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                             BOXCAR 
 
                     Version 3.1 for Windows 
                        15 September 2010 
 
              A Computer Program for the Structural 
                Design of Reinforced Concrete Box 
                            Culverts 
 
                          Developed by 
 
                  Simpson Gumpertz & Heger Inc. 
                       in cooperation with 
 
               The Federal Highway Administration 
                               and 
             The American Concrete Pipe Association 
 
 
  The successful application and use of this software product 
      is dependent on the application of skilled engineering 
   judgment and is the responsibility of the user.  The user 
       must select input values suitable to his specific 
    installation.  The information presented in the computer 
     output is for review, interpretation, application and 
                approval by a qualified engineer. 
 
***************************************************************** 
 
         ANY IMPLIED OR EXPRESS WARRANTIES COVERING THE 
        SOFTWARE PROGRAM OR PROGRAM USER MANUAL INCLUDING 
       ANY WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A 
       PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED. SIMPSON 
        GUMPERTZ & HEGER INC., THE AMERICAN CONCRETE PIPE 
       ASSOCIATION, AND THE FEDERAL HIGHWAY ADMINISTRATION 
   SHALL NOT BE LIABLE FOR SPECIAL, INCIDENTAL, CONSEQUENTIAL 
      INDIRECT OR OTHER SIMILAR DAMAGES ARISING FROM BREACH 
      OF WARRANTY, BREACH OF CONTRACT OR OTHER LEGAL THEORY 
     EVEN IF SUCH PARTIES HAVE BEEN ADVISED OF SUCH DAMAGES. 
 
***************************************************************** 
 
 
                                        Date: 01-06-2026 
                                        Time: 20:46:47 
                                        Filename - KYTCbox8X4 
 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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    Filename - KYTCbox8X4 
    Job Description - 8x4Boxwith0to2fill 
-------------------------------------------------------------------------
-- 
GEOMETRY 
  Span                  8. ft |   Top Slab Thickness       8. in. 
  Rise                  4. ft |   Bottom Slab Thickness    8. in. 
  Min. Depth of Fill    0. ft |   Sidewall Thickness       8. in. 
  Max. Depth of Fill    2. ft |   Length of Precast      5.75 ft 
  Depth Increment       1. ft |   Section 
-------------------------------------------------------------------------
-- 
HAUNCH DIMENSIONS             | CONCRETE COVERS       
  Top Vertical          9. in.|   Top Outside            2.00 in. 
  Top Horizontal        9. in.|   Bottom Outside         1.00 in. 
  Bottom Vertical       9. in.|   Sidewall Outside       1.00 in. 
  Bottom Horizontal     9. in.|   Top Inside             1.00 in. 
                              |   Bottom Inside          1.00 in. 
                              |   Sidewall Inside        1.00 in. 
-------------------------------------------------------------------------
-- 
MATERIAL PROPERTIES  
  Main Reinforcing Yield Stress                      60000.  psi 
  Total Service Stress Limit, % of Yield Stress        100   % 
  Design Concrete Strength                            6500.  psi 
  Concrete Density                                     150.  pcf   
-------------------------------------------------------------------------
-- 
DESIGN SPECIFICATION                                 AASHTO LRFD 
-------------------------------------------------------------------------
-- 
REINFORCING DATA  
                                        DIAMETER       SPACING 
  Top Slab Outside Face(AS7)           0.625 in.         6 in. 
  Bottom Slab Outside Face(AS8)        0.625 in.         6 in. 
  Sidewall Outside Face(AS1)           0.625 in.         6 in. 
  Top Slab Inside Face(AS2)            0.625 in.         6 in. 
  Bottom Slab Inside Face(AS3)         0.625 in.         6 in. 
  Sidewall Inside Face(AS4)            0.625 in.         6 in. 
                                                  
  The diameters are used to estimate depth to tension  
  reinforcing from compression face. They do not represent  
  required reinforcing diameters. 
-------------------------------------------------------------------------
-- 
SOIL LOAD DATA  
  Soil Density                                          120 pcf   
  Minimum Lateral Pressure Coefficient                     0.25 
  Maximum Lateral Pressure Coefficient                     0.50 
  Installation Type                        Embankment/Compacted 
  Soil-Structure Interaction Factor varies with depth of fill 
         (See reinforcing data for individual values) 
-------------------------------------------------------------------------
-- 
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LIVE LOAD DATA                                    AASHTO - LRFD 
 
Live Load: 1 
    Live Load Type                                    HS-Series 
    Live Load Magnitude                                 25 tons 
    Footprint specification                             by Code 
    Tire Footprint Length                                10 in. 
    Tire Footprint Width                                 20 in. 
    Live Load Distribution Factor                          1.15 
    Direction of Travel                        Parallel to Span 
    Impact Factor                          Variable - See Table 
    Lane Load                                           0 lb/ft 
 
Live Load: 2 
    Live Load Type                          Interstate - Tandem 
    Live Load Magnitude                                 25 kips 
    Footprint specification                             by Code 
    Tire Footprint Length                                10 in. 
    Tire Footprint Width                                 20 in. 
    Live Load Distribution Factor                          1.15 
    Direction of Travel                        Parallel to Span 
    Impact Factor                          Variable - See Table 
    Lane Load                                           0 lb/ft 
 
-------------------------------------------------------------------------
-- 
SURCHARGE LOADS  
  Vertical Pressure                                   0.0 lb/sq. ft 
  Horiz. Pressure at Culvert Top                     90.0 lb/sq. ft 
  Horiz. Pressure at Culvert Bottom                  90.0 lb/sq. ft 
  Application Code                       Additional Dead Load 
-------------------------------------------------------------------------
-- 
FLUID LOADS  
  Depth of Fluid                                       4.0 ft 
  Fluid Density                                       62.5 pcf   
-------------------------------------------------------------------------
-- 
LOAD COMBINATIONS 
-------------------------------------------------------------------------
-- 
Load Factors:Std 
     Self Weight    V. Earth       L. Earth       Water          Live 
Max   1.25           1.30           1.35           1.00           1.75            
Min   0.90           0.90           0.90           0.00           0.00            
 
Load Modifiers: 
     Self Weight    V. Earth       L. Earth       Water          Live 
      1.00           1.05           1.05           1.00           1.00            
 
Load Factor for Axial Thrust: 
1.00 
 
Number of Load Combinations: 
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 4  
 
Load Combinations: Std 
Purpose      Self W Earth  Lat E. Fluid  V Live AppVeh Surch  V Sur  H 
Sur   
MaxV/MaxH    Max    Max    Max    0.00   Max    Max    A      Max    Max 
MaxV/MinH    Max    Max    Min    Max    Max    0.00   A      Max    0.00 
MinV/MaxH    Min    Min    Max    0.00   0.00   Max    A      0.00   Max 
Fatigue                                  0.00                            
-------------------------------------------------------------------------
-- 
STRENGTH REDUCTION FACTORS 
-------------------------------------------------------------------------
-- 
  Flexure                                               1.00 
  Shear                                                 0.90 
x 
                 BOX CULVERT DESIGN SUMMARY SHEET 
                  8.00 ft Span x 4.00 ft Rise 
***************************************************************** 
I N S T A L L A T I O N   D A T A 
----------------------------------------------------------------- 
  Height of Fill Over Culvert,    Multiple Depths See Reinf. Data 
  Soil Unit Weight, pcf                                      120. 
  Minimum Lateral Soil Pressure Coefficient                 0.250 
  Maximum Lateral Soil Pressure Coefficient                 0.500 
  Soil-Structure Interaction Factor, 
                                  Multiple Depths See Reinf. Data  
  Installation Type                          Embankment/Compacted 
----------------------------------------------------------------- 
M A T E R I A L   P R O P E R T I E S  
----------------------------------------------------------------- 
  Minimum Specified Reinforcing Yield Strength, ksi         60.00 
  Concrete - Specified Compressive Strength, ksi             6.50 
G E O M E T R Y  
----------------------------------------------------------------- 
  Top Slab Thickness, in.                                     8.0 
  Side Wall Thickness, in.                                    8.0 
  Bottom Slab Thickness, in.                                  8.0 
  Top Horizontal Haunch Dimension, in.                        9.0 
  Bottom Horizontal Haunch Dimension, in.                     9.0 
  Top Vertical Haunch Dimension, in.                          9.0 
  Bottom Vertical Haunch Dimension, in.                       9.0 
  Concrete Cover Over Steel, in. 
      Top Slab - Outside Face                                2.00 
      Bottom Slab - Outside Face                             1.00 
      Side Wall - Outside Face                               1.00 
      Top Slab - Inside Face                                 1.00 
      Bottom Slab - Inside Face                              1.00 
      Side Wall - Inside Face                                1.00 
 
 
Height    SOIL-STRUCTURE INTERACTION AND IMPACT FACTORS 
of Fill   ------------------------------------------------------- 
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 Over     Soil-Structure               
Culvert   Interaction     Impact 
 (ft)     Factor          Factor 
-------   ------------------------------------------------------- 
 0.00     1.000           1.330 
 1.00     1.021           1.289 
 2.00     1.043           1.248 
 
 
x 
R E I N F O R C E M E N T   R E Q U I R E M E N T S 
 
Height   |             REINFORCEMENT AREAS (in.²/ft) 
of Fill  | ------------------------------------------------------- 
 Over    | Transverse                              |  Distribution 
Culvert  |                                         | 
 (ft)    |                     Member / Location  
----------------------------------------------------------------- 
          out    in     in     in     out    out    in     out  
          side   top    bott   side   top    bott   top    top  
          AS1    AS2    AS3    AS4    AS7    AS8    AS5    AS6 
-------   ------------------------------------------------------- 
 0.00     0.313  0.452  0.280  0.192  0.192  0.192  0.192  0.192 
 1.00     0.319  0.411  0.293  0.192  0.192  0.192  0.192  0.192 
 2.00     0.321  0.379  0.305  0.192  0.192  0.192  0.192  0.192 
 
Single Design Adequate for the Above Depths of Fill 
----------------------------------------------------------------- 
          0.321  0.452  0.305  0.192  0.192  0.192  0.192  0.192 
----------------------------------------------------------------- 
** STIRRUP REINFORCING MAY BE REQUIRED - CHECK PRINTOUT BELOW ** 
 
 
          EXTENSION OF AS1 REINFORCEMENT INTO OUTSIDE 
              FACE OF TOP AND BOTTOM SLABS (in.) 
               measured from the bend point 
                          see note 1 
Height    ------------------------------------------------------- 
of Fill   Extension from Bend Point  | Location of Zero Moment 
 Over      Top Slab  Bottom Slab     | Top Slab  Bottom Slab 
Culvert    (Note 1)                    (Note 2) 
 (ft) 
-------   ------------------------------------------------------- 
 0.00        16            0               43           33           
 1.00        16            0               30           30           
 2.00        16            0               30           28           
 
Single Design Adequate for the Above Depths of Fill 
----------------------------------------------------------------- 
             16            0               43           33           
----------------------------------------------------------------- 
 
Note 1: Sidewall outside face steel (AS1) must be bent at the  
        corner and extended into the outside face of the top/bottom 
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        slab.  The extension length assumes that the AS7 and AS8  
        reinforcing is provided.  To obtain the total AS1 extension 
        into the slabs, a tension lap splice length must be  
        calculated and added to the extension lengths given above. 
 
Note 2: Sidewall outside face steel (AS1) must be bent at the  
        corner and extended into the outside face of the top/bottom 
        slabs. AS7 and AS8 may be eliminated provided that the As1 
        extends to the point of zero moment.  Development lengths 
        for the As1 reinforcing must be added past the location of 
        zero moment. 
 
        '---'  indicates that negative moment may exist across 
        the full width of the slab. 
 
         ********   Stirrups are not required   ******** 
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                             BOXCAR 
 
                     Version 3.1 for Windows 
                        15 September 2010 
 
              A Computer Program for the Structural 
                Design of Reinforced Concrete Box 
                            Culverts 
 
                          Developed by 
 
                  Simpson Gumpertz & Heger Inc. 
                       in cooperation with 
 
               The Federal Highway Administration 
                               and 
             The American Concrete Pipe Association 
 
 
  The successful application and use of this software product 
      is dependent on the application of skilled engineering 
   judgment and is the responsibility of the user.  The user 
       must select input values suitable to his specific 
    installation.  The information presented in the computer 
     output is for review, interpretation, application and 
                approval by a qualified engineer. 
 
***************************************************************** 
 
         ANY IMPLIED OR EXPRESS WARRANTIES COVERING THE 
        SOFTWARE PROGRAM OR PROGRAM USER MANUAL INCLUDING 
       ANY WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A 
       PARTICULAR PURPOSE ARE EXPRESSLY EXCLUDED. SIMPSON 
        GUMPERTZ & HEGER INC., THE AMERICAN CONCRETE PIPE 
       ASSOCIATION, AND THE FEDERAL HIGHWAY ADMINISTRATION 
   SHALL NOT BE LIABLE FOR SPECIAL, INCIDENTAL, CONSEQUENTIAL 
      INDIRECT OR OTHER SIMILAR DAMAGES ARISING FROM BREACH 
      OF WARRANTY, BREACH OF CONTRACT OR OTHER LEGAL THEORY 
     EVEN IF SUCH PARTIES HAVE BEEN ADVISED OF SUCH DAMAGES. 
 
***************************************************************** 
 
 
                                        Date: 01-06-2026 
                                        Time: 20:50:23 
                                        Filename - KYTCbox8X4SPECIAL 
 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
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    Filename - KYTCbox8X4SPECIAL 
    Job Description - 8x4Boxwith0to2fill 
-------------------------------------------------------------------------
-- 
GEOMETRY 
  Span                  8. ft |   Top Slab Thickness       8. in. 
  Rise                  4. ft |   Bottom Slab Thickness    8. in. 
  Min. Depth of Fill    0. ft |   Sidewall Thickness       8. in. 
  Max. Depth of Fill    2. ft |   Length of Precast      7.75 ft 
  Depth Increment       1. ft |   Section 
-------------------------------------------------------------------------
-- 
HAUNCH DIMENSIONS             | CONCRETE COVERS       
  Top Vertical          9. in.|   Top Outside            2.00 in. 
  Top Horizontal        9. in.|   Bottom Outside         1.00 in. 
  Bottom Vertical       9. in.|   Sidewall Outside       1.00 in. 
  Bottom Horizontal     9. in.|   Top Inside             1.00 in. 
                              |   Bottom Inside          1.00 in. 
                              |   Sidewall Inside        1.00 in. 
-------------------------------------------------------------------------
-- 
MATERIAL PROPERTIES  
  Main Reinforcing Yield Stress                      60000.  psi 
  Total Service Stress Limit, % of Yield Stress        100   % 
  Design Concrete Strength                            6500.  psi 
  Concrete Density                                     150.  pcf   
-------------------------------------------------------------------------
-- 
DESIGN SPECIFICATION                                 AASHTO LRFD 
-------------------------------------------------------------------------
-- 
REINFORCING DATA  
                                        DIAMETER       SPACING 
  Top Slab Outside Face(AS7)           0.625 in.         6 in. 
  Bottom Slab Outside Face(AS8)        0.625 in.         6 in. 
  Sidewall Outside Face(AS1)           0.625 in.         6 in. 
  Top Slab Inside Face(AS2)            0.625 in.         6 in. 
  Bottom Slab Inside Face(AS3)         0.625 in.         6 in. 
  Sidewall Inside Face(AS4)            0.625 in.         6 in. 
                                                  
  The diameters are used to estimate depth to tension  
  reinforcing from compression face. They do not represent  
  required reinforcing diameters. 
-------------------------------------------------------------------------
-- 
SOIL LOAD DATA  
  Soil Density                                          120 pcf   
  Minimum Lateral Pressure Coefficient                     0.25 
  Maximum Lateral Pressure Coefficient                     0.50 
  Installation Type                        Embankment/Compacted 
  Soil-Structure Interaction Factor varies with depth of fill 
         (See reinforcing data for individual values) 
-------------------------------------------------------------------------
-- 
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LIVE LOAD DATA                                    AASHTO - LRFD 
 
Live Load: 1 
    Live Load Type                                    HS-Series 
    Live Load Magnitude                               40.8 tons 
    Footprint specification                             by Code 
    Tire Footprint Length                                10 in. 
    Tire Footprint Width                                 20 in. 
    Live Load Distribution Factor                          1.15 
    Direction of Travel                        Parallel to Span 
    Impact Factor                          Variable - See Table 
    Lane Load                                           0 lb/ft 
 
Live Load: 2 
    Live Load Type                          Interstate - Tandem 
    Live Load Magnitude                               40.8 kips 
    Footprint specification                             by Code 
    Tire Footprint Length                                10 in. 
    Tire Footprint Width                                 20 in. 
    Live Load Distribution Factor                          1.15 
    Direction of Travel                        Parallel to Span 
    Impact Factor                          Variable - See Table 
    Lane Load                                           0 lb/ft 
 
-------------------------------------------------------------------------
-- 
SURCHARGE LOADS  
  Vertical Pressure                                   0.0 lb/sq. ft 
  Horiz. Pressure at Culvert Top                     90.0 lb/sq. ft 
  Horiz. Pressure at Culvert Bottom                  90.0 lb/sq. ft 
  Application Code                       Additional Dead Load 
-------------------------------------------------------------------------
-- 
FLUID LOADS  
  Depth of Fluid                                       4.0 ft 
  Fluid Density                                       62.5 pcf   
-------------------------------------------------------------------------
-- 
LOAD COMBINATIONS 
-------------------------------------------------------------------------
-- 
Load Factors:Std 
     Self Weight    V. Earth       L. Earth       Water          Live 
Max   1.25           1.30           1.35           1.00           1.75            
Min   0.90           0.90           0.90           0.00           0.00            
 
Load Modifiers: 
     Self Weight    V. Earth       L. Earth       Water          Live 
      1.00           1.05           1.05           1.00           1.00            
 
Load Factor for Axial Thrust: 
1.00 
 
Number of Load Combinations: 
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 4  
 
Load Combinations: Std 
Purpose      Self W Earth  Lat E. Fluid  V Live AppVeh Surch  V Sur  H 
Sur   
MaxV/MaxH    Max    Max    Max    0.00   Max    Max    A      Max    Max 
MaxV/MinH    Max    Max    Min    Max    Max    0.00   A      Max    0.00 
MinV/MaxH    Min    Min    Max    0.00   0.00   Max    A      0.00   Max 
Fatigue                                  0.00                            
-------------------------------------------------------------------------
-- 
STRENGTH REDUCTION FACTORS 
-------------------------------------------------------------------------
-- 
  Flexure                                               1.00 
  Shear                                                 0.90 
x 
                 BOX CULVERT DESIGN SUMMARY SHEET 
                  8.00 ft Span x 4.00 ft Rise 
***************************************************************** 
I N S T A L L A T I O N   D A T A 
----------------------------------------------------------------- 
  Height of Fill Over Culvert,    Multiple Depths See Reinf. Data 
  Soil Unit Weight, pcf                                      120. 
  Minimum Lateral Soil Pressure Coefficient                 0.250 
  Maximum Lateral Soil Pressure Coefficient                 0.500 
  Soil-Structure Interaction Factor, 
                                  Multiple Depths See Reinf. Data  
  Installation Type                          Embankment/Compacted 
----------------------------------------------------------------- 
M A T E R I A L   P R O P E R T I E S  
----------------------------------------------------------------- 
  Minimum Specified Reinforcing Yield Strength, ksi         60.00 
  Concrete - Specified Compressive Strength, ksi             6.50 
G E O M E T R Y  
----------------------------------------------------------------- 
  Top Slab Thickness, in.                                     8.0 
  Side Wall Thickness, in.                                    8.0 
  Bottom Slab Thickness, in.                                  8.0 
  Top Horizontal Haunch Dimension, in.                        9.0 
  Bottom Horizontal Haunch Dimension, in.                     9.0 
  Top Vertical Haunch Dimension, in.                          9.0 
  Bottom Vertical Haunch Dimension, in.                       9.0 
  Concrete Cover Over Steel, in. 
      Top Slab - Outside Face                                2.00 
      Bottom Slab - Outside Face                             1.00 
      Side Wall - Outside Face                               1.00 
      Top Slab - Inside Face                                 1.00 
      Bottom Slab - Inside Face                              1.00 
      Side Wall - Inside Face                                1.00 
 
 
Height    SOIL-STRUCTURE INTERACTION AND IMPACT FACTORS 
of Fill   ------------------------------------------------------- 
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 Over     Soil-Structure               
Culvert   Interaction     Impact 
 (ft)     Factor          Factor 
-------   ------------------------------------------------------- 
 0.00     1.000           1.330 
 1.00     1.021           1.289 
 2.00     1.043           1.248 
 
 
x 
R E I N F O R C E M E N T   R E Q U I R E M E N T S 
 
Height   |             REINFORCEMENT AREAS (in.²/ft) 
of Fill  | ------------------------------------------------------- 
 Over    | Transverse                              |  Distribution 
Culvert  |                                         | 
 (ft)    |                     Member / Location  
----------------------------------------------------------------- 
          out    in     in     in     out    out    in     out  
          side   top    bott   side   top    bott   top    top  
          AS1    AS2    AS3    AS4    AS7    AS8    AS5    AS6 
-------   ------------------------------------------------------- 
 0.00     0.511  0.738  0.443  0.192  0.192  0.192  0.261  0.192 
 1.00     0.507  0.654  0.449  0.192  0.192  0.192  0.231  0.192 
 2.00     0.498  0.586  0.455  0.192  0.192  0.192  0.207  0.192 
 
Single Design Adequate for the Above Depths of Fill 
----------------------------------------------------------------- 
          0.511  0.738  0.455  0.192  0.192  0.192  0.261  0.192 
----------------------------------------------------------------- 
** STIRRUP REINFORCING MAY BE REQUIRED - CHECK PRINTOUT BELOW ** 
 
 
          EXTENSION OF AS1 REINFORCEMENT INTO OUTSIDE 
              FACE OF TOP AND BOTTOM SLABS (in.) 
               measured from the bend point 
                          see note 1 
Height    ------------------------------------------------------- 
of Fill   Extension from Bend Point  | Location of Zero Moment 
 Over      Top Slab  Bottom Slab     | Top Slab  Bottom Slab 
Culvert    (Note 1)                    (Note 2) 
 (ft) 
-------   ------------------------------------------------------- 
 0.00        16            0               43           33           
 1.00        16            0               32           30           
 2.00        16            0               30           28           
 
Single Design Adequate for the Above Depths of Fill 
----------------------------------------------------------------- 
             16            0               43           33           
----------------------------------------------------------------- 
 
Note 1: Sidewall outside face steel (AS1) must be bent at the  
        corner and extended into the outside face of the top/bottom 
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        slab.  The extension length assumes that the AS7 and AS8  
        reinforcing is provided.  To obtain the total AS1 extension 
        into the slabs, a tension lap splice length must be  
        calculated and added to the extension lengths given above. 
 
Note 2: Sidewall outside face steel (AS1) must be bent at the  
        corner and extended into the outside face of the top/bottom 
        slabs. AS7 and AS8 may be eliminated provided that the As1 
        extends to the point of zero moment.  Development lengths 
        for the As1 reinforcing must be added past the location of 
        zero moment. 
 
        '---'  indicates that negative moment may exist across 
        the full width of the slab. 
 
                         STIRRUP REINFORCING DATA 
Height   ------------------------------------------------------- 
of Fill              Area Per   No. of           Location        
Over                 Line of    Lines   Stirrup  of First        
Culvert              Stirrups     of    Spacing  Line of         
 (ft)    Location    (in.²/ft)  Stirrups  (in.)  Stirrups        
-------  ------------------------------------------------------- 
  0.00   Top Slab      0.137       11     2.50   Tip of Haunches 
  0.00   Bottom Slab   0.048        5     3.00   Tip of Haunches 
  1.00   Top Slab      0.137        9     2.50   Tip of Haunches 
  2.00   Top Slab      0.106        7     2.50   Tip of Haunches 
 
Single Design Adequate for the Above Depths of Fill 
---------------------------------------------------------------- 
         Top Slab      0.137       11     2.50   Tip of Haunches 
         Bottom Slab   0.048        5     3.00   Tip of Haunches 
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