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INTRODUCTION

RETAIN may be used to design or review cantilevered concrete retaining walls
and bridge abutments with either spread footing or pile foundations. The
program supports both english and metric units. Concrete design may be
performed using either the ultimate strength design procedure or the working
stress design method. The soil configuration may either be constant sloped
backfill with a uniform surcharge loading or an irregular backfill and surcharge
load. A variety of loads may be specified on the wall, including axial dead and
live load at the top which allows the program to simulate a bridge abutment
loading.

The online help file and graphical interface is shown in Section B. Verification
problems are included in Section C. Additional information is contained in the
following files installed in the program directory.

License.txt - The license agreement contains the terms and conditions for
use of this program and documentation.

Readme.txt – The installation instructions, copyright notices and version
history is contained in this file.

The following steps are recommended for users new to the program or specific
features.

1. To learn how to use the program, view the Flash Demonstration Movie
that is installed along with the program and read the "Instructions" section
of the help file.

2. To apply this program to a specific problem, find a similar case in the
Verification Problems section of this document. Run the program to see if
you can reproduce the results. If your problem varies significantly from
the Verification Problem, you should perform manual calculations for
verification.
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VERIFICATION PROBLEMS 

 
1. Caltrans Soundwall on Retaining Wall 

 
A. English units 
B. Review mode 
C. Working stress design 
D. Constant slope 
E. Spread footing 

 
2. Army Corps of Engineers Channel Wall 

 
A. Metric units 
B. Review mode 
C. Ultimate strength design 
D. Irregular backfill 
E. Spread footing 
 

3. Railroad Retaining Wall 
 
A. Metric units 
B. Design mode 
C. Ultimate strength design 
D. Irregular backfill 
E. Spread footing 

 
4. Caltrans Earthquake Resistant Retaining Wall 

 
A. English units 
B. Review mode 
C. Ultimate strength design 
D. Constant slope 
E. Spread footing 







 STRUCTWARE 
SHEET C1-3 OF  

JOB TITLE Retain verification problem number 1 ORIGINATOR RM DATE 5/2/2007 

JOB No.  CALCULATION No.  REVIEWER  DATE  
 

 

  
 
RETAIN PROGRAM OUTPUT 

 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 *                                                   * 
 *           P R O G R A M   R E T A I N             * 
 *                                                   * 
 *                 INPUT DATA ECHO                   * 
 *                                                   * 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 (Version  1.42)                 5/02/2007,  5:07:52 
 
 Input file  = V1.IN                                                                   
 Output file = V1_1.42.out                                                              
 
 P R O G R A M   O P T I O N S 
 ===================================================== 
 
 PROGRAM UNITS      =  1 (English: inches/pounds/degrees)        
 ANALYSIS MODE      =  2 (Review)                                
 CONCRETE DESIGN    =  2 (Working stress)                        
 SOIL CONFIGURATION =  1 (Constant slope)                        
 FOUNDATION TYPE    =  1 (Spread footing)                        
 
 M A T E R I A L   P R O P E R T I E S 
 ===================================================== 
 
 CONCRETE PROPERTIES: 
 
      Concrete unit weight          = 0.8680E-01 
      Concrete compressive strength =  3250.     
      Reinforcing steel strength    = 0.6000E+05 
 
 SOIL PROPERTIES: 
 
      Soil unit weight              = 0.6940E-01 
      Soil friction angle           =  0.000     
      Soil base cohesion            =  0.000     
 
 S O I L   P A R A M E T E R S 
 ===================================================== 
 
 LATERAL PRESSURE COEFFICIENT: 
 
      Regular loads =  0.300  @ Y =  0.333H 
      Seismic loads =  0.000  @ Y =  0.500H 
 
 PASSIVE PRESSURE COEFFICIENT: 
 
      Regular loads =  1.667 
      Seismic loads =  3.333 
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 SOIL/SOIL FRICTION COEFFICIENT: 
 
      Regular loads =  0.000 
      Wind loads    =  0.000 
      Seismic loads =  0.000 
 
 SOIL/SOIL FRICTION OPTION: 
 
      Option        =  0 (No Pa vert component)                  
 
 L O A D S 
 ===================================================== 
 
 LOADS AT TOP OF WALL: 
 
      Dead load      =  148.8      @ X =  4.000     
      Live load      =  0.000      @ X =  0.000     
      Wind shear     =  40.00     
      Wind moment    =  3840.     
      Seismic shear  =  44.60     
      Seismic moment =  4285.     
 
 LOAD COMBINATIONS: 
 
       1.000D + 0.000L + 1.000E + 1.000SC + 0.000W + 0.000EQ 
       0.750D + 0.000L + 0.750E + 0.750SC + 0.750W + 0.000EQ 
       0.750D + 0.000L + 0.750E + 0.000SC + 0.000W + 0.750EQ 
 
 S O I L   C O N F I G U R A T I O N 
 ===================================================== 
 
 Design height           =  120.0     
 Height of soil over toe =  0.000     
 Backfill slope angle    =  0.000     
 
 Uniform surcharge       =  1.667     
 
 W A L L   C O N F I G U R A T I O N 
 ===================================================== 
 
 Minimum wall thickness    =  12.00     
 Wall batter               =  2.400     
 Footing thickness         =  15.00     
 Key depth                 =  8.000     
 Toe width                 =  30.00     
 Footing width             =  90.00     
 
 R E B A R   C O N F I G U R A T I O N 
 ===================================================== 
 
 REINFORCING STEEL INFORMATION: 
 
      Bar diameter            = 0.6250     
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      Ratio of balanced reinf = 0.5000     
 
 CONCRETE COVER: 
 
      At wall backface        =  2.000     
      At footing top          =  2.000     
      At footing bottom       =  3.000     
 
 REINFORCING STEEL AREA: 
 
      At wall backface        = 0.5170E-01 
      At footing top          = 0.5170E-01 
      At footing bottom       = 0.5170E-01 
 
 S P R E A D   F O O T I N G 
 ===================================================== 
 
 ALLOWABLE SOIL BEARING PRESSURE: 
 
      Regular loads =  20.83     
      Wind loads    =  27.71     
      Seismic loads =  27.71     
 
 CONCRETE/SOIL FRICTION COEFFICIENT: 
 
      Regular loads =  0.670 
      Wind loads    =  0.670 
      Seismic loads =  0.670 
 
 OVERTURNING SAFETY FACTORS: 
 
      Regular loads =  2.000 
      Wind loads    =  1.500 
      Seismic loads =  1.500 
 
 SLIDING SAFETY FACTORS: 
 
      Regular loads =  1.500 
      Wind loads    =  1.200 
      Seismic loads =  1.200 
 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 *                                                   * 
 *           P R O G R A M   R E T A I N             * 
 *                                                   * 
 *                   OUTPUT DATA                     * 
 *                                                   * 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 

 
 W A L L   D E S I G N 
 ===================================================== 
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 LOAD COMBINATION   1: 
 
   Shear  =  209.9     
   Moment =  9591.     
 
 LOAD COMBINATION   2: 
 
   Shear  =  187.4     
   Moment = 0.1367E+05 
 
 LOAD COMBINATION   3: 
 
   Shear  =  145.9     
   Moment = 0.1172E+05 
 
 MAXIMUM LOADS: 
 
   Shear  =  209.9     
   Moment = 0.1367E+05 
 
     Shear capacity     =  797.0     > Design shear     =  209.9     OKAY 
     Stress in steel    = 0.1940E+05 < Allowable stress = 0.2400E+05 OKAY 
     Stress in concrete =  616.7     < Allowable stress =  1300.     OKAY 
 
 W A L L   L O A D   D I S T R I B U T I O N 
 ===================================================== 
 
      DEPTH     SHEAR    MOMENT     THICK   AS REQD 
 
        24.       43.     4053.    13.005     0.018 
        48.       66.     5107.    14.011     0.020 
        72.       97.     6984.    15.016     0.026 
        96.      144.     9791.    16.021     0.033 
       120.      210.    13678.    17.027     0.043 
 
 W E I G H T   A N D   R I G H T I N G   M O M E N T 
 ===================================================== 
 
 DEAD LOAD       =  796.0     
 RIGHTING MOMENT = 0.4144E+05 
 
 LIVE LOAD       =  0.000     
 RIGHTING MOMENT =  0.000     
 
 SURCHARGE LOAD  =  80.02     
 RIGHTING MOMENT =  5281.     
 
 E X T E R N A L   S T A B I L I T Y   A N A L Y S I S 
 ===================================================== 
 
 LOAD COMBINATION   1: 
 
   Lateral force      =  257.2     
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   Overturning moment = 0.1309E+05 
   Total weight       =  876.0     
   Righting moment    = 0.4673E+05 
   Sliding resistance =  617.5     
 
   Sliding SF         =   2.40     >   1.50     OKAY 
   Overturning SF     =   3.57     >   2.00     OKAY 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  6.598     
     Toe pressure  =  14.01     
     Heel pressure =  5.452     
 
     Max pressure  =  14.01     <  20.83     OKAY 
 
 LOAD COMBINATION   2: 
 
   Lateral force      =  297.2     
   Overturning moment = 0.2233E+05 
   Total weight       =  876.0     
   Righting moment    = 0.4673E+05 
   Sliding resistance =  617.5     
 
   Sliding SF         =   2.08     >   1.20     OKAY 
   Overturning SF     =   2.09     >   1.50     OKAY 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  17.15     
     Toe pressure  =  20.97     
     Footing is in partial compression 
 
     Max pressure  =  20.97     <  27.71     OKAY 
 
 LOAD COMBINATION   3: 
 
   Lateral force      =  234.3     
   Overturning moment = 0.1883E+05 
   Total weight       =  796.0     
   Righting moment    = 0.4144E+05 
   Sliding resistance =  594.5     
 
   Sliding SF         =   2.54     >   1.20     OKAY 
   Overturning SF     =   2.20     >   1.50     OKAY 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  16.59     
     Toe pressure  =  18.68     
     Footing is in partial compression 
 
     Max pressure  =  18.68     <  27.71     OKAY 
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 F O O T I N G   D E S I G N 
 ===================================================== 
 
 LOAD COMBINATION   1: 
 
   Lateral force      =  257.2     
   Overturning moment = 0.1309E+05 
   Weight             =  876.0     
   Righting moment    = 0.4673E+05 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  6.598     
     Toe pressure  =  14.01     
     Heel pressure =  5.452     
 
   FOOTING TOE: 
 
     Shear  =  338.6     
     Moment =  5292.     
 
     Shear capacity     =  633.0     > Design shear     =  338.6     OKAY 
     Stress in steel    =  9535.     < Allowable stress = 0.2400E+05 OKAY 
     Stress in concrete =  345.3     < Allowable stress =  1300.     OKAY 
 
   FOOTING HEEL: 
 
     Shear  =  163.3     
     Moment =  4138.     
 
     Shear capacity     =  687.1     > Design shear     =  163.3     OKAY 
     Stress in steel    =  6847.     < Allowable stress = 0.2400E+05 OKAY 
     Stress in concrete =  236.7     < Allowable stress =  1300.     OKAY 
 
 LOAD COMBINATION   2: 
 
   Lateral force      =  222.9     
   Overturning moment = 0.1674E+05 
   Weight             =  657.0     
   Righting moment    = 0.3504E+05 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  17.15     
     Toe pressure  =  15.72     
     Footing is in partial compression 
 
   FOOTING TOE: 
 
     Shear  =  357.8     
     Moment =  5790.     
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     Shear capacity     =  633.0     > Design shear     =  357.8     OKAY 
     Stress in steel    = 0.1043E+05 < Allowable stress = 0.2400E+05 OKAY 
     Stress in concrete =  377.8     < Allowable stress =  1300.     OKAY 
 
   FOOTING HEEL: 
 
     Shear  =  238.5     
     Moment =  6293.     
 
     Shear capacity     =  687.1     > Design shear     =  238.5     OKAY 
     Stress in steel    = 0.1041E+05 < Allowable stress = 0.2400E+05 OKAY 
     Stress in concrete =  359.9     < Allowable stress =  1300.     OKAY 
 
 LOAD COMBINATION   3: 
 
   Lateral force      =  175.7     
   Overturning moment = 0.1413E+05 
   Weight             =  597.0     
   Righting moment    = 0.3108E+05 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  16.59     
     Toe pressure  =  14.01     
     Footing is in partial compression 
 
   FOOTING TOE: 
 
     Shear  =  317.0     
     Moment =  5126.     
 
     Shear capacity     =  633.0     > Design shear     =  317.0     OKAY 
     Stress in steel    =  9235.     < Allowable stress = 0.2400E+05 OKAY 
     Stress in concrete =  334.5     < Allowable stress =  1300.     OKAY 
 
   FOOTING HEEL: 
 
     Shear  =  190.5     
     Moment =  5142.     
 
     Shear capacity     =  687.1     > Design shear     =  190.5     OKAY 
     Stress in steel    =  8508.     < Allowable stress = 0.2400E+05 OKAY 
     Stress in concrete =  294.1     < Allowable stress =  1300.     OKAY 
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RETAIN PROGRAM OUTPUT 
 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 *                                                   * 
 *           P R O G R A M   R E T A I N             * 
 *                                                   * 
 *                 INPUT DATA ECHO                   * 
 *                                                   * 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 (Version  1.42)                 5/02/2007,  5:08:13 
 
 Input file  = V2.IN                                                                     
 Output file = V2_1.42.out                                                               
 
 P R O G R A M   O P T I O N S 
 ===================================================== 
 
 PROGRAM UNITS      =  2 (SI: millimeters/newtons/degrees)       
 ANALYSIS MODE      =  2 (Review)                                
 CONCRETE DESIGN    =  1 (Ultimate strength)                     
 SOIL CONFIGURATION =  2 (Irregular)                             
 FOUNDATION TYPE    =  1 (Spread footing)                        
 
 M A T E R I A L   P R O P E R T I E S 
 ===================================================== 
 
 CONCRETE PROPERTIES: 
 
      Concrete unit weight          = 0.2360E-04 
      Concrete compressive strength =  25.00     
      Reinforcing steel strength    =  420.0     
 
 SOIL PROPERTIES: 
 
      Soil unit weight              = 0.2105E-04 
      Soil friction angle           =  25.00     
      Soil base cohesion            =  0.000     
 
 S O I L   P A R A M E T E R S 
 ===================================================== 
 
 LATERAL PRESSURE COEFFICIENT: 
 
      Regular loads =  0.300  @ Y =  0.333H 
      Seismic loads =  0.000  @ Y =  0.500H 
 
 PASSIVE PRESSURE COEFFICIENT: 
 
      Regular loads =  0.000 
      Seismic loads =  0.000 
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 SOIL/SOIL FRICTION COEFFICIENT: 
 
      Regular loads =  0.220 
      Wind loads    =  0.220 
      Seismic loads =  0.220 
 
 SOIL/SOIL FRICTION OPTION: 
 
      Option        =  1 (Use Pa vert component)                 
 
 L O A D S 
 ===================================================== 
 
 LOADS AT TOP OF WALL: 
 
      Dead load      =  0.000      @ X =  0.000     
      Live load      =  0.000      @ X =  0.000     
      Wind shear     =  0.000     
      Wind moment    =  0.000     
      Seismic shear  =  0.000     
      Seismic moment =  0.000     
 
 SEISMIC ACCELERATION: 
 
      Horizontal     =  0.000     
      Vertical       =  0.000     
 
 LOAD COMBINATIONS: 
 
       2.210D + 0.000L + 2.210E + 2.210SC + 0.000W + 0.000EQ 
 
 S O I L   C O N F I G U R A T I O N 
 ===================================================== 
 
 Design height           =  7500.     
 Height of soil over toe =  0.000     
 
 IRREGULAR BACKFILL SEGMENTS: 
 
 NO       LENGTH      ANGLE 
 --------------------------- 
 
  1       3130.       26.57     
  2       5800.       0.000     
  3       4919.       26.57     
  4       5000.       0.000     
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 IRREGULAR SURCHARGE LOAD: 
 
 NO    LOAD      XBEG      YBEG      XEND      YEND 
 --------------------------------------------------- 
 
  1    46.20     3900.     1400.     7500.     1400.     
 
 W A L L   C O N F I G U R A T I O N 
 ===================================================== 
 
 Minimum wall thickness    =  300.0     
 Wall batter               =  6.277     
 Footing thickness         =  1240.     
 Key depth                 =  0.000     
 Toe width                 =  150.0     
 Footing width             =  5700.     
 
 R E B A R   C O N F I G U R A T I O N 
 ===================================================== 
 
 REINFORCING STEEL INFORMATION: 
 
      Bar diameter            =  36.00     
      Ratio of balanced reinf = 0.2500     
 
 CONCRETE COVER: 
 
      At wall backface        =  100.0     
      At footing top          =  100.0     
      At footing bottom       =  100.0     
 
 REINFORCING STEEL AREA: 
 
      At wall backface        =  5.850     
      At footing top          =  7.186     
      At footing bottom       =  5.850     
 
 S P R E A D   F O O T I N G 
 ===================================================== 
 
 ALLOWABLE SOIL BEARING PRESSURE: 
 
      Regular loads = 0.4800     
      Wind loads    = 0.4800     
      Seismic loads = 0.4800     
 
 CONCRETE/SOIL FRICTION COEFFICIENT: 
 
      Regular loads =  0.550 
      Wind loads    =  0.550 
      Seismic loads =  0.550 
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 OVERTURNING SAFETY FACTORS: 
 
      Regular loads =  1.000 
      Wind loads    =  1.000 
      Seismic loads =  1.000 
 
 SLIDING SAFETY FACTORS: 
 
      Regular loads =  1.500 
      Wind loads    =  1.200 
      Seismic loads =  1.200 
 
 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 *                                                   * 
 *           P R O G R A M   R E T A I N             * 
 *                                                   * 
 *                   OUTPUT DATA                     * 
 *                                                   * 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 
 W A L L   D E S I G N 
 ===================================================== 
 
 TRIAL WEDGE ANALYSIS: 
 
   EARTH FORCE   =  296.2     
     Angle       =  12.41     
     Xapp        =  1275.     
     Yapp        =  2803.     
   Failure angle =  53.33     
   Soil wedge wt =  600.2     
     Xcg         =  3541.     
     Ycg         =  5846.     
   Ka (equiv)    = 0.4495     
   Height        =  7913.     
 
   E + SUR FORCE =  318.7     
     Angle       =  12.41     
     Xapp        =  1275.     
     Yapp        =  2773.     
   Failure angle =  53.33     
   Soil wedge wt =  645.8     
     Xcg         =  3723.     
     Ycg         =  6062.     
   Ka (equiv)    = 0.4836     
   Height        =  7913.     
 
 LOAD COMBINATION   1: 
 
   Shear  =  687.8     
   Moment = 0.1907E+07 
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     Shear capacity  =  713.3     > Design shear  =  687.8     OKAY 
     Moment capacity = 0.2098E+07 > Design moment = 0.1907E+07 OKAY 
     Steel area      =  5.850     < Max stl area  =  6.368     OKAY 
 
 W A L L   L O A D   D I S T R I B U T I O N 
 ===================================================== 
 
      DEPTH     SHEAR    MOMENT     THICK   AS REQD 
 
       600.       15.     5726.   365.733     0.061 
      1200.       38.    26574.   431.465     0.226 
      1800.       67.    68049.   497.198     0.481 
      2400.      103.   135656.   562.931     0.822 
      3000.      146.   234899.   628.664     1.247 
      3600.      196.   301366.   694.396     1.418 
      4200.      253.   412735.   760.129     1.748 
      4800.      316.   583121.   825.862     2.250 
      5400.      387.   793748.   891.595     2.816 
      6000.      464.  1048746.   957.327     3.446 
      6600.      549.  1352242.  1023.060     4.140 
      7200.      640.  1708365.  1088.793     4.901 
 
 W E I G H T   A N D   R I G H T I N G   M O M E N T 
 ===================================================== 
 
 DEAD LOAD       =  1170.     
 RIGHTING MOMENT = 0.3463E+07 
 
 LIVE LOAD       =  0.000     
 RIGHTING MOMENT =  0.000     
 
 SURCHARGE LOAD  =  17.33     
 RIGHTING MOMENT = 0.8706E+05 
 
 E X T E R N A L   S T A B I L I T Y   A N A L Y S I S 
 ===================================================== 
 
 TRIAL WEDGE ANALYSIS: 
 
   EARTH FORCE   =  471.8     
     Angle       =  12.41     
     Xapp        =  5700.     
     Yapp        =  3377.     
   Failure angle =  48.75     
   Soil wedge wt =  1149.     
     Xcg         =  9464.     
     Ycg         =  7521.     
   Ka (equiv)    = 0.4360     
   Height        = 0.1014E+05 
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   E + SUR FORCE =  483.8     
     Angle       =  12.41     
     Xapp        =  5700.     
     Yapp        =  3377.     
   Failure angle =  49.32     
   Soil wedge wt =  1149.     
     Xcg         =  9315.     
     Ycg         =  7570.     
   Ka (equiv)    = 0.4471     
   Height        = 0.1014E+05 
 
 LOAD COMBINATION   1: 
 
   Lateral force      =  472.5     
   Overturning moment = 0.1596E+07 
   Total weight       =  1291.     
   Righting moment    = 0.4143E+07 
   Sliding resistance =  710.3     
 
   Sliding SF         =   1.50     >   1.50     OKAY 
   Overturning SF     =   2.60     >   1.00     OKAY 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  877.5     
     Toe pressure  = 0.4358     
     Heel pressure = 0.1729E-01 
 
     Max pressure  = 0.4358     < 0.4800     OKAY 
 
 F O O T I N G   D E S I G N 
 ===================================================== 
 
 LOAD COMBINATION   1: 
 
   Lateral force      =  1044.     
   Overturning moment = 0.3526E+07 
   Weight             =  2854.     
   Righting moment    = 0.9156E+07 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  877.5     
     Toe pressure  = 0.9632     
     Heel pressure = 0.3822E-01 
 
   FOOTING TOE: 
 
     Shear  =  133.0     
     Moment = 0.1002E+05 
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     Shear capacity  =  794.8     > Design shear  =  133.0     OKAY 
     Moment capacity = 0.2353E+07 > Design moment = 0.1336E+05 OKAY 
     Steel area      =  5.850     < Max stl area  =  7.096     OKAY 
 
   FOOTING HEEL: 
 
     Shear  =  552.8     
     Moment = 0.2951E+07 
 
     Shear capacity  =  794.8     > Design shear  =  552.8     OKAY 
     Moment capacity = 0.2854E+07 < Design moment = 0.2951E+07 NG *** 
     Steel area      =  7.186     > Max stl area  =  7.096     NG *** 
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RETAIN PROGRAM OUTPUT 
 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 *                                                   * 
 *           P R O G R A M   R E T A I N             * 
 *                                                   * 
 *                 INPUT DATA ECHO                   * 
 *                                                   * 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 (Version  1.42)                 5/02/2007,  5:08:28 
 
 Input file  = V3.IN                                                                     
 Output file = V3_1.42.out                                                               
 
 P R O G R A M   O P T I O N S 
 ===================================================== 
 
 PROGRAM UNITS      =  2 (SI: millimeters/newtons/degrees)       
 ANALYSIS MODE      =  1 (Design)                                
 CONCRETE DESIGN    =  1 (Ultimate strength)                     
 SOIL CONFIGURATION =  2 (Irregular)                             
 FOUNDATION TYPE    =  1 (Spread footing)                        
                         <Optimized by volume>                    
 
 M A T E R I A L   P R O P E R T I E S 
 ===================================================== 
 
 CONCRETE PROPERTIES: 
 
      Concrete unit weight          = 0.2360E-04 
      Concrete compressive strength =  25.00     
      Reinforcing steel strength    =  420.0     
 
 SOIL PROPERTIES: 
 
      Soil unit weight              = 0.1900E-04 
      Soil friction angle           =  34.00     
      Soil base cohesion            =  0.000     
 
 S O I L   P A R A M E T E R S 
 ===================================================== 
 
 LATERAL PRESSURE COEFFICIENT: 
 
      Regular loads =  0.300  @ Y =  0.333H 
      Seismic loads =  0.000  @ Y =  0.500H 
 
 PASSIVE PRESSURE COEFFICIENT: 
 
      Regular loads =  1.667 
      Seismic loads =  3.333 
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 SOIL/SOIL FRICTION COEFFICIENT: 
 
      Regular loads =  0.000 
      Wind loads    =  0.000 
      Seismic loads =  0.330 
 
 SOIL/SOIL FRICTION OPTION: 
 
      Option        =  0 (No Pa vert component)                  
 
 L O A D S 
 ===================================================== 
 
 LOADS AT TOP OF WALL: 
 
      Dead load      =  0.000      @ X =  0.000     
      Live load      =  0.000      @ X =  0.000     
      Wind shear     =  0.000     
      Wind moment    =  0.000     
      Seismic shear  =  0.000     
      Seismic moment =  0.000     
 
 SEISMIC ACCELERATION: 
 
      Horizontal     = 0.2000     
      Vertical       =  0.000     
 
 LOAD COMBINATIONS: 
 
       1.300D + 0.000L + 1.700E + 1.700SC + 0.000W + 0.000EQ 
       1.300D + 0.000L + 0.000E + 0.000SC + 0.000W + 1.300EQ 
 
 S O I L   C O N F I G U R A T I O N 
 ===================================================== 
 
 Design height           =  2000.     
 Height of soil over toe =  300.0     
 
 IRREGULAR BACKFILL SEGMENTS: 
 
 NO       LENGTH      ANGLE 
 --------------------------- 
 
  1       300.0       0.000     
  2       1400.       26.60     
  3       600.0       0.000     
  4       1100.       26.60     
  5       5000.       0.000     
 
 IRREGULAR SURCHARGE LOAD: 
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 NO    LOAD      XBEG      YBEG      XEND      YEND 
 --------------------------------------------------- 
 
  1    233.0     3435.     1119.     6025.     1119.     
 
 W A L L   C O N F I G U R A T I O N 
 ===================================================== 
 
 Minimum wall thickness    =  300.0     
 Minimum wall batter       =  2.400     
 Minimum footing thickness =  400.0     
 Maximum key depth         =  300.0     
 Maximum toe width         =  2500.     
 Maximum heel width        =  2500.     
 Minimum toe width         =  0.000     
 
 R E B A R   C O N F I G U R A T I O N 
 ===================================================== 
 
 REINFORCING STEEL INFORMATION: 
 
      Bar diameter            =  30.00     
      Ratio of balanced reinf = 0.5000     
 
 CONCRETE COVER: 
 
      At wall backface        =  50.00     
      At footing top          =  50.00     
      At footing bottom       =  75.00     
 
 S P R E A D   F O O T I N G 
 ===================================================== 
 
 ALLOWABLE SOIL BEARING PRESSURE: 
 
      Regular loads = 0.1920     
      Wind loads    = 0.2550     
      Seismic loads = 0.2550     
 
 CONCRETE/SOIL FRICTION COEFFICIENT: 
 
      Regular loads =  0.400 
      Wind loads    =  0.400 
      Seismic loads =  0.400 
 
 OVERTURNING SAFETY FACTORS: 
 
      Regular loads =  2.000 
      Wind loads    =  1.500 
      Seismic loads =  1.500 
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 SLIDING SAFETY FACTORS: 
 
      Regular loads =  1.500 
      Wind loads    =  1.200 
      Seismic loads =  1.200 
 
 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 *                                                   * 
 *           P R O G R A M   R E T A I N             * 
 *                                                   * 
 *                   OUTPUT DATA                     * 
 *                                                   * 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 
 W A L L   D E S I G N 
 ===================================================== 
 
 TRIAL WEDGE ANALYSIS: 
 
   EARTH FORCE   =  13.82     
     Angle       =  0.000     
     Xapp        =  383.8     
     Yapp        =  666.0     
   Failure angle =  56.77     
   Soil wedge wt =  32.92     
     Xcg         =  981.4     
     Ycg         =  1557.     
   Ka (equiv)    = 0.3636     
   Height        =  2000.     
 
   SEISMIC FORCE =  23.66     
     Angle       =  18.26     
     Xapp        =  383.8     
     Yapp        =  1000.     
   Failure angle =  40.15     
   Soil wedge wt =  75.59     
     Xcg         =  1694.     
     Ycg         =  1782.     
   Kaeq (equiv)  = 0.6226     
   Height        =  2000.     
 
 LOAD COMBINATION   1: 
 
   Shear  =  23.49     
   Moment = 0.1564E+05 
 
 LOAD COMBINATION   2: 
 
   Shear  =  29.21     
   Moment = 0.2921E+05 
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 MAXIMUM LOADS: 
 
   Shear  =  29.21     
   Moment = 0.2921E+05 
 
     Design moment   = 0.3894E+05 
     Wall thickness  =  383.8     
     Steel area      = 0.3265     
     Max steel area  =  4.032     
 
 C O N V E R G E D   D E S I G N 
 ===================================================== 
 
 WALL BATTER                =    2.399     
 FOOTING THICKNESS          =    400.0     
 TOE WIDTH                  =    1200.     
 FOOTING WIDTH              =    1650.     
 KEY DEPTH                  =    300.0     
 
 STEEL AREA AT WALL         =   0.3265     
 STEEL AREA AT FOOTING TOP  =   0.1097E-01 
 STEEL AREA AT FOOTING BOT  =   0.4243     
 
 W E I G H T   A N D   R I G H T I N G   M O M E N T 
 ===================================================== 
 
 DEAD LOAD       =  42.67     
 RIGHTING MOMENT = 0.4565E+05 
 
 LIVE LOAD       =  0.000     
 RIGHTING MOMENT =  0.000     
 
 SURCHARGE LOAD  =  0.000     
 RIGHTING MOMENT =  0.000     
 
 E X T E R N A L   S T A B I L I T Y   A N A L Y S I S 
 ===================================================== 
 
 TRIAL WEDGE ANALYSIS: 
 
   EARTH FORCE   =  20.10     
     Angle       =  0.000     
     Xapp        =  1650.     
     Yapp        =  799.2     
   Failure angle =  57.91     
   Soil wedge wt =  45.33     
     Xcg         =  2316.     
     Ycg         =  1860.     
   Ka (equiv)    = 0.3673     
   Height        =  2400.     
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   E + SUR FORCE =  21.79     
     Angle       =  0.000     
     Xapp        =  1650.     
     Yapp        =  799.2     
   Failure angle =  43.02     
   Soil wedge wt =  137.3     
     Xcg         =  3683.     
     Ycg         =  2529.     
   Ka (equiv)    = 0.3981     
   Height        =  2400.     
 
   SEISMIC FORCE =  33.62     
     Angle       =  18.26     
     Xapp        =  1650.     
     Yapp        =  1200.     
   Failure angle =  41.87     
   Soil wedge wt =  98.70     
     Xcg         =  3048.     
     Ycg         =  2081.     
   Kaeq (equiv)  = 0.6144     
   Height        =  2400.     
 
 LOAD COMBINATION   1: 
 
   Lateral force      =  21.79     
   Overturning moment = 0.1741E+05 
   Total weight       =  42.67     
   Righting moment    = 0.4565E+05 
   Sliding resistance =  32.90     
 
   Sliding SF         =   1.51     >   1.50     OKAY 
   Overturning SF     =   2.62     >   2.00     OKAY 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  163.2     
     Toe pressure  = 0.4121E-01 
     Heel pressure = 0.1051E-01 
 
     Max pressure  = 0.4121E-01 < 0.1920     OKAY 
 
 LOAD COMBINATION   2: 
 
   Lateral force      =  31.93     
   Overturning moment = 0.3831E+05 
   Total weight       =  53.21     
   Righting moment    = 0.6303E+05 
   Sliding weight     =  42.67     
   Sliding resistance =  48.73     
 
   Sliding SF         =   1.53     >   1.20     OKAY 
   Overturning SF     =   1.65     >   1.50     OKAY 
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   SOIL PRESSURE: 
 
     Eccentricity  =  360.4     
     Toe pressure  = 0.7635E-01 
     Footing is in partial compression 
 
     Max pressure  = 0.7635E-01 < 0.2550     OKAY 
 
 F O O T I N G   D E S I G N 
 ===================================================== 
 
 LOAD COMBINATION   1: 
 
   Lateral force      =  37.04     
   Overturning moment = 0.2960E+05 
   Weight             =  55.47     
   Righting moment    = 0.5934E+05 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  288.8     
     Toe pressure  = 0.6897E-01 
     Footing is in partial compression 
 
   FOOTING TOE: 
 
     Shear  =  28.27     
     Moment = 0.2314E+05 
 
     Shear capacity  =  219.6     > Design shear  =  28.27     OKAY 
     Moment capacity = 0.4904E+05 > Design moment = 0.3085E+05 OKAY 
     Steel area      = 0.4243     < Max stl area  =  3.921     OKAY 
 
   FOOTING HEEL: 
 
     Shear  =  4.082     
     Moment =  134.2     
 
     Shear capacity  =  237.3     > Design shear  =  4.082     OKAY 
     Moment capacity =  1389.     > Design moment =  178.9     OKAY 
     Steel area      = 0.1097E-01 < Max stl area  =  4.237     OKAY 
 
 LOAD COMBINATION   2: 
 
   Lateral force      =  41.51     
   Overturning moment = 0.4981E+05 
   Weight             =  69.17     
   Righting moment    = 0.8194E+05 
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   SOIL PRESSURE: 
 
     Eccentricity  =  360.4     
     Toe pressure  = 0.9925E-01 
     Footing is in partial compression 
 
   FOOTING TOE: 
 
     Shear  =  44.21     
     Moment = 0.3678E+05 
 
     Shear capacity  =  219.6     > Design shear  =  44.21     OKAY 
     Moment capacity = 0.4904E+05 > Design moment = 0.4904E+05 OKAY 
     Steel area      = 0.4243     < Max stl area  =  3.921     OKAY 
 
   FOOTING HEEL: 
 
     Shear  =  17.79     
     Moment =  1041.     
 
     Shear capacity  =  237.3     > Design shear  =  17.79     OKAY 
     Moment capacity =  1389.     > Design moment =  1389.     OKAY 
     Steel area      = 0.1097E-01 < Max stl area  =  4.237     OKAY 
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RETAIN PROGRAM OUTPUT 
 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 *                                                   * 
 *           P R O G R A M   R E T A I N             * 
 *                                                   * 
 *                 INPUT DATA ECHO                   * 
 *                                                   * 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 (Version  1.42)                 5/02/2007,  5:08:40 
 
 Input file  = ver4.IN                                                                   
 Output file = ver4_1.42.out                                                             
 
 P R O G R A M   O P T I O N S 
 ===================================================== 
 
 PROGRAM UNITS      =  1 (English: inches/pounds/degrees)        
 ANALYSIS MODE      =  2 (Review)                                
 CONCRETE DESIGN    =  1 (Ultimate strength)                     
 SOIL CONFIGURATION =  1 (Constant slope)                        
 FOUNDATION TYPE    =  1 (Spread footing)                        
 
 M A T E R I A L   P R O P E R T I E S 
 ===================================================== 
 
 CONCRETE PROPERTIES: 
 
      Concrete unit weight          = 0.8680E-01 
      Concrete compressive strength =  4000.     
      Reinforcing steel strength    = 0.6000E+05 
 
 SOIL PROPERTIES: 
 
      Soil unit weight              = 0.6940E-01 
      Soil friction angle           =  0.000     
      Soil base cohesion            =  0.000     
 
 S O I L   P A R A M E T E R S 
 ===================================================== 
 
 LATERAL PRESSURE COEFFICIENT: 
 
      Regular loads =  0.300  @ Y =  0.333H 
      Seismic loads =  0.730  @ Y =  0.600H 
 
 PASSIVE PRESSURE COEFFICIENT: 
 
      Regular loads =  0.000 
      Seismic loads =  1.880 
 
 



 STRUCTWARE 
SHEET C4-7 OF  

JOB TITLE Retain verification problem number 4 ORIGINATOR RM DATE 5/2/2007 

JOB No.  CALCULATION No.  REVIEWER  DATE  
 

 

  
 SOIL/SOIL FRICTION COEFFICIENT: 
 
      Regular loads =  0.000 
      Wind loads    =  0.000 
      Seismic loads =  0.330 
 
 SOIL/SOIL FRICTION OPTION: 
 
      Option        =  1 (Use Pa vert component)                 
 
 L O A D S 
 ===================================================== 
 
 LOADS AT TOP OF WALL: 
 
      Dead load      =  0.000      @ X =  0.000     
      Live load      =  0.000      @ X =  0.000     
      Wind shear     =  0.000     
      Wind moment    =  0.000     
      Seismic shear  =  0.000     
      Seismic moment =  0.000     
 
 LOAD COMBINATIONS: 
 
       1.400D + 0.000L + 1.700E + 1.700SC + 0.000W + 0.000EQ 
       1.000D + 0.000L + 1.000E + 0.000SC + 0.000W + 1.000EQ 
 
 S O I L   C O N F I G U R A T I O N 
 ===================================================== 
 
 Design height           =  360.0     
 Height of soil over toe =  12.00     
 Backfill slope angle    =  0.000     
 
 Uniform surcharge       =  1.670     
 
 W A L L   C O N F I G U R A T I O N 
 ===================================================== 
 
 Minimum wall thickness    =  13.10     
 Wall batter               =  5.356     
 Footing thickness         =  36.00     
 Key depth                 =  0.000     
 Toe width                 =  66.00     
 Footing width             =  390.0     
 
 R E B A R   C O N F I G U R A T I O N 
 ===================================================== 
 
 REINFORCING STEEL INFORMATION: 
 
      Bar diameter            =  1.625     
      Ratio of balanced reinf = 0.7500     
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 CONCRETE COVER: 
 
      At wall backface        =  2.000     
      At footing top          =  2.000     
      At footing bottom       =  3.000     
 
 REINFORCING STEEL AREA: 
 
      At wall backface        = 0.5080     
      At footing top          = 0.6240     
      At footing bottom       = 0.2540     
 
 S P R E A D   F O O T I N G 
 ===================================================== 
 
 ALLOWABLE SOIL BEARING PRESSURE: 
 
      Regular loads =  27.78     
      Wind loads    =  37.03     
      Seismic loads =  55.55     
 
 CONCRETE/SOIL FRICTION COEFFICIENT: 
 
      Regular loads =  0.750 
      Wind loads    =  0.750 
      Seismic loads =  0.750 
 
 OVERTURNING SAFETY FACTORS: 
 
      Regular loads =  2.000 
      Wind loads    =  1.500 
      Seismic loads =  1.500 
 
 SLIDING SAFETY FACTORS: 
 
      Regular loads =  1.500 
      Wind loads    =  1.200 
      Seismic loads =  1.200 
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 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 *                                                   * 
 *           P R O G R A M   R E T A I N             * 
 *                                                   * 
 *                   OUTPUT DATA                     * 
 *                                                   * 
 * * * * * * * * * * * * * * * * * * * * * * * * * * * 
 
 W A L L   D E S I G N 
 ===================================================== 
 
 LOAD COMBINATION   1: 
 
   Shear  =  2600.     
   Moment = 0.3301E+06 
 
 LOAD COMBINATION   2: 
 
   Shear  =  4632.     
   Moment = 0.8708E+06 
 
 MAXIMUM LOADS: 
 
   Shear  =  4632.     
   Moment = 0.8708E+06 
 
     Shear capacity  =  4735.     > Design shear  =  4632.     OKAY 
     Moment capacity = 0.1085E+07 > Design moment = 0.8708E+06 OKAY 
     Steel area      = 0.5080     < Max stl area  = 0.9416     OKAY 
 
 W A L L   L O A D   D I S T R I B U T I O N 
 ===================================================== 
 
      DEPTH     SHEAR    MOMENT     THICK   AS REQD 
 
        24.      347.     5573.    15.344     0.008 
        48.      689.    22176.    17.587     0.028 
        72.     1026.    37307.    19.831     0.041 
        96.     1357.    65822.    22.074     0.065 
       120.     1682.   102294.    24.318     0.092 
       144.     2002.   146510.    26.561     0.120 
       168.     2316.   198335.    28.805     0.149 
       192.     2625.   257637.    31.048     0.179 
       216.     2928.   324285.    33.292     0.210 
       240.     3226.   398145.    35.535     0.241 
       264.     3518.   479086.    37.779     0.273 
       288.     3805.   566974.    40.022     0.304 
       312.     4086.   661678.    42.266     0.336 
       336.     4362.   763065.    44.509     0.368 
       360.     4632.   871002.    46.753     0.399 
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 W E I G H T   A N D   R I G H T I N G   M O M E N T 
 ===================================================== 
 
 DEAD LOAD       =  9556.     
 RIGHTING MOMENT = 0.2101E+07 
 
 LIVE LOAD       =  0.000     
 RIGHTING MOMENT =  0.000     
 
 SURCHARGE LOAD  =  519.2     
 RIGHTING MOMENT = 0.1218E+06 
 
 E X T E R N A L   S T A B I L I T Y   A N A L Y S I S 
 ===================================================== 
 
 LOAD COMBINATION   1: 
 
   Lateral force      =  1831.     
   Overturning moment = 0.2546E+06 
   Total weight       = 0.1008E+05 
   Righting moment    = 0.2222E+07 
   Sliding resistance =  7557.     
 
   Sliding SF         =   4.13     >   1.50     OKAY 
   Overturning SF     =   8.73     >   2.00     OKAY 
 
   SOIL PRESSURE: 
 
     Eccentricity  = -.3074     
     Toe pressure  =  25.71     
     Heel pressure =  25.96     
 
     Max pressure  =  25.96     <  27.78     OKAY 
 
 LOAD COMBINATION   2: 
 
   Lateral force      =  5605.     
   Overturning moment = 0.1159E+07 
   Total weight       = 0.1141E+05 
   Righting moment    = 0.2822E+07 
   Sliding resistance =  8705.     
 
   Sliding SF         =   1.55     >   1.20     OKAY 
   Overturning SF     =   2.43     >   1.50     OKAY 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  49.21     
     Toe pressure  =  51.39     
     Heel pressure =  7.103     
 
     Max pressure  =  51.39     <  55.55     OKAY 
 
 



 STRUCTWARE 
SHEET C4-11 OF  

JOB TITLE Retain verification problem number 4 ORIGINATOR RM DATE 5/2/2007 

JOB No.  CALCULATION No.  REVIEWER  DATE  
 

 

  
 F O O T I N G   D E S I G N 
 ===================================================== 
 
 LOAD COMBINATION   1: 
 
   Lateral force      =  3112.     
   Overturning moment = 0.4327E+06 
   Weight             = 0.1426E+05 
   Righting moment    = 0.3148E+07 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  4.619     
     Toe pressure  =  39.17     
     Heel pressure =  33.97     
 
   FOOTING TOE: 
 
     Shear  =  2190.     
     Moment = 0.7260E+05 
 
     Shear capacity  =  3461.     > Design shear  =  2190.     OKAY 
     Moment capacity = 0.4107E+06 > Design moment = 0.9680E+05 OKAY 
     Steel area      = 0.2540     < Max stl area  = 0.6882     OKAY 
 
   FOOTING HEEL: 
 
     Shear  =  1767.     
     Moment = 0.2685E+06 
 
     Shear capacity  =  3568.     > Design shear  =  1767.     OKAY 
     Moment capacity = 0.9322E+06 > Design moment = 0.2685E+06 OKAY 
     Steel area      = 0.6240     < Max stl area  = 0.7096     OKAY 
 
 LOAD COMBINATION   2: 
 
   Lateral force      =  5605.     
   Overturning moment = 0.1159E+07 
   Weight             = 0.1141E+05 
   Righting moment    = 0.2822E+07 
 
   SOIL PRESSURE: 
 
     Eccentricity  =  49.21     
     Toe pressure  =  51.39     
     Heel pressure =  7.103     
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   FOOTING TOE: 
 
     Shear  =  2883.     
     Moment = 0.9786E+05 
 
     Shear capacity  =  3461.     > Design shear  =  2883.     OKAY 
     Moment capacity = 0.4107E+06 > Design moment = 0.1229E+06 OKAY 
     Steel area      = 0.2540     < Max stl area  = 0.6882     OKAY 
 
   FOOTING HEEL: 
 
     Shear  =  3310.     
     Moment = 0.9165E+06 
 
     Shear capacity  =  3568.     > Design shear  =  3310.     OKAY 
     Moment capacity = 0.9322E+06 > Design moment = 0.9165E+06 OKAY 
     Steel area      = 0.6240     < Max stl area  = 0.7096     OKAY 
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