ELEMENT LAYERS ABOVE CROWN -------------

**%* ARCH PARAMETERS **%
CENTERLINE RISE OF ARCH (IN) -—-=—===—c--mmmmmm e
BOTTOM HALF SPAN OF ARCH (IN) --------==----—mmm-
SIDE RISE OF ARCH ABOVE FOOTING (IN) ------=--—----
FOOTING DEPTH (IN) —=—=-—m e
OUTSIDE FOOTING WIDTH (IN) ----=-=--m—mmmmmmmmmeam
INSIDE FOOTING WIDTH (IN) ------=-—-mmmmmm e
NUMBER OF ARCH SEGMENTS DEFINED ------=-=-——-——-——-—--

*%% CURVED TOP SEGMENT **%
RADIUS (IN) -=—smcmmsmmmmc s oo b m s mmmmm e se
CENTRAL ANGLE (DEG) =======m==mm—mmmm e
SEGMENT ARC LENGTH (IN) —=-=—=—-mmmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT -------------—-—-

**% CURVED CORNER SEGMENT #**¥
RADIUS (IN) ~=—=mmmm e e
CENTRAL ANGLE (DEG) —==—=——=— =
SEGMENT ARC LENGTH (IN) ====-=memmmmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT -----—---—-—--—--

#¥%% STRAIGHT SIDE SEGMENT ¥¥%*
DEFLECTION ANGLE (DEG) ===========m=m—mmmmmm— e
SEGMENT LENGTH (IN) =m==mm=mmmmmmmm e
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---—-—-——=—~=——-—————

orwR

2014.059.004

.94
.14
.73

.00
.94

Chk: RJA
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KEY NUMBERS DESCRIBING MESH ...
THE NUMBER OF LOAD STEPS IS-------—-----
TOTAL NUMBER OF NODES IS--=--=---——-———--
TOTAL NUMBER OF ELEMENTS IS------------
TOTAL NUMBER OF BEAM ELEMENTS IS-------
MAX NUMBER OF BOUNDARY CONDITIONS IS---

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* NUMBER OF NODES TO BE CHANGED

36

* NUMBER OF ELEMENTS TO BE CHANGED ----

* ADDITIONAL BOUNDARY CONDITIONS

* * * BOUNDARY CONDITIONS * * *
(FORCES = LBS; DISPLACEMENTS =

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

BOUNDARY CONDITIONS

229 10 F = 0.0000E+00
F229 11 F = 0.0000E+00
F229 12 F = 0.0000E+00
F229 13 F = 0.0000E+00
F230 10 F = 0.0000E+00
F230 11 F = 0.0000E+00
F230 12 F = 0.0000E+00
F230 13 F = 0.0000e+00
F224 10 F = 0.0000E+00
F225 10 F = 0.0000E+00
F226 10 F = 0.0000E+00
F227 10 F = 0.0000E+00
F228 10 F = 0.0000E+00
F229 10 F = 0.0000E+00
F23O 10 F = 0.0000E+00

Page

M T M M M M M

m

o
% o

INCHES; ROTATIONS = DEGREES)

Y-FORCE OR

Y-DISPLACEMENT

-0.
.1785E+03
.1785E+03
.1785E+03
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€E+00
.0000E+00

OO O O O O O O © o o o

1785e+03

2014.059.004 Chk: RJA
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Y ROTATION

.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
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F231 10 F = 0.0000E+00
F232 10 F = 0.0000E+00
F233 10 F = 0.0000E+00
F224 9 F = 0.0000e+00
F225 9 F = 0.0000E+00
F226 9 F = 0.0000E+00
F227 9 F = 0.0000E+00
F228 9 F = 0.0000E+00
F229 9 F = 0.0000E+00
F230 9 F = 0.0000E+00
F231 9 F = 0.0000E+00
F232 9 F = 0.0000E+00
F233 9 F = 0.0000E+00
F234 9 F = 0.0000E+00
F235 9 F = 0.0000E+00
:236 9 F = 0.0000E+00

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

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

F

B e A e A A o B 1 |

M T M M M

BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE
SEQUENCE NUMBER FOREWARD-#
1 198 1
2 194 2
3 190 3
4 167 4

=
NVORWO

0.
.0000E+00
.0000E+00
.2188E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01

0000E+00

CONNECTED-GROUP-ELEMENTS

BACKWARD-#

WNRO

2014.059.004 Chk: RJA
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.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
.0000E+00
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10

12
13
14

16
17
18

20

164
161
158
138
136
134
132
130
128
118
115
109
103

97

80
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MATERIAL DESCRIPTION FOR SOILS AND INTERFACE .
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)

PROPERTIES FOR MATERIAL

D

ENSITY = 0.14000

1 ********1n Site

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 FREEEEEFEQOTING

D

ENSITY = 0.15000

E+03

YOUNGS MODULUS= 0.3122E+07
POISSONS RATIO= 0.1700E+0Q0
CONFINED MOD.= 0.3356E+07

LATERAL COEFF.= 0.2048E+00

PROPERTIES FOR MATERIAL

D

ENSITY = 0.14000

3 ********Swgs

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 .......00..- Sw95

oo~V A

10

12
13
14
15

17
18
19

2014.059.004
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000
SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FATILURE RATIO RF .............. 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES
MAT. NO. NORMAL-ANGLE COEF-FRICTION TENSILE-RUPTURE INITIAL-GAP

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1 1.310 Factor for Toad step #1

2 0.857 Factor for load step #2

3 0.857 Factor for load step #3

4 0.857 Factor for Toad step #4

5 1.365 Factor for load step #5

6 1.365 Factor for load step #6

7 1.365 Factor for load step #7
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8 1.365 Factor for load step #8

9 1.500 Factor for load step #9

10 1.750 Factor for load step #10

11 1.750 Factor for load step #11

12 1.750 Factor for load step #12

13 1.750 Factor for load step #13
+++++++++++++++++ A+

SOLUTION OUTPUT RESULTS

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

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

T T T G S S S S S S SR S S SR R i it s sl e o S

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13

+ 4+ ++ 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 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  -0.40052e+01 0.23345E+05 0.66148E+01
125.00 -0.18318e+01 -0.93825E-01 -0.15753E+04 0.60171E+01

2 13.42 -0.62226E-03  -0.34066E+01 0.23295E+05 0.66148E+01
124.78 -0.18212e+01  -0.15061E-01 -0.15761E+04 0.60152E+01

3 26.80 0.18799e-03  -0.28081E+01 0.23174E+05 0.65476E+01
124.11  -0.17894E+01 0.63703e-01  -0.15766E+04 0.59946E+01

4 40.15 0.38113e-02 -0.23078E+01 0.23091E+05 0.65476E+01
123.01 -0.17368E+01 0.79018E+00 -0.15720E+04 0.59940e+01

5 53.46 0.11591E-01 -0.79748e+01 0.23134E+05 0.65476E+01
121.47 -0.16635E+01 0.30434E+01  -0.15482eE+04 0.59974E+01

6 66.71 0.24885E-01  -0.19481E+02 0.22277E+05 0.65476E+01
119.48 -0.15701e+01 0.61904E+01 -0.14914E+04 0.59947e+01
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10

11

12

13

14

15

16

17

18

19

20

79.
117.

92.
114,

.97

105

110.

118.
107.

131.
103.

144.
98.

156.
93.

168.
88.

171.
.95

.47
63.

174.
50.

174.
33.

174.
16.

174.
.00

75
173

89
06

98
21
92

85
21

59
08

19
53

64
56

91
19

76

50

00
94

00
96

00
98

00

0.
-0.

0.
-0.
-0.

-0.
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.44777E-01
.14584E+01

.71527g-01
.13333€e+01

.10437E+00
.12011E+01

.14081E+00
.10716E+01

.17672E+00
.95796E+00

.20930E+00
.86528E+00

.23818E+00
.79087E+00

. 26440E+00
.72924E+00

.31637E+00
.71635E+00

.35516E+00
.71013€e+00

36974E+00
70846E+00

34574E+00
70695E+00

.28621E+00
70560E+00

.21257E+00
70475E+00

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

.84770E+01

-0

-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
0.

-0.
0.

0.
-0.

23386E+02
38984E+00

25549E+02
10185E+02

30244E+02
12057E+02

54189E+01
21407€E+01

61930E+01
24605E+01

61085E+01
24376E+01

76096E+01
30543E+01
89973E+01

58217e+01
28088E+01

94688E+01
38908E+01

12327€E+02
74463E+00

85104E+01
22731E+401

26168E+01
72349€e+00

32769€e+01
82616E+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.

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 13
-- 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
(@]
=)
m

RNOVITRAWN =

EQUIVALENT
v-factor

ANNNNNNN

SHEAR APPLIED
CAPACITY SHEAR
Tbs/inch 1bs/inch

1807.38 1.01
1807.45 6.38
1807.49 7.61
1807.10 1.48
1805.11 30.40
1800.35 175.68
1800.06 425.63
2764.78 715.07

APPLIED/
CAPACITY
ratio

.001
.004
.004
.001
.017
.098
.236
.259

OOOOOO0O0
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18427E+05 0.65930€+01
14646E+04 0.59090e+01
10870E+05 0.65930E+01
15568E+04 0.51732E+01
73580E+03 0.42126E+01
17378E+04 0.11680E+01
17156E+05 0.30809E+01
18740E+04 0.67149E+01
33884E+05 0.34674E+01
19504E+04 0.82341E+01
51046E+05 0.40809e+01
20310E+04 0.10393E+02
68632E+05 0.45666E+01
21191E+04 0.13475E+02
86934E+05 0.57315E+01
.23682E+04 0.19526€E+02
76025E+05 0.47460E+01
25543E+04 0.12791E+02
63098E+05 0.38144E+01
25196E+04 0.93013E+01
48707E+05 0.34594E+01
24905E+04 0.80956E+01
30584E+05 0.34814E+01
24698E+04 0.77011E+01
14915E+05 0.36437e+01
24621E+04 0.67591E+01
18713E-09 0.61687E+01
24675E+04 0.00000E+00
SHEAR STIRRUP
DEPTH-d LOAD
inches Tbs/inch
8.00 0.00
8.00 0.00
8.00 0.00
8.00 0.00
8.00 0.00
8.00 0.00
8.06 0.00
8.06 0.00
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STRESS AND STRAIN

Z
@,
O
T

OONOUVTRARWNRE

10
11
12
13
14
15
16
17
18
19
20

MAXIM
COMPRESSI

p

-2182.
-2178.
-2168.
-2160.
-2157.
-2072.
-1680.
-1003.
-1003.
-1771.
-2381.
-2349.
-2033.
-1449,
-2464.
-3413.
-3415.
-2471.
-1355.

-184.

UM
on
S1

45
67
54
97
71
33
99
15
15
85
89
24
84

2764.
2672.
1985.
1957.
2249,
2854.
2189.
1861.
1766.
1811.
2961.
.40

3625

55
87
57
46
88
83
19
81
22
12
07

1
1
1
1
1

-1
-1
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045

995

.90
237.
264.
296.
339.
248.
948.
086.
106.
.09
900.
856.

01
65
67
24
70
46
48
00

62
19

OCOOO0OOO0OOOOOOO0O

MEASURES FOR CONCRETE-GROUP

AVERAGE

SH

WwWoOOoOOOo

22.
54.

133.
147,
125.
100.

79.

10.
-58.
-95.

-113

-101.

-92

-87.

EAR
psii

.13
.82
.98
.19
.91
58
26
.16
33
15
28
47
22
04
93
77
.07
73
.08
53

RADIAL
TENSION

psi

.53
.51
.43
.38
.40
.10

OCOOOOOOOOOOONUVINNNNNN
o
o

.378
.463
.637
.662
.595
.087
.433
.584
.626
.549
.304
.236

1,

| L L N A I I I |
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-7.63 0.00
-8.19 0.00
-9.88 0.00
-12.69 0.00
-16.69 0.00
-24.56 0.00
-15.88 0.00
-11.13 0.00
-9.56 0.00
-9.56 0.00
-9.56 0.00
10.00 0.00

LOAD STEP 13
INNER-WALL OUTER-WALL
STRAIN STRAIN
in/in in/in
0.7218E-03 -0.4612E-03
0.7201E-03 -0.4604E-03
0.7108E-03 -0.4582E-03
0.7082E-03 -0.4566E-03
0.7082E-03 -0.4560E-03
0.6804E-03 -0.4379€-03
0.5295E-03 -0.3552E-03
0.2448E-03 -0.2120€E-03
0.7279€e-04 0.9558E-05
0.3744E-03 0.6702E-03
0.5033E-03 0.1046E-02
0.4964E-03 0.1122E-02
0.4298E-03 0.1059E-02
0.3062E-03 0.8361E-03
0.5207E-03 0.1239E-02
0.7529E-03 0.1675E-02
0.7536E-03 0.1593E-02
0.5223E-03 0.9636E-03
0.2865E-03 0.3924E-03
0.3907E-04 -0.3907E-04

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

OCOWOONOVIAWN P

=

IN
C

15463.
15423.
15200.
15145.
15148,
14554,
11271,

4909.
-1798.
~-5665.

NER
AGE
psi

08
53
50
18
58
93
03
46
14
88

-55
-55
-55
-55
-54
-52
-44
-32

-3
137

ouT
CA

p

07.
02.
22.
03.
87.
68.
90.
29.
31.
20.

ER
GE
S

70
06
56
98
71
81
70
06
06
24

MAX STRESS
TO YIELD
ratio

Page

Sococococococococo

.2577
.2571
.2533
.2524
.2525
.2426
.1879
.0818
.0300
. 2287

CRACK
_WIDTH
inches

.00029
.00026
.00014
.00005
.00000
.00000
.00000
.00000
.00000
.00000

COOCOOOOO0O0C0



11
12

14
15
16
17
18
19
20

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13

DESIGN-CRITERION

-8019.05 23566.
-8999.80 27447 .
-8735.30 27697.
-7061.83 23358.
-10468.34 32026.
-12583.79 39475.
-11550.48 35582
-8752.86 21089.
-5525.11 8111.
-1244.99 -1244.

STEEL YIELDING (psi)

CONCRETE CRUSHING (psi)

SHEAR FAILURE (lbs/in)

RADIAL-TENSION FAIL (psi)

LRFD SERVICE-LOAD PERFORMANCE

28x10H20c2Mod . out

38
67
39
91
45
30

.90

28
10
99

CONTROL
NODE

0.3928
0.4575

COOOOO0OC0O0

.4616
.3893
.5338
.6579
.5930
.3515
.1352
.0207

FACTORED
DEMAND

39475.3
3415.4
1296.7

7.5

NODE NUMBER FOR MAXIMUM CRACK WIDTH

2014.059.004 Chk: RJA

.00000
.00000
.00000
.00000
.00000
.00455
.00400
.00000
.00000
.00000

OCOOOOCOOCOOO

FACTORED
CAPACITY

60000.0
4875.0
1761.7

69.6

MEASURES FOR GROUP 1, LOAD STEP 13

------------

MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) .....

LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE

oooooooooo

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

*® % % % NORMAL EXIT FROM CANDE * *

Page 11

* %
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RATIO
VALUE

0.658
0.701
0.736
0.108

16
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#*%% WELCOME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE .......covvvenennn ANALYS
SOLUTION LEVEL .....cciivviennnnnns #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE .....ccivvrenns CONCRETE
CANNED MESH CODE # ......cuiu0vvnnn 3
NUMBER OF BEAM ELEMENTS ......... 19

CONCRETE MATERIAL PROPERTIES ARE AS FOLLOWS

COMPRESSION STRENGTH (PSi)...vvvusn. 6500.000
ELASTIC YOUNGS MODULUS (pPSi)........ 4595487.000
POISSON RATIO ......civiennsnnnnnnsns 0.170
CONCRETE DENSITY (pcf) ............. 150.000
INITIAL TENSILE CRACKING STRAIN..... 0.000010
INITTAL 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)......v... 60000.000
STEEL ELASTIC MODULUS (pSi)......... 29000000.000

Page 1
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STEEL POISSON RATIO ................

STEEL YIELDING STRAIN .........00uun

NONLINEAR MODELING CODE (1,2,3)

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

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.
15.
19.
27.
18.
13.
.0000
.0000
.0000
.0000

12
12
12
12

0000
0000
0000
0000
0000
0000
0630
0630
0630
6250
3130
1250
1250
0000
3130
5630

COO0OO0OOOOCOOCOOOOOOOLOOO0O

INNER-REBAR

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

COOCOCOOOOO0OOCOOCOOCOO0OO00
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0.300000
0.001883

......

------

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

YIELDING OF REINFORCEMENT STEEL
CRUSHING OF CONCRETE OUTER FIBER
SHEARING FAILURE OF CONCRETE

oooooooooooo

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

WHREMAA
(el e]
oo

NNNNNNNNNNNNNNNNNNNNND

1.000
0.750
0.900
0.900
0.010
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

*%% MESH PARAMETERS *¥%

TYPE OF MESH —=-—==========———mmmmm—mm—mmmm—moo
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) --------=-=-
SLOPE OF TRENCH WALL (H/V) ======-==mmmmmmmmmmmme e
MESH SPACING PARAMETER ----=---=—==-=-—===————————-
TOTAL SOIL HEIGHT ABOVE CROWN (FT) ------=--=-—-—-
MESH HEIGHT ABOVE CROWN (FT) -----=-======-—m——mu-
SOIL DENSITY ABOVE MESH (PCF) ----=-=—==-=-=couuo-
NUMBER OF ELEMENT LAYERS ABOVE CROWN -------------

5k
*
*

ARCH PARAMETERS *#**
CENTERLINE RISE OF ARCH (IN) —-===-=-=-==—==m—emnuan
BOTTOM HALF SPAN OF ARCH (IN) --------=--mmmmmm -
SIDE RISE OF ARCH ABOVE FOOTING (IN) ---------====
FOOTING DEPTH (IN) —==--mm e
OUTSIDE FOOTING WIDTH (IN) -----=c----mmmmmmmmmme e
INSIDE FOOTING WIDTH (IN) --------mmmmmmmm e e mm e
NUMBER OF ARCH SEGMENTS DEFINED --------——-———~-——-

*¥% CURVED TOP SEGMENT **%*
RADIUS (IN) —========m === mmmmm oo oo
CENTRAL ANGLE (DEG) =================mmmm oo
SEGMENT ARC LENGTH (IN) —=-===-==-=mmmmmmmmmmm oo
NUMBER OF BEAM ELEMENTS IN SEGMENT --------=-==---

*¥%% CURVED CORNER SEGMENT ¥*¥%%
RADIUS (IN) === === e e e e
CENTRAL ANGLE (DEG) ---========m===——— oo
SEGMENT ARC LENGTH (IN) -=-==---——mmmmmmmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT -----------—-——-

*%% STRAIGHT SIDE SEGMENT *¥¥
DEFLECTION ANGLE (DEG) --=-======-======-o—ooooooo
SEGMENT LENGTH (IN) ===-====mmmmmmmmmm e mmmm e oo
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---=-=---——cee—— -

oRwR

2014.059.004

.00
.94
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KEY NUMBERS DESCRIBING MESH ...

THE NUMBER OF LOAD STEPS IS------------ 13
TOTAL NUMBER OF NODES IS--------------- 244
TOTAL NUMBER OF ELEMENTS IS------------ 209
TOTAL NUMBER OF BEAM ELEMENTS IS------- 19
MAX NUMBER OF BOUNDARY CONDITIONS IS--- 36

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* NUMBER OF NODES TO BE CHANGED ------- 0 *
* NUMBER OF ELEMENTS TO BE CHANGED ---- 0 *
* ADDITIONAL BOUNDARY CONDITIONS ------ 31 *

* % * 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

225 10 F = 0.0000E+00 F = -0.7438E+02 0.0000E+00
F225 11 F = 0.0000E+00 F = -0.7438e+02 0.0000E+00
FZZS 12 F = 0.0000E+00 F = -0.7438E+02 0.0000E+00
F225 13 F = 0.0000E+00 F = -0.7438E+02 0.0000E+00
F232 10 F = 0.0000E+00 F = -0.7438E+02 0.0000E+00
F232 11 F = 0.0000E+00 F = -0.7438E+02 0.0000€e+00
F232 12 F = 0.0000E+00 F = -0.7438E+02 0.0000E+00
F232 13 F = 0.0000E+00 F= -0.7438E+02 0.0000E+00
F224 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F225 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F226 10 F = 0.0000€E+00 F = 0.0000E+00 0.0000E+00
F227 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F228 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F229 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F230 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
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F231 10 F = 0.0000E+00 F = 0.0000E+00
F232 10 F = 0.0000E+00 F = 0.0000e+00
F233 10 F = 0.0000E+00 F = 0.0000E+00
F224 9 F = 0.0000E+00 F = -0.2188E+01
F225 9 F = 0.0000E+00 F = -0.4375e+01
F226 9 F = 0.0000E+00 F= -0.4375e+01
F227 9 F = 0.0000E+00 F = -0.4375e+01
F228 9 F = 0.0000E+00 F = -0.4375e+01
F229 9 F = 0.0000E+00 F = -0.4375E+01
F230 9 F = 0.0000E+00 F = -0.4375e+01
F231 9 F = 0.0000E+00 F = -0.4375e+01
F232 9 F = 0.0000E+00 F = -0.4375e+01
F233 9 F = 0.0000E+00 F= -0.4375e+01
F234 9 F = 0.0000E+00 F = -0.4375e+01
F235 9 F = 0.0000E+00 F = -0.4375E+01
:236 9 F = 0.0000E+00 F = -0.4375e+01

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

CALCULATED KEY NUMBERS ...
THE NUMBER OF DATA ERRORS IS----------- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ il
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)------=-======= 88

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE CONNECTED-GROUP-ELEMENTS
SEQUENCE NUMBER FOREWARD-# BACKWARD-#
1 198 1 0
2 194 2 1
3 190 3 2
4 167 4 3

2014.059.004 Chk: RJA
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. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000€E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000£+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
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5 164 4
6 161 6 5
7 158 7 6
8 138 8 7
9 136 9 8
10 134 10 9
11 132 11 10
12 130 12 11
13 128 13 12
14 118 14 13
15 115 15 14
16 109 16 15
17 103 17 16
18 97 18 17
19 91 19 18
20 80 0 19

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE .
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1 FhddkkdEEin site
DENSITY = 0.14000€+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 FhkFEEEXLOOLING
DENSITY = 0.15000E+03
YOUNGS MODULUS= 0.3122E+07
POISSONS RATIO= 0.1700E+00
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00
PROPERTIES FOR MATERIAL 3 FhERERRESWIS
DENSITY = 0.14000E+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 ......vvuuus SW95
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000
SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF ........c.000nn 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1 1.310 Factor for load step #1

2 0.857 Factor for load step #2

3 0.857 Factor for load step #3

4 0.857 Factor for Toad step #4

5 1.365 Factor for Toad step #5

6 1.365 Factor for Toad step #6

7 1.365 Factor for load step #7

Page 7
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8 1.365 Factor for Tload
9 1.500 Factor for load
10 1.350 Factor for load
11 1.350 Factor for load
12 1.350 Factor for load
13 1.350 Factor for Toad

T T T 2 i T T S S S S O R o i S S S S

SOLUTION OUTPUT RESULTS

T T T T T T S S e e A O S S S R i i S I ST S S N T

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

T T T T T S S S S A e O e s s S S S R S

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13

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  -0.19034E+02 0.31855E+05
125.00 -0.16235E+01 0.34248e+01 -0.11014E+04

2 13.42 -0.31624e-03 -0.15163E+02 0.30757E+05
124.78 -0.16091E+01 -0.50124E+00 -0.11141E+04

3 26.80 0.12065E-02  -0.11293E+02 0.27272E+05
124.11  -0.15672E+01  -0.44273e+01 -0.11559e+04

4 40.15 0.61096E-02 -0.72674E+01 0.22116E+05
123.01  -0.15009e+01 -0.28263E+01 -0.12177E+04

5 53.46 0.15490E-01 -0.37219e+01 0.16038E+05
121.47 -0.14150E+01 -0.14176E+01 -0.12621E+04

6 66.71 0.29841E-01 -0.16215E+01 0.96960E+04
119.48 -0.13153E+01 -0.58664E+00 -0.12926E+04
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step #8

step #9

step #10

step #11

step #12

step #13

+ + +

+ + +

+ 4+ + + +

++ + 4+ +

++++++++

Y-BAR

CRACK DEPTH

OO OO0 OO0 CO ©O OO0

.66148E+01
.62911E+01

.66148E+01
.62761E+01

.66148E+01
.62213E+01

.66148E+01
.61073E+01

.65476E+01
.58761E+01

.65476E+01
.54116€E+01
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16
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20

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1,

79.
117.

92

105

110.

118.
107.

131.
.08

144,
98.

156.
93.

168.
88.

171.
75.

173.
63.

174.
50.

174.
33.

174.
16.

174.
.00

103

89
06

.98
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.97

21

92

85
21

59
19
53

64
56

91
19

76
95

47
50

00
94

00
96

00
98

00
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.49013€e-01
.12081E+01

.72326€E-01
.10994E+01

.98731€E-01
.99315E+00

.12591E+00
.89629€E+00

.15122€E+00
.81591E+00

.17360E+00
.75207€E+00

.19315€E+00
.70149e+00

.21069E+00
.66013E+00

. 24499E+00
.65153E+00

.26953E+00
.64741E+00

.27628E+00
.64626E+00

.25339€E+00
.64501E+00

.20461E+00
.64391E+00

.14566E+00
.64321E+00

8.34263E+01

-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.

13170401

43253e+01
16856E+01

76079E+01
27106E+01

10905E+02
27702E+01

10179€E+02
11508E+01

16293E+02
65111E+01

11749E+02
41557E+01

11535E+02
94305E+01

72082E+01
26214€e+01

87331E+01
27437€E+01

97623E+01
64392E+00

63341E+01
14967€+01

21158E+01
52333E+00

21026E+01
45005E+00

-0

-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

.15075€E-09
-0.

2014.059.004

O.34809E+04

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

.64231E+05

13229E+04

29191E+04
13614€E+04

96452E+04
14107E+04

17266E+05
14700E+04

26358E+05
15074E+04

36796E+05
15753E+04

49688E+05
16857E+04
19229e+04

55961E+05
21047€E+04

46419€+05
20861E+04

35809E+05
20688E+04

22452E+05
20601E+04

10921E+05
20606E+04

20694E+04

LOAD STEP 13

-- 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
@)
9
m

OCOoONOVIRAWN =

EQUIVALENT
v-factor

WHhRRWNNNNN

.74
.74
.75
.76
.76
.41
.50
.50
.51

SHEAR APPLIED
CAPACITY SHEAR
1bs/inch Tbs/inch

1767.68 -7.29
1768.75 170.98
1772.24 322.47
1777 .42 419.23
1781.14 463.46
2200.93 468.58
2923.16 470.75
2764.55 489.82
2159.20 535.40

APPLIED/
CAPACITY
ratio

.004
.097
.182
.236
.260
.213
.161
.177
.248

QOO OCOOOO0O

Page 9

SHEAR
DEPTH-d
inches
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.61375E+01
.36983E+01

.48019e+01
.00000E+00

.29481E+01
.60958E+01

.30809e+01
.68760E+01

.34674E+01
.82148E+01

.40809e+01
.10314€E+02

.49117e+01
.13302E+02

.57315e+01
.19269E+02

.47460E+01
.12673E+02

.37441e+01
.92347e+01

.33970E+01
.80279€e+01

.34814€E+01
.75717E+01

.36437E+01
.64355E+01

.61687E+01
.00000E+00

STIRRUP
LOAD
Tbs/inch

COOOOCOOO0O
o
o



.46
.16
.86
.73
.43
.69
.05

.34
.87
.50

PBUWNNNRRERRNRN

STRESS AND STRAIN

4
o
Q
m

[l
HOWOWONOUVIAWNR

=
W

15
16
17
18
19
20

MAXIMUM
COMPRESSION

-278

psi
6.63

-2699.84

-242

3.16

-2014.89

-152

5.89

-1002.86
-422.39
-254.64

~1159.89

-1708.07

~-185

1.24

-1708.88
-1499.99
-1088.98
~-1840.63
-2640.21

-264

5.01

-1856.55

-101
-15

5.25
5.05

1620.
1719.
1906.
2324.
2832.
2164.
1834.
1738.
1807.
2982.
3625.

28x10_352c1mod.
.385

623.67

728.

870.
1023.

213,
-708.
-801.
-815.
-732.
-661.
-625.

77
58
80
50

QOO0 OOOCOOOO

MEASURES FOR CONCRETE-GROUP

AVERAGE

SH

-0.
21,
41.
53.
59.
60.
60.
62.
68.
74.

72

67.
60.

8
-44
-70
-83
74
-67
-63

EAR
psi

94
97
44
88
56
22
01
44
25
19
.20
45
56
.62
.04
.65
.35
.93
.59
.92

RADIAL
TENSION

psi

10.90
10.49

.24

~N O

COOOCOOO0OOO0OCOOoOONN
o
o

out

.424
.457
.441
.075
.328
.437
.469
.406
.222
172

1,
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-8.19 0.00
-9.88 0.00
-12.69 0.00
-16.69 0.00
-24.56 0.00
-15.88 0.00
-11.13 0.00
-9.56 0.00
-9.56 0.00
-9.56 0.00
10.00 0.00

LOAD STEP 13
INNER-WALL OUTER-WALL
STRAIN STRAIN
in/in in/in
0.1026€E-02 -0.5889E-03
0.9884E-03 -0.5705E-03
0.8695E-03 -0.5121E-03
0.6937E-03 -0.4258E-03
0.4837E-03 -0.3224E-03
0.2717E-03 -0.2119€E-03
0.5186E-04 -0.8926E-04
0.5381E-04 0.8299E-05
0.2451E-03 0.4020E-03
0.3609E-03 0.6904E-03
0.3912e-03 0.8142€e-03
0.3611E-03 0.8056E-03
0.3170E-03 0.7570E-03
0.2301E-03 0.6085E-03
0.3890E-03 0.9065E-03
0.5579E-03 0.1222E-02
0.5589E-03 0.1160€E-02
0.3923€E-03 0.6979e-03
0.2145E-03 0.2697E-03
0.3276E-04 -0.3276E-04

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

HOWONOWVIAWNER

=

223
215

INNER
CAGE
psi

98.77
62.14

18903.72

149
102
55
7
-13
-37

71.89
76.44
77 .17
58.98
21.46
12.52

-5196.14

-62

27.17

-62
-60
-55
-8
-40
-29
-17

)

78
143
183

OUTER
CAGE
psi

23.53
72.05
86.48
72.76
13.75
96.50
55.15
14.96
15.47
14.27
42.67

MAX STRESS
TO YIELD
ratio

Page

Hoocoooocooooo

.3733
.3594
.3151
. 2495
.1713
.0930
.0293
.0220
.1303
.2386
.3057

CRACK
_WIDTH
inches

.00364
.00331
.00227
.00073
.00000
.00000
.00000
.00000
.00000
.00000
.00000

QOO OOCOOOCO0OO0
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12 -6591.54 19680.92 0.3280 0.00000
13 -6522.27 19761.08 0.3294 0.00000
14 -5353.78 16979.58 0.2830 0.00000
15 -7886.60 23393.24 0.3899 0.00000
16 -9416.92 28740.89 0.4790 0.00236
17 -8682.97 25836.87 0.4306 0.00200
18 -6711.92 15183.71 0.2531 0.00000
19 -4265.08 5459.85 0.0910 0.00000
20 -1044.15 -1044.15 0.0174 0.00000
ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13
LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13
DESIGN-CRITERION CONTROL FACTORED FACTORED RATIO
NODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) 16 28740.9 60000.0 0.479
CONCRETE CRUSHING (psi) 1 2786.6 4875.0 0.572
SHEAR FAILURE (1bs/in) 17 815.3 1564.3 0.521
RADIAL-TENSION FAIL (psi) 1 10.9 69.6 0.157
LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 13
NODE NUMBER FOR MAXIMUM CRACK WIDTH .............. 1
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) ..... 0.00364
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .......... 0.36
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 348.00

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

Page 11
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*%% WELCOME TO CANDE-2013(version 3/1/2013) **=*

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE ....... . vecvuennns ANALYS
SOLUTION LEVEL ...vviververnennas #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE ......cciiiuunnn CONCRETE
CANNED MESH CODE # ....vivunnenns 3
NUMBER OF BEAM ELEMENTS ......... 19

CONCRETE MATERIAL PROPERTIES ARE AS FOLLOWS

COMPRESSION STRENGTH (PSi).......... 6500.000
ELASTIC YOUNGS MODULUS (psSi)........ 4595487.000
POISSON RATIO ....cvvvrnnnnnrnnnnnns 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
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STEEL POISSON RATIO .......:.¢evevnnn

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

NONLINEAR MODELING CODE (1,2,3)

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

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK

10.
10.
.0000

10

10.
10.
10.
10.
10.
10.
10.
12.
15.
19.
27.
18.
13.
.0000
12.
12.
12.

12

0000
0000

0000
0000
0000
0630
0630
0630
6250
3130
1250
1250
0000
3130
5630

0000
0000
0000

OCOO0OO0OOOOOOOOOOOOOO0O0O

INNER-REBAR

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

OUTER-REBAR

.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

COOOCOO0OO0OO0CO0OOOOOOCOOO0OO0O0O
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0.300000
0.001883

INNER-COVER

2.0000

NNNNMNNNNNNNNNNNNNNNN

.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

wWRRAM
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oo

NNNNNNNNNNNNNNNNNNNN

1.000
0.750
0.900
0.900
0.010
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

*%%* MESH PARAMETERS ***

TYPE OF MESH ~----—— 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) -=-=-—=cmmmmmmmmee e
NUMBER OF ELEMENT LAYERS ABOVE CROWN -----------—--

#%% ARCH PARAMETERS **¥
CENTERLINE RISE OF ARCH (IN) =---=-----mmmmmmmm
BOTTOM HALF SPAN OF ARCH (IN) -—=---——-mmmmmmeeme
SIDE RISE OF ARCH ABOVE FOOTING (IN) ---==-—=w——w-
FOOTING DEPTH (IN) -—---————mmmmmmmmmmmmmm e
OUTSIDE FOOTING WIDTH (IN) =-==--=smsmmmm e e e
INSIDE FOOTING WIDTH (IN) ~=-=-mmmmmmmm o mmm e
NUMBER OF ARCH SEGMENTS DEFINED -------=—---—————-

5
*
%

CURVED TOP SEGMENT ***
RADIUS (IN) oo s msitestim s i e i s i
CENTRAL ANGLE (DEG) —======= === e
SEGMENT ARC LENGTH (IN) —=----=mcmmmmmmmmmcmmmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT -----------——--—-

*%*% CURVED CORNER SEGMENT *¥*¥
RADIUS (IN) -——=—-==mmm— e e e
CENTRAL ANGLE (DEG) —-====———mmm e mmmmmm e
SEGMENT ARC LENGTH (IN) —===-=——mm e
NUMBER OF BEAM ELEMENTS IN SEGMENT -----~-------—--

*%% STRAIGHT SIDE SEGMENT ***
DEFLECTION ANGLE (DEG) -=—=====-=-====—=——mmmommm——
SEGMENT LENGTH (IN) =======m==mmmmmm e e
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-------=--==——=-———-

oRwR

.00
.94
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KEY NUMBERS DESCRIBING MESH ...

THE NUMBER OF LOAD STEPS IS------------ 13
TOTAL NUMBER OF NODES IS----~--------—-- 244
TOTAL NUMBER OF ELEMENTS IS------------ 209
TOTAL NUMBER OF BEAM ELEMENTS IS------- 19
MAX NUMBER OF BOUNDARY CONDITIONS IS--- 36

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* % * BOUNDARY CONDITIONS * *
(FORCES = LBS; DISPLACEMENTS

BOUND

ARY

* NUMBER OF NODES TO BE CHANGED -------
* NUMBER OF ELEMENTS TO BE CHANGED ----
* ADDITIONAL BOUNDARY CONDITIONS ------

s

t

RPOCQ
EE

INCHES; ROTATIONS = DEGREES)

LOAD X-FORCE OR Y-FORCE OR

BEAM ROTATIONAL

N

ODE

STEP X-DISPLACEMENT

BOUNDARY CONDITIONS

m M. M. M. M

n

e o e e o A & e 1 I 1 R 3 |

228
228
228
228
230
230
230
230
224
225
226
227
228
229
230

10 F = 0.0000E+00 F= -
11 F = 0.0000E+00 F= -
12 F = 0.0000E+00 F= -
13 F = 0.0000E+00 F= -
10 F = 0.0000e+00 F= -
11 F = 0.0000E+00 F= -
12 F = 0.0000E+00 F= -
13 F = 0.0000E+00 F= -
10 F = 0.0000E+00 F =
10 F = 0.0000E+00 F =
10 F = 0.0000E+00 F =
10 F = 0.0000E+00 F =
10 F = 0.0000E+00 F =
10 F = 0.0000E+00 F =
10 F = 0.0000E+00 F =

Page 4

Y-DISPLACEMENT

.7438E+02
.7438E+02
.7438E+02
.7438E+02
.7438E+02
.7438E+02
.7438E+02
.7438E+02
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
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Y ROTATION

.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
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231 10 F = 0.0000E+00 F = 0.0000E+00
F232 10 F = 0.0000E+00 F = 0.0000E+00
F233 10 F = 0.0000E+00 F = 0.0000E+00
F224 9 F = 0.0000E+00 F = -0.2188E+01
F225 9 F = 0.0000E+00 F = -0.4375E+01
F226 9 F = 0.0000E+00 F = -0.4375e+01
F227 9 F = 0.0000E+00 F = -0.4375e+01
F228 9 F = 0.0000E+00 F = -0.4375e+01
F229 9 F = 0.0000E+00 F = -0.4375€E+01
F230 9 F = 0.0000E+00 F = -0.4375E+01
F231 9 F = 0.0000E+00 F = -0.4375e+01
F232 9 F = 0.0000E+00 F = -0.4375e+01
F233 9 F = 0.0000E+00 F = -0.4375e+01
F234 9 F = 0.0000E+00 F = -0.4375e+01
F235 9 F = 0.0000E+00 F = -0.4375e+01
E236 9 F = 0.0000E+00 F = -0.4375e+01
*¥ % % % % COMPLETED MESH GENERATION * * * * *
New Level 2 arch mesh
CALCULATED KEY NUMBERS ...
THE NUMBER OF DATA ERRORS IS----------- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NMBER OF INTERFACE NATERIALS T5--. 10
BAND WIDTH ESTIMATE (MAX)--==========m-= 88

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE CONNECTED-GROUP-ELEMENTS
SEQUENCE NUMBER FOREWARD-# BACKWARD-#
1 198 1 0
2 194 2 1
3 190 3 2
4 167 4 3

Page 5
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.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



5 164
6 161
7 158
8 138
9 136
10 134
11 132
12 130
13 128
14 118
15 115
16 109
17 103
18 97
19 91
20 80

MATERIAL DESCRIPTION FOR SOI

28x10_3s2c2Mod.out

LS AND INTERFACE

ooNOVT A

10

12
13
14
15

17
18
19

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

PROPERTIES FOR MATERIAL

DENSITY = 0.14000

1 ********in site

E+03

YOUNGS MODULUS= 0.5000E+04
POISSONS RATIO= 0.3500E+00

CONFINED MOD.= 0.802

5E+04

LATERAL COEFF.= 0.5385E+00

PROPERTIES FOR MATERIAL
DENSITY = 0.15000
YOUNGS MODULUS= 0.31

2 kREEEEEREQOLING
E+03
22E+07

POISSONS RATIO= 0.1700E+00

CONFINED MOD.= 0.335

6E+07

LATERAL COEFF.= 0.2048E+00

PROPERTIES FOR MATERIAL
DENSITY = 0.14000

3 ********Swgs

E+03

CONTROLS FOR DUNCAN SOIL MODEL

WITH SELIG HYPERBOLIC BUL

K MODULUS FORMULATION

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

ENTERING ELEMENT RATIO....... 0.5000
HYPERBOLIC STRESS-STRAIN PARAMETERS

SOIL CLASSIFICATION ..........:. Sw95

2014.059.004

Chk: RJA
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000

SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF ........cc0u. 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1 1.310 Factor for Toad step #1

2 0.857 Factor for load step #2

3 0.857 Factor for load step #3

4 0.857 Factor for load step #4

5 1.365 Factor for load step #5

6 1.365 Factor for load step #6

7 1.365 Factor for load step #7

Page 7



2014.059.004

28x10_3s2c2mod.out

8 1.365 Factor for load
9 1.500 Factor for load
10 1.350 Factor for load
11 1.350 Factor for Toad
12 1.350 Factor for load
13 1.350 Factor for load
++++++++++++FF A+
SOLUTION OUTPUT RESULTS
++++++++++++++ A+
FINITE ELEMENT OUTPUT FOR LOAD STEP 13
++++++++++++ o+
CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13
STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13
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  -0.30340E+01 0.19953E+05
125.00 -0.15257E+01 -0.39322E+00 -0.11763E+04
2 13.42 -0.44075€E-03 -0.29606E+01 0.19853E+05
124.78 -0.15167E+01 -0.31764E+00 -0.11814E+04
3 26.80 0.31298E-03 -0.28872E+01 0.19588E+05
124.11 -0.14896E+01 -0.24205E+00 -0.11863E+04
4 40.15 0.34369E-02 -0.48631E+01 0.19174E+05
123.01 -0.14449E+01 0.53075E+00 -0.11866E+04
5 53.46 0.10052E-01 -0.93269E+01 0.18256E+05
121.47 -0.13831E+01 0.10454e+01 -0.11801E+04
6 66.71 0.21133e-01 -0.12328E+02 0.16032E+05
119.48 -0.13055E+01 -0.83726E+00 -0.11863E+04
Page 8
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step #8

step #9

step #10

step #11

step #12

step #13

+ + +

+ + +

+ + +

+ + + + +

+ 4+ + + 4+

++ + + +

Y-BAR

CRACK DEPTH

.66148E+01
.60689E+01

.66148E+01
.60639E+01

0
0
0
0
0.66148E+01
0.
0
0
0
0
0
0

60547E+01

.66148E+01
.60413E+01

.65476E+01
.59889E+01

.65476E+01
.59095E+01



10

11

12

13

14

15

16

17

18

19

20

79.
117.

92

105

110.

118.
107.

131.
.08

144,
98.

156.
93.

168.
88.

171.
75.

.47
63.

174.
50.

174.

103

173

33

174.
16.

174.
.00

89
06

.98
114.

.97

21

92

85
21

59
19
53

64
56

91
19

76
95
50

00
94

00

.96

00
98

00
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.37260e-01
.12151E+01

.58304E-01
.11167E+01

.83442e-01
.10154€E+01

.11076E+00
.91819E+00

.13742E+00
.83356E+00

.16156E+00
.76472E+00

.18290E+00
.70961E+00

.20219E+00
.66420E+00

.24020€E+00
.65472E+00

.26804E+00
.65014E+00

.27734€E+00
.64887E+00

.25645E+00
.64760€£+00

.20852E+00
.64649€E+00

.14995E+00
.64578E+00

8.14045E+02

-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.

30330e+01

16512E+02
65515E+01

10636E+02
39991E+01

14243E+02
56723E+01

69814E+01
27743e+01

78436E+01
31285E+01

86833E+01
34827e+01

10149€e+02
78963E+01

73138eE+01
24821E+01

89214e+01
27527€E+01

10049E+02
71962E+00

66145E+01
15080E+01

21693E+01
54479€e+00

22758E+01
41845E+00

0.
-0.

0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

o.67210E+05

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

0.
-0.

-0
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11966E+05
12245E+04

57637E+04
13067E+04

29764E+04
14012€E+04

13159E+05
14949€e+04

25401E+05
15851E+04

38381E+05
16623E+04

52259E+05
17486E+04
19694E+04

58488E+05
21360E+04

48474E+05
21131E+04

37390E+05
20938E+04

23447€E+05
20849E+04

11411E+05
20851E+04

70713E-10
20936E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 13
-- v-factor 1is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wa1¥.
-- stirrup load is excess shear force above capacity.

=z
o
=
m

OoOONOUVIAWNERE

EQUIVALENT
v-factor

ARNNNNNNN

.75
.75
.75
.75
.75
.75
.74
.50
.50

SHEAR APPLIED
CAPACITY SHEAR
Tbs/inch Tbs/inch

1773.95 1.22
1774.38 13.62
1774.79 25.35
1774.82 49.68
1774.28 117.23
1774.79 234.75
1780.04 383.19
2923.16 557.58
2764.55 706.16

APPLIED/
CAPACITY
ratio

.001
0.008
.014
.028
.066
.132
.215
.191
.255

o

OOOOO0OO0O

Page 9

SHEAR
DEPTH-d
inches

~ 00 OO 00 00 00 00 GO OO
o
o

OO OO OO OO OO OO OO0 OO0 OO OO OO0 OO oo oo
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.65930E+01
.56524E+01

.61238E+01
.39840E+01

.34272e+01
.45824E+01

.30809E+01
.66549€E+01

.34674E+01
.81628E+01

.40809e+01
.10312E+02

.49117e+01
.13321E+02

.57315E+01
.19320E+02

.47460E+01
.12701E+02

.37441E+01
.92532E+01

.33970E+01
.80464E+01

.34814€e+01
.76023E+01

.36437E+01
.65029€e+01

.61687E+01
.00000E+00

STIRRUP
LOAD
Tbs/inch

o
[=]
(=)

QOOOOO0O0O
(=]
(=]
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STRESS AND STRAIN

z
(@]
Q
m

OGNV WN =

10
11
12
13
14
15
16
17
18
19
20

MAXIM
COMPRESSI

p

-1833.
-1826.
-1804.
-1769.
-1695.
-1507.
-1113.

-530.

-530.
-1369.
-1805.
-1785.
-1574,
-1134.
-1916.
-2747.
-2750.
-1927.
-1052.

-156.

UM
on
S1

2444,
1957.
1981.
2325.
2834.
2165.
1836.
1739.
1803.
2968.
3625.

28x10_3s2c2Mod.out

836
941

1002.

1075

210.
-745.
-839.
-851.
-765.
-690.
-653.

.83
.18
22
.82

0.342
.481
.506
.463
.074
.344
.457
.489
.424
.233
.180

CQOOOOO0OO00OO0O

MEASURES FOR CONCRETE-GROUP 1,

AVERAGE

SHEA
ps
0.1
1.7
3.2
6

=
:

6
5
6

.38

15.0
30.1
48.8
71.0
90.0

7
7
5
8
2

RADIAL
TENSION

psi

.53
.49
.42
.25
.86
.04

OCOO0OO0OOOOOCOOO0OOWUIULIOIOTOO
[=)]
(=)
|
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-8.19
-9.88
-12.69
-16.69
-24.56
-15.88
-11.13
-9.56
-9.56

10.00

LOAD STEP 13

Page 215 of 304

COOOOOOOOCO0O
[=)]
o

INNER-WALL OUTER-WALL

STRAIN STRAIN

in/in in/in
0.6235E-03 -0.3874E-03
0.6200E-03 -0.3859E-03
0.6105E-03 -0.3813E-03
0.5959e-03 -0.3739€e-03
0.5598E-03 -0.3582E-03
0.4847E-03 -0.3186E-03
0.3244E-03 -0.2354E-03
0.8998E-04 -0.1120e-03
0.1076E-03 0.8998E-04
0.2894E-03 0.5118E-03
0.3815E-03 0.7801E-03
0.3772E-03 0.8397E-03
0.3328E-03 0.7967E-03
0.2398E-03 0.6383E-03
0.4049E-03 0.9490E-03
0.5805E-03 0.1278E-02
0.5813E-03 0.1213e-02
0.4073€e-03 0.7314E-03
0.2224E-03 0.2849E-03
0.3315e-04 -0.3315E-04

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

HROWONOIVIAWN

oy

IN
C

13427.
13345.
13134.
12808.
11988.
10326.

6793.

1587.
-2178.
-4415.
-6146.

NER
AGE
psi

81
67
29
55
94
99
64
96
11
76
01

OUTER
CAGE

-4493,
-4485.
-4447,
-4382.
-4285.
-3912.
-3179.
-2011.

1342.
10453.
17532.

pPs1

MAX STRESS
TO YIELD

Page

ratio

.2238
2224
.2189
.2135
.1998
1721
.1132
.0335
.0363
.1742
.2922

Soocococococoocooo

CRACK
_WIDTH
inches

.00012
.00009
.00001
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000

COO0OOOOOOOO0O
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12 -6893.45 20510.83 0.3418 0.00000
13 -6840.82 20802.64 0.3467 0.00000
14 -5567.80 17814.05 0.2969 0.00000
15 -8191.37 24501.14 0.4084 0.00000
16 -9767.32 30080.09 0.5013 0.00292
17 -8992.50 27051.72 0.4509 0.00251
18 -6931.66 15936.41 0.2656 0.00000
19 -4392.12 5795.12 0.0966 0.00000
20 -1056.32 -1056.32 0.0176 0.00000
ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13
LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13
DESIGN-CRITERION CONTROL FACTORED FACTORED RATIO
NODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) 16 30080.1 60000.0 0.501
CONCRETE CRUSHING (psi) 17 2750.8 4875.0 0.564
SHEAR FAILURE (1bs/in) 12 1002.2 1783.7 0.562
RADIAL-TENSION FAIL (psi) 1 6.5 69.6 0.094

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 13

NODE NUMBER FOR MAXIMUM CRACK WIDTH .............. 16
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) ..... 0.00292
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .......... 0.29
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 348.00

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

Page 11
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**%* WELCOME TO CANDE-2013(version 3/1/2013) #*%*=*

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE ......ccnnuvnnnans ANALYS
SOLUTION LEVEL ....cviieeiennnsens #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE ........c..v... CONCRETE
CANNED MESH CODE # .......c0nvunn 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 ....ciciivneennnsnnanns 0.170
CONCRETE DENSITY (pcf) .....ovvuuunn 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
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STEEL POISSON RATIO ...........0.0sn

STEEL YIELDING STRAIN ........¢.uve..

NONLINEAR MODELING CODE (1,2,3)

STEEL-BASED CRACKWIDTH PREDICTION PARAMETERS

2014.059.004 Chk: RJA

0.300000
0.001883

REBAR SPACING INNER ROW (SLI), (in) ......
REBAR SPACING OUTER ROW (SLO), (in) ......
NUMBER OF STEEL LAYERS FOR INNER CAGE ....
NUMBER OF STEEL LAYERS FOR OUTER CAGE ....
HEGER-MCGRATH CODE NUMBER FOR STEEL TYPE..

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0630
10.0630
10.0630
10.6250
12.3130
15.1250
19.1250
27.0000
18.3130
13.5630
12.0000
12.0000
12.0000
12.0000

COOOCOO0OO0OOO0OOCOOCOOOOOO0O0O

INNER-REBAR

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

OUTER-REBAR INNER-COVER

.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

COO0OO0OOOOOOOOOOOCOOOOO0O

NNNNNNNNNNNNNNNNNNNN

.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
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1.000
0.750
0.900
0.900
0.010
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.4375
.4375
.4375
.4375
.4375
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.4375
.4375
.4375
.4375
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.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

##%% MESH PARAMETERS **¥

TYPE OF MESH —=====-m—=mmmmmmmmmmmmmmmm o oo oo
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) -=------=---
SLOPE OF TRENCH WALL (H/V) —=====-===--mmmmmmmann
MESH SPACING PARAMETER ---=--===========-—---————-
TOTAL SOIL HEIGHT ABOVE CROWN (FT) -------=======-
MESH HEIGHT ABOVE CROWN (FT) ~-=-=--=-==-==———mun
SOIL DENSITY ABOVE MESH (PCF) —---===-=m=momeoaao
NUMBER OF ELEMENT LAYERS ABOVE CROWN ---------=---

#%% ARCH PARAMETERS *¥¥
CENTERLINE RISE OF ARCH (IN) --=--===-comooooo—oon
BOTTOM HALF SPAN OF ARCH (IN) —====--=-===-mcmmem-
SIDE RISE OF ARCH ABOVE FOOTING (IN) ----=-=------
FOOTING DEPTH (IN) ---=-====-—mmmmmmmmmmmmmmoomo
OUTSIDE FOOTING WIDTH (IN) ---=---—=-mmmmmmmmmmmme
INSIDE FOOTING WIDTH (IN) ---=-=-====mommmmmmmmmme
NUMBER OF ARCH SEGMENTS DEFINED --------=-----——--

#%% CURVED TOP SEGMENT *%%*
RADIUS (IN) =======mmmmm oo oo oo
CENTRAL ANGLE (DEG) —============—=mmmmmmm oo oo
SEGMENT ARC LENGTH (IN) —---==—====mmmmmmmmommm
NUMBER OF BEAM ELEMENTS IN SEGMENT ----=-------—--

*%% CURVED CORNER SEGMENT **%*
RADIUS (IN) oo soamios o i o i i s s i o s
CENTRAL ANGLE (DEG) ======-==m=mmmmmmm e
SEGMENT ARC LENGTH (IN) ------—-mmmmmmmmmmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT --------=-—--=——-

*%% STRAIGHT SIDE SEGMENT **%*
DEFLECTION ANGLE (DEG) —=--====mmm——mmmmm e
SEGMENT LENGTH (IN) ==--ccmeccmmcmeomsmcommemm—m————
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----==-——c———————o

oOrRwWR

2014.059.004

.00
.94
.00

.00
.00

.88
.59
.19

.94
.14
.73

.00
.94
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KEY NUMBERS DESCRIBING MESH .

THE NUMBER OF LOAD STEPS IS-----~------ 13
TOTAL NUMBER OF NODES IS-----=--=-===-==- 244
TOTAL NUMBER OF ELEMENTS IS------------ 209
TOTAL NUMBER OF BEAM ELEMENTS IS------- 19
MAX NUMBER OF BOUNDARY CONDITIONS IS--- 36

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* NUMBER OF NODES TO BE CHANGED -----

* NUMBER OF ELEMENTS TO BE CHANGED ----

3k

* % % BOUNDARY CONDITIONS * * *

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

ADDITIONAL BOUNDARY CONDITIONS ----

BOUNDARY LOAD X-FORCE OR Y-FORCE OR

BEAM ROTATIONAL

NODE STEP X-DISPLACEMENT Y-DISPLACEMENT

BOUNDARY CONDITIONS

224 10 F = 0.0000E+00 F =
F224 11 F = 0.0000E+00 F =
F224 12 F = 0.0000E+00 F =
F224 13 F = 0.0000E+00 F =
F227 10 F = 0.0000E+00 F =
F227 11 F = 0.0000E+00 F =
F227 12 F = 0.0000E+00 F =
F227 13 F = 0.0000E+00 F =
F224 10 F = 0.0000E+00 F =
F225 10 F = 0.0000E+00 F =
F226 10 F = 0.0000E+00 F =
F227 10 F = 0.0000E+00 F =
F228 10 F = 0.0000e+00 F =
F229 10 F = 0.0000E+00 F =
F230 10 F = 0.0000E+00 F =

Page 4

.5579E+02
.5579€E+02
.5579€E+02
.5579E+02
.1116E+03
.1116E+03
.1116E+03
.1116E+03
.0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
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Y ROTATION

.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
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F231 10 F = 0.0000E+00 F = 0.0000E+00
F232 10 F = 0.0000E+00 F = 0.0000E+00
F233 10 F = 0.0000e+00 F = 0.0000E+00
F224 9 F = 0.0000e+00 F = -0.2188E+01
F225 9 F = 0.0000e+00 F = -0.4375E+01
F226 9 F = 0.0000e+00 F = -0.4375e+01
F227 9 F = 0.0000E+00 F = -0.4375e+01
F228 9 F = 0.0000E+00 F = -0.4375e+01
F229 9 F = 0.0000e+00 F = -0.4375g+01
F230 9 F = 0.0000e+00 F = -0.4375e+01
F231 9 F = 0.0000eE+00 F = -0.4375e+01
F232 9 F = 0.0000e+00 F = -0.4375E+01
F233 9 F = 0.0000E+00 F = -0.4375e+01
F234 9 F = 0.0000E+00 F = -0.4375e+01
F235 9 F = 0.0000E+00 F = -0.4375E+01
:236 9 F = 0.0000eE+00 F = -0.4375e+01

5%

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

CALCULATED KEY NUMBERS ...

THE NUMBER OF DATA ERRORS IS----------- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ 1
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)-------------- 88

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE CONNECTED-GROUP-ELEMENTS
SEQUENCE NUMBER FOREWARD-# BACKWARD-#
1 198 1 0
2 194 2 1
3 190 3 2
4 167 4 3

Page 5
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.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
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5 164 5 4
6 161 6 5
7 158 7 6
8 138 8 7
9 136 9 8
10 134 10 9
11 132 11 10
12 130 12 11
13 128 13 12
14 118 14 13
15 115 15 14
16 109 16 15
17 103 17 16
18 97 18 17
19 91 19 18
20 80 0 19

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE .
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1 whEEEEERIN site
DENSITY = 0.14000E+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 *ukFEEEEEQOLING
DENSITY = 0.15000E+03
YOUNGS MODULUS= 0.3122E+07
POISSONS RATIO= 0.1700E+00
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048e+00
PROPERTIES FOR MATERIAL 3 whEFEEEEGWIS
DENSITY = 0.14000E+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 .....veu000u SW95



2014.059.004 Chk: RJA
Page 223 of 304

28x10_6AxTeclmod.out

COHESION INTERCEPT C .....:uuun 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000
SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FATLURE RATIO RF ........couuu 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1.310 Factor for load step #1

2 0.857 Factor for load step #2

3 0.857 Factor for load step #3

4 0.857 Factor for load step #4

5 1.365 Factor for load step #5

6 1.365 Factor for load step #6

7 1.365 Factor for load step #7

Page 7
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8 1.365 Factor for Toad
9 1.500 Factor for Tload
10 1.350 Factor for load
11 1.350 Factor for Tload
12 1.350 Factor for Toad
13 1.350 Factor for Toad

R A S S T S S S S e e Tl i i s S S S S S

SOLUTION OUTPUT RESULTS

A T T S S S A S S T T T G T S S S S S

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

++++++ A+ 4

CONCRETE,

FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13
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  -0.14068E+02 0.43556E+05
125.00 -0.20478E+01 -0.69176E+01 -0.12991E+04

2 13.42 -0.34711e-03 -0.11947E+02 0.41962E+05
124.78 -0.20280E+01 -0.46852E+01 -0.13683E+04

3 26.80 0.18129e-02 -0.98263E+01 0.38672E+05
124.11 -0.19702E+01  -0.24528E+01 -0.14246E+04

4 40.15 0.87565E-02 -0.16674E+02 0.34094E+05
123.01 -0.18776E+01 0.68210E+00  -0.14495E+04

5 53.46 0.22291E-01  -0.15424e+02 0.27007E+05
121.47 -0.17549e+01 -0.58682E+01 -0.15029E+04

6 66.71 0.43426E-01  -0.13097E+02 0.17662E+05
119.48 -0.16089e+01 -0.51719e+01 -0.16013E+04

Page 8
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step #8

step #9

step #10

step #11

step #12

step #13

+ + +

+ + +

+ 4+ + + +

++ + + +

+++ 4+ ++ + 4+

Y-BAR

CRACK DEPTH

OO OO0 ©O OO OO0 OO

.65367E+01
.63293E+01

.65514E+01
.63090e+01

.65892E+01
.62796E+01

.66148E+01
.62326E+01

.66148E+01
.61120E+01

.65476E+01
.58063E+01
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117.

.98
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114.
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105

110.

118.
107.

131.
.08

103

144,
98.

156.
93.

168.
88.

171.
.95

.47

75
173

63.

174.
50.

174.
33.

174.
16.

174.
.00

89
06

21

92

85
21

59
19
53

64
56

91
19

76

50

00
94

00
96

00
98

00
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-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.

.72137e-01
.14489E+01

.10721e+00
.12855E+01

.14636E+00
.11282E+01

.18544E+00
.98927€E+00

.22032E+00
.87874E+00

.24977€e+00
.79478E+00

.27448E+00
.73079E+00

.29607E+00
.67972E+00

.33777E+00
.66929E+00

.36677E+00
.66448E+00

.37290E+00
.66328E+00

.34024E+00
.66195E+00

.27433€e+00
.66076E+00

.19525E+00
.66001E+00

10039€e+02
39656E+01

21237e+01
80516E+00

44575E+01
17485€E+01

53711E+01
21220e+01

64768E+01
25722E+01

74747401
29819E+01

93136€E+01
36568E+01

11830E+02
54964E+01

97729e+01
24463E+01

11768E+02
25989€+01

12500E+02
95879€e-01

81304E+01
27614e+01

26111E+01
72179e+00

29083E+01
13178e+01

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.
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SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 13
-- v-factor is coefficient of sqrt(PFPC) equa1 to capacit

-- Shear depth "d" is negative if measured from outer wa1¥
-- stirrup load is excess shear force above capacity.

z
(@]
o
m

CONOYVT R WN =

EQUIVALENT
v-factor

APRPWNNNNN

.77
.78
.78
.79
.79
.10
.50
.50

SHEAR APPLIED
CAPACITY SHEAR
Tbs/inch Tbs/inch

1784.24 55.40
1790.04 182.16
1794.76 293.62
1796.84 435.31
1801.31 613.17
1996.25 764.52
2923.16 876.72
2764.55 912.75

APPLIED/
CAPACITY
ratio

.031
.102
.164
.242
.340
.383
.300
.330

QOO OOCOO0O
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65198E+04 0.63124E+01
16917€e+04 0.42694E+01
58323E+04 0.30403E+01
17557E+04 0.46662E+01
17940E+05 0.29481€e+01
18058E+04 0.64416€E+01
30202E+05 0.30809E+01
18655E+04 0.70750€e+01
42766E+05 0.34674e+01
19322E+04 0.83650E+01
55824E+05 0.40809e+01
20073E+04 0.10454E+02
69562E+05 0.45666E+01
20936E+04 0.13506E+02
84332E+05 0.57315e+01
22317E+04 0.19560E+02
72453E+05 0.44372E+01
23032E+04 0.12863E+02
59471E+05 0.37633E+01
22573€E+04 0.93278E+01
45700E+05 0.34106E+01
22176E+04 0.81221E+01
28654E+05 0.34814E+01
21891E+04 0.77357E+01
13950E+05 0.36437E+01
21772E+04 0.68190E+01
16530€E-09 0.61687E+01
21827€E+04 0.00000E+00

SHEAR STIRRUP
DEPTH-d LOAD
inches Tbs/inch

~J 00 00 00 00 00 OO OO
(=]
o

COOCOOCOOO
o
o
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9 3.22 1978.07 ©909.43 0.460 -7.63 0.00
10 2.50 1648.83 926.46 0.562 -8.19 0.00
11 2.19 1747 .47 956.12 0.547 -9.88 0.00
12 1.89 1932.72 999.89 0.517 -12.69 0.00
13 1.65 2223.41 1063.85 0.478 -16.69 0.00
14 1.44 2847.92 78.28 0.027 -24.56 0.00
15 1.70 2175.16 -989.25 0.455 -15.88 0.00
16 2.06 1845.34 -1063.99 0.577 -11.13 0.00
17 2.27 1748.02 -1049.67 0.600 -9.56 0.00
18 2.32 1787.93 -934.96 0.523 -9.56 0.00
19 3.77 2908.81 -843.77 0.290 -9.56 0.00
20 4.50 3625.40 -799.43 0.221 10.00 0.00

STRESS AND STRAIN MEASURES FOR CONCRETE-GROUP 1, LOAD STEP 13
MAXIMUM AVERAGE RADIAL INNER-WALL OUTER-WALL
COMPRESSION SHEAR TENSION STRAIN STRAIN
NODE psi psi psi in/in in/in
1 -3544.82 7.12 15.08 0.1417e-02  -0.8059e-03
2 -3479.08 23.41 14.45 0.1359e-02 -0.7793e-03
3 -3333.76 37.73 13.24 0.1243e-02 -0.7206E-03
4 -3032.17 55.94 11.52 0.1087E-02 -0.6407e-03
5 -2462.42 78.80 8.89 0.8437e-03 -0.5203e-03
6 -1710.02 98.25 5.39 0.5242e-03  -0.3614eE-03
7 -724.46 111.77 1.15 0.1302e-03  -0.1531e-03
8 -604.89 116.36 0.00 -0.1278E-03 0.1292E-03
9 -2019.37 115.94 0.00 -0.4267e-03 0.7868E-03
10 -2860.29 110.21 0.00 -0.6044E-03 0.1235E-02
11 -2920.29 94.72 0.00 -0.6171e-03 0.1339e-02
12 -2539.38 77 .47 0.00 -0.5366E-03 0.1233E-02
13 -2054.21 62.93 0.00 -0.4341e-03 0.1077€E-02
14 -1397.20 3.16 0.00 -0.2953E-03 0.8125E-03
15 -2320.73 -61.47 0.00 -0.4904E-03 0.1191E-02
16 -3289.25 -93.79 0.00 -0.7026E-03 0.1580E-02
17 -3281.30 -107.31 0.00 -0.6994E-03 0.1496E-02
18 -2293.44 -95.59 0.00 -0.4846E-03 0.9073E-03
19 -1246.22 -86.26 0.00 -0.2633e-03 0.3698E-03
20 -163.53 -81.73 0.00 -0.3456E-04 -0.3456€E-04

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

INNER OUTER MAX STRESS CRACK

CAGE CAGE TO YIELD WIDTH

NODE psi psi ratio inches
1 30985.73 -8416.51 0.5164 0.00700
2 29684.83 -8224.25 0.4947 0.00649
3 27102.47 -7709.99 0.4517 0.00548
4 23617.59 -7001.84 0.3936 0.00412
5 18193.40 -5986.77 0.3032 0.00200
6 11059.82 -4637.23 0.1843 0.00000
7 2354.47 -2692.05 0.0449 0.00000
8 -2445.80 2132.47 0.0408 0.00000
9 -5912.65 15707.05 0.2618 0.00000
10 -8230.68 25897.05 0.4316 0.00283

Page 10
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13
14
15
16
17
18
19
20

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13

DESIGN-CRITERION

-9542.04 30323.
-9641.82 30217.
-8796.54 28193
-6794.02 22707.
-9775.97 30826.
-11667.17 37266.
-10629.36 33460.
-8051.44 19903
-5029.66 7685.
-1101.28 -1101.

STEEL YIELDING (psi)

CONCRETE CRUSHING (psi)

SHEAR FAILURE (1bs/in)

RADIAL-TENSION FAIL (psi)

LRFD SERVICE-LOAD PERFORMANCE

28x10_6Ax1eclMod.out
.5054
.5036
.4699
.3785
.5138
.6211
.5577
.3317
.1281
.0184

51
28
.97
07
30
48
04
.97
56
28

CONTROL
NODE

COO0OO0OO0OOOOOO0O

FACTORED
DEMAND

37266.5
3544.8
1049.7

15.1

2014.059.004 Chk: RJA
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.00377
.00218
.00000
.00000
.00063
.00593
.00519
.00000
.00000
.00000

OCOOCOCOOOOO

FACTORED RATIO
CAPACITY VALUE

60000.0 0.621
4875.0 0.727
1573.2 0.667

69.6 0.217

MEASURES FOR GROUP 1, LOAD STEP 13

NODE NUMBER FOR MAXIMUM CRACK WIDTH .............. 1
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) ..... 0.00700
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .......... 0.70
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 348.00

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

Page 11
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*%% WELCOME TO CANDE-2013(version 3/1/2013) #***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE .....c00nevnnnenns ANALYS
SOLUTION LEVEL ....... ¢ ccerinenen #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE ............... CONCRETE
CANNED MESH CODE # ........c00u0s 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 . sisiscecwie s siaratiim sve o miaruia 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 (pPsi)......... 29000000.000
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STEEL POISSON RATIO ......:cvuvrvurns

STEEL YIELDING STRAIN .........ovuunn

NONLINEAR MODELING CODE (1,2,3)

STEEL-BASED CRACKWIDTH PREDICTION PARAMETERS
REBAR SPACING INNER ROwW (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 THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK

10
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.
15.
19,
27.
18.
13.
12.
12.
12.
12.

.0000

0000
0000
0000
0000
0000
0630
0630
0630
6250
3130
1250
1250
0000
3130
5630
0000
0000
0000
0000

INNER-REBAR

0.1980

COOO0COCO0OO0OOOOCOCOOOOO0O0

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

2014.059.

0.300000
0.001883

OUTER-REBAR INNER-COVER
2.0000

0.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

COO0OO0OOCOOOCOOOOOOOOO0O

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

YIELDING OF REINFORCEMENT STEEL
CRUSHING OF CONCRETE OUTER FIBER

SHEARING FAILURE OF CONCRETE

oooooooooooo

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

WA N
Y=
oS

NNNNNNNNNNNNNNNNNNNN

1.000
0.750
0.900
0.900
0.010
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

*%% MESH PARAMETERS ***

TYPE OF MESH —=—=—— e e e -
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) --—-—--—-—-----—-
SLOPE OF TRENCH WALL (H/V) ——------—=—mmmmmmmmomm
MESH SPACING PARAMETER ----=—==-=-mm e e e o
TOTAL SOIL HEIGHT ABOVE CROWN (FT) -=-==-=-=-eee--
MESH HEIGHT ABOVE CROWN (FT) ------------ommmmmm
SOIL DENSITY ABOVE MESH (PCF) ===-=m=mmmmmm e
NUMBER OF ELEMENT LAYERS ABOVE CROWN --—--------—--

*%% ARCH PARAMETERS ***¥
CENTERLINE RISE OF ARCH (IN) ----=-----mmmommmmmee
BOTTOM HALF SPAN OF ARCH (IN) —-==--=====----—~——-
SIDE RISE OF ARCH ABOVE FOOTING (IN) -==-=========
FOOTING DEPTH (IN) ==-======-mmmmmmmmmmmmomeo oo
OUTSIDE FOOTING WIDTH (IN) ---===========mmmmmmme
INSIDE FOOTING WIDTH (IN) —=--===-====mmmmmmmmmmme
NUMBER OF ARCH SEGMENTS DEFINED ---------------—--

*%% CURVED TOP SEGMENT ***
RADIUS (IN) === == e e e e
CENTRAL ANGLE (DEG) ---=r==m=mmmmmm e e
SEGMENT ARC LENGTH (IN) --====-==m-mmmmmmmmmme o
NUMBER OF BEAM ELEMENTS IN SEGMENT ----—-—--—---=-——--

*
5%
*

CURVED CORNER SEGMENT **%
RADIUS (IN) =========mmmmmmm o oo
CENTRAL ANGLE (DEG) —=-==-===========-==——mmoo
SEGMENT ARC LENGTH (IN) --===—===-mmmmmmmmmmmo oo
NUMBER OF BEAM ELEMENTS IN SEGMENT ---------------

*%% STRAIGHT SIDE SEGMENT *¥*
DEFLECTION ANGLE (DEG) ---==---======-=ooommmmoe
SEGMENT LENGTH (IN) ===-—==—==—=—m—mmmmmmmmmm oo
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-~===m===m==m——————

oRwR

2014.059.004 Chk: RJA

.00
.94
.00
.00

.88
.59
.19

.94
.14
.73

.00
.94
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KEY NUMBERS DESCRIBING MESH ...
THE NUMBER OF LOAD STEPS IS------------
TOTAL NUMBER OF NODES IS-----——-—=-=—=———--
TOTAL NUMBER OF ELEMENTS IS------------
TOTAL NUMBER OF BEAM ELEMENTS IS-------
MAX NUMBER OF BOUNDARY CONDITIONS IS---

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* NUMBER OF NODES TO BE CHANGED

36

* NUMBER OF ELEMENTS TO BE CHANGED ----

* ADDITIONAL BOUNDARY CONDITIONS

* % % BOUNDARY CONDITIONS * *
(FORCES = LBS; DISPLACEMENTS

oo

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

BOUNDARY CONDITIONS

227 10 F = 0.0000E+00
F227 11 F = 0.0000E+00
F227 12 F = 0.0000E+00
F227 13 F =  0.0000E+00
F229 10 F = 0.0000E+00
F229 11 F = 0.0000E+00
F229 12 F = 0.0000E+00
F229 13 F = 0.0000eE+00
F231 10 F = 0.0000E+00
F231 11 F = 0.0000E+00
F231 12 F = 0.0000E+00
F231 13 F = 0.0000E+00
F228 10 F = 0.0000E+00
F229 10 F = 0.0000E+00
F230 10 F = 0.0000E+00

Page
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T

E
E
F
F
F
F
F
4

ROO
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INCHES; ROTATIONS = DEGREES)

Y-FORCE OR

Y-DISPLACEMENT

.1116E+03
.1116€+03
.1116E+03
.1116€E+03
.1116E+03
.1116€E+03
.1116E+03
.1116E+03
.1116€E+03
.1116€E+03
.1116E+03
.1116E+03
.0000E+00
.0000E+00
.0000E+00

2014.059.004 Chk: RJA
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Y ROTATION

.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
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F
231 10 F = 0.0000E+00 F = 0.0000E+00
F
232 10 F = 0.0000E+00 F = 0.0000E+00
F
233 10 F = 0.0000E+00 F = 0.0000E+00
F
224 9 F = 0.0000E+00 F = -0.2188E+01
F
225 9 F = 0.0000E+00 F = -0.4375E+01
F
226 9 F = 0.0000E+00 F = -0.4375E+01
F
227 9 F = 0.0000E+00 F = -0.4375e+01
F
228 9 F = 0.0000E+00 F = -0.4375E+01
F
229 9 F = 0.0000E+00 F = -0.4375E+01
F
230 9 F = 0.0000E+00 F = -0.4375E+01
F
231 9 F = 0.0000eE+00 F = -0.4375E+01
F
232 9 F = 0.0000E+00 F = -0.4375E+01
F
233 9 F = 0.0000E+00 F = -0.4375E+01
F
234 9 F = 0.0000E+00 F = -0.4375E+01
F
235 9 F = 0.0000E+00 F = -0.4375E+01
F
236 9 F = 0.0000E+00 F = -0.4375E+01
F
¥ % % % % COMPLETED MESH GENERATION * * * # %
New Level 2 arch mesh
CALCULATED KEY NUMBERS ...
THE NUMBER OF DATA ERRORS IS-------—---- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ 1
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)--=-====-=eme- 88
* % % * MESH DATA HAS BEEN SAVED ON UNIT 14 * * * *
BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP
BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE CONNECTED-GROUP-ELEMENTS
SEQUENCE NUMBER FOREWARD-# BACKWARD-#
1 198 1 0
2 194 2 1
3 190 3 2
4 167 4 3

Page 5
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.0000E+00
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.0000E+00
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5 164 5 4
6 161 6 5
7 158 7 6
8 138 8 7
9 136 9 8
10 134 10 9
11 132 11 10
12 130 12 11
13 128 13 12
14 118 14 13
15 115 15 14
16 109 16 15
17 103 17 16
18 97 18 17
19 91 19 18
20 80 0 19

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

PROPERTIES FOR MATERIAL 1 kEEEEEEEIN Site
DENSITY = 0.14000E+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 xEREXEXEQOLING
DENSITY = 0.15000E+03
YOUNGS MODULUS= 0.3122+07
POISSONS RATIO= 0.1700E+00

CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00

%

*

*
*
5t

*

*

PROPERTIES FOR MATERIAL 3 *SW95

DENSITY = 0.14000E+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 ........uuun SW95



28x10_6Axlec2
COHESION INTERCEPT C ..........

FRICTION ANGLE PHIO (DEG)......
10-FOLD REDUCTION IN PHIO(DEG)..
SCALED MODULUS NUMBER ZK ......
MODULUS EXPONENT ZN ...........
FATLURE RATIO RF .......covvennn
INIT. BULK MODULUS NUMBER BI....

ULT. VOLUMETRIC STRAIN EU ......

INTERFACE ELEMENT MATERIAL-GROUP P

Mod.out
0.0000

48.0000
8.0000
950.0000

0.6000
0.7000
74.8000
0.0200

ROPERTIES

2014.059.004

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

1 90.00 0
2 88.11 0
3 86.22 0
4 84.32 0
5 82.43 0
6 80.54 0
7 78.65 0
8 76.76 0
9 74.87 0
10 72.97 0
11 71.08 0
12 69.19 0
13 67.30 0
14 65.41 0
15 10.46 0
16 5.11 0
17 0.00 0
18 0.00 0
19 0.00 0

LRFD TOTAL LOAD FACTORS PER LOAD STEP

LOAD STEP LOAD FACTOR
1.310
0.857
0.857
0.857
1.365
1.365

1.365
Page 7
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.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000
.40000

10.
10.
10.
10.
.00000

10

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
10.

00000
00000
00000
00000

00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000
00000

USER COMMENT

Factor
Factor
Factor
Factor
Factor
Factor

Factor

for
for
for
for
for
for

for

Toad
load
load
Toad
Toad
load
load

step
step
step
step
step
step

step
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INITIAL-GAP

#2
#3
#4
#5
#6
#7

COO0OOOOOOOOOOOOOOOO0O

.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
.00000
. 00000
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1.365
1.500
1.350
1.350
1.350
1.350

2014.059.004

Factor for load

Factor for load

Factor

Factor

Factor

Factor

for load
for load
for load

for load

O T T T i T S S S S S S S S R S S R i o o S R S S S S

SOLUTION OUTPUT RESULTS

+++++++++++FF A A4+

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

R S T T S S e S e e R e e s e T S S S R S S S S

CONCRETE,

FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13

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.
.00

13.
124.

26.
124.

40.
123.

.46
121.

66.
119.

125

53

00
42
78

80
11

15
01
47

71
48

0.
-0.

-0.
-0.

0.
-0.

0.
-0.

.17053E-01
-0.

0.
-0.

X-DISP.
Y-DISP.

00000E+00
22519€e+01

69126E-03
22369E+01

60511E-03
21920€E+01

58835E-02
21173e+01
20135E+01

35689e-01
18834E+01

0.
-0.

-0.
0.

-0.
0.

-0.
0.

-0.
-0.

=0l
-0.

Pa

N-PRES.
S-PRES.

11252e+01
10821E+01

29535E+01
69371E+00

70321E+01
24695E+01

14717€E+02
27849E+01

16604E+02
15816E+01

18837E+02
41197€E+01

ge 8

MOMENT
THRUST

.32805E+05
.18502E+04

.32908E+05
.18408E+04

.33137€e+05
.18201E+04

.32754E+05
.17877E+04

.30364E+05
.17870E+04

.25630E+05
.18389E+04

Chk: RJA
Page 235 of 304

step #8

step #9

step #10

step #11

step #12

step #13

+ + +

+ + + + 4+

+ 4+ + 4+ +++ o+

+++++++ 4+

Y-BAR

CRACK DEPTH

OO OO OO OO OO OO

.66148E+01
.61252E+01

.66148E+01
.61287E+01

.66148E+01
.61370E+01

.66148E+01
.61377E+01

.66148E+01
.60957E+01

.65476E+01
.59738E+01



10

11

12

13

14

15

16

17

18

19

20

79.
117.

92.
114.

.97

105

110.

118.
107.

131.
103.

144.
98.

156.
93.

168.
88.

171.
75.

.47
63.

174.
50.

174.

173

33

174.
16.

174.
.00

89
06

98
21
92

85
21

59
08

19
53

64
56

91
19

76
95
50

00
94

00

.96

00
98

00
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-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.

.62644E-01
.17322e+01

.97605€6-01
.15687E+01

.13910E+00
.14017E+01

.18398E+00
.12421E+01

.22774€E+00
.11035e+01

.26752E+00
.99022E+00

.30286E+00
.89901E+00

.33497€e+00
.82342E+00

.39866E+00
.80758E+00

.44616E+00
-79992E+00

.46389E+00
.79785E+00

.43400E+00
.79598E+00

.36032€E+00
.79429E+00

.26926E+00
.79323E+00

22376E+02
85409e+01

15577€E+02
25769E+01

26509E+02
10557E+02

12831E+02
36605E+01

21882E+02
87246E+01

10237E+02
40843E+01

10701E+02
42877E+01

11161E+02
99073€E+01

10563E+02
25418e+01

13595E+02
26643E+01

14573E+02
34176E-01

10128£+02
31263E+01

33038E+01
99899E+00

35199e+01
11283e+01

0.
-0.

0.
-0.

-0.
-0.

~Ok
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

0.
-0.
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SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 13
-~ v-factor 1is coefficient of sqrt(PFPC) equal to capacity.
-- Shear depth "d" is negative if measured from outer wall.

-- Stirrup

Z
(@]
O
m

OCOoONAAVIEWN

EQUIVALENT

v-factor

BRANNNNNNN

.84
.84
.83
.83
.83
.84
.86
.50
.50

SHEAR APPLIED
CAPACITY SHEAR
Tbs/inch 1bs/inch

1830.40 -2.95
1829.62 -12.38
1827.89 5.73
1825.17 103.46
1825.12 265.84
1829.46 454.94
1859.04 680.17
2923.16 880.02
2764.55 1103.74

APPLIED/
CAPACITY
ratio

.002
.007
.003
.057
.146
.249
.366
.301
.399

OCOOOOOOOO

Page 9

oad is excess shear force above capacity.
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18173E+05 0.65930E+01
19445E+04 0.57080E+01
74031E+04 0.61238eE+01
20472E+04 0.36063E+01
54094E+04 0.34272e+01
21709E+04 0.48605E+01
22174E+05 0.30809E+01
23093E+04 0.67718E+01
40383E+05 0.34674E+01
24424E+04 0.82199e+01
61627E+05 0.40809e+01
25849E+04 0.10378E+02
83792E+05 0.45666E+01
27033E+04 0.13458E+02
10697E+06 0.57315e+01
30054E+04 0.19530E+02
93091E+05 0.47460E+01
32177E+04 0.12791E+02
77170E+05 0.38703e+01
31512E+04 0.92805E+01
59692E+05 0.35078E+01
30927E+04 0.80810eE+01
37531E+05 0.34814E+01
30544E+04 0.77100e+01
18289E+05 0.36437E+01
30370E+04 0.67970E+01
37630E-09 0.61687E+01
30378E+04 0.00000E+00

SHEAR STIRRUP

DEPTH-d LOAD

inches 1bs/inch
00 0.00

~J 00 OO 00 00 GO 00 C0 OO
(=]
o

[elelolololele e
[=]
o
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10 3.62 2390.77 1305.15 0.546 -8.19 0.00
11 2.50 1994.00 1472.26 0.738 -9.88 0.00
12 2.00 2046.41 1619.80 0.792 -12.69 0.00
13 1.74 2344.35 1691.96 0.722 -16.69 0.00
14 1.46 2887.10 312.46 0.108 -24.56 0.00
15 1.74 2226.26 -1185.64 0.533 -15.88 0.00
16 2.12 1901.48 -1328.32 0.699 -11.13 0.00
17 2.34 1806.37 -1347.71 0.746 -9.56 0.00
18 2.40 1850.14 -1219.21 0.659 -9.56 0.00
19 3.93 3029.32 -1105.18 0.365 -9.56 0.00
20 4.50 3625.40 ~1049.09 0.289 10.00 0.00

STRESS AND STRAIN MEASURES FOR CONCRETE-GROUP 1, LOAD STEP 13

MAXIMUM AVERAGE RADIAL INNER-WALL OUTER-WALL
COMPRESSION SHEAR TENSION STRAIN STRAIN

NODE psi psi psi in/in in/in
1 -3001.67 -0.38 10.79 0.1029e-02 -0.6343E-03
2 -3008.41 -1.59 10.84 0.1032e-02 -0.6357E-03
3 -3021.99 0.74 10.97 0.1040e-02 -0.6386E-03
4 -2985.62 13.30 10.82 0.1028e-02 -0.6309eE-03
5 -2787.14 34.16 9.94 0.9452E-03  -0.5890E-03
6 -2405.72 58.47 8.10 0.7791E-03  -0.5084E-03
7 -1738.75 86.71 5.14 0.5047E-03  -0.3674E-03
8 -710.54 112.19 0.78 0.9945e-04 -0.1501E-03
9 -866.26 140.71 0.00 -0.1831E-03 0.1710E-03
10 -2269.68 155.26 0.00 -0.4796E-03 0.8705E-03
11 -2857.94 145.85 0.00 -0.6039e-03 0.1243€E-02
12 -2854.68 125.51 0.00 -0.6032E-03 0.1351E-02
13 -2500.87 100.08 0.00 -0.5285E-03 0.1289E-02
14 -1796.44 12.61 0.00 -0.3796E-03 0.1029E-02
15 -3027.94 -73.67 0.00 -0.6399E-03 0.1515E-02
16 -3863.25 -117.09 0.00 -0.9346E-03 0.2057E-02
17 -3868.16 -137.78 0.00 -0.9366E-03 0.1962E-02
18 -3038.32 -124.65 0.00 -0.6420e-03 0.1182E-02
19 -1674.96 -112.99 0.00 -0.3539e-03 0.4854E-03
20 -227.60 -107.25 0.00 -0.4810E-04 -0.4810e-04

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

INNER OUTER MAX STRESS CRACK
CAGE CAGE TO YIELD WIDTH
NODE psi psi ratio inches
1 22178.34 -7297.56 0.3696 0.00355
2 22265.06 -7302.71 0.3711 0.00358
3 22454.49 -7308.57 0.3742 0.00366
4 22199.19 -7216.09 0.3700 0.00357
5 20342.30 -6852.47 0.3390 0.00284
6 16623.00 -6199.74 0.2771 0.00139
7 10559.69 -4977.15 0.1760 0.00000
8 1588.41 -2858.24 0.0476 0.00000
9 -3590.96 2716.97 0.0598 0.00000
10 -7185.78 17869.92 0.2978 0.00000
11 -9686.27 27957.90 0.4660 0.00278
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12 -10989.76 33012.72 0.5502 0.00335
13 -10784.94 33692.83 0.5615 0.00140
14 -8773.40 28728.84 0.4788 0.00000
15 -12890.82 39143.03 0.6524 0.00411
16 -15725.21 48417.47 0.8070 0.01060
17 -14452.05 43757.54 0.7293 0.00950
18 -10773.49 25856.63 0.4309 0.00204
19 -6821.32 10036.61 0.1673 0.00000
20 -1532.73 -1532.73 0.0255 0.00000
ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13
LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13
DESIGN-CRITERION CONTROL FACTORED FACTORED RATIO
NODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) 48417.5 60000.0 0.807
CONCRETE CRUSHING (psi) 3868.2 4875.0 0.793
SHEAR FAILURE (1bs/in) 1619.8 1841.8 0.879
RADIAL-TENSION FAIL (psi) 11.0 69.6 0.158
LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 13
NODE NUMBER FOR MAXIMUM CRACK WIDTH .......coveuunn 16
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) ..... 0.01060
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .......... 1.06
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 348.00

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

Page 11
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*%% WE| COME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE .......cunvvnnnsnn ANALYS
SOLUTION LEVEL ....ccovvevennnsns #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE ..........00cun 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 ....vvvuunnnncnnnnnnns 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
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STEEL POISSON RATIO .............u..

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

NONLINEAR MODELING CODE (1,2,3)

2014.059.004 Chk: RJA

0.300000
0.001883

REBAR SPACING INNER ROW (SLI), (in) ......
REBAR SPACING OUTER ROW (SLO), (in) ......
NUMBER OF STEEL LAYERS FOR INNER CAGE ....
NUMBER OF STEEL LAYERS FOR OUTER CAGE ....
HEGER-MCGRATH CODE NUMBER FOR STEEL TYPE..

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK

10

12
12
12
12

.0000
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.
15.
19.
27.
18.
13.
.0000
.0000
.0000
.0000

0000
0000
0000
0000
0000
0630
0630
0630
6250
3130
1250
1250
0000
3130
5630

INNER-REBAR

0.1980

COOOOCOOOOOOOOTOOOOO0O

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

OUTER-REBAR INNER-COVER
2.0000

.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

COO0OO0OOOOOOCOOOOOOOOOOO0O

NNNNNNNNNNNNNNNNNNON

.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 FAJLURE 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

WHREAM
(o=
(o) e]

NNNNNNNNNNNNNNNNNNNN

1.000
0.750
0.900
0.900
0.010
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

*%% MESH PARAMETERS **%

TYPE OF MESH ----------------—-~———— - ———
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) --=------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) -=--=-=-==-=-
SLOPE OF TRENCH WALL (H/V) ----=----mmmmmmm e
MESH SPACING PARAMETER --------------—---—---mmm——
TOTAL SOIL HEIGHT ABOVE CROWN (FT) --------=---==-
MESH HEIGHT ABOVE CROWN (FT) ----=----=-=———mmmmm—
SOIL DENSITY ABOVE MESH (PCF) -=--=—====—-——mm——m
NUMBER OF ELEMENT LAYERS ABOVE CROWN -------------

*%%* ARCH PARAMETERS #*¥*
CENTERLINE RISE OF ARCH (IN) =======-====mmm—mmmmee
BOTTOM HALF SPAN OF ARCH (IN) -==-=-==--=-eemeomme
SIDE RISE OF ARCH ABOVE FOOTING (IN) -=====-======
FOOTING DEPTH (IN) =======m=— oo
OUTSIDE FOOTING WIDTH (IN) =-=-====-=—mmmmmmmmmmen
INSIDE FOOTING WIDTH (IN) ==--======-=s==—mmmemmen
NUMBER OF ARCH SEGMENTS DEFINED ------------—==----

¥%% CURVED TOP SEGMENT *¥%%*
RADIUS (IN) -=-=---mecmmmmmmcccmcm e cmc———m e m e
CENTRAL ANGLE (DEG) =-=-====-mmmmmm e
SEGMENT ARC LENGTH (IN) ——-=——-—mmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT ---—=-=-=----—---

*%% CURVED CORNER SEGMENT ***
RADIUS (IN) —==mm = e e e
CENTRAL ANGLE (DEG) -——--===--==mmmmmmmm e e mmm e
SEGMENT ARC LENGTH (IN) -===-=-mmmmmmmmmm e e e
NUMBER OF BEAM ELEMENTS IN SEGMENT ---------—-—---—-

E
*
*

STRAIGHT SIDE SEGMENT ¥¥¥

DEFLECTION ANGLE (DEG) -=========m=mmmmmmm e
SEGMENT LENGTH (IN) —-=====mmmmmmmm e
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

oRwR

.00

.94
.00

.00

.88
.59
.19

.94
.73

.00
.94
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KEY NUMBERS DESCRIBING MESH ...
THE NUMBER OF LOAD STEPS IS------==-——--
TOTAL NUMBER OF NODES IS---~-—==—==—=—=——-
TOTAL NUMBER OF ELEMENTS IS---------—---
TOTAL NUMBER OF BEAM ELEMENTS IS-------
MAX NUMBER OF BOUNDARY CONDITIONS IS---

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

NUMBER OF NODES TO BE CHANGED

* %

3k

ADDITIONAL BOUNDARY CONDITIONS

* % % BOUNDARY CONDITIONS * *
(FORCES = LBS; DISPLACEMENTS

s

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

BOUNDARY CONDITIONS

225 10 F = 0.0000e+00
F225 11 F = 0.0000E+00
F225 12 F = 0.0000E+00
F225 13 F = 0.0000E+00
F229 10 F = 0.0000E+00
F229 11 F = 0.0000E+00
F229 12 F = 0.0000E+00
F229 13 F = 0.0000e+00
F231 10 F = 0.0000E+00
F231 11 F = 0.0000E+00
F231 12 F = 0.0000E+00
F231 13 F = 0.0000E+00
F228 10 F = 0.0000E+00
F229 10 F = 0.0000E+00
F230 10 F = 0.0000e+00

Page

m M

m

F

E
=
F
F
F
F
F
4

36

NUMBER OF ELEMENTS TO BE CHANGED ----

INCHES; ROTATIONS

Y-FOR

Y-DIS

Il
o O O O O O O O O O o

o0
L

= DEGREES)
CE OR

PLACEMENT

.1116E+03
.1116E+03
.1116E+03
.1116E+03
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
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Y ROTATION

.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
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F231 10 F = 0.0000E+00 F =
F232 10 F = 0.0000e+00 F =
F233 10 F = 0.0000e+00 F =
F224 9 F = 0.0000e+00 F =
FZZS 9 F = 0.0000E+00 F =
F226 9 F = 0.0000E+00 F =
F227 9 F = 0.0000E+00 F =
F228 9 F = 0.0000E+00 F =
F229 9 F = 0.0000E+00 F =
F230 9 F = 0.0000E+00 F =
F231 9 F = 0.0000E+00 F =
F232 9 F = 0.0000E+00 F =
F233 9 F = 0.0000e+00 F =
F234 9 F = 0.0000e+00 F =
F235 9 F = 0.0000e+00 F =
E236 9 F = 0.0000E+00 F =

*

* % % % COMPLETED MESH GENERATION * * * ¥

ew Level 2 arch mesh

CALCULATED KEY NUMBERS .

*

THE NUMBER OF DATA ERRORS IS----------- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ 1
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)----==---—-=o= 88

out
0.0000E+00
0.0000E+00
0.0000E+00
-0.2188E+01
-0.4375E+01
-0.4375E+01
-0.4375E+01
-0.4375E+01
-0.4375e+01
-0.4375E+01
-0.4375E+01
-0.4375E+01
-0.4375E+01
-0.4375E+01
-0.4375E+01
-0.4375E+01

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE CONNECTED-GROUP-ELEMENTS
SEQUENCE NUMBER FOREWARD-# BACKWARD-#
1 198 1 0
2 194 2 1
3 190 3 2
4 167 4 3

2014.059.004 Chk: RJA
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.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
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5

5 164 4
6 161 6 5
7 158 7 6
8 138 8 7
9 136 9 8
10 134 10 9
11 132 11 10
12 130 12 11
13 128 13 12
14 118 14 13
15 115 15 14
16 109 16 15
17 103 17 16
18 97 18 17
19 91 19 18
20 80 0 19

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE ]
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1 kkkEHFERIN site
DENSITY = 0.14000E+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 *xEHEERTEQOLING
DENSITY = 0.15000E+03
YOUNGS MoDULUS= 0.3122E+07
POISSONS RATIO= 0.1700E+00
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00
PROPERTIES FOR MATERIAL 3 R i 1)
DENSITY = 0.14000E+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 ............ SwW95
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000

SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF ......cvivuunnn 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1.310 Factor for load step #1

2 0.857 Factor for load step #2

3 0.857 Factor for load step #3

4 0.857 Factor for load step #4

5 1.365 Factor for load step #5

6 1.365 Factor for load step #6

7 1.365 Factor for load step #7

Page 7
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8 1.365 Factor for load step #8
9 1.500 Factor for load step #9
10 1.350 Factor for load step #10
11 1.350 Factor for load step #11
12 1.350 Factor for load step #12
13 1.350 Factor for load step #13
R T S TN T T S S S S S S S I S e i s S S S S T S S
SOLUTION OUTPUT RESULTS
++++++++++ A+
FINITE ELEMENT OUTPUT FOR LOAD STEP 13
+ +++++++++ A+
CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13
STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13
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
NODE Y-COORD. Y-DISP. S-PRES. THRUST CRACK DEPTH
1 0.00 0.00000E+00  -0.29329E+02 0.42715E+05 0.65484E+01
125.00 -0.18097E+01 0.46096E+01 -0.11377E+04 0.63552E+01
2 13.42 -0.25506E-03 -0.22049€e+02 0.41163E+05 0.65652E+01
124.78 -0.17904e+01  -0.60590E+00 -0.11545E+04 0.63457e+01
3 26.80 0.19577e-02  -0.14770E+02 0.36005E+05 0.66148E+01
124.11  -0.17341E+01 -0.58214E+01 -0.12100E+04 0.63052E+01
4 40.15 0.86614E-02  -0.94237€e+01 0.28575E+05 0.66148E+01
123.01  -0.16456E+01  -0.36945e+01  -0.12924E+04 0.62009e+01
5 53.46 0.21240e-01  -0.42734€+01 0.19869E+05 0.65476E+01
121.47 -0.15317E+01 -0.16358E+01  -0.13504E+04 0.59753E+01
6 66.71 0.40227e-01  -0.89103E+00 0.10840E+05 0.65476E+01
119.48 -0.14008E+01  -0.29390E+00 -0.13869E+04 0.54724E+01
Page 8
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13

14

15

16

17

18

19

20

79.
117.

.98

92

114.
.97

105

110.

118.
107.

131.
.08

144,
98.

156.
93.

168.
88.

171.
.95

.47
63.

174.
50.

174.

103

75
173

33

174.
16.

174.
.00

89
06

21

92

85
21

59
19
53

64
56

91
19

76

50

00
94

00

.96

00
98

00
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-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.

.65260E-01
.12615E+01

.95131E-01
.11223E+01

.12760E+00
.99160E+00

.15931E+00
.87883E+00

.18737E+00
.78981E+00

.21089€E+00
.72263E+00

.23051E+00
.67176€E+00

.24756E+00
.63144E+00

.28023E+00
.62325E+00

.30242€E+00
.61951E+00

.30578E+00
.61856E+00

.27664E+00
.61741E+00

.22022E+00
.61640E+00

.15302E+00
.61575E+00

37213e+01
14355401

35331E+01
13698E+01

46387E+01
18211E+01

56206E+01
22219€e+01

66032E+01
26226E+01

77047401
30737e+01

91212E+01
19194E+01

11223E+02
55130E+01

85697E+01
23831E+01

10056E+02
25610E+01

10713E+02
27237e+00

67194E+01
21220€E+01

22187€E+01
56467E+00

22820E+01
99261E+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.
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SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 13
-- 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.

z
o
=}
m

CONOYVTRAhWNRE

EQUIVALENT
v-factor

WhAWNNNNN

.75
.75
.75
.77
77
.99
.50
.84

SHEAR APPLIED
CAPACITY SHEAR
Tbs/inch Tbs/inch

1770.72 -18.94
1772.13 250.34
1776.78 469.74
1783.68 602.11
1788.54 661.79
2574.98 662.70
2923.16 658.77
2361.26 671.14

APPLIED/
CAPACITY
ratio

011
.141
.264
.338
.370
.257
.225
.284

SO

[e]elololo]w]
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.21107E+04 0.57292E+01
14224E+04 0.18703e+01
68132E+04 0.24151E+01
14656E+04 0.63166E+01
15874E+05 0.29481E+01
15124E+04 0.64628E+01
25252E+05 0.30809E+01
15661E+04 0.70620E+01
35110E+05 0.34674E+01
16272E+04 0.83405E+01
45619E+05 0.40809E+01
16969E+04 0.10418E+02
56986E+05 0.45666E+01
17662E+04 0.13445E+02
69496E+05 0.57315e+01
18893E+04 0.19445E+02
59699E+05 0.47460E+01
19677E+04 0.12775E+02
49002E+05 0.37441e+01
19379e+04 0.92997E+01
37623E+05 0.33970e+01
19120E+04 0.80921e+01
23578E+05 0.34814E+01
18942E+04 0.76815€E+01
11469E+05 0.36437E+01
18890E+04 0.66853E+01
.19077€E-09 0.61687E+01
18971e+04 0.00000E+00

SHEAR STIRRUP
DEPTH-d LOAD

inches 1bs/inch

OO0OOOOOOCO
o
o
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9 2.82 1736.77 688.12 0.396 -7.63 0.00
10 2.47 1627.48 717.82 0.441 -8.19 0.00
11 2.17 1727.40 759.99 0.440 -9.88 0.00
12 1.87 1914.13 816.30 0.426 -12.69 0.00
13 1.64 2205.37 891.04 0.404 -16.69 0.00
14 1.43 2830.57 76.84 0.027 -24.56 0.00
15 1.68 2156.42 -815.46 0.378 -15.88 0.00
16 2.03 1825.28 -877.98 0.481 -11.13 0.00
17 2.24 1727.65 -866.17 0.501 -9.56 0.00
18 2.30 1776.23 -770.18 0.434 -9.56 0.00
19 3.76 2900.26 -694.30 0.239 -9.56 0.00
20 4.50 3625.40 -656.62 0.181 10.00 0.00

STRESS AND STRAIN MEASURES FOR CONCRETE-GROUP 1, LOAD STEP 13

MAXIMUM AVERAGE RADIAL INNER-WALL OUTER-WALL
COMPRESSION SHEAR TENSION STRAIN STRAIN

NODE psi psi psi in/in in/in
1 -3489.73 -2.43 14.86 0.1394eE-02 -0.7836E-03
2 -3420.47 32.17 14.28 0.1340e-02  -0.7557E-03
3 -3142.64 60.37 12.38 0.1160E-02 -0.6641E-03
4 -2554.88 77.38 9.60 0.9075e-03  -0.5399e-03
5 -1856.18 85.05 6.34 0.6072E-03  -0.3922E-03
6 -1112.63 85.17 3.08 0.3063E-03  -0.2351E-03
7 -320.52 83.98 0.00 0.1546e-04 -0.6773E-04
8 -834.34 85.56 0.00 -0.1763E-03 0.3241E-03
9 -1770.26 87.72 0.00 -0.3741E-03 0.6995E-03
10 -2392.67 85.39 0.00 -0.5056E-03 0.1032E-02
11 -2404.11 75.29 0.00 -0.5080E-03 0.1098E-02
12 -2083.01 63.25 0.00 -0.4402e-03 0.1006E-02
13 -1689.38 52.70 0.00 -0.3570E-03 0.8787E-03
14 -1155.54 3.10 0.00 -0.2442e-03 0.6642E-03
15 -1930.35 -50.67 0.00 -0.4079€E-03 0.9741E-03
16 -2747.20 -77.39 0.00 -0.5805E-03 0.1298E-02
17 -2735.71 -88.55 0.00 -0.5781E-03 0.1228E-02
18 -1902.60 -78.74 0.00 -0.4021E-03 0.7429€e-03
19 -1032.35 -70.98 0.00 -0.2182E-03 0.2970E-03
20 -142.14 -67.13 0.00 -0.3004e-04 -0.3004E-04

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

INNER OUTER MAX STRESS CRACK

CAGE CAGE TO YIELD WIDTH

NODE psi psi ratio inches
1 30540.76 -8058.83 0.5090 0.00683
2 29335.09 -7806.11 0.4889 0.00635
3 25350.13 -6991.25 0.4225 0.00480
4 19696.14 -5961.80 0.3283 0.00258
5 12980.10 -4736.49 0.2163 0.00000
6 6309.51 -3287.36 0.1052 0.00000
7 -34.17 -1516.28 0.0253 0.00000
8 -2449.02 6466.34 0.1078 0.00000
9 -5121.77 14003.82 0.2334 0.00000
10 -6889.49 21645.31 0.3608 0.00105

Page 10
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12
13
14
15
16
17
18
19
20

ASSESSMENT SUMMARY CONCRETE-GROUP 1,

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13

28x10_3AxTec1Mod.out

-7878.41 24850.01
-7932.14 24640.03
-7258.61 22983.47
-5637.29 18554.67
-8189.65 25179.45
-9671.96 30609.76
-8831.23 27437 .36
-6731.18 16264.18
-4215.98 6130.01
-957.22 -957.22

DESIGN-CRITERION CONTROL

NODE
STEEL YIELDING (psi) 16
CONCRETE CRUSHING (psi) 1
SHEAR FAILURE (1bs/in) 17
RADIAL-TENSION FAIL (psi) il

0.4142

OOO0OOOOOOO0

LOAD-STEP 13

. 4107
.3831
.3092
. 4197
.5102
.4573
L2711
.1022
.0160

FACTORED
DEMAND

30609.8
3489.7
866.2

14.9

2014.059.004 Chk: RJA

.00148
.00000
.00000
.00000
.00000
.00315
.00267
.00000
.00000
.00000

OCOO0OOOOOOOO

FACTORED
CAPACITY

60000.0
4875.0
1554.9

69.6

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 13

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 11

* %
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RATIO
VALUE

0.510
0.716
0.557
0.214
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k%% WELCOME TO CANDE-2013(version 3/1/2013) *¥*

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE .......ccvcvinunns ANALYS
SOLUTION LEVEL ......ceveinnnannn #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE .........000u.. CONCRETE
CANNED MESH CODE # ........c0nev. 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 .....::vonnnnnnsnsanns 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).....ceuu. 60000.000
STEEL ELASTIC MODULUS (psi)......... 29000000.000
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STEEL POISSON RATIO ....vvvvnvnnnnns

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

NONLINEAR MODELING CODE (1,2,3)

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

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK

10

12
12
12
12

.0000
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.
15.
19.
27.
18.
13.
.0000
.0000
.0000
.0000

0000
0000
0000
0000
0000
0630
0630
0630
6250
3130
1250
1250
0000
3130
5630

INNER-REBAR

0.1980

COOO0OOOOOOOOOOOOOO0O0O

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500
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0.300000
0.001883

OUTER-REBAR INNER-COVER

.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

COO0OO0OO0OO0O0OOOOCOOOOCOOOOC0O0

NNNNNNNNNNNNNNNNNNNN

.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
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WHERMAM
(o) =]
(o)

NNNNNNNNNNNNNNNNNNNN

1.000
0.750
0.900
0.900
0.010
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

*%% MESH PARAMETERS *¥¥

TYPE OF MESH —----————— === == mmmmmmmmmm—ommm oo -
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) ------------
SLOPE OF TRENCH WALL (H/V) ===-===-ommmmmmmeeeo
MESH SPACING PARAMETER === =====mm=mmmmmmmmmmmme e oo
TOTAL SOIL HEIGHT ABOVE CROWN (FT) -=-----=-—-=—--
MESH HEIGHT ABOVE CROWN (FT) ========-=-———————mmu
SOIL DENSITY ABOVE MESH (PCF) ----=-=--===-=--o-oun
NUMBER OF ELEMENT LAYERS ABOVE CROWN --=======-=—-

*%% ARCH PARAMETERS ¥%¥%¥
CENTERLINE RISE OF ARCH (IN) =-======-==mmmmmmomnn
BOTTOM HALF SPAN OF ARCH (IN) -===--=-=---mmmmaem-
SIDE RISE OF ARCH ABOVE FOOTING (IN) -------=-=-=--
FOOTING DEPTH (IN) ==========m=—mmmmmmmommmmmm oo
OUTSIDE FOOTING WIDTH (IN) ============mmmm—m—mme
INSIDE FOOTING WIDTH (IN) =========mmmmmmmmmmmmmmm
NUMBER OF ARCH SEGMENTS DEFINED ------------------

#%% CURVED TOP SEGMENT ***
RADIUS (IN) ==-=m=mmmmommccc o e e e
CENTRAL ANGLE (DEG) =-=-======——————mmmmmmmmomm o
SEGMENT ARC LENGTH (IN) --=——=—=——————mmmmmmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT ------------—---

**% CURVED CORNER SEGMENT **#
RADIUS (IN) = mmmimmo o o i o i o i i o i e
CENTRAL ANGLE (DEG) -=--=====m—mmmm e e
SEGMENT ARC LENGTH (IN) -=---—----mmmmmmmmmmmmmmm
NUMBER OF BEAM ELEMENTS IN SEGMENT -------------—-

*%% STRAIGHT SIDE SEGMENT ¥¥*
DEFLECTION ANGLE (DEG) ----=--=======-===—————cuuu
SEGMENT LENGTH (IN) —-=-=-=======mmmmmmmmmooomee
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----======c—--—=——=

oRrwR

2014.059.004
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.00
.94
.00

.00
.00

.88
.19

.94
.14
.73

.00
.94
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KEY NUMBERS DESCRIBING MESH ...
THE NUMBER OF LOAD STEPS IS------------
TOTAL NUMBER OF NODES IS-----—--=====—--
TOTAL NUMBER OF ELEMENTS IS------------
TOTAL NUMBER OF BEAM ELEMENTS IS-------
MAX NUMBER OF BOUNDARY CONDITIONS IS---

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* NUMBER OF NODES TO BE CHANGED

36

* NUMBER OF ELEMENTS TO BE CHANGED ----

* ADDITIONAL BOUNDARY CONDITIONS

* * * BOUNDARY CONDITIONS * *
(FORCES = LBS; DISPLACEMENTS

e

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

BOUNDARY CONDITIONS

228 10 F = 0.0000E+00
F228 11 F = 0.0000E+00
F228 12 F = 0.0000E+00
F228 13 F = 0.0000E+00
F230 10 F = 0.0000e+00
F230 11 F = 0.0000E+00
F230 12 F = 0.0000E+00
F230 13 F = 0.0000E+00
F231 10 F = 0.0000E+00
F231 11 F = 0.0000E+00
F231 12 F = 0.0000E+00
F231 13 F = 0.0000E+00
F228 10 F = 0.0000E+00
F229 10 F = 0.0000E+00
F230 10 F = 0.0000e+00

Page

mM MM M M M M M

M M M m

F

F
4

INCHES; ROTATIONS

Y-FOR

Y-DIS

o
% ok %

= DEGREES)
CE OR

PLACEMENT

.1116E+03
.1116E+03
.1116E+03
.1116€E+03
.1116E+03
.1116€E+03
.1116€E+03
.1116E+03
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
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Y ROTATION

.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
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F231 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F232 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F233 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F224 9 F = 0.0000E+00 F = -0.2188E+01 0.0000E+00
F225 9 F = 0.0000E+00 F = -0.4375e+01 0.0000E+00
F226 9 F = 0.0000E+00 F = -0.4375e+01 0.0000E+00
F227 9 F = 0.0000E+00 F = -0.4375e+01 0.0000E+00
F228 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F229 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F230 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F231 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F232 9 F = 0.0000E+00 F = -0.4375e+01 0.0000E+00
F233 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F234 9 F = 0.0000E+00 F = -0.4375E+01 0.0000E+00
F235 9 F = 0.0000E+00 F = -0.4375e+01 0.0000E+00
;236 9 F = 0.0000E+00 F = -0.4375e+01 0.0000E+00

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

CALCULATED KEY NUMBERS ...

THE NUMBER OF DATA ERRORS IS----------- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ 1
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)--------=———-—- 88

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

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

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE )
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1 whkkkREkin gite
DENSITY = 0.14000E+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 kkkkkkkE*EQOting
DENSITY = 0.15000E+03
YOUNGS MODULUS= 0.3122E+07
POISSONS RATIO= 0.1700E+00
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00
PROPERTIES FOR MATERIAL 3 HEEEFEERGWIS
DENSITY = 0.14000E+03

CONTROLS FOR DUNCAN SOIL MODEL
WITH SELIG HYPERBOLIC BULK MODULUS FORMULATION

HYPERBOLIC STRESS-STRAIN PARAMETERS

SOIL CLASSIFICATION ............ Sw95
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000
SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF .........0.u0 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES
MAT. NO. NORMAL-ANGLE COEF-FRICTION TENSILE-RUPTURE INITIAL-GAP

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1.310 Factor for Toad step #1

2 0.857 Factor for load step #2

3 0.857 Factor for load step #3

4 0.857 Factor for load step #4

5 1.365 Factor for load step #5

6 1.365 Factor for Toad step #6

7 1.365 Factor for Toad step #7
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1.365
1.500
1.350
1.350
1.350
1.350

2014.059.004

Factor for load

Factor for load

Factor for load

Factor for load

Factor

Factor

for load

for load

+++++++++++++ A+ A+

SOLUTION OUTPUT RESULTS

+++++++ A+ o+

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

++++++++++++ A+

CONCRETE,

FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13

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
NODE

1

X-COORD.
Y-COORD.

0.
.00

.42

125
13

124.

26.
124.

40.
123.

.46
121.

66.
119.

53

00

78

80
11

15
01
47

71
48

LB/IN

0.
-0.

-0.
-0.

0.
-0.

0.
-0.

0.
-0.

0.
-0.

X-DISP.
Y-DISP.

00000E+00
18052E+01

55932E-03
17943E+01

31711e-03
17618E+01

40595E-02
17078E+01

12072e-01
16327€E+01

25639e-01
15377e+01

-0.
-0.

-0.
-0.

-0.
0.

-0.
0.

-0.
0.

-0.
-0.
Pa

N-PRES.
S-PRES.

31469e+01
64539E+00

29943E+01
26834E+00

28418E+01
10872E+00

57140e+01
16105E+01

12159€+02
24444401

15651E+02
63579E+00
ge 8

-0.

0.
-0.

0.
-0.

0.
-0.

MOMENT
THRUST

.23893E+05
.14611E+04

.23847E+05
.14652E+04

.23755E+05

14671E+04

23647E+05
14571E+04

23002E+05
14336E+04

20655E+05
14294E+04
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step #8

step #9

step #10

step #11

step #12

step #13

+ + +

+ + + + +

+++++++ 4+

+ 4+ + 4+ 4+ ++ 4

Y-BAR

CRACK DEPTH

SO OO OO OO OO0 OO

.66148E+01
.60675E+01

.66148E+01
.60648E+01

.66148E+01
.60622E+01

.66148E+01
.60618E+01

.66148E+01
.60478E+01

.65476E+01
.59718E+01



10

11

12

13

14

15

16

17

18

19

20

79.
117.

.98

92

114.

105.
110.

118.
107.

131.
.08

144,
98.

156.
93.

168.
88.

171.
75.

173.
63.

174.
50.

174.
33.

174.
16.

174.
.00

103

89
06
21

97
92

85
21

59
19
53

64
56

91
19

76
95

47
50

00
94

00
96

00
98

00
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-0.
=0r

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

0.98083E+01

-0.
-0.

-0.
-0.

-0.
-0.

-0.
0.

-0.
0.

0.
-0.

.45578E-01
.14259E+01

.71865E-01
.13029e+01

.10354E+00
.11753e+01

.13820€E+00
.10521E+01

.17219e+00
.94433E+00

.20307E+00
.85639E+00

.23042E+00
.78583E+00

.25523E+00
.72752E+00

.30428E+00
.71532E+00

. 34064E+00
. 70943E+00

.35379e+00
.70782E+00

.32969E+00
.70631E+00

.27153€e+00
.70496E+00

.19987E+00
.70411E+00

-0

19078E+02
43523E+01

23964E+02
95205E+01

13066E+02
43346E+01

19330E+02
77052E+01

72743E+01
28923E+01

79426E+01
31690E+01

84843E+01
34005E+01
98500E+01

84513E+01
25193E+01

10804£+02
28464E+01

12146E+02
51986E+00

81835E+01
22792E+01

25826E+01
71036E+00

30182E+01
85850E+00

0.
-0.

0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
.23802E+04

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

0.
-0.

-0
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15975E+05
14768E+04

83681E+04
15915E+04

29891E+04
17140E+04

16087E+05
18310E+04

32009E+05
19441e+04

48562E+05
20312E+04

65869E+05
21256E+04

84045E+05
73107E+05
25685E+04

60550E+05
25278E+04

46731E+05
24933E+04

29333E+05
24718E+04

14294E+05
24641E+04

20896E-09
24697E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE- -GROUP 1, LOAD STEP 13
-- v-factor is coefficient of sqrt(PFPC) equa1 to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

4
(@]
=}
m

CONOYWVIRARWN =

EQUIVALENT
v-factor

ANNNNNNN

.79
.79
.79
.79
.78
.78
77
.50

SHEAR APPLIED
CAPACITY SHEAR
Tbs/inch Tbs/inch

1797.81 1.64
1798.16 5.13
1798.31 7.47
1797.48 28.09
1795.51 111.66
1795.15 262.23
1801.07 458.49
2923.16 707.68

APPLIED/
CAPACITY
ratio

.001
0.003
.004
.016
.062
.146
.255
.242

o

COOOO0O0

Page 9

SHEAR
DEPTH-d
inches

00 00 G0 00 00 00 00 OO
o
o

OO OO OO OO OO OO OO0 OO0 OO0 OO OO OO oo oo
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.65930E+01
.57939e+01

.63124E+01
.45619E+01

.34272E+01
.41326E+01

.30809e+01
.66776E+01

.34674E+01
.82001E+01

.40809E+01
.10359€+02

.49117E+01
.13382E+02

.57315E+01
.19442E+02

.47460E+01
.12756E+02

.37867E+01
.92826E+01

.34351e+01
.80777e+01

.34814E+01
.76656E+01

.36437E+01
.66853E+01

.61687E+01
.00000E+00

STIRRUP
LOAD
Tbs/inch

COOOOOCOO
o
(=)



STRESS AND STRAIN

z
(]
=}
m

=
HFOWOWONOUVIAWN -

12
13
14
15
16
17
18
19
20

PAUWNNN RN WS
BN
-

MAXIM
COMPRESSI

p

-2205.
-2203
-2194.
-2183
-2123.
-1928.
-1483.

-770.

-770.
-1674.
-2266.
-2248.
-1975
-1410.
-2382.
-3342.
~3344.
-2388.
-1313.

-185.

2764.
2569.
2011.
1996.
2303.
2855.
2189.
1862.
1766.
1818.
2981.
3625.

UM
oN
S

90

.08

71

.26

04
48
64
33
33
75
59
69

.85

55
79
43
60
65
44
99
33
40
79
85
40
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912.
1082.
1211.
1263.
1324,

242.
-934.
1049.
1061.
-955.
-863.
-819.

AVERAGE

SHEA
ps

E
;

61

0.

330

0.421

OCOOOOOOOO0O

MEASURES FOR CONCRETE-GROUP

RADIAL
TENSION

psi

.79
77
77
71
.47
.55
.62

COOOOOCOOCOCOCOORPANNNNN
o
o

.602
.633
.575
.085
.427
.563
.601
.525
.290
.226

1,

I

COOOOOO0O
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-7.63
-8.19
~-9.88
-12.69
-16.69
-24.56
-15.88
-11.13
-9.56
-9.56

10.00

LOAD STEP 13
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COOOOOOOOO0O0O
o
(=]

NNER-WALL OUTER-WALL

STRAIN STRAIN

in/in in/in
.7446E-03 -0.4661E-03
.7429E-03 -0.4655E-03
.7394E-03  -0.4638E-03
.7355E-03  -0.4614E-03
.7118E-03  -0.4486E-03
.6290E-03  -0.4075E-03
.4491e-03  -0.3135e-03
.1533E-03 -0.1628E-03
.1168E-03 0.8142E-04
.3539€e-03 0.6256E-03
.4790E-03 0.9849E-03
.4752E-03 0.1065E-02
.4175E-03 0.1006E-02
.2980€E-03 0.8022E-03
.5035E-03 0.1189E-02
.7242E-03 0.1602E-02
.7248€-03 0.1523E-02
.5047€e-03 0.9203e-03
.2776E-03 0.3718e-03
.3910E-04 -0.3910E-04

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

COXNOUVIAWNRE

'_l

IN

NER

CAGE

16013.
15972.
15894.
15811.
15287.

13437

9480.
2883.

-2467

-5402.

psi

28
68
47
11
86
.82
85
01
.96
49

OUTER
CAGE

-5449,
-5449,

-5433
-5405

-5282.
-4935.
-4104.
-2747.

1064.
12775.

psi

88
03
.69
.47
91
61
67
79
34
46

MAX STRESS
TO YIELD
ratio

Page

Sooocoococoocoo

. 2669
.2662
.2649
.2635
.2548
.2240
.1580
. 0481
.0411
.2129

CRACK
_WIDTH
inches

.00113
.00112
.00109
.00106
.00086
.00014
00000
.00000
.00000
.00000

OOOOOOCOCOCO
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11 -7686.50 22151.00 0.3692 0.00035
12 -8654.54 26019.22 0.4337 0.00042
13 -8561.37 26281.12 0.4380 0.00000
14 -6899.21 22400.51 0.3733 0.00000
15 -10157.01 30706.56 0.5118 0.00058
16 -12145.99 37734.60 0.6289 0.00613
17 -11158.12 33991.67 0.5665 0.00541
18 -8515.63 20103.76 0.3351 0.00000
19 -5398.36 7645.18 0.1274 0.00000
20 -1246.11 ~-1246.11 0.0208 0.00000
ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13
LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13
DESIGN-CRITERION CONTROL FACTORED FACTORED RATIO
NODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) 16 37734.6 60000.0 0.629
CONCRETE CRUSHING (psi) 17 3344.1 4875.0 0.686
SHEAR FAILURE (1bs/in) 12 1263.5 1796.9 0.703
RADIAL-TENSION FAIL (psi) 1 7.8 69.6 0.112

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 13

NODE NUMBER FOR MAXIMUM CRACK WIDTH .............. 16
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) ..... 0.00613
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .......... 0.61
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 348.00

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

Page 11
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**%* WELCOME TO CANDE-2013(version 3/1/2013) *¥*

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE ......ccuninvnnunns ANALYS
SOLUTION LEVEL .....ivivinnenvnennn #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE .....ciuiinunnnn CONCRETE
CANNED MESH CODE # .........ccu... 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 +vvvvvnrnenennnnnnnns 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 (psSi)......... 29000000.000

Page 1
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STEEL POISSON RATIO ........c.cvuuvunn

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

NONLINEAR MODELING CODE (1,2,3)

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

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK

10.
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.
15,
19.
27.
18.
13.
12.

12
12
12

0000
0000
0000
0000
0000
0000
0630
0630
0630
6250
3130
1250
1250
0000
3130
5630
0000

.0000
.0000
.0000

COOOCOOO0OOOOCOOOOOOOOO0O

INNER-REBAR

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

2014.059.004 Chk: RJA

0.300000
0.001883

OUTER-REBAR INNER-COVER
2.0000

.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

COO0OO0COOOOOOOOOOOOOOOO

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

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

WHERARN
[ole]
O

NNNNNNNNNNNNNNNNNNNN

1.000
0.750
0.900
0.900
0.010
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

#%% MESH PARAMETERS **¥%

TYPE OF MESH —==========mmmmmmmmmmmmmmmmm
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ----=----
WIDTH OF TRENCH AT FOOTING LEVEL (FT) ===-========-
SLOPE OF TRENCH WALL (H/V) =—=====-=mmmmmmmmm e e
MESH SPACING PARAMETER ~-========—==—mmmmmmmo o
TOTAL SOIL HEIGHT ABOVE CROWN (FT) ==----=-=—-—m-
MESH HEIGHT ABOVE CROWN (FT) ==-=-===mcmmm—mmmm e
SOIL DENSITY ABOVE MESH (PCF) =-=-===mmmmmm e
NUMBER OF ELEMENT LAYERS ABOVE CROWN -----~----—--

**%%* ARCH PARAMETERS ***
CENTERLINE RISE OF ARCH (IN) —==-==-=mmmmmmmmmmmmm
BOTTOM HALF SPAN OF ARCH (IN) -—=-=-—=-----mmmmmmmm
SIDE RISE OF ARCH ABOVE FOOTING (IN) ---—----—-—-—--
FOOTING DEPTH (IN) —=-=-m s oo e
OUTSIDE FOOTING WIDTH (IN) ------——m—mmmmm e
INSIDE FOOTING WIDTH (IN) ---=-==--mmmmmmmmmo o
NUMBER OF ARCH SEGMENTS DEFINED -------—-—————————-

*
5
£

CURVED TOP SEGMENT *¥%¥%

RADIUS (IN) == o o oo o o e o o e o e o o i
CENTRAL ANGLE (DEG) —=======—=— e
SEGMENT ARC LENGTH (IN) =--=--—cmmmmmmmmmmmmmoo
NUMBER OF BEAM ELEMENTS IN SEGMENT ---------———---

%
st
*

CURVED CORNER SEGMENT **%*
RADIUS (IN) s i S s i i S i
CENTRAL ANGLE (DEG) --======-=-—cmmmmmmmmmmmmme e
SEGMENT ARC LENGTH (IN) -=-=------—mmmmmmmmm o
NUMBER OF BEAM ELEMENTS IN SEGMENT -------———————-

*%% STRAIGHT SIDE SEGMENT *¥¥
DEFLECTION ANGLE (DEG) ===============——mmmmmmmo
SEGMENT LENGTH (IN) -=----=—--mmmmmmmmommmmo o
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-------==-------~-

oRrwH

2014.059.004

.00

.94
.00

.00
.88

.59
.19

.94
.73

.00
.94
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KEY NUMBERS DESCRIBING MESH ...
THE NUMBER OF LOAD STEPS IS------------ 13

TOTAL NUMBER OF NODES IS--------------- 244
TOTAL NUMBER OF ELEMENTS IS------------ 209
TOTAL NUMBER OF BEAM ELEMENTS IS------- 19
MAX NUMBER OF BOUNDARY CONDITIONS IS--- 36

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* NUMBER OF NODES TO BE CHANGED

* NUMBER OF ELEMENTS TO BE CHANGED ----

*

ADDITIONAL BOUNDARY CONDITIONS

* * * BOUNDARY CONDITIONS * * *

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

BOUNDARY CONDITIONS

225 10 F = 0.0000E+00 F =
F225 11 F = 0.0000E+00 F =
F225 12 F = 0.0000€E+00 F =
F225 13 F = 0.0000E+00 P =
F228 10 F = 0.0000E+00 F =
F228 11 F = 0.0000E+00 F =
F228 12 F = 0.0000E+00 F =
F228 13 F = 0.0000E+00 F =
F231 10 F = 0.0000E+00 F =
F231 11 F = 0.0000E+00 F =
F231 12 F = 0.0000E+00 F =
F231 13 F = 0.0000E+00 F =
F228 10 F = 0.0000E+00 F =
F229 10 F = 0.0000E+00 F =
F230 10 F = 0.0000E+00 F =

Page 4

Y-FORCE

w
ROO
%

INCHES; ROTATIONS = DEGREES)

OR

Y-DISPLACEMENT

.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00

2014.059.004

X-

O O O O O O O © © O O O O O o

Y ROTATION

.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
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F
231 10 F = 0.0000E+00 F = 0.0000E+00
F
232 10 F = 0.0000E+00 F = 0.0000E+00
F
233 10 F = 0.0000E+00 F = 0.0000E+00
F
224 9 F = 0.0000E+00 F = -0.2188E+01
F
225 9 F = 0.0000E+00 F = -0.4375E+01
F
226 9 F = 0.0000E+00 F = -0.4375e+01
F
227 9 F = 0.0000E+00 F = -0.4375E+01
F
228 9 F = 0.0000E+00 F = -0.4375E+01
F
229 9 F = 0.0000E+00 F = -0.4375E+01
F
230 9 F = 0.0000E+00 F = -0.4375E+01
F
231 9 F = 0.0000E+00 F = -0.4375E+01
F
232 9 F = 0.0000E+00 F = -0.4375e+01
F
233 9 F = 0.0000E+00 F = -0.4375E+01
F
234 9 F = 0.0000E+00 F = -0.4375E+01
F
235 9 F = 0.0000E+00 F = -0.4375E+01
F
236 9 F = 0.0000E+00 F = -0.4375E+01
F.'
* % & % % COMPLETED MESH GENERATION * * ¥ % %
New Level 2 arch mesh
CALCULATED KEY NUMBERS ...
THE NUMBER OF DATA ERRORS IS----—-—-—----- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ 1
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)----------—--- 88
* % % * MESH DATA HAS BEEN SAVED ON UNIT 14 * * * *
BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP
BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE CONNECTED-GROUP-ELEMENTS
SEQUENCE NUMBER FOREWARD-# BACKWARD-#
1 198 1 0
2 194 2 1
3 190 3 2
4 167 4 3

Page 5
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.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
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5 164 4
6 161 6 5
7 158 7 6
8 138 8 7
9 136 9 8
10 134 10 9
11 132 11 10
12 130 12 11
13 128 13 12
14 118 14 13
15 115 15 14
16 109 16 15
17 103 17 16
18 97 18 17
19 91 19 18
20 80 0 19

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE .
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1 whEEEEEEIN site
DENSITY = 0.14000E+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 hEEFEFELOOLING
DENSITY = 0.15000E+03
YOUNGS MODULUS= 0.3122E+07
POISSONS RATIO= 0.1700eE+00
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00
PROPERTIES FOR MATERIAL 3 TRk RkIFFGWOS
DENSITY = 0.14000E+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 ............ Sw95
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000
SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF ......iivuvunn 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1.310 Factor for load step #1

2 0.857 Factor for load step #2

3 0.857 Factor for Tload step #3

4 0.857 Factor for Toad step #4

5 1.365 Factor for load step #5

6 1.365 Factor for load step #6

7 1.365 Factor for load step #7

Page 7
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8 1.365 Factor for load step #8
9 1.500 Factor for load step #9
10 1.350 Factor for load step #10
11 1.350 Factor for load step #11
12 1.350 Factor for load step #12
13 1.350 Factor for load step #13
T L T T 2 S o T S e A e S S i i s e i s S S S S S
SOLUTION OUTPUT RESULTS
T T T Tk i i T S S S S S S A A R s St 2t e S S R S &

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

+++++++++++++++ A+
CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13
STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13
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  -0.24174E+02 0.42735E+05
125.00 -0.20402e+01 0.26487E+01  -0.13735E+04
2 13.42 -0.37726e-03  -0.17388E+02 0.41426E+05
124.78 -0.20208E+01  -0.53836E+00 -0.13876E+04
3 26.80 0.17374e-02  -0.10603E+02 0.37452E+05
124.11  -0.19640E+01 -0.37254E+01 -0.14258E+04
4 40.15 0.84966E-02 -0.86359E+01 0.32050E+05
123.01 -0.18736E+01  -0.33745e+01  -0.14874E+04
5 53.46 0.21563E-01  -0.12335E+02 0.25599E+05
121.47 -0.17546E+01 -0.20654E+01 -0.15415E+04
6 66.71 0.41953e-01  -0.12755E+02 0.17463E+05
119.48 -0.16136E+01 -0.41933e+01 -0.16052E+04
Page 8
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Y-BAR

CRACK DEPTH

OO OO OO OO OO OO

.65420E+01
.63120E+01

.65556E+01
.63026E+01

.66056E+01
.62715E+01

.66148E+01
.61991E+01

.66148E+01
.60736E+01

.65476E+01
.57963E+01



10

11

12

13

14

15

16

17

18

19

20

168

79.89
117.

.98
114.

105.
110.

118.
107.

131.
103

144,
.53

156.
.56

.91
.19

171.
.95

173.
.50

174.
.94

174.
.96

174.
.98

174.
.00

06

21

97
92

85
21

59

.08

19

64

76

47

00

00

00

00
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.69725E-01
.14588E+01

.10386E+00
.12999E+01

.14253E+00
.11445e+01

.18177E+00
.10049€e+01

.21712E+00
.89287E+00

.24719E+00
.80713E+00

.27259€E+00
.74139E+00

. 29490E+00
.68868E+00

.33812€E+00
.67790E+00

.36845E+00
.67290€E+00

.37556E+00
.67164E+00

.34355E+00
.67027E+00

.27773E+00
.66906E+00

.19851E+00
.66829€+00

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

.99148E+01

-0

-0.

-0.
-0.

-0.
-0.

-0.
0.

-0.
0.

0.
-0.

11856E+02
46869E+01

10929E+02
43291E+01

35785E+01
13953E+01

59127€e+01
23385E+01

66726E+01
26509E+01

77337e+01
30855E+01

94175E+01
27932e+01

11902e+02
52294401
24592E+01

11915E+02
26145e+01

12634E+02
11229€e+00

82616E+01
27630E+01

26518E+01
73814E+00

29580E+01
12867E+01

-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.

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 13
-- 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.

4
o
Q
m

ONOUVT_RWNE

EQUIVALENT
v-factor

.78
.78
.78
.79
.80
.84
.50
.50

DA NNNNNN

SHEAR APPLIED
CAPACITY SHEAR
Tbs/inch Tbs/inch

1790.47 -2.01
1791.66 197.08
1794.85 349.90
1800.01 442 .28
1804.55 544,33
1832.88 671.98
2923.16 794.00
2764.55 900.78

APPLIED/
CAPACITY
ratio

.001
.110
.195
.246
.302
.367
.272
.326

QO

QOO0 0O0

Page 9
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.75924E+04 0.63124E+01
16910E+04 0.45780E+01
38145E+04 0.46761E+01
17819e+04 0.35995E+00
16547€E+05 0.29481E+01
18537E+04 0.63653E+01
29254E+05 0.30809e+01
19137E+04 0.70488E+01
42339E+05 0.34674E+01
19837E+04 0.83489E+01
55931E+05 0.40809E+01
20613E+04 0.10442E+02
70225E+05 0.45666E+01
21438E+04 0.13488E+02
85548E+05 0.57315E+01
22830E+04 0.19552E+02
73555E+05 0.47460E+01
23602E+04 0.12818E+02
60416E+05 0.37773e+01
23133E+04 0.93229e+01
46444€E+05 0.34234E+01
22728E+04 0.81176€E+01
29120E+05 0.34814e+01
22441E+04 0.77310E+01
14177€E+05 0.36437E+01
22321e+04 0.68116E+01
.27444€E-09 0.61687E+01
22372E+04 0.00000E+00
SHEAR STIRRUP
DEPTH-d LOAD
inches Tbs/inch
8.00 0.00
8.00 0.00
8.00 0.00
8.00 0.00
8.00 0.00
8.00 0.00
8.06 0.00
-7.63 0.00
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N
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STRESS AND STRAIN

Zz
o
Q
m

[
CWOONOUVIRWNE

=
N =

13

==
[V RN

16
17
18
19
20

MAXIM
COMPRESSI
p

-3514.
-3456.
-3278.
-2873
-2353.
-1694.

-813

-340.
-1897.
-2789.
-2902
-2551.
-2077.
-1419.
-2370.
-3320.
-3313.
-2334.
-1270.

-167.

UM
ON
S1

90
55
10

.10

38
27

.06

79
18
78

.63

22
31
87
69
60
32
26
20
62

2179.

1652

1750.
1935.
2226.
2850.
2178.
1848.
1751.
1792.
2918,

3625

MEASURES FOR CONCRETE-GROUP

70
.27
85
96
18
52
35
86
70
84
37
.40
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949.
962.
995.
1040.
1105.
94.
1000.
1078.
1065.
-950.
-857.
-812.

AVERAGE

SHEA
ps

£
;

.436
.583
.569
.537
.496
.033
.459
.583
.608
.530
.294
224

COOOOOOOCOO0O0O

RADIAL
TENSION

psi

14.73
14.24
12.79
10.75

.35

OCOO0OO0OOOOOOOOO VI
(=]
o
1

-7.
-8.
-9.
12.
16.
24,
15.
11.
=9
-9.
-9.
10.

INNER-WAL
STRAI
in/i

.1386E-0
.1340E-0
.1201E-0
.1017€E-0
.7947e-0
.5174€-0
.1617e-0
0.7201E-0
0.4009e-0
0.5895E-0
0.6134E-0
0.5391E-0
0.4390E-0
0.3000E-0
0.5010€E-0
0.7153€e-0
0.7124e-0
0.4933e-0
0.2684E-0
0.3542E-0

OCOOOO0O0O
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1, LOAD STEP 13

L
N
n

2
2
2
2
3
3
3
4
3
3
3
3
3
3
3
3
3
3
3
4

OCOOOCOOOCO0O
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OCOOOOOOOOOOO
o
o

OUTER-WALL

COO0COOOOOOOO

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

QWO VIR WN

b

IN
C

30269.

29252

26171.
22046.
17091.
10910.

3041.
-1756.
-5693.
-8102.

NER
AGE
psi

10
.92
51
13
70
10
84
25
42
17

OUTER
CAGE

-8366.
-8154.
-7495.
-6735.
-5811.
-4609.
-2900.

-240.
14228.
24954,

psi

95
12

MAX STRESS
TO YIELD

Page

ratio

.5045
.4875
.4362
.3674
.2849
.1818
.0507
.0293
.2371
.4159

Sooococoocoocoo

CRACK

_WIDTH

i

QOO OOO0OO0O0O0OO0O

nches

.00672
.00632
.00512
.00351
.00157
.00000
.00000
.00000
.00000
.00244

STRAIN
in/in

.7938E-03
.7702E-03
.6981E-03
.6071E-03
.4973E-03
.3580£E-03
.1718E-03
.1304E-04
.7173E-03
.1192e-02
.1323E-02
.1234€-02
.1084E-02
.8239E-03
.1202E-02
.1605E-02
.1520€E-02
.9214€E-03
.3755E-03
.3542E-04



11 -9524.16
12 -9707.24
13 -8912.46
14 -6908.58
15 -10038.70
16 -11892.71
17 -10842.84
18 -8205.74
19 -5133.69
20 -1128.80

29943

30228.
28369.
23022.
31075.
37853.
33998.
20205.

7798.
-1128.
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.42 0.4991
06 0.5038
22 0.4728
22 0.3837
35 0.5179
75 0.6309
49 0.5666
63 0.3368
69 0.1300
80 0.0188

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13

DESIGN-CRITERION

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

RADIAL-TENSION FAIL (psi)

Cco

NTROL FACTORED
NODE DEMAND
16 37853.8
1 3514.9
17 1065.8
1 14.7

QOO0 OOOOO00O

2014.059.004

.00361
.00219
.00000
.00000
.00073
.00618
.00541
.00000
.00000
.00000

FACTORED
CAPACITY

60000.0
4875.0
1576.5

69.6

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 13

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 11

--------------
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RATIO
VALUE

0.631
0.721
0.676
0.212



2014.059.004 Chk: RJA
Page 272 of 304

28x10_4AxTec2Mod.out

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

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE .......cceneunnnnn ANALYS
SOLUTION LEVEL .........ccvivnnnn #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE ........cc0uunnn 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 ...cvvvvvnnnnrnenanns 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).vsvuessnn 60000.000
STEEL ELASTIC MODULUS (psi)......... 29000000.000

Page 1



STEEL-BASED CRACKWIDTH PREDICTION PARAMETERS

28x10_4AxTec2Mod.out

STEEL POISSON RATIO .......cevvuurnn

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

NONLINEAR MODELING CODE (1,2,3)

2014.059.

0.300000
0.001883

REBAR SPACING INNER ROW (SLI), (in) ......
REBAR SPACING OUTER ROW (SLO), (in) ......
NUMBER OF STEEL LAYERS FOR INNER CAGE ....
NUMBER OF STEEL LAYERS FOR OUTER CAGE ....
HEGER-MCGRATH CODE NUMBER FOR STEEL TYPE..

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK

10

18

12
12
12
12

.0000
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.
15.
19,
27.

0000
0000
0000
0000
0000
0630
0630
0630
6250
3130
1250
1250
0000

.3130
13.

5630

.0000
.0000
.0000
.0000

INNER-REBAR

0.1980

OCOO0OOOOOOOOOOOOOOCOO0O

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

OUTER-REBAR INNER-COVER
2.0000

0.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

COOO0COO0OO0OOCOOOOOCOO0OOO0OO

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

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
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oo
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1.000
0.750
0.900
0.900
0.010
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

*¥*% MESH PARAMETERS **¥*

TYPE OF MESH --------——---————~--cm o - — -
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) --=-=--=-====
SLOPE OF TRENCH WALL (H/V) -—-=—=-=---mmmmmmmmm e
MESH SPACING PARAMETER ----------------"--—-—-—-—-=—==
TOTAL SOIL HEIGHT ABOVE CROWN (FT) ---------------
MESH HEIGHT ABOVE CROWN (FT) —-----=-=-=--=c=—=u=-
SOIL DENSITY ABOVE MESH (PCF) --=-=-=-=--m—m—m——
NUMBER OF ELEMENT LAYERS ABOVE CROWN -------------

*%% ARCH PARAMETERS ***
CENTERLINE RISE OF ARCH (IN) —-=-========—mmmmmme
BOTTOM HALF SPAN OF ARCH (IN) —===----=—-—=-moooo-
SIDE RISE OF ARCH ABOVE FOOTING (IN) -------------
FOOTING DEPTH (IN) —--—-=mmmmmmmo oo oo
OUTSIDE FOOTING WIDTH (IN) -----========mmmmmmmmme
INSIDE FOOTING WIDTH (IN) -----==-===--—mmmmmmmme
NUMBER OF ARCH SEGMENTS DEFINED ----=-==-----------

*%** CURVED TOP SEGMENT #*¥%%
RADIUS (IIN) asoommiminisiotossinom st s s o o 50 o 5 e o i
CENTRAL ANGLE (DEG) ======m=m=m oo e
SEGMENT ARC LENGTH (IN) ===c-m-mmmmmmmmmmmmmmmmmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT ------------——-

*
5%
*

CURVED CORNER SEGMENT #***
RADIUS (IN) === === mmmmm e e
CENTRAL ANGLE (DEG) ~-=—==- ==
SEGMENT ARC LENGTH (IN) -—-—-=-—-——mmmmmmmmmmmmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT ----——-—----=----

*%%* STRAIGHT SIDE SEGMENT **%
DEFLECTION ANGLE (DEG) ==========m=mm———sa—ma————e
SEGMENT LENGTH (IN) ===-==m=m=-mmmme——mm e mm e
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-----------=====--

() SRV N

2014.059.004

.94
.14
.73

.00
.94
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KEY NUMBERS DESCRIBING MESH ...

THE NUMBER OF LOAD STEPS IS------------ 13
TOTAL NUMBER OF NODES IS--------------- 244
TOTAL NUMBER OF ELEMENTS IS------------ 209
TOTAL NUMBER OF BEAM ELEMENTS IS------- 19
MAX NUMBER OF BOUNDARY CONDITIONS IS--- 36

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* NUMBER OF NODES TO BE CHANGED -------
* NUMBER OF ELEMENTS TO BE CHANGED ----
* ADDITIONAL BOUNDARY CONDITIONS ------

¥ % % BOUNDARY CONDITIONS * * *

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

BEAM ROTATIONAL
NODE STEP X-DISPLACEMENT Y-DISP

BOUNDARY CONDITIONS

227 10 F = 0.0000E+00 F= -0
F227 11 F = 0.0000e+00 F= -0
F227 12 F = 0.0000E+00 F= -0
F227 13 F = 0.0000E+00 F= -0
F229 10 F = 0.0000E+00 F= -0
F229 11 F = 0.0000E+00 F= -0
F229 12 F = 0.0000E+00 F= -0
F229 13 F = 0.0000E+00 F= -0
F231 10 F = 0.0000E+00 F= -0
F231 11 F = 0.0000E+00 F= -0
F231 12 F = 0.0000E+00 F= -0
F231 13 F = 0.0000E+00 F= -0
F228 10 F = 0.0000E+00 F= 0
F229 10 F = 0.0000E+00 F= 0
F230 10 F = 0.0000E+00 F= 0.

Page 4

DEGREES)
E OR

LACEMENT

.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.8833E+02
.0000E+00
.0000E+00

0000E+00

2014.059.004 Chk: RJA
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Y ROTATION

.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
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F231 10 F = 0.0000e+00 F = 0.0000E+00
F232 10 F = 0.0000E+00 F = 0.0000E+00
F233 10 F = 0.0000E+00 F = 0.0000E+00
F224 9 F = 0.0000E+00 F = -0.2188E+01
F225 9 F = 0.0000E+00 F = -0.4375E+01
F226 9 F = 0.0000E+00 F = -0.4375E+01
F227 9 F = 0.0000e+00 F = -0.4375E+01
F228 9 F = 0.0000E+00 F = -0.4375e+01
F229 9 F = 0.0000E+00 F = -0.4375E+01
F230 9 F = 0.0000E+00 F = -0.4375E+01
F231 9 F = 0.0000E+00 F = -0.4375E+01
F232 9 F = 0.0000e+00 F = -0.4375E+01
F233 9 F = 0.0000e+00 F = -0.4375E+01
F234 9 F = 0.0000E+00 F = -0.4375E+01
F235 9 F = 0.0000E+00 F = -0.4375e+01
i236 9 F = 0.0000E+00 F = -0.4375E+01

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

CALCULATED KEY NUMBERS ...

THE NUMBER OF DATA ERRORS IS--------—--- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ 1
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)------—-—-—-——--—- 88

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE CONNECTED-GROUP-ELEMENTS
SEQUENCE NUMBER FOREWARD-# BACKWARD-#
1 198 1 0
2 194 2 1
3 190 3 2
4 167 4 3

Page 5
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.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
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5 164 5 4
6 161 6 p)
7 158 7 6
8 138 8 7
9 136 9 8
10 134 10 9
11 132 11 10
12 130 12 11
13 128 13 12
14 118 14 13
15 115 15 14
16 109 16 15
17 103 17 16
18 97 18 17
19 91 19 18
20 80 0 19

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE .
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1 FhEkEEFEIN site
DENSITY = 0.14000E+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 *ERERREFXFQOOTLING
DENSITY = 0.15000E+03
YOUNGS MODULUS= Q.3122E+07
POISSONS RATIO= 0.1700E+00
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048e+00
PROPERTIES FOR MATERIAL 3 FRERKERESWIS
DENSITY = 0.14000€+03

CONTROLS FOR DUNCAN SOIL MODEL
WITH SELIG HYPERBOLIC BULK MODULUS FORMULATION

HYPERBOLIC STRESS-STRAIN PARAMETERS

SOIL CLASSIFICATION .....cvuueus SW95
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000

SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF .............. 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1 1.310 Factor for load step #1

2 0.857 Factor for load step #2

3 0.857 Factor for load step #3

4 0.857 Factor for Toad step #4

5 1.365 Factor for load step #5

6 1.365 Factor for load step #6

7 1.365 Factor for load step #7

Page 7
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1.365
1.500
1.350
1.350
1.350
1.350
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I T T Tt S S S S S SO S S S S O S S S S S S S S O

SOLUTION OUTPUT RESULTS

I A T T 2k TR T T T T i T S S S S S S S R S S S S

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

I T S I T S S S e e S S S s T T T S S S S S S S S S

CONCRETE, FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

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
THRUST AND SHEAR ARE

LOCAL
NODE

1

X-COORD.
Y-COORD.

0.
.00

.42
124.

26.
124,

40.
.01

.46
121.

66.
119.

125
13

123
53

00

78

80
11

15

47

71
48

LB/IN

0.
-0.

-0.
-0.

0.
-0.

0.
-0.

0.
-0.

0.
-0.

X-DISP.
Y-DISP.

00000E+00
19824E+01

59199€e-03
19694E+01

53713€E-03
19305E+01

51032e-02
18658E+01

14741E-01
17763e+01

30777e-01
16643E+01

0.
~0.

-0.
0.

-0.
0.

-0
0.

-0.
-0.

-0.
-0.

Pa

ge 8

Factor for load

Factor for load

Factor for load

Factor for load

Factor for load

Factor for load

LOAD-STEP 13

N-PRES. MOMENT
S-PRES. THRUST
35071E+00 0.28474E+05
86360E+00 -0.15951E+04
28947E+01 0.28516E+05
41103€E+00 -0.15898E+04
61401E+01 0.28584E+05
16857E+01 -0.15765E+04
.12403E+02 0.28093E+05
19403e+01  -0.15551E+04
14195E+02 0.25907E+05
14497E+01  -0.15587E+04
15748€E+02 0.21708E+05
34868E+01 -0.16040E+04

Chk: RJA
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step #8

step #9

step #10

step #11

step #12

step #13

+ + +

+ + +

+ + +

+ + + + +

++ + + 4

++ + + +

Y-BAR

CRACK DEPTH

OO OO OO OO OO oo

.66148E+01
.61195E+01

.66148E+01
.61214E+01

.66148E+01
.61263E+01

.66148E+01
.61220E+01

.66148E+01
.60752E+01

.65476E+01
.59443e+01
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11

12

13

14

15

16

17

18

19

20

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1,

79.
117.

92

114,

105

110.

118.
107.

131.

103

144.
98.

156.
93.

168.
88.

171.

75
173

63.

174.
50.

174.

33

174.
16.

174.

28x10_48x1ec2Mod.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.

89 0.53899e-01
06 -0.15346E+01
.98 0.83774e-01
21  -0.13950e+01
.97 0.11910€+00
92 -0.12528E+01
85 0.15720€+00
21  -0.11172e+01
59 0.19428E+00
.08  -0.99969E+00
19 0.22792E+00
53 -0.90384E+00
64 0.25778E+00
56 -0.82681E+00
91 0.28485E+00
19 -0.76309E+00
76 0.33841E+00
.95  -0.74974€+00
.47 0.37811E+00
50 -0.74330€E+00
00 0.39243E+00
94  -0.74154€E+00
00 0.36595E+00
.96 -0.73990€E+00
00 0.30221E+00
98 -0.73842e+00
00 0.22368E+00
.00 -0.73749E+00

18273E+02
71385E+01

13736E+02
22591E+01

21298E+02
84753E+01

11777E+02
33873E+01

17958E+02
71566E+01

96875E+01
38661E+01

10395E+02
41656E+01

11010E+02
89602E+01

93519e+01
25294E+01

11905E+02
27687E+01

13059E+02
29900E+00

88528E+01
26610E+01

28077E+01
80046E+00

32374E+01
10601E+01

0.
-0.

O.60790E+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
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15237€e+05
16935E+04
17810E+04

49088E+04
18837E+04

19040E+05
20004E+04

34564E+05
21142e+04

52563E+05
22370E+04

71537E+05
23454E+04

91626E+05
26174E+04

79717€E+05
28120E+04

66047E+05
27627E+04

51011E+05
27196E+04

32036E+05
26913E+04

15613E+05
26796E+04

77989E-10
26837E+04

LOAD STEP 13

-- 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
(@]
=}
m

LNV WN

EQUIVALENT
v-factor

PAPRANNNNNNN

SHEAR
CAPACITY
1bs/inch

1809.03
1808.59
1807.48
1805.68
1805.99
1809.78
1875.35
2923.16
2764.55

APPLIED
SHEAR
Tbs/inch

-2,
-4,
.79

99.
238.
398.
.22

15

583

751,
937.

16
11

91
26
16

78
39

APPLIED/
CAPACITY
ratio

.001
.002
.009
.055
.132
.220
.311
.257
.339

COO0OOOOOO0O

Page 9

SHEAR
DEPTH-d
inches

~J G0 00 O0 00 OO CO OO 00
(e}
o

CO OO OO OO0 OO0 OO OO0 OO OO OO0 OO0 OO oo oo
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.65930E+01
.56497E+01

.56843E+01
.28614E+01

.33080E+01
.49553E+01

.30809e+01
.67527e+01

.34674E+01
.82023E+01

.40809e+01
.10356E+02

.49117E+01
.13381E+02

.57315e+01
.19467€E+02

.47460E+01
.12762E+02

.38483E+01
.92768E+01

.34892E+01
.80740E+01

.34814E+01
.76749E+01

.36437E+01
.67144E+01

.61687E+01
.00000E+00

STIRRUP
LOAD
Tbs/1inch

COOOOO0O0OC0
o
o



10
11
12
13
14

16
17
18
19
20

.55
.46
.98
.74
.45
.72

.31
.38
.90
.50

BUWNNNERHRRNW

STRESS AND STRAIN

=z
o
=
m

e
HOWOWRONOAWVIAWNERE

=
N

13
14
15
16
17
18
19
20

MAXIM
COMPRESSI

p

-2602.
-2605.
-2607.
-2564.
-2381.
-2043
-1459.

-551.

-779.
-1952.
-2449,
-2439.
-2150.
-1543.
-2599.
-3517.
-3519.
-2607.
-1437.

-201.

UM
oN
S1

81
37
24
07
36

.95

03
10

2014.059.004 Chk: RJA

28x10_4AxT1ec2Mod.out

2342.21 1106.66
1960.76 1250.94
2023.88 1379.67
2340.73 1457.75
2867.45 275.60
2203.59 -1017.83
1877.08 -1141.69
1781.50 -1156.75
1832.31 -1042.37
3003.87 -943.38
3625.40 -895.71

0.472
.638
.682
.623
.096
.462
.608
.649
.569
.314
. 247

COOCOCOOOOOOO0

MEASURES FOR CONCRETE-GROUP 1,

AVERAGE
SHEAR
psi

-0.28
-0.53

RADTAL

TENSI
p

COO0OO0COOOOOOOOORLNNOLWLL

ON
si

.38
.39
.46

-8.19
-9.88
-12.69
-16.69
-24.56

-11.13
-9.56
-9.56
-9.56
10.00

LOAD STEP 13

INNER-WALL
STRAIN
in/in

.8931E-03
.8947E-03
.8972E-03
.8811E-03
.8044E-03
.6577€E-03
.4175€E-03
.6025E-04
0.1648E-03
0.4125€e-03
0.5177€e-03
0.5155E-03
0.4544€E-03
0.3261E-03
0.5494E-03
0.7947e-03
0.7958E-03
0.5510€e-03
0.3037€e-03
0.4249e-04

OCOOOOOO0O0
Lo
COO0OOCOOOO0O0

CQOOOOOOOOOO
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COOO0OOCOOOO
o
o

OUTER-WALL

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

NODE

HFOWOLNOAOUVIAWNE

=

IN
C

19264.
19300.

19360

19010.
17300.
14014.
8707.
800.
-3194.
-6191.
-8316.

NER
AGE
psi

41
76
.88
82
39
99
68
74
57
41
39

ouT
CA

p

-6317.
-6318.
-6309.
-6213.
-5879.
-5300.
-4222.
-2347.

2588.
15323.
23903.

ER
GE
si

80
69
13
66
27

MAX STRESS

TO

YIELD
ratio

.3211
.3217
.3227
.3168
.2883
.2336
.1451
.0391
.0532
.2554
.3984

CRACK
_WIDTH
inches

.00241
.00242
.00245
.00232
.00165
.00037
.00000
.00000
.00000
.00000
.00108

COOOCOOOO0O0O0O

STRAIN
in/in

.5500E-03
.5506€E-03
.5510E-03
.5418E-03
.5032E-03
.4319E-03
.3083E-03
.1165E-03
.1598E-03
.7468E-03
.1063E-02
.1151E-02
.1092E-02
.8785E-03
.1296E-02
.1752E-02
.1667E-02
.1006E-02
.4085E-03
.4249€e-04
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12 -9403.64 28126.73 0.4688 0.00131
13 -9326.83 28514.15 0.4752 0.00000
14 -7547.51 24531.93 0.4089 0.00000
15 -11084.52 33474.11 0.5579 0.00174
16 -13360.54 41239.84 0.6873 0.00760
17 -12279.13 37186.11 0.6198 0.00675
18 -9292.52 21968.40 0.3661 0.00042
19 -5895.48 8407.60 0.1401 0.00000
20 -1354.06 -1354.06 0.0226 0.00000
ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13
LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13
DESIGN-CRITERION CONTROL FACTORED FACTORED RATIO
NODE DEMAND CAPACITY VALUE
STEEL YIELDING (psi) 16 41239.8 60000.0 0.687
CONCRETE CRUSHING (psi) 17 3519.8 4875.0 0.722
SHEAR FAILURE (1bs/in) 12 1379.7 1821.5 0.757
RADIAL-TENSION FAIL (psi) 3 9.5 69.6 0.136

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 13

NODE NUMBER FOR MAXIMUM CRACK WIDTH .............. 16
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) ..... 0.00760
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .......... 0.76
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 348.00

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

Page 11
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*%% WELCOME TO CANDE-2013(version 3/1/2013) ***

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE ........0cnvnnunnn ANALYS
SOLUTION LEVEL .......... .0 #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE ......ciunuuuunn CONCRETE
CANNED MESH CODE # .......00000un 3
NUMBER OF BEAM ELEMENTS ......... 19

CONCRETE MATERIAL PROPERTIES ARE AS FOLLOWS

COMPRESSION STRENGTH (psSid).......... 6500.000
ELASTIC YOUNGS MODULUS (pPSi)........ 4595487.000
POISSON RATIO ......iieurnnnnnnnnnns 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
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STEEL POISSON RATIO ......ivnvnunsnn

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

NONLINEAR MODELING CODE (1,2,3)

STEEL-BASED CRACKWIDTH PREDICTION PARAMETERS
REBAR SPACING INNER ROW (SLI), (in) ......
REBAR SPACING OUTER ROW (SLO), (in) ......
NUMBER OF STEEL LAYERS FOR INNER CAGE ....

NUMBER OF STEEL LAYERS FOR OUTER CAGE ..

2014.059.004 Chk: RJA

0.300000
0.001883

HEGER-MCGRATH CODE NUMBER FOR STEEL TYPE:.

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0630
10.0630
10.0630
10.6250
12.3130
15.1250
19.1250
27.0000
18.3130
13.5630
12.0000
12.0000
12.0000
12.0000

COO0COOO0OO0OOCOOCOOOOO00OOOO

INNER-REBAR

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

OUTER-REBAR INNER-COVER
2.0000

.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

QOO OCOCOO0OOOOOCOOOOOOO00O

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

YIELDING OF REINFORCEMENT STEEL
CRUSHING OF CONCRETE OUTER FIBER
SHEARING FAILURE OF CONCRETE

oooooooooooo

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

WHERAM
(oo
OO

NNNNNNNNNNNNNNNNNNNN

1.000
0.750
0.900
0.900
0.010

Page 284 of 304

OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

*%% MESH PARAMETERS **%

TYPE OF MESH —----—c— o m oo
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ---------
WIDTH OF TRENCH AT FOOTING LEVEL (FT) -----=-=-=--
SLOPE OF TRENCH WALL (H/V) -------———--mmmmmmmo -
MESH SPACING PARAMETER ----=----————-—-—mmmmmmm e
TOTAL SOIL HEIGHT ABOVE CROWN (FT) ----=--——m————u
MESH HEIGHT ABOVE CROWN (FT) --—=-=—===-=-=———o—mn
SOIL DENSITY ABOVE MESH (PCF) --—---——=—————=——————-
NUMBER OF ELEMENT LAYERS ABOVE CROWN ----———-—-——---—--

E
*
*®

* ARCH PARAMETERS ***

CENTERLINE RISE OF ARCH (IN) =-========—mmmmmmoean
BOTTOM HALF SPAN OF ARCH (IN) --=----=---—----————-
SIDE RISE OF ARCH ABOVE FOOTING (IN) -------------
FOOTING DEPTH (IN) =======mmm oo
OUTSIDE FOOTING WIDTH (IN) -=========mmmmmmmommmoo
INSIDE FOOTING WIDTH (IN) ====-=-=--mmmmmmmmmm o -
NUMBER OF ARCH SEGMENTS DEFINED ------------------

*%% CURVED TOP SEGMENT **%*
RADIUS (IN) =--===-memmmmmce e cm— e mm e m e
CENTRAL ANGLE (DEG) -—=-====m =
SEGMENT ARC LENGTH (IN) —=--=-—mmmmmm e
NUMBER OF BEAM ELEMENTS IN SEGMENT ---------————--

**%% CURVED CORNER SEGMENT *%*%*
RADIUS (IN) mmmmmm s et e e e e e
CENTRAL ANGLE (DEG) =-===—=-===mmm e
SEGMENT ARC LENGTH (IN) -——==--—-—mmmmm e e e
NUMBER OF BEAM ELEMENTS IN SEGMENT --------------—-

*%% STRAIGHT SIDE SEGMENT *¥¥
DEFLECTION ANGLE (DEG) ========m=mmmmmm oo oo
SEGMENT LENGTH (IN) —=============mmmmmmmmme e e oo
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--==-=-——=c———ee—eu

oRwR

.00

.94
.00

.00
.88

.59
.19

.94
.73

.00
.94
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KEY NUMBERS DESCRIBING MESH ...
THE NUMBER OF LOAD STEPS IS------—------
TOTAL NUMBER OF NODES IS--------—=———--
TOTAL NUMBER OF ELEMENTS IS----------—--
TOTAL NUMBER OF BEAM ELEMENTS IS-------
MAX NUMBER OF BOUNDARY CONDITIONS IS---

EXTENDED LEVEL-2: CHANGES TO CANNED MESH

* NUMBER OF NODES TO BE CHANGED

36

* NUMBER OF ELEMENTS TO BE CHANGED ----

* ADDITIONAL BOUNDARY CONDITIONS

* * % BOUNDARY CONDITIONS * *
(FORCES = LBS; DISPLACEMENTS

o=

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

BOUNDARY CONDITIONS

225 10 F = 0.0000E+00
F225 11 F = 0.0000E+00
F225 12 F = 0.0000E+00
F225 13 F = 0.0000E+00
F232 10 F = 0.0000E+00
F232 11 F = 0.0000E+00
F232 12 F = 0.0000E+00
F232 13 F = 0.0000E+00
F231 10 F = 0.0000E+00
F231 11 F = 0.0000E+00
F231 12 F = 0.0000E+00
F231 13 F = 0.0000E+00
F228 10 F = 0.0000E+00
F229 10 F = 0.0000e+00
F230 10 F = 0.0000e+00

Page

m M m

T

INCHES; ROTATIONS

Y-FOR

Y-DIS

ROQO
% ok

= DEGREES)
CE OR
PLACEMENT

.7903E+02
.7903E+02
.7903E+02
.7903E+02
.3719€e+02
.3719e+02
.3719E+02
.3719E+02
.0000E+00
. 0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
. 0000E+00
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Y ROTATION

.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
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F231 10 F = 0.0000E+00
F232 10 F = 0.0000E+00
F233 10 F = 0.0000E+00
F224 9 F = 0.0000E+00
F225 9 F = 0.0000E+00
F226 9 F = 0.0000E+00
F227 9 F = 0.0000E+00
F228 9 F = 0.0000E+00
F229 9 F = 0.0000E+00
F230 9 F = 0.0000E+00
F231 9 F = 0.0000E+00
F232 9 F = 0.0000E+00
F233 9 F = 0.0000E+00
F234 9 F = 0.0000E+00
F235 9 F = 0.0000E+00
:236 9 F = 0.0000E+00

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

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)-------—-—-—-—---

F

F

m T M M M

n

M T M M M m

o0
CORWO

out

-0
-0

.0000€E+00
.0000E+00
. 0000E+00
.2188E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01
.4375E+01

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE
SEQUENCE NUMBER FOREWARD-#
1 198 1
2 194 2
3 190 3
4 167 4

CONNECTED-GROUP-ELEMENTS

BACKWARD-#

WNRO

2014.059.004 Chk: RJA
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.0000€+00
.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
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5

5 164 4
6 161 6 5
7 158 7 6
8 138 8 7
9 136 9 8
10 134 10 9
11 132 11 10
12 130 12 11
13 128 13 12
14 118 14 13
15 115 15 14
16 109 16 15
17 103 17 16
18 97 18 17
19 91 19 18
20 80 0 19

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE .
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1 FrRkkkEEEin site
DENSITY = 0.14000E+03
YOUNGS MODULUS= 0.5000eE+04
POISSONS RATIO= 0.3500E+00
CONFINED MOD.= 0.8025E+04
LATERAL COEFF.= 0.5385E+00
PROPERTIES FOR MATERIAL 2 R o T d R N T
DENSITY = 0.15000E+03
YOUNGS MODULUS= 0.3122E+07
POISSONS RATIO= 0.1700E+00
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00
PROPERTIES FOR MATERIAL 3 FRRHHEEESWIS
DENSITY = 0.14000E+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 ............ Sw95
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COHESION INTERCEPT C ....vvuvnn 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000
SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF .....cvueeunn. 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LLOAD FACTOR USER COMMENT

1.310 Factor for load step #1

2 0.857 Factor for load step #2

3 0.857 Factor for load step #3

4 0.857 Factor for load step #4

5 1.365 Factor for Toad step #5

6 1.365 Factor for load step #6

7 1.365 Factor for load step #7

Page 7
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12
13
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1.365
1.500
1.350
1.350
1.350
1.350

2014.059.004

+++++++++++FF AR+ o+

SOLUTION OUTPUT RESULTS

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

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

++++++++ A A+ 4+

CONCRETE,

FACTORED-EVALUATION FOR GROUP 1,

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13

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.
125.

.42
124.

26.
124.

40.
123.

.46
121.

66.
119.

13

53

00
00
78

80
11

15
01
47

71
48

0.
-0.

-0.
-0.

0.
-0.

0.
-0.

0.
-0.

0.
-0.

X-DISP.
Y-DISP.

00000E+00
16070E+01

27784E-03
15920e+01

13590€E-02
15483e+01

65080E-02
14793e+01

16297e-01
13900E+01

31212e-01
12867E+01

-0.
0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

Pa

Factor for load

Factor for Tload

Factor for load

Factor for load

Factor for Tload

Factor for Tload

LOAD-STEP 13

N-PRES. MOMENT
S-PRES. THRUST
20299E+02 0.33221E+05
31153E+01 -0.10455E+04
16009E+02 0.32060E+05
74175E+00 -0.10618E+04
11718E+02 0.28337E+05
45988E+01 -0.11069E+04
75758E+4+01 0.22846E+05
29530E+01 -0.11715€E+04
39132E+01 0.16356E+05
14933E+01 -0.12182E+04
17272€e+01 0.95498E+04
62848E+00 -0.12507E+04

ge 8
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step #8

step #9

step #10

step #11

step #12

step #13

+ + +

+ + +

+ + +

+ o+ o+ + o+

++ + + +

+ 4+ + +

Y-BAR

CRACK DEPTH

OO OO OO OO OO ©oOo

.66148E+01
.63173E+01

.66148E+01
.63024E+01

.66148E+01
.62493E+01

.66148E+01
.61376E+01

.65476E+01
.59077e+01

.65476E+01
.54246E+01
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11

12

13

14

15

16

17

18

19

20

79.
117.

92.
114.

105.
110.

118.
107.

131.
.08

144.
98.

156.
93.

168.
88.

171.
75.

173.
63.

174.
50.

174.
33.

174,
16.

174.
.00

103

89
06

98
21

97
92

85
21

59
19
53

64
56

91
19

76
95

47
50

00
94

00
96

00
98

00
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-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

.11284€E+02

.51042e-01
.11760E+01

.74994E-01
.10644E+01

.10180E+00
.95653E+00

.12891E+00
.85997E+00

.15362E+00
. 78150E+00

.17500E+00
.72046E+00

.19333E+00
.67298E+00

.20957E+00
.63464E+00

.24105E+00
.62674E+00

.26307E+00
.62303E+00

.26798E+00
.62201E+00

. 24385E+00
.62086E+00

.19492E+00
.61985E+00

.13624E+00
.61919E+00

-0

-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
0.

-0.
0.

0.
-0.

35577e+01
13704€E+01

38219e+01
14853E+01

57441e+01
22629E+01

82433€e+01
32706E+01

88192E+01
14914E+01

11979E+02
40316E+01

10499E+02
26515E+01
74759E+01

75412E+01
25175E+01

88416E+01
26584E+01

96055E+01
56531E+00

61064E+01
15168E+01

20721E+01
50593E+00

19622E+01
50494E+00

0.
-0.

-0.
-0.

-0.
-0.

-0,
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
.18148E+04

-0

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

-0.
-0.

0.
-0.
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28324E+04
12829e+04

41114E+04
13217€E+04

11308E+05
13676E+04

19085E+05
14275€E+04

27872E+05
14854E+04

37772E+05
15527E+04

49361E+05
16336E+04

62400E+05
54041E+05
19520E+04

44640E+05
19332e+04

34369E+05
19162E+04

21540€+05
19074e+04

10471e+05
19079e+04

13256E-09
19170E+04

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1, LOAD STEP 13
-- v-factor 1is coefficient of sqrt(PFPC) equa1 to capacity.
-- Shear depth "d" is negative if measured from outer wall.
-- Stirrup load is excess shear force above capacity.

Z
(o]
=}
m

QCONOVIAWN

EQUIVALENT
v-factor

WRAPDMWNNNNN

.73
.74
.74
.75
.76
.61
.50
.50
.16

SHEAR APPLIED
CAPACITY SHEAR
Tbs/inch 1bs/inch

1763.00 -9.15
1764.36 182.17
1768.14 343.85
1773.55 447 .08
1777.46 496.15
2330.44 504.68
2923.16 509.79
2764.55 527.68
1942.58 558.77

APPLIED/
CAPACITY
ratio

.005
.103
.194
.252
.279
217
.174
.191
.288

OOOOOOO0O0OC0

Page 9

SHEAR
DEPTH-d
inches

~N ~J G0 00 00 00 00 00 0
(e}
o

OO OO OO0 OO OO OO OO0 OO OO OO OO OO oo oo
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.61238E+01
.31506E+01

.32912E+01
.38023E+01

.29481E+01
.62731E+01

.30809e+01
.69545E+01

.34674E+01
.82564E+01

.40809€e+01
.10341E+02

.49117e+01
.13319€e+02

.57315E+01
.19305E+02

.47460E+01
.12698E+02

.37441E+01
.92502€E+01

.33970E+01
.80427E+01

.34814E+01
.75965E+01

.36437e+01
.64781E+01

.61687E+01
. 00000E+00

STIRRUP
LOAD
1bs/inch

(=]
(=]
o

OCOOOOOCOO
(=]
(=]
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10 2.45 1617.60 618.13 0.382 -8.19 0.00
11 2.16 1718.07 697.35 0.406 -9.88 0.00
12 1.86 1905.49 801.87 0.421 -12.69 0.00
13 1.63 2198.06 919.05 0.418 -16.69 0.00
14 1.43 2826.80 153.81 0.054 -24.56 0.00
15 1.68 2155.54 -706.70 0.328 -15.88 0.00
16 2.03 1824.99 -782.38 0.429 -11.13 0.00
17 2.24 1727.93 -786.25 0.455 -9.56 0.00
18 2.32 1792.11 -703.73 0.393 -9.56 0.00
19 3.83 2949.04 -634.30 0.215 -9.56 0.00
20 4.50 3625.40 -599.12 0.165 10.00 0.00

STRESS AND STRAIN MEASURES FOR CONCRETE-GROUP 1, LOAD STEP 13

MAXIMUM AVERAGE RADIAL INNER-WALL OUTER-WALL
COMPRESSION SHEAR TENSION STRAIN STRAIN

NODE psi psi psi in/in in/in
1 -2887.25 -1.18 11.43 0.1074e-02 -0.6101E-03
2 -2796.04 23.41 11.00 0.1034E-02  -0.5908e-03
3 -2500.67 44.19 9.65 0.9071E-03  -0.5284E-03
4 -2067.09 57.46 7.59 0.7200E-03  -0.4368E-03
5 -1544.97 63.76 5.16 0.4957E-03  -0.3265E-03
6 -983.93 64.86 2.69 0.2684E-03  -0.2079€E-03
7 -362.80 64.99 0.20 0.3494e-04 -0.7667E-04
8 -392.78 67.27 0.00 -0.8300e-04 0.6648E-04
9 -1310.67 71.23 0.00 -0.2770e-03 0.4850E-03
10 -1852.34 73.53 0.00 -0.3914e-03 0.7706E-03
11 -1939.99 69.08 0.00 -0.4100€e-03 0.8647E-03
12 -1745.28 62.13 0.00 -0.3688E-03 0.8289E-03
13 -1485.39 54.36 0.00 -0.3139e-03 0.7530e-03
14 -1051.34 6.21 0.00 -0.2222e-03 0.5924E-03
15 -1767.84 -43.91 0.00 -0.3736E-03 0.8774E-03
16 -2527.99 -68.97 0.00 -0.5342e-03 0.1177e-02
17 -2527.18 -80.38 0.00 -0.5340e-03 0.1116E-02
18 -1768.84 -71.95 0.00 -0.3738E-03 0.6721E-03
19 -962.28 -64.85 0.00 -0.2033€e-03 0.2603E-03
20 -143.63 -61.25 0.00 -0.3035e-04 -0.3035E-04

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

INNER OUTER MAX STRESS CRACK
CAGE CAGE TO YIELD WIDTH
NODE psi psi ratio inches
1 23486.30 -6363.31 0.3914 0.00406
2 22598.55 -6206.71 0.3766 0.00371
3 19758.94 -5688.86 0.3293 0.00260
4 15572.60 -4934.20 0.2595 0.00097
5 10557.83 -4017.33 0.1760 0.00000
6 5516.57 -2926.35 0.0919 0.00000
7 406.70 -1581.67 0.0264 0.00000
8 -1698.29 964.74 0.0283 0.00000
9 -4000.36 9573.94 0.1596 0.00000
10 -5503.49 16061.77 0.2677 0.00000
11 -6466.22 19515.62 0.3253 0.00000
Page 10
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14
15
16
17
18
19
20

ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13

28x10_5AxTeclmod.out
.3377
.3277
.2756
.3776
.4619
.4146
.2441
.0882
.0161

-6706.17 20263.52
-6447.48 19663.18
-5157.03 16535.96
-7551.11 22655.54
-8981.72 27713.76
-8256.51 24875.30
-6356.87 14647.60
-4017.69 5293.75
-967.26 -967.26

DESIGN-CRITERION CONTROL

NODE
STEEL YIELDING (psi) 16
CONCRETE CRUSHING (psi) 1
SHEAR FAILURE (Tbs/in) 17
RADIAL-TENSION FAIL (psi) 1

LRFD SERVICE-LOAD PERFORMANCE

OCOOOCOOO0O0O

FACTORED
DEMAND

27713.8
2887.3
786.2

11.4

2014.059.004

.00000
.00000
.00000
.00000
.00193
.00160
.00000
.00000
.00000

OCOOOOCOO0O0O

FACTORED
CAPACITY

60000.0
4875.0
1555.1

69.6

MEASURES FOR GROUP 1, LOAD STEP 13

Chk: RJA
Page 293 of 304

RATIO
VALUE

0.462
0.592
0.506
0.164

NODE NUMBER FOR MAXIMUM CRACK WIDTH ........:00... 1
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) ..... 0.00406
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .......... 0.41
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 348.00

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

Page 11
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*%% WELCOME TO CANDE-2013(version 3/1/2013) *#**

MASTER CONTROL AND PIPE-TYPE DATA FOR PROBLEM # 1

USER TITLE: 28x10

EXECUTION MODE .......c0vnvnennnn ANALYS
SOLUTION LEVEL ........ci0nunnnns #2 AUTO
METHODOLOGY (LRFD OR SERVICE) ... LRFD
NUMBER OF PIPE-ELEMENT GROUPS .... 1
MAXIMUM ITERATIONS PER STEP ...... 30
CULVERT PIPE-TYPE ........ccuvu.n 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 +.vvevinrnnnnnnenanns 0.170
CONCRETE DENSITY (pcf) ......vvvvunn 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)......u... 60000.000
STEEL ELASTIC MODULUS (pPSi)......... 29000000.000

Page 1



STEEL-BASED CRACKWIDTH PREDICTION PARAMETERS

28x10_5AxTec2mod.out

STEEL POISSON RATIO ....'evnnvnennns

STEEL YIELDING STRAIN ........v0v0us

NONLINEAR MODELING CODE (1,2,3)

2014.059.004 Chk: RJA

0.300000
0.001883

REBAR SPACING INNER ROW (SLI), (in) ......
REBAR SPACING OUTER ROW (SLO), (in) ......
NUMBER OF STEEL LAYERS FOR INNER CAGE ....
NUMBER OF STEEL LAYERS FOR OUTER CAGE ....
HEGER-MCGRATH CODE NUMBER FOR STEEL TYPE..

WALL THICKNESS, REBAR AREAS AND COVER DEPTHS

WALL-THICK

10

12

12

.0000
10.
10.
10.
10.
10.
10.
10.
10.
10.
12.
15.
19.
27.
18.
13.

0000
0000
0000
0000
0000
0630
0630
0630
6250
3130
1250
1250
0000
3130
5630

.0000
12.
12.

0000
0000

.0000

COOOO0OO0OOOOOOOOCOOOOOOO

INNER-REBAR

.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1980
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.1100
.0500
.0500
.0500

OUTER-REBAR INNER-COVER

.0750
.0750
.0750
.0750
.0750
.0750
.0750
.0750
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500
.1500

COOOOO0OO0O0OOO0OCOOOOCOOOOO

NNNNNNNNNNNNNNNNNNNN

.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

WHE A
(o]
(=]

NNNNNNNNNNNNNNNNNNNN

1.000
0.750
0.900
0.900
0.010
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OUTER COVER

.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
.4375
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REVIEW SYSTEM INPUT DATA

LEVEL-2 DATA FOR ARCH-TYPE CANNED MESH

*%% MESH PARAMETERS ***

TYPE OF MESH ——=——- = mm e
DEPTH OF TRENCH ABOVE FOOTING LEVEL (FT) ----=-=--
WIDTH OF TRENCH AT FOOTING LEVEL (FT) -=--=-=-==-=-
SLOPE OF TRENCH WALL (H/V) ---——===—=———— -~
MESH SPACING PARAMETER ----=-==--—-=mmmmmmmmmmmmme o
TOTAL SOIL HEIGHT ABOVE CROWN (FT) -=--==-=-e-eee--
MESH HEIGHT ABOVE CROWN (FT) ---—---——cmmmmmmmme
SOIL DENSITY ABOVE MESH (PCF) ---=--=-—-cmmmmommem
NUMBER OF ELEMENT LAYERS ABOVE CROWN ------—---—---

*#%% ARCH PARAMETERS ¥¥¥
CENTERLINE RISE OF ARCH (IN) =-=-====-==mmm——memmu
BOTTOM HALF SPAN OF ARCH (IN) -=--=-=-===-==-eeemm
SIDE RISE OF ARCH ABOVE FOOTING (IN) -------------
FOOTING DEPTH (IN) ==========m=mmmmmmmmm e o
OUTSIDE FOOTING WIDTH (IN) --========--mmmmmmmmmn
INSIDE FOOTING WIDTH (IN) =--=-==-===————mmmmmmm
NUMBER OF ARCH SEGMENTS DEFINED ------------------

*
*
%

CURVED TOP SEGMENT ***
RADIUS (IN) =========mmmmmm e
CENTRAL ANGLE (DEG) ====mmmmmmmmmmm e
SEGMENT ARC LENGTH (IN) ======-==m=mmmmm oo
NUMBER OF BEAM ELEMENTS IN SEGMENT ---------------

*
*
”%

* CURVED CORNER SEGMENT **%*

RADIUS (IN) ==—— e mmm oo e e e e
CENTRAL ANGLE (DEG) =========mmm e
SEGMENT ARC LENGTH (IN) ~--=m--=mmmmmmmmmmmmmomm e
NUMBER OF BEAM ELEMENTS IN SEGMENT --------——-—-———~

#¥% STRAIGHT SIDE SEGMENT ¥%¥
DEFLECTION ANGLE (DEG) -===========mmmmmmmmmmmmem
SEGMENT LENGTH (IN) =-=-=-=mmmmmmmm e e
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-==

oRwR

.94
.14
.73

.00
.94
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KEY NUMBERS DESCRIBING MESH ...
THE NUMBER OF LOAD STEPS IS------------ 13
TOTAL NUMBER OF NODES IS----------—----- 244
TOTAL NUMBER OF ELEMENTS IS--------=---- 209
TOTAL NUMBER OF BEAM ELEMENTS IS-----—-—- 19
MAX NUMBER OF BOUNDARY CONDITIONS IS--- 36
EXTENDED LEVEL-2: CHANGES TO CANNED MESH
* NUMBER OF NODES TO BE CHANGED ------- 0 *
* NUMBER OF ELEMENTS TO BE CHANGED ---- 0 *
* ADDITIONAL BOUNDARY CONDITIONS ------ 31 *
* % % 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
228 10 F = 0.0000E+00 F = -0.7903E+02 0.0000E+00
F
228 11 F = 0.0000E+00 F = -0.7903E+02 0.0000E+00
F
228 12 F = 0.0000E+00 F = -0.7903E+02 0.0000E+00
F
228 13 F = 0.0000E+00 F = -0.7903E+02 0.0000E+00
F
230 10 F = 0.0000E+00 F= -0.7903E+02 0.0000E+00
F
230 11 F = 0.0000E+00 F = -0.7903E+02 0.0000E+00
F
230 12 F = 0.0000E+00 F = -0.7903E+02 0.0000E+00
F
230 13 F = 0.0000E+00 F = -0.7903E+02 0.0000E+00
F
231 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F
231 11 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F
231 12 F = 0.0000£+00 F = 0.0000E+00 0.0000E+00
F
231 13 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F
228 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F
229 10 F = 0.0000E+00 F = 0.0000E+00 0.0000E+00
F
230 10 F = 0.0000E+00 F = 0.0000E+00 0.0000€e+00
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F231 10 F = 0.0000E+00 F = 0.0000e+00
F232 10 F = 0.0000e+00 F = 0.0000E+00
F233 10 F = 0.0000e+00 F = 0.0000E+00
F224 9 F = 0.0000E+00 F= -0.2188E+01
F225 9 F = 0.0000E+00 F= -0.4375e+01
F226 9 F = 0.0000E+00 F= -0.4375e+01
F227 9 F = 0.0000E+00 F = -0.4375e+01
F228 9 F = 0.0000E+00 F = -0.4375e+01
F229 9 F = 0.0000e+00 F = -0.4375E+01
F230 9 F = 0.0000E+00 F= -0.4375e+01
F231 9 F = 0.0000E+00 F= -0.4375e+01
F232 9 F = 0.0000e+00 F= -0.4375e+01
F233 9 F = 0.0000E+00 F = -0.4375E+401
F234 9 F = 0.0000E+00 F = -0.4375e+01
F235 9 F = 0.0000E+00 F= -0.4375e+01
z236 9 F = 0.0000E+00 F= -0.4375e+01

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

CALCULATED KEY NUMBERS ...

THE NUMBER OF DATA ERRORS IS----------- 0
THE NUMBER OF SOIL MATERIALS IS-------- 3
THE NUMBER OF PIPE-TYPE GROUPS IS------ 1
THE NUMBER OF INTERFACE MATERIALS IS--- 19
BAND WIDTH ESTIMATE (MAX)-------------- 88

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

BEAM-NODE SEQUENCE NUMBERS FOR EACH GROUP

BEAM-ELEMENT GROUP NUMBER = 1
BEAM-NODE MESH-NODE CONNECTED-GROUP-ELEMENTS
SEQUENCE NUMBER FOREWARD-# BACKWARD-#
1 198 1 0
2 194 2 1
3 190 3 2
4 167 4 3

2014.059.004 Chk: RJA
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.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
.0000E+00
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.0000E+00
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5 164 5 4
6 161 6 5
7 158 7 6
8 138 8 7
9 136 9 8
10 134 10 9
11 132 11 10
12 130 12 11
13 128 13 12
14 118 14 13
15 115 15 14
16 109 16 15
17 103 17 16
18 97 18 17
19 91 19 18
20 80 0 19

MATERIAL DESCRIPTION FOR SOILS AND INTERFACE _
(ALL DENSITY UNITS ARE pcf, ALL MODULUS UNITS ARE psi)
PROPERTIES FOR MATERIAL 1 *kkkEE*EIN site
DENSITY = 0.14000E+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 kkEFFFFREQOTI NG
DENSITY = 0.15000E+03
YOUNGS MODULUS= 0.3122E+07
POISSONS RATIO= 0.1700E+00
CONFINED MOD.= 0.3356E+07
LATERAL COEFF.= 0.2048E+00
PROPERTIES FOR MATERIAL 3 kdckdkkkkEGWOS
DENSITY = 0.14000E+03
CONTROLS FOR DUNCAN SOIL MODEL
WITH SELIG HYPERBOLIC BULK MODULUS FORMULATION
LRFD STRESS CONTROL....vv0... 0

ENTERING ELEMENT RATIO....... 0.5000

HYPERBOLIC STRESS-STRAIN PARAMETERS

SOIL CLASSIFICATION ........00.. Sw95
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COHESION INTERCEPT C .......... 0.0000
FRICTION ANGLE PHIO (DEG)...... 48.0000
10-FOLD REDUCTION IN PHIO(DEG).. 8.0000
SCALED MODULUS NUMBER ZK ...... 950.0000
MODULUS EXPONENT ZN ........... 0.6000
FAILURE RATIO RF .....c.ceeeunns 0.7000
INIT. BULK MODULUS NUMBER BI.... 74.8000
ULT. VOLUMETRIC STRAIN EU ...... 0.0200

INTERFACE ELEMENT MATERIAL-GROUP PROPERTIES

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

1 90.00 0.40000 10.00000 0.00000
2 88.11 0.40000 10.00000 0.00000
3 86.22 0.40000 10.00000 0.00000
4 84.32 0.40000 10.00000 0.00000
5 82.43 0.40000 10.00000 0.00000
6 80.54 0.40000 10.00000 0.00000
7 78.65 0.40000 10.00000 0.00000
8 76.76 0.40000 10.00000 0.00000
9 74.87 0.40000 10.00000 0.00000
10 72.97 0.40000 10.00000 0.00000
11 71.08 0.40000 10.00000 0.00000
12 69.19 0.40000 10.00000 0.00000
13 67.30 0.40000 10.00000 0.00000
14 65.41 0.40000 10.00000 0.00000
15 10.46 0.40000 10.00000 0.00000
16 5.11 0.40000 10.00000 0.00000
17 0.00 0.40000 10.00000 0.00000
18 0.00 0.40000 10.00000 0.00000
19 0.00 0.40000 10.00000 0.00000
LRFD TOTAL LOAD FACTORS PER LOAD STEP
LOAD STEP LOAD FACTOR USER COMMENT

1.310 Factor for Toad step #1

2 0.857 Factor for Toad step #2

3 0.857 Factor for load step #3

4 0.857 Factor for load step #4

5 1.365 Factor for load step #5

6 1.365 Factor for load step #6

7 1.365 Factor for load step #7

Page 7
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1.365
1.500
1.350
1.350
1.350
1.350

Factor

Factor

Factor

Factor

Factor

Factor
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Toad
load
Toad
Toad
Toad
Toad

for
for
for
for
for

for

T T T I I T S S S S S A E A S S S T N T i i i s e A S

SOLUTION OUTPUT RESULTS

+++++F++ 4

+++++++++++++ 4

FINITE ELEMENT OUTPUT FOR LOAD STEP 13

B T S S T S S S e s s S T S S

CONCRETE,

FACTORED-EVALUATION FOR GROUP 1, LOAD-STEP 13

STRUCTURAL RESPONSES OF CONCRETE-GROUP 1, LOAD-STEP 13

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
125.00

2 13.42
124.78

3 26.80
124.11

4 40.15
123.01

5 53.46
121.47

6 66.71
119.48

X-DISP.
Y-DISP.

O.00000E+00

-0.
-0.

.31134€E-03
-0.

.35092€E-02
-0.

.10294e-01
-0.

.21675E-01
-0s

15603e+01
45602E-03
15510E+01
15233e+01
14775E+01

14141€E+01

13345e+01

-0.
-0.

-0.
-0.

-0.
-0.

-0.
0.

-0.
0.

-0.
-0.
Pa

N-PRES.
S-PRES.

30411E+01
42283E+00

29599E+01
31480€E+00

28786E+01
20677€+00

49653E+01
64775E+00

96803E+01
12022E+01

12764€E+02
79951E+00
ge 8

MOMENT
THRUST

.20424E+05
.12124E+04

.20332E+05
.12174E+04

.20090E+05
.12221E+04

.19716E+05
.12212E+04

.18837E+05
.12129e+04

.16601E+05
.12177E+04
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step #8

step #9
step #10

step #11

step #12

step #13

+ + +

+ + +

+ + + + +

++ + + +

+ 4+ +++ + 4+ +

Y-BAR

CRACK DEPTH

OO OO OO OO OO0 OO

.66148E+01
.60680E+01

.66148E+01
.60632E+01

.66148E+01
.60550E+01

.66148E+01
.60437E+01

.65476E+01
.59942E+01

.65476E+01
.59184E+01
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17

18

19

20

SHEAR FORCE DIAGNOSTCS FOR CONCRETE-GROUP 1,

79.
117.

92.
114.

105.
110.

118.
107.

131.
103.

144,
98.

156.
93.

168.
88.

171.
.95

.47

75
173

63.

174.
50.

174.
33.

174.
16.

174.
.00

89
06

98
21

97
92

85
21

59
08

19
53

64
56

91
19

76

50

00
94

00
96

00
98

00
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-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.

.38261E-01
.12414E+01

.59952E-01
.11400E+01

.85907E-01
.10354E+01

.11414E+00
-93489€E+00

.14172€E+00
.84736E+00

.16670E+00
.77613E+00

.18879E+00
. 71909E+00

.20877€E+00
.67208E+00

.24815E+00
.66226E+00

.27706€E+00
.65751E+00

.28684E+00
.65620E+00

.26556E+00
.65490E+00

.21638E+00
.65376E+00

.15622E+00
.65303E+00

14643E+02
31778E+01

17466E+02
69388E+01

11015€e+02
40288E+01

14808E+02
58955E+01

70247€E+01
27921E+01

78813E+01
31444e+01

86650E+01
34763E+01

10113e+02
81158E+01

74480€E+01
24839E+01

91557E+01
27680E+01

10333E+02
69306E+00

68144E+01
16165E+01

22138E+01
56253E+00

23868E+01
49144E+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.
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LOAD STEP 13

-- 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

ONOVIAWNEH

EQUIVALENT
v-factor

ANNNNNNN

.76
.76
.76
.76
.76
.76
.74
.50

SHEAR APPLIED
CAPACITY SHEAR
Tbs/inch 1bs/inch

1776.98 1.27
1777.40 12.47
1777.79 22.96
1777.72 46.75
1777.02 116.24
1777.43 237.99
1782.74 392.30
2923.16 575.96

APPLIED/
CAPACITY
ratio

.001
0.007
.013
.026
.065
.134
.220
.197

o

[=]efololaYo]
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12459E+05 0.65930E+01
12569E+04 0.56855E+01
60887E+04 0.63124E+01
13432E+04 0.41849E+01
29752E+04 0.34272E+01
14411E+04 0.45239E+01
13532E+05 0.30809e+01
15375€£+04 0.66585E+01
26231E+05 0.34674E+01
16303E+04 0.81684E+01
39655E+05 0.40809E+01
17088E+04 0.10319E+02
53964E+05 0.49117e+01
17963E+04 0.13330E+02
69321E+05 0.57315E+01
20212E+04 0.19338E+02
60321E+05 0.47460E+01
21903E+04 0.12709E+02
49985E+05 0.37441E+01
21652E+04 0.92585E+01
38556E+05 0.33970E+01
21440E+04 0.80519E+01
24182E+05 0.34814E+01
21334E+04 0.76118E+01
11772E+05 0.36437E+01
21325€e+04 0.65268E+01
17985E-09 0.61687E+01
21407E+04 0.00000E+00
SHEAR STIRRUP

DEPTH-d LOAD
inches 1bs/inch

00 00

00 OO0 GO 00 00 OO o O0
(o]
(]

OCOOOOO0O0C0O
(=]
(=)
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9 4.50 2764.55 732.21 0.265 -7.63 0.00
10 3.73 2462.07 867.84 0.352 -8.19 0.00
11 2.47 1964.08 974.80 0.496 -9.88 0.00
12 1.94 1983.49 1034.88 0.522 -12.69 0.00
13 1.73 2321.61 1107.05 0.477 -16.69 0.00
14 1.43 2837.26 214.80 0.076 -24.56 0.00
15 1.69 2168.86 -769.36 0.355 -15.88 0.00
16 2.05 1839.56 -865.60 0.471 -11.13 0.00
17 2.26 1743.12 -877.84 0.504 -9.56 0.00
18 2.34 1804.93 -788.74 0.437 -9.56 0.00
19 3.85 2969.45 -712.09 0.240 -9.56 0.00
20 4.50 3625.40 -674.51 0.186 10.00 0.00

STRESS AND STRAIN MEASURES FOR CONCRETE-GROUP 1, LOAD STEP 13

MAXIMUM AVERAGE RADIAL INNER-WALL OUTER-WALL
COMPRESSION SHEAR TENSION STRAIN STRAIN

NODE psi psi psi in/in in/in
1 -1878.28 0.16 6.68 0.6380E-03 -0.3969E-03
2 -1871.82 1.60 6.65 0.6346e-03  -0.3955E-03
3 -1851.79 2.95 6.58 0.6260E-03 -0.3913E-03
4 -1819.81 6.01 6.42 0.6127e-03  -0.3846E-03
5 -1748.52 14.94 6.05 0.5779e-03  -0.3695E-03
6 -1559.72 30.59 5.22 0.5024e-03  -0.3296€E-03
7 -1161.84 50.01 3.49 0.3419e-03  -0.2455E-03
8 -564.46 73.42 0.90 0.1020e-03  -0.1193e-03
9 -564.46 93.34 0.00 -0.1088e-03 0.8883E-04
10 -1408.29 103.24 0.00 -0.2976€e-03 0.5263E-03
11 -1863.48 96.57 0.00 -0.3938E-03 0.8058E-03
12 -1843.23 80.18 0.00 -0.3895E-03 0.8679E-03
13 -1625.09 65.48 0.00 -0.3434E-03 0.8229e-03
14 -1169.16 8.67 0.00 -0.2471e-03 0.6588E-03
15 -1974.65 -47.80 0.00 -0.4173e-03 0.9791e-03
16 -2830.81 -76.30 0.00 -0.5982E-03 0.1318e-02
17 -2834.13 -89.75 0.00 -0.5989e-03 0.1252E-02
18 -1984.96 -80.64 0.00 -0.4195€e-03 0.7549€e-03
19 -1083.84 -72.80 0.00 -0.2290e-03 0.2950E-03
20 -160.39 -68.96 0.00 -0.3389e-04 -0.3389E-04

STEEL STRESS AND CRACK WIDTHS FOR CONCRETE-GROUP 1, LOAD STEP 13
NOTE: CRACK WIDTH IS REDUCED TO SERVICE-LOAD LEVEL.
ALL OTHER RESPONSES ARE AT FACTORED LOAD LEVEL.

INNER OUTER MAX STRESS CRACK
CAGE CAGE TO YIELD WIDTH
NODE psi psi ratio inches
1 13734.46 -4610.17 0.2289 0.00024
2 13657.88 -4603.23 0.2276 0.00021
3 13464.33 -4568.40 0.2244 0.00014
4 13169.92 -4508.37 0.2195 0.00003
5 12377.10 -4416.13 0.2063 0.00000
6 10708.35 -4040.54 0.1785 0.00000
7 7174.28 -3290.00 0.1196 0.00000
8 1850.03 -2092.80 0.0349 0.00000
9 -2214.71 1305.61 0.0369 0.00000
10 -4541.18 10749.93 0.1792 0.00000
Page 10
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ASSESSMENT SUMMARY CONCRETE-GROUP 1, LOAD-STEP 13

LRFD SUMMARY EVALUATION FOR GROUP 1, LOAD STEP 13
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-6339.64 18111.87
-7114.23 21199.82
-7056.71 21488.55
-5734.99 18388.93
-8437.86 25278.91
-10057.83 31032.12
-9256.08 27912.24
-7129.62 16456.40
-4515.26 6010.15
-1080.09 -1080.09

DESIGN-CRITERION CONTROL

NODE
STEEL YIELDING (psi) 16
CONCRETE CRUSHING (psi) 17
SHEAR FAILURE (1bs/in) 12
RADIAL-TENSION FAIL (psi) 1

0.3019

COOOOOOO0O

.3533
.3581
.3065
.4213
.5172
.4652
.2743
.1002
.0180

FACTORED
DEMAND

31032.1
2834.1
1034.9

6.7
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.00000
.00000
.00000
.00000
.00000
.00332
.00287
.00000
.00000
.00000

OCOOOCOOO00O0OO0

FACTORED RATIO
CAPACITY VALUE

60000.0 0.517
4875.0 0.581
1785.1 0.580

69.6 0.096

LRFD SERVICE-LOAD PERFORMANCE MEASURES FOR GROUP 1, LOAD STEP 13

NODE NUMBER FOR MAXIMUM CRACK WIDTH .......ve0000. 16
MAXIMUM CRACK WIDTH AT SERVICE LOAD (inches) ..... 0.00332
LRFD RATIO: MAX-CRACK-WIDTH / ALLOWABLE .......... 0.33
SPAN LENGTH FOR AUXILIARY EQUATIONS (inches)...... 348.00

# % % * NORMAL EXIT FROM CANDE * *

Page 11
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