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Summary

This volume details a study which was conducted into the properties of steel sections
used in the experimental research project reported in volume I. In total there were 86
different steel specimens comprising 254x102x22UB and 152x152x23UC sections with a
total weight of 6.25 tonnes. Tests were performed to establish their mechanical proper-
ties, e.g. yield stress, residual stress patterns, elastic modulus, and also their geometric
properties, e.g. thickness, area, second moment of area and elastic section moduli. In
addition to presenting and discussing the measured data, a description of the various test
methods is also presented. One significant finding of the study is that the properties of
steel sections can vary considerably from the nomina.l tabulated values used by steelwork

designers.
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1 Introduction.

This document provides a self contained summary of the measured mechanical and geo-
metric properties of steel elements which were used in an extensive experimental study
into the performance of steel structures. This document therefore represents a supple-

mentary volume to the author’s thesis on the experimental study [1].

For clarity, the appraisal of dimensional measurement and strength measurement have
been presented in separate chapters. Each chapter contains a description of the mea-

surement methods which were used and concludes with a brief discussion of the results.

2 General arrangement and member notation.

The experimental study investigated the performance of simple semi-rigid steelwork con-
nections in isolation, as part of limited subassemblages and in complete 3-dimensional
non-sway frames. The connection and subassemblage tests were performed at the Uni-
versity of Sheffield whilst the larger full scale frame tests were carried out in the heavy
structures test hall at the Building Research Establishment, Watford. A general arrange-
ment drawing, highlighting the member notations which were adopted throughout the
study, of a typical connection test, subassemblage test and the first frame test F1 are
shown in figures 1 to 3 respectively. It should be noted that the general arrangement of
frame test F2 was similar to that of F1 shown in figure 3 and that the member notation

followed a similar sequence.

A total of 16 connection tests, 10 subassemblage tests and 2 frame tests were conducted.
In all cases, the beam elements were constructed from 254x102x22 UB sections and the

columns from 152x152x23 UC sections. Cleats cut from lengths of 80x60x8 RSA and



125x75x8 RSA were used to fabricate the beam to column connections. This represented
approximately 6.25 tonnes of structural steel with a total of 86 individual beam and
qolumn elements. All the steel used in the study was nominally grade 43A and cbmplied
with BS 4360 [2).

3 Derivation of the material properties.

Tests were carried out to assess the material properties of all the members used in both
the subassemblage and frame tests. The members used to perform the isolated connec-
tion tests were cut from the same lengths of steel used to fabricate the subassefnblage
specimens. On the assumption that the variation in the material properties of steel in a
single member is very small, the material properties for the steel used in the connection
study can be inferred from the results of the tests on the subassemblage steel. Tables
1, 2 and 3 categorise the particular stock steel sections used to fabricate the connection,

subassemblage and frame specimens respectively.

The material properties of the column sections used in the subassemblage and frame
tests were assessed by a series of isolated stub column tests. It was considered that this
particular type of test was the most representative of the in-test compressive loading
conditions on the column. These tests were supplemented by a limited number of tensile
coupon tests. This permitted a direct check between the results of the tensile and the
compressive tests but, more importantly, it established a datum from which the material
properties could be compared with column tests carried out by other researchers. All
beam and cleat material used in both the subassemblage and frame tests was assessed

solely by tensile coupon testing.

Residual stresses occur in hot-rolled steel sections as a direct consequence of the manufac-



turing process. The stresses can influence the performance of steel members particularly
in the elastic-plastic range. Tests were therefore carried out to determine the patterns of
residual stress in the column sections. Due to the labour intensive nature of this partic-
ular test and the variable nature of data often obtained, principally due to the very light
sections used, only a sample of the ten subassemblage columns were assessed. However,
all of the columns in the active frame of both the full scale frame tests were subjected

to residual stress measurement.

3.1 Stub column tests.

Tests were performed on stub column specimens in accordance with the procedure de-
scribed in reference 3. Figure 4 shows the general arrangement of the experimental test
set-up. Each column specimen was nominally 600mm long with a machined finish at each
end to give an even bearing surface. Before carrying out the test, careful measurements

were made of the column cross sectional area in the manner described in section 5.

It was essential that the specimen was located centrally beneath the loading head to
minimise bending moments arising from the eccentricity of the end reaction. Obviously,
the presence of such bending moments in the specimen would initiate yielding at a
lower level of load, thereby limiting the axial load capacity of the section. This was
overcome by positioning the specimen such that the deviation in the net strain readings
from the four high resolution L.V.D.T.’s (Linear Voltage Displacement Transducers)
located at the flange tips was less than 5% for an applied loading equivalent to 50% of
the anticipated squash load [3]. This indicated that the strains resulting from bending

action were sufficiently small when compared to the strains induced by the large axial

load component.

Once correctly aligned, the test commenced and the specimen was loaded at a constant



rate equivalent to an increase in axial stress of 10 N/mm?/minute. This loading rate
was sufficiently slow to allow the static yield stress to be observed [4]. After the squash
load had been reached, and an additional shortening had occurred, the column flanges
buckled in a number of instances, the most dramatic of these is shown in figure 5. Figure
6 shows a typical stress strain plot from the test together with the computed values of
Young’s modulus, E, and the yield stress, p,, whilst tables 4 and 5 present a summary
of the stub column results obtained from the connection/subassemblage specimens and

the frame specimens respectively.

3.2 Tensile Coupon Tests.

Figure 7 shows the location of tensile coupon specimens which were cut from the beam,
column and cleat material. The shape and position of the test coupons complied with
the current British Standard for material testing [5] (figure 8), and were cut with the

axis of each coupon parallel to the axis of the member.

Before testing, the average area of the machined waist of each coupon was determined.
During the elastic phase of coupon loading, an extensometer with a gauge length of
50mm and a rated accuracy of 0.002 mm was clamped to the specimen to provide a
direct and continuous reading of elongation. This information was ultimately used to
determine the Young’s Modulus of the coupon steel. The specimen was strained at a rate
of 0.1%/minute, equivalent to a stress of approximately 20N/mm?/minute. When the
plastic plateau was observed on the plot of load against time, the straining was stopped
for successive intervals of two minutes. From the resulting characteristic depressions in
the yield plateau the static yield stress of the material was determined. A typical load
time plot is shown in figure 9 whilst tables 6,7 and 8 present a summary of all the tensile

coupon results,



3.3 Discussion on the measured material strength data.

Comparison of the yield stresses for the Universal Column sections shows that the com-
pressive static yield stresses from the stub column tests were approximately 10% higher
than the equivalent tensile coupon. This is because tensile coupons are usxially located
remote from the edges of rolled sections where the yield stresses can be up to 15% higher
due to increased rolling. Obviously, such localised areas of high yield are included in
the results from stub column tests. The usual increase in the yield stress resulting from
compressive tests is approximately 5% [4]. The higher figure obtained in these tests is
probably due to the larger yield stress variations associated with thin plates and sections
- the maximum wall thickness of the 152x152x23 UC column section was only 6.5mm. In
almost all cases, the coupons from the web of the sections gave a higher yield stress than

those of the flanges. This is typical of the distribution of yield stress in rolled sections

[6].

Comparison of the strain plots for the two types of test show that the yield point peak
in the tensile tests was very well defined, whilst in the stub column tests a progressive
transition from elastic to fully plastic was observed. This was due to the presence of
residual stresses in the stub column specimens which can cause localised areas of yield to
occur at loads as low as 70% of the squash load. At loads above this level, the specimen
exhibits a reduction in axial stiffness as the yield spread progressively across the section.
Obviously, the cutting of the tensile coupons relieved any residual stresses causing the

transition from elastic to plastic behaviour to be much more pronounced.



4 Measurement of residual stresses.

The method used to determine the residual stress distributions was as prescribed in
reference 3, in which the change in length between a series of reference points is monitored
for successive sectioning of the specimen. Initially the specimen was a minimum of
500mm long, i.e. of sufficient length to ensure that representative residual stresses were
present at the specimen centre. Rather than use conventional ’stick-on’ Demec reference
points, which tend to become displaced during the sectioning process, Demec points were
effected by drilling 1mm diameter holes at prescribed locations on the specimen. The
distances between pairs of Demec points were measured initially, before any sectioning
had taken place, using a hand held electronic Demec gauge manufactured by Cambridge

Instruments with a stated accuracy of 0.005mm. |

The specimen was cut in the first instance to retain a 120mm long stub from the centre
of the specimen. The web and flanges were then sectioned to form coupons, typically
38mm x 120mm long, with each containing a pair of Demec points. The method of
sectioning and the position of the Demec reference points is shown in figure 10. Following
sectioning of the specimen, the distance between Demec points was re-measured. Any
change observed in the gauged length was a direct result of stress relief arising from the
sectioning process. The measured change in gauge length therefore gave a measure of
the residual strains and hence, for a particular value of Young's Modulus, a measure of

the residual stress.

Figure 11 shows the residual stress patterns derived from the tests. The departure of the
results from the classic residual stress profile [7], particularly in the case of the subassem-
blage columns, confirms the author’s suspicions that the sections had been extensively

roller straightened’.



5 Derivation of the geometrical section properties.

Accurate measurements were made of the cross sectional dimensions of all the beam and
column elements used in the subassemblage and frame tests. The aim of this exercise
was to determine the actual geometric properties of the sections which can often vary
quite considerably from nominal tabulated values [8]. Figure 13 shows a typical section
through a member indicating the nomenclature used for the 12 measurement points. It
should be noted that to measure the column web offsets, a 12.72mm thick machined piece
of steel plate was used to provide a consistent reference datum. Table 9 summarises the

frequency of cross sectional measurement along the length of different member types.

A computer program was written which generated the actual engineering properties of
the various sections from the recorded dimensional data. The printed output from the
program reproduced the measured data, tabulated the calculated section properties and
presented direct comparisons with nominal tabulated values. Appendix A contains the

measurement data sheets for the 56 different sections considered in the study.

Figures 14 to 19 show the frequency distribution of the measured areas and moments
of inertia extracted from the data sheets. The nominal values from BS 4 [8] have been
indicated on the figures for comparison. It is evident from figures 14 and 15 that the
measured section areas can be significantly less than the nominally assumed values. In
the case of the column sections, the smallest area measured represented a 5.2% reduction
on the BS 4 value whilst that for the beams was slightly larger at 6.6%. The distribution
of the measured major axis second moments of area for the column sections (figure 16)
shows that in this instance the majority of specimens exc;eeded the nominal BS 4 value.
This was attributed to the actual depth of the column sections being consistently 3%
larger than the nominal 152.4 mm value. The major axis second moments of area for
the beams (figure 17) show a similar pattern to that observed for the section areas with

a large number of specimens having values less than nominal.



Whilst it is appreciated that this appraisal of geometric data is not extensive, figures 14
to 19 do suggest a worrying trend. It is the author’s opinion that many practising Engi-
neers are not aware of these large variations which have been observed in the geometric
properties of steel sections, and would most certainly be surprised at the frequency and

magnitude with which sections fall short of the requirements in BS 4.

6 Conclusions.

A series of material tests and geometric studies have been performed on a large number of
structural steel sections used in a recent experimental study. The test methods uséd have
been described and the results discussed. An appraisal of the data showed that there was
a larger than expected variation in the geometric properties of the sections and a large

number of instances in which the values were more onerous than those assumed in design.

References
[1] Gibbons, C., ‘The strength of biazially loaded beam columns in flexibly connected steel
frames’, Ph.D. Thesis, The University of Sheffield, U.K., December 1990.

[2] British Standard BS 4360, ‘Weldable structural steels’, The British Standards Insti-
tution, 1979.

[3] Galambos, T.V., ‘Criteria to stability design criteria for metal structures’, Structural
Stability Research Council, 4th Edition, published by Wiley Interscience 1988.

[4] Transport and Road Research Laboratory, ‘Recommended standard practices for
structural testing of steel models’, TRRL supplementary report 254.

[5] British Standard BS 18, ‘Tensile testing of metals (including areospace materials)’,
British Standards Institution, 1987.

(6] Tall, L. and Alpsten, G.A., ‘On the scatter in yield strength and residual stresses in
steel members’, IABSE Symposium, Theme IVa, London, September 1969.

8



[7] Lay M.G. and Ward, R., ‘Residual stresses in steel sections’, Aust. Inst. Steel Con-
struct., Steel Construction, 3, (3), 1969, pp. 2-20

[8] British Standard BS 4, ‘Structural steel sections - Part 1: Specifications for hot rolled
sections’, The British Standards Institution, 1980.



Connection test stock steel summary
Joint Column member Beam member
Test stock reference | stock reference

Ji1 S1 B1
J2 S5 B1
J3 S5 B1
J4 S1 B1.
J5 S2 B2
J6 S6 B2
J7 S6 B2
J8 S2 B2
J9 S3 B3
J10 S7 B3
J11 S7 B3
J12 83 B3
J13 S4 B4
Ji14 S8 B4
Ji15 S8 B4
J16 S4 B4
Table 1:  Stock steel sections used in the fabrication of the

connection test specimens.

Subassemblage test stock steel summary

. Column steel Beam steel stock ref. number
Subframe stock ref.

Test number Beam 1 Beam 2 Beam
S1 St BS BS BS
S2 S2 B6 B6 B6
S3 S3 B7 B7 B7
S4 S4 - B8 B8
s5 * S5 BS B85 B5
s6 * 6 B6 B6 B6
s7 ¥ s7 B7 BY B7
S8 S8 B1 B5 B1
S9 S9 B2 B6 B2
S$10 S10 B3 B7 B3

'x' - beam sections re-used from tests St, S2 and S3

Table 2:  Stock steel sections used in the fabrication of the

subassemblage test specimens.




" Frame test stock steel summary

Frame Member Stock steel Member Stock steel
Test reference reference reference reference

F1 C4 c4 $B1 P6

F1 c5 c5 $B2 P6

F1 c6 cé SB3 P6

F1 PBS P5 SB4 P4

F1 PB6 P5 SB5 P4

F1 _ PBT P3 SB6 P4

F1 PB8 P3

F2 c7 c7 SB7 P7

F2 c8 c8 $B8 P9

F2 co c9 SB9 P10

F2 PB9 P7 SB10 P10

F2 PB10O P8 SB11 P10

F2 PB11 P8 SB12 P11

F2 PB12 P9

Table 3: Stock steel sections used in the fabrication of the

frame test specimens.

COMPRESSIVE STUB COLUMN TESTS:

Stress rate

10 N/mm?/min

. Gauge length = 300.0mm
Subassemblage test steel: Stub Length = 600.0mm
Stock steel | Ave. area | Squash Load | Yield stress | Young's Modulus

reference (mm?) (kN) Oy (N/mm23) | E (x1000 N/mm?)
S1 2875.0 913.1 317.6 204,6
82 2855.0 892.0 312.5 207.6
S3 2859.0 982.1 343.5 210.6
S4 2825.0 934.7 320.9 218.3
S5 2903.0 938.5 323.3 223.0
S6 2956.0 941.5 318.5 218.7
S1 2868.0 953.6 332.5 211.4
S8 2839.0 954.8 336.3 212.3
s9 2942.0 935.1 317.8 198.6
s10 2930.0 925.1 317.8 213.0

Table 4: Summary of the material properties for the connection and

subassemblage test steel derived from stub column tests.




COMPRESSIVE STUB COLUMN TESTS:

Frame test steel:

Stress rate
Gauge length
Stub Length

10 N/mm®/min
300.0mm
600.0mm

Stock steel | Ave. area | Squash Load | Yield stress | Young’s Modulus
reference (mm?) (kN) oy (N/mm?) | E (x1000 N/mm?)

C4 2950.0 934.0 316.0 214.2

C5 2920.0 951.8 325.9 204.3

C6 2873.0 935.0 325.4 220.5

C7 2888.0 930.5 322.0 196.2

Ccs8 2925.0 933.0 319.0 215.8

c9 2929.0 934.0 318.0 212.8

Table 5:  Summary of the material properties for the frame test

steel derived from stub column tests.



TENSILE COUPON TESTS:

Subassemblage test steel:

Strain rate
Gauge length

0.1%/min
50.0mm

Stock steel Coupon Ave. Coupon | Static yield | Young's Modulus
reference reference | Area (mm?) oy (N/mm?) E (x1000 N/mm?)
S A 83.7 275.4 -
B 74.5 297.7 -
C 78.2 279.3 -
S4 A 83.6 272.9 -
B 80.0 287.6 -
c 85.5 288.3 -
S6 A 94.0 270.6 185.3
B 77.6 282.8 190.7
c 90.2 273.9 181.3
B1 A 67.2 284.2 204.0
B 61.4 316.5 192.3
C 66.1 289.0 196.9
B2 A 89.3 287.7 196.6
B 79.9 313.4 -
Cc 82. 277.8 189.0
B3 A 84.2 280.2 -
B 76.4 289.6 190.0
c 80.9 276.9 199.6
B4 A 80.2 289.8 197.4
B 76.8 314.9 196.9
c 84.9 292.5 198.8
B5 A 84.4 286.2 200.2
B 78.7 311.7 190.6
c 83.0 280.2 189.0
B6 A 82.5 290.0 196.0
B 77.2 328.4 196.1
c 81.7 291.9 201.5
B7 A 78.7 295.2 193.8
B 71.2 298.6 192.5
c 79.0 280.0 189.4
B8 A 79.8 283.3 -
B 72.9 291.1 192.2
c 81.5 281.4 194.7
80x60 RSA A 74.6 251.1 176.9
B 17.8 260.0 188.9
125x75 RSA A 77.6 270.1 197.5
B 80.2 269.7 202.3
Table 6: Summary of the material properties for the connection and

subassemblage test steel derived from tensile coupon tests.




TENSILE COUPON TESTS:

Strain rate

0.1%/min

Frame test beam steel: Gauge length 50.0mm
Stock steel Coupon Ave, Coupon | Static yield | Young’s Modulus
reference reference | Area (mm*) Oy (N/mm2) | E (x1000 N/mm?)
P1 A 84.4 306.1 -
B 73.7 302.5 195.4
c 85.5 275.0 196.1
P2 A 82.2 279.8 206.4
B 72.2 297.5 191.3
c 80.5 282,9 204.7
P3 A 86.9 270.4 193.0
B 73.5 348.1 224.1
c 84.2 308.0 211.7
P4 A 84.0 294.4 190.6
B 72.3 324.7 223.9
c 81.2 294.4 190.6
P5 A 82.6 304.2 215.9
B 71.9 320.0 208.3
c 80.5 310.7 221.6
P6 A 83.0 303.9 212.1
B 72.3 336.3 218.8
c 80.0 286.0 191.3
P7 A 80.2 289.8 197.4
B 76.8 314.9 196.9
c 84.9 292.5 198.8
P8 A 81.1 273.2 191.3
B 73.9 298.1 188.3
C 85.1 269.1 -
P9 A 86.3 271.7 197.3
B 74.6 305.5 219.6
C 81.0 276.1 198.7
P10 A 84.9 271.1 189.5
B 72.5 290.5 206.5
c 80.9 271.1 195,2
P11 A 82,0 287.3 199.8
B 75.8 319.4 208.3
c 87.8 294.3 206.1

Table 7: Summary of the material properties for the frame test beam
steel derived from tensile coupon tests.




TENSILE COUPON TESTS: Strain rate = 0.1%/min
Frame test column steel: Gauge length =  50.0mm
Stock steel Coupon Ave. Coupon | Static yield | Young’s Modulus
reference reference | Area (mm?) gy (N/mm3) | E (x1000 N/mm?)
C4 A 84.0 288.0 199.7
B 73.8 299.1 -
] 86.4 285.5 187.5
C5 A 85.3 291.7 180.2
B 74.8 301.8 179.3
c 86.6 284.6 204.6
C6 A 79.1 287.7 194.5
B 74.5 301.1 197.0
Cc 85.8 284.7 198.9
c7 A 83.0 282.5 186.6
B 73.1 320.9 198.1
(o} 86.9 309.9 215.4
c8 A 79.3 295.9 220.9
B 74.5 311.8 211.2
C 86.8 307.6 205.0
Cc9 A 86.8 302.8 205,2
B 75.6 321.3 211,3
c 79.7 302.4 209.6

Table 8: Summary of the material properties for the frame test
column steel derived from tensile coupon tests.

Frequency of

Secondary beam
Column

Test type Member type measurment
along length
Subassemble test | Beam 3
Column 4
Frame test Primary beam 4
3
6

Table 9:  Frequency of cross section measurement for different member types.
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Figure 1: General arrangement of the connection test specimens.
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Figure 5: Photograph of a stub column specimen which exhibited excessive
flange buckling.
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Geometric section data



EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey -

Dimensio

nal Properties

Bagic Section Details

Subframe test : S1 Date : 5/10/88
Section ref ¢ COL Test points: 4
Stock steel : S1 Position 1 :TOP
Section type ¢ 152 x 152 UC 23 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 151.30 151.11 151.05 151.10
Breadth (lower) bl = 152,33 152.21 151,97 152.33
Depth (first side) d= 154.50 156.00 156,00 155.00
Depth (second side) dl = 155.50 155.00 154.50 155.00
Flange thickness tfl = 6.55 6.76 6.79 6.77
Flange thickness tf2 = 6.57 6.72 6.82 6.78
Flange thickness tf3 = 6.20 6.39 6.35 6.49
Flange thickness tf4 = 6.42 6.63 6.77 6.71
Web offset at 1 = 85,14 86.01 84.89 85.30
Web offset at 2 = 86.25 85.84 85.50 85.85
Web offset at 3 = 86.31 84.90 85.68 85.92
Web offset at 4 = 85.32 85.73 85.89 85.68
Calculated Data
Web thickness (tw) mm = 5.75 5.86 5.97 5.78
Sectional Area (A) cm2 = 28.20 28.93 29.21 28.97
Inertia (Ixx) cmd = 1239.43 1277.97 1283.33 1276.50
Inertia (lyy) cmd = 375.77 385.73 387.94 389.175
Warping Const.(Cw) cm6 = 2.07 2.14 2.14 2.14
Torsion Const.(J) cmd = 4,10 4.43 4,57 4.47
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff
Breadth (B) BD 151.05 152.33 151.68 152.40 0.85 -0.48
Depth (D) mo 154.50 156,00 155.19 152.40 0.97 1.83
Top flange (T) mm 6.55 - 6.82 6.72 6.80 4.12 -1.18
Bot flange (T) =mm 6.20 6.77 6.49 6.80 9.19 -4.49
Flange thick (T)mm 6.20 6.82 6.61 6.80 10.00 -2,83
Web thick (t) mm 5.75 5.97 5.84 6.10 3.92 -4.28
Area (A) CIZ 28020 29-21 28083 29080 3060 "3026
Inertia (Ixx) cm4 1239.43 1283.33 1269.31 1260.00 J.54 0.74
Inertia (Iyy) cmé 375.77 389.75 384.80 403.00 3.72 -4.52
warping (Cw) cmb 2.07 2.14 2.12 2.14 3.37 -0.76
Torgional (J) cm4 4.10 4.57 4.39 4,87 11.36 -9.80




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey

Dimensional Properties

Basic Section Details

Subframe test : S2

Date s 12,12

.88

Section ref : COL Test points: 4
Stock steel : 82 Position 1 :BOTTOM
Section type : 152 x 152 UC 23 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 154,25 154.00 152.74 152,77
Breadth (lower) bl = 152.50 152.00 153,15 153,20
Depth (first gide) d = 154.50 154.00 154.50 153,50
Depth (second side) dl = 154.50 155.00 154.50 . 155.00
Flange thickness tfl = 6.21 6.07 6.20 6.07
Flange thickness tf2 = 6.78 6.83 6.79 6.80
Flange thickness tf3 = 6.30 6.45 6.44 6.31
Flange thickness tf4 = 6.57 6.53 6.47 6.43
Web offset at 1 = 87.14 86.12 85.60 85.37
Web offset at 2 s 86.86 86.32 86.16 86.16
Web offset at 3 = 86.60 87.18 87.03 87.31
Web offset at 4 = 85.75 86.18 86.52 86.90
Calculated Data
Web thickness (tw) mm = 5.64 5.54 5.73 5.56
Sectional Area (A) cm2 = 28.31 28.14 28.41 27.94
Inertia (Ixx) cmd = 1243.64 1239.30 1244.16 1225.23
Inertia (Iyy) cmd = 389.43 386.78 386.72 382.73
Warping Const.(Cw) cmb = 2,13 2.12 2,12 2.09
Torsion Const.(J) cmd = 4,11 4,06 4.17 3.97
~ Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Yalue Value Value Value X diff X diff
Breadth (B) 1 152,00 154.25 153.08 152.40 1.48 0.44
Depth (D) mm 153.50 155.00 154.44 152.40 0.98 1.34
Top flange (T) =mm 6.07 6.83 6.47 6.80 12,52 -4.87
Flange thick (T)mm 6.07 6.83 6.45 6.80 12,52 -5,10
Web thick (t) mm 5.54 573 5,62 6,10 3,43 -7.93
Area (A) cm2 27.94 28.41 28,20 29.80 1.68 -5,37
Inertia (Ixx) cm4 1225.23 1244.16 1238,08 1260.00 1,55 ~-1.74
Inertia (Iyy) cm4 382,73 389.43 386.41 403.00 1.75 -4,12
warping (Cw) cmb 2,09 2,13 2.12 2.14 2,01 -1.14
Torsional (J) cm4. 3.97 4,17 4,08 4.87 4.84 -16.28




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey

Dimensional Properties

Basic Section Details

Subframe test : S3 Date : 13.1.89
Section ref ¢ COL Test points: 4
Stock steel : S3 Position 1 :TOP
Section type ¢ 152 x 152 UC 23 - GRADE 43
Measurement Locations 1 2 3 4

Breadth (upper) b = 152.77 152.77 152.45 152,78
Breadth (lower) bl = 152.16 152.19 151.91 152.38
Depth (first side) d = 154.00 154.50 154.00 154,50
Depth (second side) dl = 155.50 155,50 155.50 155.00
Flange thickness tfl = 6.41 6.50 6.63 6.51
Flange thickness tf2 = 6.78 6.91 6.84 6.82
Flange thickness tf3 = 6.55 6.72 6.78 6.81
Flange thickness tf4 = 6.63 6.69 6.67 6.65
Web offset at 1 = 85.28 85.51 84.89 84.90
Web offset at 2 = 84.64 84.72 84.34 84.74
Web offset at 3 = 86.65 86.76 86.72 87.57
Web offset at 4 = 87.117 86.83 87.10 87.36
Calculated Data
Web thickness (tw) mm = 6.04 6.01 6.10 5.74
Sectional Area (A) cm2 = 29.14 29.45 29.59 29.04
Inertia (Ixx) cm4 = 1269.65 1290.20 1289.00 1278.74
Inertia (Iyy) cmd = 390.37 397.04 396.40 397.63
Warping Const.(Cw) cm6 = 2.14 2.18 2.17 2.18
Torsion Const.(J) cmd = 4.50 4.64 4.73 4.47

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff X diff
Breadth (B) am 151.91 152.78 152.43 152.40 0.57 0.02
Depth (D) mm 154,00 155.50 154.81 152.40 0.97 1.58
Top flange (T) mm 6.41 6.91 6.68 6.80 7.80 ~-1.84
Bot flange (T) mm 6.55 6.81 6.69 6.80 3.97 =1.65
Flange thick (T)mm 6.41 6.91 6.68 6.80 7.80 =1.75
Web thick (t) mm 5.74 6.10 5.97 6.10 6.28 -2.15
Area (A) CIZ 29.04 29059 29.31 29080 1090 "1.66
Inertia (Ixx) cmd 1269.65 1290.20 1281.90 1260.00 1.62 1.74
Inertia (Iyy) cm4 390.37 397.63 395.36 403.00 1.86 -1.90
Warping (Cw) cmb 2.14 2.18 2.17 2.14 1.90 1.35
Torsional (J) cmd 4.47 4,73 4,59 4,87 5.65 =5.85




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey

Dimensional Properties

Basic Section Details
Subframe test : S4 Date : 31.1.89
Section ref : COL Test points: 4
Stock steel s S4 Position 1 :BOTTOM
Section type : 152 x 152 UC 23 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 152.39 152.36 152.67 152.56
Breadth (lower) bl = 151.41 151.34 151.52 151.64
Depth (first side) d = 155.00 154.50 155.00 155,50
Depth (second side) dl = 154.50 155.00 155.00 154.50
Flange thickness tfl = 6.98 6.87 6.82 7.00
Flange thickness tf2 = 6.71 6.65 6.44 6.66
Flange thickness tf3 = 7.06 6.83 6.57 6.58
Flange thickness tf4 = 6.88 6.66 6.61 6.67
Web offset at 1 = 87.10 86.56 86.33 85.89
Web offset at 2 = 87.19 86.68 86.68 86.21
Web offset at 3 = 84.47 84.69 85.53 85.52
Web offset at 4 = 84.10 84.30 84.97 85.65
Calculated Data
Web thickness (tw) mm = 5.91 6.18 5.78 5.91
Sectional Area (A) cm2 = 29.81 29.72 28.80 29,32
Inertia (Ixx) cmd = 1308.23 1291.71 1268.04 1288.22
Inertia (Iyy) cmd = 404.75 395.12 388. 34 395.22
Warping Const.(Cw) cm6 = 2.21 2.16 2.14 2.17
Torsion Const.(J) cmd = 4.87 4.80 4,37 4.61
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff
Breadth (B) 1) 151.34 152.67 151.99 152.40 0.88 =0.27
Depth (D) 1) 154.50 155.50 154.88 152.40 0.65 1.62
Top flange (T) Rm 6044 7000 6077 6080 8070 -0050
Bot flange (T) mm 6.57 7.06 6.73 6.80 7.46 -0.99
Flange thick (T)mm 6.44 7.06 6.75 6.80 9.63 -0.74
Web thick (t) mm 5.78 6.18 '5.94 6.10 6.83 -2.58
Area (A) cm2 28,80 29,81 29.41 29.80 3.51 -1.30
Inertia (Ixx) cm4 1268.04 1308.23 1289.05 1260.00 3.17 2.31
Inertia (Iyy) cm4 388.34 404.75 395.86 403.00 4,23 =1.77
Warping (Cw) cm6 2.14 2.21 2.17 2.14 3.46 1.46
Torgional (J) cmé 4.37 4.87 4.66 4.87 11.49 -4.30




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey -

Dimensio

nal Properties

Basic Section Details

Subframe test : S5 Date s 20.2.89
Section ref : COL Test points: 4
Stock steel ¢ S5 Position 1 :BASE
Section type : 152 x 152 UC 23 -~ GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 153.80 153.80 153.60 153.80
Breadth (lower) bl = 152.50 152.40 152.63 152.90
Depth (first side) d = 154.00 155.50 155.50 155,00
Depth (second side) dl = 154.50 154.00 154.50 154.50
Flange thickness tfl = 7.42 7.87 7.44 7.39
Flange thickness tf2 = 6.49 6.43 6.47 6.39
Flange thickness tf3 = 6.79 7.00 6.82 6.70
Flange thickness tf4 = 6.90 6.87 6.87 6.92
Web offset at 1 = 86.80 86.98 86.89 87.04
Web offset at 2 = 86.89 84.84 85.09 84,75
Web offset at 3 = 84.23 86.78 86.11 86.22
Web offset at 4 = 87.94 88.24 87.43 87.89
Calculated Data
Web thickness (tw) mm = 5.66 5.12 5.80 5.84
Sectional Area (A) cm2 = 29,58 29.26 29.81 29.74
Inertia (Ixx) cmd = 1301.45 1318.66 1318.40 1309.21
Inertia (Iyy) cnd = 413.75 421.96 413.48 412.43
Warping Const.(Cw) cmé = 2.25 2.30 2.27 2.26
Torsion Const.(J) cm4 = 4.74 4.68 4.82 4.77
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff
Breadth (B) no 152.40 153.80 153.18 152.40 0.92 0.51
Depth (D) nm 154.00 155.50 154.69 152.40 0.97 1.50
Top flange (T) =mm 6.39 7.87 6.99 6.80 23.16 2.76
Bot flange (T) mm 6.70 7.00 6.86 6.80 4.48 0.86
Flange thiCk (T)“ 6.39 7087 6.92 6080 23016 1-81
Web thick (t) nm 5.12 5.84 5.60 6.10 14,06 -8.14
Area (A) cr2 29,26 29.81 29,60 29.80 1.86 -0.68
Inertia (Ixx) cm4 1301.45 1318.66 1311.93 1260.00 1.32 4,12
Inertia (Iyy) cmd 412.43 421.96 415.40 403.00 2.31 3.08
warping (Cw) cmb 2.25 2.30 2.27 2.14 . 2.48 5.96
TO!'Sional (J) cmd 4.68 4,82 4,75 4,87 2092 -2.43




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey

Dimensional Properties

Basic Section Detai

1s

Subframe test : S6
Section ref + COL
Stock steel : S6

D
T

ate + 20.3.89

est points: 4

Position 1 :TOP

Section type ¢ 152 x 152 UC 23 - GRADE 43
Measurement Locations 1 2 3 4

Breadth (upper) b= 152.63 152,42 152.92 153.05
Breadth (lower) bl = 153.40 153.18 152.46 152.70
Depth (first side) d = 155.00 155.00 155.00 155.00
Depth (second side) dl = 156.00 156.00 156.00 155.50
Flange thickness tfl = 7.11 7.14 7.13 7.15
Flange thickness tf2 = 6.91 6.89 6.86 6.76
Flange thickness tf3 = 6.49 6.54 6.63 6.53
Flange thickness tf4 = 7.49 7.55 7.56 7.54
Web offset at 1 = 86.96 86.03 86.08 86.07
Web offset at 2 = 86.20 85.58 85.02 85.34
Web offset at 3 = 85.17 85.91 86.23 87.09
Web offset at 4 s 86.25 87.26 87.09 87.09
Calculated Data

Web thickness (tw) mm = 6.17 5.85 5.92 5.52
Sectional Area (A) cm2 = 30.64 30.25 30.38 29.68
Inertia (Ixx) cmd = 1350.50 1345.80 1348.77 1328.71
Inertia (Iyy) cmd = 418.69 418.65 418.68 417.19
wWarping Const.(Cw) cmb6 = 2.31 2.31 2.31 2.29
Torsion Const.(J) cm4 = 5.20 5.05 5.11 4.81

Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff £ diff

Breadth (B) 1 152.42 153.40 152.85 152,40 0.64 0.29
Depth (D) Bm 155.00 156.00 155.44 152,40 0.65 1.99
Top flange (T) mm 6.76 7.15 6.99 6.80 5.77 2.85
Bot flange (T) mm 6.49 7.56 7.04 6.80 16.49 3.55
Flange thick (T)em 6.49 7.87 7.02 6.80 21.26 3.20
Web thick (t) mm 5.52 6.17 5.86 6.10 11.68 -3.87
Area (A) cm2 29.68 30.64 30.24 29.80 3.24 1.47
Inertia (Ixx) cm4 1328.71 1350.50 1343.44 1260.00 1.64 6.62
Inertia (Iyy) cm4 417.19 418.69 418.30 403.00 0.36 3.80
Warping (Cw) cmb 2.29 2.31 2.30 2.14 0.69 7.65
Torsional (J) cm4 4.81 5.20 5.04 4,87 8.19 3.50




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey -

Dimensional Properties

Basic Section Details

Frame test s F2

Section ref ¢+ SB12

Stock steel : P11

Date

: 20.GS
Test points: 3
Pogition 1 !=

Section type : 254 x 102 UB 22 -~ GRADE 43

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 104.12 103.85 103.89
Breadth (lower) bl = 104.73 103.68 104,34
Depth (first side) d = 254.68 254.78 254.46
Depth (second side) d1 = 255.67 255.67 255.61
Flange thickness tfl = 6.72 6.92 6.86
Flange thickness tf2 = 7.04 7.06 6.96
Flange thickness tf3 = 6.62 6.72 6.72
Flange thickness tf4 = 6.82 6.96 6.89
Web offset at 1 = 62.60 62.86 62.02
Web offset at 2 = 63.05 63.38 62,41
Web offset at 3 = 60.70 60.14 61.78
Web offset at 4 = 60.95 60.51 62.13
Calculated Data
Web thickness (tw) mm = 6.22 5.76 5.38
Sectional Area (A) cm2 = 29.71 28.75 27.77
Inertia (Ixx) cm4d = 2990.20 2957.05 2899.06
Inertia (lyy) emd = 130.51 130.58 129.62
Warping Const.(Cw) cmé = 2.01 2.01 2.00
Torsion Const.(J) cmd4 = 4.71 4,37 4,00

Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff

Breadth (B) nm 103.68 104.73 104.10 101.60 1.01 2.46
Depth (D) mm 254.46 255.67 255.15 254.00 0.48 0.45
Top flange (T) mm 6.72 7.06 6.93 6.80 5.06 1.86
Bot flange (T) =mm 6.62 6.96 6.79 6.80 5.14 =0.17
Flange thick (T)mm 6.62 7.06 6.86 6.80 6.65 0.85
Web thick (t) =mm 5.38 6.22 5.79 5.80 15.41 -0.23
Area (A) cm2 27.77  29.71 28.74 28.40 6.99 1.21
Inertia (Ixx) cm4 2899.06 2990.20 2948.77 2870.00 3.14 2.74
Inertia (Iyy) cmd 129.62 130.58 130.23 120.00 0.74 8.53
Warping (Cw) cmb 2.00 2.01 2.01 1.83 0.85 9.68
Torsional (J) cm4 4.00 4,71 4,36 4,31 17.73 1.12




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey - Dimensional Properties

Basic Section Details

Subframe test : S7 Date s 9/5/89
Section ref : COL Test points: 4
Stock steel : S7 Position 1 :TOP

Section type ¢ 152 x 152 UC 23 - GRADE 43

Measurement Locations 1 2 3 4

152.10 152.24 152,63 152.48
151.05 151,23 151.45 151.12
155.00 155.50 155.50 155.50
156.00 156.00 154.50 155.50

Breadth (upper) b
Breadth (lower) bl
Depth (first side) d
Depth (second side) dl

Flange thickness tfl 6.90 6.92 6.88 6.74
Flange thickness tf2 6.63 6.59 6.55 6.91
Flange thickness tf3 6.76 6.74 6.68 6.70
Flange thickness tf4 6.67 6.63 6.68 6.67
Web offset at 1 85.04 85.10 85.41 85.90
Web offset at 2 85.48 85.60 85.55 85.27
Web offset at 3 = 86.35 86.60 86.40 85.52
Web offset at 4 = 85.55 85.60 86.04 85.80
Calculated Data

Web thickness (tw) mm 5.81 5.73 5.78 5.99
Sectional Area (A) cm2 29,17 29.04 29,05 29.52

Inertia (Ixx) cmd = 1292,99 1293,.95 1280.43 1301.42
Inertia (Iyy) cm4 = 391.84 391,91 392.96 394,51
Warping Const.(Cw) cmé = 2.17 2.18 2.16 2.18
Torsion Const.(J) cm4 = 4,56 4.49 4,49 4.70
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff
Breadth (B) BR 151.05 152.63 151.79 152,40 1.05 ~0.40
Depth (D) nm 154.50 156.00 155.44 152.40 0.97 1.99
Top flange (T) mm 6.55 6.92 6.77 6.80 5.65 -0.51
Bot flange (T) =mm 6.63 6.76 6.69 6.80 1.96 -1.60
Flange thick (T)mm 6.55 6.92 6.73 6.80 5.65 -1.06
Web thick (t) mm 5.73 5.99 5.83 6.10 4,72 -4.49
Area (A) cm2 29.04 29.52 29.19 29.80 1.66 -2.04
Inertia (Ixx) cm4 1280.43 1301.42 1292.20 1260.00 1.64 2.56
Inertia (Iyy) cm4 391.84 394.51 392.80 403.00 0.68 =2.53
Warping (Cw) cmb 2.16 2.18 2.17 2.14 0.99 1.48
Torsional (J) cn4 4.49 4.70 4.56 4,87 4,66 -6.41




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey -

Dimensional Properties

Basic Section Details

Subframe test : S8 Date s 26/7/89
Section ref : COL Test points: 4
Stock steel : S8 Position 1 :BASE
Section type : 152 x 152 UC 23 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 151.50 152.00 151.50 151.00
Breadth (lower) bl = 150.50 151.00 151.00 151.00
Depth (first side) d = 154,50 154.50 155,00 154,50
Depth (second side) dl = 154.00 154,50 154.50 154.50
Flange thickness tfl = 6.83 6.95 6.69 6.83
Flange thickness tf2 = 6.38 6.22 6.34 6.17
Flange thickness tf3 = 6.49 6.49 6.40 6.50
Flange thickness tf4 = 6.58 6.61 6.63 6.67
Web offset at 1 = 86.27 86.35 85.63 84.82
Web offset at 2 = 86.70 86.65 86,19 84.82
Web offset at 3 = 84.59 84.41 85.73 86.20
Web offset at 4 = 84.00 84,22 85,22 86.20
Calculated Data
Web thickness (tw) mm = 5.66 6.13 5,31 5.42
Sectional Area (A) cm2 = 28.32 29.05 27.72 27.92
Inertia (Ixx) cmd = 1238.01 1256.64 1232,30 1232.81
Inertia (Iyy) cm4 = 377.96 381.69 376,21 376.07
Warping Const.(Cw) cm6 = 2.06 2.09 2,07 2.06
Torsion Const.(J) cm4 = 4.22 4,50 3.97 4.06
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff % diff
Breadth (B) am 150.50 152.00 151.19 152.40 1.00 -0.80
Depth (D) o 154,00 155.00 154.50 152.40 0.65 1.38
Top flange (T) =m 6.17  6.95 6.55 6.80 12.64 -3.66
Bot flmge (T) mm 6.40 6.67 6.55 6.80 4,22 -3.73
Flange thick (T)mm 6.17 6.95 6.55 6.80 12.64 -3.69
Web thiCk (t) om 5.31 6013 5063 6010 15.46 -T.75
Area (A) cm2 27.72 29.05 28.25 29.80 4,81 -5.,19
Inertia (Ixx) cm4 1232.30 1256.64 1239.94 1260.00 1.98 -1,59
Inertia (Iyy) cm4d 376,07 381.69 377.98 403.00 1.49 =-6.21
Warping (Cw) cnf 2.06 2.09 2.07 2.14 1.46 -3.34
Torsional (J) cn4 3.97 4.50 4.19 4.87 13.40 -14.06




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey -

Dimensional Properties

Basic Section Details

Subframe test : S9 Date : 26/7/89
Section ref : COL Test points: 4
Stock steel : S9 Position 1 :BASE
Section type : 152 x 152 UC 23 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 152.25 1562.54 153.50 153.47
Breadth (lower) bl = 152.90 152,94 152.47 152,22
Depth (first side) d = 156.00 155.50 155.00 156.50
Depth (second side) dl = 156.00 154.50 155.00 155.00
Flange thickness tfl = 7.19 7.08 7.08 7.35
Flange thickness tf2 = €.47 6.60 6.47 6.65
Flange thickness t{3 = 6.89 6.70 6.79 6.90
Flange thicknees tf4 = 6.57 6.73 6.75 6.58
Web offset at 1 = 86.10 87.11 87.45 85.64
Web offset at 2 = 86.19 87.09 86.63 84.40
Web offset at 3 = 86.46 85.19 85.69 87.32
Web offset at 4 = 86.22 85.50 85.71 87.28
Calculated Data
Web thickness (tw) mm = 5.53 5.73 5.69 5.97
Sectional Area (A) cm2 = 29.06 29.31 29.26 29,97
Inertia (Ixx) cmd = 1309.03 1296.22 1296.15 1330.19
Inertia (Ilyy) cmd = 401.87 403.31 404.86 410.01
Warping Const.(Cw) cm6 = 2.24 2.22 2,22 2.27
Torsion Const.(J) cmd = 4.49 4.59 4.56 4,87
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff
Breadth (B) &R 152.22 153.50 152.79 152.40 0.84 0.25
Depth (D) mm 154.50 156.50 155.44 152.40 1.29 1,99
Top flange (T) mm 6.47 7.35 6.86 6.80 13.60 0.90
Bot flange (T) mm 6.57 6.90 6.74 6.80 §.02 -0.90
Flange thick (T)mm 6.47 7.35 6.80 6.80 13.60 0.00
Web thick (t) m=m 5.53 5.97 5.73 6.10 7.87 -6.09
Area (A) cm2 29.06 29.97 29.40 29.80 3.12 -1.34
Inertia (Ixx) cm4 1296.15 1330.19 1307.90 1260.00 2.63 3.80
Inertia (Iyy) cm4 401.87 410.01 405.01 403.00 2.03 0.50
Warping (Cw) cmb 2,22 2.27 2.24 2.14 2.57 4.53
Torsional (J) cmé 4.49 4.87 4.63 4.87 8.62 -4.96




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey - Dimensional Properties

Bagic Section Details

Subframe test : S10 Date : 9/10/89
Section ref : COL Test points: 4
Stock steel : S10 Position 1 :BASE

Section type ¢ 152 x 152 UC 23 - GRADE 43

Measurement Locations 1 2 3 4

152,00 152.16 152.10 152.93
153.50 153.01 152.50 152.23
155.50 155.50 155.50 155.50
154.50 154.50 155.00 154.00

Breadth (upper) b
Breadth (lower) b1
Depth (first side) d
Depth (second side) dl

Flange thickness tfl = 6.88 6.96 6.76 6.77
Flange thickness tf2 = 6.91 6.78 6.84 6.91
Flange thickness tf3 = 7.28 7.13 7.15 7.15
Flange thickness tf4 = 6.44 6.39 6.23 6.30
Web offset at 1 = 85.34 85.68 85.83 86.08
Web offset at 2 = 86.30 86.13 86.24 86.64
Web offset at 3 = 87.10 - 87.05 86.22 86.20
Web offset at 4 = 86.48 86.68 85.74 85.40
Calculated Data
Web thickness (tw) mm = 5.58 5.25 5.73 5.86
Sectional Area (A) cm2 = 29.39 28.72 29.16 29.47
Inertia (Ixx) cmd = 1307.28 1289.23 1292.57 1294.09
Inertia (Iyy) cmd = 409.15 404.03 397.68 402.18
Warping Const.(Cw) cmb = 2.24 2.22 2.19 2.20
Torsion Const.(J) cm4 = 4.66 4.39 4,53 4,67
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff ¥ diff

Breadth (B) 1] 152.00 153.50 152.55 152.40 0.99 0.10

Depth (D) nm 154.00 155.50 155.00 152.40 0.97 1.71
Top flange (T) =mm 6.76 6.96 6.85 6.80 2.96 0.75
Bot flange (T) mm 6.23 7.28 6.76 6.80 16.85 -0.61
Flange thick (T)am 6.23 7.35 6.81 6.80 17.98 0.07
Web thick (t) =mm 5.25 5.86 5.60 6.10 11.51 -8.11
Area (A) cm2 28.72 29.47 29.18 29.80 2.60 -2,07

Inertia (Ixx) cmd4 1289.23 1307.28 1295.79 1260.00 1.40 2.84
Inertia (Iyy) cm4 397.68 409,15 403.26 403.00 2.88 0.06
Warping (Cw) cmb 2.19 2.24 2.21 2.14 2.36 3.46
TorBional (J) CII4 4‘39 4067 4056 4087 6029 -6033



EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey -

Dimensional Properties

Basic Section Details

Subframe test : S1 Date : 5/10/88
Section ref : BEAM 1 Test points: 3
Stock steel : BS Position 1 :COL END
Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b = 101.67 101.77 101.87
Breadth (lower) bl = 105.79 105.58 105.17
Depth (first side) d = 254.50 254.50 255,40
Depth (second side) dl = 255.00 254.50 255.00
Flange thickness tfl = 6.76 6.63 6.69
Flange thickness tf2 = 7.20 7.08 7.37
Flange thickness tf3 = 6.51 6.53 6.40
Flange thickness tf4 = 6.57 6.60 6.61
Web offset at 1 = 60.33 60.36 60,06
Web offset at 2 = 62.42 62.10 61,32
Web offset at 3 = 61.30 61.69 61.74
Web offset at 4 = 61.90 62.26 62.13
Calculated Data
Web thickness (tw) mm = 6.19 5.91 6.33
Sectional Area (A) cm2 = 29.46 28.65 29,81
Inertia (Ixx) cmd = 2949.09 2894.41 2975.46
Inertia (Iyy) cmd = 126.52 125.45 126.13
Warping Const.(Cw) cm6 = 1.95 1.93 1.95
Torsion Const.(J) cm4 = 4.63 4.29 4.78
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff
Breadth (B) o 101.67 105.79 103.64 101.60 4.05 2.01
Depth (D) »R 254.50 255.40 254.82 254.00 0.35 0.32
Top flange (T) =mm 6.63 7.37 6.95 6.80 11.16 2.28
Bot flange (T) mm 6.40 6.61 6.54 6.80 3.28 -3.87
Flange thick (T)mm 6.40 7.317 6.75 6.80 15.16 -0.80
Web thick (t) mm 5.91 6.33 6.15 5.80 7.19 5.98
Area (A) cm2 28.65 29.81 29.30 28.40 4.04 3.19
Inertia (Ixx) cm4 2894.41 2975.46 2939.65 2870.00 2.80 2.43
Inertia (lyy) cmé 125.45 126.52 126.03 120.00 0.85 5.03
Warping (Cw) cmb 1.93 1.95 1.94 1.83 1.07 5.95
TOPBional (J) C.4 4029 4078 4057 4031 11037 5096




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey

Dimensional Properties

Basic Section Details

Subframe test : Sl1 Date : 5/10/88
Section ref : BEAM 2 Test points: 3
Stock steel : B) Position 1 :COL END
Section type : 254 x 102 UB 22 -~ GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 104.81 105.52 105.26
Breadth (lower) bl = 101.59 101.54 101.82
Depth (first side) d = 254.00 254,50 255.00
Depth (second side) dl = 255.00 255.00 255.50
Flange thickness tfl = 6.37 6.33 6.48
Flange thickness tf2 = 6.65 6.60 6.70
Flange thickness tf3 = 6.75 6.68 6.71
Flange thickness tf4 = 7.09 7.07 7.05
Web offset at 1 = 61.83 62.20 61.88
Web offset at 2 = 60.27 60.44 60.61
Web offset at 3 = 61.53 61.84 62.15
Web offset at 4 = 61.72 61.32 61.66
Calculated Data
Web thickness (tw) mm = 5.96 6.07 5.83
Sectional Area (A) cm2 = 28.173 28.95 28.53
Inertia (Ixx) cmd = 2892.25 2905.02 2909.22
Inertia (Iyy) cmd = 123.75 124,10 125.37
Warping Const.(Cw) cm6 = 1.90 1,91 1.94
Torsion Const.(J) cmd = 4,34 4.41 4.25
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff
Breadth (B) 1) 101.54 105.52 103.42 101,60 3.92 1.79
Depth (D) mo 254.00 255.50 254.83 254,00 0.59 0.33
Top flange (T) mm 6.33 6.70 6.52 6.80 5.85 -4.,09
Bot flange (T) mm 6.68 7.09 6.89 6.80 6.14 1.35
Flange thick (T)mm 6.33 7.09 6.71 6.80 12.01 -1,37
Web thick (t) nm 5.83 6.07 5.95 5.80 4.12 2.67
Area (A) cm2 28,53 28,95 28.74 28.40 1.47 1.19
Inertia (Ixx) cm4 2892.25 2909.22 2902.16 2870.00 0.59 1,12
Inertia (Iyy) cmd 123.75 125,37 124.41 120,00 1.31 3.68
Warping (CW) CII5 1090 1.94 1091 1083 1091 4.64
Torsional (J) cmd 4.25 4.41 4,33 4.31 3.79 0.49




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey

- Dimensional Properties

Basic Section Details

Subframe test : Si Date : 5/10/88
Section ref ¢ BEAM 3 Test points: 3
Stock steel : BS Position 1 :COL END
Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4

Breadth (upper) b= 104.86 104.76 105.40
Breadth (lower) bl = 101.94 101.83 102.10
Depth (first side) d = 254,75 254.50 255.00
Depth (second side) dl = 254.50 255.00 255.00
Flange thickness tfl = 6.56 6.51 6.47
Flange thickness tf2 = 6.67 6.74 6.64
Flange thickness tf3 = 6.77 6.75 6.76
Flange thickness tf4 = 7.06 7.17 7.12
Web offset at 1 = 61.72 61.75 61.79
Web offset at 2 s 60.29 60.22 60.18
Web offset at 3 = 61.81 61.31 61.87
Web offset at 4 = 61.37 61.03 61.50
Calculated Data
Web thickness (tw) mm = 6.25 6.58 6.52
Sectional Area (A) cm2 = 29.54 30.39 30.24
Inertia (Ixx) cmd = 2946.86 2994.84 2991.29
Inertia (Iyy) cmd = 125.53 125.71 126.56
Warping Const.(Cw) cm6 = 1.93 1.93 1.95
Torsion Const.(J) cm4 = 4,68 5.07 4,97

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff X diff
Breadth (B) BR 101.83 105.40 103.48 101.60 3.51 1.85
Depth (D) (1) 254.50 255.00 254.79 254.00 0.20 0.31
Top flange (T) am 6.47 6.74 6.60 6.80 4,17 -2.97
Bot flange (T) =mm 6.75 7.17 6.94 6.80 6.22 2,03
Flange thick (T)mm 6.47 7.317 6.77 6.80 13.91 -0.47
Web thick (t) mm 6.25 6.58 6.45 5.80 5,36 11,18
Area (A) cm2 29.54 30.39 30.06 28,40 2.89 5.83
Inertia (Ixx) cm4 2946.86 2994.84 2977.66 2870.00 1.63 3.75
Inertia (Iyy) cmd 125,53 126.56 125.93 120.00 0.82 4,94
Warping (Cw) cmb 1.93 1,95 1.94 1.83 1.14 5.83
Toreional (J) cm4 4.68 5.07 4.90 4,31 8.43 13.79




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey

Dimensional Properties

Basic Section Details

Subframe test : S2

Section ref : BEAM 1

Stock steel : B6

Date

T

est points: 3

: 13.12.88

Position 1 :COL END

Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 105.58 105,44 105.36
Breadth (lower) bl = 102.80 102,86 103.06
Depth (first side) d = 254,00 254.00 254.00
Depth (second side) dl = 254,00 254.00 254.00
Flange thickness tfl = 6.25 6.30 6.21
Flange thickness tf2 = 6.50 6.62 6.60
Flange thickness tf3 = 6.45 6.48 6.25
Flange thickness tf4 = 6.86 6.72 6.86
Web offset at 1 = 61,69 61.80 61.29
Web offset at 2 = 60.59 60.78 60.27
Web offset at 3 = 62.53 62.54 62.66
Web offset at 4 = 61.92 62.28 62.31
Calculated Data
Web thickness (tw) mm = 6.26 5.89 6.39
Sectional Area (A) cm2 = 29.16 28.29 29.39
Inertia (Ixx) cmd = 2878.11 2838.18 2882.95
Inertia (lyy) cmd = 123.83 123.90 123.58
Warping Const.(Cw) cmb = 1.90 1.90 1.89
Torsion Const.(J) cm4 = 4.46 4.10 4.55
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value ¥ diff X diff
Breadth (B) 1 102.80 105.58 104.18 101.60 2,70 2.54
Depth (D) nm 254.00 254.00 254,00 254.00 0.00 0.00
Top flange (T) =mm 6.21 6.62 6.41 6.80 6.60 ~5.69
Bot flange (T) 6.25 6.86 6.60 6.80 9,76 =-2.89
Flange thick (T)nm 6.21 7.37 6.51 6.80 18.68 -4.29
Web thick (t) mom 5.89 6.39 6.18 5.80 8.40 6.55
Area (A) cm2 28.29 29.39 28,95 28.40 3.90 1.93
Inertia (Ixx) cm4 2838.18 2882.95 2866.41 2870.00 1.58 -0.13
Inertia (lyy) cm4 123.58 123.90 123.77 120.00 0.26 3.14
Warping (Cw) cmb 1.89 1.90 1.90 1.83 0.21 3.57
Torﬂional (J) cm4 4.10 4,55 4.37 4,31 10,96 1.46




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey

Dimensional Properties

Basic Section Details

Subframe test : S2

Section ref ¢+ BEAM 2

Date : 12.12.88

T

est points: 3

Stock steel : B6 Position 1 :COL END
Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 103.10 102,97 102.91
Breadth (lower) bl = 105.92 106.18 106.20
Depth (first side) d = 254,00 254.00 254.00
Depth (second side) dl = 254,00 254.00 254,00
Flange thickness tfl = 6.55 6.53 6.61
Flange thickness tf2 = 6.89 6.90 7.05
Flange thickness tf3 = 6.26 6.39 6.24
Flange thickness tf4 = 6.57 6.51 6.58
Web offset at 1 = 60.41 59.87 60.67
Web offset at 2 = 61.18 61.33 61.58
Web offset at 3 = 62.61 62.79 62.16
Web offset at 4 = 63.51 63.56 63.60
Calculated Data
Web thickness (tw) mm = 6.09 6.24 5.99
Sectional Area (A) cm2 = 28.90 29.29 28.75
Inertia (Ixx) cmd = 2879.54 2502.01 2882.73
Inertia (Iyy) cmd = 126.47 127.30 127.25
Warping Const.(Cw) cm6 = 1.94 1.95 1.95
Torsion Const.(J) cm4 = 4.34 4.51 4.29
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff
Breadth (B) mm 102.91 106.20 104.55 101,60 3.20 2.90
Depth (D) nm 254.00 254.00 254.00 254.00 0.00 0.00
Top flange (T) mm 6.53 7.05 6.76 6.80 7.96 =0.66
Bot flange (T) mm 6.24 6.58 6.43 6.80 5.45 =5.51
Flange thick (T)mm 6.24 7.37 6.59 6.80 18.11 -3.09
Web thick (t) mm 5.99 6.24 6.11 5.80 4,17 5.32
Area (A) cm?2 28.75 29.29 28.98 28,40 1.86 2.04
Inertia (Ixx) cm4 2879.54 2902,01 2888.09 2870.00 0.78 0.63
Inertia (Iyy) cmé 126.47 127.30 127.01 120,00 0.66 5.84
Warping (Cw) cmb 1.94 1.95 1.94 1,83 0.64 6.21
Torsional (J) cmé 4.29 4.51 4.38 4,31 4.96 1.66




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey

Dimensional Properties

Basic Section Details

Subframe test : S2

Date ¢ 12.12.

88

Section ref : BEAM 3 Test points: 3
Stock steel : B6 Position 1 :COL END
Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 106.05 105.88 105,88
Breadth (lower) bl = 102.93 102,93 103.32
Depth (first side) d = 254.00 254.00 254.00
Depth (second side) dl = 254.00 254.00 254,00
Flange thickness tfl = 6.50 6.59 6.63
Flange thickness tf2 = 6.41 6.29 6.41
Flange thickness tf3 = 6.94 6.87 6.72
Flange thickness tf4 = 6.56 6.58 6.53
Web offset at 1 = 63.32 63.58 63.83
Web offset at 2 = 62.18 62.04 62.61
Web offset at 3 = 61.54 61.18 61.27
Web offset at 4 = 60.57 60.65 60.86
Calculated Data
Web thickness (tw) mm = 6.13 6.12 5.75
Sectional Area (A) cm2 = 29.04 28.98 28.11
Inertia (Ixx) cmd = 2892.53 2884.62 2843,66
Inertia (Iyy) cmd = 126.75 126,17 126,75
Warping Const.(Cw) cm6 = 1.94 1.93 1.94
Torsion Const.(J) c¢m4 = 4.41 4,38 4,03
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value ¥ diff ¥ diff
Breadth (B) R 102.93 106.05 104.50 101,60 3.03 2,85
Depth (D) nn 254.00 254.00 254.00 254,00 0.00 0.00
Top flange (T) mm 6.29 6.63  6.47 6.80 5,41 -4.83
Bot flange (T) mm 6.53 6.94 6.70 6.80 6.28 -1.47
Flange thick (T)mm 6.29 7.37 6.59 6.80 17.17 =3,15
Web thiCk (t) mn 5075 6013 6000 5080 6043 3045
Area (A) cm2 28.11 29.04 28.71 28.40 3.32 1,08
Inertia (Ixx) cm4 2843.66 2892.53 2873.60 2870.00 1,72 0.13
Inertia (Iyy) cmé 126.17 126.75 126.56 120.00 0.46 5,47
Warping (Cw) cmb 1.93 1,94 1.94 1.83 0.46 5.84
Torsional (J) cm4 4.03 4.41 4.27 4,31 9.36 =-0.85




Steel Section Survey

Dimensional Properties

EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Bagic Section Details

Subframe test : S3 Date ¢ 13.1.89
Section ref : BEAM 1 Test points: 3
Stock steel : B7 Position 1 :COL END
Section type : 254 x 102 UB 22 -~ GRADE 43
Measurement Locations 1 2 3 4

Breadth (upper) b = 105.19 104.69 105.08
Breadth (lower) bl = 102.45 102,48 102.13
Depth (first side) d = 254.50 254.00 254.50
Depth (second side) dl = 253.50 253.50 253.00
Flange thickness tfl = 6.27 6.25 6.45
Flange thickness tf2 = 6.03 6.06 6.19
Flange thickness tf3 = 6.66 6.64 6.64
Flange thickness tf4 = 6.37 6.24 6.30
Web offset at 1 = 62.98 62.55 62.71
Web offset at 2 = 62.16 62.28 61.73
Web offset at 3 = 61.48 61.58 61.32
Web offset at 4 = 60.53 60.23 60.22
Calculated Data
Web thickness (tw) mm = 5.69 5.71 6.05
Sectional Area (A) cm2 = 27.36 27.30 28.33
Inertia (Ixx) cmd = 2751.03 2732.92 2801, 90
Inertia (Iyy) cmd = 119.07 117.63 119.66
Warping Const.(Cw) cm6 = 1.83 1.80 1.83
Torsion Const.(J) cm4 = 3.73 3.71 4,12

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff X diff
Breadth (B) mm 102.13 105.19 103.67 101.60 3.00 2.04
Depth (D) mm 253.00 254.50 253.83 254.00 0.59 -0.07
Top flange (T) mm 6.03 6.45 6.21 6.80 6.97 =-8.70
Bot flange (T) mm 6.24 6.66 6.47 6.80 6.73 -4.78
Web thick (t) mm 5.69 6.05 5.82 5.80 6.51 0.26
Area (A) cm2 27.30 28,33 27.66 28.40 3.80 ~2.59
Inertia (Ixx) cm4 2732.92 2801.90 2761.95 2870.00 2.52 -=3.76
Inertia (Iyy) cmd 117.63 119.66 118.79 120.00 1.72 -1.01
Warping (Cw) cmb 1.80 1.83 1.82 1.83 1.64 -0.60
Torsional (J) cm4 3.7 4.12 3.86 4,31 11.09 -10.55




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey -

Dimensional Properties

Basic Section Details

Subframe test : S3

Section ref ¢ BEAM 3

Stock steel : B7

Date

T

est points: 3

¢ 13.1.89

Position 1 :COL END

Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b = 105.34 105.30 105.15
Breadth (lower) bl = 101.75 101.76 102.02
Depth (first side) d = 253.50 254.00 253.50
Depth (second side) dl = 254.50 254.50 254.00
Flange thickness tfl = 6.21 6.06 6.07
Flange thickness tf2 = 6.41 6.39 6.55
Flange thickness tf3 = 6.50 6.41 6.62
Flange thickness tf4 = 6.59 6.65 6.66
Web offset at 1 = 61.93 61.46 61.20
Web offset at 2 = 60.82 60.47 60.41
Web offset at 3 B 62.67 62.81 62.54
Web offset at 4 = 61.83 62,27 61.78
Calculated Data
Web thickness (tw) mm = 5.36 5.47 6.06
Sectional Area (A) cm2 = 26.173 26.89 28.50
Inertia (Ixx) cmd = 2734.82 2738.62 2824.15
Inertia (Iyy) cmd = 119.64 118.88 120,97
Warping Const.(Cw) cmb = 1.83 1.83 1,85
Torsion Const.(J) cm4 = 3.54 3.58 4,20
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff ¥ diff
Breadth (B) mm 101.75 105.34 103.55 101.60 3.53 1.92
Depth (D) nm 253.50 254,50 254.00 254.00 0.39 0.00
Top flange (T) =mm 6.06 6.55 6.28 6.80 8.09 -7.62
Bot flange (T) mm 6.41 6.66 6.57 6.80 3.90 -3.36
Flange thick (T)mm 6.06 7.37 6.43 6.80 21,62 -5.49
Web thick (t) mm 5.36 6.06 5.63 5.80 13.06 -2.96
Area (A) cm2 26.73 28,50 27.37 28.40 6.62 -3.62
Inertia (Ixx) cm4 2734.82 2824,15 2765.86 2870.00 3.27 -3,63
Inertia (lyy) cmd 118.88 120.97 119.83 120.00 1.76 -0.14
Warping (Cw) cmb 1.83 1.85 1,84 1,83 1.27 0.34
Torsional (J) cm4 3.54 4.20 3.78 4,31 18,57 -12.38




EXPERIMENTAL STUDIES OF THE

Steel Section Survey

BEHAVIOUR OF STEEL SUBFRAMES

Dimensional Properties

Basic Section Details

Subframe test : S4

Date 31.1.89

.
.

Section ref : BEAM 2 Test points: 3
Stock steel : B8 Position 1 :COL END
Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b = 102.97 103.44 103.60
Breadth (lower) bl = 102.52 102.50 102.75
Depth (first side) d = 254.00 254.00 254.00
Depth (second side) dl = 253.50 254.00 254.00
Flange thickness tfl = 6.11 6.13 6.25
Flange thickness tf2 = 6.42 6.42 6.33
Flange thickness tf3 = 6.17 6.13 6.43
Flange thickness tf4 = 6.51 6.47 6.56
Web offset at 1 = 61.84 61.76 60.96
Web offset at 2 . 61.55 61.22 60.64
Web offset at 3 = 61.24 61.33 61.68
Web offset at 4 = 61.46 61.74 61.56
Calculated Data
Web thickness (tw) mm = 5.14 5.39 6.19
Sectional Area (A) cm2 = 25.84 26.44 28.63
Inertia (Ixx) cmd = 2652.58 2687.44 2815.717
Inertia (Iyy) cmd = 114.51 115.04 117.95
Warping Const.(Cw) cmb = 1.75 1.76 1.81
Torgion Const.(J) cmd = 3.25 3.43 4,25
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff
N
Breadth (B) nm 102.50 103.60 102.96 101.60 1.07 1.34
Depth (D) mm 253.50 254.00 253.92 254.00 0.20 -0.03
Top flange (T) =mm 6.11 6.42 6.28 6.80 5.07 =7.70
Bot flange (T) mm 6.13 6.56 6.38 6.80 7.01 =6.20
Flange thick (T)mm 6.11 7.37 6.33 6.80 20.62 =-6.95
Web thick (t) mm 5.14 6.19 5.57 5.80 20.53 =-3.91
Area (A) cm2 25.84 28,63 26.97 28.40 10.79 ~5.03
Inertia (Ixx) cmd 2652.58 2815.77 2718.59 2870.00 6.15 -5.28
Inertia (Iyy) cm4 114.51 117.95 115.83 120.00 3.01 -3.47
warping (Cu) CII6 1075 1081 1078 1083 3.14 -3'00
Torsional (J) cm4 3.25 4,25 3.65 4,31 30.84 ~-15.42




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey - Dimensional Properties

Basic Section Details

Subframe test : S4 Date s+ 30.1.89
Section ref : BEAM 3 Test points: 3
Stock steel : B8 Position 1 :COL END

Section type : 254 x 102 UB 22 -~ GRADE 43

Measurement Locations 1 2 3 4

103.08 103.36 103.47
102.55 102,62 102.52
254.00 253.00 254,00
254.30 254.00 254.00

Breadth (upper) b
Breadth (lower) bl
Depth (first side) d
Depth (second side) dl

Flange thickness tfl = 6.36 6.19 6.22
Flange thickness tf2 = 6.49 6.39 6.31
Flange thickness tf3 = 6.25 6.21 6.61
Flange thickness tf4 = 6.58 6.75 6.66
Web offset at 1 = 60.62 60.59 61.22
Web offset at 2 = 60.76 60.89 60.47
Web offset at 3 = 61.81 61.75 61.61
Web offset at 4 = 61.75 61.75 62.14
Calculated Data

Web thickness (tw) mm 5.78 5.94 5.71
Sectional Area (A) cm2 27.66 27.95 27.56

Inertia (Ixx) cmd = 2772.45 2767.50 2772.11

Inertia (Iyy) cm4 = 117.19 117.16 118.27

Warping Const.(Cw) cmb = 1.80 1.79 1.81

Torsion Const.(J) cmd = 3.88 3.99 3.85
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff % diff

Breadth (B) L] 102.52 103.47 102.93 101.60 0.93 1.31

Depth (D) nm 253.00 254,30 253.88 254.00 0.51 -0.05
Top flange (T) mm 6.19 6.49 6.33 6.80 4,85 -6.96
Bot flange (T) mm 6.21 6.75 6.51 6.80 8.70 -4.26
Flange thick (T)mm 6.19 7.37 6.42 6.80 19,06 =5.61
Web thick (t) mm 5.71 5.94 5.81 5.80 3.94 0.23
Area (A) cm2 27.56 27.95 27.72 28.40 1.40 -2.39

Inertia (Ixx) cmé 2767.50 2772.45 2770.68 2870.00 0.18 -3.46
Inertia (Iyy) cmd 117.16 118.27 117.54 120.00 0.95 =2.05
Warping (Cw) cmb 1.79 1.81 1.80 1.83 1,30 ~1.67
Torsional (J) cmé 3.85 3.99 3.91 4,31 3.68 -9.,33




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey -

Dimensional Properties

Basic Section Details

Subframe test : S8 Date s 26/7/89
Section ref : BEAM 1 Test points: 3
Stock steel : Bl Position 1 :COL END
Section type : 254 x 102 UB 22 -~ GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b = 103.50 103.30 103.30
Breadth (lower) bl = 102.00 103.20 103.20
Depth (first side) d = 254.00 254.50 254.50
Depth (second side) dl = 254.00 254,50 254.50
Flange thickness tfl = 6.50 6.51 6.51
Flange thickness tf2 = 6.73 6.81 6.81
Flange thickness tf3 = 6.53 6.44 6.44
Flange thickness tf4 = 6.80 6.88 6.88
Web offset at 1 = 60,71 60.78 60.77
Web offset at 2 = 59,69 59.85 59.78
Web offset at 3 = 61.69 61.85 61.44
Web offset at 4 = 62.68 62.65 62.56
Calculated Data
Web thickness (tw) mm = 5.81 6.12 6.41
Sectional Area (A) cm2 = 28.11 29.02 29.72
Inertia (Ixx) cn4 = 2831.29 2897.56 2931.46
Inertia (Iyy) cnd = 121,35 123.56 123.57
Warping Const.(Cw) cmb = 1.86 1.90 1.90
Torsion Const.(J) cm4 = 4,11 4,44 4,75
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff ¥ diff
Breadth (B) Bn 102.00 103.50 103.08 101.60 1.47 1.46
Depth (D) mm 254.00 254.50 254.33 254.00 0.20 0.13
Top flmge (T) mm 6050 6081 6064 6080 4.77 "2.28
Bot flange (T) mm 6.44 6.88 6.66 6.80 6.83 -2.03
Flange thick (T)mm 6.44 7.37 6.65 6.80 14,44 -2.16
Web thick (t) mm 5.81 6.41 6.11 5.80 10.51 5.43
Area (A’ cm?2 28.11 29.72 28095 28040 50 71 1094
Inertia (Ixx) cm4 2831.29 2931.46 2886.77 2870.00 3.54 0.58
Inertia (Iyy) cm4 121,35 123.57 122.83 120.00 1.83 2.35
Warping (Cw) cmé 1.86 1.90 1.88 1.83 2.22 2.94
Torsional (J) cm4 4.11 4,75 4.43 4,31 15.66 2.84




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey -~

Dimensional Properties

Basic Section Details

Subframe test : S8
Section ref ¢+ BEAM 2
Stock steel : B5

Date ¢ 26/7/89

T

est points: 3

Position 1 :COL END

Section type : 254 x 102 UB 22 <~ GRADE 43

Measurement Locations 1 2 3 4

Breadth (upper) b = 103.50 103.50 104.00
Breadth (lower) bl = 100,50 101.00 101,50
Depth (first side) d = 254.00 254.00 254,50
Depth (second side) dl = 253.50 253.50 254,50
Flange thickness tfl = 6.56 6.54 6.60
Flange thickness tf2 = 6.45 6.31 6.45
Flange thickness tf3 = 6.99 6.93 6.90
Flange thickness tf4 = 6.71 6.81 6.75
Web offset at 1 = 61.90 61.79 61.53
Web offset at 2 = 61.32 61.23 61.35
Web offset at 3 = 61.76 61,35 61.80
Web offset at 4 = 60.76 60.73 60.53
Calculated Data
Web thickness (tw) mm = 4.57 5.14 5.59
Sectional Area (A) cm2 = 25.10 26.44 27.68
Inertia (Ixx) cmd = 2676.26 2738.86 2827.82
Inertia (Iyy) cmd = 118.50 118.94 121.32
Warping Const.(Cw) cm6 = 1.81 1.82 1.86
Torsion Const.(J) cm4 = 3.20 3.56 3.95

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff X diff
Breadth (B) mn 100.50 104.00 102.33 101.60 3.48 0.72
Depth (D) mn 253.50 254.50 254.00 254.00 0.39 0.00
Top flange (T) mm 6.31 6.60 6.49 6.80 4,60 -4.63
Bot flange (T) mm 6.71 6.99 6.85 6.80 4.17 0.71
Flange thick (T)mm 6.31 7.37 6.67 6.80 16.80 -1.96
Web thiCk (t) mm 4057 5-59 5-10 5-80 22021 ‘12010
Area (A4) cm2 25,10 27.68 26.41 28.40 10.27 -7.02
Inertia (Ixx) cmi4 2676.26 2827.82 2747.65 2870.00 5.66 ~-4.26
Inertia (Iyy) cm4 118,50 121.32 119.59 120.00 2.38  -0.34
Warping (Cw) cmb 1.81 1.86 1.83 1.83 3.01 -0.06
Torsional (J) cmé 3.20 3.95 3.57 4,31 23.22 ~17.16




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey -

Dimensional Properties

Basic Section Details

Subframe test : S8 Date : 26/7/89
Section ref : BEAM 3 Test points: 3
Stock steel + Bl Pogition 1 :COL END
Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4

Breadth (upper) b = 102.30 102,20 102.30
Breadth (lower) bl = 104.60 104.30 103.70
Depth (first side) d = 254,50 254.50 254.00
Depth (second side) dl1 = 254.50 254.50 254.50
Flange thickness tfl = 6.93 6.94 6.94
Flange thickness tf2 = 6.55 6.76 6.62
Flange thickness tf3 = 6.69 6.66 6.70
Flange thickness tf4 = 6.43 6.34 6.65
Web offset at 1 = 62.87 62.83 62,43
Web offset at 2 = 62,82 62,68 62.00
Web offset at 3 = 59.44 59.78 59,92
Web offset at 4 = 61,09 61,03 60.81
Calculated Data
Web thickness (tw) mm = 5.78 5.53 5.86
Sectional Area (A) cm2 = 28.19 27.61 28.46
Inertia (Ixx) cmd = 2858.16 2831.63 2873.77
Inertia (Iyy) cmd = 124.35 123.79 123.76
Warping Const.(Cw) cm6 = 1.91 1.90 1.90
Torsion Const.(J) cm4 = 4.11 3.91 4.25

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff X diff
Breadth (B) am 102.20 104.60 103.23 101.60 2.35 1.61
Depth (D) mm 254.00 254.50 254.42 254.00 0.20 0.16
Top flange (T) mm 6.55 6.94 6.79 6.80 5,95 <-0.15
Bot flange (T) =mm 6.34 6.70 6.58 6.80 5,68 ~-3.26
Flange thick (T)lm 6.34 7.37 6.68 6.80 16-25 -1.70
Web thick (t) mm 5.53 5.86 5.72 5.80 5,97 -1.32
Area (A) cm2 27.61 28.46 28.09 28.40 3.09 ~-1,09
Inertia (Ixx) cm4 2831.63 2873.77 2854.52 2870.00 1.49 -0.54
Inertia (Iyy) cmd 123.76 124,35 123.97 120.00 0.48 3.31
warping (Cw) cmb 1.90 1.91 1.90 1.83 0.75 3.93
Torsional (J) cm4 3.91 4.25 4.09 4.31 8.58 =5.10




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey - Dimensional Properties

Basic Section Details

Subframe test : S9
Section ref : BEAM 1
Stock steel : B2

D

Section type : 254 x 102 UB 22 - GRADE 43

ate : 14/8/89
Test points: 3
Position 1 :COL END

Measurement Locations 1 2 3 4

Breadth (upper) b = 103.75 103,70 103.11

Breadth (lower) bl = 102.91 102,99 103.12

Depth (first gide) d = 255.00 255.00 255.50

Depth (second side) dl = 255.00 255,00 255.00

Flange thickness tfl = 6.75 6.88 6.94

Flange thickness tf2 = 6.93 7.06 7.06

Flange thickness tf3 = 6.57 6.57 6.72

Flange thickness tf4 = 6.85 6.99 6.96

Web offset at 1 . 62.51 62.09 61.44

Web offset at 2 = 61.49 61.44 61.25

Web offset at 3 = 60.65 60.98 60.68

Web offset at 4 = 60.73 60,95 61.14

Calculated Data

Web thickness (tw) mm = 6.08 6.05 6.30

Sectional Area (A) cm2 = 29.18 29.31 29.98

Inertia (Ixx) cmd = 2939.76 2965.36 3008.56

Inertia (Iyy) cmd = 125.67 127.40 127.37

Warping Const.(Cw) cmb = 1.94 1.96 1.96

Torsion Const.(J) cm4 = 4.52 4,60 4.89

Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff % diff
A Py

Breadth (B) mm 102,91 103.75 103.26 101.60 0.82 1.64
Top flmge (T) nm 6075 7.06 6094 6080 4.59 2001
Bot flange (T) mm 6.57 6.99 6.78 6.80 6.39 ~-0.34
Flange thick (T)mm 6.57 7.37 6.86 6.80 12.18 0.83
Web thick (t) mm 6.05 6.30 6.14 5.80 4.05 5.95
Area (A) cm?2 29,18 29.98 29.49 28,40 2.74 3.83
Inertia (Ixx) cm4 2939.76 3008.56 2971,22 2870.00 2.34 3.53
Inertia (lyy) cmd 125.67 127.40 126.81 120,00 1.38 5.68
Warping (Cw) cmb 1.94 1.96 1.95 1.83 1.44 6.74
Torsional (J) cm4 4,52 4.89 4,67 4.31 8-28 8.36




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey -~

Dimensio

nal Properties

Basic Section Details

Subframe test : S9 Date : 14/8/89
Section ref : BEAM 2 Test points: 3
Stock steel : B6 Position 1 :COL END
Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 105.74 105.91 105.67
Breadth (lower) bl = 103.26 103.00 103.11
Depth (first side) d-= 254,00 254.50 255.00
Depth (second side) dl = 254.00 253.50 253.50
Flange thickness tfl = 6.17 6.25 6.44
Flange thickness tf2 = 6.46 6.45 6.57
Flange thickness tf3 = 6.40 6.37 6.57
Flange thickness tf4 = 6.75 6.74 6.85
Web offset at 1 = 61.00 61.19 61.01
Web offset at 2 = 60.27 60.57 59.94
Web offset at 3 = 63.23 63.57 63.57
Web offset at 4 = 62.79 63.11 63.04
Calculated Data
Web thickness (tw) mm = 6.30 5.67 6.05
Sectional Area (A) cm2 = 29.14 27.65 28,817
Inertia (Ixx) cm4 = 2868.01 2796.89 2890.13
Inertia (Iyy) cmd = 124.29 124,08 127.24
Warping Const.(Cw) cm6 = 1.90 1.90 1.95
Torsion Const,.(J) cm4 = 4.43 3.84 4.34
Section Min Max Ave Nom Max/Min Ave/Nom
Paranmters Value Value Value Value X diff X% diff
Breadth (B) mm  103.00 105.91 104.45 101.60 2.83  2.80
Depth (D) nm 253.50 255.00 254.08 254,00 0.59 0.03
Top flange (T) =mm 6.17 6.57 6.39 6.80 6.48 -6.03
Bot flange (T) mm 6.37 6.85 6.61 6.80 7.54 =-2,75
Flange thick (T)mm 6.17 7.37 6.50 6.80 19.45 -=4.39
Web thick (t) mm 5.67 6.30 6.01 5.80 10.93 3.56
Area (A) cm? 27.65 29.14 28.56 28.40 5.37 0.55
Inertia (Ixx) cmd 2796.89 2890,13 2851,.68 2870.00 3.33 -0.64
Inertia (Iyy) cm4 124.08 127.24 125.20 120.00 2,54 4,34
warping (Cw) cmb 1.90 1,95 1.92 1.83 . 2.62 4,84
Torsional (J) cm4 3.84 4.43 4,20 4,31 15,27 -2.46




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey =

Dimensgio

nal Properties

Basic Section Details
Subframe test : S9 Date : 14/8/89
Section ref : BEAM 3 Test points: 3
Stock steel : B2 Position 1 :COL END
Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4
Breadth (upper) b= 103.51 103.47 103.46
Breadth (lower) bl = 102,60 102.51 102.63
Depth (first side) d = 254.50 255.50 254,50
Depth (second side) dl = 254.50 254.50 255,00
Flange thickness tfl = 6.48 6.47 6.54
Flange thickness tf2 = 6.85 6.93 6.83
Flange thickness tf3 = 6.73 6.82 6.73
Flange thickness tf4 = 6.97 6.97 6.95
Web offset at 1 = 61.15 61.11 61.05
Web offset at 2 = 61,35 60.93 60.49
Web offset at 3 = 61.00 61.21 61.28
Web offset at 4 = 60.49 61.28 61.94
Calculated Data
Web thickness (tw) mm = 6.50 6.16 6.11
Sectional Area (A) cm2 = 30.09 29,38 29.16
Inertia (Ixx) cmd = 2964.51 2948.72 2926,35
Inertia (Iyy) cmd = 124,25 124.60 124.24
Warping Const.(Cw) cmb = 1.91 1.92 1.91
Torsion Const.(J) cm4 = 4.94 4,62 4,52
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value ¥ diff % diff
Breadth (B) mm 102.51 103.51 103.03 101.60 0.98 1.41
Depth (D) mnm 254.50 255,50 254.75 254.00 0.39 0.30
Top flange (T) mm 6.47 6.93 6.68  6.80 7,11 ~-1,72
Bot flange (T) mm 6.73 6.97 6.86 6.80 3.57 0.91
Flange thick (T)mm 6.47 7.37 6.77 6.80 13.91 -0.40
Web thick (t) mm 6.11 6.50 6.26 5.80 6.47 7.87
Area (A) cm2 29.16 30,09 29.54 28.40 3.18 4.02
Inertia (Ixx) cmd4  2926.35 2964.51 2946.53 2870.00 1.30 2.67
Inertia (Iyy) cm4 124.24 124.60 124.36 120.00 0.29 3.63
warping (Cw) cmb 1.91 1.92 1.91 1.83 0.66 4.47
Torsional (J) cmd 4,52 4,94 4,69 4,31 9.11 8.90




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey -

Dimensional Properties

Basic Section Details

Subframe test : S10
Section ref ¢+ BEAM 1

Stock steel : B3

Date : 9/10/89
Test points: 3
Position 1 :COL END

Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4

Breadth (upper) b = 102.65 102.74 102.61
Breadth (lower) bl = 102.18 102.20 102,32
Depth (first side) d = 255.00 255.00 255.00
Depth (second side) dl = 254,00 254.00 254.00
Flange thickness tfl = 6.73 6.85 6.94
Flange thickness tf2 = 6.64 6.54 6.62
Flange thickness tf3 = 6.86 6.84 6.87
Flange thickness tf4 = 6.37 6.38 6.37
Web offset at 1 = 61.62 61.19 61.04
Web offset at 2 = 60.27 60.25 60.09
Web offset at 3 = 60.75 60.95 60,99
Web offset at 4 = 61.47 61.43 61.79
Calculated Data
Web thickness (tw) mm = 5.80 6.00 5.95
Sectional Area (A) cm2 = 28.11 28.60 28.57
Inertia (Ixx) cmd = 2839.70 2864.92 2872.23
Inertia (Iyy) cmd = 119.81 120.13 121.01
Warping Const.(Cw) cmb = 1.84 1.84 1.86
Torsion Const.(J) cmd = 4.11 4.30 4.30

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff X diff
Breadth (B) nn 102.18 102.74 102.45 101.60 0.55 0.84
Depth (D) 1) 254.00 255.00 254.50 254.00 0.39 0.20
Top flange (T) =mm 6.54 6.94 6.72 6.80 6,12 -1,18
Bot flange (T) mm 6.37 6.87 6.61 6.80 7.85 -2.72
Flange thick (T)mm 6.37 7.37 6.67 6.80 15.70 -1.95
Web thick (t) mm 5.80 6.00 5.92 5.80 3.45 2.01
Area (A) cm2 28,11 28,60 28,43 28.40 1.76 0.09
Inertia (Ixx) cm4  2839.70 2872,.23 2858.95 2870.00 1.15 -0.39
Inertia (Iyy) cmd 119.81 121.01 120.32 120.00 1,01 0.26
warping (Cw) cmb 1.84 1.86 1.85 1.83 0.97 0.96
Torsional (J) cm4 4,11 4.30 4,23 4,31 4,65 -1.76




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey

Dimensional Properties

Basic Section Details
Subframe test : S10 Date : 9/10/89
Section ref ¢ BEAM 2 Test points: 3
Stock steel : B7 Position 1 :COL END
Section type ¢ 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3
Breadth (upper) b= 105.33 105.39 105.54
Breadth (lower) bl = 102.12 102.13 102.21
Depth (first side) d = 254,50 255.00 254.00
Depth (second side) dl = 254.00 254.00 254,00
Flange thickness tfl = 6.32 6.35 6.28
Flange thickness tf2 = 6.13 6.03 6.09
Flange thickness tf3 = 6.64 6.68 6.66
Flange thickness tf4 = 6.35 6.43 6.32
Web offset at 1 = 62.51 62.82 62.74
Web offset at 2 = 61,80 61.79 61.59
Web offset at 3 = 61.62 61.71 61.71
Web offset at 4 = 60.84 60.82 60.98
Calculated Data
Web thickness (tw) mm = 5.78 5.63 5.81
Sectional Area (A) cm2 = 27.65 27.32 27.67
Inertia (Ixx) cmd = 2774.60 2767.26 2767.59
Inertia (Iyy) cmd = 119.11 119.41 119.17
Warping Const.(Cw) cmé = 1.83 1.84 1.83
Torsion Const.(J) cm4 = 3.84 3.72 3.84
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff
Breadth (B) mm 102.12 105.54 103.79 101.60 3.35 2.15
pDepth (D) Bm 254.00 255.00 254.25 254.00 0.39 0.10
Top flange (T) mm 6.03 6.35 6,20 6.80 5,31 -8.82
Bot flange (T) mm 6.32 6.68 6.51 6.80 5.70 -4,22
Flange thiCk (T)Im 6003 7.37 6.36 6080 22.22 "6052
Web thick (t) mm 5.63 5.81 5.74 5.80 3.11 -1,06
Area (A) cm2 27.32 27.67 27.55 28.40 1.25 -3.01
Inertia (Ixx) cmd4 2767.26 2774.60 2769,82 2870.00 0.27 -3.49
Inertia (Iyy) cm4 119,11 119.41 119,23 120.00 0.25 =-0.64
warping (Cw) cnm6 1.83 1.84 1.83 1.83 0.58 0.09
Torsional (J) cm4 3.72 3.84 3.80 4,31 3.25 =-11.80




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL SUBFRAMES

Steel Section Survey

Dimensional Properties

Basic Section Details

Subframe test : S10
Section ref : BEAM 3
Stock steel : B3

Date

Test points: 3
Position 1 :COL END

: 9/10/89

Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4

Breadth (upper) b= 102,15 101.93 101.98
Breadth (lower) bl = 103.02 102.97 102,65
Depth (first side) d = 255.00 255,00 255.00
Depth (second side) dl = 254.00 254.00 254,00
Flange thickness tfl = 6.77 6.80 6.94
Flange thickness tf2 = 6.33 6.31 6.30
Flange thickness tf3 = 6.72 6.64 6.68
Flange thickness tf4 = 6.58 6.53 6.58
Web offset at 1 = 60.05 60.19 59.81
Web offset at 2 = 61.48 61.38 61.13
Web offset at 3 = 61.56 61.34 61.78
Web offset at 4 = 60.60 60.67 61.27
Calculated Data
Web thickness (tw) mm = 6.18 6.10 5.76
Sectional Area (A) cm2 = 28.95 28.68 27.95
Inertia (Ixx) cmd = 2873.68 2853.15 2825.97
Inertia (Iyy) cmd = 119.64 118.59 119.15
Warping Const,(Cw) cm6 = 1.84 1.82 1.83
Torsion Const.(J) cmi = 4.43 4,32 4.04

Section Min Max Ave Nom Max/Min Ave/Nom

Paraaters Value Value Value Value X diff X diff
Breadth (B) mm 101.93 103.02 102.45 101.60 1.07 0.84
Depth (D) mm  254.00 255.00 254.50 254.00 0.39  0.20
Top flange (T) =mm 6.30 6.94 6.57 6.80 10.16 ~-3.31
Bot flange (T) mm 6.53 6.72 6.62 6.80 2,91 ~-2.62
Flange thick (T)am 6.30 7.37 6.60 6.80 16.98 -2.97
Web thick (t) mm 5.76 6.18 6.01 5.80 7.29 3.68
Area (A) cm2 27.95 28,95 28.53 28.40 3.58 0.44
Inertia (Ixx) cm4  2825.97 2873.68 2850.93 2870.00 1.69 ~0.66
Inertia (Iyy) cm4 118.59 119.64 119,13 120.00 0.88 -0.73
warpiﬂg (CW) C.B 1082 1084 1083 1083 0086 0001
Torsional (J) cmd 4.04 4.43 4.26 4,31 9.48 -1.09




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey =

Dinenpional Properties

Basic Section Details

Frame test : F1 Date s 22/9/89
Section ref : PBS Test points: 4
Stock steel : P5 Position 1 :Joint D
Section type ¢ 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4 5

Breadth (upper) b= 102.92 102.69 102.87 102.55
Breadth (lower) bl = 103.66 103.07 103.42 103.37
Depth (first side) d = 253.00 253.00 252.50 253.00
Depth (second side) d1 = 254.50 254.00 253.50 254.00
Flange thickness tfl = 6.65 6.62 6.62 6.72
Flange thickness tf2 = 6.65 6.59 6.64 6.72
Flange thickness tf3 = 6.43 6.45 6.43 6.49
Flange thickness tf4 = 6.87 6.56 6.70 6.61
Web offset at 1 = 62.70 61.70 61.46 61.25
Web offset at 2 = 62.81 61.73 61.38 61.06
Web offset at 3 = 60.79 61.10 61.36 61.26
web offset at 4 = 60.78 61.55 61.99 61.97
Calculated Data
Web thickness (tw) mm = 5.19 5.28 5.49 5.63
Sectional Area (A) cm2 = 26.71 26.68 27.27 27.68
Inertia (Ixx) cmd = 2767.39 2736.53 2765.44 2800.95
Inertia (Iyy) cm4 = 123.20 119.58 121.32 121.40
warping Const.(Cw) cm6 = 1.88 1.82 1.84 1.85
Torsion Const.(J) cm4 = 3.62 3.59 3.79 3.95

Section Min Max Ave Nom Max/Min Ave/Non

Paramters Value Value Value Value X diff ¥ diff
Breadth (B) mm 102.55 103.66 103.07 101.60 1.08 1.45
pepth (D) nm 252.50 254.50 253.44 254.00 0.79 -0.22
Bot flange (T) mm 6.43 6.87 6.57 6.80 6.84 -3.42
Flange thick (T)mm 6.43 7.10 6.61 6.80 10.42 -2.80
Web thick (t) mm 5.19 5.63 5.40 5.80 8.48 -6.94
Area (A) cm2 26,68 27.68 27.09 28.40 3.78 =4.63
Inertia (Ixx) cm4 2736.53 2800.95 2767.58 2870.00 2,35 =3.57
warping (Cw) cm6 1.82 1.88 1.85 1.83 3.16 1.02
Torsional (J) cm4 3.59 3.95 3.74 4.31 10.08 -13.32




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey - Dimensional Properties

Basic Section Details

Frame test ¢ F1 Date : 22/9/89
Section ref : PB6 Test points: 4
Stock steel s+ P5 Position 1 :Joint I

Section type : 254 x 102 UB 22 - GRADE 43

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 104.06 103.20 103.95 103.90
Breadth (lower) bl = 102.92 102.75 102.20 102.20
Depth (first side) d = 253.00 252.50 253.00 253.50
Depth (second side) dl = 254.00 255.00 254.50 254.50
Flange thickness tfl = 6.36 6.46 6.89 6.46
Flange thickness tf2 = 6.48 6.59 6.60 6.67
Flange thickness tf3 = 6.58 6.48 6.54 6.64
Flange thickness tf4 = 6.48 6.48 6.43 6.46
Web offset at 1 = 62.48 62.00 62.34 61.83
Web offset at 2 = 63.15 62.28 62.61 62.65
Web offset at 3 = 61.28 60.91 60.82 61.40
Web offset at 4 = 60.40 60.39 60.34 60.05
Calculated Data
web thickness (tw) mm = 5.27 5.62 5.46 5.52
Sectional Area (A) cm2 = 26.59 27.43 27.27 27.32
Inertia (Ixx) cm4 = 2725.45 2770.02 2784.76 2781.68
Inertia (Iyy) cmd = 120.70  119.33  121.94  120.59
Warping Const.(Cw) cmé = 1.84 1.82 1.86 1.85
Torsion Const.(J) cm4 = 3.52 3.82 3.79 3.79

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value % diff X diff
Breadth (B) nm 102.20 104.06 103.15 101.60 1.82 1.52
pepth (D) nm 252.50 255.00 253.75 254.00 0.99 -0.10
Top flange (T) mm 6.36 6.89 6.56 6.80 8.33 -3.47
Bot flange (T) nm 6043 6064 6051 6080 3027 -4.25
Flange thick (T)mm 6.36 7.10 6.54 6.80 11.64 -3.86
wWeb thick (t) mm 5.27 5.62 5.47 5.80 6.64 <-5.67
Area (A) cm2 26.59 27.43 27.15 28.40 3.17 =4.40
Inertia (Ixx) cm4  2725.45 2784.76 2765.48 2870.00 2.18 -3.64
Inertia (Iyy) cmd 119.33 121.94 120.64 120.00 2.19 0.53
Warping (CW) cmb 1.82 1.86 1.84 1.83 2.09 0.72
Torsional (J) cmd 3.52 3.82 3.73 4,31 8.53 -13.48




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey - Dimensional Properties

Basic Section Details

Frame test  : F1 Date : 22/9/89
Section ref : PB7 Test points: 4
Stock steel : P3 Position 1 :Joint F
Section type : 254 x 102 UB 22 - GRADE 43

Measurement Locations 1 2 3 4 5
Breadth (upper) b 103.32 104.40 104.05 103.85

103.85 103.99 103.85 104.09
253.50 254.00 254.00 253.50
255.00 255.00 255.00 255.25
6.50 6.47 6.47 6.51
6.81 6.78 6.87 7.07
7.03 7.01 7.05 6.98
6.88 6.86 6.82 6.69
62.36 63.06 62.12 62.87
62.85 63.12 62.52 63.43
60.83 60.94 61.49 61.12
61.02 60.77 61.13 60.61

Breadth (lower) bl
Depth (first side) d
Depth (second side) dl
Flange thickness tfl
Flange thickness tf2
Flange thickness tf3
Flange thickness tf4
Web offset at 1
Web offset at 2
Web offset at 3
Web offset at 4

Calculated Data

5.49 5.69 5.76 5.39
27.82 28.33 28.51 27.65
2865.46 2900.09 2909.60 2867.20
127.11  129.20 128,21 128,92
1.95 1,98 1.97 1.98
4,02 4.17 . 4.25 3.95

Web thickness (tw) mm
Sectional Area (A) cm2
Inertia (Ixx) cmd
Inertia (Iyy) cmd
warping Const.(Cw) cm6
Torsion Const.(J) cmd

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff % diff
Breadth (B) mm 103.32 104.40 103.93 101.60 1.05 2.29
pepth (D) m 253.50 255.25 254.41 254.00 0.69 0.16
Top flange (T) =mm 6.47 7.07 6.68 6.80 9.27 =1.69
Bot flange (T) mm 6.69 7.05 6.91 6.80 5.38 1.69
Flange thick (T)am 6.47 7.10 6.80 6.80 9.74 -0.00
web thick (t) mm 5.39 5.76 5,59  5.80 6.77 =3.71
Area (A) cm2 27.65 28.51 28.08 28.40 3.12  -1,13
Inertia (Ixx) cm4 2865.46 2909.60 2885.59 2870.00 1.54 0.54
Inertia (Iyy) cm4 127.11 129,20 128.36 120.00 1.65 6.96
Warping (Cw) cm6 1.95 1.98 1.97 1.83 1.87 7.51
Torsional (J) cm4 3.95 4,25 4.10 4.31 7.60 -4.88




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey - Dimensional Properties

Basic Section Details

Frame test : F1 Date + 22/9/89
Section ref : PB8 Test points: 4
Stock steel s P3 Position 1 :Joint L

Section type : 254 x 102 UB 22 - GRADE 43

Measurement Locations 1 2 3 4 5

Breadth (upper) b= 104.61 103.88 104.61 104.30
Breadth (lower) bt = 104.15 103.59 103.95 103.94
Depth (first side) d = 253.00 253.00 253.00 253.00
Depth (second side) d1 = 255.00 255.00 255.00 255.00
Flange thickness tfl = 6.38 6.54 6.41 6.55
Flange thickness tf2 = 6.69 6.68 6.78 6.78
Flange thickness tf3 = 6.83 6.88 6.87 6.95
Flange thickness tf4 = 6.85 6.77 6.77 6.79
Web Offset at 1 = 63004 620 14 62079 62.33
Web offset at 2 = 63.24 62.50 62.98 62.76
Web offset at 3 = 61,38 61.40 61.33 61.43
Web offset at 4 = 60.99 60.76 60.67 60.68
Calculated Data
Web thickness (tw) mm = 5.50 5.77 5.83 5.96
Sectional Area (A) cm2 = 27.68 28.32 28.52 28.92
Inertia (Ixx) cmd = 2841.82 2869.69 2884.95 2913.20
Inertia (Iyy) cmd = 127.90 125.91 128,00 128.41
Warping Const.(Cw) cmb6 = 1,96 1.92 1.96 1.96
Torsion Const.(J) cmd = 3.92 4.17 4,23 4.40

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value % diff X diff
Breadth (B) mm 103.59 104.61 104.13 101.60 0.98 2.49
pepth (D) mm 253.00 255.00 254.00 254.00 0.79 0.00
Top flange (T) mm 6.38 6.78 6.60 6.80 6.27 =2.92
Bot flange (T) mm 6077 6095 6;84 6080 2066 0057
Flange thick (T)mm 6.38 7.10 6.72 6.80 11.29 -1.18
web thick (t) mm 5.50 5.96 5.77 5.80 8.46 -0.58
Area (A) cm2 27.68 28.92 28,36 28.40 4.49 -0.14
Inertia (Ixx) cm4 2841.82 2913.20 2877.41 2870.00 2,51 0.26
Inertia (Iyy) cm4 125.91 128.41 127.55 120.00 1.98 6.29
warping (Cw) cmb 1.92 1.96 1.95 1.83 1.94 6.55
Torsional (J) cm4 3.92 4.40 4.18 4,31 12.48 -=3.00




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey -

Dimensional Properties

Basic Section Details

Frame test : F1 Date : 22/9/89
Section ref : SB1 Test points: 3
Stock steel : P6 Position 1 :Joint M
Section type : 254 x 102 UB 22 - GRADE 43

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 103.39 102.94 103.32
Breadth (lower) bl = 104.27 103.93 104.42
Depth (first side) d = 255.00 255.00 255.00
Depth (second gide) d1 = 252.50 253.00 253.00
Flange thickness tfl = 6.65 6.68 6.65
Flange thickness tf2 = 6.79 6.79 6.87
Flange thickness tf3 = 6.63 6.72 6.70
Flange thickness tf4 = 6.35 6.44 6.43
Web offset at 1 = 61.73 61.47 61.53
Web offset at 2 = 62.23 62.01 62.61
Web offset at 3 = 61.67 61.65 61.70
web offset at 4 = 61.83 61.57 61.76
Calculated Data
Web thickness (tw) mm = 5.54 5.53 5.51
Sectional Area (A) cm2 = 27.54 27.57 27.60
Inertia (Ixx) cmd = 2805.99 2817.54 2826.02
Inertia (Iyy) emd = 123.87 123.44 125.09
warping Const.(Cw) cmb = 1.89 1.89 1.91
Torsion Const.(J) cm4 = 3.86 3.89 3.89

Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff

Breadth (B) mm 102.94 104.42 103.71 101.60 1.44 2.08
Depth (D) mm  252.50 255.00 253.92 254.00 0.99 -0.03
Top flange (T) mm 6.65 6.87 6.74 6.80 3.31 -0.91
Bot flange (T) =mm 6.35 6.72 6.54 6.80 5.83 =3.75
Flange thick (T)mm 6.35 6.87 6.64 6.80 8.19 -2.33
Web thiCR (t) nm 5051 5054 5053 5080 0054 -4074
Area (A) cm2 27.54 27.60 27.57 28.40 0.22 =-2.94
Inertia (Ixx) cm4  2805.99 2826.02 2816.51 2870.00 0.71 -1,86
Inertia (Iyy) cmd 123.44 125.09 124.13 120.00 1.34 3.45
warping (Cw) cmb 1.89 1.91 1.90 1.83 1.33 3.69
Torsional (J) cmd 3.86 3.89 3.88 4.31 0.86 -9.94




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Sect

ion Survey -

Dimensional Properties

Basic Section Details

Frame test : F1 Date + 22/9/89
Section ref : SB2 Test points: 3
Stock steel : P6 Position 1 :Joint O
Section type : 254 x 102 UB 22 - GRADE 43

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 103.38 103.17 103,05
Breadth (lower) bl = 104.20 104.21 103.92
pDepth (first side) d = 255.00 255.00 255.00
Depth (second side) d1 = 253.00 253.00 253.50
Flange thickness tfl = 6.64 6.61 6.71
Flange thickness tf2 = 6.86 6.82 6.85
Flange thickness tf3 = 6.62 6.64 6.63
Flange thickness tf4 = 6.37 6.50 6.43
Web offset at 1 = 61.52 61.54 61.68
Web offset at 2 = 62.36 62.48 62.41
Web offset at 3 = 61.78 61,57 61.75
Web offset at 4 = 61.66 61.51 61.65
Calculated Data
Web thickness (tw) mm = 5.57 5.58 5.18
Sectional Area (A) cm2 = 27.65 27.70 26.75
Inertia (Ixx) cm4 = 2820.01 2824.88 2783.97
Inertia (Iyy) cmd = 124.06 124.11 123.49
warping Const.(Cw) cmb = 1.90 1.90 1.89
Torsion Const.(J) cm4 = 3.90 3.93 3.62

Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value % diff X diff

Breadth (B) nm 103.05 104.21 103.65 101.60 1.13 2.02
pepth (D) mm 253.00 255.00 254.08 254.00 0.79 0.03
Top flange (T) mm 6.61 6.86 6.75 6.80 3.78 -0.76
Bot flange (T) mm 6.37 6.64 6.53 6.80 4.24 -3.95
Flange thick (T)mm 6.37 6.87 6.64 6.80 7.85 -2,35
Web thiCk (t) mm 5018 5-58 5044 5080 7072 ‘6015
Area (A) cm2 26,75 27.70 27.37 28.40 3.56 ~-3,64
Inertia (Ixx) cm4  2783.97 2824.88 2809.62 2870.00 1.47 -2.10
Inertia (Iyy) cm4 123.49 124.11 123.89 120.00 0.51 3.24
warping (Cw) cmb 1.89 1.90 1.90 1.83 0.31 3.63
Torsional (J) cmé 3.62 3.93 3.82 4,31 8.50 -11.43




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey

Dimensional Properties

Basic Section Details
Frame test : F1 Date : 22/9/89
Section ref : SB3 Test points: 3
Stock steel : P6 Position 1 :Joint Q
Section type : 254 x 102 UB 22 - GRADE 43

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 103.18 102.86 103.29
Breadth (lower) bl = 104.11 103.68 104.77
Depth (first side) d = 254.50 255.00 254.50
Depth (second side) d1 = 252,50 253.50 253.00
Flange thickness tfl = 6.60 6.68 6.65
Flange thickness tf2 = 6.78 7.10 6.85
Flange thickness tf3 = 6.59 6.70 6.62
Flange thickness tf4 = 6.31 6.38 6.41
Web offset at 1 = 61,37 61.40 61.34
Web offset at 2 = 62.51 62.15 62.90
Web offset at 3 = 61.77 61.60 61.92
Web offset at 4 = 61.60 61.45 62.16
Calculated Data
Web thickness (tw) mm = 5.46 5.41 5.31
gectional Area (A) cm2 = 27.24 27,39 27.06
Inertia (Ixx) cmd = 2776,73 2823,27 2791,06
Inertia (Iyy) cmd = 122.54 123,86 125.03
Warping Const.(Cw) cmé = 1.87 1.90 1.91
Torsion Const.(J) cm4 = 3.76 3.85 3.7

Section Min Max Ave Nom Max/Min Ave/Nom
Paranters Value Value Value Value X diff x diff

Breadth (B) nm 102.86 104.77 103.65 101.60 1.86 2.02
Depth (D) RO 252,50 255.00 253.83 254.00 0.99 -0.07
Top flange (T) mm 6.60 7.10 6.78 6.80 7.58 -0,34
Bot flange (T) mm 6.31 6.70 6.50 6.80 6.18 ~-4,39
Flange thick (T)mm 6.31 7.10 6.64 6.80 12.52 -2,37
Web thick (t) =m 5.31 5.46 5.39 5.80 2.82 -7.01
Area (A) cm2 27.06 27.39 27.23 28.40 1.21 -4,12
Inertia (Ixx) cmd4 2776.73 2823.27 2797.02 2870.00 1.68 -2.54
Inertia (Iyy) cm4 122.54 125.03 123.81 120.00 2.03 3.18
warping (CW) cnb 1087 1.91 1.89 1.83 2.18 3.36
Torsional (J) cmé 3. 71 3.85 3.77 4,31 3,96 -12,50




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey - Dimensional Properties

Basic Section Details

Frame test : Fl Date : 22/9/89
Section ref : SB4 Test points: 3
Stock steel : P4 A Position 1 :Joint S
Section type : 254 x 102 UB 22 - GRADE 43

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 103.01 103.30 102.74
Breadth (lower) bl = 103.75 104.29 103.68
Depth (first side) d = 255,00 255.00 255.00
Depth (second side) d1 = 253,00 252,30 253.00
Flange thickness tfl = 6.58 6.57 6.67
Flange thickness tf2 = 6.83 6.79 6.93
Flange thickness tf3 = 6.69 6.68 6.71
Flange thickness tf4 = 6.39 6.36 6.44
Web offset at 1 = 61.26 61.55 61.18
Web offset at 2 = 62.27 62.57 62.27
Web offset at 3 = 61.66 61.90 61.76
Web offset at 4 = 61,52 61.40 61.38.
Calculated Data
Web thickness (tw) mm = 5.47 5.53 5.35
Sectional Area (A) cm2 = 27.34 27.48 27.18
Inertia (Ixx) cmd = 2799.58 2799.63 2801.61
Inertia (Iyy) cmd = 122,59 123.67 123.14
Warping Const.(Cw) cmb = 1.88 1.89 1.88
Torsion Const.(J) cmé = 3.81 3.84 3.78
l;_ Section Min Max Ave Nom Max/Min Ave/Nom

Paranmters Yalue Value Value Value ¥ diff % diff

pepth (D) nm 252.30 255,00 253.88 254.00 1.07 -0.05
Top flange (T) mm 6.57 6.93 6.73 6.80 5.48 -1.05
Bot flange (T) =mm 6.36 6.71 6.55 6.80 5.50 -3.75
Flange thick (T)mm 6.36 7.10 6.64 6.80 11.64 -2.40
Web thick (t) mm 5.35 5.53 5.45 5.80 3.17 -6.06
Area (A) cm2 27.18 27.48 27.34 28.40 1.09 -3.74
Inertia (Ixx) cm4  2799.58 2801.61 2800.27 2870.00 0.07 -2.43
Inertia (Iyy) cmd 122,59 123.67 123.13 120.00 0.89 2.61
warping (Cw) cmb 1.88 1.89 1.88 1.83 0.62 2.83
Torsional (J) cmd 3.78 3.84 3.81 4.31 1.64 -11.61




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey

Dimensional Properties

Basic Section Details

Frame test : F1 Date + 22/9/89
Section ref : SBS Test points: 3
Stock steel : P4 Position 1 :Joint U
Section type : 254 x 102 UB 22 - GRADE 43

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 104.10 103.66 103.80
Breadth (lower) bl = 103.02 102.93 102.81
Depth (first side) d = 253.00 253.50 253.00
Depth (second side) d1 = 255.00 255.00 254.50
Flange thickness tfl = 6.34 6.40 6.38
Flange thickness tf2 = 6.72 6.68 6.76
Flange thickness tf3 = 6.75 6.81 6.74
Flange thickness tf4 = 6.60 6.66 6.66
Web offset at 1 = 61.69 61.39 61.23
Web offset at 2 = 61.67 61.69 61.51
Web offset at 3 = 62.14 62.03 62.19
Web offset at 4 = 61.54 61.49 61.63
Calculated Data
Web thickness (tw) mm = 5.48 5.44 5.47
Sectional Area (A) cm2 = 27.37 27.30 27.35
Inertia (Ixx) cmd = 2799.28 2804.94 2795.23
Inertia (Iyy) cmd = 122,86 122,55 122,59
warping Const.(Cw) cmé = 1.88 1.88 1.87
Torsion Const.(J) cm4 = 3.80 3.80 3.82

Section Min Max Ave Nom Max/Min Ave/Nom
Parasters Value Value Value Value % diff X diff

Breadth (B) nn 102.81 104.10 103.39 101.60 1.25 1.76
pepth (D) Bm 253,00 255.00 254.00 254.00 0.79 0.00
TOp flange (T) Bm 6034 6076 6055 6080 6062 "3-73
Bot flange (T) mm 6.60 6.81 6.70 6.80 3.18 -1.42
Flange thick (T)mm 6.34 7.10 6.62 6.80 11.99 -2.57
Web thick (t) =m 5.44 5.48 5.46 5.80 0.83 -5.86
Area (A) cn2 27.30 27,37 27.314 28,40 0.22 -3.74
Inertia (Ixx) cm4 2795.23 2804.94 2799.82 2870.00 0.35 =-2.45
Inertia (Iyy) cm4 122.55 122.86 122.67 120.00 0.25 2.22
warping (Cw) cmb 1.87 1.88 1.88 1.83 0.45 2.55
Torsional (J) cmd 3.80 3.82 3.81 4.31 0.51 -11.69




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey -

Dimensional Properties

Basic Section Details

Frame test : F1
Section ref :
Stock steel : P4

SB6

Section type : 254 x 102 UB 22 - GRADE 43

Date

¢ 22/9/89
Test points: 3
Position 1 :Joint S

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 103.98 103.54 104.23
Breadth (lower) b1 = 102.99 102.66 102.83
Depth (first side) d = 254,50 254.00 254.00
pepth (second side) d1 = 253.00 253.00 253.00
Flange thickness tfl = 6.74 6.69 6.66
Flange thickness tf2 = 6.36 6.45 6.37
Flange thickness tf3 = 6.58 6,54 6.63
Flange thickness tf4 = 6.67 6.73 6.78
Web offset at 1 = 62,41 61.91 62.28
Web offset at 2 = 61.27 61.15 61,81
Web offset at 3 = 61.63 61.26 61.64
Web offset at 4 = 62.01 61.72 61.67
Calculated Data
Web thickness (tw) mm = 5.27 5.52 5.27
Sectional Area (A) cm2 = 26.80 27.37 26.84
Inertia (Ixx) cmd = 2762.30 2782.03 2763.73
Inertia (Iyy) cmd = 122,27 121.25 122.85
Warping Const.(Cw) cm6 = 1.87 1.85 1.87
Torsion Consto(J) Cll4 = 3. 62 3083 3. 64

Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff

Breadth (B) nm 102.66 104.23 103.37 101.60 1.53 1.74
Top flmge (T) mm 6‘36 6074 6055 6080 5.97 -3075
Bot flange (T) =mm 6.54 6.78 6.66 6.80 3.67 -2.13
Flange thick (T)amm 6.36 7.10 6.60 6.80 11.64 -2.94
"eb thiCR (t) mm 5027 5052 5035 5080 4084 ‘7073
Area (A) cm2 26.80 27.37 27.00 28.40 2,16 -4.91
Inertia (Ixx) cm4 2762.30 2782.03 2769.35 2870.00 0.71 -3.51
Inertia (Iyy) cmé 121.25 122.85 122.12 120.00 1.31 1.77
Torsional (J) cmd 3.62 3.83 3.70 4,31 5.75 =14.27




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey - Dimensional Properties

Basic Section Details

Frame test : F2 Date + 20.7
Section ref : C7 Test points: 5
Stock steel s C7 Position 1 :TOP

Section type : 152 x 152 UC 23 - GRADE 43

.90

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 153.05 152,57 152.56 153.05 153.01
Breadth (lower) bl = 152.83 152.70 152.59 152.86 153.01
Depth (first side) d = 157.61 157.91 157.76 157.79 156.11
Depth (second side) d1 = 156.99 158.37 157.43 157.14 156.52
Flange thickness tfl = 6.79 6.76 6.75 6.86 6.73
Flange thickness tf2 = 6.40 6.59 6.47 6.42 6.51
Flange thickness tf3 = 6.96 7.09 6.99 6.62 6.90
Flange thickness tf4 = 6.59 6.66 6.65 6.57 6.59
Web offset at 1 = 85.46 85.21 85.12 85.46 85.70
Web offset at 2 = 86.00 85.82 85.99 85.91 86.29
Web offset at 3 = 87.27 86.82 87.61 86.90 87.15
Web offset at 4 = 86.71 86.11 86.65 86.88 86.41
Calculated Data
Web thickness (tw) mm = 5.66 6.10 5.33 5.82 5.67
Sectional Area (A) cm2 = 29.09 29.99 28.67 29,13 29,06
Inertia (Ixx) cm4d = 1324.91 1363.06 1323.98 1321.85 1307.12
Inertia (Iyy) cm4 = 399,25 402,26 398,19 395.38 399,58
Warping Const.(Cw) cm6 = 2.26 2.30 2,27 2.25 2.24
Toreion Const.(J) cmd = 4,44 4,83 4.30 4.43 4,44
| Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff ¥ diff
Breadth (B) nm 152,56 153.05 152.78 152.40 0.32 0.25
pepth (D) Bn 156.99 158.37 157.63 152.40 0.88 3.43
Top flange (T) =m 6.40 6.86 6.63 6.80 7.19 -2.50
Bot flange (T) =m 6.57 7.09 6.77 6.80  7.91 -0.50
Flange thiCk (T)IIII 6.40 7.61 6.70 6.80 18.91 -1.50
wWeb thick (t) mm 5.33 6.10 5.72 6,10 14,35 -6.30
Area (A) cn? 28.67 29,99 29.19 29.80 4,60 -2,05
Inertia (Ixx) cm4 1307.12 1363.06 1328.19 1260.00 4,28 5.41
Inertia (lyy) cm4 395,38 402.26 398.93 403.00 1.74 -1.01
warping (Cw) cm6 2.24 2.30 2.26 2.14 3.02 5.80
Torsional (J) cmd 4.30 4,83 4.49 4,87 12,31 -7.90




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey =~ Dimensional Properties

Basic Section Details

Frame test : F2 Date s 20,7
Section ref : C8 Test points: §
Stock steel : C8 Position 1 :TOP

Section type : 152 x 152 UC 23 -~ GRADE 43

.90

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 152.09 152.49 152.64 152.31 152.61
Breadth (lower) bt = 152,25 152.66 152.36 152,60 152.69
pepth (first side) d = 157.29 157.51 157.45 157.24 157.31
Depth (second side) d1 = 157,51 157.81 157.91 157.87 157.20
Flange thickness tfl = 7.00 6.90 6.97 7.02 6.92
Fl&nge thiCkneBs tf2 = 6.73 6.73 7.11 6.91 6.89
Flange thickness tf3 = 6.46 6.33 6.44 6.49 6.37
Flange thickness tf4 = 6.77 6.82 6.91 6.97 6.83
Web offset at 1 = 84.26 85.31 85.38 86.48 87.06
Web offset at 2 = 85,35 86.24 85.72 86.88 87.36
Web offset at 3 = 87.52 86.83 86.59 85.82 85.40
Web offset at 4 = 86.66 86.31 86.01 85.27 85.23
Calculated Data
web thickness (tw) mm = 5.71 5.67 6.09 5.67 5.57
Sectional Area (A) cm2 = 29.23 29,11 30.18 29.53 29.11
Inertia (Ixx) cm4 = 1330.59 1330.62 1365.53 1350.84 1329.71
Inertia (Iyy) cmd = 396.80 396.92 406.06 405.03 401.13
Warping Const.(Cw) cmb = 2.25 2.26 2.31 2.30 2.27
Torsion Const.(J) cmd = 4.53 . 4.45 4,94 4,67 4.47

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff % diff
Breadth (B) nm 152.09 152.66 152.43 152.40 0.37 0.02
pepth (D) nm 157.24 157.91 157.57 152.40 0.43 3.39
Top flange (T) mm 6.73 7.11 6.92 6.80 5.65 1.78
Bot fl&l’lge (T) nm 6033 6097 6065 6080 10011 ‘2022
Flange thiCk (T)ln 6033 7.61 6'78 6080 20.22 "0.22
web thick (t) mm 5.57 6.09 5.74 6.10 9.43 -5.87
Area (A) cm2 29.11 30.18 29.43 29.80 3.69 -1,24
Inertia (Ixx) cm4 1329.71 1365.53 1341.46 1260.00 2.69 6.47
Inertia (Iyy) cmé 396.80 406.06 401.19 403.00 2.34 -0.45
warping (Cw) cmb 2.25 2.31 2.28 2.14 2.56 6.48
Torsional (J) cmd 4.45 4.94 4,61 4,87 10,98 -5.29




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey =~ Dimensional Properties

Basic Section Details

Frame test ¢ F2 Date :+ 20.6
Section ref : C9 Test points: §
Stock steel : C9 Position 1 :TOP

Section type : 152 x 152 UC 23 - GRADE 43

.90

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 152.69 153,12 153,10 152.73 152.60
Breadth (lower) bl = 152.96 152.36 152.34 152.59 151.84
Depth (first side) d = 157.58 157.46 157.80 157.61 157.21
Depth (second side) d1 = 157.35 157.62 158.24 157.42 156.66
Flange thickness tfl = 6.96 7.00 7.00 7.61 7.03
Flange thickness tf2 = 6.48 6.55 6.34 6.63 6.54
Flange thickness tf3 = 6.77 6.83 6.65 6.83 6.79
Flange thickness tf4 = 6.97 6.81 6.74 6.81 6.65
wWeb offset at 1 = 84.93 84.94 85.27 85.21 85.62
Web offset at 2 = 85.14 85.27 85.41 85.96 86.00
Web offset at 3 s 87.72 87.61 87.71 87.19 86.65
Web offset at 4 = 87.53 86.56 86.90 86.26 86.00
Calculated Data
Web thickness (tw) mm = 5.61 5.99 5.52 5.79 5.53
Sectional Area (A) cm2 = 29.33 29.88 28.88 30.09 28.98
Inertia (Ixx) cmd = 1342.49 1353.19 1332.69 1373.15 1319.53
Inertia (Iyy) cmd = 405.32 404.65 397.55 413.99 397.51
warping Const.(Cw) cmb = 2.30 2.30 2.28 2.35 2.24
Torsion Const.(J) cmd = 4.56 4.79 4.35 4,93 4.44

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff X diff
Breadth (B) nm 152.34 153.12 152.74 152.40 0.51 0.22
Depth (D) (7] 157.35 158.24 157.64 152.40 0.57 3.44
Top flange (T) =mm 6.34 7.61 6.82 6.80 20.03 0.31
Bot flange (T) mm 6.65 6.97 6.80 6.80 4.81 0.02
Flange thick (T)mm 6.34 7.61 6.81 6.80 20.03 0.17
Web thick (t) =m 5.52 5.99 5.69 6.10 8.61 =-6.80
Area (A) cm2 28.88 30.09 29.43 29.80 4,17 -1.23
Inertia (Ixx) cm4 1319.53 1373.15 1344.21 1260.00 4.06 6.68
Inertia (Iyy) cmd 397.51 413.99 403.80 403.00 4,15 0.20
warping (Cw) cmé 2.24 2.35 2.29 2.14 4,65 7.13
Torsional (J) cmé 4.35 4,93 4.61 4.87 13.23 -5.24




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey Dimensional Properties

Basic Section Details

Frame test : F2 Date : 20.7.90
Section ref : PB9 Test points: 4
Stock steel s P7 Position 1 :-
Section type : 254 x 102 UB 22 - GRADE 43

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 103.43 103.58 103.38 103.80
Breadth (lower) b1 = 102.74 102.49 102.82 102.83
Depth (first side) d = 253.61 253.26 253.30 253.53
Depth (second side) d1 = 254,21 254.62 255,21 255.04
Flange thickness tfl = 6.36 6.40 6.50 6.42
Flange thickness tf2 = 6.57 6.68 6.62 6.60
Flange thickness tf3 = 6.65 6.73 6.68 6.65
Flange thickness tf4 = 6.61 6.58 6.74 6.60
Web offset at 1 = 61.32 61.10 61,17 61.17
Web offset at 2 = 61.57 61.39 61.17 61.29
web offset at 3 = 62.35 61.64 61,90 61.64
Web offset at 4 = 60.34 61.00 61.46 60.77
Calculated Data
wWeb thickness (tw) mm = 5.73 5,91 5.69 6.32
Sectional Area (A) cm2 = 27.80 28,32 27.89 29.31
Inertia (Ixx) cm4 = 2801.61 2835.77 2830.18 2889.87
Inertia (Iyy) cmd = 120,25 121,04 121.92 121.60
warping Const.(Cw) cmb = 1.84 1.85 1.87 1.87
Torsion Const.(J) cmd = 3,96 4.17 4,01 4.55

Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value ¥ diff X diff

pepth (D) mm 253.26 255.21 254.10 254.00 0.77 0.04
Top flange (T) mm 6.36 6.68 6.52 6.80 5.03 -4.14
Bot flange (T) mm 6.58 6.74 6.65 6.80 2.43 -2.13
Flange thick (T)mm 6.36 7.61 6.59 6.80 19.65 -3.13
web thick (t) mm 5.69 6.32 5.91 5.80 11.07 1.96
Area (A) cm2 27.80 29.31 28,33 28.40 5.40 ~0.25
Inertia (Ixx) cm4 2801.61 2889.87 2839.36 2870.00 3.15 -1.07
Inertia (Iyy) cmd 120.25 121.92 121.20 120.00 1.39 1.00
warping (Cw) cmb 1.84 1.87 1.86 1.83 1.60 1.43
Torsional (J) cm4 3.96 4.55 4.17 4.31 15.02 -3.21




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey -~ Dimensional Properties

Basic Section Details

Frame test : F2 Date : 20.7.
Section ref : PB10 Test points: 4
Stock steel : P8 Position 1 :-

Section type : 254 x 102 UB 22 -~ GRADE 43

90

Measurement Locations 1 2 3 4 5

Breadth (upper) b= 103.93 104.21 104.57 104.17

Breadth (lower) bl = 103.26 103.44 103.65 103.50

Depth (first side) d = 253.69 253.69 254.35 253.69

Depth (second gide) dl = 254.98 254,97 255.46 255.67

Flange thickness tfl = 6.53 6.55 6.48 6.54

Flange thickness tf2 = 6.93 6.78 6.72 6.70

Flange thickness tf3 = 6.86 6.83 6.81 6.73

Flange thickness tf4 = 6.78 6.74 6.74 6.68

Web offset at 1 = 61.26 61.00 61.94 62.23

Web offset at 2 = 61.87 61.44 61.97 62.11

Web offset at 3 = 62.15 61.75 62.01 61.68

Web offset at 4 = 61.40 61.51 61.53 60.95
Calculated Data

Web thickness (tw) mm = 5.70 6.42 5.83 5.79
Sectional Area (A) cm2 = 28,25 29.91 28.49 28.31

Inertia (Ixx) cm4 = 2882.55 2956.85 2898.43 2875.73
Inertia (Iyy) cmd = 126,25 126,39 126,51 125.15

warping Const.(Cw) cmb = 1.93 1.94 1.95 1.92
Torsion Const.(J) cmd = 4,16 4.82 . 4.20 4.14

Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff

Breadth (B) Bm 103.26 104.57 103.84 101.60 1.27 2.21
pepth (D) T 253,69 255.67 254.56 254.00 0.78 0.22
Top flmge (T) RR 6,48 6.93 6.65 6.80 6094 -2015
Bot fl&nge (T) RO 6068 6086 6077 6080 2069 -0042
Flange thick (T)mm 6.48 7.61 6.71 6.80 17.44 -1,29
Web thick (t) =mm 5.70 6.42 5.93 5.80 12.64 2.26
Area (A) cm2 28,25 29,91 28.74 28.40 5.90 1.19
Inertia (Ixx) cm4 2875.73 2956.85 2903.39 2870.00 2.82 1.16
Inertia (Iyy) cmé 125,15 126.51 126.07 120.00 1.09 5.06
warping (CW) 0.6 1092 1095 1094 1083 1.25 5080
Torsional (J) cmd4 4.14 4.82 4.33 4.31 16.52 0.49




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey =~ Dimensional Properties

Basic Section Details

Frame test : F2 Date s 20.7.
Section ref ¢ PB11 Test points: 4
Stock steel : P8 Position 1 :-

Section type : 254 x 102 UB 22 - GRADE 43

90

Measurement Locations 1 2 3 4

104.44 104.85 104.06 104.78
103.99 103.87 103.82 103.79
255.21 255.35 255.42 255.28
253.41 253.97 253.93 253.98
6.75 6.66 6.73 6.75
6.60 6.64 6.89 6.50
6.81 6.72 6.73 6.77
6.86 6.74 6.99 6.84
61.68 61.91 61.78 61.82
61.10 61.47 61.33 61.23
62.11 61.78 62.00 61.89
62.61 62.08 62.18 62.01

Breadth (upper) b
Breadth (lower) bl
Depth (first side) d
Depth (second side) dl
Flange thickness tf1l
Flange thickness tf2
Flange thickness tf3
Flange thickness tf4
web offset at 1
Web offset at 2
Web offset at 3
Web offset at 4

Calculated Data

5.91 6.18 5.73 6.25
28.179 29.37 28.53 29.58
2913.49 2939.47 2920.41 2952.32
128.32 127.59 128.68 127.81
1.97 1.96 1.98 1.96
4,34 4,55 4.27 4.65

Web thickness (tw) mm
Sectional Area (A) cm2
Inertia (Ixx) cm4
Inertia (Iyy) cnd
warping Const.(Cw) cm6
Torsion Const.(J) cm4

Ave/Nonm
X diff

Section Min Max Ave Nom Max/Min

Paramters Value Value Value Value X diff
Breadth (B) nm 103.79 104.85 104.20 101.60 1.02
pepth (D) 1] 253.41 255.42 254.57 254.00 0.79
Top flange (T) =m 6.50 6.89 6.69 6.80 6.00
Bot flange (T) mm 6.72 6.99 6.81 6.80 4.02
Flange thick (T)am 6.50 7.61 6.75 6.80 17.08
Web thick (t) mm 5.73 6.25 6.02 5.80 8.98
Area (A) cm?2 28.53 29.58 29.07 28.40 3.68

Inertia (Ixx) cmé 2913.49 2952.32 2931.42 2870.00 1.33
Inertia (Iyy) cmd 127.59 128.68 128.10 120.00 0.85
warping (Cw) cmb 1.96 1.98 1.97 1.83 0.75
Torsional (J) cmé 4,27 4.65 4.45 4,31 8.98

2.56
0.22
-1.62
0.11
'0. 75
3.75
2.35
2.14
6.75
7.47
3.31



EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey - Dimensional Properties

Basic Section Details

Frame test : F2 Date ¢ 20.7.
Section ref : PBl12 Test points: 4
Stock steel ¢ P9 Position 1 :-

Section type : 254 x 102 UB 22 - GRADE 43

90

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 104.76 104.27 104.49 103.65
Breadth (lower) bl = 103,88 103.66 104.18 103.69
Depth (first side) d = 255.30 255.24 255.10 255.34
pepth (second side) d1 = 253.70 254,08 253.95 253.82
Flange thickness tfl = 6.71 6.73 6.78 6.77
Flange thickness tf2 = 6.45 6.53 6.86 6.57
Flange thickness tf3 = 6.81 6.86 6.79 6.94
Flange thickness tf4 = 6.89 6.94 6.81 6.94
Web offset at 1 = 60.80 60.54 61.40 60.75
Web offset at 2 = 60.61 60.46 61.06 60.80
Web offset at 3 = 62.34 62.86 62.98 62.38
Web offset at 4 s 61.91 62.84 62.83 62.36
Calculated Data
Web thickness (tw) mm = 6.93 6.06 5.64 5.97
sectional Area (A) cm2 = 31.21 29.16 28.29 28.98
Inertia (Ixx) cm4 = 3028.85 2937.88 2906.55 2930.53
Inertia (Iyy) cm4 = 128.48 128.30 129.98 127.52
Warping Const.(Cw) cmé = 1.97 1.97 1.99 1.96
Torsion Const.(J) cm4 = 5.43 4,50 4.16 4.44
Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff
Breadth (B) Bnn 103.65 104.76 104.07 101.60 1.07 2.43
pepth (D) nD 253.70 255.34 254.57 254.00 0.65 0.22
Top fl&nge (T) nm 6.45 6.86 6.68 6.80 6.36 -1.84
Bot flange (T) m®=m 6.79 6.94 6.87 6.80 2.21 1.07
Flange thick (T)mm 6.45 7.61 6.77 6.80 17.98 -0.39
web thick (t) =mm 5.64 6.93 6.15 5.80 22.87 5.99
Area (A) cm2 28.29 -31.21 29.41 28.40 10.31 3.56
Inertia (Ixx) cm4 2906.55 3028.85 2950.95 2870.00 4.21 2.82
Inertia (Iyy) cmd 127.52 129.98 128.57 120.00 1.93 7.14
warping (Cw) cmb 1.96 1.99 1,97 1.83 1.88 7.85
Torsional (J) cmé 4.16 5.43 4,63 4,31 30.42 7.49




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey -

Dimensional Properties

Basic Section Details

Frame test ¢ F2

Date

¢ 20.7.90

Section ref : SB7 Test points: 3
Stock steel : P7 Position 1 :-
Section type : 254 x 102 UB 22 - GRADE 43
Measurement Locations 1 2 3 4 5

Breadth (upper) b= 103.38 102.38 103.20
Breadth (lower) bl = 104.02 103.21 103.96
Depth (first side) d = 253.22 254.48 252.91
pepth (second side) d1 = 254.33 255.66 254.74
Flange thickness tfl = 6.58 6.72 6.69
Flange thickness tf2 = 6.52 6.59 6.74
Flange thickness tf3 = 6.25 6.48 6.32
Flange thickness tf4 = 6.61 6.65 6.55
Web offset at 1 = 61.72 61.45 61,92
Web offset at 2 = 61.47 61.10 61,96
Web offset at 3 = 60.92 60.79 61.94
web offset at 4 = 61.64 61.73 61.71
Calculated Data
Web thickness (tw) =mm = 6.26 5.70 5.25
Sectional Area (A) cm2 = 29.04 27.87 26,76
Inertia (Ixx) cm4 = 2855.91 2839.12 2761.24
Inertia (Iyy) cm4 = 121.51 120.37 122,35
wWarping Const.(Cw) cmb = 1.86 1.86 1.87
Torsion Const.(J) cmd = 4.43 3.99 3.60

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff X diff
Breadth (B) Bm 102.38 104.02 103.36 101.60 1.60 1.73
pDepth (D) Bm 252.91 255.66 254.22 254.00 1.09 0.09
Top flange (T) nm 6.52 6.74 6.64 6.80 3.37 -2.35
Bot flange (T) mm 6.25 6.65 6.48 6.80 6.40 -4.75
Flange thiCk (T)lm 6025 6.74 6056 6080 7.84 "3055
Web thick (t) mm 5.25 6.26 5.74  5.80 19.22 -1.03
Area (A) cm2 26.76 29,04 27.89 28.40 8.51 -1.79
Inertia (Ixx) cm4  2761.24 2855.91 2818.76 2870.00 3.43 -1.79
Inertia (Iyy) cmé4 120.37 122.35 121.41 120.00 1.64 1.17
warping (Cw) cmb 1.86 1,87 1.86 1,83 0.66 1.73
Torsional (J) cmd 3.60 - 4.43 4,01 4.31 22,92 -7.07




Steel Section Survey -

EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Dimensional Properties

Basic Section Details

Frame test : F2

Section ref ¢ SBS

Stock steel ¢ P9

Date

s 20.7.90
Test points: 3
Position 1 ¢~

Section type : 254 x 102 UB 22 - GRADE 43

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 103.73 104.12 103.92
Breadth (lower) bl = 104.84 103.86 104.57
Depth (first side) d = 253.88 253.75 256.07
pDepth (second side) d1 = 255.24 255.93 255.55
Flange thickness tfl = 6.87 6.93 7.03
Flange thickness tf2 = 6.73 7.06 6.74
Flange thickness tf3 = 6.56 6.57 6.57
Flange thickness tf4 = 6.70 6.77 6.53
web offset at 1 = 62.69 62.79 62.68
web offset at 2 = 62.31 62.41 62.55
Web offset at 3 = 60.90 60.63 61.02
Web offset at 4 = 61.81 61.07 61.67
Calculated Data
Web thickness (tw) mm = 5.87 5,98 5.72
gectional Area (A) cm2 = 28.65 29,13 28.38
Inertia (Ixx) cmd = 2906.02 2953.78 2921.83
Inertia (Iyy) cm4d = 127.86 129.30 127.74
warping Const.(Cw) cm6 = 1.96 1.99 1.98
Torsion Const.(J) cmd = 4,27 4.49 4,15

Section Min Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff ¥ diff

L————————
Breadth (B) nm 103,73 104.84 104.17 101.60 1.07 2.53
pepth (D) nm 253.75 256.07 255.07 254.00 0.91 0.42
Top flange (T) mm 6.73 7.06 6.89 6.80 4.90 1.37
pot flange (T) mm 6.53 6.77 6.62 6.80 3.68 =-2.70
Flange thick (T)mm 6.53 7.06 6.76 6.80 8.12 -0.66
Web thick (t) mm 5,72 5.98 5.86 5.80 4.45 1.01
Area (A) cm2 28,38 29.13 28.72 28.40 2.65 1013
Inertia (Ixx) cm4 2906,02 2953.78 2927.21 2870.00 1.64 1.99
Inertia (Iyy) cm4 127,74 129.30 128,30 120.00 1.22 6.92
warping (Cw) cmb 1,96 1.99 1.98 1.83 1.26 8.07
TorBional (J) cm4 4,15 4.49 4.31 4.31 8.25 -0.10




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey -~

Dimensional Properties

Basic Section Details

Frame test F2

Section ref + SB9
+ P10

Stock steel

Section type : 254 x 102 UB 22 -~ GRADE 43

Date

+ 20.7.90
Test points: 3
Position 1 :-

Measurement Locations 1 2 3 4 5

Breadth (upper) b= 103.10 102.87 102.56
Breadth (lower) bl = 103.75 102.91 103.34
Depth (first side) d = 253.18 253.16 253.06
pepth (second side) d1 = 254.77 255.76  255.11
Flange thickness tfl = 6.70 6.81 7.07
Flange thickness tf2 = 6.62 6.68 6.62
Flange thickness tf3 = 6.40 6.28 6.36
Flange thickness tf4 = 6.45 6.55 6.53
Web offset at 1 = 62.60 61.72 62.09
Web offset at 2 = 62.63 61.35 61.88
Web offset at 3 = 60.36 60.61 60.63
Web offset at 4 = 61.05 60.87 60.84
Calculated Data
Web thickness (tw) mm = 5.55 6.06 5.67
sectional Area (A) cm2 = 27.39 28.65 27.83
Inertia (Ixx) cmd = 2786.50 2858.43 2822,98
Inertia (Iyy) cmd = 121.77 120,35 121.72
warping Const,(Cw) cmb = 1.86 1.85 1.86
Torsion Const.(J) cmd = 3.80 4.29 3.99

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff X diff
#—i
Breadth (B) nm 102.56 103.75 103.09 101.60 1.16 1.46
pepth (D) mm 253.06 255.76 254,17 254.00 1.07 0.07
Top flange (T) mm 6.62 7.07 6.75 6.80 6.80 -0.74
Bot flange (T) =mm 6.28 6.55 6.43 6.80 4,30 -5.47
Flange thick (T)mm 6.28 7.07 6.59 6.80 12.58 -3.10
web thick (t) mm 5.55 6.06 5.76 5.80 9.20 -0.75
Area (A) cm2 27.39 28.65 27.95 28.40 4.61 -1.587
Inertia (Ixx) cm4 2786.50 2858.43 2822.64 2870.00 2,58 ~-1.65
Inertia (lyy) cmd4 120.35 121.77 121.28 120.00 1,18 1.07
warping (Cw) cmb 1.85 1.86 1.86 1.83 0.81 1.56
Torsional (J) cmd 3.80 4.29 4.03 4.31 12.94 -6.56




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey - Dimensional Properties

Basic Section Details

Frame test : F2 Date : 20.7.
Section ref + SB10 Test points: 3
Stock steel : P10 Position 1 :~-

Section type : 254 x 102 UB 22 -~ GRADE 43

90

Measurement Locations 1 2 3 4 5
Breadth (upper) b= 103.88 103.15 103.14
Breadth (lower) b1 = 103.08 102.65 102.68
Depth (first side) d = 254.20 254,67 254.60
Depth (second side) dl1 = 253,41 253.21 253.34
Flange thickness tfl = 6.39 7.03 6.48
Flange thickness tf2 = 6.36 6.37 6.45
Flange thickness tf3 = 6.58 6.75 6.62
Flange thickness tf4 = 6.77 6.86 6.85
web offset at 1 = 61.27 61.86 61.68
Web Offset at 2 = 61038 61036 61.42
Web offset at 3 = 62.22 60.65 60,72
Web offset at 4 = 62.36 60.50 60.68
Calculated Data
Web thickness (tw) mm = 5,31 6.16 6.10
Sectional Area (A) cm2 = 26.717 29.19 28.77
Inertia (Ixx) cmd = 2750.35 2904.81 2856.79
Inertia (Iyy) emd = 121.20  123.61 120.80
warping Const.(Cw) cmb = 1.85 1.89 1.85
Torsion Const.(J) cmd = 3.59 4.56 - 4.35

Section Min - Max Ave Nom Max/Min Ave/Nom
Paramters Value Value Value Value X diff X diff

Lesssnsmas——
Breadth (B) nm 102,65 103.88 103.10 101.60 1.20 1.47
Top flange (T) =m 6.36 7.03  6.51  6.80 10.53 -4.22
Bot flange (T) mm 6.58 6.86 6.74 6.80 4.26 ~0.91
Flange thick (T)mm 6.36 7.03 6.63 6.80 10.53 =-2.56
Web thick (t) mm 5.31 6.16 5.85 5.80 16,02 0.92
Area (A) cm2 26,77 29.19 28,24 28.40 9.04 =0.55
Inertia (Ixx) cm4  2750.35 2904.81 2837.32 2870.00  5.62 -1.14
Inertia (Iyy) cmd 120.80 123.61 121.87 120.00 2.33 1.56
warping (Cw) cmb 1.85 1.89 1.86 1.83 2.18 1.80
Torsional (J) cmé 3.59 4,56 4,16 4.31 26,91 -3.37




EXPERIMENTAL STUDIES OF THE BEHAVIOUR OF STEEL FRAMES

Steel Section Survey - Dimensional Properties

Basic Section Details

Frame test : F2 Date ¢ 20.7.90
Section ref ¢ SB11 Test points: 3
Stock steel : P10 Position 1 =

Section type : 254 x 102 UB 22 - GRADE 43

Measurement Locations 1 2 3 4 5

102.88 102.43 102.68
103.43 103.26 103.75
254.60 255.28 254.31
253.23 253.83 253.19
6.49 6.51 6.61
6.83 6.80 6.84
6.63 6.70 6.52
6.39 6.42 6.34
61.34 61.31 62.09
61.61 61.83 62.45
61.47 61.16 61.05
61.75 60.88 60.85

Breadth (upper) b
Breadth (lower) b1
pepth (first side) d
Depth (second side) dl
Flange thickness tfl
Flange thickness tf2
Flange thickness tf3
Flange thickness tf4
Web offset at 1
Web offset at 2
Web offset at 3
Web offset at 4

Calculated Data

5.51 5.70 5.44
27.35 27.83 27.15
2787.55 2825.57 2773.55
121.12 120.54 121.37
1.85 1.85 1.85
3.80 3.98 3.74

Web thickness (tw) mm
Sectional Area (A) cm2
Inertia (Ixx) cmd
Inertia (Iyy) cmé
warping Const.(Cw) cmb
Torsion Const.(J) cmd

Section Min Max Ave Nom Max/Min Ave/Nom

Paramters Value Value Value Value X diff X diff
Breadth (B) nm 102.43 103.75 103.07 101.60 1.29 1.45
pepth (D) 1) 253.19 255.28 254.07 254.00 0.83 0.03
Top flange (T) =mm 6.49 6.84 6.68 6.80 5.39 =-1.76
Bot flange (T) mm 6.34 6.70 6.50 6.80 5.68 -4.41
Flange thick (T)mm 6.34 6.84 6.59 6.80 7.89 -3.09
Web thick (t) mm 5.44 5.70 5.55 5.80 4.78 -4.37
Area (A) cm2 27.15 27.83 27.44 28.40 2.51 -3.38
Inertia (Ixx) cmd4  2773.55 2825.57 2795.56 2870.00 1.88 -2.59
Inertia (Iyy) cmd 120,54 121.37 121.01 120.00 0.69 0.84
warping (Cw) cmb 1.85 1.85 1.85 1.83 0.08 1.25
Torsional (J) cmd 3.74 3.98 3.84 4,31 6.56 =-10.90
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Figure A.3: Fabrication of pulley mechanisms used in the subassemblage tests.
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| - e 1
Eleuakior . Sechon .

All beawn sections — 754 102 0822 - grade 43,
All column Sections — 162 % /52 DC23 — grade 43 .

%9;1__0/& column (Lo /Q___;/ :

From a bnedr elastic Hg}d -frame analys}s oF the framme, Hhe
benc)ing moments at Hhe Connedhon with column Clo /o-l Aare i~

A~ bea
4.8 kN, f”"f""? " 5/ G kil
,1 o MINOr |
\ Coluwmr
axis.

Sacor‘dary Eeam
fo Vnéjov
Coluwmun_

axis.
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Design of Colormn Clofo-1 .

Fromn expenmental data | ihe liear conrechon Shffyress

of a 254-%|02UBR2 woitna 12mm ft,ush end plefe Eornected fo
A 152 x 192 6C23 are: —

Minor axis conmection  Cyp = 2cco kMM/rad.

Ma}o—r axis Comaeckionn = Cyo= dsco b’\/‘“/rad .

Fov stardard equations for def/ech'on P

%in = O ool rodaensS — Prifﬂd)rzj bzam
ﬁbpin = O 013 ractians =~ Sccondarjbeam .
W= (/ + Meigid )"
Ppin Cro
. -
MPrioer = (( + 48 ) = 073
. 0-00bl, 2000

/»‘Mo)'or = (/ ng St o . )-, = 0‘55
©-0/3 4500

Semi —n'gid Momzn s, —

MSR".,',-MF = /‘JMﬁglé ’07348 = 35 MM .
Mie nadjory = 2 0.53.5) b= 27 3kNmm.
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Fdll Ceale frame fests - C .Giond 2 {Io |20

SUBJECT:

Checked Approved

Design of colurnn Clo 0=

73

ASS'(Aming Hrat +h¢sa,applia,d da'smrb.‘wﬂ momants will

distributed aquall(j fo He upEer an0 lower colurmmn

Segments, He d@.sian distribution of momenrts Lol be i —

]

[-B kM. m. 137 Filua
N
\

rainov- Bxis waior axis,
-~

Oz tervrina zﬁ‘ccﬁve /zrgfh forcolumn . (m"non axis) |

k, = 0-0 (‘fixe& baSQ)

A
i
™

H

AN

o

To. i +
=iy
= Q x 403 /5&00 - 0_35
2870. 073 2. 4905
4950 300

From #e a/:"ﬁnmam{- chart appzrd}x E Cf
855950 Aot
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.Dzslgm of colurn Cl fo-1.

10
Pinned

/

\ N

<
NN
N
N\

Y

/_/[ 7(_ il _/

05 -

PERN

«
D

\
B
N
AOAN
<

A

A\
o.a\ NG \\

0.2

\\
m%&\ \\ y \\ A
BN MRS

Fixed 00 £
0S 06 07 08 09 10

4

]
!
00" 01 .02 ua»r

._J__.._." Pinned

Lcy = 0 5L = O 5.3 = 20/1o nuna,

UW? fe nferackion ¢qua/‘lm in Clause 4.8.3.3./ o/L
BS 5950: -

Ay = 2080w’
R N } B4
7 _'QX!O P

m = 0 43 (Taj,,m/a.- 85550 )
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Dzsign of coluuwmn Cio[o-1. |

py = 320 Njmm? (from experimantal tests).

A - L,¢/ = 20/07 = 54.8.

Pe = 232 Nfpop® ( Table 27(c): BSEO Part 1),

A (for‘ [atera/ forsional buc/duz\9> = O 51_%39 .

Ay Tu-vA - lo.o827.00 .82 = GO,

b= 24ZNfnmz  (Toble Il BS5D50: Rt ).

Sub&H{"uHﬂg into ke iNnferackion @:?uah'o'? =

E + o045, 137 4 043 .18 5 < o,
Q@@o.Qazvlo'B 445 320.52-9xlo

£ + 85 4+ 028 ¢ |o
@1 4 445 (5

F < 567 kN .

7;\.is Corr}oams Lot 3 fest ulhrmate load Cf 150 kN.

F, = /.
mé%dz,s /33
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Full seale frorme fests.
le ¢ ~ |c Gitbons| 31[10]%0

SUBJECT: Checked Approved

DaSrgn of coliwmn C(o/o—l.

As an sllernative, use the 'more exact' interachion
ﬂyuaﬁov’) i 555950:—

@ MMy o mMy ¢ o (d. 48352 B550)
Max Maﬁ

where - Max is Hhe lesser of :-

a) Mex (’ B ch)
%)

Or:-

p Me( 1 - %)

ouwna Whm ;-
- E
May = M‘{j( I Puj)
({ + O5F )
Py
67 inspechion the case b) for May is more cnbical 0 #his
IMetance. .

e,x = 840 kN Cusing am¢{f¢ﬁue, {engfh = O'8LJ> )

ey @014 kN ( as before)
Mb = 445 kN (OS tﬁfof‘&)

h
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SUBJECT: Checked Approved
Dzs@n of column Ceo[O-1.

MMy 4 .mM‘j__ = 59 . 4+ 26
M, M 445/ — F_ 258( | — ,64)
* °Y ( @(.4> 2
ol
F:
_ | -+ |+ 1282 < |0
. _F
754(/ @74) 3725 (I _(0—574)
ifevative solution of the ebouve @{uah'oq?'ues

Fr = SJON.
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casz (PA -onecway Span. - C .GibeonS Q0{ ll{

Checked Approved

SUBJECT: Pr-b/oosad 'simplz‘ design method .

w= 4066 kl\!/rn S{quam d@%dsas
RERRERN! ﬂ%az::,w Rt oz,

| 305 %127 v4808

(L=5-5m)
S

Ling of -Cymm@"ry -

/52 » 159 x 23 uc

NS (o
Oel%rvnz& Y hapz
C?C column wihen
P)ead Moment-
reoerses fo zer.

Qeeme——

&zam lpad = 406 /OV/M
. 3
+ Beam supoort rofation = wly

24EL,
- 4@-5*55005' = O 0/(pres
24 x Q/ox/o"xgsa)x/d’

If iz Morment-at the column head has reverSed o zeco,

¢b%¢c-

" Oeformation at column Centre (assuming & helf sinc-wave)

Sc =%¢c = 37?00.0-0109 = /z-émm._

N0/2 this Com/oams \!
WA [ = 202 poy from
the finife ¢lermment Pragram

Jofal deflection aFIhe Column cenfre i~

§=bct8 =190 +L - 190+3p00 - 13 dm
/o0

/OOO
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)‘?v,aascc} '5ump/e " desi gn mehed .

In Hhis mslance, Majoroxis moment = zaro.

. Shrength check -
P + PS. < Lo
Ps:fua% ’V/P‘_—/ N .

[ .
D + O 0254 vy
( 850 (4 )\ ©

Noke: Hus compares wsihn
P £ 358&N. S load o/rZookN
pogrem a/—poin/-c}c o
head Morment, and an
Ulhmate load o{-AQOkP\)J -

—

n

( At #ris axial load, He Momient ak e column cenfre, Ps,
= 84ENm. Tris Cornpares Lot an ‘echual 'morzint at  His
load &Ucz/qf 78 kNm. ard amomant Of 5.1 kNm. aF the
pont whare the colurmn head vorment reverses 1o zero.)

Creck msi'dualsfjﬁfhzss.
Dzsfgn axial leed = 358 kN .
Eu/@r- load = 7/_ZEI = 575@ )
| AT
As design lozd < Euler load ,_the d@,-jm represerts
a Sfable COndi(’iO\Q- SaH'SFac!’br}L.
/






