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Abatraet-A numerical method based on the virtual work approach of the yield line theory is presented. 
The method consists of computing the yield load of a plate based on the geometry of an assumed collapse 
mechanism de&d by means of nodes, planes and lines. Since the method is numerical, it allows the yield 
fine analysis of plates with complex shapes, assumed mechanisms and loadings. Algorithms for the 
calculations of the work done by the external loads on the plate and the internal work dissipated by the 
yield lines in the assumed mechanism are described. The features of a computer program are outlined, 
and a numerical example of the numerical yield line analysis of a reinforced concrete slab is given. 

INTRODUCTION 

The yield line method is a simple and efficient method 
to calculate the plastic collapse load of flat, relatively 
thin, plates of rigid-perfectly plastic material when 
transversely loaded in bending. The method was 
developed largely by Johansen [l] and since then, it 
has been applied successfully to both concrete and 
steel plates [2+. 

A numerical method based on the yield line theory 
is presented in this paper. The method differs from 
the conventional yield line method in that it does not 
use a direct algebraic description of the problem but 
rather it uses analytical geometry, vector algebra and 
the specific dimensions of the problem on hand to 
arrive at the solution. 

The method presented is general and since it is 
entirely numerical, it can be applied to plates of 
arbitrary shape which can be assumed to form any 
arbitrary yield line mechanism. Furthermore, the 
method has the advantage of requiring no algebraic 
manipulations and thus it is not limited by the com- 
plexity of the yield line pattern and by the resulting 
complexity of the algebra, as is sometimes the case 
with the conventional yield line method. 

The yield line theory is briefly reviewed below. 
However, a basic understanding of the yield line 
theory is assumed in the following discussion and 
the reader is referred to the standard texts on the 
subject [ 1,2]. 

The yield line method is based on the kinematic 
theorem of the plastic theory of structures and gives 
an upper bound solution for the collapse load of a 
plate. 

In the yield line method, a plastic collapse 
mechanism of the plate is assumed consisting of 
undeformed plate segments connected by plastic 
hinge lines, usually called yield lines. The mechanism 
must be kinematically admissible over the whole plate 
and at the boundaries. The bending moment distribu- 
tion is not considered and, in general, the equilibrium 
conditions are not verified. 

There are two solution approaches in the yield nne 
theory: the virtual work method and the so-called 
equilibrium method. Both methods lead to identical 
upper bound solutions, and it has been demonstrated 
that both methods represent in fact the same solution, 
but with a different approach [2]. The virtual work 
method is simpler in principle and is used for the 
numerical method presented in this paper. The virtual 
work method is outlined below. 

In this method, a plastic collapse mechanism is 
assumed for a given plate and loading, and the 
collapse load P is found by equating the work done 
by the external loads on the plate to the internal work 
dissipated by the yield lines during a small motion of 
the assumed collapse mechanism: namely, 

i.e. 

E=D (1) 

or 

(2) 

(3) 

alternatively, 

(4) 

where IZP is an applied load of magnitude L acting 
through a virtual displacement 6. ym, is the plastic 
moment resistance per unit length of magnitude y, B 
is the rotation, and I is the length of each yield line 
in the assumed mechanism. 
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Since the yield line method leads to an upper 
bound solution, different mechanisms as well as 
different dimensions for each mechanism must be 
tried in order to find the lowest predicted strength of 
the plate. In the conventional method, the optimum 
solution of simple problems can be found directly by 
differentiation. For complex problems, a trial and 
error technique is faster and usually satisfactory 
[2,3]. For the numerical method presented herein, 
a simple searching procedure is used to find the 
optimum solution. 
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Fig. 1. Flow chart of the numerical yield line analysis program. 

NUlWRICAL METHOD 

The calculations involved in the numerical solution 

described below are lengthy and while straight- 
forward and tractable by hand, computer implemen- 
tation is necessary for practical use. A flow chart of 
a program is shown in Fig. 1, and its main features 
are discussed below. 

The numerical method consists of computing the 
yield load or required bending resistance of a plate 
based on the geometry of an assumed mechanism 
defined by means of nodes, planes and lines. Con- 
sider, as a simple example, an orthotropic square 
plate with fixed supports, subjected to a point load 
P at the center and assumed to form the yield line 
mechanism shown in Fig. 2. The yield lines are 
numbered from 1 to 8 with end nodes numbered.from 
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Fig. 2. Fixed edges square plate with central concentrated 
load: (a) plate; (b) yield line pattern; (c) model for numerical 

analysis. 

1 to 5. The flat plate segments, or planes, are mun- 
bered from 1 to 5, including plane 1 which represents 
the plane containing the fnced supports. A right-hand 
rectangular coordinate system is set with the origin 
located arbitrarily, say at the lower left comer, with 
the z axis pointing upward. The (xi, yj, zi) coordinates 
of each node are then determined. 

The energy dissipated by the yield lines is discussed 
first. This includes the calculation of the plastic 
moment, the rotation and the length of the yield lines. 

The bending resistance per unit length, m,,, of a 
yield line making an angle a with the x axis is, in an 
orthotropic plate (Fig. 3a), if the yield line is sagging 

mp = mpx co.+ cI + mpY sin2 a (5) 

and if the yield Iine is hogging 

(6) 

where the functions of a are found from 

cos2a =p+-J, sin2a =~“r. (7) 

rnpX and mpu are the sagging resistances in the x and 

y direction, respectively, and rnL and rn& are the 
hogging resistances. x1, yI and x2, y2 are the x and y 
coordinates of the end nodes of the yield line and 
I is the length of the yield line. 

In skew concrete slabs the reinforcement may be 
placed parallel to the edges of the slab, and hence the 
plate is not orthotropic. Let the reinforcement be 
placed in the x direction and in the s direction, 
inclined at an angle #I with the x axis (0” < B < 180”). 
The bending resistance, mr, of a yield line making an 
angle a with the x axis is (Fig. 3b), if the yield line 
is sagging 

mP = MpX co2 a + mpS cos2 (#% - u ) 

and if the yield line is hogging 

mp=m;xcos2u I-mLcos2@ -a) 

where the functions of a are found from 

(8) 

(9) 

Y2-YI 2 cos2a= - 
[ 1 1 ; 

if t~~--y~)(x~-x,)>O: 

co9 (/I - a) 

iz: 

[ 

(eosB)(y~-yd +(sinB)(lx2--x,i) 

1 1 1 * 

1 

.- _ 
9 0 

X 

(a) 

h Sf 

a 1 m B 0 
0 

x 

(bl 

Fig. 3. Yield line at general angie: (a) in orthotropic plate; 
(b) in skew concrete slab. 

C.A.S. .?b/4--D 
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Fig. 4. Example where the z coordinate of node 5 can be 
calculated using the equation of plane 3 (or 4). 

cos*(B -a) 

[ 

(~0s /My1 - yd + (sin BW2 - XI I) 
1 

’ = 
1 I . 

cl21 

mpx, mix, mpr and rn& are the sagging and hogging 
resistances in the x and s direction, respectively. 

Before calculating the rotation of the yield line, 
planes must be defined, as follows, corresponding to 
the rigid plate segments of the assumed mechanism. 
For the plate shown in Fig. 2, plane 2 is defined by 
nodes 1,2 and 3, plane 3 is defined by nodes 1,3 and 
4, etc. Given three points pO(xO, y,,, zO), pl(x,, y,, z,) 
and pz(xz, y,, z,), the algebraic equation of the plane 
through these points is 

where 

Ax+ByCCz+D=O (13) 

A = (Y, -Yo)@z- to)- (2, -%)(Y* -Yo) 

B = (2, - zow2 -~0~-~~1-X0&2-~0f 

c = (Xl - Xo)(Yz - Yo) -(Y, - YoW2 - x0) 

D= -(Ax, + By, + Cz,). 

In order to define a plane, the three points pa, pi 
and p2 must not be colinear. This can be checked by 
comparing the slopes of a line from p. to p1 and a line 
from p, to pz. For simplicity, the slopes in the x, y 

plane, (vi - YO)/~ -x0) and (~2 -Y~)/(xz - XI) are 
compared. If the slopes are unequal the three points 
are not colinear and can be used to calculate the 
algebraic equation of the plane. 

Once the equation of a plane has been determined, 

Fig. 5. Example of a mechanism that is not kinematically 
admissible. 

it can be used to calculate the deflection of some 
nodes, which otherwise would have to be calculated 
by hand. Figure 4 shows an example where the z 
coordinate of node 5 can be calculated ,using the 
equation of planes 3 or 4. The equation defining the 
plane of a segment can also be used to check whether 
the segment is indeed planar. This is done by corn- 
paring the z coordinates of each node to the value 
calculated based on the x and y coordinates of the 
node and using the equation of the plane, i.e. 

AxfBy+D z=-... 
c . (14) 

The mechanism shown in Fig. 5 is not kinemat- 
ically admissible. This is detected when checking the 
z coordinates of nodes 3 and 4 on the contiguous 
rigid plate segments 2 and 5. 

The rotation of each yield line is given by the angle 
B between the two planes intersecting at that yield line 
(see Fig. 6). Given two planes m and n with the 
following algebraic equations 

(a) 

* 
x 

z I Plane m F%arm n 
(end view) hnd view) 

(end view) 

tb) 

Fig. 6. Rotation between the rigid plate segments: (a) plan 
view; (I$ section A-A. 
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Fig. 7. Bending sign (sagging or hogging) of yield line: 
(a) plan view; (b) section A-A. 

plane m: A,x + I&y + C,,,z + D,,, = 0 

plane n: A,x + B,,y -I- C,z + D, = 0 (15) 

the angle B between these planes is equal to the acute 
angle between their normal vectors II,,, and II,, and is 
given by 

bbxbl -- e rtane - ,n,*4, 

where, since we consider virtua1 displacements, the 
angle can be considered smali. Such small angles are 
obtained by assuming smatl deflections of the yield 
line mechanism. For example, choosing a maximum 
value of l/lO” of the plate width, say, for the z 
coordinate of the nodes in the displaced plate leads 
to satisfactory results with less than l/IO’*% error. 

From the n~e~~l description of a yield line 
mechanism, it is possible to determine the bending 
sign of the yield lines, i.e. whether they are sagging or 
hogging. Given a yield line with end nodes 1 and 2, 
bounded by planes m and n, and using the convention 
that plane m is on the left-hand side of the yield 
line for an observer standing at node 1 and looking 
at node 2, then a point H with coordinates 

Ix, + fY2 - YI 19 Yl + (Xi -x2)] is always on the right- 

hand side of the yield line (see Fig. 7). The difference 
between the z coordinate of point H on plane II and 
the corresponding coordinate using the equation of 
plane m indicates whether the yield Line is sagging or 
hogging. When zH,” - zH,,, > 0, the yield line is sagg- 
ing. When z,, - Z,, < 0, the yield line is hogging. 

The length of each yield line is given by the distance 
between its end nodes pl (x1, y, , z1 ) and p2 (x~, y2, z2), 
and is equal to 

PIP2=(x2-~,)2+(Y2-Y,)2 (17) 

where the z coordinates, being very small, are not 
included. 

The plastic moment, the rotation and the length of 
each yield line having been found using eqns (5H17), 
the product of these values is then summed for ah 
yield lines. The sum, X$n,,tH, is equal to the total 
energy, D, dissipated by the yield lines. 

The work done by the loads is now discussed. Point 
loads, line loads, and uniformIy distributed loads 
(UDL) are treated. 

Point loads can be defined by a magnitude A,,, a 
point (node) with coordinates x and Y where the load 
is acting, and the plane on which it is acting. The 
deflection of the load is the z coordinate of the point 
where the load is acting. If the z coordinate is not 
specified at the load point, it can be calculated from 
eqn (14). The work done by the point load is then 

EPL = APL PZPL . (18) 

A uniform or linearly varying line load can be 
defined by two end nodes with coordinates x, ,y, and 
x,,Y,, the magnitude of the line load at each end, 1r 
and I,, and the plane on which the line load is applied 
(see Fig. 8). Given this data, the work done by the line 
load is calculated as follows. 

The length of the line load is 

I = &X2 -xI)2+(Y2-Y,)2. (19) 

The resultant of the line load is 

The location of the resultant is at (x,, y,) where 

& 
x2 - x1 

= x, + - c, 
1 

y,=y, +YTc, (21) 

where 

(22) 

The deflection at the point through which the 
resultant load acts is 

ZLL = -(Ax, + By, + DIJC (23) 
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Fig. 8. Line load. 

where A, B, C and D are the coefficients of the 
algebraic equation of the plane on which the load is 
acting. 

Finally, the work done by the line load is 

JCL = I,, PZLL (24) 

A UDL can be defined by the n vertices, with 
coordinates (x,, Y,), (x2, Yz), . . . , (x,, y,), of the area 
covered by the UDL, the magnitude of the UDL, 
A UDL 9 and the plane on which it is applied. Given 
these data, the work done by the load is calculated as 
follows. 

The value and the location of the resultant are 
calculated in a manner similar to that by which 
the area of a traverse is calculated in surveying (see 
Fig. 9). The unit resultant load is 

P,‘(Y, -Y,)(X, +x*)/2 + (Y3 - Y2)(X* + x,)/2 

+ . . . + (Y, - YJk + x,)/2; (25) 

alternatively, 

+. . . + (xi - Mvn + Y,W. (26) 

The location of the resultant is at the centroid of 
the area covered by the UDL, i.e. at [x,,YJ where 

where 

ZZp XYP 
x,=-, y,=-, 

PY PX 
(27) 

xzp _Yz-Yl -- 
8 

(xI+x2)2+w] 

6% - x2 
(x* + x$ + --j-- 1 

+* (x”+x,)‘+qQ 
1 
(28) 

and 

+. ..+ (Y, - YA2 (y.+y$+7 . 1 
(29) 

The deflection at the resultant is 

ZUDL = -(Ax, + By, + 0)/C, (30) 

where A, B, C and D are the coefficients of the 
algebraic equation of the plane on which the load is 
acting. 

Finally the work done by the UDL is 

E UDL = IUD, PZUDL * (31) 

Note that the above procedure to determine the 
work done by a UDL is valid for UDLs covering 
areas of arbitrary polygonal shape, including areas 
with re-entrant comers and with holes. 

The work done by the various loads having been 
found using eqns (18)-(31), the values are then 

Fig. 9. Uniformly distributed load (UDL). 
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Fig. IO. Example where nodes 3 and 6 are set as slave nodes. 

summed for all the loads. This sum, ZIPS, is equal 
to the total work done by the loads, E. 

Finally, the yield load P of the plate is found by 
using eqn (3), i.e. by dividing E by the sum of 16. For 
the example in Fig. 2, with 1 = 1 and all ym, = 1 

(rm, = Ympy=ym&=ymbY= 1, i.e. an isotropic 
plate), the value obtained for P is 16. Alternatively, 
by using eqn (4), the bending resistance of the plate, 
%, required to support a load of 1P = 1 is found to 
be 0.0625. These results agree with the solution from 
a usual yield line analysis of this mechanism. 

Mechanisms involving fans (curved yield lines) can 
be treated by approximating the fan using a series of 
triangles placed one next to the other. Using 16 such 
triangles, a complete circular fan is approximated 
with a 1.3% error. Fans of elliptical, logarithmic, etc. 
shape can be approximated in a similar manner. Slabs 
on beams and slabs with curtailed reinforcement 
can be treated by assigning the appropriate bending 
resistance to yield lines or segments of yield lines 
corresponding to the beams and to the actual place- 
ment of the reinforcement. 

To find the optimum solution for a yield line 
mechanism, a series of patterns can be defined and 
the yield load calculated for each pattern. The pattern 
giving the minimum yield load is retained as the 
solution. 

Series of patterns can be produced by specifying, 
for one or more nodes, initial and final positions in 
the x,y plane, and the number of steps between these 
positions. These values can be used by an iteration 
procedure which creates the family of patterns. When 
a yield line mechanism involves several parameters, 
a corresponding number of iteration procedures 
can be used to generate all the families of patterns. 
The iteration procedures should preferably be 
nested, so that all possible patterns are created in 
the same solution. Recursive procedures can be used 
advantageously for this purpose. 

When generating a series of yield line patterns, it 
is often possible to relate the location of some of the 
moving nodes to the location of other nodes. This 
reduces the amount of data required for the optimiz- 
ation, and also it conveniently restricts the move- 

ments of the nodes within the limit of validity for the 
mechanism. One way of establishing the relationship 
is by locating a node at the intersection of two lines 
defined by two pairs of nodes. The node at the 
intersection is called a slave node, while the other 
four nodes guiding the slave node are called master 
nodes. Figure 10 shows an example where nodes 3 
and 6 are slave nodes with master nodes 1, 5 and 2, 
4 and 4, 8 and 5, 9, respectively. If a family of 
patterns is created by moving node 5, then the 
location of nodes 3 and 6 is adjusted automatically. 

COMPUTER PROGRAM 

The program is menu driven. It starts by opening 
the required data file. If the data specifies a search for 
the optimum solution, the user can choose between 

-analysing all the patterns created by the search; 
-analysing only the patterns with the initial and 

final node positions of each movement; 
-searching directly for the minimum yield load (or 

maximum required bending resistance). 

The yield line patterns are displayed on the screen, 
and nodes deflecting upwards, downwards and not 
deflecting are each shown differently. Sagging, 
hogging and construction lines are indicated by 
bright solid lines, bright dash lines and light lines, 
respectively. Point loads, line loads and UDLs are 
also shown. The calculated yield load, or the required 
bending resistance value, is displayed at the bottom 
of the screen. 

For each pattern analysed, detailed results can be 
listed by the program. These results include: 

(a) 

NOda 

planes 

Lines 

-----_- _-------__ 

0 0 v 

Fig. 11. Reinforced concrete comer panel of floor system: 
(a) slab; (b) model for numerical analysis (from [3]). 
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Table 1. Examule. Listine of results 

=:::L::==II-:::i:rll=~=:=~= 

Yield Line Analysis Progrre 
::=ll:::::-1:11~==~::~===== 

D!iTR FILE : EXPIIPLE.DRT 

Z-COORDINRTE FACTOR : 
====:::===z=z==zz== 

NODES 
-z-z= 

ND. 

I 
COORDINRTES 

V 1 

1 0.000 16.000 0.000 
2 10.000 16.000 0.000 
3 14.000 16.000 0.000 
4 24.000 16.000 0.000 
5 10.000 10.000 -0.907 
b ll.OOF 9.400 -1.000 
7 14.000 9.100 -1.000 
B 17.333 9.400 -1.000 
9 10.000 8.545 -0.909 

IO 14.000 8.000 -0.651 
I1 18.326 6.000 -0.851 
12 24.000 8.000 0.000 
13 0.000 0.000 0.000 
Ik lO.OO? 0.000 0.000 
15 24.000 0.000 0.000 

PLRNES 
3==1:z 

NO. THROUGH THESE NODES 

PO PI P2 etc. 

I. 00000000000000E-015 

1 2 Copputed ) 

( 2 Coeputed ) 

( 2 Copputed I 
( 2 Copputed I 

( Z Copputed I 

1 I 2 3 4 12 15 14 13 

2 1 2 3 4 5 6 7 8 
3 1 5 b 9 13 

k 4 8 I1 12 15 

5 6 7 8 9 10 11 13 14 15 

PLRNES 
:z==:z 

NO. THROUGH THESE AL6EBRRIC EPWION 
3 NODES A 8 C D 

1 1 2 12 0.000000 0.000000 -80.000000 0.000000 
2 I2 6 0.000000 l.OOOOOE-014 -66.000000 -1.60000E-013 
3 1 5 13 -1.45455E-014 0.000000 -160.000000 0.000000 

4 k 8 12 -B.OOOOOE-015 0.000000 53.333333 1,92000E-013 
5 6 7 9 0.000000 -2.72727E-016 -2.563636 2.3665BE-030 

LINES 
:==I= 

NO. BETYEEN BETNEEN LENGTH ROTATlON BENDING BRN 

THESE THESE IFlAD) SI6N 

2 PDINTS 2 PLMS 

1 14 I1 

2 3 10 1 I 
3 10 12 1 1 
k 4 15 I 1 

5 13 15 5 1 

6 13 I 1 3 
7 16 23 

6 13 6 3 5 
9 6 7 2 5 

10 15 11 5 4 

11 7 8 1 I 
12 8 4 I 1 

13 8 11 I I 

24.000000 

8.000000 

10.000000 

lb. 000000 

24.000000 

16.000000 

12.828094 

14.46927E 

3.000000 

9.807729 

3.333333 

9.381068 

1.716352 

no work 1 
no pork 1 

no rork 1 

no work I 
Hoqginq 1 

0, 000000 
0.000000 
0.000000 
0.000000 
0.106383 

0.090909 

0.176696 

0.139935 

0.257898 

0.183895 

0.000000 

0.000000 

0, 000000 

Hopping I 
Sagging I 
Spgginp I 
Spgqing 1 

Sapping 1 
no work I 
no uork 1 

no work 1 

NP ENERGY 

DISSIPATED 

0.000090 0.000000 
0.000000 0.000000 
0 * 000000 0.000000 
0.000000 0.000000 
1.000000 2.553191 

1,000000 I. 154545 
I. 000000 2.266661 

I * 000000 2.024758 

I * 000000 0.77369k 

1.000000 1.803591 

0.000000 0.000000 

0.000000 0.000000 

0.000000 0.000000 
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Table 1 (cmrd) 

BEND116 RFXSMNCE PROPERTIES 
========= .========+tSDtL=ff=t====:=== 

Ra, 

I OE:Hc!TRaPiC 
SFS61N6: RX= 
ifOSS1NS: IX= 

NO PCIK LOllUS 

YORY DM BY ALL LfIIE LOADS : 4046.2Sl 

LINE m ====c========_- fRDl =========_===== ====..========_=.= T(I _============-= 

LDRD P&NE L&D ~~RDr~~S LfUiD ~URDTN~~S 
NO. mrm I Y FACTOR 1 Y 

1 2 -510.000000 10.000 16.000 -510.000000 10.000 10,000 
2 3 -51D.000000 10.000 lO.OOQ =530,000000 10.000 8,545 
3 f -510.000000 10.000 8.545 -510.000000 !O,OOO o.DM 

LINE D: =____=___=====r ,-EN,RU,U =====____==__ TOTdL YMlK 
LUCID PtAllE COURUINdTES DISPMCEHENT Efm DONE 
HP. I: Y 12) 

1: ~0.000 13.m -0.454545 =3060,&00 1390.909 
2 3 10.000 9.273 -0.909091 -711,816 674.380 
3 : 10.000 4.273 -0.454545 -4338,182 1980,992 

~~F~KLY DIS~fBUlED LDkBS 
flt==I=D==l+-====_===___==- r----=-.=*-=== 
YORK DMlE BY ILL UDLs = 34185.983 

UDL OR LMD ====_=========- CENTRUID -==_=-===== TOTdl WORK 
ND. PLIINf FmlR ORDINATES DISPl~~~NT LORD DUNE 

I Y IIt 
i 2 -310.000000 9.157 13.412 -PA92157 -17391,000 6SZO.DOO 
2 3 -310.000000 3.67 0.4b7 -0J33333 -27280,000 9093.333 
3 5 -310.000000 12.754 3.597 -0.382634 -42533e539 16271.714 
4 4 -310.000000 22.109 5.333 =O.WMSS -7035,461 1995.875 

FIN& RESULTS 
====-======_= *=====___===_ 

D = ENERGY Dr~TPRT~D BY THE FfELD LinES = lO*S7&44?39D4 

E = YWlK DUNE BY ILL THE LUlVeS = 38230.2656887830 

P = YIELD LOAD OF THE STRUCTURE = I) I E = 0.0002844984 

up = fLmf AMNT ~STST~NC~ 
I WIT LENGTH =E/D = 3514.9586657461 

-an echo of the input data; -for the point loads, for the tine loads, and for the 
-the coefficients of the algebraic equation of the UDLs: the value, the location, and the displace- 

planes; ment of the resultant load, and the work done by 
-the bending sign (sagging or hogging), the plastic each load; 

resistance up [from eqns IS), (6), (8) or (9)], the -the total energy dissipated by the yield lines, Ii, tbe 
rotation, the length and the energy dissipated by work done by all the loads, E, the yield load of 
each yield line; the plate structure for the assumed mechanism, 
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I maximum Mu = 3514.959 
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*** DESIGN *** 

Doto Fib: 
EXAMPLE. DA1 

Fig. 12. Reinforced concrete comer panel of floor system. 
Screen display from the yield line analysis program. 

P, and the required bending resistance of the 
plate, mP. 
Further details about the input data and the use of 

the program are given in a users’ manual [5]. 

EXAMPLE 

A comer panel of a floor system is continuous with 
adjacent panels at supporting beams along two edges 
and simply supported at the other edges except for a 
rectangular opening that is unsupported at its edges. 
Figure 1 l(a) shows the panel. The service loads are 
a uniformly distributed live load of 100 psf (4.78 
kN/m2) and a line load of 300 lb/ft (4.38 kN/m). This 
example is taken from [3, example 8.61. 

The numerical model of the slab is shown in 
Fig. 11(b). Figure 12 and Table 1 show the screen 
display and the output listing, respectively, for the 

yield line pattern with the maximum required bend- 
ing resistance of the slab. The result agrees with that 
given in [3]. 

CONCLUDING REMARKS 

A numerical method based on the virtual work 
method of the yield line theory has been described, 
and a program has been written which uses this 
method to analyse plate structures and which can 
treat features such as orthotropy and skewness, point 
loads, line loads, uniformly distributed loads, fans, 
etc. The program also includes procedures for the 
optimization of the yield line mechanisms. Since the 
method is numerical, it allows the yield line analysis 
of plates with complex shapes, assumed mechanisms 
and loadings. 
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