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CANDE Generated Cross Section

BridgeCor Box Culvert: 37S  38'-1" Span x 11'-11" Rise (Inside Dimensions)   Gage: 7

Height of cover above crown: 5'-9"

Red mesh: Assumed: Isotropic-linear elastic, Young’s modulus = 3,000 psi, Poisson’s
ratio = 0.30, density = 1 pcf (Density assumed to be 1 pcf to represent
existing, consolidated soil – modeled to approximate no displacement)

Green mesh: Embankment fill (assumed): Duncan/Selig SM90 , Density = 120 pcf

Yellow mesh: Select backfill (assumed): Backfill width = 12'-8", Duncan/Selig SW95,

Density = 120 pcf

Orange mesh: Reinforced concrete footing (assumed): Isotropic-linear elastic, Young’s
modulus = 3,500,000 psi,
Poisson’s ratio = 0.18, Density = 150 pcf

Green boundary point: Displacement restricted in the vertical direction

Blue boundary point: Displacement restricted in the horizontal direction

Red boundary point: Force above crown of arch representing HS-20 Truck - 32,000 pound live

load

*Design Criterion Summary:

o Wall Thrust Resistance Ratio = 45.48 / 95.1 = 0.478 < 1.00 OK

o Global Buckling Resistance Ratio = 3.78971 / 9.28 = 0.409 < 1.00 OK

o Seam Thrust Resistance Ratio = 45.48 / 68.34 = 0.665 < 1.00 OK

o Combined Thrust & Moment Ratio =  0.764 < 1.00 OK

*See sections below for more on calculations
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CANDE Unfactored Thrust Reactions

Base Angle: 6.55 degrees

Unfactored  Vertical Footing Reaction: RV = cos (6.55) x 2148.89 x 12 =  25,618 lbs/ft

Unfactored  Horizontal Footing Reaction: RH = sin (6.55) x 2148.89 x 12 = 2,941 lbs/ft

Notes:
Each node represents a location along perimeter of cross-section
Unfactored reactions are for each leg

2148.89lb/in at Node 1
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AASHTO 12.8.9.5 (Combined Thrust & Moment Resistance) requires deep-corrugated metal plate
structures to be analyzed using a finite element analysis. The results from the analysis are then used to
compute a combined thrust and moment ratio (Combined T&M Ratio):

Combined T&M Ratio = (Tf/Rt)2 + Mu/Mn≤ 1.00

(Factored thrust / Factored Thrust Resistance)2 + (Factored moment / Factored Moment Resistance) ≤ 1.00

The factored thrust resistance is the minimum yield point (Fy = 44,000 psi) multiplied by the area of wall
cross-section (0.2573 in2/in for 7 gage) multiplied by the plastic hinge resistance factor (0.90). The factored
moment resistance is the plastic moment capacity (19750 lbs-in/in for 7 gage) multiplied by the plastic
hinge resistance factor. Refer to the NCSPA Design manual (Table 2.14, pg. 37) for cross-section properties
of BridgeCor.

The following graphs show the bending moments and thrust forces along the cross-section of the
BridgeCor structure. The x-axis correlates to the distance along the perimeter of the cross-section of the
BridgeCor Box Culvert structure in inches.

Combined Thrust & Moment Ratio = (3727/(44,000 x 0.2573 x 0.90))2 + (11211.3/(19750x0.90)) = 0.764 < 1.00 OK

11211.3 lb-in/in
at Node 5
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CANDE Controlling Node Output

NODE  X-COORD      X-DISP.      N-PRES.      MOMENT   MAX-STRESS        SHEAR
      Y-COORD      Y-DISP.      S-PRES.      THRUST  HOOP-STRESS     S-STRESS

   4  -220.13   -0.854E+00   -0.442E+02   -0.110E+05   -0.440E+05    0.983E+02
        51.09   -0.110E+01   -0.443E+01   -0.379E+04   -0.147E+05    0.382E+03

   5  -211.66   -0.821E+00   -0.404E+02   -0.112E+05   -0.440E+05   -0.871E+02
        64.62   -0.113E+01    0.123E+02   -0.373E+04   -0.145E+05   -0.338E+03

3727lb/in at Node 5

3789.78lb/in at Node 4
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AASHTO Section 12.8.9.6 (Global Buckling) requires that the factored thrust in the culvert wall under
the final installed condition shall not exceed the nominal resistance to general buckling capacity of the
culvert, computed as:

Rb, nominal axial force in culvert wall to cause general buckling = 1.2ФbCn(EmIp)1/3(ФsMsKb)2/3Rh

Фb , resistance factor for general buckling = 0.70
Cn , scalar calibration factor to account for some nonlinear effects = 0.55
Em , modulus of elasticity of pipe wall material = 29000 ksi
Ip , moment of inertia of stiffened culvert wall per unit length= 0.979 in4/in
Фs , resistance factor for soil = 0.9
γ, soil density = 120 pcf
Rsp, rise above springline= 143 inches
Psp = 0.5γRsp = 4.97 psi
Ms , constrained modulus of embedment computed = 2.59 ksi
based on the free field vertical stress at a depth
halfway between the top and springline of the
structure (Table 12.12.3.5-1)
v, Poisson’s ratio of soil = 0.30
Kb = (1—2v)/(1—v2) = 0.44
Rh, correction factor for backfill geometry = 11.4/(11+S/H) = 0.65
S, culvert span = 457 inches
H, depth of fill over top of culvert = 69 inches

Rb = 1.2 x 0.70 x 0.55 x (29000 x 0.979)1/3(0.9 x 2.59 x 0.44)2/3(0.65) = 9.28 kips/in

Rb = 9.28 kips/in   >   Max Factored Buckling Thrust = 3.78971 kips/in

Global Buckling Resistance Ratio =  3.78971 / 9.28 = 0.409 < 1.00 OK
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AASHTO Section 12.7.2.3 (Wall Resistance) requires the wall resistance to be greater than the factored
thrust.

The wall resistance is defined as:
Rw = Фw Fy Aw

Aw = wall area (in2/ft) = 3.088 in2/ft
Fy = yield strength of metal = 44 ksi

Rw = ФwFyAw = 0.70 x 44 x 3.088 = 95.1 kips/ ft   > Max Factored Material Thrust =  45.48 kips/ft

Wall Thrust Resistance Ratio = 45.48 / 95.1 = 0.478 < 1.00 OK

AASHTO Section 12.7.2.5 (Seam Strength) requires the factored seam strength to be greater than the
factored thrust.

The factored seam strength is defined as:

Rs = ФSSSS

ФSS, Seam Strength = 0.67 (AASHTO Table 12.5.5-1)

SS = Seam Strength = 102 kips/ft (from Table 7.4B on page 376 of the NCSPA Design Manual).

Rs = 0.67 x 102 = 68.34 kips/ft   > Max Factored Seam Thrust =  45.48 kips/ft

Seam Thrust Resistance Ratio = 45.48 / 68.34 = 0.665 < 1.00 OK

CANDE Output Summary for controlling load step

ASSESSMENT SUMMARY STEEL-GROUP  1, LOAD-STEP 24

  LRFD STRENGTH-LIMIT RATIOS AT STEP 24, FOR STEEL GROUP #  1

   DESIGN-CRITERION           CONTROL     FACTORED     FACTORED        RATIO
                                 NODE       DEMAND     CAPACITY        VALUE

   MATERIAL THRUST (psi)            4       14729.       30800.        0.478

   BUCKLING THRUST (psi)            4       14729.       52176.        0.282

   SEAM THRUST (psi)                4       14729.       21914.        0.672

   PLASTIC-PENETRATE (%)            5         8.96        90.00        0.100

   COMBINED T&M Ratio               5        0.766        1.000        0.766
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CANDE OUTPUT FOR CONTROLLING LOAD STEP 24

STRUCTURAL RESPONSES OF STEEL-GROUP  1, LOAD STEP 24
  UNITS INCH-LB SYSTEM: (FORCE = LB/IN, MOMENT = IN-LB/IN, STRESS = PSI)

 NODE  X-COORD      X-DISP.      N-PRES.      MOMENT   MAX-STRESS        SHEAR
       Y-COORD      Y-DISP.      S-PRES.      THRUST  HOOP-STRESS     S-STRESS

   1  -231.30   -0.511E+00    0.990E+01   -0.815E-10   -0.134E+05    0.233E+03
         0.00   -0.114E+01    0.430E+01   -0.346E+04   -0.134E+05    0.904E+03

   2  -228.76   -0.683E+00   -0.898E+01   -0.418E+04   -0.267E+05    0.219E+03
        18.07   -0.112E+01   -0.272E+01   -0.352E+04   -0.137E+05    0.853E+03

   3  -225.31   -0.811E+00   -0.279E+02   -0.811E+04   -0.394E+05    0.196E+03
        35.99   -0.111E+01   -0.974E+01   -0.365E+04   -0.142E+05    0.762E+03

   4  -220.13   -0.854E+00   -0.442E+02   -0.110E+05   -0.440E+05    0.983E+02
        51.09   -0.110E+01   -0.443E+01   -0.379E+04   -0.147E+05    0.382E+03

   5  -211.66   -0.821E+00   -0.404E+02   -0.112E+05   -0.440E+05   -0.871E+02
        64.62   -0.113E+01    0.123E+02   -0.373E+04   -0.145E+05   -0.338E+03

   6  -200.33   -0.733E+00   -0.262E+02   -0.816E+04   -0.391E+05   -0.230E+03
        75.87   -0.123E+01    0.933E+01   -0.353E+04   -0.137E+05   -0.892E+03

   7  -187.99   -0.625E+00   -0.156E+02   -0.396E+04   -0.255E+05   -0.228E+03
        85.12   -0.139E+01    0.462E+01   -0.340E+04   -0.132E+05   -0.885E+03

   8  -175.22   -0.507E+00   -0.150E+02   -0.975E+03   -0.159E+05   -0.150E+03
        93.78   -0.158E+01    0.433E+01   -0.332E+04   -0.129E+05   -0.584E+03

   9  -162.05   -0.393E+00   -0.155E+02    0.862E+03   -0.153E+05   -0.704E+02
       101.82   -0.178E+01    0.440E+01   -0.325E+04   -0.126E+05   -0.274E+03

  10  -148.51   -0.291E+00   -0.140E+02    0.139E+04   -0.167E+05    0.501E+01
       109.22   -0.198E+01    0.398E+01   -0.318E+04   -0.124E+05    0.195E+02

  11  -134.64   -0.203E+00   -0.816E+01    0.904E+03   -0.150E+05    0.269E+02
       115.97   -0.218E+01    0.232E+01   -0.313E+04   -0.122E+05    0.104E+03

  12  -120.46   -0.127E+00   -0.247E+01    0.757E+03   -0.144E+05   -0.387E+02
       122.05   -0.237E+01    0.691E+00   -0.311E+04   -0.121E+05   -0.151E+03

  13  -106.01   -0.627E-01   -0.145E+02    0.229E+04   -0.190E+05   -0.540E+02
       127.44   -0.257E+01    0.412E+01   -0.307E+04   -0.119E+05   -0.210E+03

  14   -91.31   -0.125E-01   -0.772E+01    0.261E+04   -0.198E+05   -0.265E+02
       132.15   -0.275E+01    0.217E+01   -0.302E+04   -0.117E+05   -0.103E+03
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  15   -76.42    0.241E-01   -0.914E+01    0.328E+04   -0.218E+05   -0.382E+02
       136.15   -0.291E+01    0.257E+01   -0.298E+04   -0.116E+05   -0.149E+03

  16   -61.34    0.480E-01   -0.903E+01    0.394E+04   -0.237E+05   -0.378E+02
       139.43   -0.305E+01    0.256E+01   -0.294E+04   -0.114E+05   -0.147E+03

  17   -46.13    0.605E-01   -0.893E+01    0.458E+04   -0.255E+05   -0.372E+02
       141.99   -0.316E+01    0.253E+01   -0.289E+04   -0.113E+05   -0.144E+03

  18   -30.81    0.639E-01   -0.870E+01    0.518E+04   -0.272E+05   -0.371E+02
       143.82   -0.323E+01    0.246E+01   -0.285E+04   -0.111E+05   -0.144E+03

  19   -15.42    0.611E-01   -0.101E+02    0.575E+04   -0.288E+05   -0.256E+02
       144.93   -0.327E+01    0.246E+01   -0.281E+04   -0.109E+05   -0.996E+02

  20     0.00    0.557E-01   -0.114E+02    0.593E+04   -0.294E+05    0.776E+01
       145.29   -0.326E+01   -0.244E+01   -0.281E+04   -0.109E+05    0.301E+02

  21    15.42    0.515E-01   -0.992E+01    0.540E+04   -0.279E+05    0.385E+02
       144.93   -0.321E+01   -0.282E+01   -0.286E+04   -0.111E+05    0.149E+03

  22    30.81    0.525E-01   -0.944E+01    0.456E+04   -0.254E+05    0.518E+02
       143.82   -0.312E+01   -0.267E+01   -0.290E+04   -0.113E+05    0.201E+03

  23    46.13    0.616E-01   -0.920E+01    0.356E+04   -0.225E+05    0.574E+02
       141.99   -0.299E+01   -0.260E+01   -0.294E+04   -0.114E+05    0.223E+03

  24    61.34    0.810E-01   -0.928E+01    0.251E+04   -0.194E+05    0.597E+02
       139.43   -0.284E+01   -0.263E+01   -0.299E+04   -0.116E+05    0.232E+03

  25    76.42    0.111E+00   -0.938E+01    0.144E+04   -0.163E+05    0.615E+02
       136.15   -0.266E+01   -0.265E+01   -0.303E+04   -0.118E+05    0.239E+03

  26    91.31    0.153E+00   -0.668E+01    0.361E+03   -0.130E+05    0.411E+02
       132.15   -0.248E+01   -0.188E+01   -0.307E+04   -0.119E+05    0.160E+03

  27   106.01    0.203E+00   -0.923E+01   -0.411E+02   -0.122E+05    0.178E+02
       127.44   -0.230E+01   -0.265E+01   -0.311E+04   -0.121E+05    0.692E+02

  28   120.46    0.262E+00   -0.344E+01   -0.348E+03   -0.133E+05   -0.321E+02
       122.05   -0.212E+01   -0.952E+00   -0.313E+04   -0.122E+05   -0.125E+03

  29   134.64    0.330E+00   -0.149E+02    0.836E+03   -0.149E+05   -0.398E+02
       115.97   -0.195E+01   -0.426E+01   -0.317E+04   -0.123E+05   -0.155E+03
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  30   148.51    0.407E+00   -0.122E+02    0.799E+03   -0.150E+05    0.174E+02
       109.22   -0.177E+01   -0.346E+01   -0.323E+04   -0.126E+05    0.677E+02

  31   162.05    0.495E+00   -0.138E+02    0.239E+03   -0.135E+05    0.629E+02
       101.82   -0.160E+01   -0.393E+01   -0.329E+04   -0.128E+05    0.244E+03

  32   175.22    0.592E+00   -0.144E+02   -0.118E+04   -0.167E+05    0.122E+03
        93.78   -0.142E+01   -0.416E+01   -0.336E+04   -0.131E+05    0.476E+03

  33   187.99    0.691E+00   -0.165E+02   -0.356E+04   -0.244E+05    0.200E+03
        85.12   -0.126E+01   -0.442E+01   -0.343E+04   -0.133E+05    0.777E+03

  34   200.33    0.781E+00   -0.273E+02   -0.735E+04   -0.366E+05    0.217E+03
        75.87   -0.113E+01   -0.496E+01   -0.353E+04   -0.137E+05    0.844E+03

  35   211.66    0.850E+00   -0.399E+02   -0.103E+05   -0.440E+05    0.907E+02
        64.62   -0.105E+01   -0.453E+01   -0.363E+04   -0.141E+05    0.353E+03

  36   220.13    0.868E+00   -0.417E+02   -0.102E+05   -0.440E+05   -0.832E+02
        51.09   -0.103E+01    0.109E+02   -0.358E+04   -0.139E+05   -0.323E+03

  37   225.31    0.815E+00   -0.256E+02   -0.762E+04   -0.369E+05   -0.178E+03
        35.99   -0.104E+01    0.893E+01   -0.339E+04   -0.132E+05   -0.693E+03

  38   228.76    0.679E+00   -0.806E+01   -0.397E+04   -0.251E+05   -0.205E+03
        18.07   -0.106E+01    0.244E+01   -0.328E+04   -0.127E+05   -0.798E+03

  39   231.30    0.502E+00    0.946E+01   -0.797E-10   -0.125E+05   -0.223E+03
         0.00   -0.108E+01   -0.406E+01   -0.322E+04   -0.125E+05   -0.867E+03


