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              Bending Stresses in Beamless Stair Slabs

                                                         '

                           Yoshizo DOBASHI

                             Introduction

    In case of stair slabs, as shown in Fig. 1 (a) and (b), with subbeams and

bridgeboards, B, and B2, respective!y, landings and flights are usually designed

as rectangular plates with all edges fixed and in case of having only Bi (without

B2) are designed as rectangular plates with three edges fixed and one free. It

is noted that stairs are often designed without Bi and B2.
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                      (a) (b) (c)
                                 Fig. 1.

    The difflculty in analyzing the actions of these slab members has brought

about conventional solutions, developed by regarding flights as plates with three

edges fixed or mere cantilevers and by regarding landings as beams with
a sufliciently large width to be substituted for the corresponding slabs or as

all-edge fixed-slabs.

    These assumptions may be inevitable for lack of closer approximations.

    The modes of stress distributions in stair slab (a) may be assimilated to

those in slab (b) or (c) in Fig. 1. In both cases flights should be treated as

having two different rigidities in londitudinal and transversal directions.
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 Approaches from this viewpoint seem not to

Yokoo`) who presented a solution for such a

 2(b) by the method of difference,

 The present paper presents solutions for a few

     {b)

 have been made except by

type as shown in Fig. 2 (a)

 cases of stair slab as shown
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            1. Subdivision of

    Each slab surface is piotted

secting points numbered as shown

 in Fig. 1(b). The solutions are obtained

 from simultaneous systems of difference

 equations concerning isotropic (landing) and

 anisotropic (flights) parts and including the

 equations at the points in question relative

 to both these parts (shown in Fig. 3),

     The results of the experiment help

 those equations to be set up on the assump-

 tion that a stair slab be approximately treated

 as a horizontal plane body which is simply

 supported at the end of its slit insted of as

 a system of horizontal and sloping members.

Slab Surface and Notation

out into equal small squares with all inter-

in Fig. 4.
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with E:Young'smodulusofnormalandanisotropicslablnxand
              g-directions.

          h: thickness of slab in x and y-direcions,

          v: Poisson's ratio.

    SA: reaction resultant.

     A: reaction.

         2. Governing Differential Equations of Stair Slabs

    The governing differential equation of an orthogonally anisotropic slab is

           O`w                               O`w                     O`w        A'leLo.4 +2H a.26yt7 +IV}L'b'b'a" =P '''''"''''''''''''''''''''''' (A)

       '
with 2H=T-4C-(IVtsv.+Mv.)

        2C = (1 - /v.v, YN.. Al

    In this equation All, Al, and H must be decided in order to carry out com-

putations. Strictly speaking, these values should be experimentally estabiished

but here they are conventionally adopted. An approximate relation, Htz=:N,.IViv,

is assumed here as is generally the case with computative studies of this kind.

    Accordingly, Eq. (A) is

        iVts Z`.W, +2YM-i'Vi"' ,geb-bi-+AL-/i t,! ==p ････-･･････････････-････ (B)

PuttingAl,==All==.ZV in Eq. (B) the equation of isotropic slabs is obtainable.

    And further, stresses and reactions are expressed as follows:

Mv = -Ait

A4} =-2V}

A41t:y = -2C

2x = -AL

2y =-AL

Am :::rMNIu

Ay ==-Al}

(O,2.nv, +v,-/-2-tt-l-)

(-(li':,"''2- +v. Oo2gem)

 02Tv

OxOy

03zu
 ozri- -(AIL"gy +2C)

03w     -(AIL,v. +2C)
-'O'ir

( Oo3ge + (-i-IS--C- + vy)

(-t6-i//y-+(tt-g+v.)

03;w

OXOtr2

03w
Ox20y

o3w 1
Oxay2J

03w )
o:x20yJ

..b.-.m......-''  (C)
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For simip}icity putting v=O in Eq. (C) we obtain

                   62w       Mx == -IVla tuff.7

                   a2w        My = -2Vl h-y-'2bu

                      02zv        Mx.v == -/ALA5 oxoy

        2. : -(AILg3.-ZW-+/AILM oO.'ge,2)

        2.v ==-(Ny'tr63bW-3 +/IVhAL aOi;oUy)

       A. --(AL,-aa-ll-W-+2vNLIvl oO.'gJl,)

        A. == -(ATla@o-e-tt-g-+2yA(l,]2g7I- o3.';lo9,)

And substitu,ting IVlaIA]i==k`,Nb!N=n in Eq. (B)

        k4 Oo`tsIY +2k2o.OloWl, +-ae`--i-g == p/nAr ･･･････

Thus the corresponding stresses and reactions are

                    a2w       M. =-nfe`N                    "'Ox2

                    02w       M. == -nN
                    Oy2

                    02w        Mxy == -7zk2N                   LothxbJ!i7

        Qx "= -nfe2AI k2"I3itt''+ aOx3ryy,)                    (

        Q, =-nN (-q--o7'v +k2 oOi,woy)

        A.= m nk2AT(fe2 Oo3tt7 +2 aOioZUy2)

        A. =-.N (./.3yzg..+2if og3,wy)

    Eqs. (E) anp (F) are the governing differential

composed of isotropic and anisotropic parts.

-----･-････-･-･･ (D)

we obtain

----------;--

 indicated

･･-･--･･･････  (E)

as

.･".u---･-････-･･  (F)

equations of a stair slab
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    If these parts are joined together in y-direction the following relation

stands between themi5).

                           n =-

                         --ebx ･･･ (G)
                           va, :

                 ,

                 v
                                 Fig. S.

      3. Finite Difference Equations at the Points in Question

    According to the previous paper3) such equations are schematized as under.

Developing into Difference Expression

    The development and schematization of the fundamental differential equations

into difference expressions produce Fig. 6.

               f
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                                                    z
                                                    -ii3･

                                                     "- Px23=o

                                Fig. 6.

Resultant reaction SA,, =T-R'A. and SA, =::IA, become, from A. = -nk21V(k203wlOx3

+203wlaxOy2),
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                    Fig. 7･

A.= -nN(o3w!oy3+ 2k2o3zv!ax2ay),

SA?=

--2ZISI2
q,,

-llSEIZsU,b

-2"rJ4{id
(Til4･'2ge2), m(t;e,,2ilki2)yt, 2nr3901bb

-.2zflL2
3)Lf,d n2 vb,

                         Fig. 8.

Concentrated Reaction F become from F

         F=2Mpts=

                         Fig. 9.

Now, if a point on the slab is regarded as the junction of

D and the resultant reaction for each slab is considered

    SA corner :=: (J) × 114 +(J) × 1/2 +(K) × 1/2 +(Il)

the resultant reaction at each corner point becomes

    SAcor,,er ==' (I)'× 1/4 +(J) × 1!2 +(K) × 1/2 +(L)

conditions of equilibrium at this corner point are:

    ZA4L,=O SM.+SM.-SM.-SM.=::O
    ZM.=o SM.+SM.-SM.-SM.::::o
    :z:r::o SA.+SA.+SA.+SA.=O

--

{rA29efab f'Mo

-Illir3fi;ecda

'H

3S'pacd

slab A, B, C
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         4. Solution of Equations

As the flexural rigidity of a fiight for

                           TABLE 1.

            Risevl80M Tvead 27CM

ThioKnoss
ot Flight

ThLoKness
of Landing

? /o ll 12 15 14

Jx 6D6 69S 796 906 102

Po /2 13 l4 fs

le /44 183 227 282

and Stress Tables

transversal direction is computable

?/9o
IO l/ /2 /3 14

l2CM 4,2t 465 S,S4 d30 Z13

3 3.02 3,60 4,35 49S S6t

262 5.04 3,48 5.96 4,43

IS 2./S･ Z46 2,S2 3.22 3,64

In case J%,=4

.' . n = 41{}

by Eq, (B) the value of 2VtsINI, may be determined by experiment, The following

experimental and computative values of AI,/Nh, and .IVleIA;) respectively, were

reported by Y. Yokoo, as shown in Fig. 16 and Table 1. Hence these values

Lsoe"v"iJ)

v
e

･:1;:

,

2SCH

(A)

l
'miid steel

-tlr,

e
                                Fig. 16.
                 DeflectionofStrip(A) DeflectionofStrip(B)
                 AveragebyFourTrials AveragebyTenTrials
                      72,125 (unitl/100mm) 22.61
                        MINb = 72.125122.61= 3.19 Jts 3

are rep]aced in the respective equation at each point so that it is set

as shown in Table 2 (where r=1 and point support at point 33 are

The equations are solved by elimination and stresses are found as

Table 3a, 3b, 3c and 3d. In the following are plotted the stress

for each slab.

 up agaln
assumed).

shown in
 diagrams
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TABLE 2.

'

=qfo4=3e}:ex=s;3
tl /2 fJ 2 22 23 SI 3Z 4 ua 43 s/ 52 SJ LoadTcam

Il 22 -6 , -6 2 ' O,O277S

i2 -8 22 -8 2 -- 8 2 t O,02776

i5 2 -l6 21 nt O,02778

2I -8 2 2L142 -8 ' --
6,28S71 2 Ll4286 O,02778

n 2 -8 2 -8 2i,l428 -8 2 ue8ew7 ,l286 e,02778

25 4 -- 8 2 -t6 20,ldas6 l,l4286 O,02776

y , -5.28571 2 30.9282 -166!880 -nlsggs ,6/880 i,53533 0.02776

S2 l 2 -626571 2 -l6,6/880S6d23 4,61860
-･
!4.IS998 4.6/88 1.333S o,o2776

41 O,65714 -msn2s3 ],46412 L7/362 -B,72S 3 M.9282 S464/2 O,02084

n2 O.8S714 i,412 -a62S3 -,922 3S7136 -12,92624 ],4e;4t2 -M92S2 3A6412 o,o2osa

45 O,428S 3.46ai2 3 -12.282 335681 5,46at2 -S464i2 O,Ot042

51 2 -2Z8S6os 6,92824 O.6S6 -!8,92824 3 O,020S4

S2 2 6,9282 6,92824-,22 astitt8 -12,928Z ,0208

53

-2.8S6

6,92824 -!a9223 -129262 l2,7es24 O.OiO.2
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                          S. Stress Diagrams

    Table 4 and Fig. 18 are a stress table and a stress diagram respectively

plotted from the solution for a stair slab with l.!l.:=5!3, for reference to the

corresponding anisotropic state of flight, on the assumption that its fiight be

a flat isotropic slab with the same depth as its landing.
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                6. Examination of'Stress Distribution

                                '    Reaction at Point Support

    Table 5 shows the reaction at the point support relative to the total Ioad.

The increase in the ratio of longer to shorter edge of the flight when that ratio

of the landing is constant causes the decrease in the share of the resultant

reaction, acting on the point support. This may be adequately explained as

follows. The resultant reaction over the cantilevered part near the center is

concentrated in the fixed part near the edge. It is also made known by the

resultant reaction derived from the assumption that landing and flight be both

orthogonally isotropic.

                    TABLE 5.
                                                        7
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                                                                     )

dy:

                                Fig. zo,

    Cornparison of Author's Values with 0ther Workers

    In Fig, 21 values at major points over the fiight by his analysis are

compared with those over the three-edge fixed, one-edge free slabs by their

analysis.

    The values by the author and those by Yokoo are fairly close to each

other except in bending moment in ydirection, A41,,. This gap in the value

may presumably be caused by the author's gross subdivision of the landing into

only three segments for the shorter direction. Therefore, the assumption of
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regarding the flight as an anisotropic slab with three edges fixed may suthciently

close.

    Further, bending moment M.. at the tip of free edge is always larger

than bendlng moment IViC,. for three-edge fixed slabs, but for stair slabs a larger

rigidity in x-direction than y brings about M..>M..･

And M.. for orthogonally isotropic slabs and that for anisotropic slabs are

considerably different, so that the use of three-edge fixed slab design diagrams

for design of flights should be carefully made.
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    Comparison of Bending Moment for Anisotropic Flight SIabs with that
    for Three-Edge Fixed Isotropic Slabs with l.!ty =1. Four-Edge Fixed
    Isotropic Slabs with e.ll,==2 and for Two-Edge Fixed Beams

    In Fig. 22 bending moment along the border line of fiight and landing

and that along the extention line of slit are respectively compared with bending

moment for three-edge fixed slabs along center line of shorter edge (derived by

Yokota) and that for all-edge fixed slabs with l.ll.=2 or two-edge fixed beams,

all under a uniform lead,
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    This comparison obviously shows that the conventional assumption which

has it that the Ionger fibres of a landing be a beam with unit breadth, is

inadequate at least for the longer direction. Field cracks over landings near

the end of slit which are encounterd frequently, are considered to be caused

by this bending (principal moment).

    Bending moment for this slab along the shorter center line fairly resembles
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that for all-edge

spanning along

`beamed' value.

    Further, as

is notably large

a

              Yoshizo DOBASHI

fixed slab along that line and also that for two-edge fixed beam

that line. So our design of landings should be refered to as

shown in Fig. 22 the positive moment for x-direction for flight

near the border line of landing and flight (ca. 1/8 wa2).
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