Tables for Plastic Design of Beams with Rectangular Holes

R. G. REDWOOD

Tue 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. The
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.’—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 M,, which is the plastic
moment of the basic (i.e., unperforated, unreinforced)
beam section, and shear forces are divided by V,, 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 Mi/M,,
My/M,, and V,/V, 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. 2.7 of Ref. 1, 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: Ratio of web area of the basic
beam section to the area of one flange; 0.75 to
2.00 in 0.25 increments.

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

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.

(b)

(c)

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 plasiic
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 nccessary 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.! 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. It 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. The 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-
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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 evidence* 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 !{¢-in. 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. It has been suggested elsewhere’ 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.
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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. The 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.?
Try W14 X 38 Z, = 61.6 in?

Check shear: V, = 0.55tdF, = 0.55(0.313)(14.12)(36)

87.5 > 22.1 kips
Section is compact in A36 steel.

Use W14 38

It



Relevant properties of W14 X 38 section:
M, = Z,F, = (61.6)(36)/(12) = 184.8 kip-ft

V, = 87.5 kips; by = 6.776 in.; t; = 0.513 in.
d = 14.12 in.; t = 0.313 in.; d/A; = 4.06
Beam and hole parameters:

a/H = 1.5; 2H/d = 8/14.12 = 0.565;

Ay = (6.776)(0.513) = 3.48 in.2

Ap/A; = 0.95¢(d/A4;) = 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/M, = 0.60; V/V, = 0.253
Calculation of A,:

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

Table 10: (4,/4, = 1.25; a/H = 1.5; M/M, = 0.60)

2H/D 0.550 0.565 0.600

V/Vpy = 0.20 0.132 0.141 0.162
= 0.253 0.182

= 0.30 0.198 0.219 0.267

Table 6: (4y/4, = 1.00; a/H = 1.5; M/M, = 0.60)

V/V, = 0.20 0.106 0.113 0.130
= 0.253 0.143
= 0.300 0.159 0.170 0.195

Interpolation for 4,,/4; = 1.21 between 0.143 and 0.182
gives 0.176.

.. Required 4, = (0.176)(3.48) = 0.611 in.?

Try plates 1.75 in. x 34-in. in A36 steel:
Area = 0.655 in.? > 0.611 in.?
b;/2t, = 1.75/0.375 = 4.65
Maximum b,/2t,for compact flange in A36 = 8.5 > 4.65
Since 4,/A; = 0.176 is less than 0.333, the reinforcement
can be put on one side of the web.

.. Use A36 plates 124 in. x 3g-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(\/5)]/[12(1.70)(21)] = 0.145 in.

. Use 3{g-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.

Anchorage length:

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

_ Yield strength of bar
5= 2(1.70)(permissible weld stress)(effective throat)
For 3{g-in. welds:

_(0.611)(36)(V2)
* T 2(1.70)(21)(0.1875)

= 2.33 in.

.. Use 3 in. minimum length (see Fig. 5)
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Figure 5
NOMENCLATURE
a = half length of hole
Ay = area of one flange
A4, = area of reinforcement above the hole; also
equal to the area of reinforcement below
the hole
A, = nominal area of web = (web thickness) X

(depth of beam)

= width of flange

overall beam depth

yield stress

half height of hole

moment at centerline of hole

plastic moment of basic beam section

M;, = moments at specific points on the interac-

M, tion diagram

= anchorage length of reinforcement

thickness of web

thickness of flange

shear force

Vmas = maximum shear force the perforated beam
can carry

V, = shear force on basic beam section to cause
yielding

Vo, Vo = shear forces at specific points on the inter-
action diagram

Z, = plastic modulus of the basic beam section
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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:

= vi(i-7) () G)
0 1— =) () A4, <4
Vs \/3( d ) \a/ \4, !
2H\ [d\ (A M
-vi(t-) Q&) aza
M 1 — A4,/4
B T T 4,< 4,
M, 1+ A4,/44,
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>
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The maximum shear force which can be carried by the
web remaining above and below the hole, V,,,,, is:

The shear force V', is then given by the lesser of V, and
Vimaz- 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/V, axis from 0.

(2) Inspect the magnitude of V,,.,/V,. If it is less than
the value given by Eq. (1), construct the vertical
line V3/V, = Viaz/ V. The intersection of this line
with the line 0-1 locates point 2. If V,,,, is greater
than Vy, then V3/V, = Vo/V,, and the points 0
and 2 are coincident.

It 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 4, = 0,
and point 2 by use of the following equations:

Vz_ _ZLIJ o
71:_(1 d) 1+ a ®)
1__42( _zi’) 2
My, 44, d)Vita ©
B A
» A
1+4A,«
3 [d\? 2H\?
where a=1—é(;) (1 —7) )



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 Egs. (1) to (4) yield the following:

4, B+ VB +44C

ifA>B+C (8)

A, 24
or
A4, B+C
—_— = = ] <
7 o ifA<B+C 9)

in which the conditions correspond to 4,/4; < 1.0 and
A,/4; > 1.0 in Egs. (8) and (9) respectively, and where

2H
4=

M A 2H\? [ A,
p= (i) (+ )+ ) () +

(e 2/ -2
OO0

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

v () G)(C

quired that ¥y > 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:

w2 OG-

if 4, < 4, (10)

if 4, > 4, (11)

v -)0)

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, 4, was put equal to zero
in the tables. If this condition was not satisfied, then com-
putations based on Egs. (8), (9), and (10) were carried
out. The condition V > V,,,, 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

M/7MP V/VP

100 Co0

1.00 0.10
100 0.20
1.0C 0.30
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0e70 0430
0e70 0440
0470 0450
070 C.60

TABLE 2

M/MP V/VP

Ce6C CW0

0e¢60 (Cel0
0.6C 0420
0e60 Ce30
0e60 0440
0460 0450
0e60 0460

0450 0.0

0e¢50 0410
0450 0.20
0.50 0.30
050 0.40
050 Ce50
0.50 0.50

0440 040

0,40 0.10
0+40 0420
040 0430
0640 0440
0440 0450
0440 0460

0.0 0.0

0.0 0010
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0.0 030
0.0 0.40
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0e0 0460

06399
0453
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0.0
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Qe0
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0¢106
*kkkk
ok ok ok ok

HOLE HEIGHT / BEAM DEPTH

0e 60

Cell2

‘0.228

0.326
0.419
0.510C
* kK k%
e 3k ok % %k

0e0

0.081
0166
0+.252
0338
Ao 3 ke ok ok
K kX% Xk

0.0

0.0

0.072
0e.128
0.196
kK kK k¥
ok kK

0.0

0.0

0065
0097
0.130
kR kkk
Ak Xk kK

1.0

FLANGE ARFA = 0.75

HOLE LENGYH 7/ HEIGHT = 1.5

HOLE HEIGHT / DFAM DEPTH

065

0e122
0.251
0.363
c.471
%%k %k X%k
o e ok
ok ok Xk

0.0

0.105
0.208
0.310
Kk K ok
ek ok kK
Aok ok k%

0.0

00

0,098
0177
ok ok kK
TS
*ok ok koK

0.0

0.0

0.080
0.121
Kk ok Kk
*k ok k%
koK ok k%

WEB AREA /

HOLE LENGTH / HEIGHT

0.0
0.0
0«071
0.089
Xk % kXK

0.0
0.0
0.0
0e0
0.071
0.089
K ok ek

0.0
0.0
00
0.0
04071
04089
*kokkK

050

0.0
0.0
0.0
0.0
0.087
0.108
Kk Kk kk

00
0.0
0.0
0.0
0.087
0.108
ok KRk

0.0
O0e0
0.0
0.0
0.087
0.108
Kk ok Kk

0.0
0«0
000
0.0
0087
0.10Q8
* ok ok kK

AISC ENGINEERING JOURNAL

0455

0.0
0.0
0.0
0.079
0.106
kK kK
ok ok kK

0«0
0.0
0.0
0.079
0.106
Tk kK
kK kK

0.0
0.0
0.0
0.079
0.106
kK
.

0.0
0.0
0.0
0.079
04106
KRR
ok

0.60

0.0

0.0

0.065
0,097
0.130
Rk k
Rk

0.0

0.0

04065
0,097
0.130
*kkkE
Kk

0.0

0.0

0,065
04097
0.130
& kK kk
o Kk ok

0.0

0.0

04065
00097
04130
EXxkkk
RERkEK

1.0

HOLE HFIGHT / BFAM DEPTH

Q0«70 040 0e85 (0450 0455 0.60 0e65 0.70
0.131 0075 0,084 0,094 0,103 0,112 06122 D131
0279 0¢195 0212 0231 04252 0.278 00308 0.345
O0es410 06286 00312 Ce342 04377 0,419 0,471 0.538
0538 0e371 04406 0¢447 04496 0.555 0,629 0.726
Kk Kk 0e453 06498 (o550 04612 0,689 *kkkk kkkxk
e e 2 ok 06534 06588 06651 kkkkk kkkkx kkkkk kkkkxk
ok ok X K 0e6H13 *kkkkk ¥kkkk RKkRK kkkkk KAkkkk kkkkk
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0135 0.0 0¢0S8 0075 04097 04123 00156 0,198
0260 06100 00129 04163 0.204 0,252 0.310 0.384
0,384 0e163 0,206 04256 0313 04381 0.464 0.568
TIT 06230 0,286 04350 0428 04511 *¥x%kk%k XkkkX
*ok Kk kK 06299 06368 0,446 *dkkk¥ dokkkk xkkkk dokkkk
o3k ok ok K Oe371 *kkkk Hkkkk kkkkk kkkkk kkkkk Xkkkk
0.0 00 0.0 0.0 0.0 Q0.0 Oe«0 0.0
0051 0.0 0.0 0.0 0.0 0.049 0.06S 0.090
0,138 0.0 04054 0,071 0,095 04128 04177 0.245
0.24S 0e071 006094 06127 0172 04232 04312 0.418
ok kX 04106 00144 04195 00263 0348 *%k%kkx XkkkxXk
KKK KK 00148 06203 0273 *kkkkk kkkkk Kkkkk kkkkk
*ok kKK 0¢196 *kkk¥ kkkkk kkkkk ¥kkkk kkkkk RkkkX
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 0.076
O0.101 0.0 0.0 0.0 04079 0.097 00121 0.152
0e.152 0.0 0.0 0e¢097 0el119 00146 0.191 0.284
*Ekkk 04087 06106 06130 06159 0218 kk&kk%k xkkk¥k
* kKKK 06108 06133 06162 *%k&kk%k *kkkk kkkkk kKER¥K
kK Kk 00130 %kkkk kkkkk kkkkk Rkkkk kkkkk Rkkkk

FLANGF AREA = 0.75

HOLE LENGTH / HEIGHT = 1.5

HOLE HFIGHT / BEAM DEPTH

0.65

0.0

0.0

0.080
0.121
Aok ok kK
Hok ok Kk
Aok K Kk

0.0

0.0

0.080
0.121
*k ok kK
ok ok kK
ok ok Kk

0.0

0.0

0.080
0.121
Aok ok Kok
kK Kk
*kok %k

0.0

0.0

0.080
0.121
Aok ok kK
ok kkk
kok Rk

0.70 D0e40 0645 050 0e55 060 065 0.70
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 0.076
0.101 0.0 0.0 0.0 0079 04097 04121 0,152
0.152 0.0 0.0 0e¢097 06119 Cel146 00181 0227
*kk kXK 06087 06106 0130 06159 06195 *%kkkk %kkkkxX
*ok ok k& 06108 04133 04162 *kkkk kkkkk kkkkk kkkkk
sk ok ok Do 130 *kkkk kkkkk kkkkk kkkkk kkkkk fkxkk
0«0 020 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 0076
0.101 0.0 0.0 0.0 0e079 0097 0,121 04152
0.152 0.0 0.0 0e097 0e119 0.146 0.181 0.227
*k kR %k 04087 04106 0130 06159 04195 *kkkk Xxkkkk
*ok Kk K 0e108 0¢133 06162 *kkkk ¥k XXXXEX kkkk¥
*k kK Oe130 *kkkk dokkkk hkkkk kkkkk kkkkk kkkkxk
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
040 0.0 0.0 0.0 0.0 0.0 0.0 0076
0.101 0.0 0.0 0.0 06079 0097 04121 04152
0e152 0.0 0.0 0097 060119 0,146 0,181 0,227
*kkkk 06087 0,106 06130 0.159 00195 *%k%k¥ Xkkkx%x
LEE 21 06108 06133 0,162 *%kkkk kkkkk kxkkk kk&kkxk
kKK Oe 130 *kkk% kkkkk kkkkk kkhkk Rkkkk KKKk
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 0.076
0.101 0.0 0.0 0.0 04079 0,097 0el121 06152
0e152 0.0 0.0 06097 0119 0.146 0,181 0.227
Rk koK 06087 04106 06130 06159 00,195 *kk%k% kXkkkxX
P22 2 2] 0¢108 06133 06162 *kkkk kkkkk Xkk¥kk kkkk¥k
xRk kE 06130 %k kkk hkkkk kkkkk Khkkk KEKkE RERKXK
8



TABLE 3 WEB AREA / FLANGE AREA = 0.7S

HOLE LENGTH /7 HFIGHT = 2.0 HOLE LENGTH /7 HEIGHT = 3,0

________ HOLE HEIGHT / BEAM DEPTH HOLE MEIGHT 7/ BEAM DEPTH _______
M/MP V/VP Oe 40 0.45 0.50 055 0460 0.65 0470 0.40 0. 45 050 055 0460 0465 0e.70
1,00 0.0 0+s075 04084 0,094 04103 0e112 04122 04131 0¢075 06084 0.094 0,103 0.112 0,122 0,131
1.00 0610 06226 06246 06269 06295 0.326 Ce363 0.410 06286 06312 06342 04377 00419 0.471 0.538
100 0.20 0e343 06375 06413 06457 04510 06577 04664 0e453 006498 06550 04612 0689 0.785 0.913
1.00 0.30 0e¢453 0498 06550 06612 0689 0.785 0.913 06613 0,676 06751 0,842 0953 1.101 1.298
1.00 0.40 0e 560 06617 0685 04765 0.865 *kkkk ¥kkkx% 0e770 06852 0¢950 1074 16230 *xkkk *kkkk
100 0450 0e666 06735 0e818 *kkkk kkkkk kxkkk kkkkk 00925 14029 16159 *kkkk kkkkk *kkkk kkxkx
1,00 0.60 Qo770 kkkkik kkkkk kkkkk kkkkk Xkkkk *Rkkkxk 1087 *kkkkx ¥kkkk Fkkkk kkkkk Kkkkk Kkkkxk
0490 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
090 0O.1C 04062 0081 0.104 00132 0,166 0,208 0260 0¢100 06129 0e163 0204 0.252 0.310 0.384
0690 €e20 Oel141 06180 06225 06277 04338 0.412 0,507 06230 00286 04350 0¢424 0511 0617 0.753
0490 0430 06230 0286 04350 04424 0eS11 06617 04753 06371 06452 0542 04646 06770 04923 1,128
090 0640 06323 06396 064478 0572 0,683 *kkkk kkkkk 06516 00619 06735 0869 16032 *kkkk Xkkkk
0s90 0450 06419 06507 06606 *¥kkk kkkkk Xkkkk Xkkkxk 06664 06789 06929 *kkkk kkkkk XRkkkk Kkkk¥k
0490 €60 06516 *kkkk kkokkk kkkkk kkdkkk kkkkk Rkkkk 0e813 %kkkx kkkkk kEkXkk kkkkk *kkkk Kkkk¥k
080 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
0480 010 0.0 0.0 0.0 0.054 0072 0,098 0.138 0.0 0.0 0,071 06095 00128 04177 04245
0.80 0.20 0¢ 060 0,080 04107 0¢144 04196 04266 04359 06106 06144 0195 0263 0348 0,457 0597
0480 030 0e¢106 0e144 00195 0,263 0348 0,457 0.597 0e196 04268 0,357 04464 0,594 0755 0961
080 0.40 0e163 04224 04300 06395 04511 *kkkkx *kkkk%k 0e309 0¢413 06535 0678 0.848 *k*kkkk Xkkx%
080 0450 0¢232 0315 06415 *kkk%k kkkkk Xk&kk Xkkkk 0e435 0.568 06720 **xk®* Xkkkk kkkkk kkkkk
0«80 0460 0e3009 *kkikkk kkkkk kkkkk kkkkk kkkkk kkkkk 0eS70 *kkk&k Rkkk%k XERREk Xkhkkk &kkk¥X XXkEXK
0.70 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
0470 0e10 0.0 0.0 0.0 040 0.0 0.080 0.101 0.0 0.0 0.0 0.0 0.097 0.121 04152
0.70 0,20 0.0 0.0 00087 00106 04130 0.161 0232 0.0 06106 04130 04159 0.218 0.314 0.450
0.70 0430 0.0 0e¢106 04130 04159 04218 00314 0.450 0e130 00159 04218 04310 04433 0.594 0.804
0.70 0.40 0el115 04142 06177 06252 04357 *kkkk XkkkxX 0el77 06255 00362 04501 0674 *X%k%k%k XXkXkX
0470 0.50 0el144 04184 04263 *%kkk kkkkk kkkkk Rkkkk 00264 00381 06528 *kkkk kkkkk Rkkkk XERkX
0.70 0460 0el177 *kkkk kkkkk kkkkk kkgkk Rkkkk RkkEx 0e370 %%k RkRkk KKkKkkE REKKEk KKKk KKKk
TABLE 4 WEB ARFA / FLANGE AREA = 0.75

HOLE LENGTE /7 HEIGHT = 2,0 HOLE LENGTH / HEIGHT = 3.0

——————_ HCLE HEIGHT / BEAM DEPTH HOLE MHEIGHT / BEAM DEPTH _______
M/MP V/VP 040 Ce45S 0.50 055 0460 0465 0470 0440 0.45 0.50 0.S5S 0.60 0.65 0.70
0460 040 0.0 0.0 0e0 0.0 0.0 0.0 0e0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.60 0.10 0.0 00 0.0 0.0 0.0 0080 0.101 0.0 0.0 0.0 0.0 0097 0,121 0.152
0e60 0420 0«0 0.0 0e087 0106 0130 00161 0.202 0.0 06106 04130 0,159 04195 0.241 04319
060 043C Ne.0 0106 04130 04159 04195 0,241 04319 0e130 006159 06195 06238 0+297 04445 0,652
0e60 040 De115 06142 06173 06212 06260 *%kkkk XXkkx%X 06173 06213 0260 06350 0512 *¥kkk%k %k%kkk
0.60 050 Oel44 06177 06217 *%kkkk kkokkk ¥kkkk Xkkkk 0e217 06266 04367 *¥k%kk %kkkkk kkkkk kkkkx
0460 0460 Oel173 kkkk kkkkk Xkkkk kkkkk kkkkk Kkkk¥ 06260 *k%kkk %kkkk Kkkkk Xkkkk Kkkkkk REEkX
0«50 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
050 Ce10 0.0 0.0 0«0 0.0 0.0 0080 04101 0.0 0.0 0.0 0.0 0097 De121 04152
0450 0e20 0.0 0.0 0.087 04106 0130 0e161 0,202 0.0 0.106 0130 04159 0195 00241 0.303
050 0e30 0«0 0e¢106 00130 06159 04195 0.241 0,303 00130 06159 06195 06238 06292 0362 0.509
0.50 (.40 O0e115 04142 04173 0212 04260 *¥% %k *kkkkXX O0e¢173 06213 04260 06318 06390 **¥%k%k%x Xkk%kx
050 0450 0eld4 06177 06217 *kkkk kkkkk %kkkk dokkkk 06217 06266 06325 %%k%%xk ¥Xkkk¥ kkkkk Xk&kkk¥k
0450 0460 0o 173 okkkk kikkkk khkkkk dokkkk dokkkk kkkkxk 00260 *%x%kk% %kkkk kk&kkk REkKk KRKkKEk XKkkX
0440 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
040 0Oel0 0.0 0.0 0.0 0.0 0.0 0.080 0.101 0.0 0.0 0.0 0.0 0.097 0e121 0.152
O0e40 0420 0.0 0.0 0087 04106 04130 0e161 04202 0.0 00106 0,130 0159 0,195 0e¢241 0.303
0+40C 0430 0e0 0s106 06130 04159 0,195 04241 04303 0¢130 0¢159 0195 04238 04292 0362 04455
0,40 0440 O0ellS 0e142 00173 00212 06260 *%kkkk Xkkk¥k 0e¢173 06213 06260 06318 0,390 *¥%k %k XkkkX
0.40 0450 0e1844 04177 06217 *kkkk kkkkk kkkkk Xkkkk 06217 06266 04325 *%k%%k kkkkk KKKKE KREk¥K
0440 0460 Oel73 *kkkkk kkkkk kkkkk %kkkk Hkkkk kkkkxk 06260 *%x%k%k& Xkkkkk KkkkE RXERk Kkkkk KKKk
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 0.10 0.0 0.0 0.0 0.0 0.0 0080 0.101 0.0 0.0 0.0 0.0 0097 06121 04152
0.0 0.20 0.0 0.0 0087 04106 0.13C 0.161 0.202 0.0 06106 0,130 0,159 0,195 0,241 0.303
0.0 0+30 0.0 0¢106 04130 0.159 0,195 0.241 0303 0130 04159 04195 04238 0292 0362 0.455
0.0 0440 0el1l15 06142 06173 06212 00260 *k%k%k%k XkkkkxXx 0e173 00213 04260 06318 06390 %x%x%k%k kkk%x%
0s0 0050 0e144 04177 06217 *&kkkk kkkkk kkkkk XKEKX 06217 04266 06325 *%k&%k%x XXX %%k AXEEE XKEXXK
0s0 0460 Do 173 *dkkk ¥okkkk kkkkk Rkkkk kkkkk Kkkkx 00260 %%k%k%% R&XkEE REkRkXk KKEKK KRKkKkE RREEK
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TABLE S

M/MpP

1.0C
1.00
l1.00
1.00
1.00
1.00
1.C0O

0.90
0490
0.90
0.90
090
0.90
0490

0.80
Ce80
0.80
0.80
O.80C
0.80
0.80

0.70
0.7C
0.70
0.70
070
0.70
0.70

v/ve

0.0

0e10
Ge20
0.30
Ce40
0e50
Ce60

0.0

0e10
0.20
Ce30
Ce40
0e50
060

Ce0

Gel0
0.20
0.30
0.40
050
0¢60

0.0
0.10
Ce20
0430
0«40
050
0460

TABLE 6

M/MP

0.6C
0.60
0.60
0.60
0.6C
060
0.60

0450
0.50
050
0.50
050
0.50
0.5¢C

0440
0440
0440
0.40
0440
0.40
0.40

0.0
0.0
0.0
0.0
°.°
0.0
0.0

v/vp

Ce0

0.10
0.20
0430
Ce40
0.50
0.60

0e0

0«10
0.20
.30
0e¢40
050
0.60

0.0

0+10
0.20
030
0e40
0.50
0.60

0.0

010
0.20
030
0+40
050
0.60

WEB AREA /
HOLE LENGTH / HEIGHT = 1.0

Y——————_ HOLF HEIGHT / BEAM DEPTH

FLANGE AREA =

1.00

HOLE LENGTH / HEIGHT

0e40 0645 0650 0655 0460 0465

0¢ 100 06112 06125 06137 0150 0,163
Ce214 04233 04254 04277 04304 00334
06302 06328 06359 06393 0.434 0,484
0e382 06416 04456 0.503 04558 04628
0¢458 04501 04550 0,509 0,680 ¥kkkxk
06532 0,583 04642 *kkkk *k&kkk Fhkkk
00604 *kkkk sokkkk Akkhkk kkkk Hkkkk

0.0 0.0 0.0 0.0 0.0 0.0

Ne0 0,067 0,087 00111 0,140 0,175
06108 04138 0,173 0,214 04261 0317
0e16S 00211 0260 06315 04379 0.457
0232 0286 09346 04416 06497 *k%kk¥%
06295 06360 06433 *kkkk kkkkx xxkk¥k
0360 *kkakk kkkkk kkkkk kkkkk xkikkk

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0¢056 0,074
0.0 040 0,078 0,102 0.135 0.181
0e¢076 06100 04132 0e174 04230 0.304
0e¢110 00147 06194 0256 00334 *kkkX
0el150 06200 06263 kkkkk kkkkx dkkkxk
06193 kkkkk kkdkkk kkkkk Rkkkk *Xkkkk

0.0 0.0 0.0 0.0 0.0 040

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.087 0.107
0.0 0.0 0.087 0106 04133 0.186
0.0 04094 04115 0151 0,208 *%k%k*%k%
04096 04118 0,156 *xkk%k %xkkkk XExkk
NDe 115 *%kkkik kkkkk kokkikk Kkkkk kkkkxk

WEB AREA /
HOLE LENGTH / HEIGHT = 1.0

—————mww—_ HOLE HEIGHT / BEAM DEPTH

070

0175
0.372
0.547
0.717
Kk kkk
P
Xk k%

040

06217
0387
0.554
Rk kK%
kK k%
*RE k%

0.0

0.102
0,245
0.401
bR LS 2]
Rk
kkkkk

0.0

0.067
0.141
0.268
*RREKE
kk Rk
xk kKK

040

0.100
0.259
0.382
0495
0.604
0712
0.817

0.0

0.079
04169
0.263
0.360
0.458
0.557

0.0

0.0

0.076
0.129
0.193
04266
0,345

0.0
0.0
0.0
0.0
0.115
0155
0.207

FLANGE AREA =

0.45

0112
0.282
0e416
0.542
0+664
0.783
X%k ¥k

0.0

0.102
0.211
0.323
0.436
0.549
*k %Kk

0.0

0.0

0.100
0.172
0.257
0. 351
FTE L

0.0
0.0
00
0.106
0.151
0.215
*k kX%

1.00

050

0125
0.308
0«456
C+596
0733
0.868
% % Kk K

0.0

0.130
0260
0.390
0.520
0650
ok ko

0.0

0.0

0.132
0.228
04337
0.454
* kKR %K

o.o

0.0

0.087
0.132
0.208
00297
*kkkk

0.55

0137
06337
04503
0.661
0+ 816
Tk kkE
*ok KKk

0.0

0.163
0.315
0.466
0.616
kEkKkEkK
ko k%

0.0

0.070
0.174
0.299
0434
kK%
* % KKk

0.0

0.0

0.106
0.181
0.287
Tk KkkX
ko kk

HOLE HEIGHT / BEAM DEPTH

0.60

0150
04370
0.558
0.740
0.918
* Ak XK
kK K

0.0

0201
0379
0.555
0729
Xk %k K
ook % ok k

0.0

0.093
0.230
0.387
0.552
EEK KK
Rk KK

0.0

0.0

0.133
0.251
0394
rkkk¥k
*kk kK

HOLE LENGTH / HEIGHT

= 1.5

065 0470

0163 0175
04410 04460
0628 0717
04839 0.968
*kkEk kkkkk
kkkkk kkkkx
xkokokk  Kokokkk

0«0 0.0

0e¢247 04303
0457 0.554
0663 04801
kkokkk kkkkk
kkkkk kkkkk
*kkkk Kkkkk

0.0 0.0

06125 04171
0304 0.401
0.498 0.640
kERKkk Kkkkk
EREKK KRk
*kkkk kkkkk

0.0 0.0

0.080 0.101
0.186 0.268
0.351 0,488
ERkEKEKE EREEXK
wEkkk kkkkk
kkkkEk Kkkkk

= 145

HOLE HEIGHT / BEAM DEPTH

0440 0s45 0450 0.55 0.60 065

0.0 0.0 0.0 0.0 0.0 0.0

00 0.0 0.0 0.0 0.0 0.0

0.0 0.0 00 0.0 0.087 0.107
0.0 0.0 0.0 0.106 04130 0.161
0.0 06094 06115 00141 Qo173 *kkkxk
06096 04118 06144 ¥kkkk xkkkk kkkkk
Qe 115 *kkkkk kkkkk Xkkk&k kkkkk dkkikk

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 0.087 0.107
0.0 0.0 0e0 0,106 0130 0.161
0.0 04094 00115 00141 0173 *kkkx
0096 06118 06144 X*xkkk FokEkk kkkkk
Oe 115 dkkkk kkkokk skkkknk xkkk®x Nokkkk

0.0 0.0 0.0 0.0 0.0 0.0

0.0 0.0 0.0 0.0 0.0 C.0

0.0 0.0 0.0 0.0 0.087 04107
0e 0 0.0 0.0 0106 04130 0.161
0.0 006094 0¢115 0el41 06173 *kkkxk
0096 00118 00144 *xkkkk kkkkk kkkkX
Oe 115 kkkkk Rkkkk kkkkk ¥kkkk Kkkkk

0.0 00 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 0087 0107
0.0 00 0.0 0106 0.130 0.161
0.0 00094 0+115 0el141 00173 *kk*x
006096 0118 00144 *kkkk kkkkik Fkkkxk
Oe 115 *kkkok mkkkk kkkkk Rkkkk RHEkkk
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0.70

0.0

0.0

0.135
0,202
kK KXk
ok ok %k
%k kK

0.0

0.0

0.135
0.202
kK
Rk
EKEK

00

0.0

0135
0.202
*EkKK
FTTT T
LTI

0.0

0«0

0.135
04202
k& kkk
ok X kK
kKKK

10

0.40

0.0
0.0
0.0
0.0
0.115
0.144
0.173

0.0
0.0
0.0
0.0
O0.115
Oe 144
04173

0.0
0.0
0.0
0.0
0.115
0. 144
0173

0.0
000
0.0
0.0
0.115
0. 144
0.173

045

0.0
0.0
0.0
0.0
O0.142
0177
KK kKX

0.0
0.0
0.0
0.0
0.142
0.177
Kk KAk

0.0
0.0
0.0
0.0
0.142
0.177
¥k %k k

0.0
0.0
0.0
0.0
O0el142
0.177
Rk KKK

0.50

0.0
0.0

0.0

0.130
0.173
0.217
*kkkk

C.0
0.0
0.0
0.130
0.173
0.217
Rk KKK

0.0
0.0
0.0
0130
Cel73
0.217
LRk ]

0.0
0.0
0.0
0.130
0.173
0.217
*EXEK

0.55

0.0

0.0

0.106
0.159
0.212
%k k kok
k& kkk

0.0

0.0

0,106
0.159
0.212
* kK kXK
*kk Kk

0.0

0.0

0.106
0159
0.212
*k Kk kk
*k kK%

0.0

0.0

0.106
0«159
0.212
I
XREKX

0.+60

0.0
0.0
0.130
0195
0.268
*kkkk

0665 0470

0.0 0.0

0.0 0.101
0s161 0.202
0e241 04353
kkkkEk kkkkk
Xk kkk ok kkokk

kkkkk kkkkk kkkkk

0.0

0.0

0.130
0.195
0.260
*x k¥ K
LR X2 3

0.0

0.0

0.130
04195
0260
kK Xk %
KAk XX

0.0

0.0

0.130
0.195
0.260
kK Kk
* %k kK

[oN¢] 0.0

0.0 0.101
0e161 0.202
Oe241 0.303
kK KRRk
R AkE KKKk
FRREE KKK

0.0 0.0

0.0 0.101
0.161 04202
0«241 04303
Kokokk ok kkkkk
hkkkk xkkkk
kKR kKKK

0s0 0.0

0.0 0.101
0161 0.202
0.241 0.303
*kkkk kkkkk
*kkkk kkEhk
Shkkk KkRkk



TABLE 7 WEB AREA / FLANGE AREA = 1,00

HOLE LENGTH / HEIGHT = 2.0 HOLE LENGTH / HEIGHT = 3,0

e ___ HOLE HEIGHT / BEAM DEPTH HOLE HEIGHY / BEAM DEPTH ____
M/MP V/VP 0e40 0645 0e50 0455 060 065 0670 0e40 0e85 0650 055 0660 065 0470
100 040 0100 0112 06125 06137 00150 0163 04175 06100 00112 06125 00137 04150 04163 04175
1.00 C.10 0¢302 0328 06359 06393 0,434 0,484 0547 N0e382 06416 Ce456 0503 0558 0,628 0.717
1.00 0.20 00458 06501 0550 0609 0680 0.769 0.88S 06604 00664 04733 06816 00918 1.050 1.230
1.00 0.30 0e604 00664 04733 04816 0918 1.05C 1.230 0817 00902 1002 16133 1293 1,494 1,758
1.00 0.40 06747 06823 06913 16022 14166 HXxkkk kkkkxk 1030 14151 106294 10465 1674 *xkkk%k kkkXkk
1.00 0.50 Ce 887 06980 1099 *kkkk kkkkk Kkkkk Xokkkk 16262 16411 1586 *%xkkk kxkkkx kkkkk kkkkxk
100 0460 1030 *xkkkk %kkkk kkkkk kkkkk kkkkk dKkkkk 16494 ®kkkk kkkkok kkkokk ®kkkk kkkkk Rkgkk
0490 0.0 0.0 0.0 0.0 0.0 0.0 040 0.0 0.0 0.0 0.0 0.0 0.0 0e0 2.0
090 010 0¢108 00138 04173 06214 06261 0317 0.387 06169 0,211 0.260 0,315 04379 04457 0.554
090 0420 06232 06286 06346 06416 006497 04595 04719 0e360 06436 06520 0616 06729 0869 1,052
0690 0e30 06360 06436 06520 04616 06729 0,869 1,052 06557 04662 0,779 0,915 1.085 14302 1.579
090 0.40 06491 06586 04693 0815 0,962 *kx¥kk kkkk¥ 0e¢756 06889 14044 1,238 1,466 %kkkk dkkkk
090 050 0e623 0738 06866 *kkkk kkkkk *kkkk Hkkkk 06956 16133 1,336 *kkkk kkkdk kkkkk kkkkk
0690 060 Qe 7S6 kdkkk kokkokk Xokkokk kkkkk Xkkkk kgkkk 16182 *kkkk kkkkk kkkkk Rkkkk ¥kkkk Xxkkk¥k
0480 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
080 0410 0.0 0.0 0¢078 04102 04135 0.181 04245 0.0 06100 Ce132 046174 04230 04304 0,401
0.80 0.20 0¢110 0147 04194 04256 0334 0.432 04560 0e¢193 06257 0337 0434 0552 0697 0.883
0.80 030 06193 0257 06337 04434 0552 0697 0.883 04345 04451 0.S74 0,718 0.889 1,110 1,401
080 0440 06291 06384 06493 0.622 06776 *%kkkk kkkkk 0e518 06660 00822 1010 14258 *%k%kk¥ *k*kkx¥
080 0450 0e401 00519 06656 *%kkkk kkkkk kkkkk XRERkk 0e701 0e877 1,086 *kkkk kkkkk kkkkk Xkkkk¥k
0«80 060 00518 kkokkk dokdkokk Kkkkk dkkdkokk XkkRk Rkkkk 00891 *kkkk mkkkk dkkkk Kkkkk KKKk Rkkkk
0470 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
070 0.10 0.0 0.0 0.0 0.0 04087 04107 04141 0.0 0.0 0.0 0106 0133 0.186 0.268
0.70 020 0.0 0¢094 0,115 0e1S1 04208 0293 0.413 Oel15 0e151 0208 04287 04394 0536 0.723
0.70 0.30 0el115 00151 04208 04287 04394 04536 0.723 00207 04289 06399 0,538 0,710 00926 1,222
0470 0440 0e¢172 06239 06330 06450 0602 *%*kx%%k Hkkk¥k 0e334 00463 0623 04814 1049 *kkkk kkkkx
0¢70 0450 06246 006344 0,471 *kkkk Xkkkkkx *XkkE hkkk& 0s48S 06659 06862 #kkkk kkkkk hkgkkk RRkkx
070 0460 Oe 334 *kkikk dkkkk kkkkk kokkkk dokkkk Rkkkk 06653 kkkkk R&kkkk Rkkkk Rkkkk Rkkkk Kkkkx
TABLFE 8 WEB AREA / FLANGE ARFA = 1.00

HOLE LFNGTH / HEIGHT = 2.0 HOLE LENGTH / HEIGHT = 3.0

________ HOLE HEIGHT / BEAM DEPTH HOLE HEIGHT / BEAM DEPTH ______
M/MP V/VP Ne40 0e45 0.50 0455 0. 60 Ce65 0,70 0+40 0.45 0.50 0e55 0460 065 0670
0s6C 000 0.0 00 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¢60 Col0 240 0.0 Ce0 0.0 0.0 0.107 0,135 0.0 0.0 0.0 0.0 0130 0,161 0.202
Ce6HC 0e?20 Qe 0 0.0 Oel11S 0el41 0173 Ce214 04286 0.0 00142 0173 06212 0.268 06392 0,571
0s60 0a30 Oe 0. 00142 04173 0.212 04268 0,392 04571 06173 00213 04268 0385 0546 0759 1.043
060 044C 06154 04189 00231 00311 06447 *kkkk XkXK% 06231 06314 0.452 0633 0863 *kk*k XkXkxkX
0«60 Ce50 06192 04236 0,325 kkkkk kkkkk kkkkk kkkkk 06326 0o 474 04667 *k%kkk Xkkkk Rkkkk KEKkKk
0460 0460 Do 231 kkkkk kkdokk hkkkk dkokkkk dokkkk kkkkk 00459 kkkkk XkRkk Kkkkk KEEkR RkkEEk Rkkkx
Ce50 Ce0 0eC 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
0e5C 0el0 Q.0 0e0 N.0 0.0 0.0 0107 04135 0«0 0.0 0.0 0.0 0e130 00161 0,202
05C 0420 De0 0.0 O0e¢115 00141 0,173 0.214 0,269 0.0 001482 04173 06212 0260 06322 04433
0«50 030 0.0 0el42 06173 04212 0,260 06322 04433 0e173 06213 04260 04318 0.404 0.603 0.880
045C 0440 Oel154 06189 04231 Qe282 04346 *¥xkkk *kkX¥ 0e231 06283 04346 0,476 0,694 *xk&%k *Xk%kX
0450 0450 04192 04236 0,289 *kkkkk kkkkxk kkkkk kk¥KEkK 0e289 0e354 00499 *kkkk kkkkk kkkkk XRkk%
0¢50 0460 0e231 kkokdok kkdkkk kdokkok dokkkk kkkkk RkkkK 06346 ®kkkk kkkkk kkkik Xkkkk REKER KkKkk
0440 Ce0 060 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0,0 0.0 0.0 0.0 0.0
040 CelO 00 Oe0 0.0 0.0 0.0 0107 0.135 0.0 0.0 0.0 0«0 00130 0.161 0.202
0«40 Ce20 0.0 0.0 0e¢115S 0Oel141 06173 06214 0.269 0.0 0e142 04173 04212 0260 06322 0,404
0e4C 0e30 Ne0 0e142 04173 04212 04260 00322 0,404 00173 04213 0260 00318 0390 0.483 0.728
0«40 0e40 Del54 04189 06231 0282 06346 *kkkk xkkk¥k 06231 04283 06346 0423 0,542 %%x%k&k XkXx&k%
0e40 Ce50 0e¢192 06236 0¢289 *kkkk Rkkkk kkkkk kkkkk 06289 06354 06433 *%%k%%k Xkkkk Rrrkk RkkkE
0o 0460 0e231 Hkk¥k kkkkk kkhkkk kkokkk Xkkkk RKkk¥ 00346 *kkkk hkkkk kEkkk Rhkhkk SRKKK RRkEk
0.0 0Ce0 9.0 Oe0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0
CeC 0el10 0.0 0.0 0.0 0.0 0.0 0.107 0.135 0.0 0.0 0.0 0.0 00130 00161 0,202
0+0 0420 0.0 0.0 O0e¢115 0e141 04173 0.214 04269 0.0 00142 04173 04212 06260 0322 0.404
0.0 0430 0.0 00142 04173 04212 0,260 0e322 0.404 0e173 04213 0260 04318 04390 0,483 0,606
0«0 0.40 06154 04189 06231 04282 06346 *%kkkxk kkkkk 06231 06283 06346 0423 0,520 *%%x%kk kk&k%
0«0 0450 06192 00236 06289 *kkkk kkkk%k kkkkk kkkkk 06289 06354 06433 *x¥kk %kEkx KkkEEk KXkEE
0e0 0460 De231 *%kkkk kkkkk dokkkk Rkkkk kkkkk Rkkkk 00346 ®kkkk wkkkk Kkkhk KKkkkE SkEkEE XKEKXE

11

JANUARY /1972



TABLE

M/MP

100
1.00
1.00
1.00
1.00
1.00
1.00

0.90
0«90
0s90
0.9C
0.90
Ce90
0.90C

030
0480
0+3C
0+80
0.80
080
0.80

0e70
Ce70
0.70
0e70
0.70
0.70
070

9

v/ve

00

Cel10
0e20
C.30
Ce40
0.5C
Ce60

0.0

0. 10
020
0.+3C
0.40C
0«50
0.50

Ce0

0.10
0.20
0.30
0e40
0.50
Ce60

0.0

0.10
0.20
0.30
0.40
050
Ce60

TABLE 10

M/MP

0e60
Ce60
060
0.60
0.60
0.60
0.6C

0450
0.50
050
0.5C
0¢50
0.50
0.50

0.40
0440
0.40
Ce40
0.40
040
0.40

0.0
0«0
Ce0
0.0
0.0
0.0
0.0

v/Vve

00

0el0
0e20
Ce30
Q.40
050
Q.60

0.0
0.10
0e20
0«30
0e4 0
Ce50
Ce60

0.0

0.10
0.20
0«30
0e40
Ce50
Ce60

0.0
0410
0+20
0e3C
0.40
0450
Ceb60

De125
O0e268
0e377
Nea77
De572
0e0665
De 755

0.0

Ne CHBO
O0.161
Qe244
N.327
Ne4l0
Ne&94

9.0
0.0

0.0

24119
0.172
0.231
0.295

0.0
0e0
(V]
0e0
0.101
0.137
0.178

De b0

0.0
0.0
0.0
N0
Ne 0
0.120
NDe144

Je0
0.0
0e0
0e0
0.0
0e120
0e144

Q.0
00
2.0
0«0
0.0
0.120
Ne.144

De0
0.0
0«0
0«0
0.0
0e120
Os144

WEB AREA 7/
HOLF LENGTH / HEIGHT = 1.0

HOLE HEIGHT / BEAM DEPTH

FLANGE AREA =

1.25

HOLE LENGTH / HEIGHT = 1.5

HOLE HEIGHT / BEAM DEPTH

0e3530 055 060 0465

0.156
0.318
0+448
0570
0.688
0¢803
ok Rk K

0172
0.347
0e492
0.628
0. 761
LEEE 2
ok ok %

0.187
04379
0543
0.698
0.850
X % %k %k %k
X ¥k ok ¥

06203
N.418
0. 605
0.785
Aok ok kK
Aok o
ook kK

040

Jel131
04247
04360
Ned71
0581
ok ok ok

049

0.164
04299
0.428
0.556
dAok kK
ok Kok ok

0.0

0.202
0358
0.508
0656
X A ok Xk
* % ok kX

0.001
0.247
0.428
0.604
ok Kok K
It Yy
Kok Kok
0.0 0.0

040

0.123
0204
0.294
0390
ok ok K

0.0

0.070
O.161
04265
04377
dokok ok %
*kok ok k

0«0

0092
0.210
0342
0.478
ok kKK
* KKk K

Ce O

0e122
0.27S
0.437
*ok K kK
*o ok kK
ok kK

Ne 094
0«156
0.227
04303
ok Kk XK

0«0
00
00
0091
O0e134
O0.184
Ak ok K

0.0
0.0
0e0
0.119
0.179
0249
Ak Aok K

0.0

0.0

0091
0e¢159
0.242
Aok % kX
* %k k Kk

0e0

0.0

0e120
0.215
0.328
ok Kok K
xR kKK

0.0

0.0

C.164
0.296
*kkkk
Kok kK
ok ok kX

WEB AREA /

HOLE LENGTH / HEIGHT = 1.0

HOLE HEIGHT / BEAM DEPTH

070

0.219
0.464
0.684
0.896
* % Kk Xk
*k % %k ¥k
% ¥ Xk % %

0031
04300
0e515
0.724
EEE L 23
ook % Xk
XAk Kk

0.0

0e165
0359
0560
koK Kk
LEL 1]
Ak Rk

0.0

0.085
0e231
0.410
I T
P
Rk

0.40

04125
0.324
0.477
0«619
0.756
0890
1.025

0.0

0.120
0+244
0.369
0.494
0.619
0.745

0.0

0.0

0.119
0,201
0.295
04398
0.507

0.0
0.0
0.0
0.119
0.178
0.249
0.330

FLANGE AREA =

0e4S5S (050 055 060 0465

Oe141
0353
0.520
0e677
0.830
0.979
Xk KKk

0.156
0 +385
0.570
Ce745
0917
1.095
kKR %k

0.172
0e421
0.628
0.826
1.022
* & kKK
kK Kk

0.187
0,463
0.698
0.925
1.162
Aok kX
Xk Ok

0203
0513
0.785
1.052
kKK
* ook kK
* kKK K

0.0

0.152
04299
0.4843
04587
0.730
>k kKK

0.0

0.190
0.360
0.526
0.690
0.854
* %k kK

0.0

0.232
0.428
0,620
0.809
* K kKoK
*k Kok ok

0.0

0.281
0.508
0.730
0.949
T3
*E kKK

0.001
0e339
0.604
0.864
*k kKX
* KXk kX
ok kKK

0.0

0.0

0¢156
0. 264
0.384
0e511
X RkK

0.0

0.087
Ce204
0e341
0.489
0.641
kK KKk

0.0

C.113
0.26S
0.435
0.612
*kk k%
PR

0.0

0.149
0342
0.548
0.759
ok kK
kKX

0.0

0.196
0.437
0.687
* %k Kk k
* %k kK
*kkk %k

0e0

0.0

0.119
0.213
0. 328
0.458
xkkkk

0.0

0.0

0091
0.158
00242
0.340
*kkkk

0.0

0.0

0.159
0.288
0.440
Rk
kKK

0.0

0.081
0.21S
0.389
0.583
rk KKk
%ok & kK

0.0

0.109
0.296
0.523
kR Kk
*ERkE
T

1.25

HOLF LENGTH / HEIGHT = 1.5

HOLE HEIGHT / BEAM DEPTH

045 0«50 055 0.60 0.6S
Q.0 0.0 0.0 0.0 0.0
Q0.0 0.0 0«0 0.0 0.0
0.0 00 0.0 0.108 0.134
0.0 0.0 0e132 0.162 0.201
0e118 0e144 06176 06219 *kkk%
0e143 0.180 *kkkk kkkkk kkkkxk
dopokokok kokokokak  kokokokok okokkok kkk oKk
040 0.0 0.0 0.0 0.0
0«0 0.0 0.0 0«0 0.0
040 0.0 0.0 0+108 0.134
0.0 0.0 0e132 04162 04201
0e118 06144 064176 04217 *k%kk
06148 0,180 *kkkk *kkdkkk *kkkX
fkokkok kkkkEk kkokkk dkkkk Kkkkk
0e0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0«0
0.0 0«0 Oe0 0.108 0.134
0.0 0.0 00132 0.162 0.201
O0el118 04144 0176 0217 *¥kkxk
0e148 04180 *kkkk kkkkk Kxk%k
Fok ok Kkokokok dokkkk kkkkk kkKE¥X
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0e0 0.0 0.0
OO 0.0 0.0 0.108 0.134
0.0 0.0 04132 04162 0,201
0e¢118 06144 04176 04217 *kkk¥k
0e148 0o180 kkkkk kkxkk dokkkxk
Fokokkok kdokkk Kkkkk kkkkk KKk kk
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0.0

0.0

0.168
0.284
Aok % kK
%k 3k i Kk k
ok ¥ %k

0.0

00

0.168
0253
XK KX
xRk
ETTT T

0.0

0.0

0.168
0.253
Xk ¥k kK
KKKk
KKk kK

0.0

0.0

0.168
04253
xRk k¥
*k ok kK
Kok kK

12

0.40

0.0
0.0
0.0
0.0
Ce.144
0.180
0219

0.45 0.50 0.55 0.60 0465
0.0 0«0 0.0 0.0 0.0
0.0 Ce0 0.0 0.0 0.0
0.0 0«0 04132 0.162 0,201
0e133 00162 0.198 0.267 0.381
0e177 0219 0306 00430 **k%k%xx%x
00227 06318 *kkkk *kkkkk kkkkxk
Rkkokk koRokkk kkkkk Rkkkk XKKKEK
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 06132 0e162 0.201
0e0 0162 0198 0.244 0.302
0e177 00217 00265 00325 %k*xk%%
0221 04271 *kkkk kkkkk Xkkkk
kokkk kkkkk kkkkk RkkXk RKkkX
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0«0 0.0 00132 0,162 0,201
0.0 0e162 00198 0.244 04302
00177 06217 06265 00325 **k*xkx%
06221 0¢271 *kkkxk kkkkk kkkkxk
Rk koK kkokdok Kk kKR KKK kK KKKKR
0.0 0.0 0.0 0.0 0.0
0.0 Ce0 0.0 0.0 0.0
0.0 0.0 00132 0162 04201
0.0 0el162 0198 0.244 0.302
0e177 06217 06265 04325 *kk¥x
06221 0271 *xkkkk *kkkk KEKXX
Rk kkEk Rkkkk kxkkk KEKKKk KRkkk

0.70

06219
0.575
0+896
1.225
Aok kK
ok ok ok
*kEK K

0,031
0,408
0.724
1.038
* kKR
TR KKK
* KKK

0.0

0.261
0560
0.864
* kKKK
LR LS T
TR Rkk

0.0

0.152
0.410
0.700
P TS
EREK

CRERER



TABLE 11 WEB ARFA / FLANGE AREA = 1.25

HOLE LENGTH / HEIGHT = 2.0 HOLFE LENGTH / HFIGHT = 3.0

e —————__ HOLE HEIGHT / BEAM DEPTH HOLE HEIGHT / BEAM DFPTH _______
M/MP V/VP 0¢840 0045 0¢50 0e655. 0460 0465 070 0e40 0645 050 0e55 0660 0665 0.70
100 0.0 0125 0elal 06156 0172 0187 0203 0,219 0,125 0.141 Cel56 06172 0187 00203 0219
1.00 0.10 06377 O0e411 04448 0492 0,543 0,605 0.684 06477 0e¢520 06570 0628 04698 04785 0.896
100 0420 0e¢572 06626 046688 0761 0¢850 0.961 1,113 0756 06830 06917 1,022 1,162 16335 14561
1.00 030 N0e756 04830 06917 1,022 1,162 1,335 1561 1025 16144 1283 1.4488 1.649 1,902 2,232
1.00 0,40 06934 14032 16158 16306 1487 *kkkk *kk¥kk 16325 14478 1,658 1,873 2,136 *%xkkk *k&k¥xk
1.00 0.50 16125 1,255 16408 kkkkk kkkkk kkkkk kkkkk 10625 1813 2034 kkkkk kkkkk k¥kdkk Xkkkk
1.00 0460 16325 kokkdok kdokkk dokkkk dokkkdk dkkkkk kkkkk 16925 skokkdkok kokkk¥ dokdkokk dokdokk dokokkok kkokkk
090 0.0 0.0 0.0 0.0 0.0 0.0 0.001 0.031 00 0e0 0.0 0.0 0.0 0.001 0,031
0490 0Oel10 0e¢161 06202 06247 046299 04358 0.428 0.515 0e244 060299 04360 00428 04508 04604 0724
0e9C 0.20 D¢ 327 06395 06471 0556 0656 04777 04931 0494 04587 0,690 0809 0.949 1.134 1,373
0490 030 06494 006587 06690 0809 0,949 1,134 1,373 06745 06874 1,020 14209 1430 1700 2.044
0690 0440 Qe €61 06778 00909 1067 14268 *kkkk kkkkxkx 06997 16187 16396 16634 16917 *%kdkk%k k¥xkkk
0490 0450 00829 06969 16145 kkkkk kkaokk dkkkkk kkkskk 16297 16521 14771 okkokk skokkdkok kkkkk dkkkk
0490 0460 00997 kkokdkk Hodkkdok kokkkok kokdokk kkkdok kdkokkxk 16597 *kkmkk dkkkk kkkkk dokkkk kkkkk kkkkx
080 040 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
080 0.10 00 04094 04123 06161 04210 04275 06359 0119 0¢156 06204 00265 04342 04437 0,560
0,80 0.20 0e172 06227 06294 06377 0478 04603 0,762 06295 04384 04489 0.612 00759 0939 1.186
080 0430 006295 0384 04489 00612 0759 0939 1.186 0e507 06643 04797 04975 1211 1498 1.857
0.80 0.40 0e434 04554 06693 0853 1,049 *xkk* ¥kkkk 0e736 006914 14133 16396 1,699 *kkkk kkkkxXx
080 0450 0e582 06732 04901 *kkkkx kkkkk dokkkk XkREkkK 0e975 16230 1509 *kkkkk kkkkk kkkkk Rkkk¥x
080 0460 0e736 *kkkk kkdkkk dkkkkk ¥kkkk kkkkk *okkkk 10268 *kkkk kkkkk hokkkk kkkkdk kkkkk kkkkk
0.70 0.0 0.0 0.0 0«0 040 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
070 0.10 0.0 0.0 0.0 00091 00120 0.164 0,231 0.0 0.0 0el119 04159 04215 0296 0,410
0,70 0.20 0e¢101 0e134 0¢179 0242 0328 04445 0.602 06178 06242 04328 0,440 0.583 0.764 0.998
0e70 0.30 04178 04242 00328 0440 0.583 0.764 0,998 0330 06449 0598 0777 0994 1296 1.669
0.70 0.40 06274 06375 06504 06662 0855 *kkkk *Xkkkk 0e517 006691 06895 1157 1,480 %xkkk xkkkk
070 0450 00389 06527 00695 *kkkk kkkkk kkkkk Xkkkk 06729 06951 16246 *kkkk kkkkk kkkkk kkkkxk
0470 0.60 0eS17 kkkkk dkkokk kkkkk kkkkk kkkkk KkkikxX 00954 kkdkkok kdokkk kkkokk kkokkk Kkkkk kkkokk
TABLF 12 WEB AREA / FLANGE AREA = 125

HOLE LENGTH / HEIGHY = 2,0 HOLE LENGTH / HEIGHT = 3.0

e HCLE HEIGHT / BEAM DEPTH HOLE HEIGHT / BEAM DEPTH _______
M/MP V/VP Ce40 0e45 0«50 055 0460 0465 0670 0.40 0.45 0«50 0e55 0460 0465 Oe70
050 040 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
0«50 (Cal0 0.0 00 0.0 0.0 0.0 0.134 0.168 0.0 0.0 0.0 06132 04162 0,201 0.284
Ce60 0420 0.0 0.0 Oel144 04176 06219 06313 04455 0¢144 04177 04219 04306 0.430 0.602 0.834
Ce6O D30 NDel144 04177 006219 06306 04430 0.602 0.834 00219 06308 06433 0599 0.812 1.094 1.482
0e60 0640 06192 04253 0,354 06494 0,680 *kkkx *kkkkx 0e356 0e504 0697 00933 1261 *kkkk ¥kkkxk
0e60 0430 Q0e260 04369 00516 ¥kkkk kkkkk dkkkkk *kkkxk 06526 06735 0,987 *kkkk kkkkk kkkkk dokkkk
0e60 0460 0¢355 Hdokdkok dokkokok kkkkk kkokkk dokkokk kdkokkok 0e722 *kkkk% kkkk& Xhkkdkk kkkkk kkkkk Xkkkk
Ce50 040 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0e0
0.5C 0.10 0.0 0.0 00 0.0 0.0 Oe134 0.168 0.0 0.0 Oe.0 0.0 0e162 00201 04253
0e50 0420 0.0 0e0 Oel144 04176 04217 04268 0337 0.0 O0e 177 064217 0265 00325 0458 0.678
050 0430 Q0.0 O0el77 00217 04265 06325 0458 0.678 06217 06266 0325 0448 0.645 0.909 1.294
CeSC (40 06192 0e236 04289 06361 04524 *kkkk Xkkkxk 06289 06364 04528 0,750 1042 kkkkk kkkkX
0650 CQe50 00241 04295 06376 *k¥kkkk dkkkkk Kkkkk Xkkkk 0e¢376 06553 Q0e789 *kkkk *kkkk kkkkk kkkkk
0e5C 0460 06287 dokokkdk okkkkk xkkkk kkkkk kkkkk kkkkk 00533 kkkkk kkkkdk kkkkk kkkkk kkkkk XKkxkk
0¢40 0.0 0.0 Ce0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0
040 0.10 040 0.0 0e0 0.0 0«0 0e134 0.168 0.0 0.0 0.0 0.0 0162 0,201 0253
0«40 0.20 0.0 0.0 O0eld44 064176 06217 04268 0337 0.0 00177 06217 04265 06325 0,402 04535
0«40 0430 0.0 06177 06217 004265 0325 04402 0,535 00217 06266 06325 06397 06499 0,747 1.107
0e4C 0040 06192 04236 06289 0353 06433 *kkkk* Xkkkxk 06289 006354 06433 0,588 0859 *%%kk&k kkkkx%
0e40 Ce50 06241 046295 0e361 Hkkkk %k kkk kkkokk Kkdkkk 06361 06843 0617 hkkkk kkkkk kkkkk xRk
0e40 0e60 04289 Hkdokdkok dkkkk kdkokkk kkkokk kkokkok kakkk 00433 *kkkk kkkkk kkkkk kkkkk kkkkk Rkgk¥k
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 0.10 0.0 00 0.0 0.0 0.0 0134 0,168 0.0 0.0 0.0 0.0 0162 0,201 0.253
0s0 0.20 0.0 0.0 0el44 06176 04217 0,268 04337 0.0 0e177 0217 04265 04325 0402 04505
0.0 0.30 0.0 00177 06217 04265 0325 04402 04505 06217 06266 04325 04397 0,487 0,603 0.758
040 0440 04192 064236 04289 04353 0.433 dkkkk *kkkk 06289 04334 06433 04529 0650 *%kk&k Kkkk%
0.0 0450 06241 06295 00361 X¥kkkk kkkkk kkkkk XEKXKK 06361 06443 0,541 *kkkk kkkkk Xxkkk Rkkkk
0«0 0460 06289 *kkkk kkkdkk dokkkk kkkkk kkkdk KkkkkRXk 00433 kkkkk kkkk¥® kkkkk kkkkk kkkkk kkkkk
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TABLE 13

M/MF

1.00
1.00C
1.00
1.00
1.00
1.00
1.00

0.90
090
090
0.90
090
090
090

0.80
0.80
0.80
0.80
080
0.80
0.80

0.70
0.70
0.70
0.70
0.70
0.70
0.70

TABLE

M/MP

0.60
0«60
0460
060
0.60
060
0.6C

050
0450
050
0.SC
0«50
0.50
050

Oe40
0.40
0440
0.40
0.40
040
0.40

0.0
0.0
0.0
0.0
0.0
0.0
0.0

v/vp

0e¢0

0.10
0e20
030
0.40
0e 50
0.60

00

0.10
0.20
0«30
0440
050
0.60

0.0

0.10
0.20
0430
0.40
0.50
0460

0.0

0.10
020
0¢30
0.40
0.50
060

14

v/VpP

0.0

CelO
0e20
0430
Ce40
0e50
060

0.0

Cel0
0.20
030
0e40
0.50
0«60

0.0

Q.10
0620
0«30
0.40
050
060

0.0

0e¢10
020
030
0.40
0«50
060

WEB AREA 7/

HOLE LENGTH / HEIGHT

HOLE HEIGHT / BEAM DEPTH
‘060

0.40 0.45

0150
0.322
0453
0572
0.687
0.798
04907

0169
Ce350
0.493
0¢624
0751
O0e874
ok ko

0.0

Oe111
0.217
0. 321
0425
04527
0629

0.0
0.143
0.268
0.388
04506
0.623
Wk K kK

0.0

0.0

0104
0.169
0.242
0.321
0,405

00

0.0

04135
0.220
0.314
0.413
Xk kKK

0.0
0.0
0.0
0.100
0.146
0.198
0.257

0.0
0.0
0.0
0.132
0.194
04266
kKR

HOLF LENGTH / HEIGHT

0eA0 0445

0.0
N.0
Qe 0
0.0
0.116
Osl144
0.173

0.0
0.0
0.0
0.0
0.142
0.178
4 3k K Kok

0e¢0
00
00
0.0
O.142
Oel77
ook Aok K

oo oo0oo
.
00000

Oe144
0,173

0.0
0.0
0.0
0.0
0.0
Qel4a
0e173

0.0
0.0
0.0
0.0
0e142
06177
ok ek Xk

0.0
0.0
0.0
0e0
0.0
Oe1l44
06173

0.0
0e0
0.0
0.0
0142
0177
Ak Kok ok

0.50

Oe 188
0+ 381
0.538
0., 684
04825
06963
% % kK

0.0

0e179
0323
0461
04596
0.729
%k kK%

0«0

0.0

04175
0.284
0¢ 400
0.521
kR K

00

0.0

0102
0.173
0.259
04355
ok ok kk

0450

Oe0
0.0
0.0
O« 130
0,173
0.241
Aok Kok k

0.0
0.0
0.0
0.0
0s173
0217
ok Rk %

0.0
0.0
0.0
0.0
0.173
06217
%k ok okok

0.0
0.0
0.0
0.0
04173
0217
Rk

AISC ENGINEERING JOURNAL

0455

0206
0.416
04590
0,754
04913
koK Kk
ok Kok

0.0

0220
0385
0543
0697
*ok % %k
ok kKK

0.0

0.102
0.227
04362
0503
®kkkE
E2 2 2 3]

0.0

0.0

0.133
0.231
0¢345
kkk k&
xRk Rk

0«55

0.0
0.0
0e0
0+159
0234
%k Kk Kk
Kok Kk kK

0.0
0.0
0.0
04159
0,212
KK
oKk K

0.0
0.0
0.0
00159
0.212
X koK koK
g ok ok

0.0
0.0
000
0.159
Ce212
Ak ok kK
Aok kR

0.225
0455
04651
0.838
1.022
%k ok
ok ok ok

0.0

0.267
0456
0.638
0+816
Ak ok %k
ok k%

0.0

0134
0.291
0.457
0626
XK K
(2212

0.0

0.0

0177
00309
0457
L2 222 3
KRk X

10

FLANGE AREA =

1.50

HOLE LENGTH / HEIGHT

065

0. 244
0501
0.726
06942
PTI T
Xk
ook Rk

04032
0. 320
0+540
0. 752
Aok ok kk
Aok ok K
¥k k k%

0.0

0177
00373
0e573
kK kK
REKH
RERE

0.0

0.095
0. 240
0.415
xR kK%
*kkkk
*kxkk

WEB AREA /

HOLE HEIGHT / BEAM DEPTH

0e 60

0.0

0.0

0.130
0.206
0323
kKK
TTTT

0.0

0.0

0.130
0195
0.260
L2 L L 2]
ok Kk

0.0

0.0

0+130
0.195
0260
T
T

0.0

0.0

0.130
0195
0.260
¥k ok Xk
3 ko ok

1.0

070

0.263
0557
0.821
1.081
ok kk
*oakeok sk ¥k
e kok ok K

0.066
0.383
0643
0.895
Ekkk X
ek ok kK
ek ok ok ok

0.0

0.233
0.476
0721
ek ok &
EEREX
kR kk

0.0

0.130
0.331
0.558
RRKX
EEEEX
RR kK

FLANGE AREA = 1

0+ 40

0.150
04389
0.572
0e742
0907
1.078
1.264

0.0

0.165
0.321
0.476
0+629
0.782
0935

0.0
0.0
0.169
0.281
0.405
04537
0675

0.0
0.0
0.0
0171
0.257
04356
0.467

0.45

04169
0.423
0624
0.813
00996
1.202
kK KKk

0.0

00206
0. 388
0565
0739
0.913
ok ok

0.0

0096
0.220
0e363
0.516
0.675
ik kkk

0.0

0.0

0.132
0229
0+346
0.478
kK KKk

«50

HOLE LENGTH / HEIGHT

HOLE HEIGHT / BEAM DEPTH

0.65

0.0

0.0

O«.161
0.289
Aok % %k
ek ok ko
ok ok Kk

0.0

0.0

0.161
0e 241
ok &k k
Wk kK
Ak ok kK

0.0

0.0

O.161
0.241
ok ok ko
P
ook ok kK

0.0

0.0

0.161
0e.241
ok kK
Aok ok ek
ok ok ko

0.70

0.0

0.101
0.219
04413
*kkk %k
Ak kK
kK%

0.0

0.0

0202
04303
kK Kk
*kkkk
ok Kok

0.0

0.0

0202
0.303
REkk kK
ke ok ok
kKR

0.0

0.0

0202
04303
*Rkk%K
kKR K
kK

14

040

0.0
0.0
0.0
0.130
0173
0.241
0.321

0.0
0.0
0.0
0.0
0.173
0.217
0.260

00
0.0
0.0
0.0
0.173
0.217
0260

0.0
0.0
0.0
0.0
06173
0.217
0260

045

0.0
0.0
0.0
04159
0.234
04333
k% Kk ¥k

0.0
0.0
0«0
0.0
0.213
0266
ok XKE

0.0
0.0
0.0
0.0
0.213
0. 266
*k kkk

0.0
0.0
0.0
0.0
0.213
0.266
ok koK

0.50

0.188
0e462
0.684
0895
1.113
1.344
* Rk k%

0.0

0.252
0.461
0663
0.862
1069
X %k kK

0.0

0.125
0.284
0460
0.644
0.831
Xk ok kK

0.0

0.0

0173
0306
0.460
0628
xkkkk

0«50

0.0

0.0

0130
04205
0.321
0.459
%k kK

0.0
0.0
0.0
0.195
0260
0.334
kEkkkk

0'0
0.0
0.0
04195
04260
0.325
2 2 3 %

0.0
0.0
0.0
0.195
04260
0.325
*kkkk

0455

0,206
0505
0.754
0.992
1252
kKK
ok ok kK

0.0

0304
0.543
0774
1002
koK kk
T

0.0

0.162
04362
0575
04792
*k kK%
Kk kK

0.0

0.0

0.231
0406
0.602
*kk K%
L2 2 2

0655

0.0

0.0

0.159
0281
0.442
TRERK
kXK

0.0

0.0

0.159
0. 238
0.321
*k Ekk
%%k kK

0.0

0.0

0159
0.238
0.318
*ok Kok ok
*R XK

0.0

0.0

0.159
0.238
0.318
FTI
kA

0460

0225
0.55S
0.838
1e121
1.420
3k ok kXK
ek %k Kk

0.0

04363
0.638
04905
1.191
XKk k¥
*ok Kk ok

0«0

0.211
0¢457
0.711
0967
*k kK%K
Aok kK

0.0

0.121
0.309
0535
0777
ok kK
ook ok K

0460

0.0

00

0.206
04389
0.605
kK Kk
*kkkk

0.0

0.0

0195
04292
0.458
kK Kk
*kxkk

0.0

0.0

0.195
0.292
04390
kkkkk
¥k ke k

0.0

0.0

00195
04292
04390
*kkkk
*kk Kk

= 15

HOLE HEIGHY / BEAM DEPTH

065 0,70
0.244
0615
0e942
1.283
ok Kok ok
LR L]
*Xk koK k

0.263
0.691
1.081
1,491
Kk kE K
ok kK kK
LEE L L]

04032
04432
0.752
1071
ok ok kK
kKX
ok Kk %k

0.066
0.515
0.895
1.294
Xk koK ok
* Kok K
Kok

0«0

0,274
0573
068377
*kkk k
kKR
KRR

0.0

0.355
0.721
1,098
*kok ok ok
ARk K
kKK

0.0

0.163
0.415
00700
kR kk
*kkk %k
*k Kk

0.0

0.225
0.558
0.913
EEkkk
*kkkk
XEkkk

1.5

0.70

065

0.0 0.0

0121 0.152
0289 0.413
0540 04747
REkk KRRk
KERRK KKKKK
LT T

0.0

0.0

0.241
0.403
ok k kK
Aok ok ok
* %k kK

0.0

0.152
0+303
0.594
Rk
*kkkk
kkkk %k

0.0

00

0e241
00362
e
rkkkk
*k kKK

0.0

0e152
0303
0.459
HXRRX
[T TS
*REKRK

0.0

0.152
0.303
0.455
kR k Kk
&Rk kK
ok kK k

0.0

0.0

0.241
0.362
FTTTY
kaokok
ERRKK



TABLE 153 WEB AREA / FLANGE AREA = 1.50

HOLE LENGTH /7 HEIGHT = 2,0 HOLE LENGTH / HEIGHT = 3.0

-—————_ HCLE HEIGHT / BEAM DEPTH HOLE HEIGHT / BEAM DEPTH __
M/MP V/VP O0e40Q 0e45 050 055 0. 60 0e65 0670 0.40 0,45 0450 0655 0060 0665 0670
100 0.0 De150 06169 04188 0.206 0225 0,244 0,263 0¢150 06169 0188 0206 06225 00244 0.263
1.0C 0.10 04453 06493 06538 06590 04651 0e726 0o821 0e572 0,628 04684 0,754 0.838 0.942 1,081
1.0C Ce20 Qe687 06751 06825 06913 1,022 1,167 1,354 06907 0,996 16113 1252 1,420 1629 1,900
1.0C Ce30 Ne 907 06996 16113 1252 1420 1629 1,900 1264 1,408 1,576 1,775 2,018 2,322 2,719
1.0C 0440 16140 14270 16422 1.601 1,818 *kkkkx kkkkx%k 16635 1,821 2039 2.298 24615 *kkkk kkkkx
1.0 0450 1.388 1.546 16730 *kkkkk kkdkokk khkkkk kkkkk 26007 24234 2,501 *kkkk %kkkt kkkk& RREkk
1.0C 0460 10635 %kkkk dokkkk Kkkkk krkkk FRkkkk kEkEx 2¢378 %kkkEk KkEkk RkEKK Rkkkk hkkkk Fkkkk
0920 0.0 De.0 0.0 0.0 0.0 0.0 0032 04066 0.0 0.0 0.0 0.0 0.0 0,032 0,066
0490 0e10 0217 04268 04323 04385 0.456 0.540 0,643 06321 0,388 0,461 0,543 0638 0752 0895
0.90C 0.20 06425 04506 04596 0697 0816 04960 14158 0e¢629 04739 0862 1.002 1,191 1.418 1.704
0+3C 0430 Ne 629 06739 0,862 1.002 1,191 1,418 1,704 0935 14103 1301 1.525 1.789 2.111 2.523
0e¢90 0440 0e833 06371 19147 16351 1589 *%kkkkx ¥kkk% 16291 1516 1,764 2.048 2.386 *%kkkk %xkk%k%k
090 0e30 1.044 14240 1,455 *kkkk ¥xkkkk kkkkk kkkkk 16663 16929 26226 *%x%kkk kkkkk Rxkxk Xkkk¥k
0s90C 0460 10291 k¥kokdkk kkkkk kkkdkk dkkkk kkkkk kkkkk 24034 xkkkk EkRkkEk Rxhkk Rkkkk KEkk%k Rkkkk
Ce80 040 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
080 0010 0.0 0el135 04175 06227 0291 0373 0.476 0el169 0,220 06284 00362 0.457 0,573 0,721
080 0420 06242 04314 006400 06503 04626 0,775 04966 00405 0,516 0¢644 0792 0967 1206 1.508
0.8C C«30 0e405 0516 06644 06792 0967 1206 1508 0e67S 06838 1,026 1,275 1,559 1.899 2.326
080 0440 0583 046729 0489S 1101 16360 *kkkk k¥kkkk 06959 10210 1¢489 1798 2157 *%%kk%k XEX%k$
Ce80 0450 0e769 0.948 14180 *kkkk *kkkk kkkkk ¥kkkXk 10319 1,623 1,951 *%%%kd SXkA%k XEEAkE REkkk
0eB80 Q60 De 959 kkkkk dkkokk kkkkk kkkkk kkkkk kkkkk 16690 %%k %%k% XEkkk Rkkkk tttti ke kg ®kkkk
0+70 040 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
0.70 0.10 Qe 0 0.0 0.0 06133 0177 00240 04331 0«0 0e¢132 06173 00231 0309 0.415 0.558
0e70 0020 0e146 04194 06259 06345 0457 0.603 0,794 06257 0346 0,460 0,602 0ﬂ777 0995 1311
0,70 0430 0e257 06346 06460 04602 04777 04995 14311 00467 0621 04804 1,025 1330 1.687 2.130
0e¢70 0440 0e392 06524 0686 06879 1,131 *%kkk *k%kkx% 0e714 0,927 1.214 1.548 1,928 %%k*k¥x R&kkx
Ce70 0450 06546 06720 06925 *kkkk *kkkkk Kkkkk ¥k&k¥ 00982 1318 1,676 *&kk %k Xk %kE KERRE kkkkk
0,70 0460 Qo714 kkkkk kkkkk kkkkk Xkkkk Rhkkkk Rkkkk 16347 X6Ek% XERRE KXXEE KREkE K&kXKE KRkEK$
TABLE 16 WEB AREA / FLANGE AREA = 1.50C

HOLF LENGTH / HEIGHT = 2.0 HOLE LENGTH /7 HEIGHT = 3.0

________ HCLE HEIGHT / BEAM DEPTH HOLE HEIGHT / BEAM DEPYH ______
M/MP V/VP 0e4 0e45 050 0«55 0460 0e65 0470 0.40 0.45 0.50 055 0460 0.65 0.70
0460 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
060 0410 Qe 0 0.0 0.0 0.0 0130 0.161 0.219 0.0 00 0e¢130 06159 0206 0289 0,413
0.60 0.20 0.0 0e142 00173 06234 04323 04452 0633 0e173 04234 06321 (o842 0,605 0.819 1.115
060 0o30 0e173 06234 06321 04442 0,605 0819 1.115 06321 0,447 0614 04824 1,101 1.476 1.934
0460 Ce40 04266 00370 04509 06691 00920 *kkkk kkkk% 00516 00713 Ce953 14298 1,699 *¥%xkk *kkkkk
0e60 0450 0381 0e531 0,723 *dokkk dkokkk kkkkk skdkkkk Oe747 14012 14401 *kkkk *¥k&kk kkkkk kkkkxk
0.60 0.60 0e516 Hkkkk dkdkkk kkkkk kkkkk kkkkk *kkkk 1003 *kkkk kkkdkk Kkkkk kkkkk kkkkk kkkkk
050 040 040 040 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«50 0e1C 0.0 N0e0 0.0 0.0 0.0 Oe¢161 04202 0.0 0.0 0.0 0.0 0195 00241 0,303
0650 020 0.0 0.0 Nel73 06212 06260 0329 0,488 0.0 06213 04260 04321 0,458 0.656 0.931
050 030 0173 06213 0260 06321 0,458 Ce656 04931 06260 0¢323 04459 0648 0.898 1.264 1,737
050 0e40 06231 0283 06373 06530 06744 *kkkk KkkXX 06374 04537 06757 14048 1469 *%k¥k¥ *kk¥kxk
0¢50 0450 0e¢289 04389 0552 *kkkk kkkxk kkkokk kkkkxk 06558 06797 16126 *kkkk kkkk%k kkkkk Rkkkk
0.50 0460 0e374 *dkkk skkdkk dokkkx kkokkk dokkkk kkkkk 0e777 dk¥kk Xkkkk kkkkk dokkkk dokkkk Kkkkk
Ce40 0.0 0.0 Q0«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
0.40C 0010 0.0 0.0 0.0 0«0 0.0 0.161 0,202 0.0 0.0 Ce0 0.0 0195 0e241 0.303
0¢40 0420 0.0 0.0 06173 0212 06260 00322 0.404 0.0 06213 04260 04318 04390 0.513 0.771
040 Ce30 0«0 0e¢213 0260 04318 04390 0.513 0,771 04260 0319 0,390 0.501 0729 1.053 1.541
0440 0040 06231 06283 06346 06423 0589 *%kkk%k *kkkk 06386 06425 04591 0851 1,240 *%xkkk Xkkkx
040 0450 06289 06354 06433 *kkk¥ kkkkk kkkkk kkkkk 06433 00619 0.895 *kkkk kkkkk kkkkk Xekk¥
0440 0460 06346 *kkkkk dokkkk Xikkk Xkkkk Jokkkk R¥kkk 00594 *kkkkk Xkkkk kkkkk Xkkkk kkkkk Kkkkxk
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 0.10 0.0 0.0 0.0 0.0 0.0 0.161 0,202 0.0 0«0 00 0.0 04195 0.241 0.303
0.0 0420 0.0 0.0 00173 06212 04260 06322 0.404 0.0 06213 04260 0318 0.390 0.483 0,606
0«0 030 0.0 06213 00260 04318 06390 0,483 0.606 00260 0319 04390 0476 0.585 04724 0.909
0.0 0.40 06231 0283 04346 06423 00520 *¥kkk kk&k¥Xk 04346 06425 06520 06635 0779 *kkkx kkk%¥
0e0 0450 0289 06354 0433 *,kkkk kkkkk Xkkkk kkkkk 0e433 06531 06650 *%kkkk Kkkkk kkkkk kkkkx
0e0 0460 06346 kkkkk kkkkk kkkkk Rkkkk kkkkk KkkkX 06520 *kk&k kkkkk kkkkk Rkkkx kRkkk Fx&kk
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TABLE

M/MP

1e0C
1.00C
1.0C
1.0C
1.00
1.00
1.00

0e3C
Q.90
090
0e9C
0490
0es90C
0490

0.3C
0.80
0.80
0.8C
0e8C
0.8C
C+80

0.7C
070
0.70
070
0e70
0.70
0.70

TABLE

M/MP

0.60
060
0.6C
0460
Ge60
0.60
Ce60

0450
0.50
050
0450
050
0.50
0.5C

0.40
0.40
0.40
0440
0440
0.40
0.40

0.0
0.0
0.0
0.0
0.0
0.0
0.0

17

v/ve

Qe

Cel0
Ce20
Ce30
Ces40
Ce50
Ce60

00

Cel10
Ce2C
Ce30
040
Ge5C
0e60

0eC

0«10
0e.20
Ce30
0.40
050
0.60

Ce0

0«10
0420
0.30C
0e40
0«50
0e60

18

v/vVpP

0.0

0¢10
0.20
0e30
Q0e40
050
060

0.0

0e10
0.20
0«30
0.40
0450
0.50

0.0

0.10
0.20
0e30
0.40
0450
0.60

0.0

0.10
0.20
0430
0.40
0450
0.60

0528
Ne668
Ne801
De931
1.068

.0

0e¢146
J.270
Ne401
Ce 524
De645
0e765

0.0

Ve O

De139
0.224
Ve318
0ed17
Ne520C

0.0
0.0
0e0C
Cel36
0197
06267
04344

Ve0
Ce O
0.0
Ne0
0139
N0e131
Ne235

00
0«0
Q¢ 0
0e0
0.0
0.169
06202

0.0
0.0
Q¢ 0
0.0
0.0
0.168
0.202

0.0
0.0
0.0
0.0
0.0
0.168
0e202

HOLE LENGTH / HFEIGHT

HOLE HEIGHT / REAM DEPTH

Oe 45

0el197
0e4C9
OeH75
Ce728
0.876
1.023
* R Ak kK

0.0

Oe 184
0e 335
0e473
N0e613
0e755
o Kok K

Ce0

Qe 0

0.180
0.290
0.406
0528
%k Jedk ok

0.9
00
00
O0el178
Qe 261
0. 355
3k Kk %k

0450

0e219
0e¢445
0.628
0e798
0e 963
1e142
3 ok ek Xk

00

0.228
0,400
0563
0721
0.878
* ok 3k K

0.0

0107
0.232
04368
0e5S10
0655
%k % %k K

0.0

Je0

0.138
0+23S
0.346
0.468
* %k ¥ kK

CeS5S

0.241
0+485
0.688
04879
1.074
%ok Kk
3k ok kK

0.0

0277
0e472
0.658
0.839
%k ok ok ok
*kkkk

0.0

0.139
04297
0462
0+631
% %k kK
ok K ok

0.0

0.182
0.310
0.454
%%k Xk %k Xk
% %k %k kK

WEB AREA /

0460

0e262
04531
0.760
0977
1.212
L2 X 2.2 ]
% %k % %k

0.023
0332
04555
0767
04976
* Xk kK ok
xk KKk

0.0

0.181
0376
0e574
0774
Xk kk ok
%%k ok k

0«0

0.100
0.241
04409
0+591
* Rk kKK
% % k% %k

1.0

FLANGE ARFA = 1.75

HOLE LENGTH / HEIGHT

= 145

HOLE HEIGHT / BFAM DEPTH

0465

0.284
0e585
0,847
1.108
ok Xk k %
ok ok kK
ok %k Xk ok

0.063
0.394
0.651
0899
Aok X Kk
*k kK
ok K kXK

0.0

0235
0.473
0.711
*ke K kK
Aok ok kK
*k kKK

0«0

0.133
0.323
0539
ok Kk Xk
kKR Kk
Kk ok %k

WEB AREA /

HOLE LENGTH / HEIGHT

0165
04207
Xk dek Xk

00
0.0
0.0
0.0
04165
0.207
Aok %k K

0.0
0.0
0.0
0.0
0.165
0.207
A2k o kK

HOLE

050

00
0.0
00
0.157
0236
0« 330
ook K K

0.0
0.0
0.0
040
0.202
0.253
% %k ok Kk

0.0
0.0
0.0
0.0
0.202
0. 253
ok kK

0.0
0.0
0.0
0e0
0202
00253
ok ok ok
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0655

0.0

0«0

0123
0.209
0+320
EE S 3]
% kX ko

Ce0
0.0
0.0
0185
0247
Xk %k Xk
* ke ok k%

0.0
040
0.0
0.185
0247
* ok ok ok
ok ok kK

0.0
0.0
0.0
0.185
0.247
* ok kk
kkkkx

0460

0.0

0e0

04157
0.284
04437
A ke ko %
Aok kK K

0.0

0.0

0.152
0.227
0.318
*k Kk K
*0k Kok %

0.0

0.0

0.152
0.227
0303
* %k k%
Ak ok ok

0.0

0.0

0.152
0.227
0303
KRRk EK
kkkkEk

= 1.0

HEIGHT / BEAM DEPTH

070

0306
0.650
0957
1.278
kKRR
ok kkk
ek k kK

O.101
0.468
0771
1.072
* Xk ok ok k
* %k Kk XK
A KKk

0.0

04305
0.594
0.882
LR LS 2]
KKk
%k kR

0.0

0.182
0.+435
0e.708
ok ok
*kk kK
kkk k%

040 0445

0e17S 0.197
0+454 0.494%
0.668 0728
0866 0,948
1.068 1.188
1.291 1.436
1e514 Xk%%xx%

Ce 0 0.0

0.212 0,261
0+401 0.478
0.584 0.687
0765 0.892
0e945 1,117
16155 *%k%x%x%x

0.0 0.0

0.0 0.129
04224 0.290
0367 0.466
04520 04652
0.681 0.842
00846 %Xkk%kx%x

0.0 0.0

0.0 0.0

0.136 0.178
0.231 0.307
0.344 0.458
00472 04623
0e612 %X%k%k%kx%x

FLANGE AREA = 1475

0.50

0.219
0.538
0798
1.050
1327
1.604
* kKK kK

0.0

0.316
0.563
0,800
1.039
1317
Xk kkk

0.0

0.168
0.368
0.582
0.801
1.029
*kkk¥k

0.0

0.0

0235
0.406
0.598
0.803
LR L T 2

0.55

0,241
0.589
0879
1.178
1490
*Kk kXK
koK ok kK

0.0

0377
0.658
0.928
1.229
kkkkk
kK kkk

0.0

0.216
0.462
0.716
0973
*k kK%
%k %k %k

0.0

0.126
0.310
0.530
0.768
xkE KK
*k kK

0.60

0262
0.648
0.977
1.331
1.687
P
*kk k%

0.023
0.445
0.767
1.091
1.448
*kkk ¥
* ok Xk kK

0.0

0.278
0.574
0.875
1.208
Kk kK
%k ok %k

0.0

0.166
0.409
0.68S5
04974
kK kk
k¥ X

HOLE LENGTH / HEIGHT

0.65

0.284
0.718
1.108
1.520
*ok ok kK
Xk k ok
* 3% Kk k

0.063
0525
0.899
1.299
*kkkk
kkk%k
L2 XL 23

0.0

0.354
0.711
1.078
kK kkE
kXK X
LR R 22

0.0

0.223
04539
C.879
Xk kkk
* Kk kK k
*k kKK

= 145

HOLFE HEIGHT / BEAM DFPTH

0.6S5

0.0

0.0

0.215
0.393
&K Kk k
dok ¥k % %
ook kK

0.0

Ce0

0.188
0.282
Aok ¥ ok X
Aok kK
ok 3 Kk

00

0.0

0.188
N.281
ok ok kK
e ok %k %k
ok ok ok Kk

0.0

0.0

0.188
0.281
Xk Kk kK
Rk kX Xk
*E K k%K

0.0

0.118
0.304
0.549
PTTT Y
*kkkk
Aok Aok ok

0.0

0.0

04236
Oe412
*ok ok ok K
Ak kK
Aok k %ok

0.0

040

0236
0.354
dok ok k
Kk kK
ok kK

0e0

0.0

0,236
0354
Ak kKK
Xk kK
*kk Kk

16

0«40 0.45
Q.0 0.0
0.0 0.0
0.0 0.0

04157 0.209
0235 0.320

0.328 0.451
0e436 X*k k%X
0.0 0.0
QeO 0e O
0.0 0.0
0.0 0.186
04202 0,248
0253 04329
0e317 *%k k¥
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0

0202 04248
0253 0.310

0e303 *%k%%xXx
0.0 0.0
0.0 0«0
0.0 0.0
0.0 0.0

0202 0.248
04253 0.310
0e303 *k%k%kx%

0.50

0.0

Ce0

0Cel157
0.281
0435S
0612
% % %k Kk

0.0
0.0
0.0
0227
0.317
0459
Xk ko

0.0
CeO
Ce0
0227
0303
0379
% % Xk %k

0«0
0.0
0.0
0.227
0.303
0e¢379
3T

0.55

00

0.0

0.209
0.382
0.588
ok kK
Xk ek

0.0

0.0

0185
0.278
0,442
* %k Ak
Xk K kK

0.0

0.0

0.185
0.278
0.370
Xk K K
ok KRk

0.0

0.0

0.185
0.278
06370
Xk kkk
Xk X kX

0+ 60

0.0

Ne.114
0.284
0520
0.786
* %k % %k
* %k kX

0e0

0«0

0.227
0.386
0¢620
Htek Kk
ok ok ok X

0.0

0.0

04227
0e341
0.480
ok Kk
*dok ok K

0.0

0.0

0227
0e341
0.455
* %k K Kk
% ok %k k

0«65

0.0

0.142
0.393
0.704
*d otk
o %k % ¥k
¥ %k % kX%

0.0

0e0

0.282
Ce549
%k kKK
EEE LT
¥ 3 Kk K

0.0

00

0.281
0e422
Aok ok ok
Hokok Kok
% %k K

0.0

0.0

0.281
0e422
*ok Xk koK
* %k Kk ¥
ok KKk

0.70

0306
0.806
1.278
1.764
*k kKK
kK kk
xRk Kk

0.101
0.621
1.072
1.558
FTTT T
FPIT TS
KXEKK

0.0

0.450
0.882
1.353
XEEKX
xR kKK
*xkkk

0.0

0.305
0.708
1.147
*k kKK
kkkkk
kkkkk

kK
ok ko



TABLE 19 ’ WEB APEA / FLANGE AREA = 1.75

HOLE LENGTH /7 HEIGHT = 2,0 HOLF LENGTH / HEIGHT = 3.0

m————_ HOLE HEIGHT / BEAM DEPTH HOLE HFIGHT / BEAM DEPTH _______
M/MP V/VP 0ed40 0645 0650 0655 060 0665 0470 0e¢40 0e45 050 ©CeS55 0660 0665 0.70
1400 040 0¢175 06197 04219 04241 0,262 0.284 04306 06175 06197 0,219 0,241 0,262 04284 0.306
16C0 Cel0 06528 06575 00628 06688 04760 0,847 00957 06668 06728 Ce798 04879 0977 1.108 1,278
1,00 0.20 DeBO1 0eB76 0e9I63 1074 16212 1,383 1,602 16068 14188 16327 1,490 1,687 1,932 2,249
1,00 0.30 14068 14188 16327 14490 1687 1,932 2,249 14514 1,684 14881 2,115 20399 24756 *%k*x%
1.00 0.40 16360 16519 1.696 1907 2,162 xk¥kxk kokkkxk 16961 2180 2435 2740 34112 kkkkx kdkkxk
1.CC €450 16663 16349 2,066 *¥kkk kkkk% fkokdk kkkkxk 20807 2.675 2.989 *kkdkk kkokkk dokkkk kkkokk
1.0C Ce60 1961 Hiokork kokokkk dkkdekk kkokkk Rkkkk kREK¥k 2854 ¥k kkk kkokkk Fkkkk kkkkk kkokkk kkRkk
0+49C 060 Ve0 0.0 0.0 0.0 0023 0,063 0,101 0.0 0.0 00 0.0 06023 04063 0,101
0490 0410 0+27¢ 00335 06400 Ced472 04555 0.651 0,771 0e4C1 0e478 06563 06658 0767 06899 1,072
090 0420 06524 0s618 06721 06839 0976 1,162 14396 0e¢765 06892 1,039 1.229 1,448 1.711 2,044
049C 0430 0e765 06892 1¢039 14229 1,448 1,711 2,044 106155 1365 1594 1854 24160 2535 *kkxx
0690 0,40 16006 16199 19409 16645 14922 *k%kk Xkkk¥ 16601 14860 26148 2,478 2,872 **%%%k xkkxx
090 Ce590 16304 16530 1¢ 778 *kkkk dokkkd kkkkk kkkkk 24048 26356 24702 k¥ kxk kkdokk Xkokkk kkkkxk
0e9C 0460 16601 kkdkokok kkkokdk okokdkokk dokkkok Rkokkk kkkkk 26494 xkkkk kkdokk dokkokk okdokk okkokokk REkkkk
048C 0.0 0.0 . 0.0 2.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.C 0.0 0.0
0.8C 0e10 06139 06180 06232 0297 04376 0,473 0.594 062284 00290 0e368 0,462 0.574 0711 0.882
0.80 0.20 0e318 06406 04510 06631 04774 0.948 14191 0¢520 00652 0801 0,973 1.208 1490 1.839
0480 0.30 0e520 06652 06801 06973 16208 1,490 1.839 0eB46 1,045 14306 1.592 16920 243164 **k%%xxXx
0e8C 0440 06736 04906 16121 1¢384 1,683 *x%xk%k XEXkxk 16242 16541 1860 2,217 26633 *%xk%k%k kkkkk
0+80 0450 0e958 1¢210 16491 kkkkk k¥kkk dkokik Rkkkk 1689 24036 2+414 %kkkk kkkkk kkkk* kkkkx
0¢80 0460 10242 dkkkkk kkkokk kkkkk kkkkk kkkkk REKRXK 2¢135 kkkkk kkkkk kkkkk Krkkk xkkkk KkkEk
0e7C 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
070 0010 0.0 0.0 0e138 00182 04241 00323 Q.435 0.0 0e178 06235 04310 04409 04539 0,708
0.70 0.20 00197 06261 0346 06458 04591 0.764 0,987 06344 00458 0e598 0,768 0.974 1269 1.633
0470 030 00344 04458 04598 0,768 0974 1,269 1,633 06612 006798 1019 1331 1.681 2,093 *kk%kx%
0.70 0440 0e518 06681 0873 16123 1443 X%Xkk XkXkX 06917 16221 16573 1,956 24393 *kkk* xkkkxk
070 0450 Oe711 00919 14203 *kkkk kkkkk kkkkk xkkkk 16329 1717 2127 ®kkk% kkkkk kkkk®k KkkkXk
0.70 0460 0eG17 *kkkk kKKK KREKEE REkkk XEhkk Rk&kXK 1e776 *x%kk XRKEX Kkkkk Krkkk Kkhhk kkkkk
TABLE 20 WEB. AREA / FLANGE AREA = 1.7S

HOLE LENGTH / HEIGHT = 2.0 HOLE LENGTH / HEIGHTY = 3.0

________ HOLE HEIGHT / BEAM DEPTH HOLE HEIGHY / BEAM DEPTH _______
M/MF V/VP 0040 0e45 050 0655 0660 0e65 0470 0e40 0045 050 0.55 0e60 065 .0.70
0¢60 0.0 040 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
0.60 0410 0.0 0.0 0e0 0el23 04157 0,215 0.+304 00 0e O 0e157 00209 00284 0,393 0.549
0.6C .20 0.C 0e¢177 04236 06320 0437 0,597 04814 0¢235 06320 0435 0.588 0,786 1.048 1.428
0460 0430 0235 04320 06435 0.588 0.786 1,048 1.428 06436 0¢599 04804 1070 14441 1.871 **%x%x%x
060 0.40 Ve363 06499 04674 06894 14208 *EX%%k XEX&X¥ 06690 006931 16285 1.694 2,153 *%x%%k%k &*kkxXx
0e60 0e50 06516 06705 06938 kkkkkx kkkkk ¥kkkk XAEFkX 06979 16398 1,839 TxR%E X%k RERXX KkKkk%k
0¢60 0460 00690 KkX¥k AkAKKk KKKKK KKKKE KKKKEK SRKKK 10416 *E XX XARXKE KEXKE AEXEX KEKEER EAKEXK
Ce50 0.0 0.0 0.0 0e0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0e0
050 010 0.0 0.0 0.0 0,0 0.0 0.188 04236 0.0 0.0 0.0 00185 06227 04282 0.412
050 0.20 Je0 0.0 0¢202 04247 04318 0,453 04654 006202 00248 04317 0442 0620 0.862 1,223
050 0«30 04202 04248 06317 0442 0620 0,862 1223 0e317 0446 06624 0859 1201 1.650 *%%%kx%
0e50 0440 0e269 06366 06512 06711 06972 *kkkk XEKKXK 06514 06727 06998 1,433 1,914 %*%k%%k% REk&kk%k
0e50 0450 00377 00533 06743 kkkkk kkkkk RkRkEk RERKK 0e758 16078 1552 %%k %k k% KXEEEK KKKEKK
0450 0460 0e514 Hkdokk dokkkk skkkkk Rkdkk kkkk Hkkkk 1057 #ekkd XXEKK AEKKEKE KXKKE XEXEEK EXRKK
040 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
040 0410 0.0 0.0 0.0 0.0 0.0 0,188 0,236 0.0 0.0 0.0 0.0 0227 04281 0.354
0e40C 0420 0.0 0.0 04202 04247 04303 0375 0512 0e0 06248 06303 0,370 0.480 0.699 1.017
Ces40 C.30 040 06248 04303 04370 0,480 0,699 1,017 06303 06372 06480 0,687 04971 16429 *%&k%
0e40 0440 0269 04331 04404 06557 0797 %¥k%%% hEkkX 00408 06562 04806 14172 1,674 %*%%%k XX%E&
0440 0450 06337 06413 04580 *kkkk kkkkk sokkkk kkmxkd 0e583 0846 1,264 %6E%% XXXEE kR EEE ERBXE
Ce80 04560 Ooes048 dkkdkk kkkkik Rk kKKK Rgxkk®k Kkkkk 00820 %4%%% XEEEE XEREk EXXEE KkKKEKEK KEREKEK
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 0.10 0.0 0.0 0.0 0.0 0.0 0188 04236 0¢0 0.0 0.0 0.0 00227 0.281 04354
0.0 0420 0.0 NDe0 006202 06247 0303 04375 0.472 0.0 00248 04303 06370 0455 0.563 0.707
0.0 0430 0.0 0¢248 06303 04370 04455 00563 0.707 00303 06372 06455 06556 0.682 0¢844 *&k%%k%
0s0 0440 006269 0331 0404 0494 0606 *kk%k XkXk¥ 06404 0,496 0,606 0,741 0.909 *x&%kk k&kikik
0e0 0450 0e¢337 06413 06505 %kkkk kkkkk Xekkk REKKkX 0505 04620 0758 *%k& &k Xk kk EkkkE Rhkkg
0.0 0460 04404 kkkkk Xkkkk REKkK RkKEk Skkhk SKEE& 00606 *x%%% EXkEE KXXEE KRk EE SRKEEk KRS
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TABLE 21

M/MP V/VP
1.00
100
1.00
1.CC
1.00
1.00
1.00

Ce0

Cel0
Ne20
0e3C
0ed 0
Qb0
060

090
0.9¢C
0.9C
090
Ce90
0.90C
049G

0e0

010
020
0. 3C
Ce40
0e 50
0.60

0«80
Cs30
0.80
0.30
0.B8C
0« R0
0,80

Ge0

0e190
Nn.2C
Ce30
0440
0e50
060

0.70
0.70
0.70
0.70
0e7C
0.7C
0.70

0e0

Cel0
Ce20
Ce30
0440
0.50
060

TABLE 22

M/MP V/VP
N0e60C
CeH0
0e60
NDe6C To 30
Ce60 Qo4
NDe6C Ce5HO
0e6C Co5C

oo
.

-3

=)

vy
.

;Y
el

Q.50
050
0e50
0.50
0.5C
030
Q50

0.0

CelO
Ce20
Ce30
0440
0e50
Ce60

Ceb4 0
Ceta0
Qa4
0e4C
0e¢40
0440
Ce4C

0.0

Ce.10
Ce20
0e30
Ce40
Ce50
Ce50

0e0

Cel0
Ce20
Oe 30
CGe40
0.5C
0.60

Oen
0.0
0.0
0«0
00
Ce0
C.0

Ve ?2C0O
0.420
Oe 603
0763
06915
14276
1251

0.0

Ne182
0+ 325
Oesa81
0623
Oe 703
D902

e 0

060

Del177
De 233
Qe397
N0e5106
0.€38

Oe O
Oe0
0.0
NDel 74
0e253
0341
D+438

0,40

Qe
Qe
e
0en
De173
De213H
Qe 305

Je
Vel
Oe
Oe 0
NDeQ
Ce 12
C.231

Ve
NDe O
Oen
Qe 0
0.0
04192
Ce231

0.0
De0
0«0
Ve O
0e0
0e192

Ne231

WEB AREA /

HOLE LENGTH / HEIGHT

1.0

HOLE HEIGHT / BEAM DEPTH

Oe 225
Dot 7
0657
Ne332
1.001
1.195
ode kK

00

N,228
Ce4C4
0e¢569
0730
0.388
KK K%K

O0e?

0.0

0e229
0o 262
Oe501
D544
3k %k Kk

0«9

0e¢9

0.138
0e229
0.334
0.451
* X o ok ok

HOLT

HOLE

Getth

Ned)
Cae0
Qe
Qe 156
Ne230
Ne 316
B

D0
0.0
0.0
CeD
0.189
0236
Fk ok %

00
QeN
Gel
[P
0189
0236
Ak K%k K

0e0
Oe0
00
060
O0e189
0e230
LER L R

050

0. 250
0.508
0.717
0.912
1.116
1.333
*%k KKK

0.0

0279
0.478
0. 665
0.847
1.033
%k kX%

0.0

0.138
0292
0e 455
0e622
0790
EE R 2

O.0

0.0

0.179
0,301
0.438
0.586
ok k%

0455

0275
04555
0.787
1.006
1.249
* kKo
ook Kok

0.002
0.335
0.560
0773
0.980
*k ok
KK KA

0.0

04179
04369
0.564
0760
ok ok
Ekkrk

0.0

Oe0

0,235
0394
0.568
Aok kK
XAk

0.60

04300
0607
0.368
10131
1409
Ak %k
4 ok ok Kk

0050
04397
0.653
0e897
1159
ook ok
PEET TS

0e0

0.231
0.462
0693
00924
Xk Rk k
%k ok ok

0.0

0e132
04310
0513
0.728
ko k
TS

FLANGE AREA =

2.00

HOLE LENGTH / HEIGHT

HOLE HEIGHT / BEAM DEPTH

0.65

0e¢325
0.668
0.968
1,284
Kk
Aok kKK
*okok KK

0. 094
0.468
C.763
1.054
dok A Kk
Aok &5 KOk
ok ke ok K

0.0

0,296
0.574
0.848
ok K Kok
kKK
Fok ko

0.0

0e176
0.410
0.664
Ak ok Kk
Aok ok kK
Aok ok kK

WEB AREA /

LENGTH / HEIGHT

0«50

0e0
0.0
Oe0
0.205
06307
0425
Fook XK %

OeN
0e0
Cel
Nel173
De231
06311
Fok KKk

NDe0
0.0
Ne0
0.0
0.231
0.289
o ok ok

0.0
0.0
00
0.0
0.231
0.289
Kok KK
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0655

Oe0

00

Cel156€
0.273
Ce413
LR L2 ]
#e A koK

0«0
0«0
G0
0.212
04301
e e K A A
Aok ok ¥

0.0
0.0
0.0
0.212
C.282
Aok kA X
Aok kA K

0«0
0.0
0.0
0.212
0.282
ok koK ok
* Ak KK

HE IGHT / BFAM DEPTH

0+ 60

0.0

0.0

0.207
0+369
0,556
kR E
A Kk X

0.0

0.0

06173
04265
Nes17
K Kk %
ok ok &

CeO0

0«0

0.173
0.260
0e¢346
ek X
ok Kok %

0.0

0.0

04173
06260
0« 346
& % ok Nk
kKK Xk

1.0

0.70

0350
06743
1102
1.479
Aok g Xk
e ek K ok
ko ok ok

0.136
04552
0.899
le264
ook kK
X 3ok %k %k
%%k %k %k

00

0.378
0.713
1.050
ARk
ARk
FTTIL)

0.0

0239
0.542
0.860
* %k Kk
%k kKK
3k k kK k

0.40

0200
0.519
04763
0.990
1.251
1513
1,776

0.0

0. 260
0.481
0693
00902
1.138
1.401

040

O0.128
0.283
06455
Ne638
0.827
1.026

0.0

0.0

Oel74
0296
0.438
0+595
0.764

FLANGE AREA =

0.45

0.225
0.56S
00832
1.098
1. 389
1.681
0k Xk %k

0.0

0. 318
0.569
0.809
1,056
1347
*k kK

0«0

0.166
0« 362
0e572
0. 790
1.014
kK kK

0.0

0.0

0.229
0.391
0.575
0773
ok ok %ok

2400

C«50

0250
0.615
0.912
1.224
1.549
1874
* Xk kX

0.0

0.381
0665
0937
1.249
1574
% %k ok Kk

0.0

0.214
0.455
0706
0.960
1.274
X 4k Kk

0.0

Oe0

0.301
0.511
0e740
0.980
* kK Kk

0455 0460

0.275 0.300
06673 04740
1.006 1.131
1,371 1547
14737 14963
kkdkokk ko kkk
kkkkk kkkkxk

0002 0050
0.450 0,528
0e773 0.897
1,099 1.297
1464 14713
FTIT T T TTY
Aok dokk dokkokok

0.0 0.0

0.273 0.346
0.564 0,693
04859 1.047
1.191 1,463
dkkkkk kkk Rk
Xk kkk kkkkk

0.0 0.0

0.164 04216
0¢394 0.513
0.658 04837
0937 1.213
Kkkkk kkkkkK
Rkkkkk RRkkkk

HOLE LENGTH / HEIGHT

0e65

0.0

0,109
0.283
0503
Rk Ak
YTt
Nk Kok

0«0

0.0

0e214
0. 372
ook o ok
ke dk K
PTIT ]

0.0

040

0e214
0.322
LR E R 2
ook ok o ok
P

0.0

Ce0

0214
0e322
*ok K K
kKK K
FA ok Ak

0e70

0.0

0.149
04395
0.688
Aok Rk
3T
kKK

00

0.135
0.282
0.525
ok ko
ok Kok
Aok k

0.0

0.0

0.269
0407
ok kK
ok ke ok
%ok ok ok

00

0.0

04269
0.404
kA X K
%k ke %k
Ak KK
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0.40

0.0
0.0
0.0
0.203
0+ 305
0.424
0e561

0.0
0.0
0.0
0.0
0.231
0.311
0415

0.0
0.0
0.0
0.0
0.231
0.239
0+346

0.0
0e0
0.0
0.0
00231
0.289
0.346

0e 45

0.0

0.0

0. 156
0.271
0.413
0577
ok Kk k

0.0
0.0
0.0
0,213
0. 302
0e430
Aok ok ok

0.0
0.0
0.0
0.213
0.283
0. 354
*x kK kK

0.0
0.0
0.0
0.0
0.283
0« 354
EEXKK

0.50

0.0

0.0

0.205
0.364
0.556
04771
ok kKK

0.0

0.0

0.173
04265
0,415
0.595
% % %k kK

0.0
0.0
0.0
0.260
0.346
0.458
Kk k Kk

0.0
0.0
0.0
0260
Ce.346
0+433
* Aok Kk

0.55 04,60
0.0

0.0

0.273
0.490
06740
Rk ok
* kK kK

0.0

0.140
0369
0656
0.971
*K X KK
A KKK

0.0

0.0

0.212
0.362
0.573
TLiL
Rk ok

0.0

0«0

0,265
0503
0.788
kXK
% % % kK

0.0

0.0

0e.212
0.318
O0.4841
ok kkk
* kK kk

0.0

0.0

0.260
0390
0.627
Rk kKK
*kERK

0.0

0.0

0.212
0.318
0.423
ook KK
*k kK

0.0

0.0

0.260
0.390
0.520
Rk KK
KKKk

1.5

0465

Ce325 04350
0820 0921
1.284 1,479
1.764 2.043
kkkkk kkkkXk
k% kkk kEkkkk
Aok k%R ok Kok kK

0.094
0.618
1.054
1.533
0k Kok
Aok ok ok k
EE L2

0.136
0.728
1. 264
1.829
*EREK
*RRKE
ook Ak

0.0

0.436
0.848
1,303
*Rokkk
*kokokk
REKK

0.0

0e547
1,050
1.615
FTITT
xRk
RkEK

0.0
0.289
0.664
1.072
ETTTTS
ITTITS
*xokkE

0.0

0.388
0860
1. 400
KKk kK
XKk kK
* % ok K

1.5

HOLF HEIGHY / BEAM DEPTH

0.65 0470
Oe0

0.189
0.503
Ce872
*%k Kk %k
kK Kk Xk
*% %k %k

0.0

04263
0.688
1.186
XT3
EETTY)
ERKKK

0.0

0.161
0.372
0.702
k% kK
EEE L
* % kKX

0.0

0.202
0.535
0.977
KKK
TTI T
kK

0.0

0.0

0.322
0.553
kK Kk
ok kokk
*k KKk

0.0

0.202
04407
0.809
%%k kK
Kk ok k
*k ok ok kK

0.0

0.0

0322
0.483
*kkkk
ke kK K
% ok kK &

0.0

0202
0.404
0.606
*kokkk
* % kX
*k kK



TABLE 23 WEB AREA / FLANGE AREA = 2.00

HOLE LENGTH / HCOIGHY = 2,0 HOLE LENGTH / HEIGHT = 3.0

________ HOLE HEIGHT / BEAM DEPTH HOLE HEIGHT / BFAM DCPTH _______
M/MP V/VP C.a0 0e45 050 0e55 0. 60 Ce6S 0470 0640 0.?5 C S50 Ce55 060 065 0670
1.0C Ca0 De200 06225 06250 Ce275 04300 0325 0.350 06200 06225 0250 04,275 06300 Ce325 0.350
1.00 0e10 De603 06657 04717 06787 0,868 06968 1,102 06763 06832 06912 1006 1131 1.284 14479
100 Ce20 De15 16001 14116 16249 1409 1.604 1.855 16251 16389 16549 1,737 1.963 2.244 2,607
1.00 0.3C 1e251 16389 16549 14737 14963 2.244 2,607 16776 16972 2.199 2,467 2794 3¢203 *%%xxx%x
100 0440 16601 16778 1,982 24224 26517 %%kK%k kkxkk 26302 24554 2.848 3,198 *k*kkkk kkEkkk XkkkX
100 0+50 16951 24166 24415 dokokkdk skkdkkx Kkkdk kkkikok 24827 34136 3,498 *kkkk kkokkk Xkkkk Xkkkkk
1.0C 0.60 20302 #okdokx dokkokk ckdoxdkok dokdkokk  kokdokk koK ok 3.352 kokkkk kkkkok kkokkk okkkdok kkkkok kkkkk
0490 Qa0 0.0 0.0 00 Ce002 0405C C4094 00136 0.0 0.0 0.0 06002 04050 0094 0.136
0e¢90 Col0 0¢335 04404 06478 04560 00653 0. 763 0.399 06481 0e569 06665 Coe773 0897 1,954 1.264
090 (o220 0e623 04730 06847 06980 14159 1,373 1,641 0e902 1056 16249 1464 14713 2,013 2,393
0e9C 0.3C De902 14056 16249 1464 14713 2,013 2,393 16401 16638 14899 2,195 2.544 2,973 *%k**xx
0e9C 0440 16226 1e444 19682 14951 2,267 *k%kkk kkk*kxkx 10927 26220 2548 2926 *%k¥kk dkkkk dokkkk
090 0450 16576 1832 26115 kkkkk skokkkk kkkkk kkkkk 20452 2.803 3,198 xkk%kk kkxkk hkkkk Rkxkk
0e90C 0460 1927 %%¥xakok kdkokkk kkkkk kkkkk Xkkkk kkkkxk 2977 *xkkk xkkkk kdkokkk kkkkk Fkkkk kkkkk
0e80 040 0.0 0.0 0.0 Oe0 0.0 0«0 0.0 0.0 0.0 0.0 0.0 0.C 0.0 0.0
0.80 0«10 0e177 04229 06292 04369 00462 0.574 0.713 04283 064362 Ce455 0564 0693 04848 1.050
080 0.20 06397 06501 06622 06760 06924 1143 1.426 06638 0790 0e696C 14191 1,463 1.782 2,179
0.8C 030 0e¢638 06790 04960 14191 1,463 1.782 2.179 1026 14305 14599 16922 26294 2.742 *¥%k%x%
080 0440 0eH91 16111 16382 14678 2.017 *kkkk kkkkk 1552 1,887 2¢248 24653 kkkkk kkkkk Kkkkk
0.80 0.50 10201 1499 14815 *kkkk *dkkk dokkkk sokkkk 2,077 2,469 2,898 *xkkk kkkxk kdkkkk kkkkk
080 0460 10552 skokkk kokkokk kokkkk kkkkk kAkkk kkkkk 20602 Xkkkk kkkkk okkkkk dokkkk kkkokk kkkkk
070 0e0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Ce0 0.0 0.0 0.0 0.0
070 0610 0.0 00 06179 00235 06310 0410 0542 0e174 04229 06301 06394 0513 04664 0.860
070 Co20 06253 0334 04438 06568 0728 06927 14212 0438 06575 0674C 06937 1213 1552 1.965
070 0430 0e438 06575 04740 06937 1213 1.552 1,965 0s764 06979 1,299 1,649 2.048 2511 **%kx%xx%x
070 Q.40 06650 06841 16082 10406 1,767 *k¥%k%k *kxkk¥k 1e¢177 1554 1.948 2,380 *%kkk%k *kk¥kkk XkXkkxX
070 050 0e881 10166 16515 *kkkkk dokkkk XkkXk Kkkkkk 1702 20136 2.598 *kkk¥k %kkkk%x kkkkk RXkkk
0.70 0660 16177 kdkokk kokkkk kokkkk kkkkk kkkkk kkkkk 20227 *EkXER XKRKK RERKkK kKkkkk KhKkk XKKkXK
TABLE 24 WEB AREA / FLANGE AREA = 2.00

HOLE LENGTH /7 HEIGHT = 2.0 HOLE LENGTH / HEIGHT = 3.0

________ HCLE HE IGHT / BEAM DEPTH ___ HOLE HEIGHT / BEAM DEPTH _ —
M/MP V/VP Ned( NDed5 0«50 0e55 060 Ce 65 0e70 0440 0.45 0450 055 0.60 065 070
0e6C NaO De0 0.0 0.0 0.0 Oe0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0«0 0.0
0e5C Call DeC 0eD 0.0 0e156 04207 04283 00395 0.0 0e156 04205 06273 0,369 0,503 0.688
Ce5C 0a2C 0e172 04230 06307 06413 0.556 06746 0,998 0¢e 305 00413 06556 06740 0.971 1.321 1.750
0.60 0630 De¢305 06413 Ce556 0674C 00971 14321 1,750 0e561 06758 00999 14377 1794 2,280 *x*k%x%
Ce60 0440 04468 04636 06845 1¢133 16517 dkkkk kkkkk 0e872 16220 1648 24107 **k%kk kkkkk Xkkkk%x
Ce6HC 0e50 Debt:0 00386 16215 kdkkokk dkokkkk kiokkdk dXkkkakxk 106327 1.803 2298 *x%k&kkkx k¥kkkk kkkkk X&kkkk
0e6C 0460 D872 dokkkdk kokdkokk dokkokk kkokkk dkkkk kkkkxk 10852 *%kkkk kkkkk Xkkk&k Xkkkk Xkkkk XkkkX
0e5C 0.0 0e0 0.0 0.0 Ce0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
UeSC 0410 Ne0 040 0.0 0.0 0e173 06214 04282 0.0 0.0 0.0 06212 06265 06372 0535
0e50 0420 NDe0 0189 06231 04301 04417 04585 0.825 06231 06302 00415 06573 0.788 1.090 1.536
0650 0030 0e231 06302 064415 06573 04788 1,090 1.536 0¢415 06579 0798 1104 1,544 2,049 **¥%%kx
0450 0440 N0e344 06477 06660 00900 1267 * k%% Fkkkk 06668 06927 1348 1,835 %kk%k%k kxkkkkx X¥kkkx
0e50 050 06493 0e6H88 069482 *kkkdok kdkkdkk dkkkk kikxkok 06970 16469 16998 *kkkk kkkkk kkkkk Xkkkx
Ce5C CebhO D¢ 668 Hokokkk dokkkk dkkkok kkkkx kkokokk KkKkk 16477 *kkkk kkkikk kkkkk kkkkk Rkkkk %k&kkx
0e40 040 0.0 0.0 0e0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ce40 0e10 040 0«0 0.0 0.0 0.0 O0e214 04269 0.0 0.0 0.0 0212 04260 00322 00407
040 0420 0.0 040 0e231 04282 04346 04451 0.667 0.0 06283 06346 0+441 0627 04893 1.322
064C 0.30 06231 0283 06346 06441 04627 04893 1.322 06346 06444 00629 04884 1294 1.819 *%x%kkx
0e4C 0440 0e308 0¢378 06512 06724 1017 *kkkk kkkkk 06513 04735 10048 1562 **kkk kkkkk k¥xkx
0e40 Ca50 0e385 06533 06755 *kkkk kkkkk hkkkk dkkkk 0e764 1,136 1,698 %%k%x%%kx *¥kkkk kkkkk kkkkk
0640 Ca60 0e513 kkakk dokdokkx kkkknk skokkkk skkokkk dokokkk 16102 *kkkk kkkokk dokkkk XKokkkk kxkkk KkkE¥
0.0 Ce0 0.0 00 0.0 040 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0e0 0410 0.0 0«0 0.0 0.0 0.0 0e214 04269 0.0 0.0 0.0 0.0 06260 00322 04404
0.0 Ce20 0.0 0.0 0e231 0282 04346 00429 04539 0.0 00283 0346 04423 0520 0.643 0,808
0.0 C.30 0.0 04283 04346 04423 0.520 0.643 0,808 0¢346 00425 06520 06635 0¢779 00965 *%k%%kx
0.0 0.40 06308 06378 06462 06565 04693 *kkkkkx *kkk¥kk 00462 04567 06693 0847 *kkkx%x kkkkk XkEkk¥k
0s0 0450 06385 06472 04577 *kkkk kkkkk *kkkk kkkkk 0e577 06709 0,866 *kkkkk kkkkk kkkkk Xkkkk
0e0 0460 06462 Fkkkk kkkkk Xkkkk Rkkkk Kkkkk kkkkxk 00693 ®,kkkk kkkkk REkkk KkkEKkk KKkEkk KkkEkk
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