TWO-WAY SLAB    -   MOMENTS AND REACTIONS

Release 1.2                                  by Claus Dachselt

This program determines for a two-way slab supported on all four edges the bending moments

according to the method of PIEPER and MARTENS and reaction forces  at every edge given an area load q. The bearings may be hinged ( i. e. only vertical movement impeded ) and/or clamped ( vertical movement and rotation impeded ) in any order.  
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Sketch 2 ) shows a slab with top and right edge clamped.

Rel. 1.1  now offers a wider range for the ratio ly/lx: 0,5 <= ly/lx <= 2,0 ; the measurements

a, b, c  belong to length Lx while d, e, f  are part of Ly!

Execution:
Transfer the library ( 1236 ) to the calculator and put it on the stack.

Enter the port you wish to store the library in on the stack and press “STO”

Warmstart your calculator by pressing ON and C simultaneously or execute

:port:1236   ATTACH
Then go to LIB and press the TWO-WAY SLAB – key.

Start the programm with PLAT (picture 4a) and enter the values for lx and ly followed by softkeys  Lx and Ly each ( pict. 4b ).
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Key drillw has to be pressed if the slab has no 100% bearing capability for drilling moments

(only possible if there are hinged edges neighbouring !)

Key mue(>0) which takes into consideration Poisson´s ratio mue must only be pressed if 

mue > 0 (  mue = 0 recommended for practical purpose as this is the normal case ! ):

enter value ( for instance 0,2 ) and press this key !

Then you have to enter the area load on the slab. Two choices are provided by the program:

1. -  Enter one value as design load and press q.  All further calculations are done with that                                                                                                                                                                                                                                                              value (qd = qk).                     

     2.  -  Enter two values for g ( self weight ) , ENTER,  p ( imposed load ) as characteristic loads and press q.    According to German  regulation DIN 1055-100  qd is calculated by multiplying gk  and pk with safety factors :

                    


qd = 1,35 * gk  + 1,5 * pk    (structural design for moments)





qd = qk = 1,0 * gk  + 1,0 * pk    (reaction forces )

In the next screen you have to enter the edges with clamped supports.

5 )[image: image3.jpg]


     

For the system of sketch  2)  you would have to press the softkeys   “top”    “right” .

Then execute “       m”  to see the results:

No. of restraints at Lx-edges

No. of restraints at Ly-edges

ratio Ly/Lx 




field moment mx ( or my,  if Lx >  Ly )




field moment my ( or mx,  if Lx >  Ly ). 

Note that the indication “x” or “y”, respectively, means the direction in which the moment causes stress  -  see sketch 1).
Following are now depending on the number of clamped  supports:




Restraint moments ms 

The program then gives the opportunity to determine the distribution of loads for the supports, in which the following method is used ( see sketch  2)  ):

If the joining support conditions at a corner are the same ( hinged/hinged or clamped/clamped),

the distribution angle is set to ß1 = 45 ° , otherwise it is set to ß2 = 60 ° measured from the clamped side. This is done automatically by pressing the softkey “Eps%     q” without entering any value assuming that the degree of restraint is 100%. If you enter a value between 0 and 100 as percentage of restraint the program interpolates the angle ß2 between 45° and 60°. Thus the load on the bearing is triangle- or trapezoidal-shaped with measurements  “a” to “f”  according  to 

sketch 2).  If “b” or “e” is calculated as “0” an empty line will be issued  instead of a value.

The following results are displayed after every pressing of key “CONT”:

q-l, q-t, q-r, q-b / qml, qmt, qmr, qmb : maximum ordinates of reaction forces / converted to uniform  reactions at left, top, right, bottom   -   see sketches 2) and 3)

“CONT”: integrated distributed loads  F-l, Ft- F-r, F-b and sum F of all edges ( must be equal to 

qd * Lx * Ly, otherwise check your input ! ).

s     bt,  s     lr : coordinates ( measured from “0”-coordinate ) of the centre of gravity for the triangle/trapezoidal distribution on bottom/top ( = Lx-direction ) and left/right ( = Ly-direction ), respectively.

For a new system press “NEXT” and then “new”
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“m,s-m” makes a compensation between the actual calculated and the preceding restraint moments observing the rule:



I)   m,s-m = max { 0,5 * |(ms,i + ms,j)|  ; 0,75 *  max (|ms,i| ; |ms,j|) }.

Rel. 1.1 offers a more comfortable way to handle this possibility: as all slabs are numbered by the sequence of there input, you have to key in now ( see sketch 7) the number “i” of first slab whose restraint moment(s)  is/are to be levelled out  and press “i”.
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Then press msx,i or msy,i and leave the displayed value on the stack. Now do the same for the second slab to be handled ( softkeys “j” and msx,j or msy,j  , respectively ). The result will be the “smoothed out”-moment meeting the above mentioned method  I)  between slab i and j.

By entering “0”  “j”  the program goes back to the display as shown in 6). You may now input  data for additional slabs with “new”
Entering “0”  “i”  clears all data of the previous slabs . To end the program press “EXIT”.

All variables and the subdirectory “SLDat” are deleted and HOME-directory is present again.

The flag status as it was before starting the program is restored, too.

Example:
For the  system  below all moments are to be calculated:





   

gk = 6 kN/m²












pk = 2 kN/m²









    4,7


mue = 0











   4,5

         8)




   3,3


4,7


Start with softkey  “PLAT“ . Now key in for slab ”1”:  3,3    “Lx”   4,7   “Ly”    6  “ENTER” 2  “q” ,
then in the next display press “bottm”  ,  “right”  and     “       m” .  The display shows:

    9)
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To see the reaction forces of  this slab use softkey  “Eps%     q” (you may omit to clear the display as program checks whether there is a manual input for the percentage of restraint in level 1 or a calculated moment !) and see:
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Check for F,total   = 124,08 kN  =  ( 6 + 2 ) * 3,3 * 4,7                ok !

Execute “NEXT” and “new” and enter the corresponding values for slab “2”:

4,7   “Lx”   4,7   “Ly”   6  “ENTER” 2   “q” , then “bottm” ,  “left” and   “        m”  to see now:
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“Eps %      q” then shows:
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And, at  last  for slab “3” :  8   “Lx”   4,5   “Ly”   6  ENTER 2   “q”     “top”   and “       m”
displays:
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We skip the output of the reactions for this slab and press now “m,s-m”.

To level out the neighbouring restraint moments msx between slab 1 and 2 enter 1   “i”   “msx,i”
Level 1 of the stack shows: msx :(-12,196). Leave it on the display and press now 2  “j”  “msx,j”.  The result of the compensation is :
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Doing the same for slabs 1 and 3 in y-direction looks like this:

1   “i”    “msy,i”  3   “j”    “msy,j”   and  reveals the result:

                                           19)   [image: image16.jpg]



and finally:   2   “i”    “msy,i”  3   “j”    “msy,j”   shows:

   20)  [image: image17.jpg]



Press  “0”   “i”    “EXIT”  to return to  HOME.

RESTRICTIONS AND LIMITATIONS:

0,5 <= Ly/Lx <= 2,0  ----  if  Ly/Lx  is beyond  these limits  calculate the system as one-way slab !

If there is at least one edge clamped, the method of PIEPER and MARTENS calculates the restraint moments between the slabs for a full ( 100% ) restraint, while the determination of the field moments takes into consideration a 50% - restraint at the concerning edges !

All moments are determined by fourth-degree interpolation polynomials and therefore show slight deviations compared to the tabled values in literature. See slab 2 above! Though square-shaped the moments of both directions differ slightly!  All systems calculated up to now showed differences < 1,0% which is sufficient for practical purpose!

COPYRIGHT AND DISCLAIMER OF WARRANTY:
All parts of this program are copyrighted by Claus Dachselt. It is provided as a free release for non-commercial purpose “as is” without warranty or responsibility of any kind. In no event  will the copyright holder be liable for damages arising out of the use or inability to use this program.

Claus Dachselt 








April 2009
e-mail: clan.dachselt@t-online.de
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