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Summary —Three cellulose-nitrate model wings, identical except for rib flexibility, have been tested under conditions
reproducing typical engine loads. Stress distributions have been found experimentally by means of electrical resistance
strain-gauges. The distribution due to an abrupt change of torsion has been compared with a theory by Williams,
and that due to an abrupt change of shear with a theory by Taylor. ‘

Local stresses at the engine nacelle are found to be appreciably higher in practice than would have been predicted
by either of these theories. The discrepancies, moreover, are found to increase with rib flexibility.

1. 1 %troduction.’——The practice of designing wings with overhanging engines leads to the
application of concentrated loads to the wing structure at the engine nacelles.

The premature failure of two wing specimens just outboard of an engine nacelle, whilst under-
going static strength tests, has drawn attention to strains induced by such concentrations.
In neither case would the theoretical increases in stress, above that predicted by the normal
engineers’ theory of bending, due to abrupt changes of torsion as dealt with by Williams' or due
to abrupt changes of shear as dealt with by Taylor?, have accounted for the failures. Williams’s
theory is based on an assumption of closely spaced rigid ribs and that of Taylor on the assumption
that the additional stress due to an abrupt change of shear is uniform across sections of the wing.

The present investigation, using cellulose-nitrate models, was made to check whether these
assumptions are tenable when endeavouring to calculate the stress distribution.

2. Description of Tests.—2.1. The Specimens.—Three cellulose-nitrate models were made
reproducing the essential characteristics of a semi-span wing, with light spars and heavy stringers.
They were identical except for the rib construction and were basically rectangular boxes, without
taper, three feet long and with cross-sections six inches by two inches.

The ribs, at two-inch pitch, were of three types. The first model employed ribs §-in. thick
with large central cut-outs, representing ribs which would be suitable for the insertion of fuel
tanks. They were connected to the front and rear spars of the box and to the undersides of the
stringers. There was no attachment directly to the top or bottom skin. The ribs of the second-
~model differed in that they were without the central cut-outs and only 0-040-in. thick, the
method of attachment remaining the same. Ribs as for the second model (without central cut-
outs and 0-040-in. thick) were used for the third model but with a further difference from the
first in that the ribs were extended to reach the top and bottom skins of the box. Slots were
provided in the tibs, for the stringers to pass through, and the ribs were cemented all around
their periphery so that there was a sealed bulkhead between each rib bay. A {s-in. diameter
hole was drilled in each rib to equalise the air pressures inside and outside the model.

* R.A.E. Report Struct, 64, received 18th August, 1950.
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Initially, each model incorporated, at one section a single plain sheet of cellulose nitrate to
represent an engine nacelle and to act as a loading frame. Subsequent modifications were made
to this loading frame to find the influence of the method of attachment of the nacelle to the
wing on the strain distribution.

The boxes were all built in at the root using a wooden plug inside and an outer fitted case, also
of wood. The tip ribs were a quarter of an inch thick and considered stiff.

The material used in the construction of the models was a thermoplastic of the nitro-cellulose
type. P :

Fig. 1 shows the general arrangement and details of the specimens, the different types of rib
being shown in Fig. 2. A photograph of two of the models is included as Fig. 3.

2.2 Loading Conditions and Test Cases.—The loading conditions at the engine nacelle were
as follows:
Case No. 1.—A down load, on an engine frame consisting of a single plain sheet of cellulose
nitrate }-in. thick affixed to the bottom skin, front spar, and one-sixth of the top surface
of the model, at a rib section 14 in. from the root. The load was applied well forward of
the front spar. : o

Case No. 2.—A repeat‘.t‘e“st of Case 1 with the loading frame slit so that load was applied to
the front spar only (see Fig. 1).

Case No. 3.—A down load at the front spar and an equivalent up load at the rear spar
producing an abrupt change of torque at the loading section (It should be noted that this
also produces local abrupt changes of shear on each spar).

Case No. 4.—Equal up loads at both front and rear spars giving an abrupt change of shear
at the loading section. '

The details of the initial loading frame, as used under Case 1, together with the amend-
ments incorporated for subsequent tests, are shown in Fig. 1.

Preliminary tests showed that, not only was there a considerable change in Young’s modulus
of the model material due to temperature and humidity changes, but that there were even local
variations in a model itself. To overcome this difficulty the following procedure was adopted.
After each test load had been applied, and removed, and before atmospheric conditions had time
to alter appreciably, strain-gauge readings were again taken with a single up-load applied to the
wing tip. Thus, each case was accompanied with a  calibration test ’ with a single tip load.
The analysis is based on the comparative strain-gauge results of the two sets of readings without
direct reference to the Young’s modulus of the material. The ratio of Young’s modulus to the
Shear modulus is still required for the theoretical analysis and this has been taken as 3, giving
a value of 0-5 for Poisson’s ratio.

The absolute values of the loads applied were determined by the strength of the model. The
ratio of the tip load to engine load was such that the ratio of the bending moment at the engine
nacelle due to the tip load, to the torque applied at the loading frame, was approximately the
same as that on a full-scale test where a wing failure had occurred. The tip load was 20 b,
giving a bending moment of 20 X 22 = 440/Ib in. at the nacelle, and the engine load under
Case 1 was 10 Ib, giving a torque of 106-2 Ib/in. at the centre-line of the box, s.¢., a ratio of 4-15
to compare with the full-scale test figures of B.M. = 14-30. X 10° Ib/in. and torque 3:02 x 10°
with a ratio of 4-74.

It was convenient, in most cases, to increase the engine load to give greater strain-gauge
deflections and, thus, greater accuracy. The results were reduced to give the equivalent strain
measurement under a-torque of 106-2 lb/in. before any analysis was carried out.

2.3. Strain Measurements.—The strain was measured with electrical resistance strain-gauges.
200-ohm self-adhesive gauges were attached by embedding them in a solution of cellulose nitrate
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dissolved in acetone. The gauge length was } in. and the gauge factor (ratio of fractional change
of resistance to change of strain) 2-2. Direct strains only were measured throughout.

The usual dummy system* employing strips of the model material for mounting the dummy
gauges individually was not used. Three models were used for the investigation and only one
was tested at a time. Thus it was possible, by matching the resistance of corresponding gauges
on all the models, to use either of the two models not being tested as a complete dummy specimen
to provide temperature and humidity compensation for the one under test.

. Measurements were made at 36 positions giving the variation in strain along the corners of
the boxes and across two or three sections. F1g 4 is a key to the gauge positions.

2.4. Measurvement of Rib Stzjj‘ness —Dlal gauges were attached to the corners of each model, at
the first rib outboard of the engine loading frame, to show the relative rotation of the rear spar
to the bottom surface of the box. This gives a measure of the change in shape of the cross-section
under torque and, hence, an indication of the relative rib stiffness between the models.

3. Results.—Mean values of the measurement of rib stiffnesses are given in Table 1. This
table gives the relative rotation of the rear spar to the bottom surface, at the first rib outboard
of the loading section (a distance from the loading section equal to the spar depth), on all models
under the three torsional loading cases.

No attempt has been made to deduce actual strains in the models. As noted above the strains,
under each loading case, are tabulated as a proportion of the strains produced by a load at the tip.
In the analysis the f0110W1ng procedure is adopted:

" Cases 1, 2 and 3.—(a) Results from these cases have been reduced to give the equivalent
strain-gauge readings for a total torque of 106-2 Ib/in., i.., the torque as produced by a load of
10 Ib on the engine frame as originally built (The actual loads applied are given in Table 1).

(b) For a gauge a distance y inboard of the engine mounting frame and a distance x from the
model tlp we have strain-gauge readings of 4 units under a load W, applied at the tip and B
units (s.e., the equivalent value as found in () ) under a load W, on the overhanging engine
frame. This reading of B units is due not only to pure torsion applied at the loading frame but
also to the bending effect of the engine load when considered as acting at the flexural centre.
In order to compare the experimental results with Williams’s theory, which deals with the stresses
induced under pure torsion, a correction is needed for this bending effect.

Thus an overall bending moment W, x at the section through the gauge position due to the tip
load gives a reading of 4 units and therefore a load W, on the engine mounting frame producing a
bending moment of W,y at the same section will give a reading of {A(W,y/Wx)} units due to
bending alone.

The gauge reading due to the torsional effect will therefore be {B — (W,y|W.x)A}.

. This correction to the B reading applies only to gauges inboard of the loading section.

(c) These corrected values (z.e., B units outboard of the engine loading frame or
{B — (W,y[Wx)A} inboard of the loadlng frame) have been divided by the readings given
by the wing tip load acting alone (z.e., 4 umts) The results have been noted as percentage
concentrations. Thus the term concentratlon as used here denotes the local increase of stress
above that found from the simple engineers’ theory of bending.

Case 4.—An identical -procedure with that used for the other cases has been adopted but in
this case the results were first reduced to give the equivalent readings for an abrupt change
of shear of 10 1b.

" Table 2 lists the percentage concentrations at each gatuge position under all four loading cases.
It should be noted that the gauge positions on the first model differ from those on the other two
and the results cannot be compared directly.
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The theoretical concentrations on the line of the gauges, along the edges of the box, have been
calculated by Williams’s method using the assumption of stiff ribs and the application of a pure
torque at the loading section. With these assumptions the theoretical concentrations are the
same under the first three loading cases and for all three models. These theoretical concentra-
tions have been plotted in Figs. 5, 6 and 7. Fig. 5 incorporates the experimental results from
all three models under loading Case 1 and Fig. 7 the results, again from all three models, under
loading Case 3. Fig. 6 includes plots of points obtained by an addition of the experimental
results obtained in loading Cases 1 and 4. The presence of the slits in the engine loading frame
for loading Case 2 weakened the models considerably and it was not advisable to load the model
with more than 10 or 15 Ib, even when strengthening fillets had been provided on the front spar.
Concentrations from this case have only been quoted for the two sections adjacent to the loading
frame, for at other sections the readings are comparable with the amount of strain-gauge drift
and are therefore not very reliable. This case has not been plotted in a similar fashion to the
other two. :

For the fourth case the theoretical concentrations due to a single abrupt change of shear have
been estimated using Taylor’s theory, assuming that the additional stress due to an abrupt change
of shear is uniform across sections of the wing. Fig. 8 shows curves of theoretical concentrations
compared with experimental results along the four edges of the boxes for all three models.

Figs. 9, 10 and 11 give pictures of the strain distribution on sections across the top and bottom
surfaces of the models. The concentrations, under all loading conditions, calculated from the
readings of the gauges on sections 4, B and C (see Fig. 4) have been plotted on a separate figure
for each model. Each figure shows the variation between the four loading cases.

4. Discussion of Results—Except for the ribs the models were identical so that all differences
in results, other than experimental variation, must be attributed to the change in rib stiffness
which, although probably small in itself nevertheless plays an important part in deciding the
strain distribution.

Note that theoretically the concentrations or reliefs on the top and bottom skins of the models
are the same. Experimentally this is not so and this fact gives an appearance of scatter to the
plots of the strain-gauge results. -A close examination of the points on either the upper or lower
surface of the spars (they can be distinguished readily from the convention used in plotting)
reveals a fairly consistent pattern.

More attention is paid to the results obtained outboard of the loading section, for these have
suffered no preliminary adjustments (see section 3(b)) such as have been made to the gauge
readings inboard. :

4.1. Rib Stiffness.—The following points emerge from the study of the relative rotation of the
rear spar to the bottom surface on all models under the three torsional loading cases (sce Table 1):

(@) Case 1 gives a false picture of the shape-retaining properties of the ribs as the loading
frame itself acts as a heavy stiffener in the vicinity of the section where the measurements were
made.

(6) There is an apparent low rib stiffness of Model 3 under loading Case 2; this result is con-
sidered to be wrong and has been ignored*.

(¢) The method of attachment of the ribs to the skin is of greate.r importance in retaining the
cross-sectional shape than the method of construction of the rib itself. The Case 3 results show
that there is little difference between Models 1 and 2, with ribs attached only indirectly to the

- * Note: The results from this loading case were more liable to error as the dial gauge readings were rather small,
particularly for the rear spar, due to the strength limitation on the load which could be applied. This is not altogether
a satisfactory position but the attachment of a different loading frame, for use in Case 3, did not allow a further check
to be made.

4



skins through the stringers, although the ribs themselves are quite different.  Both models undergo
considerable distortion whilst Model 3 completely retains its shape. Under this case the relative
rotations of the rear spar to the bottom surface for Models 1 and 2, at the first rib outboard of the
loading section, were 0-82 and 0-85 respectively. This corresponds to a shear angle of 0-16 deg
in the worst case. Due to this similarity of Models 1 and 2 they have, in general, been referred
to collectively, in the discussion that follows, as ‘ flexible rib * models. Furthermore, the use of
the term rib stiffness, or rib flexibility, implies the ability, or inability, of the rib with its attach-
ment to the skin to maintain the shape of the cross-section when under load. '

4.2. Pure Shear Effects (Case 4).—A theory due to Taylor, on the stresses in built-up beams
due to an abrupt change of shear at the loading section, has been used to compare with the
experimental results. The section constants have been calculated treating each model as a box
beam. The theory is really intended for spars and we should not expect too close an agreement
with our results. A study of Figs. 8, 9, 10 and 11 reveals:

() Models 1 and 2 show an increase in stress concentration over the stiff rib model, of the
order of 50 per cent, close to the loaded section.

(b) The theoretical peak stress concentration, on the spars, is of the same order as that found
experimentally but the calculated rate of die away, along the spars, is much greater.

(c) The experimental results show that for each model at any section the stress concentration
is a maximum at the spars dying away rapidly, with reversal of sign (giving a relief of stress),
towards the centre of the section. The relief, in the centre, is of the order of 20 to 50 per cent
of the concentrations at the spars.

(@) The theoretical values obtained at the first two sections outboard of the loading frame are
an approximation to the mean stress concentration across the top and bottom skins, although,
as noted under (c), the experimental values differ a great deal from the mean.

4.3. Pure Torque Effects (Case 3).—The following points are noted from Figs. 7, 9, 10, 11.

(a) There are marked differences between the first two models, with ribs attached to the skin
only through the stringers, and the stiff-rib model:
(i) Stress concentrations on the front spar, and stress reliefs on the rear spar, adjacent to
the loading frame, are of the order of 100 per cent greater than on the stiff-rib model.
(ii) For the flexible-rib models the die away outboard of the loading frame is such that
" there is a reversal in sign of the stress concentration towards the tip. This is not the case for the
stiff-rib model (No. 3) where the concentrations die away exponentially to zero. '

(6) Comparisons with the theoretical solution due to Williams shows that:

(i) for the stiff-rib model, close to the loading section, experimental results are slightly greater
than the theoretical (order of 20 to 30 per cent). The concentrations or reliefs, depending on
whether we examine the front or rear spars, fall rapidly to below the theoretical values as the
distance from the engine frame is increased. This peculiarity is supported by a previous experi-
mental investigation carried out by Williams and Smith® on a tube constructed of spruce and
- birch ply. For convenience a figure of Ref. 3 has been included here as Fig. 12. The curve gives
the bending moments induced in the spars of a tube under an applied torsion at an intermediate
section. The bending moments are not referred to the direct bending moments, which would
obtain under tip loads, to give concentrations such as have been calculated in this note. The
general pattern of the curve is, nevertheless, the same as given by the present tests.

(ii) for the flexible-rib models concentrations or reliefs are of the order of 100 to 150 per cent
greater, at sections close to the loading frame, than those predicted by theory. Furthermore,
the die-away factor is not, now, a simple exponential as the stress concentrations and reliefs fall
to zero.in approximately a distance equal to twice the spar depth and then change sign, although
outboard of this point they are not of a high order. :
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(¢) It should be pointed out that the torque was not applied in a ‘ Batho * distribution to the
loading section, ¢.e., equal up and down loads were applied to the front and rear spars whilst the
‘ Batho ’ theory assumes, not only equal up and down loads on the front and rear spars (smaller
than actually applied), but also equal fore and aft loads on the top and bottom skins so as to
apply a uniform shear per inch to the whole section. This was also the case in the previous
experimental investigation. Now this results in local abrupt changes of shear at the spars greater
than would have been the case with a ‘ Batho ’ distribution of loading. - Consequently, although
there is no overall abrupt change of shear on the model, it would be expected that similar effects
to those produced under the Pure Shear Case (No. 4) would occur near the loading section.
That this is so is borne out by a study of Figs. 9 to 11, which give the stress distribution across
sections of the models, for they reveal that the stress distribution is not linear across the top and
bottom skins at the first section outboard of the loading frame, but is peaked at the spars, where
the load is applied, dying away in an exponential manner towards the centre of the section.
At a distance equal to the spar depth away from the loaded section, 7.e., at the second section
investigated outboard of the loading frame, the distribution, within the limits of experimental
accuracy, is linear as would be expected under pure torque. These remarks must be borne in
mind when interpreting the facts noted under (@) and (&) above.

" 4.4. Combined Loading Effects (Case 1).—Fig. 5 gives a picture of the results obtained for all
models under loading Case 1, i.e., an overhanging engine load on a stiff frame. The following
points are noted: :

() On all models the stress concentrations are greater on the front spar than the reliefs on
the rear spar.

+(b) In the case of the first two models (with flexible ribs) the concentrations on the front spar
can be as much as 70 per cent greater than that predicted at the loading section assuming (i) stiff
ribs and (ii) that the concentration is due solely to the bending stresses induced by torsion.

(¢) For the third, and stiff-rib, model the concentrations on the front spar only exceed the
theoretical by approximately 20 per cent at the first section outboard of the loading section.

t Comment (a) can be explained fairly readily, for the effect of torsion is to give concentrations
on the front spar and reliefs on the rear spar whilst the abrupt change of shear leads to concen-
trations on both front and rear spars.

Assuming then that the concentrations found experimentally are due not only to the torsion
applied but also to the abrupt change of shear, a better comparison with theory can be made
than given in Fig. 5. The results from loading Case 4 are due to a total upward load of 10 1b
and the results from Case 1 are due to a downward load of 10 Ib plus a torsional load. Adding
the values of the concentrations obtained under these two cases gives an estimate of the concen-
trations.to be expected under pure torsion, and it is these results which should be compared
with the theoretical curves. Too good an agreement should not be expected for the method of
dispersion of the change of shear into the structure is different. The comparison has been made
in Fig. 6 and we see that the correspondence is much improved in that the results from front and
rear spars are similar and closer to the theoretical solution. We note, too, that the mean of the
concentrations and reliefs on the top and bottom of the spars is now less than the theoretical. |

4.5. Combined Loading Effects (Case 2).—Although the experimental results of this case have
been included in Figs. 9 to 11, no comment has been made in view of their general unreliability.

5. ‘Conclusions.—5.1. The stress distribution, on a wing structure, imposed by an overhanging
engine load, is conmsiderably changed, leading to higher stress concentrations, by the shear
distortion of the cross-section. The term concentration as used here denotes the local increase
of stress above that predicted by the simple engineers’ theory of bending. C

6



5.2. For a structure with stiff ribs, the effect of equal up and down loads applied to the front
and rear spars at one section on the stress pattern prevailing from a load at the tip, is to give
concentrations appreciably greater, of the order of 20 to 30 per cent, than those calculated® at
the loaded section. The rate of die away is, however, also greater and concentrations fall rapidly,
within a distance equal to two spar depths, to below the theoretical.

Indications point to the fact that if the torque had been applied as a uniform shear per inch
all around the section the concentrations would have been everywhere below the theoretical' (or
at the most equal to the theoretical at the engine frame), the observed increase at the loaded
section being due, mainly, to the local effects of an abrupt change of shear.

5.3. For a structure with flexible ribs, under similar loading conditions, the stress concen-
trations are considerably increased and can be as much as 100 to 150 per cent greater than the
theoretical®. : : SO ‘

The results indicate that the concentrations would still be considerably above those calculated
. even if the torque were applied as a * Batho ’ distribution.

5.4. An abrupt change of shear at the engine nacelle, applied by equal loads at front and rear
spars, leads to stress concentrations, at the spars, on the general stress pattern. These can be
increased by as much as 50 per cent at the loaded section due to rib flexibility. Taylor’s theory
gives an approximation to the mean of the stress concentration across any section although
experimental results differ widely from the mean, being at a peak on the spars and reversing in
sign at the centre of the section. The theoretical® rate of die away along the spars is much greater
than that found experimentally.

5.5. For the case of the combined loading considered here, with the particular geometrical
features of the engine loading frame, the local abrupt change of shear at the spars is much less
than that under the so-called pure torsion case. In practice this means that the maximum stress
concentrations produced by overhanging engine loads will not exceed those calculated by
Williams'’s theory by as much as suggested in 5.3. The figures, 100 to 150 per cent, quoted there
are reduced to approximately 70 per cent whilst for the stiff-rib model the maximum increase is
of the order of 20 per cent, 7.e., at the lower end of the range quoted in 5.2. It should be empha-
sized that these figures are increases of the theoretical concentrations which may themselves be

of a small order.
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TABLE 1

Measurement of Rib Stiffness

Relative rotation of the rear
- spar to the bottom surface at

Case the first rib outboard of
number Loading conditions engine loading frame
Model 1 Model 2 Model 3
1 0-93 0-94 0-97
!
l40 b
2 ‘ 0-92 0:95. 0-76
Iolb (Models | and 2)
1516 ( Model 3)
401b
3 0-82 0-85 1-01
4plb.




TABLE 2
Peycentage concentyations

Plotting symbol—Figs. 9, 10, 11 x + A
Plotting symbol o .
Tigs. 5,6,7,8 X A w A * A X A X A X A X A
Gauge number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
1 1 | —419| 4108 | +028| — — | —1s0| + 370 — 253 | +1115| + 541 | —1-30| — 779 | + 883 0 —292 | —241 | 4165 0 0 0
2 1 | 4094 | =071 | 4496 — — | =340 | +14:32| — — |- 799 +1520 | + 667 | —3:0 | — 950 | + 860 | +1-30 | —2-10 | —4:80 | --3-35 | —0-02 0 0
3 1 | +220| 4064 | 4+2:8| — — | =231 |+ 764 | +415| —2:10 | — 586 | +10-81 | + 3:34| —246 | — 636 | + 6-93| +0-86 | —1-74 | —294 | 4217 | —1:07] — | —1-19
1 2 — — 4 298| — — |+ 206+ 431 | +11-95| +5-29 | 4 595
g 2 5 2 — — +11-90 | — — |+ 049 | + 6:53 | +12:88 | 4380 0
S 3 ’é 2 . — — 4+ 455 | +7:00 0 — 320 | + 654 | +.591| 405 | — 393
5 1 ; 3 | —2:38) +4.26 0 — _ 0 + 857 — — | — 497 42293 | + 566 | —3:61| —25°13 | + 6:05| +-2:91 | —2-28 | —5-68 | —1-48 | -+3-32 0 +4:96
2 2 8 3 | =050 +1:55 | +712| — — | =565 | +201 — — | —18:05| +20::8| + 642 —527 | —2892 | +1048 | 4344 | —247 [ —805 | —0.97 | 4125 —2-25 | +2.14
3 3 | +0-24| —0.061 | +2-26| — — | =194 | #1141 | +2-50 | —2-14 | —10-58 | +12:14 | 4 267 | —225 | —11:35| + 290 | +157 | —0-80| —8-22| +065] —1:19| — 0
1 4 | +2-28) +2:290 | +0-53| — — | +020| — 254 | — — | = 176] — 419 + 158 +153| — 435 — 1-81| 4105 +1:30 | —1-60 | — 0 0 0
2 4 | 4252 4292 | —092| — — | —1-86| — 563 — — | — 819]~ 3:20| ¢ 120 | 4150 | — 434 | — 2:29 | 4128 | +1-17 | =196 | —117 | —0-56 0 0
3 4 | =187 | —149 | —1:66| — — | =217 | — 306| +087 [ +0-85| — 440 | — 2:68| + 1-24| +1-19| — 1-88| — 1G4 | +141 | +1:39| —1-68| —0-12| —0-14 | — | +0-12
Plotting symbol—Figs. 9, 10, 11 X + AN
Plotting symbol o
Figs. 5,6, 7,8 + jm| + | + o + ] + jm} + mf + m}
Gauge number 23 24 25 26 27 28 29 30 31 52 33 34 35 26 37 38 39 10 41 42 43 A4
1 1 | =197 | +186 | +478| — 17| 4+ e8s | — — | — 18| +1346| — 556 | —2-72 | — 512 | + 668 | +1-79 | —2-09 | —3-78 0 029 | —1-04 0
2 1 | +264]—086 | +82| — — | =857 | +1755| — — | = 501 | +15:34 | + 2:05{ ~398| — 448 | + 910 | +1-82| —2:20| —2-88| +3:38| —0-59 | +1-31 | +0-94
3 1 | +246 | 4234 | 657 — — | =145 | #1210 [ —092 | —2:78 | ~ 419 +10:00 | 4+ 204 [ =227 | — 2:66 | + 529 | +1:09 | —1:57 | —2:08 | 41-61 | —1-54 | 4047 | 4025
1 2 — — — | = 104| 41734| — 385 | —081] o0
5 2 5 2 — N R e — | — 191 | 41042 | + 732 | =071 | — 1-08
E 3 % 2 — — + 952 4451 | 023 — 255 | 4 581 | + 3-89 | —1:07 | — 209
:f 1 5 3 | —-377|+317 | +1-383] — — 0 4 Gl | — — | = 103| +1740| — 146 | —453 | —21:50 | + 515 | +1-76 | —379 | —7-23| —276 | +1-33 | —172| o0
N PR R 0o | o +586| — — | —695| +19-13] — — | —2005| +1603 |+ 335 | —612| — | — | +196| 28| -892] —103| 0 | —279| +101
3 3 0 0 +2:57 | — — | —275| 41175 | 4253 | — 154 | 1475 | + 867 + 229 —215 [ —1291 | + 271 | +101 | —1-33| —3:62 | +0-80 | —0-75| — | —0-12
1 T4 | 2382|4196 | 405¢| — — | 4028 — 192 — — = 129 — 4€8| + 605 #1830 — 179 — 202 +0-81 | +0-98] —1-84 | —0-16] —0-51 | —0-34 | +-0-54
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3 4 | =187 | =154 | =249 — — | =247 | — 481 | 4082 | +0:97 | — 513] — 375 | 4+ 102 | +0.94 | — 308 | — 2:31 | +1:28 | +1-50 [ —2:10 | —045 | —0-36 | —0-17 [ —0-21
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