
Tables for Plastic Design of Beams with Rectangular Holes 
R. G. REDWOOD 

T H E REQUIREMENT for holes in the webs of beams and 
girders in building structures for the passage of utility 
ducts has become common, and rational methods for 
the design of beams with certain types of such holes have 
become available. In this paper, tables are presented 
which provide an aid to the design of reinforcement for 
rectangular holes in the webs of flanged beams. T h e 
reinforcement considered consists of horizontal bars 
placed above and below the hole and located close to its 
edge. Single holes centered on the mid-depth of sym­
metrical beams are considered, and the limitations per­
taining to proportioning on the basis of plastic design 
apply to the beams. (See for example, Sect. 2.7 of Ref. 1, 
or Par. 30.11 of Ref. 2.) Figure 1 shows typical hole and 
reinforcement details; the reinforcement may be either 
on both sides or on one side of the web. The tables give, 
for a wide range of combinations of moment and shear 
acting at the center line of the hole, the minimum area 
of reinforcement required for the beam to carry that 
moment and shear before plastic collapse, expressed as a 
fraction of the area of the beam flange. The tables also 
indicate when reinforcement is not necessary, and when 
horizontal bar reinforcement is not adequate. 

The basis for the tables lies in the equations given in 
the Appendix. Further reference to the development of 
these equations, and to the experimental work which 
confirmed their validity, may be made elsewhere.3 - 6 

In addition, the equations given in the Appendix enable 
moment vs. shear interaction diagrams to be rapidly 
constructed for cases that may not be given in the tables. 
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INTERACTION DIAGRAMS FOR BEAM COLLAPSE 

The method of design used herein is based on interaction 
diagrams relating the moment M and shear force V 
which, acting together at the center line of the hole, will 
cause collapse of the beam in the vicinity of the hole. 
The interaction diagram, shown in Fig. 2, is constructed 
by means of two straight lines joining the point 1 to 2 
and 2 to 3. Non-dimensional parameters are used in 
which moments are divided by Mp, which is the plastic 
moment of the basic (i.e., unperforated, unreinforced) 
beam section, and shear forces are divided by VP, the 
plastic shear capacity of the basic beam section. Values 
of M and V which correspond to points on or outside 
the boundary of the diagram are indicative of an under-
reinforced beam, and will cause collapse of the beam, 
whereas values corresponding to points within the en­
closed area will not produce collapse. 

Explicit equations from which the ratios M\/Mv, 
M2/Mp, and V2/ Vp can be obtained are given in the Ap­
pendix. For given beam, hole, and reinforcement di­
mensions, these equations enable the diagram to be con­
structed ; thus for given loading conditions, the capacity 
of the selected hole and reinforcement can be checked. 

Since the analysis is based on the ultimate strength of 
the beam in the region of the hole, moments and shears 
used in entering the tables should be those corresponding to loads 

factored according to Sect. 2.1 of Ref. 7, or Par. 30.4 of Ref. 2. 

This applies equally to the use of the tables and all 
equations given in this report. 
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TABLES FOR REINFORCEMENT AREAS 

The problem of selection of the reinforcement area is 
equivalent to finding an interaction diagram which 
passes through a certain point specified by the applied 
loading. Corresponding to this interaction diagram is 
the appropriate minimum reinforcement area. It is on 
this approach that the tables are based, and the pro­
cedure is outlined in the Appendix. 

All parameters in the tables are non-dimensionalized 
and are listed below, together with the range and incre­
ments given. 

(a) Beam Parameter: Rat io of web area of the basic 
beam section to the area of one flange; 0.75 to 
2.00 in 0.25 increments. 

(b) Hole Parameters: Ratio of hole length to hole 
height (aspect rat io); 1.0,1.5, 2.0, and 3.0. Rat io 
of hole height to beam depth ; 0.40 to 0.70 in 0.05 
increments. 

(c) Load Parameters: Ratio of factored applied mo­
ment at the hole center line to the plastic moment 
of the basic beam section; 0.0 and 0.4 to 1.0 in 0.1 
increments. Ratio of factored applied shear force 
at the hole center line to the fully plastic shear of 
the basic beam section; 0.0 to 0.60 in 0.10 in­
crements. 

For cases not included in the above ranges, the checking 
of a particular design can be carried out by constructing 
the interaction diagram as outlined above. 

As an example of the use of the tables, consider a 
beam with web area/flange area = 1.25, containing a 
hole with aspect ratio 1.5, and with ratio of hole height 
to beam depth 0.5. If, as shown in Fig. 3, the ratio of fac­
tored moment to plastic moment is 0.70 and the ratio of 
factored shear force to plastic shear is 0.30, the required 
reinforcement area is 0.213 times the area of one beam 
flange. If the shear ratio had been only 0.10, no rein­
forcement would have been required. If, on the other 
hand, it had been 0.60, another type of reinforcement 
with greater shear capacity would be necessary. 

In many cases, particularly when the shear force is 
small, the beam will not require reinforcement. The 
method of constructing the interaction diagram for this 
case is summarized in the Appendix. Hole and beam 
parameters satisfying these criteria are indicated in the 
table as requiring zero reinforcement area. 

Some values given in the tables indicate the require­
ment for very large areas of reinforcement. These corre­
spond to extreme cases, which are likely to be avoided 
in practice, such as very long holes subjected to high 
shear forces. Care should therefore be exercised if an 
area ratio approaching or exceeding unity is indicated. 
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The reinforcement areas given are based on plastic 
collapse, and therefore other failure or serviceability 
criteria may in some cases be critical. This applies par­
ticularly to holes larger than those considered in the 
tables. Thus it may be necessary 1o compute the deflec­
tions over the length of the hole under working loads; 
to do this a frame analysis, assuming rigid end fixity 
of the sections above and below the hole, has been found 
satisfactory. Long and deep holes subjected to high 
bending moment may cause failure by buckling of the 
compression section above or below the hole. Such sec­
tions should be treated as columns with due account 
taken of local buckling. 

DESIGN DETAILS 

Once the reinforcement area has been determined, addi­
tional design details must be considered as follows: 

Length of Bars—Adequate anchorage of the bars can be 
developed if they are extended sufficiently beyond the 
ends of the hole so that the full tensile yield strength of 
the bar can be developed in the weld between the end 
of the bar and the near edge of the hole.3 However a 
minimum length of 3 in. should be maintained. In cal­
culating the required anchorage length, the weld stresses 
required to develop yield of the bar should be taken as 
1.70 times their allowable working stress values. 

One-sided Reinforcement—Bars placed on one side only of 
the web have been found to perform as well as bars 
placed symmetrically on both sides of the web; that is, 
the collapse load of the beam has not been reduced when 
one-sided reinforcement was used instead of two-sided 
reinforcement. Thus, the design tables are equally appli­
cable for both types of reinforcement. However, this has 
been established by tests in which the maximum rein­
forcement area to flange area ratio was 0.333. I t is 
therefore suggested that if this ratio must be exceeded, 
the reinforcement should be placed on both sides of the 
web. 

Width-Thickness Ratios of Reinforcement—The restrictions 
normally applied to the flanges of beams designed plas­
tically should be applied to the reinforcement. (See 
Ref. 1, Sec. 2.7; Ref. 2, Par. 30.11.) 

Reinforcement Material—If the material of the reinforcing 
bars has a lower yield stress than that of the beam, the 
area of reinforcement obtained from the tables should 
be multiplied by the ratio of the beam yield stress to 
reinforcement yield stress. T h e factored weld stress 
shall then be controlled by the weaker material. 

Weld Size—The weld size should be chosen so that, over 
the length of the hole, the weld can develop a force equal 
to twice the yield strength of the reinforcement. This is 
because, at failure of the beam at the hole, the reinforc­

ing bar will be fully yielded in tension at one end of the 
hole, and fully yielded in compression at the other end. 
Again, factored weld stresses may be used in calculating 
this developed force. 

One-sided Welding—Limited experimental evidence4 sug­
gests that a fillet weld on one side of the bar is adequate. 
However, to reduce the anchorage length, it is probable 
that welding on both sides of the reinforcement would 
be used beyond the ends of the hole. 

Offset from Hole Edge—When a fillet weld has to be 
placed between the reinforcing bars and the horizontal 
edge of the hole, a nominal gap between the bar and the 
edge should be made %$-m. larger than the nominal 
weld size, in order to avoid burning the edge of the hole. 
When one-sided welding is used and the weld is placed 
on the flange side of the reinforcing bar, no gap is re­
quired. 

Beam Loads Near the Hole—In no case should a concen­
trated load bear on a flange at a section containing a 
web hole. I t has been suggested elsewhere7 that holes 
should be located such that there is a spacing of at least 
half the beam depth between the edge of the hole and 
the edge of the bearing. Care should be taken so that 
distributed loads on the flange near the hole will tend 
to redistribute in the event of local deflections occurring 
over the length of the hole. 

hole 

1, 5' ! • 
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8' 8' 8' 

Figure 4 

DESIGN EXAMPLE 

Select a beam and detail suitable reinforcement for a 
hole 12 in. long and 8 in. deep to be placed at the mid-
depth of the beam shown in Fig. 4. T h e center of the hole 
is to be located 5 ft from the end support. Steel is A36 
and the working load P = 13 kips. Adequate lateral 
support is provided. 

Selection of beam section: 

Maximum factored shear force = 1.70(13) = 22.1 kips 
Maximum factored moment = 22.1(8) = 176.8 kip-ft 
Required plastic modulus = 176.8(12)/(36) = 59.0 in.3 

Try W14X38 Zx = 61.6 in.3 

Check shear: Vp = 0.55tdFy = 0.55(0.313)(14.12)(36) 
= 87.5 > 22.1 kips 

Section is compact in A36 steel. 

Use W14X38 
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Relevant properties of W14X38 section: 

Mp = ZxFy = (61.6)(36)/(12) = 184.8 kip-ft 
Vv = 87.5 kips; 
d = 14.12 in.; 

bf = 6.776 in.; tf = 0.513 in. 
t = 0.313 in. ; d/Af = 4.06 

Beam and hole parameters: 

a/H = 1 . 5 ; 2H/d = 8/14.12 = 0.565; 
A, = (6.776)(0.513) = 3.48 in.2 

AJAt = 0.95t(d/Af) = 0.95(0.313)(4.06) = 1.21 

Load parameters at center of hole: 

Factored moment = (1.70)(13)(5) = 110.5 kip-ft 

Factored shear force = (1.70)(13) = 22.1 kips 

Therefore M/Mp = 0.60; V/Vv = 0.253 

Calculation of Ar: 

By linear interpolation from Tables 6 and 10, the re­
quired Ar/Af is found to be 0.176. Details of the inter­
polation follow (interpolated values are boldface): 

Table 10: (AJAf = 1.25; a/H = 1 . 5 ; M/Mv = 0.60) 

2H/D 

V/VP = 0.20 
= 0.253 
= 0.30 

0.550 

0.132 

0.198 

0.565 

0.141 
0.182 
0.219 

0.600 

0.162 

0.267 

Anchorage length: 

With fillet welds on both sides of the reinforcement, 
beyond the ends of the hole, the required anchorage 
length is given by: 

s = 
Yield strength of bar 

2 (1.70) (permissible weld stress) (effective throat) 

For % 6 " m - welds: 

(0 .611)(36)(V2) 
s = 2.33 in. 

2(1.70)(21)(0.1875) 

.*. Use 3 in. minimum length (see Fig. 5) 

H»A 

1 r ' 
*n 

^ W l 
uA 

w * . ! * • 

section A-A 

Figure 5 

Table 6: (AJAf = 

V/VP = 0.20 
= 0.253 
= 0.300 

1.00; a/H 

0.106 

0.159 

= 1.5; M/Mp = 0.60) 

0.113 
0.143 
0.170 

0.130 

0.195 ; 

Interpolation for Aw/Af = 1.21 between 0.143 and 0.182 
gives 0.176. 

/ . R e q u i r e d ^ , = (0.176)(3.48) = 0.611 in.2 

Try plates 1.75 in. x ^8-in. in A36 steel: 
Area = 0.655 in.2 > 0.611 in.2 

bf/2tf = 1.75/0.375 = 4.65 

Maximum bf/2tffor compact flange in A36 = 8.5 > 4.65 

Since Ar/Af = 0.176 is less than 0.333, the reinforcement 
can be put on one side of the web. 

.'. Use A36 plates 1% in. x %-in. on one side only. 

Size of weld: 

Weld must develop, over the length of the hole, a force 

equal to 2(0.611)(36) = 44.0 kips 

Required weld size for single weld = 

[44.0(V2)]/[12(1.70)(21)] = 0.145 in. 

.*. Use ^{Q-in. weld over length of hole on one side 
of reinforcement. 

Offset from edge: 

Place the reinforcement flush with the horizontal hole 
edge, and weld on the flange side. 

a 

Ar 

NOMENCLATURE 

half length of hole 
area of one flange 
area of reinforcement above the hole; also 

equal to the area of reinforcement below 
the hole 

nominal area of web = (web thickness) X 
(depth of beam) 

bf 
d 

Fy 
H 
M 
Mv 

M0, Mh 

M2 

s 
t 

tf 
V 

'max 

vv 

Vo, V2 

zx 

= 
= 
= 
= 

= 
= 
= 

= 
= 
= 

= 

= 

= 

== 

= 

width of flange 
overall beam depth 
yield stress 
half height of hole 
moment at centerline of hole 
plastic moment of basic beam section 
moments at specific points on the interac­

tion diagram 
anchorage length of reinforcement 
thickness of web 
thickness of flange 
shear force 
maximum shear force the perforated beam 

can carry 
shear force on basic beam section to cause 

yielding 
shear forces at specific points on the inter­

action diagram 
plastic modulus of the basic beam section 

5 
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APPENDIX 

Construction of Interaction Diagrams for Reinforced 
Holes—The following method has been fully described 
in Ref. 6. A typical diagram 1-2-3 is shown in Fig. 6, in 
which a further point 0 is introduced. The coordinates 
of points 0 and 1 are given by the following: 

M, 

Ar/Aj 

„ 1 + AJAA, 

1 + AJAA, 

Ar<At 

Ar>A, 

Ar < A A 

AT > Af] 

(1) 

(2) 

M i 1 + 
Aw T {2H\n Ar (2H\ 

1 + AJAA, 
(3) 

M 

Figure 6 

The maximum shear force which can be carried by the 
web remaining above and below the hole, Vmax, is: 

r max 

~v7 -(-¥) (4) 

The shear force V2 is then given by the lesser of V0 and 
Vmax- Thus the interaction diagram can be constructed 
as follows: 

(1) Plot the points 0 and 1 using Eqs. (1), (2), and 
(3) above. Join them by a straight line and drop a 
perpendicular on to the V/Vp axis from 0. 

(2) Inspect the magnitude of Vmax/Vp. If it is less than 
the value given by Eq. (1), construct the vertical 
line V2/Vp — Vmax/Vp. T h e intersection of this line 
with the line 0-1 locates point 2. If Vmax is greater 
than V0, then V2/Vp = V0/Vp, and the points 0 
and 2 are coincident. 

I t should be noted that, because of simplifying as­
sumptions used in their derivation, Eqs. (1) and (2) do 
not apply if no reinforcement is used. Equations for the 
unreinforced case are given below. 

Construction of Interaction Diagrams for Unrein­
forced Holes—The derivation of the following is de­
scribed in Ref. 5. A typical diagram (Fig. 2) is obtained 
by locating the point 1 by means of Eq. (3) with Ar = 0, 
and point 2 by use of the following equations: 

M 2 

= (1 - - W ~ 
\ d / " l + a 

4A,\ 

2H\ 2 

d JV\ + a 

1 + — 

(5) 

(6) 

AA 

where f.Q'0-T)' 
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Selection of Required Reinforcement Area—For given 
beam and hole details and specified loading, the re­
quired area of reinforcement can be found such that the 
corresponding interaction diagram passes through the 
point representing the applied moment M, and shear 
force V. Thus Eqs. (1) to (4) yield the following: 

B + VB2 + AAC 
— ifA>B + C (8) 

Ar 

Af 

or 

A, 

2A 

B +C 
ifA<B + C (9) 

in which the conditions correspond to Ar/Af < 1.0 and 
Ar/Af > 1.0 in Eqs. (8) and (9) respectively, and where 

B + 

C = 

(£-0('+£)+(TK£) 

i + 
2H\ 

4VfW W w l 1 

These solutions are subject to two conditions, the first 
being that V < Vmax. If this is not satisfied, the horizontal 
bar reinforcement is not adequate. Secondly, it is re­

quired that V0 > V. The above solutions do not ensure 
the satisfaction of this, since they are based on definition 
of the inclined line 1-2-0 passing through the point cor­
responding to the given values of M and V, but are not 
necessarily restricted to that part of the line forming the 
boundary of the interaction diagram. Substitution of 
Eq. (1) in the above inequality gives: 

$**mm-v 
HAr<Af (10) 

and 

V i^i}-mm "^<»> 
Generation of Tables—The procedure used to generate 
the tables was to first check the loading against the re­
quirements for no reinforcement. Thus, if the point 
corresponding to the factored applied moment and shear 
was found to lie within the interaction diagram con­
structed as described above, AT was put equal to zero 
in the tables. If this condition was not satisfied, then com­
putations based on Eqs. (8), (9), and (10) were carried 
out. The condition V > Vmax, for which no solution is 
possible, and failure to satisfy the inequality (11), are 
indicated in the tables by asterisks. 

Tables 1 through 14 appear on the pages that follow. 
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TABLE 1 WEB AREA / FLANGE AREA = 0 . 7 5 

HOLE LENGTH / HEIGHT = 1 . 0 HOLE LENGTH / HEIGHT = 1.5 

M/MP V/VP 
HOLE HEIGHT / BEAM DEPTH 

0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.40 
HOLE HEIGHT / DRAM DEPTH 

.45 0«50 0.55 0.60 0.65 0.70 

1 . 0 0 C O 0 . 0 7 5 0 . 0 8 4 0 . 0 9 4 0 . 1 0 3 0 . 1 1 2 0 . 1 2 ? 0 . 1 3 1 
1 . 0 0 0 . 1 0 0 . 1 6 1 0 . 1 7 5 0 . 1 9 1 0 . 2 0 8 0 . 2 2 8 0 . 2 5 1 0 . 2 7 9 
1 . 0 0 0 . 2 0 0 . 2 2 6 0 . 2 4 6 0 . 2 6 9 0 . 2 9 5 0 . 3 2 6 0 . 3 6 3 0 . 4 1 0 
I . 0 0 0 . 3 0 0 . 2 8 6 0 . 3 1 2 0 . 3 4 2 0 . 3 7 7 0 . 4 1 9 0 . 4 7 1 0 . 5 3 8 
l . O C 0 . 4 0 0 . 3 4 3 0 . 3 7 5 0 . 4 1 3 0 . 4 5 7 0 . 5 1 0 * * * * * * * * * * 
l .CO 0 . 5 0 0 . 3 9 9 0 . 4 3 7 0 . 4 8 2 * * * * * * * * * * * * * * * * * * * * 
1 . 0 0 0 . 6 0 0 . 4 5 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 7 5 0 . 0 8 4 0 . 0 9 4 0 . 1 0 3 0 . 1 1 2 0 . 1 2 2 0 . 1 3 1 
0 . 1 9 5 0 . 2 1 2 0 . 2 3 1 0 . 2 5 2 0 . 2 7 8 0 . 3 0 8 0 . 3 4 5 
0 . 2 8 6 0 . 3 1 2 C . 3 4 2 0 . 3 7 7 0 . 4 1 9 0 . 4 7 1 0 . 5 3 8 
0 . 3 7 1 0 . 4 0 6 0 . 4 4 7 0 . 4 9 6 0 . 5 5 5 0 . 6 2 9 0 . 7 2 6 
0 . 4 5 3 0 . 4 9 8 0 . 5 5 0 0 . 6 1 2 0 . 6 8 9 * * * * * * * * * * 
0 . 5 3 4 0 . 5 8 8 0 . 6 5 1 * * * * * * * * * * * * * * * * * * * * 
0 . 6 1 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 

0 . 0 
0 . 10 

2 0 
30 
40 
50 
6 0 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 6 2 0 . 0 8 1 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 4 8 0 . 0 6 2 0 . 0 8 1 0 . 1 0 5 0 . 1 3 5 
0 . 1 0 4 0 . 1 3 2 0 . 1 6 6 0 . 2 0 8 0 . 2 6 0 

0 . 1 0 0 0 . 1 2 9 0 . 1 6 3 0 . 2 0 4 0 . 2 5 2 0 . 3 1 0 0 . 3 8 4 
0 . 1 4 1 0 . 1 8 0 0 . 2 2 5 0 . 2 7 7 0 . 3 3 8 * * * * * * * * * * 
0 . 1 8 5 0 . 2 3 2 0 . 2 8 7 * * * * * * * * * * * * * * * * * * * * 
0 . 2 3 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 1 0 0 

0 . 0 0 . 0 0 . 0 
0 . 0 5 8 0 . 0 7 5 0 . 0 9 7 

0 . 0 
0 . 123 

0 . 1 2 9 0 . 1 6 3 0 . 2 0 4 0 . 2 5 2 

0.0 0.0 
0. 156 0. 198 
0.310 0.384 
0.464 0.568 
***** ***** 

0 . 1 6 3 0 . 2 0 6 0 . 2 5 6 0 . 3 1 3 0 . 3 8 1 
0 . 2 3 0 0 . 2 8 6 0 . 3 5 0 0 . 4 2 4 0 . 5 1 1 
0 . 2 9 9 0 . 3 6 8 0 . 4 4 6 * * * * * * * * * * * * * * * * * * * * 
0 . 3 7 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 8 0 0 . 0 
0 . 8 0 0 . 1 0 
0 . 9 0 0 . 2 0 
0 . 8 0 0 . 3 0 
0 . 8 0 C . 4 0 
0 . 8 C 0 . 5 0 
0 . 8 0 0 . 6 0 

0 . 0 
0 . 0 
0 . 0 
O.C 
0 . 0 6 0 
0 . 0 8 2 
0 . 106 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 5 1 
0 . 0 0 . 0 0 . 0 5 4 0 . 0 7 2 0 . 0 9 8 0 . 1 3 8 
0 . 0 5 4 0 . 0 7 1 0 . 0 9 5 0 . 1 2 8 0 . 1 7 7 0 . 2 4 5 
0 . 0 8 0 0 . 1 0 7 0 . 1 4 4 0 . 1 9 6 * * * * * * * * * * 
0 . 1 1 0 0 . 1 4 9 * * * * * * * * * * * * * * * * * * * * 
***** ***** ***** ***** ***** ***** 

0 . 0 
0 . 0 
0 . 0 
0 . 0 7 1 
0 . 106 

0 . 0 
0 . 0 
0 . 0 5 4 
0 . 0 9 4 
0 . 144 

0 . 0 
0 . 0 
0 . 0 7 1 
0 . 1 2 7 
0 . 1 9 5 

0 . 0 
0 . 0 
0 . 0 9 5 
0 . 1 7 2 
0 . 2 6 3 

0 . 0 
0 . 0 4 9 
0 . 128 
0 . 2 3 2 
0 . 3 4 8 

0 . 0 
0 . 0 6 5 
0 . 177 
0 . 3 1 2 
***** 

0 . 0 
0 . 0 9 0 
0 . 2 4 5 
0 . 4 1 8 

***** 
0 . 1 4 8 0 . 2 0 3 0 . 2 7 3 * * * * * * * * * * * * * * * * * * * * 
0 . 1 9 6 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 7 0 0 . 0 
0 . 7 0 0 . 1 0 
0 . 7 0 
0 . 7 0 

0 . 2 0 
0 . 3 0 

0 . 7 0 0 . 4 0 
0 . 7 0 0 . 5 0 
0 . 7 0 0 . 6 0 

0 . 0 0 . 0 
0 . 0 0 . 0 
o.oeo o . io i 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 6 5 
0 . 0 0 . 0 0 . 0 0 . 0 7 9 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 0 0 . 0 7 1 0 . 0 8 7 0 . 1 0 6 0 . 1 3 0 * * * * * * * * * * 
0 . 0 7 2 0 . 0 8 9 0 . 1 0 8 * * * * * * * * * * * * * * * * * * * * 
0 . 0 8 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 7 6 
0 . 0 0 . 0 0 . 0 0 . 0 7 9 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 0 0 . 0 0 . 0 9 7 0 . 1 1 9 0 . 1 4 6 0 . 1 9 1 0 . 2 8 4 
0 . 0 8 7 0 . 1 0 6 0 . 1 3 0 0 . 1 5 9 0 . 2 1 8 * * * * * * * * * * 
0 . 1 0 8 0 . 1 3 3 0 . 1 6 2 * * * * * * * * * * * * * * * * * * * * 
0 . 130 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

WEB AREA / FLANGE AREA 0 . 7 5 

HOLE LENGTH / HEIGHT HOLE LENGTH / HEIGHT = 1.5 

M/MP V/VP 0.40 
HOLE HEIGHT / BEAM DEPTH 

0.45 0.50 0.55 0.60 0.65 0.70 0.40 
HOLE HFIGHT / BEAM DEPTH 

0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 .65 0 . 7 0 

0.6C 0 .0 
0 . 6 0 C I O 
0 . 6 0 
0 . 6 0 

0 . 2 0 
0 . 3 0 

0 . 6 0 0 . 4 0 
0 . 6 0 0 .50 
0 . 6 0 0 . 6 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 6 5 0 . 0 8 0 0 . 1 0 1 
0 . 0 0 . 0 0 . 0 0 . 0 7 9 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 0 0 . 0 7 1 0 . 0 8 7 0 . 1 0 6 0 . 1 3 0 * * * * * * * * * * 
0 . 0 7 2 0 . 0 8 9 0 . 1 0 8 * * * * * * * * * * * * * * * * * * * * 
0 . 0 8 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 7 6 
0 . 0 0 . 0 0 . 0 0 . 0 7 9 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 0 0 . 0 0 . 0 9 7 0 . 1 1 9 0 . 1 4 6 0 . 1 8 1 0 . 2 2 7 
0 . 0 8 7 0 . 1 0 6 0 . 1 3 0 0 . 1 5 9 0 . 1 9 5 * * * * * * * * * * 
0 . 1 0 8 0 . 1 3 3 0 . 1 6 2 * * * * * * * * * * * * * * * * * * * * 
0 . 1 3 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 5 0 0 . 0 
0 . 5 0 0 . 1 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 

0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 5 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 7 1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 8 7 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 6 5 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 8 0 0 . 1 0 1 

0 . 0 7 9 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 1 0 6 0 . 1 3 0 * * * * * * * * * * 

0 . 0 7 2 0 . 0 8 9 0 . 1 0 8 * * * * * * * * * * * * * * * * * * * * 
0 . 0 8 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 » 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 7 6 
0 . 0 0 . 0 0 . 0 0 . 0 7 9 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 0 0 . 0 0 . 0 9 7 0 . 1 1 9 0 . 1 4 6 0 . 1 8 1 0 . 2 2 7 
0 . 0 8 7 0 . 1 0 6 0 . 1 3 0 0 . 1 5 9 0 . 1 9 5 * * * * * * * * * * 
0 . 1 0 8 0 . 1 3 3 0 . 1 6 2 * * * * * * * * * * * * * * * * * * * * 
0 . 1 3 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 4 0 0 . 0 
0 . 4 0 0 . 1 0 

40 
40 

0 . 2 0 
0 . 3 0 

0 . 4 0 0 . 4 0 
0 . 4 0 0 . 5 0 
0 . 4 0 C . 6 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 6 5 
0 . 0 0 . 0 0 . 0 0 . 0 7 9 0 . 0 9 7 
0 . 0 0 . 0 7 1 0 . 0 8 7 0 . 1 0 6 0 . 1 3 0 
0 . 0 7 2 0 . 0 8 9 0 . 1 0 8 * * * * * * * * * * * * * * * * * * * * 
0 . 0 8 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 7 6 
0 . 0 7 9 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 1 1 9 0 . 1 4 6 0 . 1 8 1 0 . 2 2 7 
0 . 1 5 9 0 . 1 9 5 * * * * * * * * * * 

0 . 1 0 8 0 . 1 3 3 0 . 1 6 2 * * * * * * * * * * * * * * * * * * * * 
0 . 130 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 8 0 
0 . 121 
***** 

0 . 0 
0 . 0 
0 . 1 0 1 
0 . 1 5 2 
***** 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 8 7 

0 . 0 
0 . 0 
0 . 0 

o. o 
0 . 1 0 6 

0 . 0 
0 . 0 
0 . 0 
0 . 0 9 7 
0 . 130 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 1 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 2 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 6 5 0 . 0 8 0 0 . 1 0 1 
0 . 0 0 . 3 0 0 . 0 0 . 0 0 . 0 0 . 0 7 9 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 0 0 . 4 0 0 . 0 0 . 0 7 1 0 . 0 8 7 0 . 1 0 6 0 . 1 3 0 * * * * * * * * * * 
0 . 0 0 . 5 0 0 . 0 7 2 0 . 0 8 9 0 . 1 Q 8 * * * * * * * * * * * * * * * * * * * * 
0 . 0 0 . 6 0 0 . 0 8 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 7 6 
0 . 0 0 . 0 0 . 0 0 . 0 7 9 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 0 0 . 0 0 . 0 9 7 0 . 1 1 9 0 . 1 4 6 0 . 1 8 1 0 . 2 2 7 
0 . 0 8 7 0 . 1 0 6 0 . 
0 . 1 0 8 0 . 1 3 3 0 . 

130 0 . 1 5 9 0 . 1 9 5 * * * * * * * * * * 
162 * * * * * * * * * * * * * * * * * * * * 

0 . 1 3 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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*EB AREA / FLANGE AREA 

HOLE LENGTH / HFIGHT = 2 . 0 

0 . 7 5 

HOLE LENGTH / HEIGHT = 3 . 0 

HOLE HEIGHT / BEAM DEPTH 
M/MP 

1 . 0 0 
1 . 0 0 
1 . 0 0 
1 . 0 0 
1 .00 
1 . 0 0 
1 . 0 0 

0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 

0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 

0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
O . 7 0 

V/VP 

0< 
0 . 
0 . 
O i 

0 
0 
0 

0 
0 
0 
0 
0« 
0 
0 

0 
0 . 
0 . 
0 
0 , 
0 
0 

0 
O i 

0 . 
0 
0 . 
0 , 
0 

• 0 

. 1 0 
2 0 
3 0 
4 0 

. 5 0 

. 6 0 

. 0 

. 1 0 

. 2 0 

. 3 0 
4 0 

. 5 0 

. 6 0 

. 0 
10 

. 2 0 

. 3 0 

. 4 0 

. 5 0 

. 6 0 

. 0 

. 1 0 
2 0 

. 3 0 
, 4 0 
5 0 

. 6 0 

0 . 4 0 

0 . 075 
0 . 226 
0 . 3 4 3 
0 . 4 5 3 
0 . 560 
0 . 6 6 6 
0 . 7 7 0 

0 . 0 
0 . 0 6 2 
0 . 141 
0 . 2 3 0 
0 . 3 2 3 
0 . 4 1 9 
0 . 5 1 6 

0 . 0 
0 . 0 
0 . 060 
0 . 106 
0 . 163 
0 .232 
0 . 3 0 9 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 115 
0 . 144 
0 . 1 7 7 

0 . 4 5 

0 . 0 8 4 
0 . 2 4 6 
0 . 3 7 5 
0 . 4 9 8 
0 . 6 1 7 
0 . 7 3 5 

***** 
0 . 0 
0 . 0 8 1 
0 . 180 
0 . 2 8 6 
0 .396 
0 . 5 0 7 

***** 
0 . 0 
0 . 0 
0 . 080 
0 . 144 
0 . 2 2 4 
0 . 3 1 5 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 1 0 6 
0 . 1 4 2 
0 . 184 

***** 

0 . 5 0 

0 . 0 9 4 
0 . 2 6 9 
0. 413 
0 . 5 5 0 
0 . 6 8 5 
0 . 8 1 8 

***** 
0 . 0 
0 . 1 0 4 
0 . 2 2 5 
0 . 3 5 0 
0 . 4 7 8 
0 . 6 0 6 

***** 
0 . 0 
0 . 0 
0 . 107 
0 . 195 
0 . 3 0 0 
0 . 4 1 5 

***** 
0 . 0 
0 . 0 
0 . 0 8 7 
0 . 130 
0 . 177 
0 . 2 6 3 

***** 

0 . 5 5 

0 . 1 0 3 
0 . 2 9 5 
0 . 4 5 7 
0 . 6 1 2 
0 . 7 6 5 

***** 
***** 
0 * 0 
0 . 1 32 
0 . 2 7 7 
0 . 4 2 4 
0 . 5 7 2 

***** 
***** 
0 . 0 
0 . 0 5 4 
0 . 1 4 4 
0 . 2 6 3 
0 . 3 9 5 

***** 
***** 
0 . 0 
0 . 0 
0 . 1 0 6 
0 . 159 
0 . 2 5 2 

***** 
***** 

0 . 6 0 

0 . 112 
0 . 3 2 6 
0 . 5 1 0 
0 . 6 8 9 
0 . 8 6 5 

***** 
***** 
0 . 0 
0 . 166 
0 . 3 3 8 
0 . 5 1 1 
0 . 6 8 3 

***** 
***** 
0 . 0 
0 . 0 7 2 
0 . 1 9 6 
0 . 3 4 8 
0 . 5 1 1 

***** 
***** 
0 . 0 
0 . 0 
0 .130 
0 . 2 1 8 
0 . 3 5 7 

***** 
***** 

0 . 6 5 

0 . 1 2 2 
C.363 
0 . 5 7 7 
0 . 7 8 5 

***** 
***** 
***** 
0 . 0 
0 . 2 0 8 
0 . 4 1 2 
0 . 6 1 7 

***** 
***** 
***** 
0 . 0 
0 . 0 9 8 
0 . 2 6 6 
0 . 4 5 7 

***** 
***** 
***** 
0 . 0 
0 . 0 8 0 
0 . 1 6 1 
0 . 3 1 4 

***** 
***** 
***** 

0 . 7 0 

0 . 1 3 1 
0 . 4 1 0 
0 .664 
0 . 9 1 3 

***** 
***** 
***** 
0 . 0 
0 .260 
0 . 5 0 7 
0 . 7 5 3 

***** 
***** 
***** 
0 . 0 
0 . 1 3 8 
0 . 3 5 9 
0 . 5 9 7 

***** 
***** 
***** 
0 . 0 
0 . 1 0 1 
0 . 2 3 2 
0 . 4 5 0 

***** 
***** 
***** 

HOLE HEIGHT / BEAM DEPTH 
o74(T~ o745 0.50 0.55 0.60 0.65 0.70 

0 . 0 7 5 0 . 0 8 4 0 . 0 9 4 0 .103 0 . 1 1 2 0 . 1 2 2 0 . 1 3 1 
0 . 2 8 6 0 . 3 1 2 0 . 3 4 2 0 . 3 7 7 0 . 4 1 9 0 . 4 7 1 0 . 5 3 8 
0 . 4 5 3 
0 . 6 1 3 

0 . 4 9 8 0 . 5 5 0 
0 . 6 7 6 0 . 7 5 1 

0 . 6 1 2 0 . 6 8 9 0 . 7 8 5 0 . 9 1 3 
0 .842 0 . 9 5 3 1 .101 1 .298 

0 . 7 7 0 0 . 8 5 2 0 . 9 5 0 1.074 1 .230 * * * * * * * * * * 
0 . 9 2 5 1 .029 1 .159 * * * * * * * * * * * * * * * * * * * * 
1 .087 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 1 0 0 0 . 1 2 9 0 . 1 6 3 0 . 2 0 4 0 .252 0 . 3 1 0 0 . 3 8 4 
0 . 2 3 0 0 . 2 8 6 0 . 3 5 0 0 . 4 2 4 0 . 5 1 1 0 . 6 1 7 0 . 7 5 3 
0 . 3 7 1 0 . 4 5 2 0 . 5 4 2 0 . 6 4 6 0 . 7 7 0 0 . 9 2 3 1 .128 
0 . 5 1 6 0 . 6 1 9 0 . 7 3 5 0 . 8 6 9 1 .032 * * * * * * * * * * 
0 . 6 6 4 0 . 7 8 9 0 . 9 2 9 * * * * * * * * * * * * * * * * * * * * 
0 . 8 1 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 7 1 
0 . 1 0 6 0 . 1 4 4 0 . 1 9 5 

0 . 0 0 . 0 0 . 0 0 . 0 
0 .095 0 . 1 2 8 0 . 1 7 7 0 . 2 4 5 
0 . 2 6 3 0 . 3 4 8 0 . 4 5 7 0 . 5 9 7 

0 . 1 9 6 0 . 2 6 8 0 . 3 5 7 0 . 4 6 4 0 . 5 9 4 0 . 7 5 5 0 . 9 6 1 
0 . 3 0 9 0 . 4 1 3 0 . 5 3 5 0 . 6 7 8 0 . 8 4 8 * * * * * * * * * * 
0 . 4 3 5 0 . 5 6 8 0 . 7 2 0 * * * * * * * * * * * * * * * * * * * * 
0 . 5 7 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 0 0 . 1 0 6 0 . 1 3 0 0 . 1 5 9 0 . 2 1 8 0 . 3 1 4 0 . 4 5 0 
0 .130 0 . 1 5 9 0 . 2 1 8 0 . 3 1 0 0 . 4 3 3 0 . 5 9 4 0 . 8 0 4 
0 . 1 7 7 0 . 2 5 5 0 . 3 6 2 0 . 5 0 1 0 . 6 7 4 * * * * * * * * * * 
0 . 2 6 4 0 . 3 8 1 0 . 5 2 8 * * * * * * * * * * * * * * * * * * * * 
0 . 3 7 0 ***** ***** ***** ***** * * * * * * * * * * 

WEB AREA / FLANGE AREA 

HOLE LENGTH / HEIGHT = 2 . 0 HOLE LENGTH / HEIGHT = 3 . 0 

M/MP V/VP 

0 . 60 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 C 
0 . 4 0 

0 . 6 0 0 .50 
0 . 6 0 0 .60 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 115 
0 . 144 

HOLE HEIGHT / BEAM DEPTH 
^5 0 . 5 0 0 .55 0 . 6 0 

0 . 0 
0 . 0 
0 . 0 
0 . 106 

0 . 0 
0 . 0 
0 . 0 8 7 
0 . 1 30 

0 . 0 0 . 0 
0 .0 0 . 0 
0 . 1 0 6 0 . 1 3 0 

0 . 6 5 

0 . 0 
0 . 0 8 0 
0 . 161 
0 . 2 4 1 

0 . 7 0 

0 . 0 

0 . 1 0 1 
0 . 2 0 2 
0 . 3 1 9 

0 . 4 0 

0 . 0 
0 . 0 
0 . 0 
0 . 1 3 0 

0 . 4 5 

0 . 0 
0 . 0 
0 . 1 0 6 
0 . 1 5 9 

0 . 5 0 

0 . 0 

0 . 0 
0 . 1 3 0 
0 . 1 9 5 

0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 * * * * * * * * * * 
0 . 1 7 7 0 . 2 1 7 * * * * * * * * * * * * * * * * * * * * 

0 . 1 7 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

HOLE HEIGHT / BEAM DEPTH 
0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 1 5 9 0 . 1 9 5 0 . 2 4 1 0 . 3 1 9 
0 . 2 3 8 0 . 2 9 7 0 . 4 4 5 0 . 6 5 2 

0 . 1 7 3 0 . 2 1 3 0 * 2 6 0 0 . 3 5 0 0 . 5 1 2 * * * * * * * * * * 
0 . 2 1 7 0 . 2 6 6 0 . 3 6 7 * * * * * * * * * * * * * * * * * * * * 
0 . 2 6 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 5 0 
0 .50 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 .50 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 .60 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 087 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 .106 0 . 1 3 0 

0 . 0 0 . 0 
0 . 0 8 0 0 . 1 0 1 
0 . 1 6 1 0 . 2 0 2 

0 . 1 0 6 0 . 1 3 0 0 . 1 5 9 0 . 1 9 5 0 . 2 4 1 0 . 3 0 3 
0 . 1 1 5 0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 * * * * * * * * * * 
0 . 1 4 4 0 . 1 7 7 0 . 2 1 7 * * * * * * * * * * * * * * * * * * * * 
0 . 1 7 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 
0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 • 1 95 0 • 24 1 0 • 30 3 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 1 0 6 0 . 1 3 0 0 . 1 5 9 
0 . 1 3 0 0 . 1 5 9 0 . 1 9 5 0 . 2 3 8 0 . 2 9 2 0 . 3 6 2 0 . 5 0 9 
0 . 1 7 3 0 . 2 1 3 0 . 2 6 0 0 . 3 1 8 0 . 3 9 0 * * * * * * * * * * 
0 . 2 1 7 0 . 2 6 6 0 . 3 2 5 * * * * * * * * * * * * * * * * * * * * 
0 . 2 6 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 4 0 
0 .4 0 

0 . 0 
0 . 1 0 

0 . 4 0 0 . 2 0 
0 . 4 0 0 . 3 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 

0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 1 5 

0 . 0 
0 .0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 8 7 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 1 0 6 0 . 1 3 0 

0 . 0 
0 . 0 8 0 
0 . 161 

0 . 1 0 6 0 . 1 3 0 0 . 1 5 9 0 . 1 9 5 0 . 2 4 1 
0 . 1 4 2 0 . 1 7 3 

0 . 0 
0 . 1 0 1 
0 . 2 0 2 
0 . 3 0 3 

0 . 2 1 2 0 . 2 6 0 * * * * * * * * * * 
0 . 1 4 4 0 . 1 7 7 0 . 2 1 7 * * * * * * * * * * * * * * * * * * * * 
0 . 1 7 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 1 0 6 0 . 1 3 0 

0 . 0 
0 . 0 
0 . 1 5 9 

0 . 0 
0 . 0 9 7 
0 . 1 9 5 

0 . 0 
0 . 1 2 1 
0 . 2 4 1 

0 . 0 
0 . 152 
0 . 3 0 3 

0 .130 0 . 1 5 9 0 . 1 9 5 0 . 2 3 8 0 . 2 9 2 0 . 3 6 2 0 . 4 5 5 
0 . 1 7 3 0 . 2 1 3 0 . 2 6 0 0 . 3 1 8 0 . 3 9 0 * * * * * * * * * * 
0 . 2 1 7 0 . 2 6 6 0 . 3 2 5 * * * * * * * * * * * * * * * * * * * * 
0 . 2 6 0 * * * * * * * * * * ***** ***** ***** ***** 

0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 1 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .080 0 . 1 0 1 
0 . 0 0 . 2 0 0 . 0 0 . 0 0 . 0 8 7 0 . 1 0 6 0 . 1 3 0 0 . 1 6 1 0 . 2 0 2 
0 . 0 0 . 3 0 0 . 0 0 . 1 0 6 0 . 1 3 0 0 . 1 5 9 0 . 1 9 5 0 . 2 4 1 0 . 3 0 3 
0 . 0 0 . 4 0 0 . 1 1 5 0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 * * * * * * * * * * 
0 . 0 0 .50 0 . 1 4 4 0 . 1 7 7 0 . 2 1 7 * * * * * * * * * * * * * * * * * * * * 
0 . 0 0 . 6 0 0 . 1 7 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 * 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 9 7 0 . 1 2 1 0 . 1 5 2 
0 . 0 0 . 1 0 6 0 . 1 3 0 0 . 1 5 9 0 . 1 9 5 0 . 2 4 1 0 *303 
0 . 1 3 0 0 . 1 5 9 0 . 1 9 5 0 . 2 3 8 0 . 2 9 2 0 * 3 6 2 0 . 4 5 5 
0 . 1 7 3 0 . 2 1 3 0 . 2 6 0 0 . 3 1 8 0 . 3 9 0 ***** ***** 
0 . 2 1 7 0 . 2 6 6 0 *325 ***** ***** ***** ***** 
0 . 2 6 0 * * * * * ***** ***** ***** ***** ***** 
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TABLE WEB AREA / FLANGE AREA = 1 .00 

HOLE LENGTH / HEIGHT = 1 .0 HOLE LENGTH / HEIGHT = 1 .5 

M/MP V/VP 
HOLE HEIGHT / BEAM DEPTH 

o 7 4 0 ~ o T 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 0 . 4 0 
HOLE HEIGHT / BEAM DEPTH 

0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

l .OC 
1 . 0 0 
1 . 0 0 
I . 0 0 
1 . 0 0 
1 . 0 0 
1 .C0 

0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 

0 . 8 0 
C.30 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 

0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 

0 
10 
2 0 
30 
40 
5 0 
6 0 

0 
10 
2 0 
30 
40 
5 0 
60 

0 
10 
20 
30 
40 
50 
60 

0 
10 
20 
3 0 
4 0 
5 0 
60 

0 . 1 0 0 0 . 1 1 2 0 . 1 2 5 0 . 1 3 7 0 . 1 5 0 0 . 1 6 3 0 . 1 7 5 
0 . 2 1 4 0 . 2 3 3 0 . 2 5 4 0 . 2 7 7 0 . 3 0 4 0 . 3 3 4 0 . 3 7 2 
0 . 3 0 2 0 . 3 2 8 0 . 3 5 9 0 . 3 9 3 0 . 4 3 4 0 . 4 8 4 0 . 5 4 7 
0 . 3 8 2 0 . 4 1 6 0 . 4 5 6 0 . 5 0 3 0 . 5 5 8 0 . 6 2 8 0 . 7 1 7 
0 . 4 5 8 0 . 5 0 1 0 . 5 5 0 0 . 6 0 9 0 . 6 8 0 * * * * * * * * * * 
0 . 5 3 ? 0 . 5 8 3 0 . 6 4 2 * * * * * * * * * * * * * * * * * * * * 
0 . 6 0 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 6 7 0 . 0 8 7 0 . 1 1 1 0 . 1 4 0 0 . 1 7 5 0 . 2 1 7 
0 . 1 0 8 0 . 1 3 8 0 . 1 7 3 0 . 2 1 4 0 . 2 6 1 0 . 3 1 7 0 . 3 8 7 
0 . 1 6 9 0 . 2 1 1 0 . 2 6 0 0 . 3 1 5 0 . 3 7 9 0 . 4 5 7 0 . 5 5 4 
0 . 2 3 ? 0 . 2 8 6 0 . 3 4 6 0 . 4 1 6 0 . 4 9 7 * * * * * * * * * * 
0 . 2 9 5 0 . 3 6 0 0 . 4 3 3 * * * * * * * * * * * * * * * * * * * * 
0 . 3 6 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 5 6 0 . 0 7 4 0 . 1 0 2 
0 . 0 0 . 0 0 . 0 7 8 0 . 1 0 2 0 . 1 3 5 0 . 1 8 1 0 . 2 4 5 
0 . 0 7 6 0 . 1 0 0 0 . 1 3 2 0 . 1 7 4 0 . 2 3 0 0 . 3 0 4 0 . 4 0 1 
0 . 1 1 0 0 . 1 4 7 0 . 1 9 4 0 . 2 5 6 0 . 3 3 4 * * * * * * * * * * 
0 . 1 5 0 0 . 2 0 0 0 . 2 6 3 * * * * * * * * * * * * * * * * * * * * 
0 . 1 9 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 096 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 0 .0 
0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 8 7 0 . 1 0 6 

0 . 0 9 4 0 . 1 1 5 0 . 1 5 1 

0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 6 7 
0 . 0 8 7 0 . 1 0 7 0 . 1 4 1 
0 . 1 3 3 0 . 1 8 6 0 . 2 6 8 
0 . 2 0 8 * * * * * * * * * * 

0 . 1 0 0 0 . 1 1 2 0 . 1 2 5 0 . 1 3 7 0 . 1 5 0 0 . 1 6 3 0 . 1 7 5 
0 . 2 5 9 0 . 2 8 2 0 . 3 0 8 0 . 3 3 7 0 . 3 7 0 0 . 4 1 0 0 . 4 6 0 
0 . 3 8 2 0.41*6 0 . 4 5 6 0 . 5 0 3 0 . 5 5 8 
0 . 4 9 5 0 . 5 4 2 0 . 5 9 6 0 . 6 6 1 0 . 7 4 0 
0 . 6 0 4 0 . 6 6 4 0 .733 0 .816 
0 . 7 1 ? 0 . 7 8 3 0 . 8 6 8 * * * * * * * * * * * * * * * * * * * * 
0 .817 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 6 2 8 0 . 7 1 7 
0 . 8 3 9 0 . 9 6 8 

0 . 9 1 8 * * * * * * * * * * 

0 . 0 
0 . 0 7 9 
0 . 169 
0 . 2 6 3 
0 . 360 
0 . 4 5 8 
0 . 5 5 7 

0 . 0 
0 . 0 
0 .076 
0 . 1 2 9 

0 . 0 
0 . 102 
0 . 2 1 I 
0 . 3 2 3 
0 . 4 3 6 
0 . 5 4 9 

***** 
0 . 0 
0 . 0 
0 . 1 0 0 
0 . 1 7 2 

0 .0 
0 . 1 3 0 
0 . 2 6 0 
0 . 3 9 0 
0 . 5 2 0 
0 . 6 5 0 

***** 
0 . 0 
0 . 0 
0 . 132 
0 . 2 2 8 

0 . 0 
0 . 1 6 3 
0 . 3 1 5 
0 . 4 6 6 
0 . 6 1 6 

***** 
***** 
0 . 0 
0 . 0 7 0 
0 . 174 
0 . ?99 

0 . 0 
0 . 2 0 1 
0 . 3 7 9 
0 . 5 5 5 
0 . 7 2 9 

***** 
***** 
0 . 0 
0 . 0 9 3 
0 . 2 3 0 
0 . 3 8 7 

0 . 0 
0 . 2 4 7 
0 . 4 5 7 
0 . 6 6 3 

***** 
***** 
***** 
0 . 0 
0 . 1 2 5 
0 . 3 0 4 
0 . 4 9 8 

0 . 0 
0 . 3 0 3 
0 . 5 5 4 
0 . 8 0 1 

***** 
***** 
***** 
0 . 0 
0 . 1 7 1 
0 . 4 0 1 
0 .640 

0 . 1 1 8 0 . 1 5 6 * * * * * * * * * * * * * * * * * * * * 
0 . 1 1 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 1 9 3 0 . 2 5 7 0 . 3 3 7 0 . 4 3 4 
0 . 2 6 6 0 . 3 5 1 0 . 4 5 4 * * * * * * * * * * * * * * * * * * * * 
0 . 3 4 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 8 0 0 . 1 0 1 
0 . 0 0 . 0 0 . 0 8 7 0 . 1 0 6 0 . 1 3 3 0 . 1 8 6 0 . 2 6 8 
0 . 0 0 . 1 0 6 0 . 1 3 2 0 . 1 8 1 0 . 2 5 1 0 . 3 5 1 0 . 4 8 8 
0 . 1 1 5 0 . 1 5 1 0 . 2 0 8 0 . 2 8 7 0 . 3 9 4 * * * * * * * * * * 
0 . 1 5 5 0 * 2 1 5 0 . 2 9 7 * * * * * * * * * * * * * * * * * * * * 
0 . 2 0 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

TABLE WEB AREA / FLANGE AREA 1 .00 

HOLE LENGTH / HEIGHT = 1 .0 HOLE LENGTH / HEIGHT = 1.5 

M/MP V/VP 

0.6C 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 .6C 
0 . 6 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . ? 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 4 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 9 6 

HOLE HEIGHT / BEAM DEPTH 
0.45 0.50 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 9 4 
0 . 1 1 8 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 5 5 

0 . 0 
0 . 0 
0 . 0 
0 . 1 06 

0 . 60 

0 . 0 
0 . 0 
0 . 0 8 7 
0 . 1 3 0 

0 . 6 5 

0 . 0 
0 . 0 
0 . 1 0 7 
0 . 161 

0 . 7 0 

0 . 0 
0 . 0 
0 . 1 3 5 
0 . 2 0 2 

. 1 1 5 0 . 1 4 1 0 . 1 7 3 * * * * * * * * * * 
, 1 4 4 * * * * * * * * * * * * * * * * * * * * 

0 . 4 0 
HOLE HEIGHT / BEAM DEPTH _ 

0 . 4 5 0 . 5 0 0 . 5 5 0 .60 0 . 6 5 0 .70 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 0 . 0 
0 . 0 0 . 1 0 1 

0 . 1 1 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 1 5 0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 8 * * * * * * * * * * 
0 . 1 4 4 0 . 1 7 7 0 . 2 1 7 * * * * * * * * * * * * * * * * * * * * 
0 . 1 7 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 0 . 0 0 . 1 0 6 0 . 1 3 0 0 . 1 6 1 0 . 2 0 2 
0 . 0 0 . 1 3 0 0 . 1 5 9 0 . 1 9 5 0 . 2 4 1 0 . 3 5 3 

0 . 5 0 
0 . 5 0 
0 . 5 0 

0 . 0 
0 . 1 0 
0 . 2 0 

0 . 5 0 0 . 3 0 
0 . 5 0 0 . 4 0 
0 . 5 0 
0 . 5 0 

0 . 5 0 
0 . 6 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 9 6 

0 . 0 
0 . 0 
0 .0 
0 . 0 
0 . 0 9 4 
0 . 1 1 8 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 8 7 0 . 1 0 7 0 . 1 3 5 
0 . 0 0 . 1 0 6 0 . 1 3 0 0 . 1 6 1 0 . 2 0 2 
0 . 1 1 5 0 . 1 4 1 0 . 1 7 3 * * * * * * * * * * 
0 . 1 4 4 * * * * * * * * * * * * * * * * * * * * 

0 . 1 1 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 1 0 6 0 
0 . 0 0 . 0 0 . 1 3 0 0 . 1 5 9 0 
0 . 1 1 5 0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 
0 . 1 4 4 0 . 1 7 7 0 . 2 1 7 * * * * * * * * * * * * * * * * * * * * 
0.173 ***** ***** ***** ***** ***** ***** 

0.0 0.0 
0.0 0.101 

130 0.161 0.202 
195 0.241 0.303 
260 ***** ***** 

0.40 0.0 
0.40 0.10 
0.40 
0.40 
0.40 
0.40 
0.40 

0.20 
0.30 
0.40 
0.50 
0.60 

0.0 
0.0 
0.0 
0. 0 
0. 0 
0 • 096 

0.0 
0. 0 
0 .0 
0. 0 
0. 094 
0.118 

0.0 
0.0 
0.0 

0.0 
0.0 
0.087 

0.0 
0.0 
0.107 

0.0 
0.0 
0.135 

0.0 
0. 0 
0.0 
0.0 
0. 115 
0*144 ***** ***** ***** ***** 

0.106 0.130 0.161 0.202 
0.141 0.173 ***** ***** 

0 . 1 1 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 1 5 0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 * * * * * * * * * * 
0 . 1 4 4 0 . 1 7 7 0 . 2 1 7 * * * * * * * * * * * * * * * * * * * * 
0 . 1 7 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 1 3 0 

0 . 0 
0 . 0 
0 . 1 0 6 
0 . 1 5 9 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 1 3 0 0 . 1 6 1 
0 . 1 9 5 0 . 2 4 1 

0 . 0 
0 . 1 0 1 
0 . 2 0 2 
0 . 3 0 3 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . d 9 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 1 5 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 0 . 0 8 7 
0 . 1 0 6 0 . 1 3 0 

0.0 
0.0 
0. 107 
0.161 

0.0 
0.0 
0.135 
0.202 

0.141 0.173 ***** ***** 
0 . 0 9 6 0 . 1 1 8 0 *144 * * * * * * * * * * * * * * * * * * * * 
0 . 1 1 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0.0 
0.0 
0.0 
0.0 
0. 115 
0. 144 

0.0 
0.0 
0.0 
0.0 
0.142 
0. 177 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 0 . 1 0 6 
0 . 1 3 0 0 . 1 5 9 
0 . 1 7 3 0 . 2 1 2 

0 . 0 
0 . 0 
0 . 1 3 0 
0 . 1 9 5 
0 . 2 6 0 

0 . 0 0 . 0 
0 . 0 0 . 1 0 1 
0 . 1 6 1 0 . 2 0 2 
0 . 2 4 1 0 . 3 0 3 
***** ***** 

0 . 2 1 7 * * * * * * * * * * * * * * * * * * * * 
0 . 1 7 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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TABLE WEB AREA / FLANGE AREA = 1 .00 

HOLE LENGTH / HEIGHT 2 . 0 HOLE LENGTH / HEIGHT = 3 . 0 

M/MP V/VP 
HOLE HEIGHT / BEAM DEPTH 

0.40 0.45 0.50 0.55 0.60 0.65 0.70 
HOLF HEIGHT / BEAM DEPTH 

0.40 0.45 0*50 0.55 0.60 0.65 0.70 

1 . 0 0 0 .0 0 . 1 0 0 0 . 1 1 2 0 . 1 2 5 0 . 1 3 7 0 . 1 5 0 0 . 1 6 3 0 . 1 7 5 
1 .00 0 . 1 0 0 .3C2 0 . 3 2 8 0 . 3 5 9 0 . 3 9 3 0 . 4 3 4 0 . 4 8 4 0 . 5 4 7 
1 .00 0 . 2 0 0 . 4 5 8 0 . 5 0 1 0 . 5 5 0 0 .609 0 . 6 8 0 0 . 7 6 9 0 .885 
1 .00 0 . 3 0 0 . 6 0 4 0 . 6 6 4 0 . 7 3 3 0 . 8 1 6 0 . 9 1 8 1.050 1 .230 
1.0C 0 . 4 0 0 . 7 4 7 0 . 8 2 3 0 . 9 1 3 1 .022 1 .166 * * * * * * * * * * 
1 .00 0 . 5 0 0 . 8 8 7 0 . 9 8 0 1 .099 * * * * * * * * * * * * * * * * * * * * 
1 .00 0 . 6 0 1.030 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 1 0 0 0 . 1 1 2 0 . 1 2 5 0 . 1 3 7 0 . 1 5 0 0 . 1 6 3 0 . 1 7 5 
0 .38? 0 . 4 1 6 0 . 4 5 6 0 . 5 0 3 0 . 5 5 8 0 . 6 2 8 0 . 7 1 7 
0 . 6 0 4 0 . 6 6 4 0 . 7 3 3 0 . 8 1 6 0 . 9 1 8 1.050 1 .230 
0 . 8 1 7 0 . 9 0 2 1 .002 1 .133 1 .293 1 .494 1 

1.294 1 .465 1 .030 1.151 
1 .262 1 .411 

758 
674 * * * * * * * * * * 

1 . 5 8 6 * * * * * * * * * * * * * * * * * * * * 
1 . 4 9 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 9 0 0 . 0 
0 . 9 0 0 . 1 0 
0 . 9 0 
0 . 9 0 

0 . 2 0 
0 .30 

0 . 9 0 0 . 4 0 
0 . 9 0 0 . 5 0 
0 . 9 0 0 . 6 0 

0 . 0 
0 . 108 
0 . 2 52 
0 . 3 6 0 
0 . 491 
0 . 6 2 3 
0 . 756 

0.0 0.0 
0.138 0.173 

286 0, 
436 0« 

0.0 0.0 
0.214 0.261 

346 0.416 0.497 

0.0 
0.317 
0.595 

520 0.616 0.729 0.869 

0 . 0 
0 . 3 8 7 
0 . 7 1 9 
1 . 0 5 2 

0 . 5 8 6 0 . 6 9 3 0 . 8 1 5 0 . 9 6 2 * * * * * * * * * * 
0 . 7 3 8 0 . 8 6 6 * * * * * * * * * * * * * * * * * * * * 
***** ***** ***** ***** ***** ***** 

0 . 0 0 . 0 
0 . 1 6 9 0 . 2 1 1 
0 . 3 6 0 0 . 4 3 6 

0 . 0 
0 . 2 6 0 
0 . 5 2 0 

0 . 0 
0 . 3 1 5 
0 .616 

0 . 0 
0 . 3 7 9 

0 . 0 
0 . 4 5 7 

0 . 0 
0 . 5 5 4 

0 . 7 2 9 0 . 8 6 9 I . 0 5 2 
0 . 5 5 7 0 . 6 6 2 0 . 7 7 9 0 . 9 1 5 1 .085 1 .302 1 .579 
0 . 7 5 6 0 . 8 8 9 1 .044 1.238 1 .466 * * * * * * * * * * 
0 . 9 5 6 1 .133 1 .336 * * * * * * * * * * * * * * * * * * * * 
1 .182 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 8 0 0 .0 
0 . 8 0 0 . 1 0 
0 . 3 0 0 . 2 0 
0 . 8 0 0 . 3 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 

0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 7 8 0 . 1 0 2 0 . 1 3 5 0 . 1 8 1 

0 . 0 
0 . 2 4 5 
0 . 5 6 0 
0 . 8 8 3 

0 . 1 1 0 0 . 1 4 7 0 . 1 9 4 0 . 2 5 6 0 . 3 3 4 0 . 4 3 2 
0 . 1 9 3 0 . 2 5 7 0 . 3 3 7 0 . 4 3 4 0 . 5 5 2 0 . 6 9 7 
0 . 2 9 1 0 . 3 8 4 0 . 4 9 3 0 . 6 2 2 0 . 7 7 6 * * * * * * * * * * 
0 . 4 0 1 0 . 5 1 9 0 . 6 5 6 * * * * * * * * * * * * * * * * * * * * 
0 . 5 1 8 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 

0 . 0 0 . 0 
0 . 1 0 0 C . 1 3 2 

0 
0 
0 

. 0 

. 174 

.434 

0 . 
0, 
0 

. 0 

. 230 
• 552 

0 . 
0 . 
0 

. 0 

. 304 

. 6 9 7 

0 , 
0 , 
0 . 

• 0 

,401 
.883 0 . 1 9 3 0 . 2 5 7 0 . 3 3 7 

0 . 3 4 5 0 . 4 5 1 0 . 5 7 4 0 . 7 1 8 0 . 8 8 9 1 .110 1 .401 
0 . 5 1 8 0 . 6 6 0 0 . 8 2 2 1.010 1 . 2 5 8 * * * * * * * * * * 
0 . 7 0 1 0 . 8 7 7 1 .086 * * * * * * * * * * * * * * * * * * * * 
0 . 8 9 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 7 0 0 .0 
0 . 7 0 0 . 1 0 
0 . 7 0 0 . 2 0 
0 . 7 0 0 . 3 0 
0 . 7 0 0 . 4 0 
0 . 7 0 0 . 5 0 
0 . 7 0 0 . 6 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 1 15 
0 . 1 7 2 0 . 2 3 9 

0 . 0 
0 . 0 

246 
334 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 8 7 0 . 1 0 7 0 . 1 4 1 

0 . 0 9 4 0 . 1 1 5 0 . 1 5 1 0 . 2 0 8 0 . 2 9 3 0 . 4 1 3 
0 . 1 5 1 0 . 2 0 8 0 . 2 8 7 0 . 3 9 4 0 . 5 3 6 0 . 7 2 3 

330 0 . 4 5 0 0 . 6 0 2 * * * * * * * * * * 
***** ***** ***** ***** 0 . 3 4 4 

0. 
0 . 4 7 1 

***** ***** ***** ***** ***** ***** 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 .106 0 . 1 3 3 0 . 1 8 6 0 . 2 6 8 
0 . 1 1 5 0 . 1 5 1 0 . 2 0 8 0 . 2 8 7 0 . 3 9 4 0 . 5 3 6 0 . 7 2 3 
0 . 2 0 7 0 . 2 8 9 0 . 3 9 9 0 . 5 3 8 0 . 7 1 0 0 . 9 2 6 1 .222 
0 . 3 3 4 0 . 4 6 3 0 . 6 2 3 0 . 8 1 4 1 .049 * * * * * * * * * * 
0 . 4 8 5 0 . 6 5 9 0 . 8 6 2 * * * * * * * * * * * * * * * * * * * * 
0 . 6 5 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

WEB AREA / FLANGE AREA = 1.00 

HOLE LFNGTH / HEIGHT = 2 . 0 HOLE LENGTH / HEIGHT = 3 . 0 

M/V1P V/VP 
HOLE HEIGHT / DEAM DEPTH 

0.40 0.45 0.50 0.55 0.60 0.65 0.70 
HOLE HEIGHT / BEAM DEPTH 

0 . 4 0 oT45 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

0 . 6 0 
0 . 6 0 
C .6C 
0 . 6 0 
0 . 6 0 

0 . 0 
C I O 
0 . 2 0 
0 . 3 0 
0 . 4 C 

0 . 6 0 0 • s 0 
0 . 6 0 0 .60 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 0 7 0 . 1 3 5 
0 . 0 0 . 0 0 . 1 1 5 0 . 1 4 1 0 . 1 7 3 0 . 2 1 4 0 . 2 8 6 
0 . 0 . 0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 8 0 . 3 9 2 0 . 5 7 1 
0 . 1 5 4 0 . 1 8 9 0 . 2 3 1 0 . 3 1 1 0 . 4 4 7 * * * * * * * * * * 
0 . 1 9 2 0 . 2 3 6 0 . 3 2 5 * * * * * * * * * * * * * * * * * * * * 
0 . 2 5 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 142 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 1 7 3 0 . 2 1 2 

0 . 0 
0 . 1 3 0 
0 . 2 6 8 
0 . 5 4 6 
0 . 8 6 3 * * * * * * * * * * 

0 . 3 2 6 0 .474 0 . 6 6 7 * * * * * * * * * * * * * * * * * * * * 
0 . 4 5 9 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 1 7 3 0 . 2 1 3 0 . 2 6 8 0 . 3 8 5 
0 . 2 3 1 0 . 3 1 4 0 . 4 5 2 0 . 6 3 3 

0 . 0 0 . 0 
0 . 1 6 1 0 . 2 0 2 
0 . 3 9 2 0 . 5 7 1 
0 . 7 5 9 1 .043 

50 
50 

0 . 0 
0 . 1 0 

0 . 5 0 0 . 2 0 
0 . 5 0 0 . 3 0 
0 . 5 C 
0 . 5 0 
0 . 5 0 

0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . C 
0 . 0 
0 . 0 
0 . 1 54 0 . 189 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 0 7 0 . 1 3 5 
0 . 0 0 . 1 1 5 0 . 1 4 1 0 . 1 7 3 0 . 2 1 4 0 . 2 6 9 
0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 0 . 3 2 2 0 . 4 3 3 

231 0 . 2 8 2 0 . 3 4 6 * * * * * * * * * * 
289 * * * * * * * * * * * * * * * 4c* * * * 0 . 1 9 2 0 . 2 3 6 

0 . 2 3 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 3 0 0 . 1 6 1 0 . 2 0 2 
0 . 0 0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 0 . 3 2 2 0 . 4 3 3 
0 .173 0 . 2 1 3 0 . 2 6 0 0 . 3 1 8 0 . 4 0 4 0 . 6 0 3 0 . 8 8 0 
0 . 2 3 1 0 . 2 8 3 0 . 3 4 6 0 . 4 7 6 0 . 6 9 4 * * * * * * * * * * 
0 . 2 8 9 0 . 3 5 4 0 . 4 9 9 * * * * * * * * * * * * * * * * * * * * 
0 . 3 4 6 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 4 0 
0 . 4 0 

0 . 1 0 
0 . 2 0 

0 . 0 0 . 0 
0 . 1 0 7 0 . 1 3 5 
0 . 2 1 4 0 . 2 6 9 

0 . 4 0 C . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 1 1 5 0 . 1 4 1 0 . 1 7 3 

0 . 4 C 0 . 3 0 0 . 0 0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 0 . 3 2 2 0 . 4 0 4 
0 . 4 0 0 . 4 0 0 . 1 5 4 0 . 1 8 9 0 . 2 3 1 0 . 2 8 2 0 . 3 4 6 * * * * * * * * * * 
0 . 4 0 0 . 5 0 0 . 1 9 2 0 . 2 3 6 0 . 2 8 9 * * * * * * * * * * * * * * * * * * * * 
0 . 4 0 0 . 6 0 0 . 2 3 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 0 . 0 0 . 0 
0 . 1 3 0 0 . 1 6 1 0 . 2 0 2 

0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 0 . 3 2 2 0 . 4 0 4 
0 . 1 7 3 0 . 2 1 3 0 . 2 6 0 0 . 3 1 8 0 . 3 9 0 0 . 4 8 3 0 . 7 2 8 
0 . 2 3 1 0 . 2 8 3 0 . 3 4 6 0 . 4 2 3 0 . 5 4 2 * * * * * * * * * * 
0 . 2 8 9 0 . 3 5 4 0 . 4 3 3 * * * * * * * * * * * * * * * * * * * * 
0 . 3 4 6 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 1 0 7 

0 . 0 
0 . 1 3 5 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 1 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 .20 0 . 0 0 . 0 0 . 1 1 5 0 . 1 4 1 0 . 1 7 3 
0 . 0 0 . 3 0 0 . 0 0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 0 . 3 2 2 
0 . 0 0 . 4 0 0 .154 0 . 1 8 9 0 . 2 3 1 0 . 2 8 2 0 . 3 4 6 * * * * * * * * * * 
0 . 0 0 . 5 0 0 . 1 9 2 0 . 2 3 6 0 . 2 8 9 * * * * * * * * * * * * * * * * * * * * 
0 . 0 0 . 6 0 0 . 2 3 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 2 1 4 0 . 2 6 9 
0 . 4 0 4 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 3 0 0 . 1 6 1 0 . 2 0 2 
0 . 0 0 . 1 4 2 0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 0 . 3 2 2 0 . 4 0 4 
0 . 1 7 3 0 . 2 1 3 0 . 2 6 0 0 . 3 1 8 0 . 3 9 0 0 . 4 8 3 0 . 6 0 6 
0 . 2 3 1 0 . 2 8 3 0 .346 0 . 4 2 3 0 . 5 2 0 * * * * * * * * * * 
0 . 2 8 9 0 . 3 5 4 0 . 4 3 3 * * * * * * * * * * * * * * * * * * * * 
0 . 3 4 6 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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WEB AREA / FLANGE AREA = 1.25 

HOLE LENGTH / HEIGHT = 1.0 HOLE LENGTH / HEIGHT = 1.5 

M/MP V/VP 

1 . 0 0 0 . 0 
1 . 0 0 0 . 1 0 
1 . 0 0 0 . 2 0 
1 . 0 0 
1 . 0 0 
1 . 0 0 
1 . 0 0 

0 .3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

HOLE HEIGHT / BEAM O.EPTH 
0 . 4 0 0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

125 0 . 1 4 1 0 . 1 5 6 0 . 1 7 2 0 . 1 8 7 0 . 2 C 3 
0 . 2 6 8 0 . 2 9 2 
0 . 3 7 7 0 . 4 1 1 

,318 0 . 3 4 7 0 . 3 7 9 0 . 4 1 8 
,448 0 . 4 9 2 0 . 5 4 3 0 . 6 0 5 

0 . 2 1 9 
0 . 4 6 4 
0 . 6 8 4 

0 . 4 7 7 0 . 5 2 0 0 . 5 7 0 0 . 6 2 8 0 . 6 9 8 0 . 7 8 5 0 . 3 9 6 
0 . 5 72 0 . 6 2 6 
0 . 6 6 5 0 . 7 2 9 
0 . 75'5 

0 . 6 8 8 0 . 7 6 1 0 . 8 5 0 * * * * * * * * * * 
0 . 7 2 9 0 . 8 0 3 * * * * * * * * * * * * * * * * * * * * 
***** ***** ***** ***** ***** ***** 

HOLE HEIGHT / BEAM DEPTH 
0 . 4 0 0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

0 . 1 2 5 0 . 1 4 1 0 . 1 5 6 0 . 1 7 2 0 . 1 8 7 0 . 2 0 3 0 . 2 1 9 
0 . 3 2 4 0 . 3 5 3 0 . 3 8 5 0 . 4 2 1 0 . 4 6 3 0 . 5 1 3 0 . 5 7 5 
0 . 4 7 7 0 . 5 2 0 0 . 5 7 0 0 . 6 2 8 0 . 6 9 8 0 . 7 8 5 0 . 8 9 6 
0 . 6 1 9 0 . 6 7 7 C . 7 4 5 0 . 8 2 6 0 . 9 2 5 1 . 0 5 2 1 . 2 2 5 
0 . 7 5 6 0 . 8 3 0 0 . 9 1 7 1 . 0 2 2 1 . 1 6 2 * * * * * * * * * * 
0 . 8 9 0 0 . 9 7 9 1 . 0 9 5 * * * * * * * * * * * * * * * * * * * * 
1 . 0 2 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 9 0 0 . 0 
0 . 9 0 0 . 1 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 

0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 1 0 3 

0 . 0 
0 . 0 80 
0 . 1 6 1 
0 . 2 4 4 
0 . 3 2 7 0 . 3 9 5 
0 . 4 1 0 

0 . 0 0 . 0 0 . 0 
0 . 1 3 1 0 . 1 6 4 0 . 2 0 2 

0 . 2 0 2 0 . 2 4 7 0 . 2 9 9 0 . 3 5 8 0 . 4 2 8 0 . 5 1 5 
0 . 2 9 9 0 . 3 6 0 0 . 4 2 8 0 . 5 0 8 0 . 6 0 4 0 . 7 2 4 

0 . 4 7 1 
0 . 4 9 1 0 . 5 8 1 
***** ***** ***** ***** ***** ***** 

0 . 0 0 1 0 . 0 3 1 
0 . 2 4 7 0 . 3 0 0 

0 . 5 5 6 0 . 6 5 6 * * * * * * * * * * 
***** ***** ***** ***** 

0 . 0 0 . 0 
0 .120 0 . 1 5 2 

0 .00 I 0 . 0 3 1 
0 . 3 3 9 0 . 4 0 8 

0 . 0 0 . 0 0 . 0 
0 .190 0 . 2 3 2 0 . 2 8 1 

0 . 2 4 4 0 . 2 9 9 0 . 3 6 0 0 . 4 2 8 0 . 5 0 8 0 . 6 0 4 0 . 7 2 4 
0 . 3 6 9 0 . 4 4 3 0 . 5 2 6 0 .620 0 . 7 3 0 0 . 8 6 4 1 .038 
0 . 4 9 4 0 . 5 8 7 0 . 6 9 0 0 .809 0 . 9 4 9 * * * * * * * * * * 
0 . 6 1 9 0 . 7 3 0 0 . 8 5 4 * * * * * * * * * * * * * * * * * * * * 
0 . 7 4 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 3 0 
0 . 8 0 
0 .80 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 .60 

0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 1 1 9 
0 . 1 7 2 0 . 2 2 7 

0 . 0 
0 . 0 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 7 0 0 . 0 9 2 0 . 1 2 2 0 . 1 6 5 
0 . 1 6 1 0 . 2 1 0 0 . 2 7 5 0 . 3 5 9 
0 . 2 6 5 0 . 3 4 2 0 . 4 3 7 0 . 5 6 0 

0 . 2 9 4 0 . 3 7 7 0 . 4 7 8 * * * * * * * * * * 

0.09 4 0.123 
0• 156 0.204 

0.231 0.303 0.390 ***** ***** ***** ***** 
0.295 ***** ***** ***** ***** ***** ***** 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 8 7 0 . 1 1 3 0 . 1 4 9 0 . 1 9 6 0 . 2 6 1 

0 . 1 1 9 0 . 1 5 6 0 . 2 0 4 0 . 2 6 5 0 . 3 4 2 0 . 4 3 7 0 . 5 6 0 
•548 0 . 6 8 7 0 . 8 6 4 
,759 * * * * * * * * * * 

0 . 2 0 1 0 . 2 6 4 0 . 3 4 1 0 . 4 3 5 0 
0 . 2 9 5 0 . 3 8 4 0 . 4 8 9 0 .612 0 
0 . 3 9 8 0 . 5 1 1 0 . 6 4 1 * * * * * * * * * * * * * * * * * * * * 
0 . 5 0 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 
0 . 0 0 . 0 8 5 
0 . 1 6 4 0 . 2 3 1 

0 . 7 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 7 0 0 . 1 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 7 0 0 . 2 0 0 . 0 0 . 0 0 . 0 0 . 0 9 1 0 . 1 2 0 
0 . 7 0 0 . 3 0 0 . 0 0 . 0 9 1 0 . 1 1 9 0 . 1 5 9 0 . 2 1 5 0 . 2 9 6 0 . 4 1 0 
0 . 7 0 0 . 4 0 0 . 1 0 1 0 . 1 3 4 0 . 1 7 9 0 . 2 4 2 0 . 3 2 8 * * * * * * * * * * 
0 . 7 0 0 . 5 0 0 . 1 3 7 0 . 1 8 4 0 . 2 4 9 * * * * * * * * * * * * * * * * * * * * 
0 . 7 0 0 . 6 0 0 . 1 7 8 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 9 1 

0 . 0 
0 . 0 
0 . 1 19 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 8 1 0 . 1 0 9 0 • 1 5 2 
0 . 1 5 9 0 . 2 1 5 0 . 2 9 6 0 . 4 1 0 

0 . 1 1 9 0 . 1 5 8 0 . 2 1 3 0 . 2 8 8 0 . 3 8 9 0 . 5 2 3 0 . 7 0 0 
0 . 1 7 8 0 . 2 4 2 0 . 3 2 8 0 . 4 4 0 0 . 5 8 3 * * * * * * * * * * 
0 . 2 4 9 0 . 3 4 0 0 . 4 5 8 * * * * * * * * * * * * * * * * * * * * 
0 . 3 3 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

WEB AREA / FLANGE AREA 

HOLE LENGTH / HEIGHT = 1.0 

1 . 2 5 

HOLF LENGTH / H E I G H T 

HOLE HEIGHT / BEAM DEPTH 
M/MP 

0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 C 

0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 C 
0 . 5 0 
0 . 5 0 
0 . 5 0 

0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

V/VP 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
C . 6 0 

0 .4 ( ) 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 20 
0 . 144 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 120 
0 . 144 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 120 
0 . 1 4 4 

0 . 0 
0 • 0 
0 . 0 
0 . 0 
0 . 0 
0 . 120 
0 . 144 

0 . 4 5 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 1 8 
0 . 1 4 3 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 1 8 
0 . 148 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 1 8 
0 . 1 4 8 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 1 8 
0 . 1 4 8 

***** 

0 . 5 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 144 
0 . 180 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 144 
0 . 180 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 144 
0 . 180 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 4 4 
0 . 180 

***** 

0 . 5 5 

0 . 0 
0 . 0 
0 . 0 
0 . 1 32 
0 . 1 76 

***** 
***** 
0 . 0 
0 . 0 
0 . 0 
0 . 1 32 
0 . 1 7 6 

***** 
***** 
0 . 0 
0 . 0 
0 . 0 
0 . 132 
0 . 176 

***** 
***** 
0 . 0 
0 . 0 
0 . 0 
0 . 132 
0 . 1 7 6 

***** 
***** 

0 . 6 0 

0 . 0 
0 . 0 
0 . 108 
0 . 1 6 2 
0 . 2 1 9 

***** 
***** 
0 . 0 
0 . 0 
0 . 108 
0 . 162 
0 . 2 1 7 

***** 
***** 
0 . 0 
0 . 0 
0 . 108 
0 . 162 
0 . 2 1 7 

***** 
***** 
0 . 0 
0 . 0 
0 . 108 
0 . 162 
0 . 2 1 7 

***** 
***** 

0 . 6 5 

0 . 0 
0 . 0 
0 . 134 
0 . 2 0 1 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 1 34 
0 . 2 0 1 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 134 
0 . 2 0 1 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 1 3 4 
0 . 2 0 1 

***** 
***** 
***** 

0 . 7 0 

0 . 0 
0 . 0 
0 . 168 
0 . 2 84 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 1 6 8 
0 . 2 5 3 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 1 6 8 
0 . 2 53 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 1 6 8 
0 . 2 5 3 

***** 
***** 
***** 

HOLE HEIGHT / BEAM DEPTH 
0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 144 
0 . 1 8 0 0 . 2 2 7 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 2 6 
0 . 0 0 . 1 3 2 0 . 1 6 2 0 . 2 0 1 0 . 2 8 4 

0 . 1 3 3 0 . 1 6 2 0 . 1 9 8 0 . 2 6 7 0 . 3 8 1 0 . 5 4 7 
0 . 1 7 7 0 . 2 1 9 0 . 3 0 6 0 . 4 3 0 * * * * * * * * * * 

3 1 8 * * * * * * * * * * * * * * * * * * * * 
0 . 2 1 9 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 2 6 
0 . 0 0 . 0 0 . 0 0 . 1 3 2 0 . 1 6 2 0 . 2 0 1 0 . 2 5 3 
0 . 0 0 . 0 0 . 1 6 2 0 . 1 9 8 0 . 2 4 4 0 . 3 0 2 0 . 4 1 1 
0 . 1 4 4 0 . 1 7 7 0 . 2 1 7 0 . 2 6 5 0 . 3 2 5 * * * * * * * * * * 
0 . 1 8 0 0 . 2 2 1 0 . 2 7 1 * * * * * * * * * * * * * * * * * * * * 
0 . 2 1 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 2 6 
0 . 0 0 . 1 3 2 0 . 1 6 2 0 . 2 0 1 0 . 2 5 3 
0 . 1 6 2 0 . 1 9 8 0 . 2 4 4 0 . 3 0 2 0 . 3 7 9 

0 . 1 4 4 0 . 1 7 7 0 . 2 1 7 0 . 2 6 5 0 . 3 2 5 * * * * * * * * * * 
0 . 1 8 0 0 . 2 2 1 0 . 2 7 1 * * * * * * * * * * * * * * * * * * * * 
0 . 2 1 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 2 6 
0 . 0 0 . 0 0 . 0 0 . 1 3 2 0 . 1 6 2 0 . 2 0 1 0 . 2 5 3 
0 . 0 0 . 0 0 . 1 6 2 0 . 1 9 8 0 . 2 4 4 0 . 3 0 2 0 . 3 7 9 
0 . 1 4 4 0 . 1 7 7 0 . 2 1 7 0 . 2 6 5 0 . 3 2 5 * * * * * * * * * * 
0 . 1 8 0 0 . 2 2 1 0 . 2 7 1 * * * * * * * * * * * * * * * * * * * * 
0 . 2 1 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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TABLE 11 WFB AREA / FLANGE AREA = 1 .25 

HOLE LENGTH / HEIGHT = 2 . 0 HOLF LENGTH / HEIGHT = 3 . 0 

M / M P V/VP 

HOLE HEIGHT / BEAM D E P T H 

0.40 0.45 0.50 0.55. 0.60 0.65 0.70 

H O L E H E I G H T / BEAM O F P T H 

0 . 4 0 0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

1 . 0 0 
1 . 0 0 

0 . 0 
0 . 1 0 

0 . 125 0 . 1 4 1 0 . 1 5 6 

1 . 0 0 0 . 2 0 
1 . 0 0 0 . 3 0 
1 . 0 0 
1 . 0 0 
1 . 0 0 

0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 1 7 2 0 . 1 8 7 0 . 2 0 3 0 . 2 1 9 
0 . 3 7 7 0 . 4 1 1 0 . 4 4 8 0 . 4 9 2 0 . 5 4 3 0 . 6 0 5 0 . 6 8 4 
0 . 5 7 2 0 . 6 2 6 0 . 6 8 8 0 . 7 6 1 0 . 8 5 0 0 . 9 6 1 1 . 1 1 3 
0 , 7 5 6 0 . 8 3 0 0 . 9 1 7 1 . 0 2 2 1 . 1 6 2 1 . 3 3 5 1 . 5 6 1 
0 . 9 3 4 1 . 0 3 2 1 . 1 5 8 1 . 3 0 6 1 . 4 8 7 * * * * * * * * * * 
1 . 1 2 5 1 . 2 5 5 1 . 4 0 8 * * * * * * * * * * * * * * * * * * * * 
1 . 3 2 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 1 2 5 0 . 1 4 1 0 . 1 5 6 0 . 1 7 2 0 . 1 8 7 0 . 2 0 3 0 . 2 1 9 
0 . 4 7 7 0 . 5 2 0 0 . 5 7 0 0 . 6 2 8 0 . 6 9 8 0 . 7 8 5 0 . 8 9 6 

1 . 1 6 2 1 . 3 3 5 1 . 5 6 1 
. 6 4 9 1 . 9 0 ? 2 . 2 3 2 

. 4 7 8 1 . 6 5 8 1 . 8 7 3 2 . 1 3 6 * * * * * * * * * * 
1 . 6 2 5 1 . 8 1 3 2 . 0 3 4 * * * * * * * * * * * * * * * * * * * * 
1 . 9 2 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 7 5 6 
1 . 0 2 5 
1 . 3 2 5 

0 . 8 3 0 0 . 9 1 7 1 . 0 2 ? 
1 . 1 4 4 1 . 2 8 3 1 . 4 4 8 
1. 

0 . 9 0 0 . 0 
0 . 9 0 0 . 1 0 
0 . 9 0 0 . 2 0 
0 . 9 0 0 . 3 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 

0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 1 0 . 0 3 1 
0 . 1 6 1 0 . 2 0 2 0 . 2 4 7 0 . 2 9 9 0 . 3 5 8 0 . 4 2 8 0 . 5 1 5 
0 . 3 2 7 0 . 3 9 5 
0 . 4 9 4 0 . 5 8 7 

0 . 4 7 1 0 . 5 5 6 0 . 6 5 6 0 . 7 7 7 0 . 9 3 1 
0 . 6 9 0 0 . 8 0 9 0 . 9 4 9 1 . 1 3 4 1 . 3 7 3 

O.C-61 0 . 7 7 8 0 . 9 0 9 1 . 0 6 7 1 . 2 6 8 * * * * * * * * * * 
0 . 8 2 9 0 . 9 6 9 1 . 1 4 5 * * * * * * * * * * * * * * * * * * * * 
0 . 9 9 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 1 0 . 0 3 1 
0 . 2 4 4 0 . 2 9 9 0 . 3 6 0 0 . 4 2 8 0 . 5 0 8 0 . 6 0 4 0 . 7 2 4 
0 . 4 9 4 0 . 5 8 7 0 . 6 9 0 0 . 8 0 9 0 . 9 4 9 1 . 1 3 4 1 . 3 7 3 
0 . 7 4 5 0 . 8 7 4 1 . 0 2 0 1 . 2 0 9 1 . 4 3 0 1 . 7 0 0 2 . 0 4 4 
0 . 9 9 7 1 . 1 8 7 1 . 3 9 6 1 . 6 3 4 1 . 9 1 7 * * * * * * * * * * 
1 . 2 9 7 1 . 5 2 1 1 . 7 7 1 * * * * * * * * * * * * * * * * * * * * 
1 . 5 9 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 8 0 0 . 0 
0 . 3 0 0 . 1 0 
0 . 8 0 
0 . 8 0 

0 . 2 0 
0 . 3 0 

0 . 8 0 0 . 4 0 
0 . 8 0 0 . 5 0 
0 . 8 0 0 . 6 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 9 4 0 . 1 2 3 0 . 1 6 1 0 . 2 1 0 0 . 2 7 5 0 . 3 5 9 
0 . 1 7 2 0 . 2 2 7 0 . 2 9 4 0 . 3 7 7 0 . 4 7 8 
0 . 2 9 5 0 . 3 8 4 0 . 4 8 9 0 . 6 1 2 0 . 7 5 9 

0 . 6 0 3 0 . 7 6 2 
0 . 9 3 9 1 . 1 8 6 

0 . 4 3 4 0 . 5 5 4 0 . 6 9 3 0 . 8 5 3 1 . 0 4 9 * * * * * * * * * * 
0 . 5 8 2 0 . 7 3 2 0 . 9 0 1 * * * * * * * * * * * * * * * * * * * * 
0 . 7 3 6 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 1 1 9 0 . 1 5 6 0 . 2 0 4 0 . 2 6 5 0 . 3 4 2 0 . 4 3 7 0 . 5 6 0 
0 . 2 9 5 0 . 3 8 4 0 . 4 8 9 0 . 6 1 2 0 . 7 5 9 0 . 9 3 9 1 . 1 8 6 
0 . 5 0 7 0 . 6 4 3 0 . 7 9 7 0 . 9 7 5 
0 . 7 3 6 0 . 9 1 4 1 . 1 3 3 1 . 3 9 6 
0 . 9 7 5 1 .230 1 .509 * * * * * * * * * * * * * * * * * * * * 
1 .268 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

1 . 2 1 1 1 . 4 9 8 1 . 8 5 7 
1 . 6 9 9 * * * * * * * * * * 

0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 

0 .0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 1 0 1 0 . 1 3 4 

0 . 0 
0 . 0 
0 . 1 7 9 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 9 1 0 . 1 2 0 0 . 1 6 4 0 . 2 3 1 

0 . 7 0 0 . 6 0 

0 . 2 4 2 0 . 3 2 8 0 . 4 4 5 0 . 6 0 2 
0 . 1 7 8 0 . 2 4 2 0 . 3 2 8 0 . 4 4 0 0 . 5 8 3 0 . 7 6 4 0 . 9 9 8 
0 . 2 7 4 0 . 3 7 5 0 . 5 0 4 0 . 6 6 2 0 . 8 5 5 * * * * * * * * * * 
0 . 3 8 9 0 . 5 2 7 0 .695 * * * * * * * * * * * * * * * * * * * * 
0 . 5 1 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 1 1 9 0 . 1 5 9 0 . 2 1 5 0 . 2 9 6 0 . 4 1 0 
0 . 1 7 8 0 . 2 4 2 0 . 3 2 8 0 . 4 4 0 0 . 5 8 3 0 . 7 6 4 0 . 9 9 8 
0 . 3 3 0 0 . 4 4 9 0 . 5 9 8 0 . 7 7 7 0 . 9 9 4 1 . 2 9 6 1 . 6 6 9 
0 . 5 1 7 0 . 6 9 1 0 . 8 9 5 1 . 1 5 7 1 . 4 8 0 * * * * * * * * * * 
0 . 7 2 9 0 . 9 5 1 1 . 2 4 6 * * * * * * * * * * * * * * * * * * * * 
0 . 9 5 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

T A B L F 12 WEB AREA / F L A N G E AREA = 1.25 

HOLE LENGTH / HEIGHT = 2 . 0 HOLE LENGTH / HEIGHT = 3 . 0 

M / M P V/VP 
HCLE H F I G H T / BEAM D E P T H 

0.45 0.50 0.55 0.60 0.65 0.70 

H O L E HEIGHT / BEAM D E P T H 

0.40 0.45 0.50 0.55 0.60 0.65 0.70 

0 .60 

0.60 

C.6 0 

C.6 0 

0.60 

0.60 

0.60 

0.0 

0. 1 0 

0.20 

0.30 

0.40 

0. 5 0 

0 .60 

0. 0 

0 • 0 

0. 0 

0. 0 

0 .0 

0. 0 

0. 0 

0 .0 

0.0 

0.0 

0.0 

0.0 

0.0 

0. 134 

0.144 0.176 0.219 0.313 

0 . 0 
0 . 168 
0 . 4 5 5 

0 . 1 4 4 0 . 1 7 7 0 . 2 1 9 0 . 3 0 6 0 . 4 3 0 0 . 6 0 2 0 . 8 3 4 
0 . 1 9 2 0 . 2 5 3 0 . 3 5 4 0 . 4 9 4 0 . 6 8 0 * * * * * * * * * * 
0 . 2 6 0 0 . 1 6 9 0 . 5 1 6 * * * * * * * * * * * * * * * * * * * * 
0 .35 i> * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 1 4 4 
0 . 2 1 9 0 . 3 0 8 0 . 4 3 3 0 . 5 9 9 
0 .356 0 . 5 0 4 0 . 6 9 7 0 . 9 3 3 
0, 
0, 

0 . 0 0 . 0 
0 . 1 3 2 0 . 1 6 2 

0 . 0 0 . 0 
0 . 2 0 1 0 . 2 8 4 

0 . 1 7 7 0 . 2 1 9 0 . 3 0 6 0 . 4 3 0 0 . 6 0 2 0 . 8 3 4 
0 . 8 1 2 1 . 0 9 4 1 . 4 8 2 
1 . 2 6 1 * * * * * * * * * * 

526 0 . 7 3 5 0 . 9 8 7 * * * * * * * * * * * * * * * * * * * * 
722 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
C.5C 
0 . 5 0 
0 . 5 C 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
C.4 0 
0 . 5 0 
0 .60 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 192 
0 . 24 1 
0 . 2 3 > 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 134 

0 . 1 4 4 0 . 1 7 6 0 . 2 1 7 0 . 2 6 8 
0 . 1 7 7 0 . 2 1 7 0 . 2 6 5 0 . 3 2 5 0 . 4 5 8 

0 . 0 
0 . 168 
0 . 3 3 7 
0 . 6 7 8 

0 . 2 3 6 0 . 2 8 9 0 . 3 6 1 0 . 5 2 4 * * * * * * * * * * 
0 . 2 9 5 0 . 3 7 6 * * * * * * * * * * * * * * * * * * * * 
***** ***** ***** ***** ***** ***** 

0 . 0 
0 . 0 
0 . 0 
0 . 2 1 7 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 177 0 . 2 1 7 
0 . 2 6 6 0 . 3 2 5 

0 . 0 
0 . 0 
0 . 2 6 5 
0 . 4 4 8 

0 . 2 8 9 0 . 3 6 4 0 . 5 2 8 0 .750 1 .042 * * * * * * * * * * 
0 . 3 7 6 0 . 5 5 3 0 * 7 8 9 * * * * * * * * * * * * * * * * * * * * 
0 . 5 3 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 
0 . 1 6 2 0 . 2 0 1 0 . 2 5 3 
0 . 3 2 5 0 . 4 5 8 0 . 6 7 8 
0 . 6 4 5 0 . 9 0 9 1 . 2 9 4 

0 . 4 0 
0 . 40 

0 . 0 
0 . 1 0 

0 . 4 0 0 . 2 0 
0 . 4 0 0 . 3 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 

0 . 4 0 
C . 5 0 
0 . 6 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 1 7 7 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 1 3 4 

0 . 1 4 4 0 . 1 7 6 0 . 2 1 7 0 . 2 6 8 
0 . 2 1 7 0 . 2 6 5 0 . 3 2 5 0 . 4 0 2 

0 . 0 
0 . 168 
0 . 3 3 7 
0 . 5 3 5 

0 . 1 9 2 0 . 2 3 6 0 . 2 8 9 0 . 3 5 3 0 . 4 3 3 * * * * * * * * * * 
0 . 24 1 
0 . 2 8 9 

0 . 2 9 5 0 . 3 6 1 * * * * * * * * * * * * * * * * * * * * 
***** ***** ***** ***** ***** ***** 

0 . 0 
0 . 0 
0 . 0 
0 . 2 1 7 
0 . 2 8 9 
0 . 3 6 1 

0 . 0 
0 . 0 
0 . 177 
0 . 266 
0 . 3 5 4 
0 . 443 

0.0 

0.0 

0.0 

0.0 

0.0 0.0 

0.162 0.201 

0.0 

0.253 

, 2 1 7 0 . 2 6 5 0 . 3 2 5 0 . 4 0 2 0 . 5 3 5 
,32 5 
433 
617 

397 
588 

499 
859 

0 . 7 4 7 1 . 1 0 7 
***** ***** 

***** ***** ***** ***** 
0 . 4 3 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 10 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 .60 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 3 4 0 . 1 6 8 
0 . 0 0 . 0 0 . 1 4 4 0 . 1 7 6 0 . 2 1 7 0 . 2 6 8 0 . 3 3 7 
0 . 0 0 . 1 7 7 0 . 2 1 7 0 . 2 6 5 0 . 3 2 5 0 . 4 0 2 0 . 5 0 5 
0 . 1 9 2 0 . 2 3 6 0 . 2 8 9 0 . 3 5 3 0 . 4 3 3 * * * * * * * * * * 
0 . 2 4 1 0 . 2 9 5 0 . 3 6 1 * * * * * * * * * * * * * * * * * * * * 
0 . 2 8 9 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 *0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 6 2 
0 . 0 0 . 1 7 7 0 . 2 1 7 0 . 2 6 5 0 . 3 2 5 
0 . 2 1 7 0 . 2 6 6 0 . 3 2 5 0 . 3 9 7 0 . 4 8 7 
0 . 2 8 9 0 . 3 5 4 0 . 4 3 3 0 . 5 2 9 0 .650 
0 . 3 6 1 0 . 4 4 3 0 . 5 4 1 * * * * * * * * * * * * * * * * * * * * 
0 . 4 3 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 
0 . 2 0 1 0 . 2 5 3 
0 . 4 0 2 0 . 5 0 5 
0 . 6 0 3 0 . 7 5 8 

***** ***** 
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TABLE 13 WEB AREA / FLANGE AREA = 1.50 

HOLE LENGTH / HEIGHT = 1 . 0 HOLE LENGTH / HEIGHT 

M/MF 

1 . 0 0 
1 .00 
1 . 0 0 
1 .00 
1 .00 
I . 0 0 
1 .00 

0 . 9 0 
0 * 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 
0 . 9 0 

0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 0 

0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
0 * 7 0 
0 . 7 0 
0 . 7 0 

V/VP 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

HOLE HEIGHT / BEAM DEPTH 
0.40 oT45 0.50 0.55 0.60 0.65 0.70 0.40 

HOLE HEIGHT / BEAM DEPTH 
0.45 0.50 0.55 0.60 0.65 0 . 7 0 

0 . 1 5 0 0 . 1 6 9 0 . 1 8 8 
0 . 3 2 2 C . 3 5 0 0 . 3 8 1 
0 . 4 5 3 0 . 4 9 3 0 * 5 3 8 

0 . 2 0 6 0 . 2 2 5 0 .244 0 . 2 6 3 
0 . 4 1 6 0 . 4 5 5 0 . 5 0 1 0 . 5 5 7 
0 . 5 9 0 0 . 6 5 1 0 . 7 2 6 0 . 8 2 1 

0 . 5 7 2 0 . 6 2 4 0 . 6 8 4 0 . 7 5 4 0 . 8 3 8 0 . 9 4 2 1 .081 
0 . 6 6 7 0 . 7 5 1 0 . 8 2 5 0 . 9 1 3 1 .022 * * * * * * * * * * 
0 . 7 9 8 0 . 8 7 4 0 . 9 6 3 * * * * * * * * * * * * * * * * * * * * 
0 . 9 0 7 * * * * * * * * * * * * * * * * * * * * * * . * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 3 2 0 . 0 6 6 
0 . 1 1 1 0 . 1 4 3 0 . 1 7 9 0 . 2 2 0 0 . 2 6 7 0 . 3 2 0 0 . 3 8 3 
0 . 2 1 7 0 . 2 6 8 0 . 3 2 3 0 . 3 8 5 0 . 4 5 6 0 . 5 4 0 0 . 6 4 3 
0 . 3 2 1 0 . 3 8 8 0 . 4 6 1 0 . 5 4 3 0 . 6 3 8 0 . 7 5 2 0 . 8 9 5 
0 . 4 2 5 0 . 5 0 6 0 . 5 9 6 0 . 6 9 7 0 . 8 1 6 * * * * * * * * * * 
0 . 5 2 7 0 . 6 2 3 0 . 7 2 9 * * * * * * * * * * * * * * * * * * * * 
0 . 6 2 9 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 
0 . 104 0 . 1 3 5 0 . 1 7 5 
0 . 1 6 9 0 . 2 2 0 0 . 2 8 4 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 1 0 2 0 . 1 3 4 0 . 1 7 7 0 . 2 3 3 
0 . 2 2 7 0 . 2 9 1 0 . 3 7 3 0 . 4 7 6 
0 . 3 6 2 0 . 4 5 7 0 . 5 7 3 0 . 7 2 1 

0 . 2 4 2 0 . 3 1 4 0 . 4 0 0 0 . 5 0 3 0 . 6 2 6 * * * * * * * * * * 
0 . 3 2 1 0 . 4 1 3 0 . 5 2 1 * * * * * * * * * * * * * * * * * * * * 
0 . 4 0 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 9 5 0 . 1 3 0 
0 . 0 0 . 0 0 * 1 0 2 0 . 1 3 3 0 . 1 7 7 0 . 2 4 0 0 . 3 3 1 
0 . 1 0 0 0 . 1 3 2 0 . 1 7 3 0 .231 0 . 3 0 9 0 . 4 1 5 0 . 5 5 8 
0 . 1 4 6 0 . 1 9 4 0 . 2 5 9 0 . 3 4 5 0 . 4 5 7 * * * * * * * * * * 
0 . 1 9 8 0 . 2 6 6 0 . 3 5 5 * * * * * * * * * * * * * * * * * * * * 
0 . 2 5 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 1 5 0 0 . 1 6 9 0 . 1 8 8 0 . 2 0 6 0 . 2 2 5 0 . 2 4 4 0 . 2 6 3 
0 . 3 8 9 0 . 4 2 3 0 . 4 6 2 0 . 5 0 5 0 . 5 5 5 0 . 6 1 5 0 . 6 9 1 
0 . 5 7 2 0 . 6 2 4 0 . 6 8 4 0 . 7 5 4 0 . 8 3 8 0 . 9 4 2 1.081 
0 . 7 4 2 0 . 8 1 3 0 . 8 9 5 0 . 9 9 2 1 .121 1 .283 1 .491 
0 . 9 0 7 0 . 9 9 6 1 .113 1 .252 1 .420 * * * * * * * * * * 
1 .078 1 .202 1 .344 * * * * * * * * * * * * * * * * * * * * 
1 .264 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 3 2 0 . 0 6 6 
0 . 1 6 5 0 . 2 0 6 0 . 2 5 2 0 . 3 0 4 0 . 3 6 3 0 . 4 3 ? 0 . 5 1 5 
0 . 3 2 1 0 . 3 8 8 0 . 4 6 1 0 . 5 4 3 0 . 6 3 8 0 . 7 5 2 0 . 8 9 5 
0 . 4 7 6 0 . 5 6 5 0 . 6 6 3 0 . 7 7 4 0 . 9 0 5 1 .071 1 .294 
0 . 6 2 9 0 . 7 3 9 0 . 8 6 2 1 .002 1 .191 * * * * * * * * * * 
0 . 7 8 2 0 . 9 1 3 1 . 0 6 9 * * * * * * * * * * * * * * * * * * * * 
0 . 9 3 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 9 6 0 . 1 2 5 0 . 1 6 2 0 . 2 1 1 0 . 2 7 4 0 . 3 5 5 
0 . 1 6 9 0 . 2 2 0 0 . 2 8 4 0 .362 0 . 4 5 7 0 . 5 7 3 0 . 7 2 1 
0 . 2 8 1 0 . 3 6 3 0 . 4 6 0 0 . 5 7 5 0 . 7 1 1 0 . 8 7 7 1.098 
0 . 4 0 5 0 . 5 1 6 0 .644 0 . 7 9 2 0 . 9 6 7 * * * * * * * * * * 
0 . 5 3 7 0 . 6 7 5 0 . 8 3 1 * * * * * * * * * * * * * * * * * * * * 
0 . 6 7 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 2 1 0 . 1 6 3 0 . 2 2 5 
0 . 0 0 . 1 3 2 0 . 1 7 3 0 .231 0 . 3 0 9 0 . 4 1 5 0 . 5 5 8 
0 . 1 7 1 0 . 2 2 9 0 . 3 0 6 0 . 4 0 6 0 . 5 3 5 0 . 7 0 0 0 . 9 1 3 
0 . 2 5 7 0 . 3 4 6 0 . 4 6 0 0 . 6 0 2 0 . 7 7 7 * * * * * * * * * * 
0 . 3 5 6 0 . 4 7 8 0 . 6 2 8 * * * * * * * * * * * * * * * * * * * * 
0 . 4 6 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

WEB AREA / FLANGE AREA 

HOLE LENGTH / HEIGHT = 1.0 

1 . 50 

HOLE LENGTH / HEIGHT 

HOLE HEIGHT / BEAM DEPTH 
M/MP 

0 . 6 0 
C.60 
0 . 6 0 
0 . 6 0 
0 . 60 
0 . 6 0 
0.6C 

0 . 5 0 
0 . 5 0 
0 . 5 0 
0 .5C 
0 . 5 0 
0 . 5 0 
0 . 5 0 

0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

V/VP 

0 . 0 
C I O 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0.1 0 
0 . 2 0 
0 . 3 0 
0 .40 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 10 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 .30 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 4 0 

0 . 0 
0 . 0 
0 . 0 
o . 0 
0 . 1 1 5 
0 . 144 
0 . 173 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 144 
0 . 173 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 4 4 
0 . 173 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 144 
0 . 173 

0 . 4 5 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 4 2 
0 . 178 
***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 4 2 
0 . 1 7 7 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 142 
0 . 177 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 4 2 
0 . 177 

***** 

0 . 5 0 

0 . 0 
0 . 0 
0 . 0 
0 . t 30 
0 . 173 
0 . 2 4 1 
***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 173 
0 . 2 1 7 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 173 
0 . 2 1 7 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 7 3 
0 . 2 1 7 

***** 

0 . 5 5 

0 . 0 
0 . 0 
0 . 0 
0 . 1 5 9 
0 .234 

***** 
***** 
0 . 0 
0 . 0 
0 . 0 
0 . 159 
0 . 2 1 2 

***** 
***** 
0 . 0 
0 . 0 
0 . 0 
0 . 1 5 9 
0 . 2 1 2 

***** 
***** 
0 . 0 
0 . 0 
0 . 0 
0 . 1 5 9 
0 . 2 1 2 

***** 
***** 

0 . 6 0 

0 . 0 
0 . 0 
0 . 1 3 0 
0 . 2 0 6 
0 . 3 2 3 

***** 
***** 
0 . 0 
0 . 0 
0 . 130 
0 . 1 9 5 
0 . 2 6 0 

***** 
***** 
0 . 0 
0 . 0 
0 . 1 3 0 
0 . 1 9 5 
0 . 2 6 0 

***** 
***** 
0 . 0 
0 . 0 
0 . 1 3 0 
0 . 1 9 5 
0 . 2 6 0 

***** 
***** 

0 . 6 5 

0 . 0 
0 . 0 
0 . 1 6 1 
0 . 2 8 9 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 161 
0 . 2 4 1 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 161 
0 . 2 4 1 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 1 6 1 
0 . 2 4 1 

***** 
***** 
***** 

0 . 7 0 

0 . 0 
0 . 101 
0 . 2 1 9 
0 . 4 1 3 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 3 0 3 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 3 0 3 

***** 
***** 
***** 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 3 0 3 

***** 
***** 
***** 

HOLE HEIGHT / BEAM DEPTH 
0 . 4 0 0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 1 3 0 0 . 1 5 9 
0 . 1 7 3 
0 . 2 4 1 

0 . 2 3 4 
0 . 3 3 3 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 1 3 0 0 . 1 5 9 
0 . 2 0 5 0 . 2 8 1 
0 . 3 2 1 0 . 4 4 2 
0 . 4 5 9 * * * * * 

0 . 0 0 . 0 0 . 0 
0 . 0 0 . 1 2 1 0 . 1 5 2 
0 . 2 0 6 0 . 2 8 9 0 . 4 1 3 
0 . 3 8 9 0 . 5 4 0 0 . 7 4 7 
0 . 6 0 5 * * * * * * * * * * 
***** ***** ***** 

0 . 3 2 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 7 3 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 2 1 3 

0 . 0 
0 . 0 
0 . 0 
0 . 1 9 5 
0 . 2 6 0 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 .159 0 . 1 9 5 
0 . 2 3 8 0 . 2 9 2 

0 . 0 0 . 0 
0 . 0 0 . 1 5 2 
0 . 2 4 1 0 . 3 0 3 
0 . 4 0 3 0 . 5 9 4 

0 . 3 2 1 0 . 4 5 8 * * * * * * * * * * 
0 . 2 1 7 0 . 2 6 6 0 . 3 3 4 * * * * * * * * * * * * * * * * * * * * 
0 . 2 6 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 0 . 0 

0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 
0 . 0 0 . 1 5 9 0 . 1 9 5 
0 . 1 9 5 0 . 2 3 8 0 . 2 9 2 

0 . 1 7 3 0 . 2 1 3 0 . 2 6 0 0 . 3 1 8 0 . 3 9 0 

0 . 0 0 . 0 
0 . 0 0 . 1 5 2 
0 . 2 4 1 0 . 3 0 3 
0 . 3 6 2 0 . 4 5 9 

***** ***** 
0 . 2 1 7 0 . 2 6 6 0 . 3 2 5 * * * * * * * * * * * * * * * * * * * * 
0 . 2 6 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 1 7 3 0 . 2 1 3 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 5 2 
0 . 0 0 . 1 5 9 0 . 1 9 5 0 . 2 4 1 0 . 3 0 3 
0 . 1 9 5 0 . 2 3 8 0 . 2 9 2 0 . 3 6 2 0 . 4 5 5 
0 . 2 6 0 0 . 3 1 8 0 . 3 9 0 * * * * * * * * * * 

0 . 2 1 7 0 . 2 6 6 0 . 3 2 5 * * * * * * * * * * * * * * * * * * * * 
0 . 2 6 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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TABLE WEB AREA / FLANGE AREA = 1 .50 

HOLE LENGTH / HEIGHT = 2 . 0 HOLE LENGTH / HEIGHT = 3 . 0 

M/MP V/VP 
HCLE HEIGHT / DEAM DEPTH 

0.45 0.50 0.55 0.60 0.65 0.40 
HOLE HEIGHT / BEAM DEPTH _ 

0 . 4 5 0*50 0 *55 0 . 6 0 0 . 6 5 0 . 7 0 

1 . 0 0 
1 . 0 0 
I . 0 0 
1 . 0 0 
1 . 0 0 
1 . 0 0 
1 . 0 0 

o.o 
0 . 1 0 
C.20 
0 .30 
0 .40 
0 . 5 0 
0 . 6 0 

O. lbO 0 . 1 6 9 0 . 1 8 8 0 .206 0 . 2 2 5 0 . 2 4 4 0 . 2 6 3 
0 , 4 5 3 0 . 4 9 3 0 . 5 3 8 0 .590 0 . 6 5 1 0 . 7 2 6 0 . 8 2 1 
0 . 6 8 7 0 . 7 5 1 0 . 8 2 5 0 . 9 1 3 1 .022 1 .167 1 .354 
0 . 9 0 7 0 . 9 9 6 1 .113 1.252 1 .420 1 .629 1.900 
1.140 1 .270 1 .422 1.601 1 .818 * * * * * * * * * * 
1 .388 1 .546 1 .730 * * * * * * * * * * * * * * * * * * * * 
1 .635 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 1 5 0 0 . 1 6 9 0 *188 0*206 0 *225 0 * 2 4 4 0 * 2 6 3 
0*572 0*624 0 *684 0*754 0 *838 0 * 9 4 2 1*081 
0 . 9 0 7 0 . 9 9 6 1*113 1*252 1 * 4 2 0 1*629 1*900 
1.264 1 .408 1 .576 1 .775 2 . 0 1 8 2 * 3 2 2 2 *719 
1 .635 1 .821 2 . 0 3 9 2*298 2 . 6 1 5 * * * * * * * * * * 
2 * 0 0 7 2 * 2 3 4 2 * 5 0 1 * * * * * * * * * * * * * * * * * * * * 
2 . 3 7 8 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 9 0 0 .0 
0 . 9 0 0 .10 
0 . 9 0 
0 .9C 

0 .20 
0 . 3 0 

0 . 9 0 0 . 4 0 
0 . 9 0 0 . 5 0 
0 . 9 0 0 .60 

0 . 2 1 7 0 . 2 6 8 
0 . 4 2 5 0 . 5 0 6 
0 . 6 2 9 0 . 7 3 9 
0 . 83 3 
1 . 0 4 4 
1 . 2 9 1 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 32 0 . 0 6 6 
0 . 3 2 3 0 . 3 8 5 0 . 4 5 6 0 .540 0 . 6 4 3 
0 . 5 9 6 0 . 6 9 7 0 . 8 1 6 0 .960 1*158 
0 . 8 6 2 1.002 1 .191 1 .418 1 .704 

0 .77 1 1 .147 1.351 1 .589 * * * * * * * * * * 
1 .240 1 .455 * * * * * * * * * * * * * * * * * * * * 
***** ***** ***** ***** ***** ***** 

0 . 0 0 * 0 0 *0 0 * 0 0 *0 0 * 0 3 2 0 *066 
0 *321 0 . 3 8 8 0 * 4 6 1 0 . 5 4 3 0 * 6 3 8 0 * 7 5 2 0 *895 
0*629 0 *739 0 * 8 6 2 1 .002 1*191 1 . 4 1 8 1*704 
0 * 9 3 5 1*103 1*301 1*525 1*789 2 . 1 1 1 2 * 5 2 3 
1 .291 1*516 1 .764 2 . 0 4 8 2 . 3 8 6 * * * * * * * * * * 
1*663 1*929 2 * 2 2 6 * * * * * * * * * * * * * * * * * * * * 
2 . 0 3 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 8 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 8 0 0 .10 0 . 0 0 . 1 3 5 0 . 1 7 5 0 . 2 2 7 0 . 2 9 1 0 . 3 7 3 0 . 4 7 6 
0 . 8 0 0 .20 0 . 2 4 2 0 . 3 1 4 0 . 4 0 0 0 . 5 0 3 0 . 6 2 6 0 . 7 7 5 0 . 9 6 6 
0 . 8 0 0 . 3 0 0 . 4 0 5 0 . 5 1 6 0 . 6 4 4 0 . 7 9 2 0 . 9 6 7 1 .206 1.508 
0 . 8 0 0 .40 0 . 5 3 3 0 . 7 2 9 0 . 8 9 5 1*101 1 .360 * * * * * * * * * * 
C.80 0 . 5 0 0 . 7 6 9 0 . 9 4 8 1.180 * * * * * * * * * * * * * * * * * * * * 
0 . 8 0 0 . 6 0 0 . 9 5 9 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 *0 0*0 
0 *169 0*220 0 *284 

0*0 0*0 0 * 0 0 *0 
0 *362 0 * 4 5 7 0 . 5 7 3 0 . 7 2 1 

0 . 4 0 5 0 . 5 1 6 0 . 6 4 4 0 *792 0 * 9 6 7 
0 . 6 7 5 0 . 8 3 8 

• 2 0 6 1*508 
1*026 1 .275 1 . 5 5 9 1*899 2 * 3 2 6 

0 * 9 5 9 1.210 I.«489 1.798 2 . 1 5 7 * * * * * * * * * * 
1 .319 1 .623 1 .951 * * * * * * * * * * * * * * * * * * * * 
1 .690 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 7 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 7 0 0 .10 0 . 0 0 . 0 0 . 0 0 . 1 3 3 0 . 1 7 7 0 . 2 4 0 0 . 3 3 1 
0 . 7 0 0 . 2 0 0 . 1 4 6 0 . 1 9 4 0 . 2 5 9 0 . 3 4 5 0 . 4 5 7 0 . 6 0 3 0 . 7 9 4 
0 . 7 0 0 . 3 0 0 . 2 5 7 0 . 3 4 6 0 . 4 6 0 0 . 6 0 2 0 . 7 7 7 0 . 9 9 5 1 .311 
0 . 7 0 0 .40 0 . 3 9 2 0 . 5 2 4 0 . 6 8 6 0 . 8 7 9 1 .131 * * * * * * * * * * 
C.70 0 . 5 0 0 . 5 4 6 0 . 7 2 0 0 . 9 2 5 * * * * * * * * * * * * * * * * * * * * 
0 . 7 0 0 . 6 0 0 . 7 1 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0.0 
0.0 
0.257 

0.0 0.0 
0. 132 0.173 
0.346 0.460 

0 . 0 0 *0 0 *0 0 *0 
0*231 0 * 3 0 9 0 . 4 1 5 0 * 5 5 8 
0 . 6 0 2 0 . 7 7 7 0 . 9 9 5 1*311 

0 *467 0 *621 0 * 8 0 4 1.025 1*330 . 6 8 7 2 . 1 3 0 
0 * 7 1 4 
0 *982 

0 *927 1 .214 1 .548 1 .928 * * * * * * * * * * 
1*318 1 . 6 7 6 * * * * * * * * * * * * * * * * * * * * 

,347 ***** ***** ***** ***** ***** ***** 

TABLE 16 WEB AREA / FLANGE AREA = 1.50 

M/MP V/VP 

HOLF LENGTH / HFIGHT = 2 . 0 

HCLE HEIGHT / BEAM DEPTH 
0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

HOLE LENGTH / HEIGHT 3 . 0 

HOLF HEIGHT / BEAM DEPTH 
0 . 4 0 0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

0 . 6 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 6 0 0 .10 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 3 0 0 . 1 6 1 0 . 2 1 9 
0 . 6 0 0 . 2 0 0 . 0 0 . 1 4 2 0 . 1 7 3 0 .234 0 . 3 2 3 0 . 4 5 2 0 . 6 3 3 
0 . 6 0 0 .30 0 . 1 7 3 0 . 2 3 4 0 . 3 2 1 0 . 4 4 2 0 . 6 0 5 0 . 8 1 9 1 .115 
0 . 6 0 0 . 4 0 0 . 2 6 6 0 . 3 7 0 0 . 5 0 9 0 . 6 9 1 0 .920 * * * * * * * * * * 
0 . 6 0 0 . 5 0 0 . 3 8 1 -0 .531 0 . 7 2 3 * * * * * * * * * * * * * * * * * * * * 
0 . 6 0 0 . 6 0 0 . 5 1 6 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 1 3 0 0 . 1 5 9 0 . 2 0 6 0 . 2 8 9 0 . 4 1 3 
0 . 1 7 3 0 .234 0 . 3 2 1 0 . 4 4 2 0 . 6 0 5 0 . 8 1 9 1 .115 
0 . 3 2 1 0 . 4 4 7 0 . 6 1 4 0 . 8 2 4 1 .101 1 . 4 7 6 1 .934 
0 . 5 1 6 0 . 7 1 3 0 . 9 5 3 1.298 1.699 * * * * * * * * * * 
0 . 7 4 7 1 .012 1.401 * * * * * * * * * * * * * * * * * * * * 
1 .003 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 

0 . 0 
0 . 1 c 
0 . 2 0 
0 . 3 0 
0 . 4 0 

0 . 5 0 0 . 5 0 
0 . 5 0 0 . 6 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 6 1 0 . 2 0 2 
0 . 0 0 . 0 0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 0 . 3 2 9 0 . 4 8 8 
0 . 1 7 3 0 . 2 1 3 0 . 2 6 0 0 . 3 2 1 0 . 4 5 8 C.656 0 . 9 3 1 
0 . 2 3 1 0 . 2 8 3 0 . 3 7 3 0 .530 0 .744 * * * * * * * * * * 
0 . 2 8 9 0 . 3 8 9 0 . 5 5 2 * * * * * * * * * * * * * * * * * * * * 
0 . 374 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 9 5 0 . 2 4 1 0 . 3 0 3 
0 . 0 0 . 2 1 3 0 . 2 6 0 0 . 3 2 1 0 . 4 5 8 0 . 6 5 6 0 . 9 3 1 
0 . 2 6 0 0 . 3 2 3 0 . 4 5 9 0 . 6 4 8 0 . 8 9 8 1 .264 1 .737 
0 . 3 7 4 0 . 5 3 7 0 . 7 5 7 1 .048 1 .469 * * * * * * * * * * 
0 . 5 5 8 0 . 7 9 7 1 .126 * * * * * * * * * * * * * * * * * * * * 
0 . 7 7 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 2 3 1 

0 . 0 
0 . 0 
0 . 0 
0 . 2 1 3 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 

0 . 0 
0 . 1 6 1 
0 . 3 2 2 

0 . 0 
0 . 2 0 2 
0 . 4 0 4 

0 . 2 6 0 0 . 3 1 8 0 . 3 9 0 0 . 5 1 3 0 . 7 7 1 
0 . 2 8 3 0 . 3 4 6 0 . 4 2 3 0 . 5 8 9 * * * * * * * * * * 

0 . 2 8 9 0 . 3 5 4 0 . 4 3 3 * * * * * * * * * * * * * * * * * * * * 
0 . 3 4 6 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 1 9 5 0 . 2 4 1 0 . 3 0 3 
0 . 3 1 8 0 . 3 9 0 0 . 5 1 3 0 . 7 7 1 
0 . 5 0 1 0 . 7 2 9 1 .053 1 .541 
0 . 8 5 1 1 .240 * * * * * * * * * * 

433 0 . 6 1 9 0 . 8 9 5 * * * * * * * * * * * * * * * * * * * * 
594 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 
0 . 2 6 0 
0 . 3 4 6 
0 
0 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 2 1 3 0 . 2 6 0 
0 . 3 1 9 0 . 3 9 0 
0 . 4 2 5 0 . 5 9 1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 .0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 0 . 0 
0 . 0 
0 . 2 3 1 0 . 2 8 3 
0 . 2 8 9 0 . 3 5 4 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 1 6 1 0 . 2 0 2 
0 . 1 7 3 0 . 2 1 2 0 . 2 6 0 0 . 3 2 2 0 . 4 0 4 

0 . 2 1 3 0 . 2 6 0 0 . 3 1 8 0 . 3 9 0 0 . 4 8 3 0 . 6 0 6 
0 . 3 4 6 0 . 4 2 3 0 . 5 2 0 * * * * * * * * * * 
0 . 4 3 3 * * * * * * * * * * * * * * * * * * * * 

0 . 3 4 6 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 9 5 0 . 2 4 1 0 . 3 0 3 
0 . 0 0 . 2 1 3 0 . 2 6 0 0 . 3 1 8 0 . 3 9 0 0 . 4 8 3 0 . 6 0 6 
0 . 2 6 0 0 *319 0 * 3 9 0 0*476 0*585 0 * 7 2 4 0 * 9 0 9 
0*346 0 . 4 2 5 0 . 5 2 0 0 . 6 3 5 0 . 7 7 9 * * * * * * * * * * 
0 . 4 3 3 0 .531 0 . 6 5 0 * * * * * * * * * * * * * * * * * * * * 
0 . 5 2 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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TABLE 17 WEB AREA / FLANGE AREA = 1.75 

HOLE L E N G T H / H E I G H T = 1 . 0 HOLE L E N G T H / H E I G H T = 1 . 5 

HOLE HEIGHT / REAM DEPTH HOLE HEIGHT / BEAM DEPTH 

M/MP V/VP 0.40 0.4b 0.50 0.55 0.60 0.65 0.70 0.4Q 0.45 0.50 0.55 0.60 0.65 0.70 

1 . o c 
1 . o c 
I . o c 
1 . o c 
I . o c 
1 . 0 0 
1 . 0 0 

0 . 0 
C . 1 0 
c . 2 0 
0 . 3 0 
0 . 4 0 
C . 5 0 
0 . 6 0 

0 . 1 7S 
0 . 3 ^ 
0 . 5 2 0 
0 • 6 6 8 
0 . 0 0 1 
0 . V 3 1 
1 . 0 6 0 

0 . 1 9 7 
0 . 4 C 9 
0 . 5 7 5 
0 . 7 2 8 
0 . 8 7 6 
1 . 0 2 3 

***** 

0 . 2 1 9 
0 . 4 4 5 
0 . 6 2 8 
0 . 79 8 
0 . 9 6 3 
1 . 1 4 2 

***** 

0 . 2 4 1 
0 . 4 8 5 
0 . 6 8 8 
0 . 8 7 9 
1 . 0 7 4 

***** 
***** 

0 . 2 6 2 
0 . 5 3 1 
0 . 7 6 0 
0 * 9 7 7 
1 . 2 1 2 

***** 
***** 

0 . 2 8 4 
0 . 5 8 5 
0 . 8 4 7 
1 • 1 0 8 

***** 
***** 
***** 

0 . 3 0 6 
0 . 6 5 0 
0 . 9 5 7 
1 . 2 7 8 

***** 
***** 
***** 

0 . 1 7 5 
0 . 4 5 4 
0 . 6 6 8 
0 . 8 6 6 
1 . 0 6 8 
1 . 2 9 1 
1 . 5 1 4 

0 . 1 9 7 
0 . 4 9 4 
0 . 7 2 8 
0 . 9 4 8 
1 * 1 8 8 
1 . 4 3 6 

***** 

0 . 2 1 9 
0 . 5 3 8 
0 . 7 9 8 
1 . 0 5 0 
1 . 3 2 7 
1 . 6 0 4 

***** 

0 . 2 4 1 
0 . 5 8 9 
0 . 8 7 9 
1 . 178 
1 . 4 9 0 

***** 
***** 

0 . 2 6 2 
0 . 6 4 8 
0 . 9 7 7 
1 . 3 3 1 
1 . 6 8 7 

***** 
***** 

0 . 2 8 4 
0 . 7 1 8 
1 . 1 0 8 
1 . 5 2 0 

***** 
***** 
***** 

0 . 3 0 6 
0 . 8 0 6 
1 . 2 7 8 
1 . 7 6 4 

***** 
***** 
***** 

0 . 9 C 
0 . 9 C 
0 . 9 0 
0 . 9 C 
0 . 9 C 
0 . 9 0 
0 . 9 0 

0 . 0 
0 . 10 
C . 2 C 
0 . 3 0 
0 . 4 0 
0 . 5 C 
0 . 6 0 

0 . 0 
0 . 1 4 6 
0 . 2 76 
0 . 4 0 1 
0 . 5 2 4 
0 . 6 4 5 
0 . 7 6 5 

0 . 0 
0 . 1 0 4 
0 . 3 3 5 
0 . 4 7 8 
0 . 6 1 8 
0 . 7 5 5 

** *** 

0 . 0 
0 . 2 2 8 
0 . 4 0 0 
0 . 5 6 3 
0 . 7 2 1 
0 . 8 7 8 

***** 

0 . 0 
0 . 2 7 7 
0 . 4 7 2 
0 . 6 5 8 
0 . 8 3 9 

***** 
***** 

0 . 0 2 3 
0 . 3 3 2 
0 . 5 5 5 
0 . 7 6 7 
0 . 9 7 6 

***** 
***** 

0 . 0 6 3 
0 . 3 9 4 
0 . 6 5 1 
0 . 8 9 9 

***** 
***** 
***** 

0 . 1 0 1 
0 . 4 6 8 
0 . 7 7 1 
1 . 0 7 2 

***** 
***** 
***** 

0 . 0 
0 . 2 1 2 

0 . 4 0 I 
0 . 5 8 4 
0 . 7 6 5 
0 . 9 4 5 
I . 1 5 5 

0 . 0 
0 . 2 6 1 
0 . 4 7 8 
0 . 6 8 7 
0 . 8 9 2 
1 . 1 1 7 

***** 

0 . 0 
0 . 3 1 6 
0 . 5 6 3 
0 . 8 0 0 
1 . 0 3 9 
1 . 3 1 7 

***** 

0 . 0 
0 . 3 7 7 
0 . 6 5 8 
0 . 9 2 8 
1 . 2 2 9 

***** 
***** 

0 . 0 2 3 
0 . 4 4 5 
0 . 7 6 7 
1 . 0 9 1 
1 . 4 4 8 

***** 
***** 

0 . 0 6 3 
0 . 5 2 5 
0 . 8 9 9 
1 . 2 9 9 

***** 
***** 
***** 

0 . 1 0 1 
0 . 6 2 1 
1 . 0 7 2 
1 . 5 5 8 

***** 
***** 
***** 

0 .OC 
0 . 8 0 
0 . 8 0 
0 . 8 C 
0 . 8 C 
O.OC 
0 . 8 0 

O.C 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 0 
0 . 1 3 9 
0 . 2 2 4 
0 . 3 1 8 
0 . 4 17 
0 . 5 2 0 

0 . 0 
0 • 0 
0 . 1 8 0 
0 . 2 9 0 
0 . 4 0 6 
0 . 5 2 8 

***** 

0 . 0 
0 . 1 0 7 
0 . 2 3 2 
0 . 3 6 8 
0 . 5 1 0 
0 . 6 5 5 

***** 

0 . 0 
0 . 1 3 9 
0 . 2 9 7 
0 . 4 6 2 
0 . 6 3 1 

***** 
***** 

0 . 0 
0 . 1 8 1 
0 . 3 7 6 
0 . 5 7 4 
0 . 7 7 4 

***** 
***** 

0 . 0 
0 . 2 3 5 
0 . 4 7 3 
0 . 7 1 1 

***** 
***** 
***** 

0 . 0 
0 . 3 0 5 
0 . 5 9 4 
0 . 8 8 2 

***** 
***** 
***** 

0 . 0 
0 . 0 
0 . 2 2 4 
0 . 3 6 7 
0 . 5 2 0 
0 . 6 8 1 
0 . 8 4 6 

0 . 0 
0 . 1 2 9 
0 . 2 9 0 
0 . 4 6 6 
0 . 6 5 2 
0 . 6 4 2 

***** 

0 . 0 
0 . 1 6 8 
0 . 3 6 8 
0 . 5 8 2 
0 . 8 0 1 
1 . 0 2 9 

***** 

0 . 0 
0 . 2 1 6 
0 . 4 6 2 
0 . 7 1 6 
0 . 9 7 3 

***** 
***** 

0 . 0 
0 . 2 7 8 
0 . 5 7 4 
0 . 8 7 5 
1 . 2 0 8 

***** 
***** 

o.o 
0 . 3 5 4 
0 . 7 1 1 
1 . 0 7 8 

***** 
***** 
***** 

0 . 0 
0 . 4 5 0 
0 . 8 8 2 
1 . 3 5 3 

***** 
***** 
***** 

0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 

C O 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 0 
0 . o 
C . 136 
0 . 1 9 7 
0 . 26 7 
0 . 3 4 4 

0 . 0 
0 • o 
0 . 0 
0 . 1 7 8 
0 . 2 6 1 
0 . 3 5 5 

***** 

0 . 0 
0 . 0 
0 . 1 38 
0 . 2 3 5 
0 . 3 4 6 
0 . 4 6 8 

***** 

0 . 0 
0 . 0 
0 . 1 8 2 
0 . 3 1 0 
0 . 4 5 4 

***** 
***** 

0 . 0 
0 . 100 
0 . 2 4 1 
0 . 4 0 9 
0 . 5 9 1 

***** 
***** 

0 . 0 
0 . 1 3 3 
0 . 3 2 3 
0 . 5 3 9 

***** 
***** 
***** 

0 . 0 
0 . 1 8 2 
0 . 4 3 5 
0 . 7 0 8 

***** 
***** 
***** 

0 . 0 
0 . 0 
0 * 1 3 6 
0 . 2 3 1 
0 . 3 4 4 
0 . 4 7 2 
0 . 6 1 2 

0 . 0 
0 . 0 
0 . 1 7 8 
0 . 3 0 7 
0 . 4 5 8 
0 . 6 2 3 

***** 

0 . 0 
0 . 0 
0 . 2 3 5 
0 . 4 0 6 
0 . 5 9 8 
0 . 8 0 3 

***** 

0 . 0 
0 . 1 2 6 
0 . 3 1 0 
0 . 5 3 0 
0 . 7 6 8 

***** 
***** 

0 . 0 
0 . 1 6 6 
0 . 4 0 9 
0 . 6 8 5 
0 . 9 7 4 

***** 
***** 

0 . 0 
0 . 2 2 3 
0 . 5 3 9 
0 . 8 7 9 

***** 
***** 
***** 

0 . 0 
0 . 3 0 5 
0 . 7 0 8 
1 . 1 4 7 

***** 
***** 
***** 

T A B L E 18 WEB AREA / FLANGE AREA = 1 . 7 5 

HOLE L F N G T H / H E I G H T = 1 . 0 HOLE L E N G T H / H E I G H T = 1 . 5 

HOLE HE IGHT / BEAM DEPTH HOLE H E I G H T / BEAM DFPTH 
M/MP V / V P 0 . 4 0 0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 0 . 4 0 0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 13 5 
0 . 1 8 1 
0 . 2 3 5 

0 . 0 
0 . 0 
0 . 0 
0 . 1 2 4 
0 . 1 7 7 
0 . 2 4 3 

***** 

0 . 0 
0 . 0 
0 . 0 
0 . 1 5 7 
0 . 2 3 6 
0 . 330 

***** 

0 . 0 
0 . 0 
0 . 1 2 3 
0 . 2 0 9 
0 . 3 2 0 

***** 
***** 

0 . 0 
0 . 0 
0 . 157 
0 . 2 8 4 
0 . 4 37 

***** 
***** 

0 . 0 
0 . 0 
0 . 2 1 5 
0 . 3 9 3 

***** 
***** 
***** 

0 . 0 
0 . 1 1 8 
0 . 3 0 4 
0 . 5 4 9 

***** 
***** 
***** 

0 . 0 
0 . 0 
0 . 0 
0 . 1 5 7 
0 . 2 3 5 
0 . 3 2 3 
0 . 4 3 6 

0 . 0 
0 . 0 
0 . 0 
0 . 2 0 9 
0 . 3 2 0 
0 . 4 5 1 

***** 

0 . 0 
0 . 0 
0 . 1 5 7 
0 . 2 8 1 
0 . 4 3 5 
0 . 6 1 2 

***** 

0 . 0 
0 . 0 
0 . 2 0 9 
0 . 3 8 2 
0 . 5 8 8 

***** 
***** 

0 . 0 
0 . 1 1 4 
0 . 2 8 4 
0 . 5 2 0 
0 . 7 86 

***** 
***** 

0 . 0 
0 . 142 
0 . 3 9 3 
0 . 70 4 

***** 
***** 
***** 

0 . 0 
0 . 198 
0 . 5 4 9 
0 . 9 5 1 

***** 
***** 
***** 

0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 C 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 5 0 

0 . 0 
0 . 0 
0 . o 
0 . 0 
0 . 0 
0 . 160 
0 . 2 0 2 

0 . 0 
0 . 0 
0 . o 
0 . 0 
0 . 1 6 5 
0 . 2 0 7 

***** 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 2 5 3 

***** 

0 . 0 
0 . 0 
0 . 0 
0 . 1 8 5 
0 . 2 4 7 

***** 
***** 

0 . 0 
0 . 0 
0 . 152 
0 . 2 2 7 
0 . 3 1 8 

***** 
***** 

0 . 0 
0 . 0 
0 . 1 8 8 
0 . 2 8 2 

***** 
***** 
***** 

0 . 0 
0 . 0 
0 . 2 3 6 
0 . 4 1 2 

***** 
***** 
***** 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 2 5 3 
0 . 3 1 7 

0 . 0 
0 . 0 
0 . 0 
0 . 186 
0 . 2 4 8 
0 . 3 2 9 

** *** 

0 . 0 
0 . 0 
C . 0 
0 . 2 2 7 
0 . 3 1 7 
0 . 4 5 9 

***** 

0 . 0 
0 . 0 
0 . 185 
0 . 2 7 8 
0 . 4 4 2 

***** 
***** 

0 . 0 
0 . 0 
0 . 2 2 7 
0 . 3 8 6 
0 . 6 2 0 

***** 
***** 

0 . 0 
0 . 0 
0 . 2 8 2 
0 . 5 4 9 

***** 
***** 
***** 

0 . 0 
0 . 177 
0 . 4 1 2 
0 . 7 8 3 

***** 
***** 
***** 

0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 
0 . 4 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 160 
0 . 2 0 2 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 6 5 
0 . 2 0 7 

***** 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 2 5 3 

***** 

0 . 0 
0 . 0 
0 . 0 
0 . 1 8 5 
0 . 2 4 7 

***** 
***** 

0 . 0 
0 . 0 
0 . 152 
0 . 2 2 7 
0 . 3 0 3 

***** 
***** 

0 . 0 
0 . 0 
0 . 188 
0 . 2 8 1 

***** 
***** 
***** 

o.o 
0 . 0 
0 . 2 3 6 
0 . 3 5 4 

***** 
***** 
***** 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 2 5 3 
0 . 30 3 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 2 4 8 
0 . 3 1 0 

***** 

0 . 0 
0 . 0 
0 . 0 
0 . 2 2 7 
0 . 3 0 3 
0 . 3 7 9 

***** 

0 . 0 
0 . 0 
0 . 185 
0 . 2 7 8 
0 . 3 7 0 

***** 
***** 

0 . 0 
0 . 0 
0 . 2 2 7 
0 . 3 4 1 
0 . 4 8 0 

***** 
***** 

0 . 0 
0 . 0 
0 . 2 8 1 
0 . 4 2 2 

***** 
***** 
***** 

0 . 0 
0 . 1 77 
0 . 354 
0 . 6 3 0 

***** 
***** 
***** 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 168 
0 . 2 0 2 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 6 5 
0 . 2 0 7 

***** 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 2 5 3 

***** 

0 . 0 
0 . 0 
0 . 0 
0 . 1 8 5 
0 . 2 4 7 

***** 
***** 

0 . 0 
0 . 0 
0 . 1 5 2 
0 . 2 2 7 
0 . 3 0 3 

***** 
***** 

0 . 0 
0 . 0 
0 * 1 8 8 
0 . 2 8 1 

***** 
***** 
***** 

0 . 0 
0 . 0 
0 . 2 3 6 
0 . 3 5 4 

***** 
***** 
***** 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 2 5 3 
0 . 30 3 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 * 2 4 8 
0 . 3 1 0 

***** 

0 . 0 
0 . 0 
0 . 0 
0 . 2 2 7 
0 . 3 0 3 
0 . 3 7 9 

***** 

0 . 0 
0 . 0 
0 . 1 8 5 
0 . 2 7 8 
0 . 3 7 0 

***** 
***** 

0 . 0 
0 . 0 
0 . 2 2 7 
0 . 3 4 1 
0 . 4 5 5 

***** 
***** 

0 . 0 
0 . 0 
0 . 2 8 1 
0 . 4 2 2 

***** 
***** 
***** 

0 . 0 
0 . 1 7 7 
0 . 3 5 4 
0 . 5 3 0 

***** 
***** 
***** 
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TABLE 19 WEB APEA / FLANGE AREA = 1 .75 

HOLE LENGTH / HEIGHT = 2 . 0 HOLF LENGTH / HEIGHT = 3 .0 

M/MP V/VP 
HOLE HEIGHT / BEAM DEPTH 

0.40 0.45 0.50 0.55 0.60 0.65 0.70 
HOLE HEIGHT / BEAM DEPTH 

0 . 4 0 0 . 4 5 0 * 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

1 . 0 0 
1 . 0 0 
1 . 0 0 
1 . 0 0 
1 . 0 0 
1 .CC 
1 . 0 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
C.5 0 
0 . 6 0 

0 . 1 7 5 0 . 1 9 7 0 . 2 1 9 0 * 2 4 1 0 . 2 6 2 0 . 2 8 4 0 . 3 0 6 
0 . 5 2 8 0 . 5 7 5 0 . 6 2 8 0 . 6 8 8 0 . 7 6 0 0 . 8 4 7 0 . 9 5 7 
0 . 8 0 1 0 . 8 7 6 0 . 9 6 3 1 . 0 7 4 1 . 2 1 2 1 . 3 8 3 1 . 6 0 2 
1 . 0 6 8 1 . 1 8 8 1 . 3 2 7 1 . 4 9 0 1 . 6 8 7 1 . 9 3 2 2 . 2 4 9 
1 . 3 6 6 
1 . 6 6 3 
I • <>6 I 

1 . 5 1 9 1 . 6 9 6 1 . 9 0 7 2 . 1 6 2 * * * * * * * * * * 
1 . 8 4 9 •066 * * * * * * * * * * * * * * * * * * * * 

***** ***** ***** ***** ***** ***** 

0 . 1 7 5 0 . J 9 7 0 . 2 1 9 0 . 2 4 1 0 . 2 6 2 0 . 2 8 4 0 . 3 0 6 
0 . 6 6 8 0 . 7 2 8 0 . 7 9 8 0 . 8 7 9 0 . 9 7 7 1 . 1 0 8 1 . 2 7 8 
1 . 0 6 8 1 . 1 8 8 1 . 3 2 7 1 . 4 9 0 1 . 6 8 7 1 . 9 3 2 2 . 2 4 9 
1 . 5 1 4 1 . 6 8 4 1 . 8 8 1 2 . 1 1 5 2 . 3 9 9 2 . 7 5 6 * * * * * 
1 . 9 6 1 2 . 1 8 0 2 . 4 3 5 2 . 7 4 0 3 . 1 1 2 * * * * * * * * * * 
2 . 4 0 7 2 . 6 7 5 2 . 9 8 9 * * * * * * * * * * * * * * * * * * * * 
2 . 8 5 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 9 C 0 . 0 0*0 0 . 0 0 . 0 0 . 0 0 . 0 2 3 0 . 0 6 3 0 . 1 0 1 
0 . 9 0 0 . 1 0 0 . 2 7 6 0 . 3 3 5 0 . 4 0 0 0 . 4 7 2 0 . 5 5 5 0 . 6 5 1 0 . 7 7 1 
0 . 9 0 0 . 2 0 0 . 5 2 4 0 . 6 1 8 0 . 7 2 1 0 . 8 3 9 0 . 9 7 6 1 . 1 6 2 1 . 3 9 6 
0 . 9 0 0 . 3 0 0 . 7 6 5 0 . 8 9 2 1 . 0 3 9 1 . 2 2 9 1 . 4 4 8 1 . 7 1 1 2 . 0 4 4 
0 . 9 0 0 . 4 0 1 . 0 0 6 1 . 1 9 9 1 . 4 0 9 1 . 6 4 5 1 . 9 2 2 * * * * * * * * * * 
0 . 9 0 C . 5 0 1 . 3 0 4 1 . 5 3 0 1 . 7 7 8 * * * * * * * * * * * * * * * * * * * * 
0 . 9 0 0 . 6 0 1 . 6 0 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 2 3 0 . 0 6 3 0 . 1 0 1 
0 . 4 0 1 0 . 4 7 8 0 . 5 6 3 0 . 6 5 8 0 . 7 6 7 0 . 8 9 9 1 . 0 7 2 
0 . 7 6 5 0 . 8 9 2 1 . 0 3 9 1 . 2 2 9 1 . 4 4 8 1 . 7 1 1 2 . 0 4 4 
1 . 1 5 5 1 . 3 6 5 1 . 5 9 4 1 . 8 5 4 2 . 1 6 0 2 . 5 3 5 * * * * * 
1 . 6 0 1 1 . 8 6 0 2 . 1 4 8 2 . 4 7 8 2 . 8 7 2 * * * * * * * * * * 
2 . 0 4 8 2 . 3 5 6 2 . 7 0 2 * * * * * * * * * * * * * * * * * * * * 
2 . 4 9 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 8 C 
0 . 8 C 
0 . 8 0 
0 . 8 0 
0 . 8 C 
0 . 8 0 
0 . 8 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 0 . 0 
0 . 1 3 9 0 . 1 8 0 

0 . 0 
0 . 2 3 2 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 2 9 7 0 . 3 7 6 0 . 4 7 3 0 . 5 9 4 

0 . 3 1 8 0 . 4 0 6 0 . 5 1 0 0 . 6 3 1 0 . 7 7 4 0 . 9 4 8 1 . 1 9 1 
0 . 5 2 0 0 . 6 5 2 0 . 8 0 1 0 . 9 7 3 1 . 2 0 8 1 . 4 9 0 1 . 8 3 9 
0 . 7 3 6 0 . 9 0 6 1 . 1 2 1 1 . 3 8 4 1 . 6 8 3 * * * * * * * * * * 
0 . 9 5 8 1 . 2 1 0 1 . 4 9 1 * * * * * * * * * * * * * * * * * * * * 
1 . 2 4 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 O.C 0 . 0 0 . 0 
0 . 2 2 4 0 . 2 9 0 0 . 3 6 8 0 . 4 6 2 0 . 5 7 4 0 . 7 1 1 0 . 8 8 ? 
0 . 5 2 0 0 . 6 5 2 0 . 8 0 1 0 . 9 7 3 1 . 2 0 8 1 . 4 9 0 1 . 8 3 9 
0 . 8 4 6 1 . 0 4 5 1 . 3 0 6 1 . 5 9 2 1 . 9 2 0 2 . 3 1 4 * * * * * 
1 . 2 4 2 1 . 5 4 1 1 . 8 6 0 2 . 2 1 7 2 . 6 3 3 * * * * * * * * * * 
1 . 6 8 9 2 . 0 3 6 2 . 4 1 4 * * * * * * * * * * * * * * * * * * * * 
2 . 1 3 5 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 7 C 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 7 0 0 . 1 0 0 . 0 0 . 0 0 . 1 3 8 0 . 1 8 2 0 . 2 4 1 0 . 3 2 3 Q . 4 3 5 
0 . 7 0 0 . 2 0 0 . 1 9 7 0 . 2 6 1 0 . 3 4 6 0 . 4 5 4 0 . 5 9 1 0 . 7 6 4 0 . 9 8 7 
0 . 7 0 0 . 3 0 0 . 3 4 4 0 . 4 5 8 0 . 5 9 8 0 . 7 6 8 0 . 9 7 4 1 . 2 6 9 1 . 6 3 3 
0 . 7 0 0 . 4 0 0 . 5 1 8 0 . 6 8 1 0 . 8 7 3 1 . 1 2 3 1 . 4 4 3 * * * * * * * * * * 
0 . 7 0 0 . 5 0 0 . 7 1 1 0 . 9 1 9 1 . 2 0 3 * * * * * * * * * * * * * * * * * * * * 
0 . 7 0 0 . 6 0 0 . 9 1 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 1 7 8 0 . 2 3 5 0 .310 
0 . 3 4 4 0 . 4 5 8 0 . 5 9 8 
0 . 6 1 2 0 . 7 9 8 1 . 0 1 9 
0 . 9 1 7 1 . 2 2 1 1 . 5 7 3 
1 
1 

0 . 0 0 . 0 0 . 0 
0 . 4 0 9 0 . 5 3 9 0 . 7 0 8 

0 . 7 6 8 0 .974 1 .269 1 .633 
1 . 3 3 1 1 . 6 8 1 2 . 0 9 3 * * * * * 
1.956 2 . 3 9 3 * * * * * * * * * * 

329 1 .717 2 . 1 2 7 * * * * * * * * * * * * * * * * * * * * 
776 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

TABLE 20 WEB.AREA / FLANGE AREA 

HOLE LENGTH / HEIGHT = 2 . 0 

1 . 7 5 

HOLE LENGTH / HEIGHT = 3 . 0 

HOLE HEIGHT / BEAM DEPTH 
M/MP 

0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 
0 . 6 0 

C . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 
0 . 5 0 

0 . 4 0 
0 . 4 0 
0.4C 
0 . 4 0 
0 . 4 0 
0 . 4 0 
C.40 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

V/VP 

0 . 0 
0.1 0 
c . ? o 
0 . 3 0 
0 .40 
C.bO 
0 . 6 0 

O.C 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 4 0 

0 . 0 
0 . 0 
0 . C 
0 . 2 3 5 
0 .363 
0 . 5 1 6 
0 . 6 9 0 

0 . 0 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 2 6 9 
0 . 3 7 7 
0 . 5 1 4 

0 . 0 
0 .0 
0 . 0 
0 . 0 
0 .26 9 
0 . 3 3 7 
0 . 4 0 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 2 6 9 
0 . 3 3 7 
0 . 4 0 4 

0 . 4 5 

0 . 0 
0 . 0 
0 . 1 7 7 
0 . 3 2 0 
0 . 4 9 9 
0 .7Q5 

***** 
0 . 0 
0 .0 
0 . 0 
0 . 2 4 8 
0 . 3 6 6 
0 . 5 3 3 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 2 4 8 
0 . 3 3 1 
0 . 4 1 3 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 2 4 8 
0 . 3 3 1 
0 . 4 1 3 

***** 

0 . 5 0 

0 . 0 
0 . 0 
0 . 236 
0 . 4 3 5 
0 . 6 7 4 
0 . 9 3 8 

***** 
0 . 0 
0 . 0 
0 . 202 
0 . 3 1 7 
0 . 5 1 2 
0 . 7 4 3 

***** 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 303 
0 . 4 0 4 
0 . 580 

***** 
0 . 0 
0 . 0 
0 . 2 0 2 
0 . 3 0 3 
0 . 4 0 4 
0 . 5 0 5 

***** 

0 . 5 5 

0 . 0 
0 . 1 2 3 
0 .320 
0 . 5 8 8 
0 . 8 9 4 

***** 
***** 
0 . 0 
0 . 0 
0 . 2 4 7 
0 . 4 4 2 
0 . 7 1 1 

***** 
***** 
0 . 0 
0 . 0 
0 . 2 4 7 
0 . 3 70 
0 . 5 5 7 

***** 
***** 
0 . 0 
0 . 0 
0 . 2 4 7 
0 . 3 7 0 
0 . 4 9 4 

***** 
***** 

0 . 6 0 

0 . 0 
0 . 1 5 7 
0 . 4 3 7 
0 . 7 8 6 
1 .204 

***** 
***** 
0 . 0 
0 . 0 
0 . 3 1 8 
0 . 6 2 0 
0 *972 

***** 
***** 
0 . 0 
0 . 0 
0 . 3 0 3 
0 . 4 8 0 
0 . 7 9 7 

***** 
***** 
0 . 0 
0 . 0 
0 . 3 0 3 
0 . 4 5 5 
0 . 6 0 6 

***** 
***** 

0 . 6 5 

0 . 0 
0 . 2 1 5 
0 . 5 9 7 
1.048 

***** 
***** 
***** 
0 . 0 
0 . 188 
0 . 4 5 3 
0 . 8 6 2 

***** 
***** 
***** 
0 . 0 
0 . 188 
0 . 3 7 5 
0 . 6 9 9 

***** 
***** 
***** 
0 . 0 
0 . 188 
0 . 3 7 5 
0 . 5 6 3 

***** 
***** 
***** 

0 . 7 0 

0 . 0 
0 . 3 0 4 
0 . 8 1 4 
1 . 4 2 8 

***** 
***** 
***** 
0 . 0 
0 . 2 3 6 
0 . 6 5 4 
1 . 2 2 3 

***** 
***** 
***** 
0 . 0 
0 . 2 3 6 
0 . 5 1 2 
1 .017 

***** 
***** 
***** 
0 . 0 
0 . 2 3 6 
0 . 4 7 2 
0 . 7 0 7 

***** 
***** 
***** 

HOLE HEIGHT / BEAM DEPTH 
0 . 4 0 0 . 4 5 0 * 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 *0 0 . 1 5 7 0 . 2 0 9 0 . 2 8 4 0 . 3 9 3 0 . 5 4 9 
0 . 2 3 5 0 . 3 2 0 0 . 4 3 5 0 . 5 8 8 0 . 7 8 6 1 .048 1 .428 
0 . 4 3 6 0 . 5 9 9 0 . 8 0 4 1 .070 1 .441 1 .871 * * * * * 
0 . 6 9 0 0 . 9 3 1 1 .285 1.694 2 . 1 5 3 * * * * * * * * * * 
0 . 9 7 9 1 . 3 9 8 1 . 8 3 9 * * * * * * * * * * * * * * * * * * * * 
1 .416 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 1 8 5 0 . 2 2 7 0 . 2 8 2 0 . 4 1 2 
0 . 2 0 2 0 . 2 4 8 0 * 3 1 7 0 . 4 4 2 0 . 6 2 0 0 . 8 6 2 1 .223 
0 . 3 1 7 0*446 0 . 6 2 4 0 . 8 5 9 1 .201 1 .650 * * * * * 
0 . 5 1 4 0 . 7 2 7 0 . 9 9 8 1 .433 1 .914 * * * * * * * * * * 
0 * 7 5 8 1 .078 1 .552 * * * * * * * * * * * * * * * * * * * * 
1 .057 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0*0 0 *0 0 *0 0 *0 
0*0 0 *0 0 * 0 0 *0 0 * 2 2 7 0 *281 0*354 
0*0 0 * 2 4 8 0 * 3 0 3 0 . 3 7 0 0 * 4 8 0 0 * 6 9 9 1 .017 
0 . 3 0 3 0 . 3 7 2 0*480 0 .687 0 *971 1*429 * * * * * 
0*404 0 *562 0 * 8 0 6 1 .172 1 .674 * * * * * * * * * * 
0 . 5 8 3 0 *846 1*264 * * * * * * * * * * * * * * * * * * * * 
0 *620 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0*0 0 *0 0 * 0 0 . 0 0 . 0 0 *0 0 *0 
0*0 0 *0 0 * 0 0*0 0 *227 0*281 0*354 
0*0 0 * 2 4 8 0 * 3 0 3 0*370 0 . 4 5 5 0 .563 0 . 7 0 7 
0 * 3 0 3 0 * 3 7 2 0 * 4 5 5 0*556 0 * 6 8 2 0 * 8 4 4 * * * * * 
0 . 4 0 4 0 . 4 9 6 0 * 6 0 6 0*741 0 *909 * * * * * * * * * * 
0 *505 0*620 0 * 7 5 8 * * * * * * * * * * * * * * * * * * * * 
0 *606 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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TABLE 21 WEB AREA / FLANGE AREA = 2.00 

HOLE LENGTH / HEIGHT I . 0 HOLE LENGTH / HEIGHT 

M/MP V/VP 
HOLE HEIGHT / OEAM DEPTH 

0.40 C 4 S 0.50 0.55 0.60 0.65 0.70 
HOLE HEIGHT / BEAM DEPTH 

0 . 4 0 o745 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

1 . 0 0 
1 . 0 0 

C O 
0 . 1 0 

I . 0 0 0 . 2 0 
1 . 0 0 0 . 3 C 
1 . 0 0 0 . 4 0 
1 . 0 0 0 . 5 0 
1 . 0 0 0 . 6 0 

0 . 2 0 0 0 . 2 2 5 0 . 2 5 0 0 . 2 7 5 0 . 3 0 0 0 . 3 2 5 0 . 3 5 0 
0 . 4 ? o 0 . 4 6 7 0 . 5 0 8 0 . 5 5 5 0 . 6 0 7 0 . 6 6 8 0 . 7 4 3 
0 . 6 0 3 0 . 6 5 7 0 . 7 1 7 0 . 7 8 7 0 . 8 6 8 0 . 9 6 8 1.102 

0 . 9 1 2 1.006 1.131 1.284 1 . 4 7 9 
1.116 1.249 1 .409 * * * * * * * * * * 

0 . 7 6 3 0 . 3 3 2 
0 • 9 1 5 1.001 
1 . 0 * 6 1 . 1 9 5 1 . 3 3 3 * * * * * * * * * * * * * * * * * * * * 
1 . 2 5 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 2 0 0 0 . 2 2 5 0 . 2 5 0 0 . 2 7 5 0 . 3 0 0 0 . 3 2 5 0 . 3 5 0 
0 . 5 1 9 0 . 5 6 5 0 . 6 1 5 0 . 6 7 3 0 . 7 4 0 0 .320 0 . 9 2 1 
0 . 7 6 3 0 . 8 3 2 0 . 9 1 2 1.006 1 .131 1.284 1 .479 
0 . 9 9 0 1 .098 1 .224 1 .371 1 .547 1 .764 2 . 0 4 3 
1.251 1.389 1 .549 1 .737 1 .963 * * * * * * * * * * 
1 .513 1.681 1 .874 * * * * * * * * * * * * * * * * * * * * 
1 .776 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 9 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 2 0 .050 0 . 0 9 4 0 . 1 3 6 
0.9C 0 . 1 0 0 . 1 8 2 0 . 2 2 8 0 . 2 7 9 0 . 3 3 5 0 . 3 9 7 0 . 4 6 8 0 . 5 5 2 
0 . 9 0 0 . 2 0 0 . 3 3 5 0 . 4 0 4 0 . 4 78 0 .560 0 . 6 5 3 0 . 7 6 3 0 .899 
0 .9 0 0 . 3 0 0 . 4 8 1 0 . 5 6 9 0 . 6 6 5 0 . 7 7 3 0 . 8 9 7 1.054 1.26 4 
C.90 0 . 4 0 0 . 6 2 3 0 . 7 3 0 0 . 8 4 7 0 .980 1.159 * * * * * * * * * * 
0 .9C 0 . 5 0 0.7O3 0 . 3 8 8 1 .033 * * * * * * * * * * * * * * * * * * * * 
0 . 9 0 0 . 6 0 0 . 9 0 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 2 0 . 0 5 0 0 . 0 9 4 0 . 1 3 6 
0 . 2 6 0 0 . 3 1 8 0 . 3 8 1 0 . 4 5 0 0 . 5 2 8 0 . 6 1 8 0 . 7 2 8 
0 . 4 8 1 0 . 5 6 9 0 . 6 6 5 0 . 7 7 3 0 . 8 9 7 1 .054 1 .264 
0 . 6 9 3 0 . 8 0 9 0 . 9 3 7 1.099 1 .297 1 .533 1 .829 
0 . 9 0 2 1 .056 1 .249 1 .464 1 .713 * * * * * * * * * * 
1 .138 1 .347 1 .574 * * * * * * * * * * * * * * * * * * * * 
1 .401 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 .B0 0 .0 
0 . 8 0 0 . 1 0 
0 . 8 0 0.2C 
0 . 8 0 C.30 
0 . 8 0 0 . 4 0 
0 . 8 0 0 .50 
0 . 8 0 0 . 6 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 1 3 8 0 . 1 7 9 0 . 2 3 1 0 . 2 9 6 0 . 3 7 8 
0 . 1 7 7 0 . 2 2 9 0 . 2 9 2 0 . 3 6 9 0 . 4 6 2 0 . 5 7 4 0 . 7 1 3 
0 . 2 8 3 0 . J 6 2 0 . 4 5 5 0 .564 0 . 6 9 3 0 . 8 4 8 1.050 
0 . 3 * 7 0 . 5 0 1 0 . 6 2 2 0 . 7 6 0 0 . 9 2 4 * * * * * * * * * * 
0 . 5 1 6 0 . 6 4 4 0 .790 * * * * * * * * * * * * * * * * * * * * 
0 .63H * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 1 2 8 0 . 1 6 6 0 . 2 1 4 0 . 2 7 3 0 . 3 4 6 0 . 4 3 6 0 . 5 4 7 
0 . 2 8 3 0 . 3 6 2 0 . 4 5 5 0 . 5 6 4 0 . 6 9 3 0 . 8 4 8 1.050 
0 . 4 5 5 0 . 5 7 2 0 . 7 0 6 0 . 8 5 9 1 .047 1 .303 1 .615 
0 . 6 3 8 0 . 7 9 0 0 . 9 6 0 1.191 1 .463 * * * * * * * * * * 
0 . 8 2 7 1 .014 1 .274 * * * * * * * * * * * * * * * * * * * * 
1 .026 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 7 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 7 0 0 .10 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 3 2 0 . 1 7 6 0 . 2 3 9 
0 . 7 0 0 .20 0 . 0 0 . 1 3 8 0 . 1 7 9 0 . 2 3 5 0 . 3 1 0 0 . 4 1 0 0 . 5 4 2 
0 . 7 0 0 . 3 0 0 . 1 7 4 0 . 2 2 9 0 . 3 0 1 0 .394 0 . 5 1 3 0 . 6 6 4 0 .860 
0 . 7 0 0 . 4 0 0 * 2 5 3 0 . 3 3 4 0 . 4 3 8 0 . 5 6 8 0 . 7 2 8 * * * * * * * * * * 
0 . 7 0 0 .50 0 . 3 4 1 0 . 4 5 1 0 . 5 8 6 * * * * * * * * * * * * * * * * * * * * 
0 . 7 0 0 . 6 0 0 . 4 3 8 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 1 6 4 0 . 2 1 6 0 . 2 8 9 0 . 3 8 8 
0 . 1 7 4 0 . 2 2 9 0 . 3 0 1 0 . 3 9 4 0 .513 0 . 6 6 4 0 . 8 6 0 
0 . 2 9 6 0 . 3 9 1 0 . 5 1 1 0 . 6 5 8 0 . 8 3 7 1 .072 1.400 
0 . 4 3 8 0 . 5 7 5 0 . 7 4 0 0 .937 1 .213 * * * * * * * * * * 
0 . 5 9 5 0 . 7 7 3 0 . 9 8 0 * * * * * * * * * * * * * * * * * * * * 
0 . 7 6 4 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

TABLE 22 WEB AREA / FLANGE AREA = 2 . 0 0 

HOLE LENGTH / HEIGHT = 1.0 HOLE LENGTH / HEIGHT = 1.5 

HOD? HEIGHT / BFAM DEPTH HOLE HEIGHT / BEAM DEPTH 
M/MP 

0 . 6 0 
C • 6 0 
0 . 6 0 
0 . 6 0 
0 • 6 0 
0 . 6 0 
0 . 6 0 

0 . 5 0 
0 . 5 0 
0 . 5 0 
0 .'5 0 
0 . 5 C 
0 . 5 0 
0 . 5 C 

0 . 4 0 
C . 4 0 
0 . 4 0 
0 . 4 C 
0 . 4 0 
0 . 4 0 
0 . 4 0 

0 . 0 

0 . 0 

0 . 0 
0 . 0 

0 . 0 

C O 

C O 

V / V P 

C O 

0 . 1 0 
0 . 2 0 
C . HO 
0 . 4 0 
0 . 5 0 
C 5 C 

0 . 0 

C I O 

0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 

C I O 

C . 2 0 
0 . 3 0 
C . 4 0 
0 . 5 0 
C . 6 0 

0 . 0 

0 . 10 
0 . 2 0 
0 . 30 
0 . 4 0 
0 . 5 C 
0 . 6 0 

0 . 4 0 

0 . 0 
0 . 0 
0 . 0 
0 . o 
0 . 1 7 ^ 
0 . 2 My 
0 • 30 5 

J . 0 
0 • 0 
0 . 0 
o . o 
0 • 0 
0 . 1 9 2 
0 . 2 3 1 

0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 1 9 2 
0 . 2 3 1 

0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 1 9 2 
0 . 2 3 1 

0 . 4 5 

o . o 
0 . 0 
0 • 0 
0 . 1 5 6 
O . 2 3 0 
0 . 316 

* * * * * 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 1 8 ^ 
0 . 2 3 6 

***** 
0 . 0 

0 . 0 

0 . 0 
0 . 0 
0 • 1 H 9 
0 . 2 3 6 

***** 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 18=") 
0 . 2 3 6 

** ** * 

0 . 5 0 

0 . 0 
0 . 0 

0 . 0 

0 . 2 0 5 
0 . 3 0 7 
0 . 4 2 5 

***** 
0 . 0 
0 • 0 
0 . 0 

0 . 1 7 3 
0 . 2 3 1 
0 . 31 1 

***** 
0 . 0 

0 . 0 
0 . 0 
0 . 0 
0 . 2 3 1 
0 . 2 8 9 

***** 
0 . 0 

0 . 0 
0 . 0 

0 . 0 

0 . 2 31 
0 . 2 8 9 

***** 

0 . 5 5 

0 . 0 
0 . 0 

0 . 1 5 6 
0 . 2 7 3 
0 . 4 1 3 

***** 
***** 
0 . 0 

0 . 0 

C O 

0 . 2 1 2 
0 . 3 0 1 

***** 
***** 
C O 

0 . 0 

0 . 0 

0 . 21 2 
0 . 2 8 2 

***** 
***** 
0 . 0 

0 . 0 

0 . 0 

0 . 2 1 2 
0 . 2 3 2 

***** 
***** 

0 . 6 0 

0 . 0 
0 . 0 

0 . 2 0 7 
0 . 3 6 9 
0 . 5 5 6 

***** 
***** 
0 . 0 

0 . 0 

0 . 1 7 3 
0 . 2 6 5 
0 . 4 1 7 

***** 
***** 
C O 

0 . 0 
0 . 173 
0 . 2 6 0 
0 . 3 4 6 

***** 
***** 
0 . 0 

0 . 0 

0 . 1 7 3 
0 . 2 6 0 
0 . 3 4 6 

***** 
***** 

0 . 6 5 

0 . 0 

0 . 1 0 9 
0 . 2 8 3 
0 . 5 0 3 

*** ** 
***** 
***** 
0 . 0 

0 . 0 

0 . 2 1 4 
0 . 3 7 2 

***** 
***** 
***** 
C O 

0 . 0 
0 . 2 1 4 
0 . 3 2 2 

***** 
***** 
***** 
C O 

0 . 0 

0 . 2 1 4 
0 . 3 2 2 

***** 
***** 
***** 

0 . 7 0 

0 . 0 

0 . 1 4 9 
0 . 3 9 5 
0 . 6 8 8 

***** 
***** 
***** 
0 . 0 
0 . 1 3 5 
0 . 2 8 2 
0 . 5 3 5 

***** 
***** 
***** 
0 . 0 

0 . 0 
0 . 2 6 9 
0 . 4 0 7 

***** 
***** 
***** 
0 . 0 

0 . 0 

0 . 2 6 9 
0 . 4 0 4 

***** 
***** 
***** 

0 . 4 0 

0 . 0 

0 . 0 

0 . 0 

0 . 2 0 3 
0 . 3 0 5 
0 . 4 2 4 
0 . 5 6 1 

0 . 0 

0 . 0 

0 . 0 

C O 

0 . 2 3 1 
0 . 3 1 1 
0 . 4 1 5 

0 . 0 

0 . 0 

0 . 0 
C O 

0 . 2 3 1 
0 . 2 3 9 
0 . 3 4 6 

0 . 0 

C O 

0 . 0 
0 . 0 

0 . 2 3 1 
0 . 2 8 9 
0 . 3 4 6 

0 . 4 5 

0 . 0 

0 . 0 
0 . 1 5 6 
0 . 2 7 1 
0 . 4 1 3 
0 . 5 7 7 

***** 
0 . 0 

0 . 0 

0 . 0 
0 . 2 1 3 
0 . 3 0 2 
0 . 4 3 0 

***** 
0 . 0 
0 . 0 

0 . 0 
0 . 2 1 3 
0 . 2 8 3 
0 . 3 5 4 

***** 
0 . 0 

0 . 0 

0 . 0 

0 . 0 

0 . 2 8 3 
0 . 3 5 4 

***** 

0 . 5 0 

C O 

C O 

0 . 2 0 5 
0 . 3 6 4 
0 . 5 5 6 
0 . 7 7 1 

***** 
0 . 0 

0 . 0 

0 . 1 7 3 
0 . 2 6 5 
0 . 4 1 5 
0 . 5 9 5 

***** 
0 . 0 

0 . 0 
C O 

0 . 2 6 0 
0 . 3 4 6 
0 . 4 5 8 

***** 
0 . 0 

0 . 0 
C O 

0 . 2 6 0 
0 . 3 4 6 
0 . 4 3 3 

***** 

0 . 5 5 

C O 

0 . 0 

0 . 2 7 3 
0 . 4 9 0 
0 . 7 4 0 

***** 
***** 
0 . 0 

0 . 0 

0 . 2 1 2 
0 . 3 6 2 
0 . 5 7 3 

***** 
***** 
0 . 0 

0 . 0 

0 . 2 1 2 
0 . 3 1 8 
0 . 4 4 1 

***** 
***** 
0 . 0 

0 . 0 

0 . 2 1 2 
0 . 3 1 8 
0 . 4 2 3 

***** 
***** 

0 . 6 0 

C O 

0 . 1 4 0 
0 . 3 6 9 
0 . 6 5 6 
0 . 9 7 1 

***** 
***** 
C O 

C O 

0 . 2 6 5 
0 . 5 0 3 
0 . 7 8 8 

***** 
***** 
0 . 0 

0 . 0 

0 . 2 6 0 
0 . 3 9 0 
0 . 6 2 7 

***** 
***** 
0 . 0 

0 . 0 

0 . 2 6 0 
0 . 3 9 0 
0 . 5 2 0 

***** 
***** 

0 . 6 5 

C O 

0 . 1 8 9 
0 . 5 0 3 
0 . 8 7 2 

***** 
***** 
***** 
0 . 0 

0 . 1 6 1 
0 . 3 7 2 
0 . 7 0 2 

***** 
***** 
***** 
0 . 0 

0 . 0 

0 . 3 2 2 
0 . 5 5 3 

***** 
***** 
***** 
0 . 0 
0 . 0 

0 . 3 2 2 
0 . 4 8 3 

***** 
***** 
***** 

0 . 7 0 

0 . 0 

0 . 2 6 3 
0 . 6 8 8 
1 • 1 8 6 

***** 
***** 
***** 
0 . 0 

0 . 2 0 2 
0 . 5 3 5 
0 . 9 7 7 

***** 
***** 
***** 
0 . 0 

0 . 2 0 2 
0 . 4 0 7 
0 . 8 0 9 

***** 
***** 
***** 
0 . 0 

0 . 2 0 2 
0 . 4 0 4 
0 . 6 0 6 

***** 
***** 
***** 
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TABLE 23 WEB AREA / FLANGE AREA = 2 . 0 0 

HOLE LENGTH / HEIGHT HOLE LENGTH / HEIGHT 3 . 0 

M/MP V/VP 
HOLE HEIGHT / F3EAM DEPTH 

0 . 4 0 0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 C . 6 5 0 . 7 0 0 . 4 0 
HOLE HEIGHT / BFAM DEPTH 

"o745 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

1 . 0 0 0 . 0 0 . 2 0 0 0 . 2 2 5 0 . 2 5 0 0 . 2 7 5 0 . 3 0 0 0 . 3 2 5 0 . 3 5 0 
1 . 0 0 0 . 1 0 0 . 6 0 3 0 . 6 5 7 0 . 7 1 7 0 . 7 8 7 0 . 8 6 8 0 . 9 6 8 1 . 1 0 2 
1 . 0 0 0 . 2 0 0 . ^ 1 5 1 . 0 0 1 1 . 1 1 6 1 . 2 4 9 1 . 4 0 9 1 . 6 0 4 1 . 8 5 5 
I . 0 0 0 . 3 0 1 . 2 5 1 1 . 3 8 9 1 . 5 4 9 1 . 7 3 7 1 . 9 6 3 2 . 2 4 4 2 . 6 0 7 
1 . 0 0 0 . 4 0 1 . 6 0 1 1 . 7 7 8 1 . 9 8 2 2 . 2 2 4 2 . 5 1 7 * * * * * * * * * * 
1 . 0 0 0 . 5 0 1 . 9 5 1 2 . 1 6 6 2 . 4 1 5 * * * * * * * * * * * * * * * * * * * * 
1 . 0 0 0 . 6 0 2 . 3 0 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 2 0 0 0 . 2 2 5 0 . 2 5 0 0 . 2 7 5 0 . 3 0 0 0 . 3 2 5 0 . 3 5 0 
0 . 7 6 3 0 . 8 3 2 0 . 9 1 2 1 . 0 0 6 1 . 1 3 1 1 . 2 8 4 1 . 4 7 9 
1 . 2 5 1 1 . 3 89 1 . 5 4 9 1 . 7 3 7 1 . 9 6 3 2 . 2 4 4 2 . 6 0 7 
1 . 7 7 6 1 . 9 7 2 2 . 1 9 9 2 . 4 6 7 2 . 7 9 4 3 . 2 0 3 * * * * * 
2 . 3 0 2 2 . 5 5 4 2 . 8 4 8 3 . 1 9 8 * * * * * * * * * * * * * * * 
2 . 8 2 7 3 . 1 3 6 3 . 4 9 8 * * * * * * * * * * * * * * * * * * * * 
3 . 3 5 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 9 0 0 . 0 0 . 0 0 . 0 0 . 0 C . 0 0 2 0 . 0 5 0 0 . 0 9 4 0 . 1 3 6 
0 . 9 0 0 . 1 0 0 . 3 3 5 0 . 4 0 4 0 . 4 7 8 0 . 5 6 0 0 . 6 5 3 0 . 7 6 3 0 . 3 9 9 
0 . 9 0 0 . 2 0 0.62"$ 0 . 7 3 0 0 . 8 4 7 0 . 9 8 0 1 . 1 5 9 1 . 3 7 3 1 . 6 4 1 
0 . 9 0 0 . 3 0 0 . 9 0 2 1 . 0 5 6 1 . 2 4 9 1 . 4 6 4 1 . 7 1 3 2 . 0 1 3 2 . 3 9 3 
0 . 9 0 0 . 4 0 1 . 2 2 6 1 . 4 4 4 1 . 6 8 2 1 . 9 5 1 2 . 2 6 7 * * * * * * * * * * 
0 . 9 0 0 . 5 0 1 . 5 7 6 1 . 8 3 2 2 . 1 1 5 * * * * * * * * * * * * * * * * * * * * 
0 . 9 C 0 . 6 0 1 . 9 2 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 
0 . 4 8 1 0 . 5 6 9 0 . 6 6 5 

0 . 0 0 2 0 . 0 5 0 0 . 0 9 4 0 . 1 3 6 
0 . 7 7 3 0 . 8 9 7 1 . 0 5 4 1 , 2 6 4 

0 . 9 0 2 1 . 0 5 6 1 . 2 4 9 1 . 4 6 4 1 . 7 1 3 2 . 0 1 3 2 . 3 9 3 
1 . 4 0 1 1 . 6 3 8 1 . 8 9 9 2 . 1 9 5 2 . 5 4 4 2 . 9 7 3 * * * * * 
1 . 9 2 7 2 . 2 2 0 2 . 5 4 8 2 . 9 2 6 * * * * * * * * * * * * * * * 
2 . 4 5 2 2 . 8 0 3 3 . 1 9 8 * * * * * * * * * * * * * * * * * * * * 
2 . 9 7 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 8 0 
0 . 8 0 
0 . 8 0 
0 . 8 C 
0 . 8 0 
0 . 8 0 
0 . 8 0 

0 . 0 
0 . 10 
0 . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 
0 . 177 

0 . 0 
0 . 22 9 

0 . 3 9 7 0 . 5 0 1 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 2 9 2 0 . 3 6 9 0 . 4 6 2 0 . 5 7 4 0 . 7 1 3 
0 . 6 2 2 0 . 7 6 0 0 . 9 2 4 1 . 1 4 3 1 . 4 2 6 
0 . 9 6 0 1 . 1 9 1 1 . 4 6 3 1 . 7 8 2 2 . 1 7 9 
1 . 3 8 2 1 . 6 7 8 2 . 0 1 7 * * * * * * * * * * 

1 . 4 9 9 1 . 8 1 5 * * * * * * * * * * * * * * * * * * * * 
1 . 5 5 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 638 
0 . 8 9 1 
1 . 2 0 1 

0 . 790 
1 . 1 1 1 

0 . 0 0 . 0 
0 . 2 8 3 0 . 3 6 2 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
C . 4 5 5 0 . 5 6 4 0 . 6 9 3 0 . 3 4 8 1 . 0 5 0 

0 . 6 3 8 0 . 7 9 0 0 . 9 6 0 1 . 1 9 1 1 . 4 6 3 1 . 7 8 2 2 . 1 7 9 
1 . 0 2 6 1 . 3 0 5 1 . 5 9 9 1 . 9 2 2 2 . 2 9 4 2 . 7 4 2 * * * * * 
1 . 5 5 2 1 . 8 8 7 2 . 2 4 8 2 . 6 5 3 * * * * * * * * * * * * * * * 
2 . 0 7 7 2 . 4 6 9 2 . 8 9 8 * * * * * * * * * * * * * * * * * * * * 
2 . 6 0 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 7 0 
0 . 7 0 
0 . 7 0 
0 . 7 0 

0 . 0 
0 . 1 0 
C .20 
0 . 3 0 

0 . 7 0 Q.40 
0 . 7 0 0 . 5 0 
0 . 7 0 0 . 6 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 1 7 9 0 . 2 3 5 0 . 3 1 0 0 . 4 1 0 0 . 5 4 2 
0 . 2 5 3 0 . 3 3 4 0 . 4 3 8 0 . 5 6 8 0 . 7 2 8 0 . 9 2 7 1 . 2 1 2 
0 . 4 3 8 0 . 5 7 5 0 . 7 4 0 0 . 9 3 7 1 . 2 1 3 1 . 5 5 2 1 . 9 6 5 
0 . 6 5 0 0 . 8 4 1 1 . 0 8 2 1 . 4 0 6 1 . 7 6 7 * * * * * * * * * * 
0 . 8 8 1 1 . 1 6 6 1 . 5 1 5 * * * * * * * * * * * * * * * * * * * * 
1 . 1 7 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 1 7 4 0 . 2 2 9 0 . 3 0 1 0 . 3 9 4 0 . 5 1 3 0 . 6 6 4 0 . 8 6 0 
0 . 4 3 8 0 . 5 7 5 0 . 7 4 0 0 . 9 3 7 1 . 2 1 3 1 . 5 5 2 1 . 9 6 5 
0 . 7 6 4 0 . 9 7 9 1 . 2 9 9 1 . 6 4 9 2 . 0 4 4 2 . 5 1 1 * * * * * 
1 . 1 7 7 1 . 5 5 4 1 . 9 4 8 2 . 3 8 0 * * * * * * * * * * * * * * * 
1 . 7 0 2 2 . 1 3 6 2 . 5 9 8 * * * * * * * * * * * * * * * * * * * * 
2 . 2 2 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

TABLE 24 WEB AREA / FLANGE AREA = 2.00 

HOLT LENGTH / HEIGHT = 2.0 HOLE LENGTH / HEIGHT = 3.0 

M/MP V/VP 
HOLE HEIGHT / BEAM DEPTH 

0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 
HOLE HEIGHT / BEAM DEPTH 

0 . 4 5 0 . 5 0 0 . 5 5 0 . 6 0 0 . 6 5 0 . 7 0 

0 . 6 0 0 . 1 0 
0 . 6 0 0 . 2 0 
0 . 6 0 0.30 
0 . 6 0 0 . 4 0 

,60 
.60 

,50 
,60 

0 . 0 0 . 0 
0 . 2 8 3 0 . 3 9 5 
0 . 7 4 6 0 .998 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
O.C 0 . 0 0 . 0 0 . 1 5 6 0 . 2 0 7 
0 . 1 7 ? 0 . 2 3 0 0 . 3 0 7 0 . 4 1 3 0 . 5 5 6 
0 . 3 0 5 0 . 4 1 3 0 . 5 5 6 0 . 7 4 C 0 . 9 7 1 1 . 3 2 1 1 . 7 5 0 
0 . 4 6 8 0 . 6 3 6 0 . 8 4 5 1 . 1 3 3 1 . 5 1 7 * * * * * * * * * * 
0.t>hO 0 . 3 8 6 1 . 2 1 5 * * * * * * * * * * * * * * * * * * * * 
0 . 0 7 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 1 5 6 0 . 2 0 5 0 . 2 7 3 0 . 3 6 9 0 . 5 0 3 0 . 6 8 8 

0 . 3 0 5 0 . 4 1 3 0 . 5 5 6 0 . 7 4 0 0 . 9 7 1 1 . 3 2 1 1 . 7 5 0 
0 . 5 6 1 0 . 7 5 8 0 . 9 9 9 
0 . 8 7 2 1 . 2 2 0 1 . 6 4 8 

1 . 3 7 7 1 . 7 9 4 2 . 2 8 0 * * * * * 
2 . 1 0 7 * * * * * * * * * * * * * * * 

1 . 3 2 7 1 . 8 0 3 2 . 2 9 8 * * * * * * * * * * * * * * * * * * * * 
1 . 8 5 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 5 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
U.5C 0 . 1 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 1 7 3 0 . 2 1 4 0 . 2 8 2 
0 . 5 0 0 . 2 0 0 . 0 0 . 1 8 9 0 . 2 3 1 0 . 3 0 1 0 . 4 1 7 0 . 5 8 5 0 . 8 2 5 
0 . 5 0 0 . 3 0 0 . 2 3 1 0 . 3 0 2 0 . 4 1 5 0 . 5 7 3 0 . 7 8 8 1 . 0 9 0 1 . 5 3 6 
0 . 5 0 0 . 4 0 0 . 3 4 4 0 . 4 7 7 0 . 6 6 0 0 . 9 0 0 1 . 2 6 7 * * * * * * * * * * 
0 . 5 0 0 . 5 0 0 . 4 9 3 0 . 6 8 8 0 . 9 4 2 * * * * * * * * * * * * * * * * * * * * 
0 . 5 C 0 . 6 0 0 . 6 6 8 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 2 1 2 0 . 2 6 5 0 . 3 7 2 0 . 5 3 5 
0 . 2 3 1 0 . 3 0 2 0 . 4 1 5 0 . 5 7 3 0 . 7 8 8 1 . 0 9 0 1 . 5 3 6 
0 . 4 1 5 0 . 5 7 9 0 . 7 9 8 1 . 1 0 4 1 . 5 4 4 2 . 0 4 9 * * * * * 

1 . 3 4 8 1 . 8 3 5 * * * * * * * * * * * * * * * 
1 . 9 9 8 * * * * * * * * * * * * * * * * * * * * 

0 . 6 6 8 0 . 9 2 7 
0 . 9 7 0 1 .469 
1 . 4 7 7 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 4 0 
0 . 4 0 
0 . 40 
0 . 4 C 
0 . 4 0 

0 . 0 
0 . 1 0 
0 . 2 0 
0 . 3 0 
0 . 4 0 

0 . 4 0 C . 5 0 
0 . 4 0 0 . 6 0 

0 . 0 
0 . 0 
0 .0 

0 .0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 
0 . 0 

0 . 0 0 . 0 
0 . 2 1 4 0 . 2 6 9 

0 . 2 3 1 0 . 2 8 2 0 . 3 4 6 0 .451 0 . 6 6 7 
0 . 2 3 1 0 . 2 8 3 0 . 3 4 6 0 . 4 4 1 0 . 6 2 7 0 . 8 9 3 1 . 3 2 2 
0 . 3 0 8 0 . 3 7 8 0 . 5 1 2 0 . 7 2 4 1 . 0 1 7 * * * * * * * * * * 
0 . 3 8 5 0 . 5 3 3 0 . 7 5 5 * * * * * * * * * * * * * * * * * * * * 
0 . 5 1 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 * 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 2 1 2 0 . 2 6 0 0 . 3 2 2 0 . 4 0 7 
0 . 0 0 . 2 8 3 0 . 3 4 6 0 . 4 4 1 0 . 6 2 7 0 . 8 9 3 1 . 3 2 2 
0 . 3 4 6 0 . 4 4 4 0 . 6 2 9 0 . 8 8 4 1 . 2 9 4 1 . 8 1 9 * * * * * 
0 . 5 1 3 0 . 7 3 5 1 . 0 4 8 1 . 5 6 2 * * * * * * * * * * * * * * * 
0 . 7 6 4 1 . 1 3 6 1 . 6 9 8 * * * * * * * * * * * * * * * * * * * * 
1 . 1 0 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

C . 0 
0 . 1 0 
C . 2 0 
0 . 3 0 
0 . 4 0 
0 . 5 0 
0 . 6 0 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 2 1 4 0 . 2 6 9 
0 . 0 0 . 0 0 . 2 3 1 0 . 2 8 2 0 . 3 4 6 0 . 4 2 9 0 . 5 3 9 
0 . 0 0 . 2 8 3 0 . 3 4 6 0 . 4 2 3 0 . 5 2 0 0 . 6 4 3 0 . 8 0 8 
0 . 3 0 8 0 . 3 7 8 0 . 4 6 2 0 . 5 6 5 0 . 6 9 3 * * * * * * * * * * 
0 . 3 8 5 0 . 4 7 2 0 . 5 7 7 * * * * * * * * * * * * * * * * * * * * 
0 . 4 6 2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 
0 . 0 0 . 0 0 . 0 0 . 0 0 . 2 6 0 0 . 3 2 2 0 . 4 0 4 
0 . 0 0 . 2 8 3 0 . 3 4 6 0 . 4 2 3 0 . 5 2 0 0 . 6 4 3 0 . 8 0 8 
0 . 3 4 6 0 . 4 2 5 0 . 5 2 0 0 . 6 3 5 0 . 7 7 9 0 . 9 6 5 * * * * * 
0 . 4 6 2 0 . 5 6 7 0 . 6 9 3 0 . 8 4 7 * * * * * * * * * * * * * * * 
0 . 5 7 7 0 . 7 0 9 0 . 8 6 6 * * * * * * * * * * * * * * * * * * * * 
0 . 6 9 3 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

19 

J A N U A R Y / 1972 


