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SUMMARY

The document presents a detailed description and the results of a test programme examining the
effect of complete grout filling of the chord members of tubular joints on SCF behaviour and
ultimate bending strength. The results have been used as a basis for generating new guidance or
confirming previously uncorroborated guidance in these areas. An initial study was performed
to investigate the effects of preload history on subsequent SCF behaviour so that appropriate
testing procedures could be specified with which to conduct the tests. A full test.programme
was conducted on five T joints and seven DT joints of various geometries (0.4 <3 < 1.0 and 12
< y < 26) fabricated to industry practice and using pipes up to 406mm in diameter, Typically,

each joint in the programme was subjected to the following tests:

. SNCF measurement, on both the brace and the chord sidés of the weld, in the as-welded
condition for axial compression, axial tension, in-plane bending (IPB) and out-of-plane
bending (OPB) on the braces.

. SNCF measurements in the grouted condition for the same four load cases following the

selected preload.
. An ultimate load test in either IPB or OPB.

A large test frame was specifically designed and fabricated to apply axial tension, axial
compression, IPB and OPB loads. The specimens were of relatively large scale (i.e. 406mm
diameter chord members). Specimen size is an important issue when considering local

behaviour such as SCFs and especially when grouted joints are involved.

All specimens .were instrumented with strip gauges and single element gauges. The strip
gauges contained five individual single element strain gauges at 2mm spacings, two of
which were unused. At each measurement location (e.g. chord crown) a strip gauge and a
single element gauge weré placed on a line orthogonal to the weld. The first gauge of the
strip was placed 0.4 x (T or t) but not less than 4mm. The single element gauge was

placed at the HSE recommended last gauge position.

C14100R020 Rev 1 February 1997 Page 3 of 98

3
i
i

;
tf wliiﬂil!?l
'

g
B
|

Jﬁnunﬂiniﬂ

\




As-welded SCF/SNCF ratios are well documented so it remained to establish the
SCF/SNCEF ratio for specimens in the grouted condition. The first grouted specimen to be
tested was. instrumented with additional rosette gauges. The rosette gauges established that
the grouted SCF/SNCF ratio remains consistent with the as-welded ratio for all load cases.

In addition to strain gauges, transducers were mounted for measurement of deflection. The
deflection measurements were used to establish deformation local to the joint under axial

load or bending moment and overall deformation under bending.

Load cells, or strain gauges on tie rods/bars, were used to measure applied load for the

various load cases.

The first grouted specimen was subjected to a preload investigation to establish the effects
of loading history on measured strain concentration factors (SNCFs). SNCFs were
measured after each application of compression/tension preload. The preload levels were
increased in 10 - 20% increments of ISO predicted as-welded joint capacity up to
approximately 130%. The preload applied to the remaining specimens was based on the

results of the preload investigations.

Prior to the preload investigations, all specimens were subjected to as-welded SNCF
measurements. Table Summ-1 presents a summary of the derived as-welded SCFs with
predicted SCFs using Efthymiou and Lloyds parametric equations. The majority of
predicted as-welded SCFs are to within 15% of the measured values.

SNCF measurements were also taken for all specimens in the grouted condition. A number
of measurements were taken for each specimen for increasing preload levels. An
SCF/SNCF ratio of 1.2 was used to convert SNCFs to SCFs. Subsequent grouted SCFs
presented in Table Summ-2 represent those derived from measurements taken after a
preload level of 60% of ISO as-welded joint capacity. Table Summ-2 also presents the
derived grouted SCFs using formulations derived as part of the project. Typically the as-
welded SCF is smaller than the grouted SCF. The ratio of grouted SCF to as-welded SCF
is referred to as the Reduction Factor (RF). RFs derived from the measured grouted SCF

over measured as-welded SCF, and measured grouted SCF over as-welded SCF, derived
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using parametric formulae, were used to develop equations to predict RFs for the two

scenarios. Table Summ-3 presents the measured RFs and the derived RFs.

The final phase of testing consisted of ultimate strength tests. The specimens were tested in
either in-plane bending or out-of-plane bending. Table Summ-4 presents the measured
results and corresponding predicted values. The predicted values are well correlated to the

measured values.

The data from the programme are fully reported in various appendices and these have been
assessed to enable firm recommendations to be made with respect to estimating SCFs and
ultimate strength behaviour of grouted joints.
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NOMENCLATURE

D Outside diameter of chord
T Wall thickness of chord
T, Wall thickness of pile

T. Effective thickness

d Qutside diameter of brace

Wall thickness of brace

L

Gamma ratio = D/2T

B Beta ratio = d/D

T Tau ratio = t/T

SCF Stress concentration factor

SNCF Strain concentration factor -

cs Chord saddle

bs Brace saddle

cC Chord crown

be Brace crown

F, Yield stress

F, Ultimate stress

€ Permanent elongation

ipb In-plane bending

opb Out-of-plane bending

ax-c Axial compression

ax-t Axial tension

8 Brace/joint intersect angle
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INTRODUCTION

The modification, strengthening and repair of existing offshore installations has
received significant attention and forms an important and integral part of offshore
engineering. The need for strengthening/repair stems from increased load by
placement of additional equipment, increase in operational safety, increase in
operational service life, damage and/or regulatory requirements. It has increasingly
been recognised that chord grout filling offers an extremely technically-efficient and
cost-effective method to meet these strengthening/repair requirements for tubular
joints. However, there is little or no guidance available in codes, guidance
documents or the technical literature. This is not surprising, as the available
pertinent data relate to a single K joint, two T joints and one DT joint. The DNV
research in this area in the early 1980s related to double-skin tubular joints only,
subjected to axial loads only, and is therefore not applicable to the
strengthening/repair of tubular joints, which requires the chord of the joint to be
completly grout filled over a characteristic length. One project conducted in the
later 1970s/early 1980s remains confidential. However, the dominant data
generated in that project relate to double-skin joints or joints with y ratios well in
excess of ratios which cover current practice and, therefore, the data which fall in
these two categories are equally unapplicable. An examination of the few available

date and field experience in this area revealed the following:

* The presence of the grout increases the radial stiffness of the chord
member. The grout restricts local chord wall deformations, which leads to a

reduction of deformation-induced bending stresses and associated SCFs.
. Any reduction in SCF implies an enhancement in fatigue life.

. The chord member bending stiffness is increased, resulting in a reduction of
stress at crown locations which are driven by the « ratio. The increased
chord bending stiffness also implies that the capacity of large B ratio,
grouted T/Y joints, subjected to axial loads, may not be limited by chord

failure in the beam-bending sense.
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. The grout severely restricts ovalisation of the chord cross-section, which
indicated an increase in the capacity of grouted joints when compared with

the ungrouted cases.

. The data available indicated that fatigue lives of grouted joints may be
increased by over 10-fold when compared with equivalent ungrouted joints.
These data also indicated substantial enhancements in joint strength and joint
impact resistance, to the extent that, in perhaps the majority of cases, the

capacity of the joint is greater than the capacity of the in-coming braces.

. Grouting technology is well proven and offshore grouting works can be

executed with confidence.

* The deployment of this technique offshore has low equipment and resource
requirements compared with other techniques and, hence, significant cost

savings can be accrued.

. This technique is amenable to deployment using ROV technology with no

diver intervention, resulting in substantial safety and costs benefits.

’ A study of offshore installation times indicate that this technique can be
implemented offshore within a time frame which is less that half the time
required to implement other comparable techniques. The cost benefits in

this respect are self-evident.

In response to the above observations, the identified need and the identified
substantial economic, safety and technical benefits, MSL Engineering (MSL)
launched a joint industry initiative to develop grouted joint technology as a
repair/strengthening measure, The primary objectives of this project were, firstly,
to generate specific data and information on grouted joint behaviour to develop a
detailed design practice for the practical range of applications and parameters and,
secondly, to develop and prepare a deployment procedure to ensure safe, cost-
effective and technically-compliant applications. The offshore installation study was

completed and documented in a separate report.
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Description of Test Programme

Experimental work has been conducted to determine the effects of grout filling of
chord members on the stress concentrations at brace-chord intersections and on the
bending strength. The experimental programme consisted of a series of as-welded
SNCF measurements, grouted SNCF measurements and ultimate strength tests on T
and DT joints. The specimen test matrices are summarised in Table 1-1 and 1-2.
The test series consisted of seven DT-joints and five T-joints, with nominal values
of the following geometrical parameters: § = 0.41, 0.67 and 1.0, y = 12.7, 20.3
and 25.7 and T = 1.0.

Test series for T joints 1=1.0
y B =0.41 B =0.67 =10
12.7 T1 T3
20.3 T5
25.7 T7 T9
Table 1-1:  Test matrix for T-joints - Specimen Designation
Test series for DT joints t=1.0
Y B =0.41 B = 0.67 B=1.0
12.7 DT2 DT3
20.3 DT4 DTS DTé6
25.7 DT8 DT9
Table 1-2:  Test matrix for DT-joints - Specimen Designation

The configuration and dimensions of the specimehs are presented in Figure 1-1 for
the T-joints and in Figure 1-2 for the DT-joints. The chord length was equal to 6
times the chord diameter. The brace length was 5 times the brace diameter. The
specific selection of the joint parameters was dictated to a degree by the availability
of pipe sizes and material strengths. The resultant joint parameters were optimised,
where possible, to facilitate joint failure rather than brace failure during the ultimate
strength tests. Generally, the brace tubulars were of a higher yield strength than the
chord tubulars. This increased the likelihood of a joint failure without affecting the

Page 17 of 98
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1.2

1.2.1

1.2.2

measured SNCFs. The chosen size of tubulars resulted in large scale specimens
which minimises potential scale effects. However, the specimens were kept to a
size which enabled the test rig to assume sensible proportions. The resultant test rig
was substantial due to the size of specimens and to satisfy the requirement of having

the ability to test in all four loading modes with the specimens remaining in-situ.

Background

Existing Guidance

The provisions of major design codes on any aspect of grouted joints are limited.
API RP2A", HSE Guidance Notes®, NPD® and DNV all state that the capacity
of grouted joints may be established by testing and/or analytical methods.

With the exception of Lloyds(s’, no specific guidance on the determination of
stresses is given. Lloyds provides guidance to cover double-skin joints only. Lloyds
recommend the determination ot-' an effective thickness” which gives the same
moment of inertia as that calculated from treating the chord shell and pile as a
composite section, but neglecting grout. Lloyds recommend that the effective
thickness calculated on this basis should be limited to 1.75T. The resultant effective
thickness is then used in parametric SCF equations developed for as-welded joints.

Previous Research

A number of research and development programmes have been carried out to
investigate the behaviour of grouted joints. The research has typically been
conducted on double-skin ‘pile sleeve’ type joints or ad hoc tests on individual
grouted joints commissioned by Operators with geometries specific to offshore

platform joints requiring strengthening.

Results from the EEC Composite Jacket Project® are confidential, although general
trends noted from the findings are described. A series of elastic, ultimate strength

and fatigue tests on either double-skin or fully grouted joints have been carried out.
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It is understood, however, that a portion of the experimental programme
concentrated on thin chord sections, giving y ratios in excess of the ratios for joints

in existing offshore installations.

A Veritec joint industry project has addressed the elastic, ultimate strength and
fatigue response of double-skin grouted joints through both experimental and

numerical means.

Tebbett et al” summarise the results of ten T joint tests, in which the chords of five
specimens were reinforced with a grouted pile, i.e. grout was placed in the annulus

and in the pile. Unfortunately, no thickness values for the joints are given in the
paper.
Lalani et a1® report on a series of elastic tests (axial and bending) and an ultimate

balanced axial load test on a non-overlapping grouted K-joint.

References 9 and 10 report on a series of elastic tests (axial and bending) on a

grouted T joint.

Marshall'? reviews SCF formulations for simple steel reinforced and double-
skin/grouted joints. Marshall proposed that the vy value in SCF equations can be
modified to take account of the additional stiffness for grouted joints. The effective
thickness is defined as:

T, = (T° + THM™

The effective thickness is limited to 2T, compared with the Lloyds’ limitation of
1.75T.

Brown et al''? report on a series of elastic tests (axial and bending) and fatigue tests

on two grouted T joints.
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Review of the available literature indicates that much of the testing reported is of an
ad hoc nature and addresses technology speciﬁt_: to an identified problem. In
particular, the number of tests carried out on fully grouted specimens with varying

geometric parameters are limited.
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2.1

2.2

TEST SPECIMENS

T-Joints

The configuration and nominal dimensions of the T-joints are shown in Figure 1-1

and Table 2-1. The chord léngth is equal to 6 times the chord diameter, i.e.

a=2L/D=12. The brace length is equal to 5 times the brace diameter.

Test series and nominal dimensions for T-joints - Dimensions in (mm)

Chord B =041 B =0.67 B=1.0
y = D/2T | Braces [ Specimen | Braces | Specimen | Braces | Specimen
406.4x16 12.7 168.3x16. T1 406.4x16. T3
406.4x10 20.3 273x10. TS
406.4x7.9 | 25.7 168.3x8. T7 406.4x7.9 T9
Table 2-1: Nominal dimensions for T-joints

DT-Joints

The configuration and nominal dimensions for the DT-joints are shown in

Figure 1-2 and Table 2-2. Thé chord length is equal to 6 times the chord diameter,

i.e. a=2L/D = 12. The brace length is equal to 5 times the brace diameter.

Test series and nominal dimensions for DT-joints - Dimensions in (mm)

Chord B =041 B = 0.67 B=10
¥y = Braces | Specimen | Braces | Specimen Braces | Specimen
D/2T '
406.4x16 12.7 273x16. DT2 406.4x16. DT3
406.4x10 | 20.3 [168.3x10.| DT4 |273x10 DTS 406.4x9.5 DTé6
406.4x7.9| 257 273x7.8f DT8 406.4x7.9 DT9
Table 2-2:  Nominal dimensions for DT-joints
C14100R020 Rev 1 February 1997 Page 22 of 98
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Wélding of Test Specimens

The weld design is based on full brace capacity, which is dependent upon the brace
dimensions and material strength. All welding was carried out using shielded metal
arc welding (SMAW), in welding position 2G (axis of the weld horizontal) ‘in
accordance with section 5.8 of ANSI/AWS D1.1-90 Structural Welding Code for
Steel™”. The welding sequence for the tubular connection is shown in Figure 2-1,

and the weld details for the T-joints and DT-joints are shown in Figure 2-2. The
welding procedures and weld profiles are presented in Appendix A.

Figure 2-1:

Welding sequence
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Figure 2-2: Welding details of T-joints and DT-joints -

The locations correspond to the positions identified in Figure 2-3.

Crown
) Brace I cc;l
15 ‘3/ / __bel
- s 5 CS;S bS,S
Saddle. / (cs;13)|  (bs;13)
-/\ - brace
1 ' 7 _ — be9
9 l cc9
chord
chord .

Note: Weld shapes measured at 45° intervals around joint intersect

Figure 2-3: Location of weld shapes
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2.4

Grouting of Test Specimens

A detailed description of the grouting procedure for the chord grout-filling of the
tubular joints is given in Appendix B. The grouting of the 5 T-joints and 7 DT-
joints was done on November Ist 1995 at the TNO laboratory by Halliburton. The
grouting spread is illustrated in Figure 2-4. The duration of grouting the twelve test
specimens was approximately two hours. Four cubes were taken from each batch
mixed and eight cubes from each test specimen. The majority of mix batches
completely filled two chords. The grout was taken from the outlet in order to

determine the compressive strength.

All chord tubulars were grouted in the upright position with grout injection at the
base. The chords were filled with potable water prior to grouting. The water was
displaced through outlets at the top of the chords as the grout was injected. During
the grouting procedure, two additional tubulars (D = 350mm) were grouted.
Approximately six months after grouting, one tube was sliced open. Figures C-1
and C-2 in Appendix C present the sliced sections. No crack was observed in the
grout core but an extremely fine gap between the grout core and inside wall of the

tubular was found.

The chosen grout was Oilwell G cement with a specific gravity of
2.02 + 0.02. The specific gravity was measured during the grouting of the test
specimens, in accordance with the grouting procedures, using a pressurised mud-

balance. The measured specific gravity for each batch is presented in Table 2-3.
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Specific gravity

Batch Specimen Specific gravity
at pump at outlet
1 2.03 350 tubular 1 1.99
350 tubular 2 2.0
2 2.02 TS5 2.0
3 2.02 T3 2.0
DT4 2.0
4 2.03 T9 2.0
DTS 2.0
5 2.02 DT2 2.01
DTS5 2.01
6 2.02 T7 2.0
T1 2.01
7 2.02 DTS 2.0
DT6 2.0
8 2.02 DT3 2.0
Table 2-3:  Specific gravity of the grout

During the first few days of curing, external temperature measurements were taken

on one of the dummy steel tubes. These are presented in Table 2-4.

Hours

after grouting

Average External Temperature

[°C] on pipe

0 17
2 21
3 23
7 -46
16 55
21 48
25 45
45 25
74 20

Table 2-4:

Temperature measurements during curing of the grout
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Figure 2-4; Equipment used for grouting
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2.5  Material Properties
2.5.1 Circular Hollow Sections

The circular hollow sections used for the specimens were hot-finished

tubes in accordance with API-5L Gr. X52N or steel grade Fe 510 D

seamless steel

in accordance

with Euronorm EN 10025 (or prEN 10210 draft). The actual mechanical properties

F, (yield stress), F, (ultimate stress), permanent elongation & and necking of the

different circular hollow sections was determined by tensile tests (dp 5) and carried

out in accordance with Euronorm EN 10.002 "Tensile tests for steel". The tubular

sections were provided with mill certificates. The nominal and the actual material

properties of the different tubulars are tabulated in Appendix D.

The coupon test results are summarised in the following Table 2-5.

Specimen Yield str. (Fy) Yield str. (Fy) Ult. str. (Fu) Ult. str. {Fu)

Brace Chord Brace Chord

Tl 347.8 358.5 520.3 507.1
T3 383.3 358.5 581.6 507.1
TS5 283.6 334.5 408.0 427.0
T7 245.6 331.6 405.1 499.5
T9 331.6 331.6 499.5 499.5
DT2 495.5 358.5 585.2 507.1
DT3 383.3 358.5 581.6 507.1
DT4 339.4 334.5 550.0 427.0
DT5 283.6 334.5 408.0 427.0
DTé6 363.4 334.5 508.2 427.0
DT8 328.5 331.6 509.9 499.5
DT9 331.6 331.6 499.5 499.5

Table 2-5: Tensile coupon tests referenced by test specimen (MPa)

2.5.2 Grout

The results of the cube tests are presented in Appendix C. The cube test resuits are

summarised in the following Tables 2-6 and 2-7.
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Batch Age Specimen Average
7 day - 23.95
DRUM 14 day - 33.80
21 day - 40.00
28 day - 35.00
1 28 day S-D1/D2 45,77
2 28 day T3 33.60
3 28 day T3 DT4 35.50
4 28 day T9 DT$§ 37.07
5 28 day DT2 DT5 39.10
6 28 day T7 T1 37.50
7 28 day DT9 DT6 35.00
8 28 day DT3 38.57
Table 2-6:  Compressive strength per batch after 7, 14, 21 and 28 days
(MPa)
Specimen Average
T1 39.05
T3 37.15
T5 43.25 )
T7 43.58
T9 41.50
DT2 45.48
DT3 51.23
DT4 39.08
DTS 49.43
DT6 44.95
DT8 46.93
DT9 49.05
Table 2-7:  Compressive strength at time of ultimate test
(MPa)

Table 2-6 presents the average compressive strengths using cubes taken from batch
mixes. With the exception of specimens TS and DT3 all batches were sufficient for
the filling of two specimens. The results for the joint specimen cubes were obtained
28 days after filling of the chords. Table 2-7 presents the average compressive
strengths obtained by testing the relevant grout cubes at the time of the joint
specimen ultimate strength test. The age of the cubes range from 3 months to 7

months.
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2.5.3 Welds

2.6

All specimens were welded by SMAW process. Test specimens T1, T3, T5, DT2,
DT3, DT4, DTS5 and DT6 were welded with a KRYO 1 electrode and specimens
T7, T9, DT8 and DT9 were welded with a Safdry 58 electrode.

The welding procedures are presented in Appendix A

Measured Dimensions

2.6.1 Circular Hollow Sections for the Specimens

The actual dimensions for the T-joints and DT-joints were determined by measuring
the wall thickness and diameter at several locations on the test specimens and on
separate pieces of left-over pipe material, from which the specimens were
fabricated. (These separate pieces were used for the determination of material -
properties). For the fabrication of test specimens, eleven different tubulars were
used. Wall thickness measurements were taken using a micrometer for the DT-joint
chords at 90° intervals at one chord end. These were combined with micrometer
measurements taken at 90° intervals on each end of the associated tubulars used in
specimen fabrication to provide an averaged wall thickness. In addition the chord
and brace wall thicknesses were measured using ultra-sonic methods. The
measurements were taken at 90° intervals at near to the fabricated specimen joint.

The results are presented in Appendix E.

The following Table 2-8 presents a summary of diameter and wall thickness

measurements.
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Specimen Chord Brace
D T d t
T1 406.78 16.39 167.81 16.32
T3 406.78 16.39 407.02 16.10
T5 407.05 10.19 237.34 0.82
T7 406.96 7.86 168.41 8.31
T9 406.96 7.86 406.96 7.86
DT2 406.78 16.39 273.09 15.76
DT3 406.78 16.39 407.02 16.10
DT4 407.05 10.19 168.57 9.95
DTS 407.05 10.19 273.34 0.82
DT6 407.05 10.19 407.60 9.61
DT8 406.96 7.86 273.21 7.88
DT9 406.96 7.86 406.96 7.86

Table 2-8: Summary of the average actual dimensions

- 2.6.2 Welds

The actual weld shapes at the crown and saddle location, and also between these

locations for the B=1.0 specimens, are presented in Appendix A for each test

specimen.
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3.1

INSTRUMENTATION

Strain Gauges

Little test data exists for SNCF measurements on grouted tubular joints. The

@204 9) gtates that the nearest gauge should be

guidance available for as-welded joints
located at a minimum of 4mm from the weld toe in order to avoid the concentrating
effect of the weld. The available guidance also gives recommendation for gauge
positioning in the region of stress variation, between the region effected by the weld
and where the stress becomes equal to the nominal stress. Puthli et al’? go one step
further by giving guidance for the location of gauges to enable non-linear
extrapolation, i.e. quadratic'extrapolaﬁon. Strain gauge positions were chosen to

bound the possibility of either linear or non-linear extrapolation.

All specimens were instrumented with strip gziuges and single element gauges. The
strip gauges contained five individual single element strain gauges at 2mm spacings,
two of which were unused. At each measurement location (e.g. chord crown) a
strip gauge and a single element gauge were placed on a line orthogonal to the weld.
The first gauge of the strip was placed at 0.4 x (T of t) but not less than 4mm. The
single element gauge was placed at the HSE® recommended last gauge position.

Appendix F contains the specification for the strain gauging of specimens.

The T-joint specimens were instrumented at all saddle and crown locations on both
the chord and brace, as shown in Figure 3-1. In addition, the p = 1.0 T-joint
specimens were gauged with two sets of gauges at 30° intervals in two diagonally
opposite quadrants on both the chord and brace. The DT-joint specimens were
instrumented at one saddle and crown location for each brace on both the chord and
brace, as shown in Figure 3-2. In addition, the B = 1.0 DT-joint specimens were
gauged with a set of gauges at 30° intervals in one quadrant on one brace and the
opposite quadrant on the other brace. The strain gauge locations are presented in

Appendix G.
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Note:

Intermediate gauges @
30° & 607 positions on both

braces are for = 1.0 joints.

— Strip gauge, consisting of 5 strain gauges, 3 of which are used

Note:

C14100R020 Rev 1 February 1997

providing additional intermediate gauges.( )

Figure 3-1: Strain gauging of T-joint specimens

Key:
- Single strain gauge
N2 of gauges per specimen
B=10.41 & 0.67 =10
Location , Single . Single
Strip gauges pauges Strip gauges gauges
Brace 4 12 (+4) 8 (+4) 16
Chord 4 4 + 3 {+4) 8
Total 8 16 (+8) 16 (+8) 24

The first § = 1.0 joint tested was gauged with a full compliment of gauges, by
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Tntermediate gauges @
30° & 60° positions on both
braces are for § = 1.0 joints.

Kev:

Ne; of gauges per specimen

Strip gauge, consisting of 5 strain gauges, 3 of which are used
Single strain gauge

p=0.41 & 0.67 =10
Location . Strip gauges :;:gle es Strip gauges :;:g::’s
Braces 4 _ 15 (+6) 8 (+6) 20
Chord 4 4 (+6) 8 (+6) 8
Total 8 - 20 (+12) 16 (+12) 28

Note:

The first p = 1.0 joint tested was gauged around the full compressive side of brace
& gauged around the full tensile side of the other brace for LP.B.

Figure 3-2: Strain gauging of DT-joint specimens
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As-welded SCF/SNCF ratios have been well documented and it was necessary to
establish the SCF/SNCF ratio for specimens in the grouted condition and whether or
not it differed to that of the as-welded condition. Therefore, in addition to the
single element strain gauges, Specimen T7 was instrumented with 2mm rosette
gauges to enable the determination of SCF/SNCF ratios in the grouted condition.
Each rosette gauge consisted of three single element gauges set at 0°, 45° and 90°
directions. The rosette gauges were placed on a line orthogonal to the weld at one

~ crown and one saddle location on both the chord and brace. Section 6.2 presents the

results of the SCF/SNCF ratio measurements. The SCF/SNCF ratios measured for

specimen T7 in the grouted condition were similar to the as-welded condition.

Strain gauges were also used at two cross section locations aWay from the weld to
measure the nominal axial and/or bending strain and to verify the loads measured by

the dynamometers, see Figure 3-3.

<
PELY BEZN
32d 3.2d
- lf————
5d 5d -
AP

Figure 3-3: Location of the strain gauges for nominal strains on brace
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3.2  Electrical Transducers

Electrical displacement transducers were used to measure (1) the local deformation
of the joint under axial load or bending moment, see Figures 3-4 and 3-5, and (2)
the deflection of the braces under bending, to determine overall deformation of the
test specimen by measurement at two points along each brace, see Figures 3-6 and

3-7. Appendix H contains the transducer measurements,

For axial load and out-of-plane bending load, the local joint deformation was
determined for the DT-joints by the measurement of distances between two points,
each positioned 100mm along each brace from the saddle position. Measurement
data on either Side of the joints were averaged for the axial conditions; the
difference between the data were used to calculate rotation for the out-of-plane
bending case, see Figure 3-4. The T-joint specimens were similar with the
exception that one brace point was replaced by an attachment to the chord on the
opposite side of the joint to the brace, see Figure 3-5. The transducer mounting
locations were chosen to minimise the effect any local deformation of tubular walls
may have on the measurement of joint deformation. For in-plane bending load, the
local joint deformation was determined in a similar manner to that discussed above.
The transducer mounting points were located 130mm along the brace from the
crown positions. Again, the locations were chosen to minimise the effecis of local

tubular wall deformations.
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(* Back also)
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Figure 3-4: Measurement of T—joiht lIocal deformations.
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Figure 3-5: Measurement of DT-joint local deformations
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OPB A

-t Position A Positidnﬁ

OPB A Tﬁ’BB |
IPB A IPB B

Position A Position B

- Positton B' ‘Position
‘Brace 2

Brace 1

Figure 3-7: Measurement of DT-joint global bending deformation
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4.1

4.2

TEST RIG AND TESTING PROCEDURE
General

Before the test specimens were placed into the test rig, their actual geometries were
measured, strain gauges were attached, and preparations for attachment of
displacement transducers were made. Appendix I contains the loading conditions
considered and the overall dimensions of the specimens. The test rig configuration
for the T-joints and DT-joints was essentially the same, with a modification of

columns and beams to accommodate the two joint types.

Test Rig and Loading System for T-joints

The test rig configuration for T-joints is presented in Figure 4-1. The chord ends
are connected to the test rig by hinges for all loading conditions. The axial load in
the braces was applied by a hydraulic jack at the brace end. In the axial tension
loading condition, the axial load was applied to the test specimen by means of four
or six bars, equally loaded and distributed around the brace end. During axial
loading of the DT-joint, the compression load was recorded by a 500 kN or a
4000 kN dynamometer, depending on specimen size and required load level. The
axial tension loading was recorded by strain gauges on the loading bars. The
maximum capacity of the six bars was 2000 kN. The nominal strain gauges on the

braces were used to verify the applied load.

For the in-plane bending loading condition, the moment was applied by pulling the
brace ends with bars attached to jacks. The load was measured with a
dynamometer. The maximum bending moment applied to the joint was taken as the
load at the brace end times the distance to the intersection of the centrelines of
chord and braces. The load was measured by a 200 kN or 800 kN dynamometer.
The strain gauges on the braces were used to verify the applied bending moment.
Similarly, the out-of-plane bending moment was applied by a tensile bar at the end

of the braces. The chord was restricted from torsion by mounting plates attached to
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the chord ends. The applied loads were again measured at each end by a 200 kN or

800 kN dynamometer. The strain gauges on the braces were again used to verify

the applied bending moment.

Figure 4-1: Test rig for T-joints
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4.3

Test Rig and .oading System for DT-joints

The test rig for DT-joints is presented in Figure 4-2. The axial load in the braces
was applied by a hydraulic jack at one brace end. The other brace end was axially
restrained. For the axial compression loading, a spherical bearing was used to
assure the required end conditions. For the axial tension loading condition, the
tensile loading was applied to one brace end by means .of four or six bars, which
were equally loaded. The chord ends were restrained against out-of-plane movement
by the attachment of mounting plates on the chord ends to the test frame. During
axial loading of the DT-joint, the compression load was recorded by a 500 kN or
4000 kN dynamometer. The dynamometer used depended on specifnen size and

therefore the required load level. The axial tension loading was recorded by four or

six bars instrumented with strain gauges. The strain gauges on the braces were used -

to verify the applied load.

For the in-plane-bending load, one chord end was pushed with a hydraulic jack
while the brace ends were restrained against movement in the direction of the chord
axis. Movement of the brace end in the axial direction of the brace and rotation of
the brace end were, however, allowed. The chord was supported in the lateral
direction. The load was measured with a dynamometer aligned with the chord axis.
The maximum bending moment in the brace was taken as the load in the
dynamometer times the distance from the chord centreline to the restrained end of
the braces. The load was measured by a 500 kN or 2000 kN dynamometer. The

strain gauges on the braces were used to verify the applied bending moment.

The out-of-plane bending moment was applied by a tensile bar at the end of the

‘braces. The load was applied at each brace end using jacks. The jack loads were

kept the same by use of a system which monitors the loads applied and adjusts as
necessary. The applied load was measured at each end by a 200 kN or 800 kN
dynamometer. The strain gauges on the braces were used to verify the applied

bending moment,.
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Figure 4-2: Test rig for DT-joints
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Data Recording

4.4
During testing, discrete measurements were taken of;
. relative displacement between chord and brace from which local joint
flexibility could be obtained;
. displacement at two points along brace from which rotation could be
calculated;
. strains:
- for the axial compression load case: (load cell and strain gauges on
brace);
- for the axial tension load case: (tensile bar strain gauges and strain
_ gaugeson brace);
- for the in-plane bending moment case: (load cell for applied load
and strain gauges on brace);
- for the out-of-plane bending moment case: (load cell of applied load
and strain gauges on brace);
The measurement of displacements, strains and loads were performed by means of
HP dataloggers and a micro-computer.
4.5  Testing Sequence
The DT-joint test specimens were first tested in the as-welded condition in the
following sequence: DT4, DT8, DT5, DT2, DT9, DT6 and DT3. After the testing
of the DT-joints, the test rig was modified to accommodate the T-joints which were
then tested in the as-welded condition in the following order: T9, T3, TS, T7 and
T1. After grouting of the specimen chords, the specimens were tested in the
following order T7, T1, T5, T9, T3, DT4, DTS, DTS5, DT8, DT9, DT6 and DT3.
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The following loading sequence was used to generate strain gauge data for the as-

welded (ungrouted) specimens:

1. Application of ten cycles of in-plane bending load on the brace at 15-20% of
the (ISO) predicted ultimate load of the ungrouted joint subjected to in-plane

bending.

2. Application of in-plane bending load to the brace in three equal increments,
up to the applied load in step 1. After each load increment, strain gauge
measurements, displacements and applied load were taken. Subsequently,
the load was reduced in three equal stages back to zero, taking measurements

at each load level.

3. Repetition of steps 1 and 2 for out-of-plane bending, axial compression and

axial tension.

Prior to testing of the specimens in the grouted condition, an investigation on the
effects of preload on local strain measurement was carried out in order to establish
an appropriate level of maximum preload to apply to the grouted joint specimens.

This investigation is discussed in Section 7.

With the exception of specimen T7, which was utilised for the conduct of the above
mentioned preload investigations, the loading sequence for the grouted specimens

was as follows:

1. Application of ten cycles of in-plane bending load on the brace at 15-20% of
the (ISO) predicted ultimate load of the ungrouted joint subjected to in-plane
bending.

2. Application of in-plane bending load to the brace in three equal increments,
up to the applied load in step 1. After each load increment, measurements
of strain, displacement and applied load were taken. The load was then

reduced in three equal stages, taking measurements at each load level.
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3. Repetition of steps 1 and 2 for out-of-plane bending, axial compression and
axial tension.
4, Application of an axial compression and tension load of 65% of ungrouted

ultimate load.

5. Repetition of steps 1,2 and 3.

6. Application at an axial compression and tension load of 130% of ungrouted

ultimate load.
7. Repetition of steps 1,2 and 3.

8. Conduct ultimate bending capacity test (ipb or opb).
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5.1

5.2

DETERMINATION OF STRAIN CONCENTRATION FACTORS
Nominal Strains

The nominal strain is defined as the maximum elastic strain on the OD of the
tubular assuming that the brace behaves as a beam (M/Z) or axial (P/A) member.
For the bending load cases, the moment was determined as the load applied at the

brace end times the distance to the intersection of the chord and the brace.

Hot Spot Strain and SNCF

The procedure for the determination of the hot spot strain was an extrapolation of
strains from a defihed region adjacent to the weld, defined as the extrapolation
region, see Figure 5-1. The extrapolation region was defined by a specified
minimum and maximum distance from the weld toe of the joint, in such a way that
the effects of the global geometry of the weld (flat, concave, convex} and the

condition at the weld toe (angle, undercut) were not included in the hot spot strain.

L e

o
- *

‘ r,min,|

s

N

1 2

)

\

T —lTl —6L ‘

> . — asd
Strip Gauge Single Element
(Consisting of 5 single elements) Gauge

{(# Denotes single element)

| Figure 5-1: Extrapolation region
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The adopted extrapolation region is defined by the following minimum distance
(I, min) @and maximum distance (I n,,) from the weld toe as a function of the chord

and brace dimensions,

Chord Side

. I; min = 0.4T but not less than 4mm for crown and saddle

. 1 max = 0.4 (tRT)™* for crown

. L.max = R 5/180 - | lfor saddle

Brace Side

. L. min = 0.4t, but not less than 4mm for crown and saddle
- L max = 0.65 (rt)"s : for crown and saddle

The hot spot strain was determined by parabolic curve fitted through data points and
parabolic extrapolation to the weld toe. The extrapolation was based on the strain

component perpendicular to the weld.

The SNCF value was calculated by the ratio of the hot spot strain divided by the

nominal strain.
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0.65(r t)!?2

Chorci

a = 0.4t but not less than 4mm
b = 0.4T but not less than 4mm

| Ja
b

0.65(r t)V2

Figure 5-2: Minimum and maximum distance from the weld toe
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6.1

6.2

6.2.1

OVERVIEW OF GROUTED TUBULAR JOINT BEHAVIOUR
General

The following sections present a technical appraisal of the behaviour of grouted
tubular “T" and ‘DT’ joints. Section 6.2 discusses in general terms the reduction in

SCFs (Stress Concentration Factors) for the various load cases.

Stress Concentration Factors (SCFs) are to some extent dependent on the previous
loading history for grouted tubular joints. Under tensile loading or on the tension
side of in-plane or out-of-plane bending, some level of local separation and yielding
occurs giving rise to the notion of SCF dependency on preload. This aspect is

discussed further in Section 6.3.
Load Case Effects

The presence of grout significantly stiffens the chord member in the beam bending
sense, restricts ovalisation of the chord and restricts chord wall deformations. The
presence of grout has the effect of providing a more even distribution of stresses
around the joint intersection. For the majority of specimens tested this resulted in

an increase of SCF for the grouted condition at the crown location.

The effect of grout on SCFs for the various load cases are discussed in more detail

below.

Axial Loading

Reduced grouted SCFs, compared to as-welded SCFs, exist at the saddle location.
Resistance to axial loading at this location is predominantly by chord wall bending
for small B ratio joints, and membrane action for high B ratio joints. The presence
of grout restricts chord wall deformations and ovality and therefore results in a

reduction in SCFs. Behaviour is similar for the chord side and brace side.

An increase in SCFs, over as-welded SCFs, particularly for compressive loading is

present at the crown location due to the increased stiffness afforded by the grout,
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6.2.2

6.2.3

6.3

which attracts additional load. Behaviour is similar for the chord side and brace

side.

In-plane Bending

The reduction in SCFs for in-plane bending loads is low on the chord side, given
the greater relative stiffness at crown locations viz a viz saddle locations. The
presence of grout causes the neutral axis to shift towards the compressive side of the
crown. Therefore, the reduction in SCFs differs between the tension side and the

compressive side of the brace as indicated in the test results.

Out-of-FPlane Bending

The reduction in SCFs is similar to that for in-plane bending loading. Again, the

reduction in SCFs differ between the tension side and compressive side of the brace.

Preload Effects

Preload is defined here as the load history a particular joint has been subjected to.
Preload and its magnitude and load sign have been seen to affect SCFs for a grouted

joint.

Preload investigations carried out by Veritec™ indicated that a threshold SCF value
existed for double skin grouted joints. The SCF threshold value is defined as being
the highest SCF measured for any preload. The SCF threshold value was obtained
by steadily increasing tensile preload prior to SCF measurements at lower loads,
until a drop in the measured SCF was observed. It was observed that substantial
yielding occurred at the hot spot location for that preload which gave the SCF
threshold value.

It was found that measured SCFs in specimens which had received reversed pre-
loads, i.e. tension and compression, were larger than in those which had

experienced uni-directional preload.
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The Veritec work also measured residual strains as the specimens went through the
first SCF measurement cycle. These residual strains increased as the preload levels
increased. Subsequent shake-down procedures were adopted. A number of cycles,
at a Joad corresponding to a maximum stress less than the yield stress at the hot spot

location, were applied until the measured residual strain was less than 1%.

For the joint types tested in this test programme, the behaviour for the fully grouted test
specimens has shown that the grouted SCF remains constant at increasing preload levels,
for tension loading. This is the case for the tension side of bending load cases and at all
gauge positions for the axial tension case. Conversely, the grouted SCF begins to
increase above 60% preload (as-welded ultimate tensile capacity) on the compressive
side for the bending load cases and for the majority of gauge positions fof the axial
compression case. In this instance, the SCF increases to a greater extent at the chord

saddle location. Section 7 presents the results in more detail.
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7.1

TEST RESULTS

Preload Investigation Results on Specimen T7

Specimen T7 was subjected to preload under compression/tension levels from 20%

to 130% of ISO predicted as-welded joint capacity in steps of 10% to 20%. Figure
7.1 summarises the SNCF measurement and preloading sequence. Appendix J

contains a detailed description of the test sequence for the preload investigation.

SCNFs were determined for T7 at several preload levels. Figures 7-2 to 7-5 present
a summary of the results contained in Appendix K, which contains further details of

the SNCF measurements taken.

Figure 7-2 presents the in-plane‘ bending SNCFs for brace and chord crown
positions as a function of the axial preload level expressed as a percentage of the
mean ultimate strength of the joint as given by ISO code. After 60 % preload, the
SNCFs at the compression loaded side of the chord crown position increase
marginally. In general the SNCFs remain constant at all SNCF measurement

locations.

Figure 7-3 presents the out-of-plane bending SNCFs for brace and chord saddle as a
function of the axial preload level. After 60 % preload, the SNCFs at the
compression side of the chord saddle positions increase. At all other measurement

focations the SNCFs remain constant.

Figure 7-4 presents the average SNCFs for axial compression loading and are
shown for the saddle and crown positions on the brace and chord. After 60 %
preload, a significant increase in the SNCFs is indicated for the saddle positions on
the chord side. Increases in SNCFs are also found at the chord crown and brace

saddle positions. The SNCF at the brace crown location remains constant.

Figure 7-5 presents the average SNCFs for axial tension loading and are shown for
the saddle and crown positions on the brace and chord. The SNCFs remain constant

for all preload levels.
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Figure 7-1: SNCF measurement and préload sequence for specimen T7
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7.2

The results presented for the preload investigations on Specimen T7, indicate the
SNCFs remain constant, for all loading conditions, at preload levels between 15%
and 60% of the as-welded predicted mean ultimate joint tensile strength as given by
the ISO code. The results also indicate that the SNCFs for the tension side of
bending cases and the axial compression case, even at the high preload levels, do
not increase beyond the SNCF measured at 60% preload. The SNCFs remain
constant, to a large extent, for the axial tension case. The SNCFs increase beyond
preload levels of 60% for the axial compression case, and only marginally exceed
the SNCFs measured for the axial tension case at 130% preload. Below the 130%
preload level, the SNCFs measured for the axial tension case are higher than those

measured for the axial compression case.

Based on the results obtained from the preload investigation on Specimen T7, the
remaining specimens were preloaded in increments up to a maximum level of

130%. SNCF measurements were taken, after each preload increment.

SCF/SNCF ratio

With additional strain gauge rosettes mounted on Specimen T7, at one crown and
one saddle position on the chord and brace, the actual stresses were determined.
Using single strain gauges only a strain concentration can be determined at the hot
spot location. FHowever, using rosette gauges, the stress concentration can be
determined at the hot spot location. Appendix K contains summary tables of
SCF/SNCF ratios for Specimen T7. The SCF/SNCF ratios for the preload levels
applied are presented in Figure 7-6, 7-7 and 7-8 for each of the loading conditions.
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7.3

From the results in Figure 7-6, it would appear that the SCF/SNCF ratio should
remain constant at all measurement locations through the range of applied preload
levels for axial tension and axial compression loading conditions. Figure 7-7 and
Figure 7-8 also demonstrate this to a degree. It is therefore concluded that the
variations seen in Figure 7-7 and Figure 7-8 can be attributed to malfunctioning

gauges and/or mis-readings.

Figure 7-6 demonstrates stability in the SCF/SNCF ratio for both the tension side
and compression side of bending load through the full range of applied preload
levels. The visible peak experienced by the brace saddle location gauges, for out-

of-plane bending, can be attributable to a mis-read gauge.

The results indicate that the grouted SCF/SNCF ratios range between 1.10 and 1.37
at the 50% preload level for all loading modes. The average grouted SCF/SNCF

ratio was approximately 1.2 which was subsequently used for the conversion of

grouted SNCFs to grouted SCFs for all specimens. The 1.2 ratio was also utilised

as the factor for converting the as-welded SNCFs to as-welded SCFs.

As-welded SNCF Results and Measurements

As-welded SNCF measurements were taken for all specimens for in-plane bending,
out-of-plane bending, axial compression and axial tension load cases, in tumn.
SNCFs were measured in the above noted sequence, sincé in-plane bending
typically results in the lowest SNCFs and axial tension typically gives rise to the
highest SNCFs, i.e. the sequence was chosen so that load cases would have minimal
effect on the next load case SNCF measurement. Prior to each SNCF measurement
load case, a minimum of ten cycles of that load were applied to ‘shake’ out any
residual strains. SNCF measurements were taken in three equal increments up to
approximately 20% of the ISO predicted as-welded ultimate joint capacity for that
load case. SNCF measurements were also taken in three equal increments as the
load was reduced back to zero. The SNCF measurements were repeated for each

load case considered.
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SNCFs are presented for the tension side and compression side of the bending load
cases to enable comparison to the corresponding grouted SNCFs contained in

Section 7.4.

Appendix L contains the full set of SNCF measurements taken for each of the test

specimens.

7.3.1 T-Joints

A summary of the SNCF results for the T-joints are presented in Table 7-1 for in-
plane bending loading, Table 7-2 for out-of-plane bending loading, Table 7-3 for

axial compression loading and Table 7-4 for axial tension loading.

Specimen T9 was investigated twice. It was placed in the test rig and loaded in all
four loading modes twice in order to determine any possible influence of
assembly/disassembly of the test specimen into the test rig on the load and strain
measurements. The second inve-stigation is marked by ‘(s) second’. The full results
of this exercise are presented in Appendix L. However, little influence of

assembly/disassembly was found as can be inferred from an inspection of Table 7-1

to 7-4.
Brace Crown Chord Crown
Specimen B Y Tension | Compression | Tension | Compression

Side Side Side Side

T1 041 |12.4 1.37 1.32 2.42 2.45

T3 1.0 [12.4 1.16 1.14 3.09 2.51

TS 0.67 | 20.0 1.59 1.43 3.96 3.23

17 0.41 }25.9 1.66 1.67 5.00 4.50

T9 1.0 }25.9 1.37 1.45 2.89 2.51
TO(s) 1.0 [25.9 1.36 1.45 2.87 2.51

Table 7-1:  Summary of SNCF results for in-plane bending
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Brace Saddle Chord Saddle
Specimen B Y Tension | Compression | Tension | Compression
Side Side Side Side
T1 041 | 124 2.97 3.18 6.14 6.0
T3 1.0 | 12.4 4.97 4.64 6.66 7.35
T5 0.67 | 20.0 7.71 7.78 13.84 14.35
T7 0.41 | 25.9 6.24 7.07 18.43 17.01
T9 1.0 [ 25.9 6.57 7.53 15.44 16.99
TO(s) 1.0 { 25.9 6.43 7.45 15.12 16.76
Table 7-2:  Summary of SNCF results for out-of-plane bending
Averaged Values .
Specimen B ¥ Brace Brace Chord Chord Saddle
Crown Saddle Crown
Tl 0.41 | 124 0.25 5.39 5.79 8.36
T3 1.0 [12.4 2.07 4.29 8.56 2.95
TS5 0.67 120.0 1.10 10.97 8.58 17.79
T7 0.41 1259 1.37 10.46 8.50 27.76
TS 1.0 |[25.9 2.18 7.11 7.73 12.13
TO(s) 1.0 {259 2.21 7.00 7.84 11.93
Table 7-3:  Summary of SNCF results for axial compression loading
Averaged Values
Specimen B ¥ Brace Brace Chord | Chord Saddle
. Crown Saddle Crown _
T1 0.41 | 12.4 0.24 4.96 5.35 3.69
T3 1.0 |12.4 2.08 4.34 8.51 2.72
T5 0.67 {20.0 1.01 10.83 8.02 17.63
T7 0.41 | 25.9 0.71 10.37 7.9% 25.91
T9 1.0 ]125.9 2,15 6.88 7.49 11.62
TI(s) 1.0 {25.9 2.21 6.77 7.72 11.41
Table 7-4:  Summary of SNCF results for axial tension loading
7.3.2 DT-Joints
Summaries of the SNCF results for the DT-joints are presented in Table 7-5 for in-
plane bending loading, Table 7-6 for out-of-plane bending loading, Table 7-7 for
axial compression loading and Table 7-8 for axial tension loading.
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Appendix L contains the full set of SNCF measurements taken for each of the test

specimens.
Brace Crown Chord Crown
Specimen B Y Tension | Compression | Tension | Compression
Side Side Side Side
DT2 0.67 | 12.4 1.45 1.54 3.12 3.43
DT3 1.0 | 124 1.33 1.03 2.59 2.19
DT4 0.41 | 20.0 2.36 2.56 4.08 4.38
DTS 0.67 | 20.0 1.45 1.78 5.88 4.09
DT6 1.0 | 20.0 1.46 1.23 2.51 2.62
DT8 0.67 | 25.9 1.57 1.57 4.03 3.84
DT9 1.0 | 25.9 1 1.47 1.26 2.79 2.96
Table 7-5:  Summary of SNCF results for in-plane bending
Brace Saddle Chord Saddle
Specimen B Y Tension | Compression | Tension | Compression
Side Side Side Side
DT2 0.67 | 12.4 4.76 4.22 5.71 7.65
DT3 1.0 | 124 2.28 1.95 2.4% 2.65
DT4 0.41 | 20.0 3.47 4.06 0.65 8.91
DTS5 0.67 | 20.0 7.64 7.47 18.16 12.08
DTé6 1.0 { 20.0 2.58 2.25 5.62 3.04
DT8 0.67 | 25.9 8.39 9.14 18.85 17.32
DT9 1.0 | 25.9 2.26 2.27 4.50 7.06
Table 7-6:  Summary of SNCF results for out-of-plane bending
Averaged Values
Specimen B ¥ Brace Brace Chord Chord
Crown Saddle Crown Saddie
DT2 0.67 | 12.4 0.05 5.13 1.73 13.11
DT3 1.0 | 12.4 0.72 3.59 0.65 3.39
DT4 0.41 | 20.0 0.71 11.06 3.65 26.27
DTS 0.67 | 20.0 0.07 15.84 3.43 29.93
DT6 1.0 | 20.0 0.93 4.37 0.51 7.11
DT8 0.67 | 25.9 0.42 17.94 1.42 36.60
DT9 1.0 | 25.9 1.04 3.71 0.60 8.47
Table 7-7: Summary of SNCF results for axial compression loading
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7.4

7.4.1

Averaged Values
Specimen B ¥ Brace Brace Chord Chord
Crown Saddle Crown Saddle
DT2 0.67 | 12.4 0.07 9.26 1.76 13.27
DT3 1.0 | 12.4 0.72 3.53 0.66 3.38
DT4 0.41 | 20.0 0.00 11.25 3.70 26.14
DTS 0.67 | 20.0 0.05 15.50 ] 3.78 29.77
DT6 1.0 { 20.0 0.98 4,17 0.52 6.62
DT8 0.67 | 25.9 | 0.43 18.08 1.32 36.99
DT9 1.0 | 25.9 1.05 3.54 0.62 8.32

Table 7-8:  Summary of SNCF results for axial tension loading

Grouted SNCF Results and Measurements

SNCF measurements were taken for in-plane bending, out-of-plane bending, axial
compression and axial tension load cases, in turn. Based on the findings from the
preload investigation. on Specimen T7, in general 0%, 60% and 130% preload
levels were applied to the remaining specimens. As with the as-welded SNCF
measurements, the grouted SNCF measurements were taken in three equal load
increments corresponding to those used in the as-welded condition for each of the
specimens. The SNCFs were measured for each of the load cases. The SNCFs
were calculated from an average of two values. One value relates to the SNCF
obtained during the loading path (between zero load and peak load), and the other to
the unloading path (between peak and zero load).

The following sections summarise the measured SNCFs at the crown and saddle
positions for each specimen for the load cases considered. Appendix M contains the
data generated during testing from which the data in the following sections have

been extracted.

A summary of the SNCF results for the grouted T-joint specimens are presented in
the following tables. Each table contains the results of the SNCF at the brace
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crown, brace saddle, chord crown and chord saddle positions for each of the preload

levels.

The two values given in the tables for in-plane bending and out-of-plane bending
represent tension side SNCF and compression side SNCF in that order. The format
for the tables presenting results for specimen T7 differ to those of the other
specimens due to the number of preload levels tested. For specimen T7, separate

tables have been generated for each of the loading conditions.

Preload | Loadcase Brace Chord
Saddie Crown Saddle Crown
0% IPB 1.35/1.49 2.22/2.02
QOPB 2.38/2.81 4.5/3.5
COMPRESSION 2.07 1.42 3.47 4.65
TENSION 3.71 0.94 4.98 4.84
45% IPB 1.38/1.33 2.43/2.29
) OFB 2.46/3.0 4.68/4.07
COMPRESSION 3.35 1.02 5.72 5.80
TENSION 3.07 0.93 4.70 4.89
90% IPB 1.39/1.32 2,22/2.34
OFB 2.34/2.90 4.32/4.04
COMPRESSION 3.12 1.00 4.74 5.34
TENSION 2.45 1.12 3.55 4,77
130% IPB 1.40/1.31 2.26/2.34
OPB 2.33/2.84 4.46/4.15
COMPRESSION 2.92 0.96 4.50 5.21
TENSION 2.42 1.02 3.65 4.87
Table 7-9: Summary of grouted SNCFs for specimen T1, y = 124,

B = 0.41, after four levels of compression and tension preload

C14100R020 Rev 1 February 1997

Page 64 of 98




o

Preload | Loadcase Brace Chord
Saddle Crown Saddle Crown
0% IPB 1.29/1.53 2.78/2.0
OPB 1.32/2.11 2.31/2.19
COMPRESSION 1.72 2.77 0.42 §.13
TENSION 1.75 2.33 0.52 9.05
50% IPB 1.27/1.27 2.84/2.32
OPB 1.28/1.86 1.82/1.94
COMPRESSION 1.30 2.41 0.28 8.90
TENSION 1.33 2.24 0.67 9.45
Table 7-10: Summary of grouted SNCFs for specimen T3, vy = 12.4, B = 1.0,
after two levels of compression and tension preload
Preload | Loadcase Brace Chord
Saddle Crown Saddle Crown
0% IPB 1.74/2.18 3.59/2.76
OPB 2.88/3.97 3.38/6.58
COMPRESSION 2.76 2.41 4.47 7.00
TENSION 3.66 1.49 5.31 6.35
50% IPB 1.74/2 .02 3.62/2.90
OPB 2.96/4.06 3.64/6.66
COMPRESSION 3.75 2.28 5.94 843
TENSION 3.63 1.69 5.08 . 1.61
100% IPB 1.84/1.75 3.46/3.27
OPB 3.83/3.95 5.13/6.40
COMPRESSION 4,33 2.13 5.91 8.77
TENSION 2.73 1.86 3.73 7.42

Table 7-11:

Summary of grouted SNCFs for specimen TS5, v

= 20.0,

B = 0.67, after three levels of compression and tension preload
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Brace Crown Chord Crown
Preload Level % Tension Compression Tension Compression

Side Side Side Side

7 1.50 2.45 4.16 3.26
13 1.49 2.51 4.17 2.84
20 1.48 2.62 4.07 2.45
26 1.47 2.57 4.05 2.43
40 ' 1.48 2.62 4.14 2.40
52 1.50 2.60 4.20 2.51
65 1.41 2.63 4.00 2.57
78 1.52 2.50 4.22 3.18
90 1.51 2.41 4.28 3.47
105 1.57 2.29 4.36 4.35
130 1.56 1.98 4.31 4.65

Table 7-12:

Summary of grouted SNCFs for specimen T7 for in-plane

bending, v = 25.9, B = 0.41, measured during preload

investigations

Brace Saddle Chord Saddle
Preload Level % Tension Compression Tension Compression

Side Side Side Side

7 4.20 6.15 11.71 7.85
13 4.00 5.84 11.16 5.96
20 4.10 5.92 11.42 5.81
26 4.11 5.91 11.59 6.20
40 3.65 5.98 10.95 5.22
52 3.78 5.63 10.48 4.01
65 4.01 5.79 11.21 5.82
78 4.35 6.35 12.30 9.03
90 4.43 6.52 12.49 9.69
105 4.41 6.41 12.41 11.14
130 4.66 6.19 13.07 12.68

Table 7-13: Summary of grouted SNCFs for specimen T7 for out-of-plane
bending, v = 25.9, B = 0.41, measured during preload

investigations
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Preload Level % Brace Chord Brace Chord
Crown Crown Saddle Saddle

7 2.87 6.07 4,31 1.051

13 1.96 4.82 3.22 6.87

20 1.57 4.76 2.69 5.72

26 1.37 4.83 2.60 5.89

40 1.65 4,73 2,73 5.77

52 1.48 5.00 - 2.73 5.80

65 1.32 4.94 2.77 5.70

78 1.36 5.93 3.67 7.64

pal) 1.41 6.61 4.38 8.66

105 1.43 5.82 4.20 6.81

130 1.66 7.39 5.49 11.60

Table 7-14: Summary of grouted SNCFs for specimen T7 for axial
compression, v = 25.9, B = 0.41, measured during preload
investigations

Preload Level % Brace Chord Brace Chord
Crown Crown Saddle Saddle

7 1.20 6.54 5.10 11.99

13 1.54 5.87 4,88 11.69

20 1.17 5.71 4.59 11.07

26 1.17 5.81 4.63 11.02

40 1.19 5.83 4,84 11.57

52 1.14 5.82 4.88 11.65

65 1.09 5.64 4.94 12.08

78 1.19 6.34 4.33 10.38

90 1.21 - 6.36 4.51 10.89

105 1.23 6.47 4,27 10.16

130 1.19 6.20 4.02 9.85

Table 7-15: Summary of grouted SNCFs for specimen T7 for axial tension,
v = 25.9, B = 0.41, measured during preload investigations
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7.4.2

Preload Loadcase Brace Chord
Saddle Crown Saddle Crown
0% IPB 1.43/2.06 2.63/2.31
OPB 1.59/3.21 4.19/4.82
COMPRESSION 2.51 2.54 6.63 3.05
TENSION 1.98 1.85 6.77 2.64
50% IPB 1.42/2.06 2.65/2.43
OBP 1.56/2.06 4.28/4.59
COMPRESSION 2.70 2.53 2.72 8.00
TENSION 2.03 1.99 2.79 7.34
100% | IPB 1.45/1.92 2.63/2.15
OPB 0.77/1.52 1.99/3.58
COMPRESSION 2.62 1.66 7.74 1.86
TENSION 2.19 1.62 7.86 2.03

Table 7-16: Summary of grouted SNCFs for specimen T9, y = 25.9, B = 1.0,

DT-Joints

after three levels of compression and tension preload

A summary of the SNCF results of the grouted DT-joint specimens are presented in

the following tables.

Each table contains the results of the SNCF at the brace

crown, brace saddle, chord crown and chord saddle position for the different

preload levels.

The two values given in the tables for in-plane bending and out-of-plane bending

represent tension side SNCF and compression side SNCF in that order.
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Preload | Loadcase Brace Chord
Saddle Crown Saddle Crown
0% IPR 2.43/1.59 2.18/2.76
OPB 2.96/3.57 4.30/4.25
COMPRESSION 2.93 1.54 4,70 2.47
TENSION 3.74 0.79 5.11 1.77
50% IPB 2.53/1.63 2.38/2.89
OPB 3.07/3.65 4.50/4.36
COMPRESSION 3.12 1.67 5.07 2.72
TENSION 3.76 0.73 5.17 1.68
100% IPB 2.38/1.64 2.56/2.88
OPB 3.33/3.60 5.1014.26
COMPRESSION 4.18 1.43 - 6.41 311
TENSION 3.40 0.78 4.60 1.59
Table 7-17: Summary of grouted SNCFs for specimen DT2, y = 12.4,
B = 0.67, after three levels of compression and tension preload
Preload | Loadcase Brace Chord
Saddle Crown Saddle Crown
0% IPB 2.51/1.19 1.52/1.75
OFPB 1.79/2.06 2.60/2.39
COMPRESSION 3.36 0.79 3.27 1.03
TENSION 2.11 0.84 3.09 0.93
50% IPB 2.62/1.21 1.44/1.77
OFB 1.89/2.18 2.61/2.41
COMPRESSION 3.24 0.89 3.22 1.21
TENSION 2.78 0.80 3.45 0.85
1060% IPB 2.71/1.24 1.53/1.77
OPB 1.97/2.22 2.76/2.48
COMPRESSION 3.30 1.21 3.33 1.20
TENSION 3.11 0.81 3.53 0.86
Table 7-18: Summary of grouted SNCFs for specimen DT3, y = 12.4,

B = 1.0, after three levels of compression and tension preload
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Preload | Loadcase Brace Chord
Saddle Crown Saddle Crown
0% IPB 3.58/2.24 1.62/3.19
OPB 3.57/2.68 3.89/6.39
COMPRESSION 1.69 2.05 3.51 2.37
TENSION | 3.32 1.11 6.91 2.19
50% | IPB 3.702.27 1.67/3.24
OPB 3.89/2.82 4.23/6.70
COMPRESSION 1.76 1.99 3.26 2.60
TENSION 3.44 1.03 6.94 2.10
100% IPB 3.69/2.23 1.60/3.18
OPB 3.92/2.85 4.26/6.70
COMPRESSION 1.77 1.89 3.60 2.85
TENSION 4.11 1.29 8.35 2.59
Table 7-19: Summary of grouted SNCFs for specimen DT4, v = 20.0,
B = 0.41, after three levels of compression and tension preload
Preload | Loadcase Brace Chord
Saddle Crown Saddle Crown
0% IPB 2.77/1.82 2.30/3.19
QOPB 3.47/4.31 3.68/9.91
COMPRESSION 3.55 1.76 7.01 2.74
TENSION 4.61 0.87 8.38 1.14
50% 1PB 2.77/1.82 2.28/3.22
OPB 4.20/4.92 4.94/11.49
COMPRESSION 3.61 1.93 7.47 1.65
TENSION 5.30 0.80 9.66 0.62
100% iPB 2.84/1.85 2.45/3.26
OPB 4.54/4.93 4.88/11.37
COMPRESSION 4,08 1.98 7.44 2.97
TENSION 5.42 0.74 9.82 0.42
Table 7-20: Summary of grouted SNCFs for specimen DTS, y = 20.0,

B = 0.67, after three levels of compression and tension preload
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Preload | Loadcase Brace Chord
Saddle Crown Saddle Crown
0% IPB 3.05/1.44 1.30/2.32
OPB 2.55/2.09 3.44/4.77
COMPRESSION- 3.74 1.41 5.91 1.57
TENSION 2.59 1,08 4.75 1.21
50% | IPB 3.31/1.43 0.95/2.27
OFPB 2.60/2.28 3.53/4.86
COMPRESSION 4.00 1.32 6.34 1.49
TENSION 3.29 1.07 5.38 1.09
100% IPB 3.10/1.42 1.29/2.27
OPB 2.52/2.33 3.45/5.10
COMPRESSION 3.98 1.49 6.41 1.45
TENSION 3.19 1.06 5.24 1.07 ,
Table 7-21: Summary of grouted SNCFs for specimen DT6, vy =20.0,
B = 1.0, after three levels of compression and tension preload
Preload | Loadcase Brace Chord
' Saddle Crown Saddle Crown
0% IPB 2.96/1.53 1.07/2.74
OPB 3.71/4.34 4.11/9.41
COMPRESSION 2.44 1.99 4.67 1.54
TENSION 4.04 0.59 6.90 1.80
50% IPB 3.07/1.53 1.15/2.77
OPB 3.95/4.55 5.23/9.71
COMPRESSION 3.23 1.61 7.27 2.38
TENSION 5.36 0.60 10.50 1.93
100% IPB 3.10/1.51 1,21/2.73
OPB 4.15/4.80 5.82/10.29
COMPRESSION 2.62 1.60 4.19 1.19
TENSION 5.75 0.60 11,05 2.00
Table 7-22: Sumunary of grouted SNCFs for specimen DTS, y = 25.9,

p = 0.67, after three levels of compression and tension preload
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7.4.3

C14100R020 Rev 1 February 1997

Preload | Loadcase Brace Chord
Saddle Crown Saddle Crown
0% IPB 2.77/1.51 0.51/2.51
OPB 2.33/1.47 6.97/3.59
COMPRESSION 3.37 1.56 - 8.05 2.06
TENSION 1.64 1.03 5.57 1.15
50% IPB 2.78/1.51 0.52/2.52
OPB 2.27/1.55 6.88/3.82
COMPRESSION 3.50 1.82 8.46 2.12
TENSION 1.65 1.03 5.70 1.12
100% IPB 2.89/1.52 0.69/2.57
OFB ‘ 2.23/1.76 6.73/4.29
COMPRESSION 3.44 1.98 8.19 1,98
TENSION 2.25 1.01 7.62 1.08

Table 7-23: Summary of grouted SNCFs for specimen DT9, y = 25.9,
B = 1.0, after three levels of compression and tension preload

Discussion of Test Rgult-g

A summary of the results are presented by the Figures contained in Appendix M
which compare the grouted SNCFs with the as-welded SNCFs at the crown and
saddle positions for the chord and brace. The results are presented as functions of B
for constant y. The SNCFs presented for the grouted joints were taken following

the 50% preloading level.

Table 7-24 presents a summary of SNCF results for in-plane bending and out-of-
plane bending for specimens in the as-welded condition and grouted condition. In
the as-welded condition the SNCFs are comparable between the tension side and
compression side for the bending load cases, as presented in Table 7-24. However,
in the grouted condition the SNCFs deviate between the tension side and
compression side for the bending load cases. Although deviation between tension
side and compression side SNCFs exists, the average SNCF values were used for

subsequent data reduction.
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This is based on the recognition that a joint in-situ on a platform could well be
subjected to cyclic loading which causes alternating tension and compression loading
at a hot spot location. The hot spot stress range is more accurately calculated using
the average SNCF (SCF) value rather than either the tension side value alone or the

compression side value alone.

Table 7-25 presents the Reduction Factors derived uéing the measured grouted
SNCFs over the measured as-welded SNCFs. In the grouted condition there is a
reduction in SNCF at the saddle location for out-of-plane bending and axial tension,
on the chord side and brace side. There is also a reduction in SNCF at the crown
location for in-plane bending on the chord side. The brace side SNCF however,
increases for in-plane bending. Also, the SNCF at the crown location generally
increases for axial tension and axial compression on both the chord side and brace
side. For some joints the SNCFs for the grouted condition are significantly higher
than SNCFs for the as-welded condition, i.e. the RF is above unity, at brace crown
locations for all pertinent load cases. The largest RF recorded at the brace crown
location is 4.43, despite excluding four factors in excess of 10 due to the near zero
values of the as-welded SNCF. In the grouted condition the SNCFs increased, but
do not represent the critical SNCF for the grouted condition. For the chord side

crown, the absolute highest recorded factor is 3.53.

7.5 Ultimate Strength Test Results and Measurements
The specimens were loaded up to failure in in-plane or out-of-plane bending, see
Table 7-26. The load-rotation plots for the ultimate load tests are presented in
Appendix N. Pictures of the failure modes are presented in Appendix O.
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Joint Maximum Loading type | Failure mode
moment [kNm]
At Chord | At Chord
C.L. Face
T1 152 122 opb shear failure in chord at
saddle
T3 923 839 opb near to failure but limited
by test rig capacity
TS 249 217 opb shear failure in chord
saddle
T7 63 51 opb shear failure in chord
saddle
T9 512 465 opb brace buckling
DT2 425 370 opb shear failure in chord
saddle
DT3 813 739 opb near to failure but limited
by testing capacity
DT4 97 78 ipb brace buckling
DTS 267 232 ipb | brace buckling
DT6 613 557 - ipb brace buckling
DT8 216 188 opb shear failure in chord
saddle
DT9 402 365 ipb brace buckling

Table 7-26: Summary of Ultimate Load Tests

7.6  Local Joint Flexibility

Local joint flexibility was calculated from data obtained with displacement
transducers. These measurements were téken' across the joinf and give bending and
axial rotations and displacements respectively. Appendix H presents the layouts of
transducers utilised in measuring displacements for ‘T’ and ‘DT’ joints.

Flexibilities were measured in the as-welded and grouted conditions for in-plane
bending, out-of-plane bending, axial compression and axial tension. Appendix P
contains local bending and local axial deformation plots for all specimens. Figures
7-9 and 7-10 present typical local bending and local axial deformation plots

respectively.
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For all specimens, the grout significantly increases the rotational stiffness at the

joint for in-plane bending. The relative stiffness increases as v increases. A

S

expected, the grout has little or no effect on the rotational stiffness of the B = 1.0

‘DT’ joints for out-of-plane bending. There is also little or no effect on the axial

stiffness for this joint type for axial tension and compression. The presence of grout

significantly increases the stiffness of the “T” joint specimens for all loading modes. -
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Local Bending Joint Deformation T7
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- Figure 7-9: Typical local bending joint flexibility plot
Loca! Axial Joint Deformation T7
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7 Figure 7-10: Typical local axial joint flexibility plot
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8.1

8.2

ANALYSIS OF TEST RESULTS

General

This section presents comparisons between measured as-welded SCFs and predicted

as-welded SCFs and the findings of studies conducted on the development of

formulations to predict SCF Reduction Factors (RFs), i.e. the ratio of grouted SCF
to as-welded SCF. The as-welded predicted SCFs were derived using Efthymiou®
and Llyods(s) parametric equations. Appendix Q contains the development of
formulations, using the measured as-welded and ‘measured’ grouted SNCs (inferred
from measured SN CFs), to predict the RF for each joint and load type for both the
chord and brace side of the weld. Appendix R contains the development of
formulations using Efthymiou predicted as-welded and measured grouted SNCs, to

predict the RF for each joint and load type.

Appendix S contains Tables S-1 to S-6 which present summaries of measured -as-
welded SCFs, grouted SCFs and Reduction Factors in a matrix format for chord

side and brace side locations.

As-welded Measured SCFs vs Predicted SCFs

Table 8-1 presents a summary of as-welded SCF results. The table contains
measured values and the corresponding predicted values using Efthymiou parametric
equations and LIoYd’s parametric equations. Based on the SCF/SNCF results of
Specimen T7 presented in Section 7.2, an assumed stress/strain ratio of 1.2 has been
adopted and applied to the as-welded SNCF results in the creation of Table 8-1.
Table 8-2 presents the ratios between measured as-welded SCFs and predicted
SCFs.

Actual measured geometries have been used in Table 8-1 for the derivation of
predicted SCFs. The table presents predicted and measured SCFs for both the
chord side and brace side in all four loading conditions. The saddle and crown

positions are presented separately for the axial tension and compression cases.
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8.3

8.4

8.5

The majority of predicted as-welded SCFs are to within 15% of the measured as-
welded SCFs. It is seen that the Efthymiou parametric equations generally yield a
closer prediction to the measured as-welded SCF than that of the Lloyd’s equations.

Grouted Measured SCFs

Table 8-3 presents a summary of grouted SCF results for all specimens. The table
contains measured SCFs for both the chord side and brace side in all four loading
conditions. The saddle and crown positions are presented separately for the axial

tension and compression cases.

Measured vs Predicted Reduction Factors

Table 8-4, presents a summary of predicted and measured RFs. This table was
generated using the measured grouted SCFs contained in Table 8-3 divided by the
measured as-welded SCFs contained in Table 8-1. Table 8-4 also presents the
predicted RFs as derived using equations developéd in Appendix Q and Appendix
R. :

Ultimate Strength

Table 8-5, presents a summary of the measured results for the ultimate strength test
and the predicted failure loads using formulations from Design
Recommendations'®, The predicted values give good correlation to the measured

values.

1t is noted that five of the specimens failed with a true joint failure. The remaining
seven specimens failed with a brace failure, with the exception of specimens T3 and
DT3 which reached test rig capacity. These seven specimens were, however,
extremely close to joint failure and are therefore of interest. The ratios of predicted

to measured capacities are therefore shown in italics for these seven specimens.

C14100R020 Rev 1 January 1997 | Page 80 of 98

il
i

téA
H

Bhaus
lﬁﬂﬂl
bt gl
i

e

:
fh

\_



86 Jo 18 9deq L661 ATenigag | A9y QZ0M00THID
"
mr.mum P2p|as-se Jo hhm.§=m u,m..w o—n—mrﬁ
! , , T'1 = digevonmas wengyseang pownesy 1 ajoy
ST | st Lst't [ovy T2 [ wf [ veo | 866 | 220 oo [ oe5 T orc painreayy
VL ess et ess fooe ez [ oo | e [ oo | e | e org | wphory )
ot jers |t | o | osz | vee | osee | zoon | sze | oo | oes Wy | rorsbpa fossz | 1s60 | ooor | oos [ ome | ose | omr [os00r 9600w 6.0
o A B B O N LR A AN E R N (1A
SR oove L oovt foovz faes | e | seo | vese | sso | vene | e oy | whop
rojeoz ) orn Jeouz | sier | e |osoe oo | soe {ocw [me | ws ok ez | 190 | uge | oos | ome | e | ose [izez |ossor | aig
SUU s (AT [TaT [T | o | W |l e i e (ST
Wi peer Lt Loy [ oz [ ez | ovo | sos | ovo | oo | 2 687 | wphop . ,
e vy | fer ( vz [ oz Jecz o |z | e | ooy o€ | vdwg Judst | oso | 1000 | oos | oz | 19 | sivor | ootor |soior 91g
00 [OrBl T 800 [ T061 | 106 | (51 | Wy | R | o T o 9 | peme :
SYUopseort oort L seon | sk ez | oot {oese | sot | ocoe | v 8c [ ophory
YL | SV | et ) stot feont | ece | e |ovoe | e | ovroe | voer | oee romimia Jusst | uvo | oo | oos | ome | s | eror |reeiz | sotor 1
ol T T@ZT (0¥ | W (W [ 0n | 55 e e YT | paraesy i
WL est e pasr [ ace | oz [ ez [oive | sz | erve | som sUr | mdopy .
LT jost | iz joust | e | s | esc [esiz | e | esez | sza 0% | MR feigsl | o | v1eo | oos | omz | se's. | et |essot [souor |  vaa
ov0 | V¥ | w0 | WwF |t T oT e Wr WO 0 {[oic | B | el
Wi e paee faee aoe Lot | oco | ey fsso | oy | oz | oge oy
St | so [sez | o | o [ we oce [aov {oee | v | v | oo romAna Jeorzl | 1960 | 100t | 006 | owz | oror | ecor |cowor [sceor |  c1a
ot R il 2 I A A N R K B I PRI
U LS Lot Toeve [y ez [t | vin | et | wwt | o9 68T | wplapy -
sez (ool | sez (ovor | oro | ez | see [asnt | ez | et | zcon e | riid Jeortt | 1o | uso | oos | ome | orst | ecor |eoesz | sroo zla
D)
BT [z [ive | wa |81 &% T5es 06 | £57%1 | 86T | it | pomenn
% | s6 | oet | o5 | 069 |z | ese | e | s we e | ove | wphory
D2 js8s | W7 {ses |sse | vz | sze [veor | see | esor | oo e | oromkoa fesesz| 1s60 | 0oot | oo | owz | ssz | oac |96'00r | osoor 6L
WL Wl [T 82T 967 | 6871 | &6 oo | ool e T 605 | pumey
ST vl | 86t pewer | uew | see | a9 |eosz | e | oouz |zt s | sphory .
e oo we e lva | ser e (o | st [we | v w9 | mwivg Teesz| vivo | vivo | oos | owe | ren | ose | irsor | eeoor 1
Wi Jooet FaeT LoTen | 926 [ a1 | w6 | oz [oeor |5z R EAR RS : i
0BT preor {oat | reor [ zws | sz | soe [seen | sor | sz | ecor sov | phon
T |vwu |z [wn | o | e S9 josh | 669 [ o6l |ower [ oev | momdma luest]| wso |zso | oo orve | 28'6 [ 6101 | verezz [soror SL
R K A L A G LA AR TR A M T ¢ | oy
srjee [ o Lue (oot | oe [ ove | e | ove | 2o &z | wphopn
sejoe jese lowe | [ we | see [ ors | sen | ors | 26 ot | rowhqya feorzi b 1960 | 000t | oos | oove | orot | ecor | zosow 8L'O0F fL
&0 [ 5865 | oo | re [oce | T T o orae $69 | €T | 06L | w6C | PumeEnN
SV Lo fosen | zve | 1ee | eet | 9o | zeor | 199 | zsor | so we | sphopy
soc Jce8 | soc | uow | oo | i | oo [seer | soo | sver | ezs ¢ | mmAer Jooet | ciro [ ewo | oos | ome [ zees | scor | isior | azoor 1w
Sxv | 2xv | xy | wxv [ofppes | wndig | owy | wxy | ony | eEy PP | unally [(ZTT= 0] [ I 0N (e O 'm0 2 T O e
R 00 €40 | an wual, “dury 940 | €4l anoy 4 d d 9 1 » 5 p a | veusxndg
\__ R IS PRY
) ’ t ! ! i [ ! | { i ! J i i !

o




86 Jo 78 23ed | L661 Eapom 1 A3y 0Z0Y001¥TO

SISIIBIS JOS Papiem-se jo Aagunung :Z7-g qBL

1 = disuonvias wengesang paumssy - 930N

60T | 160 | 601 | 260 | £60 | 1ot | SLL | 1t | sz | 168 | 2ot | 611 | *Pheridma
YT [ TCT | 501 | s&V | 101 | W21 | 950 | 920 | 850 | 520 | o900 | 001 § *=n/paors | 66718 | 000't fesasz| ss60 |ooos | oos | owvZ | 9oL | 982 J9c'oor [96o0r| 6ld
BT 8Ty | Pl | 22t | 4oL | BLE | iy | 00T JZsv | 660 | €8O | #11 %
60 | 880 | £60 | 880 | Z0L | S0T | W2t | #0°1 | ¥ot | 8071 | ®0% | 2t [ RrvAqa :
WET I | o [T [ &7 [ 061 7050 | 050 | 050 | 80 | %60 | 860 | =omppioil | 6651 | eoot [sagse | 1igo | uvo | oos | ovve | 89 | 9wt |1TGL |96'00r | BLD
€T | L60 | i8C [ 860 | 921 | 66F | v61 | t60 | 181 | re0 | W01 | GLL | RANGE | .
TV | 60 | i¥1 | 160 | L8 | PLT | §00 | 6CT | sU% | 91 | sc1 | ¥e] | Phor A
TUT | 880 | 81’1 [ v80 | 80 | #P1 | 200 | 120 | ¥20 | 990 | 90 | 560 | 7ommpkors | 6611 | spe'0 [cie61 | oLeo | 100t | oo | ovg | 1976 | ot'ot |oo°zor {soov | @i
ST LS80 | s97 | 1850 | L0 | 91 | srp | 060 | 5% | t30 | £z0 | 911 | ™=nipa
ZT 960 | (21 | 960 | o1 | ,1 | 5¢ | ort | 952 | ov1 | O | 20 | wmriaag |
TC¥C | OG0 | ICLT | 899G | 960 | 158 | €20 | L0 | 920 | 20 | 8c0 | ¥o0 | wmomphort | 6610 | poo0 |eteei | 290 Juvo | oos | omz | 86 | 6vOl |veesz fsozor | €la
OC0C | 180 6612 | S80 | ALt | &L1 | 090 | 980 | 990 | $30 | 160 | 640 | veWAma |
BT | W1 [T [ 100 | orT | vt Jeet | 91 | 6l | 91 | S0 § 2T | wariiwg
0T YSUT | €T VLT | 95T | o8 [ S90 | LL0 | 990 | 10 | 660 | 180 | *=rroeor1 ] 66’11 | 9t60 Jeiesi| viro | vivo | oos | ove | s6°6 | 60’0t |257091 |Sorcor | PLO
VET | 911 | ZiC | 81T | 08F J OF1 | 060 | 680 | 160 | 680 | POT | 86C ..mﬂvm_qm!_ ' :

81 ) 8¢ | BLi | €80 | 850 | o1 | 9P | VT8 | 9ok [ 108 | 600 | SE1 [ PROrIAqya
T | 680 [ 51 | €80 | €80 | 061 | oLO | €01 | VL0 § €01 | 60 | ¢80 [ *=RppAeri | 0oEl | Zs60 Joorzi | 1960 | 100'Y | 006 | ovbD | o101 | €91 |20'tor |aie0r €10
ST f 0 WT WO | %0 | 11 | 86 | STT | @0t | STV | S80 | 11T | senAmd | .
WT | orT | el | OUT | Pel | Gab [ 408 | vt | LLT | ¥el | set | 821 [wmorysgE | )

TCLL PS80 [ NPT | L4O | 880 | €1 | 190 | 680 | €00 | 060 | 560 | €£0 | v=Wrphori | 00Tl | too'o [6orzt | 1290 { 1vo | 006 | ol | oL's1 | 6e'on |eoes [eoor n_.z._

LT | ¥60 | OU'6E | £6°0 | BI%Y 9’1 | 801 61°1 | oif1 [FAf 81 T60 | AR

€61 | 860 | €61 | 860 | w1 | ¥¢ X § Z21 | WF1 | cc1 | w1 | st1 | 611 | Porimmg
0 | 0 %0 |60 [ @0 | T | Wo [0 w0 | 5o | 50 | o | | esnt | ooos [ssssz] 1se0 [ooot | oos | o | os | e |seroor [sevor 6L
TN [ IO [ 00T | 690 | <08 | @1 | €01 | 8.0 | 660 | SLO | {80 | 827 | "A/AdIa | : .

@ PO {27 | 101 F et | 257 | 560 | 901 | 560 | 901 | £IT | 611 | wAriAiag
AT | 60 | W8 | 81T | 10T | #P1 | B0 | 060 | §L0 | /80 | ¥LO | 060 | FEmppkori .
LT J T | ILe | eel [ 251 | &G |90 | 560 { 100 | 680 | L0 | $0T | wawmigd | 6ot | so1 |ssasz| vivo | #ivo | oos
CET | ST [ S¥T [ SUT | €% | et | 60 | 601 | €60 ] 601 | 601 | 617 | PAeri/Aqga

17891 | 96°90F L

E

61 1080 | 26} [ 660 [ w60 | zv1 | V0 § 930 | w0 | 980 | 60 | 160 | *WpPerT | e6°il | 1960 [eisl | zee0 | 2o | oos | ove | Tee | 6ol | #UELT |sotor s
9TC | V6O | 861 | 0560 | U1 | 981 | 800 | P60 | W0 | 60 | 901 | 011 | "=i/hnid

YCT | 801 | ¥eC | BT | S0 | 05T 0T [ eet [ 0T ) 2T | 01T | 61T | Aer A .

&0 | w0 | e | B e [T o e o T 180 | 060 | ™=Waphort j o0zl 2860 {eovzl | 1960 {000t | 0006 | obvz | 0191 | 691 | 20°Lob | BL9OF £h

T 990 | 2¥T | 190 | €20 | ZLT | 180 | 951 | 080 | W1 | v60 | 60 | ™oAAqua |
ST [ €T | 991 | Le8 [ 051 | €61 | 660 | @3 | 60 | @1 | LT | 611 | PRoriAgm .
9|0V | L9 | S0 90T | L4T {01 | 507 | 560 | 160 | L6@ | SOT | ™AmPATI | oozt [ seeo |eowzi] €1 | civo | o'os | ore | ze'on | 6c9t | 18729t [ 8Lioor 1L
OUQT | YW1 (ICOl | 621 | 851 | 61 | 160 | L21 | 180 | 81T | BT | s2T | g |
>XV | XY Toxy | wxy [oppes |wwos) | kY | 4wy | oxy | vxy | eppes | o) | Poulon) () | Cow) | (un) | (o) | ) | (e} | eap)
ﬁ TS ey | 940 | a4l LT oy jado | gat | wmes | » | 3 | & d |9 usugods _

505 2eig 105 Py i

L]
-
-
=
]
=1




t
H

m

il

"

86 JO £8 a9eq - | L661 ATenIga, | Ay 0ZOU0OI¥1D

SADS PaINoas Jo Liewnung g-g o[qel,

T'1 = dupuonejs En:m\aﬂ..:.m pounssy “2 MjoN

Tl 86°1 VT oty | ot | st | L Y89 | vST I siot | e | zg pawsmapy
[xA 0T €T ey | 9it | st | 6Lt €L STE | 066 | €39 | 681 apwpad | es11 | 000t WEL 6vc |88esz [ 000l | 006 | ovbz |ome | viz | 9wt |osoorlosoor 61C
KL T | vez | st | 662 1T | v 739 POT [ 9001 | sE9 | 29'L | Dpavipang
uo | e | €51 8e (o1 | ot [ et |ooel | sit wy | 006 | $E7 s )
kO :obeo | 0T | vee | so0s | o6z L L2l | e fezan | oers | st PP | 6611 | €001 | v 6k6 lesesz| 1so joos | o fewe | viz | 99 10z 96°90F 81qQ
b0 | w09 | 01T | s | ey | sz STT | 6sti | w6 | sze | 92 | ez 1 o PIRIpad
L TA ) $6°¢ | 3¢ 08F [ 687 | BT LET 99 | 6Ll 190 | vos | €671 pamsespy
1£°1 e | oLl EF | 69T | o9z | k't | b5 | op1 UL | €8 { L8 HPIpsMd [ 6610 | er60 | 9cmi e el f oot Joos | orez | t9e | 9'ez | 6101 |oozov]sozoe pAldd
[ LEE | os't S6F | €LT | 89T nT | e | s (44 ] Pk | 931 | Dpomtpatyg
960 1 969 J T [ ecr [ 06 | 92T | viv 65°IL | 861 958 | 668 | oec pamsesy )
wo | ove L wlT oty | 96v | wr | mt SOl | TET | 676 | 0e% [ 90t | Hperipend 66'L1 | ¥960 | o8t s letesl | zeoo Jo'os | orbt | 286 | w6t | 6101 JreeLz [socor s1a
L0 | 7¢y | oeo | sov | oz e | sss [svu ] 689 | es6 | oz6 | oo O powipanyg ) : )

¥l €y | seT e | zor BE | ST | £en | Tic 160 | s59 | w2 paaweapy .
vet | oose | eez | oz 00’k B9'¢ 1ze 198 }ooce | s6¢ | ste | et dpoperd 66'11 | 9L60 | 9¢'8i 9% JELS6I [ riro J 006 | ovk? | S6'6 | 96T | 61°01 |Lseot]sozor k1d
1€°] EF | 95T | g0z | es¢ ESE ) o | w28 | ote | e | sy 16T | brompayg
960 | ¥E'e | L0'] e8¢ | ¥t | 62T | 011 LN 41 98¢ 10t | 61 RSN : R
960 | 8 | Lol FUE | 957 | obE 10 | skr | 3911 Y | L0 ] 061 TpRpad | 00Tl [ ¢s60 [ 12710 W69 | sorTt | too't 006 | ObbT OVl | P67 | 6£°91 |Z0°Lor|BL 90K (214}
00y | o8e | <t 0% | L§T | 9T it vy | 6b1 St | 90€ | s6t | Dpoopayg
280 I$% | 00T e E0r } 05T | 20T | o9 | oTE [ 809 | s ae pamsaapy .
8870 | €% | L0 | €3¢ | vov sz | oo 069 | 6T | o's | 6% [ sze | wpnopy 00T [ 960 | Lol w9 |6oFTi | 1290 | 006 | owbT ST F6T | 6091 {60°€LT 3L90F aa
e | #9% | o20 | & | c6¢ | orz | soz 09 | vee | €L 125 1 16T | Dpowipany

T | 66T | Wt [ eoe | LtC | 6o¢ | 198 | € | 098 9TC | ICS | SOF | pomueapy
wT T fzee | eoe | otz | oz | zes | e | sos STE ) S€% | 106 | upead | 66111 [ 0001 | zver | ere | sessz 000°L 1006 | ovvz | 9L | ¥z | 98'L |96 00 |95 00r 6L
57 jevT Jave | oise Jozz | ez [ aes | ove | e | gee E§ | 0t | Dpaaipay , .
1€ | €6 | 851 | 2o | 885 | v | Lo [ocht | eas | 539 1ol | so¢ | pamswapy
6T | 1ws | oesy boree | ess | ez | on | bewt | oss | oweo 600l | 18 | wpowiewd | 661t |50t | Tvez | ers |esecz| vtio | oos OHRD 1 1C8 | #IT | 98°L [1resi[s6sor LL
st J e | st | see Joss | we | evo |som | coo | sou £001 | o6c | Dpaopoy
WT | o€V | WT | S6C | iTv | sz §ere | 019 | ove | zce 817 | 168 | pemshy :
QT [ 26% 1 stz | 266 [ vy | ott | ore | w9 | 556 | eeo wo | SKE | Apwwpad [ estt | poso | oest | 2% |euser [ zeso 006 | orbT | 286 | 96T { 61°01 frecezsotor s1
100 | 6s% | b | vr 4 31w | sze | ure | ves | oscs | sre 619 | 18¢ | Dpawipay
69T | 09t [ e [ 9T [ 88T | 151 { W1 | 080 | 8901 | 3o 9T | ol'e | pomsmpy
T L et | ssz bwst | eet | s forut | sso | woon 90 | 0T | oze | umewe foozt | esso | ten | ozeo |sorm 0001 F o006 | opvT lor'ot| vsz [ 6591 |zozorisisor €L
ST | 961 j 962 | ovt deot | set Josui | zeo [ecoi | e LTT | Lhe § Dpopay “ )
YT 0t | BTE [ WL [ 48 | 195 | 0oL 0re | 9T¢ | 8T Pemseapy .
e | oel | soe | e | o1 | ars | o5 | ot 29 [ ere | 27 | wpmawad oozt fosso | 1001 | ozse |sorm €1v0 J 006 | orbz |Ze9T| peT | 6e9r |1sLo1 8L 000 1L
ovt jese | ot | oave | sze | e | owws | gcc | cxo | g1 0T¢ | 6T | Dpwopany ,
XY | by | >3y | sxy IAY | rx¥ | yxy | exy 4 | 9o wxy @ [ (usw) [ Quot) | (wd) [ (oo | (any | (and) uapy
U3y ‘dwe) 940 | 94 TRY “dute) 440 | ad1 | woppuey © 3 ¢ A 4 0 1 L 'L L P a Uanipadg
20§ g 5108 paoy)) : .




e W L= ,
~ " BESERE
86 JO 8 93ed L661 A1eniqad | A3y 0Z0U001YID
s10)0e) :o:uEue.. Jo h..«EE__m -8 JqeL
€ P 2 2108, ¥] #uopR{utso) Ag usaT #1 U0 poreq eon[eA ¥ PILIPOL]
33-8 s9{qe L, 4} Fuolminiiio) Aq teald 5y o pareq sanfea {) paripay
Z'1 m IPUONRRS BIRNGAISNG poneY <t 9joN
860 | £k0 | SLU | ¥60 | 580 ] 951 | 18§ | 630 | €5€ | 001 | €60 | £50 | pemamyy | .
980 | 260 | et | ozo | veo § se0 | ss0 | szo | oot | eee | ozt | svo | wemeward | a1 Jooot | weer | ere | sswsz| oot | oos | owvz | ose | vz | 98L |9690v[9690r| 6L
£0') | ero | 881 | veo | 830 | 591 | oz | w0 | ioc | es0 | zs0 | rso | Dpmopag
oFt | 060 | €8€ | 810 | 6P ] vF1 | 9¥T | 820 | 891 | 0 | tro | &rO | PemeN
‘ zso €0 | ot | sro | seo [ oo | 1o | ve0 | 160 | oro | vro | wo | upwmend [es1t | 0o) | avee | eve lamssz| ieo0 |oos | oz e | vz | o8 |iTeitsevor]  3id .
€21 | sco | aav | Lo | ovo | ser | v | ozo | el §otee | ovo | sro | Dpwpey
601 | 640 | Ck1 | €60 | 00T | 9L1 | 01T | 190 | 26C | 680 | L60 | 190 | pamesoy .
o | zso | 960 | son | ez1 | seo | 1o | 20 | coo [ oot | o1 | zs0 | wpewpad | 661t {£v60 | 9e91 | Tom [ece61 | 1001 |oos | orez | 196 | 96T | 61°0) |o9'Lovsocior|  91a
560 | o0 | oot | w0 | veo | sov | se1 | e300 | o6z | 960 | ss0 | o0 | Opowipeng
000] | ¥EO | LSZT | €20 | ¥SO | OF1 | 910 | TcO | 8O0 | STO | L¥D | FSO | Pomamy
os0 | ove | ort | oo | 6o | z8o | sco | se0 | szo | oco | oo | voo | wpawwers Yestn |voso | oemt | zow |eeel | oo |oos | ow |26 | 9T [ 610l [riciz)soior|  s1a
ort | weo | vzw | szo | eso |t e | wwo | oot | szo | 150 | ss0 | Dpowmend
001 [ 16D | sCT | 910 | s80 | SEU | 250 | £00 | 1L0 | €10 | 650 [ £30 | Pawmp
ss0 [ szo | sot | evo | evo f oo oso | weo | e30 | #1o | ss0 | 850 § wpoweed |sst1 {ois0 ] ees1 | e9 feeset | vive [oos | oz | s6'6 | 96z | 6101 {ismot|seior] k1O
oot | tee | sez | sro | swo | vit § ooso | seo }owe | o | sso | iso | Dpere
h 00 | 600 | ¥Lt | 060 | 960 { 191 | 6ct | To1 | 981 | 560 | ¢60 | L90 | Pomwmep
wo | et foro | ver | 1wt J 2o b eo | ss0 | teo | 2o | ozt | ovo | umewwens foony |zaso | w1t | zes |eopzi| 1001 | oos | orvr Jorsi| wsz | scen |eortov[sisor] €XG
st Joso | vet | pso | zot | sor Jovn | zon | 161 | 260 | s60 | 390 | Dpamipeyg
CrOl | 1P0 | OFCE | PO | ¥20 | €1 | 560 | 660 | {51 | 660 | 990 | 620 | Pomwmi _
8c0 | vbo | 830 | ceo | oo | exo | cvo | w0 | ert | 160 |Teso | evo § uperwpag |ooTt z9s0 | il | 159 [eorTi| 1o | oo | ovbe {9i'st| vez | 6691 Jeorecz|sevor]  Tid
i | zvo | vev ] seo | 2o | ottt | e0 | sco ] 19 | 9eo | so0 | reo | Oporwen ,
V60 | 620 | FC1 | 960 | 90 | ¥CU | 860 | ¥0 | 01 | €20 | £20 | 560 | Porseap
wo [ o |t | eso | szo §oeco | sso |oteo | g0 | oro | 760 | ceo | wrewwon [estn o000t | Tz | b6 |ssscz| o000 [ oos | orvr feme | viT | 98°L |96'50K 96508 6L
260 | oro | 61t | wro | sto | szt | ss0 | sto | so1 | ewo | tzo | veo | Dpevween
€Il | 80 | 6eL | 920 | PLO | €21 | 10 | PO | 850 | 120 | 8v0 | 690 | PowBA
150 | seo | zo0 | ozo | ev0 | sc0 | veo | oso | 180 | szo | sco | eco | wpowwey |esit | eson | orer | ers sswsz{vivo | 006 | ovez | 1c'8 | pIT | 98°L 1489196500 L
300 | ebo | 2et fezo | weo | wn | o | sko | eso | wwo | sio | seo | Dpewpag
o1 | b0 | L0T | OED | S¥0 | ¥ZU | 560 | 60 | 60 | 60 | LEO | 060 | Peawep . ..
820 | eco | sot | exo | se0 | w0 | eer | zeo | sy | zeo | seo [ g0 | weeowad |estt [ vos0 | sest | zos |eest | zeo0 | oos | owez | z8e | 9z | s101 [receesortor $1
so'1 | sco | oz | veo | svo | oz | se0 | szo | o | oeo | oo | 30 | Dpawpag .
801 | (60 | 91t | 0c0 | t€0 | o1 | 11T | S0 | vO1 | 600 | t20 | 260 | Paoemp .
8¢0 | oo | beo | wwo | sko | zoo | eet | Lro ocn | eoo | szo | oov | wpemwesd Jooza [zsso ] w1 | 269 eorzifooot | oos | omrz |over| vez | eeor |zo'cow|sieor £
i Joeo | o1t | szo | eeo |z | et | szo | sot | oo | zo | veo | Dpowweyg
68€ | (00 | tvb | 950 | 680 | 101 | 160 | ¥s0 | 161 | 50 | €0 | 160 | Pemuen .
860 | o | zvo | w0 | 450 | 50 | sso | evo | or) | tro | €90 | sc0 | wpowwag {00zt | 660 | 1tk | zew [eorTi | €1vo |06 | orkz [zE9U| p6T | 6E91 {18491 |8L00¢ 1L
e | 690 | ecv | £s0 a0 | 2ot | 160 | e50 | 860 | ss0 | teo | eo1 | Gpowtpend
>Iy | XY | >Ry | Ay 3XY | %3y | Xy | Iy - 60 | GO ¥ XV QO | G 7 () 1 (o) § () | (o) | Qow) MIPL
‘sus], “duioy 140 | a1 oy twoy | gdo | GdI | vempuop | w 1 A 1 0 T ) L P a | vempadg
f . w&%vucﬂ FUW—P—G‘I”M




I
|

1 liF 4
)

B

1i
b

B i§
b

f
il

i

o
b
i

sj:
i

il

aidluidl

f
]
R

86 JO ¢8 adeq L661 Arenuqaq 1 A9y OZOAOOT 1D
§})59) —:M:Ohuw Jjeun)n jo hhﬂeazm S-8 Iqel ‘
Ads1="0 tosia
. - 01=9D 90 = duy o
(deeeo-Diico=¢d0 90 < ¢ 10 +(0)Ad81="D !gdo.Laiog P L0 =
: . ‘Ayowdes Bu peyoeer 1o oye) eoesq peousyadxe yomm s;uf esoy) Juesesdas soey
£661 1LY "0 A% £ZZH001 [ 1 SoUIA3Y 1esmnseq TSI “suojrepustiwonsy U5 wolj vojRinuLo | Jouarfy {}
1] £ Tfop PN g Hdl 98 o 9y 06 [1:14 TEE Tee  JOO+FSTT] 6611 [ D001 RBE°ST [OO0 1| 006 | OFFT | O8°L | 95 |96 0F ] 56 90F 610
8071 (i3] ujof u_!vﬁvgﬁu..-o.ﬁm 440 831 91z £81 kLl Sl 6t [413 SO+HSSS [661F | T00T 88852 [ 170 | 008 OFbC | 88°L | 98°L [IT'ELL] 96500 (AT
[N [14] Wiof 3Py 3omg Hdl LSS £19 £5¢ 08f [ £9¢ St 90432 1| 6611 {Ev60Ci661 | 100°T | 006 | OFFL | 196 [61°01 09°Lot ] SO°LOF [T
10’1 [1k] oryg oFpPhg Somig ddl [414 [L] psl 43 0t i S0 Ps0+HZ8"9 | 66°LT { V9670 |€L6°6T [2L9°0 | 0°06 | OFFE | €86 | 6101 [PEELT| SO°LOP §.1d
680 [1¥] soulg .u_u_siooﬂ.m 8d1 8L [13 58 L 4] (113 St ISO+HISTE66'11 [9L6/0[EL6'61 [Piv O} 006 | OFPT | 866 |61°01 [Z5°891] SO L0F bid
il # WISy Ao | @0 8L €3 s | ¥0 | 1w | wae 65 |90FH5 T [00TT [ 28670 |60v 21 | 10071 | 006 | Orve [O1'91 (6c07 [0 zow | 80905 | £id
¥60 50°F hog IPPeRS IOy Jenyg 440 OLE scr 31§ {68 $6E o6t 65t 90+3+0'T | 00Tl | (96 0 |60V LI | 1190 006 § OFbT 19L°ST | 6£°91 [60'€LT | BL'IOF [ALs]
[T 4] [{¥] julof [N somog 8do o [419 [ 63¢ 58E TEL C6E  |90-+HST 1 66711 [00071 [S8B°ST[ODOF | 006 | OVIT | 95°L | 98°L 96'90v | 96°90F 6.l
e $6'0 a6ig 2[PPes PIOYS RIyg [:E19) [ £9 [£9 1] L9 9 LEE  |SO+HETL 6611 |£50°1 |88B'5% | PIV 0] 006 Orre | 1E'8 § 98°L (V4891 ] 96790k [A)
§6°0 801 »eig {PPES PIAS JBogg ddo LIT (44 k61 [i14 0fL ¥8C sie_ 1S0+:H8'9 (6611 [196°0€i6'61 [TI0 0 006 | OFPE | 286 |61 01 PEELL | $O°LOY S.L
960 or o] A oy ddo GE8 £26 tF6 [11] 1] [$14 65t 190+39%' 210021 [Z86'G[60P°TT [ T00T | 006 | OFFZ |01 91 } 6691 FLO-LOV | BL 90F £,
80 T0°I 3081 uhglﬁnvggm 240 [£4] 51 1€1 6F1 14 8ht 656 |S0+99L°C| 00TL [966 0| 60v 21 {EIFD] 006 ObF 1TE9] 1 6E°91 | 18°L91 | 8L°20F 1L
HE PP | TOPOR W | epopy oY PR | TOROR W 640 | gd | sxug [pioyy L7 (o T ) T Gant) | (urs) | Goies)
Apudey yuyop sy spopy 154 (WD) yurddeyy sang el Yiduas pa g i ) 1 i d '] T 1 1 P a wnpds
PprIAs], pavpag sanpey Bujpuoy pafiddy tepy (Wpp) Aipsede)y juantogy :
GIUNSYaIN Q3LoI03ud
: 1 ! _ i [ ! i : m . ! w i i




9.1

9.1.1

CONCLUDING REMARKS

SCF Determination

As-welded SCF

Results presented in Section 7.3 indicate comparable values between the tension side
and compression side SNCFs under in-plane bending and out-of-plane bending load.
This is observed for the chord side and brace side SNCFs and is consistent for both

the T-joint specimens and DT-joint specimens.

The results presented in Section 8.2 generally demonstrate good correlation between
the measured and predicted as-welded SCFs. The predicted as-welded SCFs were
derived using the Efthymiou parametric equations and Lloyd’s parametric equations,

which were typically to within 15% of the measured as-welded SCFs.

A detailed examination of the results presented in Section 8.2 reveals that the SCF
prediction perform better for the chord side locations. The SCF predictions
perform equally well for the DT-joint and T-joint specimens. Generally, the chord
side as-welded SCF is higher than the brace side as-welded SCF and therefore, the

accuracy of predicted as-welded SCFs is more critical for the chord side.

The variation between measured and predicted as-welded SCFs can be attributed to
a number of factors. The most likely cause for variation can be assigned to the size
and profile of the weld. This is particularly true at the saddle location as may be
inferred from the results presented in Section 8.2, for the axial and out-of-plane

bending loading conditions.

The Efthymiou equations for the derivation of as-welded SCFs perform well and
recognising that these equations represent the most popular and preferred set by the

offshore industry, it is recommended that the Efthymiou equations are adopted.
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9.1.2 Grouted SCFs

Results presented in Section 7.4 indicate a variation between the tension side and
compression side grouted SNCF values under in-plane bending and out-of-plane
bending loads. The corresponding as-welded SNCF results show little difference
between the tension side and compression side. The variation is attributable to the
variation in stiffness, afforded by the presence of groﬁt, between the saddle and
crown locations. The results indicate that the highest SNCF variation, i.e, between
the tension side and compression side, is dependent on the specimen joint type, on
which side is being considered (chord side or brace side) and on the geometric
parameters B and y. For the majority of specimens the side which yields the highest
SNCF on the chord is opposite to the side causing the highest SNCF on the brace,
i.e. if the compression side SNCF is highest on the chord, then generally the tension
side SNCF is highest on the brace. In addition, the trend remains constant, with the
exception of Specimen T3, throughout the SNCF measurement/preload regime
applied to each specimen, i.e. regardless of load history the dominant SNCF

remains on the same side for in-plane and out-of-plane bending.

The results indicate that the presence of grout enhances the stiffness of the chord
wall under compressive loading at the crown location. Under in-plane bending and
axial load the resultant chord side and brace side SCFs are higher than for the as-
welded condition. The stiffness at the saddle location has less effect on SCFs due to
the membrane action of the chord wall. Although the crown SCFs increase from the
as-welded condition to the grouted condition, the saddle SCFs generally remain
dominant for the DT-joint specimens. It is therefore concluded that the grouting of

the DT-joint will reduce the dominant SCF and therefore increase fatigue resistance.

The grouted SCFs are similar to the as-welded SCFs at the crown location for the
T-joint specimen.. Given that the crown SCF is dominant in the grouted condition
and in some instances greater than the dominant saddle SCF in the as-welded
condition, it is concluded that grouting of the T-joint may reduce fatigue resistance.

This observation is based on the test results obtained for Specimen T3.
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9.2

9.2.1

RF Determination

The results presented in Section 8.4 demonstrate good correlation between the
measured RFs and those derived using the developed formulations, as presented in

Appendix Q and Appendix R.

The developed RF formulations are of general applicability, i.e. the SCF for a
grouted joint can be estimated by the procluct of the predicted RF and an as-welded
SCF value obtained from any one of a number of sources. The derivation of RFs
using formulations developed in Appendix Q may make use of as-welded SCFs

obtained from one of the following sources.

e  SCF calculated from a Finite Element analysis of the as-welded joint
. SCF measured from steel specimens
. SCF measured from photoelasticity specimens )

The derivation of RFs using.formulations developed in Appendix R may make use

of as-welded SCFs obtained from the following source:
. SCF calculated from a suitable parametric equation

RF for Application to As-Welded Measured SCEs

The form of the equations for the derivation of RFs to be utilised in determining
grouted SCFs using measured as-welded SCFs are presented in Tables 9-1 and 9-2
for chord side and brace side respectively. The tables also contain ranges of

validity.
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RF = ay +a;B + a;v + a;By + a,p° but RF 2 0.10

Joint Load ag a; ay a3 ay
Type (Position) _
DT COMP - 1.46 -3.1 -0.045 | . 0.05 2.5
(Saddle)
COMP 4.10 -4.0 -0.240 0.37 0.2
(Crown)*
TENS 0.43 -1.6 0.025 -0.05 2.5
(Saddle)
TENS -0.92 3.2 0 0.05 -1.5
(Crown)*
iPB 1.28 -0.33 -0.040 0.03 -0.15
(Crown)
OPB 2.25 -3.8 -0.045 0.04 2.6
(Saddle) ,
T COMP 1.37 -1.1 -0.05 0.06 -0.3
{Saddle)
COMP | 1.35 0.2 ~0.05 0.05 -0.5
{Crown)
TENS 1.35 | -2.3 -0.01 0.01 1.2
(Saddle)
TENS 0.75 1.1 -0.02 0.01 -0.6
(Crown)
IPB 1.54 -0.6 -0.04 0.04 0
(Crown)
OPB 1.77 -2.4 -0.03 0.03 0.9
(Saddle) :

Ranges of validity: 0.4 <p<1.0,12<y<26,1~1.0,0 = 90°

E

Table 9-1:

Unduly conservative RF may be predicted at crown position for
axially loaded DT joints.

Recommended formulations for reduction factors on chord side
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RF = a, +a,B + ayy + a3Py + ap’ + asy2 but RF 2 0.10

Joint | Load g E: 1Y a aj a4 ag

Type | (Position)

DT COMP 1.64 -3.7 -0.04 0.04 3.0 0
(Saddle)
COMP -5.36 32.0 -0.12 0.16 -25.8 0
(Crown)*
TENS 0.07 -0.30 0.03 | -0.06 15. |0
(Saddle)
TENS 2.0 2.5 -0.15 0.26 -2.27 | 0.003
(Crown)*
IPB 1.05 -0.21 0.02 | -0.02 0.8 0
(Crown) :
OPB 3.04 -5.5 -0.04 0.03 3.6 0
(Saddle)

T COMP 1.36 -1.6 -0.04 0.05 0.4 0
(Saddie)
COMP 11.84 | -10.6 -0.40 0.04 -0.05 [ O
(Crown)
TENS 1.6 2.4 -0.02 0.02 1.1 0
(Saddle)
TENS 10.33 | -10.0 -0.34 0.33 0.9 0
(Crown)
IPB 0.5 1.5 0.01 0 -1.0 0
{Crown) _
OPB 2.09 -3.2 -0.015| 0.01 1.5 0
(Saddle)

Ranges of validity: 0.4 <B<1.0,12<y<26, t1~1.0, 6 =90°

Table 9-2:
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Non-conservative RF may be predicted at crown position for axially -

loaded DT joints.

Recommended formulations for reduction factors on brace side
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9.2.2 RE for Application 'to As-Welded Efthymiou SCFs

The form of the equations for the derivation of RFs to be utilised in determining
grouted SCFs are presented in Tables 9-3 and 9-4 for chord side.and brace side
respectively. The resultant RFs are applicable to grouted SCFs derived using
Efthymiou parametric equations. The tables contain ranges of validity.

RF = ay +a;B + a5y + a,By + a,B* + asy’ but RF = 0.10

Joint Load ay a, a, a; a, ag

Type (Position)

DT COMP 0.57 -2.08 0.001 | -0.003 | 2.55 0
Saddle)
COMP 4.9 -1.7 -0.32 0.15 -1.15 0.005
(Crown) ’
TENS 0.25 -1.28 0.03 -0.047 | 2.2 0
(Saddle)
TENS 3.9 -2.9 -0.2 0.04 1.01 0.004
Crown)
IPB 1.8 -0.08 | -0.08 0.07 -1 0
(Crown)
OPB 2.35 -5.15 | -0.03 0.03 4 0
(Saddle)

T COMP 1.07 -0.68 | -0.043 0.06 -0.53 0
{Saddle)
COMP -0.55 6.9 -0.03 0.01 -4.8 0
Crown) -
TENS 0.87 -1.49 0.001 0.01 0.65 0
{Saddle)
TENS -1.37 7.4 0.02 -0.05 -4.3 0
Crown)
IPB 0.45 1.5 -0.01 -0.01 -0.7 0
{Crown)
OPB 1.56 -2.62 | -0.012 0.015] 1.3 0
(Saddle)

Ranges of validity: 0.4<B<1.0,12<y<26, t1~1.0,6 = 90°

Table 9-3: Recommended formulations for reduction factors on chord side
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RF = ag +a;p + a;y + a;py + a4|32 + a5~{2 + a6B3y3 but RF >20.10

Joint | Load a, a; a a3 ay as ag

Type | Position

DT COMP -0.01 |-1.3 0.04 |-0.08 315 |1 0 0
(Saddle)
COMP 1.1 0.56 { -0.056 | 0.09 [-1.78 | 0.001 | O
(Crown) _
TENS 1.92 |[-4.4 |-0.08 0.1 34 0.001 | -0.001
(Saddle)
TENS 1.37 |-3.09 [ 0.002 | 0.07 1.39 | -0.001 0
(Crown)
IPB 2.45 [-35 |-0.03 0.03 2031 0 0
(Crown)
OPB -0.43 | -0.64 | 0.096 | -0.17 3.8 0 0
(Saddle)

T COMP 1.25 | -1.64 | -0.036 | 0.04 0.8 0 0
{Saddle)
COMP -1.26 | 5.0 0.002 | 0.03 }-3.3 0 0
{Crown) 5
TENS 0.72 |-0.7 |-0.008 | 0.004 | 0.5 0 0
(Saddle)
TENS 2.86 |-2.9 |-0.09 0.1 0.7 0 0
(Crown)
IPB 0.31 0.91 }{ -0.007 | 0.015 {-0.7 0 0
{Crown)
OPB 0.88 |-0.84 | 0.001 | -0.016 | 0.6 0 0
(Saddle)

Ranges of validity: 0.4 <B<1.0,12<y<26,1~1.0,6 = 90°

Table 9-4:

C14100R020 Rev 1 February 1997
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9.3 Ultimate Strength Determination

The results presented in Section 8.5 demonstrate good correl

measured and predicted ultimate joint capacity.

ation between the

The following equation is essentially that derived in Design Recommendations®™

An allowance for the presence of axial and moment loads in the chord has been

removed as this is beyond the scope of work for this project.

A minimum grout

strength of 41.4 Nmm? at 28 days must be achieved as the strength of grout affects

the strength of a grouted joint. The following equation is based on a mean

prediction rather than a characteristic prediction as used in the comparison between

predicted and measured ultimate Joint capacities presented

Appendix S.

in Table 7-10,

The moment capacity of a grouted joint subjected to unidirectional loading may be

derived as-follows:

F T%d
Mi’ Mo = Qu Y :
sin®

M; = strength for brace in-plane moment load

M, = strength for brace out-of-plane moment load

...8.3.1

Fy = characteristic yield stress of the chord member at ihe joint {or 0;7 times the

characteristic tensile strength if less). If characteristic values are not

available specified minimum values may be substituted.
T = chord wall thickness
d = brace diameter.
® =  brace/joint intersect angle

Q, is a strength factor which varies with the joint and load type.
Table 9-5.
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Joint Configuration
Load Direction
T DT

In-plane bending 1.5By 1.5By
Out-of-plane bending 1.5By 1.5By/ fQ ;
Notes:

Qk =10 for $ <0.6

= 0.3/p(1 - 0.833p) for § > 0.6

Table 9-5:  Q, factor for grouted joints
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Welding Procedure

. -

Crown

11

chord

3
13 5
Saddle ./<

<

7

The weld shape locations are presented in the following Figure A. 1.

Brace

‘ cc;l
__bel

cs;5 bs;5

(cs;13),  (bs;13)

brace

bc;9

| cc;9
chord

Note: Weld shapes measured at 45° intervals around joint intersect

Figure A.1: Location of weld shapes
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: Lasmethode beschrijving fov nr.: 4
: weiding procedure specification GESTNT. (rems by
. C.W.R. Hoogenboom
kiant (ciang: inspactie gnsp. by): HSM ordemr.:
TNO BOUW DELFT ' . - 21227
tospassing [sope): Welding of iestpieces T7-T9/DT8-DT9 tekening nr.:

Grouted tubuiar joint technology for strengthening/repair

———-—-———-—-—-——_.___—_____%

1 Fe 360 or equal CE - afm, dimy
basismateriaal 0.D. 406.4 / Wt 7.9-18
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2 Fe 360 or equal CE - atm, (aim.):

_ OD.> 1683 /Wt 8
lasproces grondizag (ool vulisag {fing pass) tegenias Hackwsiding) Cplassen {overiay welding)
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laspositie hachten paciwelding): proces {process) min. temp.
tvekding postion) 2 G /TWY| As per tackweld procedure N NA T o0
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NA NO NA
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AWS Class: E7018-1

| kx |
15° ‘
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fig®
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—_k
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p“xk; I
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Lasnaadvorm: ‘ Lasvolgorde: -
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posilles (pos.):
wolgens {ace.);
Inspeciie: ® mi/pt: others:
{nspection} - 1 o0% Vs
QA dept, HSM: customen: Inep. awsh.:
datme -
{date) 230193
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Grouted tubular joint technology for strengthening/repair

— "

_ wpS nr.: 150
W Lasmethode beschrijving revac: |
welding procedure specification Geschr. orep. byl:
C.W.R. Hoogenhoom
kiant (chent): inspectie fosp. by): HSM ordernt.:
TNQ BOUW DELFT - 21227
toepassing scopsWelkding of testpieces T1-T3-15/DT2-DT3-DT4-D15-DT6 tekening ar.;

1 Fe 360 or equal CE - afm. w@im):
ﬁmﬁw : , 0.D. 406.4 / Wt 7.9-16
' 2 _Fe 510 or equal CE =< 0.43 |afm. m:
0.D.= 168.3/ Wt 7.9-16
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(welding pasition) 2G /TWY| As per tackweld procedure [, Na T > o'C
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voorwanmdetails (pre-heating detaile): isalatis gnsulsiion): nawarmtijd (soaking time):
NA ; NO NA
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(postweid heattr.) NA
AWS Class: E7018-G : Qualified joints: All-TKY
k,
15° l\l
45%
L n
= b
7 S JE AT l-.
v I
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we) - ‘.:::. w.m:«hn m} [shieidingges/fhud idesuc) + amphmge voage | vmin, | Kimm ] POUmm
1 Root KRYO 1 an - [ an5-100 4 - taj2e | wm-m
2 m KRYO 1 o . AC 0110 4 R 12/20 | as-12
i-n Fivesg | KAVD 40 - AC 158 - 179 24 - 14712 | 1200
b 9 (prapad weldedges) baweridng teg: of roa:
Flame-cutting and grinding NA
opmarking (remasks):
Weid area shall be dry and free of scale, rust eic.
mnppodnr.(pqr.u.l:- geidigheidsgebied MmX {vaiidily range proc. qualification): mﬂﬂmw::l‘\ﬁm
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WELD SHAPE SPECIMEN DT2

Intersection between Chord and Brace 1 of DT2

C;l L3 S5

L7

Weld shape dimensions [mm)]

Key :-
I - Intermediate weld position
C - Crown weld position
S - Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

Weldleg [C,1 |3 [S,5 |57 |C9 L1l |S,13  |Li5
length .

Lomee  |25.8  |262 |283 |242 (218 217 |327  |267
Lawa |13.8  [127 |90 |135 |34 |106 |52 |94




WELD SHAPE SPECIMEN DT2

Intersection between Chord arid Brace 2 of DT2

C:1

I;3

S;5

1.7

I;11

Key :-
I - Intermediate weld position
C - Crown weld position
S - Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions {mm]

Weld leg | C,1 L3 S,5 L7 C,9 L11 5,13 1,15
length '

Lirace 26.2 29.6 30.7 24.7 22.2 25.0 30.7 26.4
Lenord 17.2 12.3 11.6 15.3 15.9 13.5 11.6 13.5
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WELD SHAPE SPECIMEN DT3

Intersection between Chord and Brace 1 of DT3

Gl I;3 S;5 . I,7

L 2 .
. 0 S—

,dLéVQ Cu L\\aﬂ’-
C9 I;11 : S;13 I;15

(ot )
Key :-
I - Intermediate weld position
C - Crown weld position
S - Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions [mm]

Weld leg | C,1 L3 S,5 L7 C,9 11 S,13 I,15
length _ .
Lyrace 22.7 23.4 25.7 23.4 27.8 26.4
Levord 17.9 12.4 12.8 18.4 9.8 14.9
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WELD SHAPE SPECIMEN DT3

Intersection between Chord and Brace 2 of DT3 |
Gl I3 | $;5 T7

Key :-
| - Intermediate weld position
C - Crown weld position ‘
S - Saddle weld position *

Refer to -Figure A.1 for corresponding numbered weld shape locations. k

Weld shape dimensions [mm]

Weld leg | C,1 L3 S,5 L7 C,9 IL11 $,13  [L1S

length

Lirace 232 (224 22.3 24.9 26.2 24.7 .
Lichord 17.6 10.5 113.4 16.2 10.1 13.0
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WELD SHAPE SPECIMEN DT4

Intersection between Chord and Brace 1 of DT4

C;1 I;3 S5

I;7

Key :-
I - Intermediate weld position
C - Crown weld position
S - Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions [mm)]

Weld leg | C,1 L3 S,5 1,7 C,9 I11 S,13 1,15

length :

Lirace 21.1 19.3 19.5 18.2 . |[22.7 22.7 24.7 18.7

Lenord 14.8 13.7 13.2 17.3 14.9 12.6 8.4 12.6
Page All




WELD SHAPE SPECIMEN DT4

Intersection between Chord and Brace 2 of DT4 . : - ‘

C:1 L3 . S;5 I.;7

I - Intermediate weld position
c - Crown weld position
s - Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions [mm]

Weldleg |C,1 |13 S,5 L7 co |11 [S,13 [Ll5
length

Lyrace 21.9 20.0 23.1 2.2 [ 23.9 19.9 23.9 18.4

Laoa 180 150 (177 |127 |185 |12.1 |140 [13.1 |
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WELD SHAPE SPECIMEN DTS5

Intersection between Chord and Brace 1 of DTS

C;1

L;3

S:5

L7

C
S

Intermediate weld position
Crown weld position
Saddle weld position
Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions [mm]

Weld leg | C,1 I3 S,5 1,7 C,9 1,11 S,13 L15
length | '

Liyrace 17.6 19.7 19.4 20.5 15.5 22.1 20.3 20.9
Lehora 13.1 14.2 10.1 13.9 15.9 15.8 10.2 11.7




WELD SHAPE SPECIMEN DT5

Intersection between Chord and Brace 2 of DT5
Gl I;3 S;5 I,7

_._.'..__...._.._,_._-_‘--.
N

! /
: | |
Key :- _
I - Intermediate weld position
C - Crown weld position
S - Saddle weld position

Refer to Figure A.1 for corresponding numbered Wcld shape locations.

Weld shape dimensions [mm]

Weldleg |C,1 |L3 S,5 1,7 C,9 I,11 S,13 L15
length
Lyrace 18.4 18.1 17.8 19.1 15.5 17.7 18.0 17.6

Lebord 15.9 13.0 10.6 12.3 15.0 11.9 10.2 11.3 \




WELD SHAPE SPECIMEN DT6

Intersection between Chord and Brace 1 of DT6

C;1

I3

S;5

I,7

Weld shape dimensions [mm]

9 L1l S;13 L5
- B f |
'; P f i

I S
! . 0/‘ ! ’ i
(1 e
¢ ¥
Key :-
I - Intermediate weld position
C - Crown weld position
S - Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld leg | C,1 L3 S,5 L7 C,9 IL11 5,13 L15s
length

Ly ace 18.0 18.6 22.6 20.2 20.0 21.3
Leetiord 13.07 7.7 7.1 15.1 6.6 6.9




WELD SHAPE SPECIMEN DT6

Intersection between Chord and Brace 2 of DT6
C;1 I;3 S;5 L7

v ! I : : ; e P |
. ! ' ' | l : : ! ;
. i
i -
; | B
. * M I E 5 . 9—‘. -
C;9 ;i1 _ S;13 I;15
. . : ] i : ' :
! i 3 : i |

ﬁ_____““_"
B
Ko,

Key :- ,
I - Intermediate weld position
C - Crown weld position
s - Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions [mm)]

Weld leg | C,1 1,3 S,5 1,7 C,9 111 [S,13 [L15
length

Lirace 242 |21.8 24.1  |22.3  |21.1 19.6
Leporg 163 |9.6 9.7 133|113 14.2




WELD SHAPE SPECIMEN DT38

Intersection between Chord and Brace 1 of DTS

C:1

I;3 S:5

L7

C

S

- Intermediate weld position
- Crown weld position
- Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions fmm]

Weldleg | C,1 L3 S,5 L7 C)9 L1l [5,13 L15
length

Lirace 23.4 23.2 20.3 21.2 20.2 19.7 24.3 18.7
Lebora 12.1 9.8 10.4 14.6 16.6 12.0 10.1 10.7




WELD SHAPE SPECIMEN DTS

Intersection between Chord and Brace 2 of DT8

C;1 I;3 S;5 I;7

Key :- |
I - Intermediate weld position
C - Crown weld position
S - Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions [mm]

Weld leg | C,1 L3 |S,5 L7 C,9 I,11 S§,13 L15
length '

Lirace 193 |19.4 |203 |21.3 |21.0 [20.0 {208 |22.9 |

Laoa | 112|137 [9.8 12.8 |16.7 |16.1 |115 [13.9 |
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WELD SHAPE SPECIMEN DT9

Intersection between Chord and Brace 1 of DT9

Gl I3 853 _ L7

C:9 T - E 115

Key :- :
I - Intermediate weld position
C - Crown weld position
S - Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions [mm}

Weldleg | C,1 L3 S,5 L7 C9 |Ll1 S,13 L15
length

Lirace 21.8 17.2 17.9 24.3 20.8 20.3
Lenord 14.1 7.1 8.7 12.8 1.9 8.4

%
N




WELD SHAPE SPECIMEN DT9

Intersection between Chord and Brace 2 of DT9

C:1

I;3

S;5

I,7

S:13

R G

Pl

C
S

- Intermediate weld position
- Crown weld position
- Saddie weld position
Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions [mm]

Weld leg | C,1 1L3 S,5 L7 C,9 Lil S,13 L15

length

Lirace 24.1 23.2 20.8 23.7 24.7 26.2
15.4 8.5 6.4 14.3 9.3 7.3

Lchord




WELD SHAPE SPECIMEN T1

Intersection between Chord and Brace of T1

C:1

I;3

S:5

I;7 '

L;15

C
S

- Intermediate weld position
- Crown weld position
- Saddle weld position
Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions {mm]

Weld leg | C,1 L3 S,5 1,7 C,9 IL11 S,13 1,15
length

Lorace 20.6 23.0 22.0 20.3 22.5 22.7 27.5 25.2
Leyord 18.0 12.2 17.0 14.1 20.2 13.5 14.8 17.0




WELD SHAPE SPECIMEN T3
Intersection between Chord and Brace of T3
Gl I;3 8;5 L7
P
. : i }
J ' o
: ' ‘ !
i ) '
' : l : ! f
o0 =
| J o ol o
CHexdi l . ' 4 '
o “Tx°
; . - )
C;9 I;15

C

S

Intermediate weld position
Crown weld position
Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

_Weld shape dimensions [mm] '

Weld leg | C,1 1 L3 S,5 L7 C,9 L11 S,13 I,15
Iength

Layeace 23.0 22.6 23.6 24.6 20.7 24.1
Lihora 13.9 . 8.1 7.2 14.0 8.6 10.0




WELD SHAPE SPECIMEN TS5

Intersection between Chord and Brace of TS

C;l

I;3

S;5

I;7

C
S
Refer to Figure A.1 for corresponding numbered weld shape locations.

- Intermediate weld position
- Crown weld position
- Saddle weld position

Weld shape dimensions [mm]

Weld leg | C,1 L3 S,5 L7 C9 Lil S,13 L15
length ‘

Luyrace 21.7 18.6 20.0 18.2 20.0 . |20.2 22.6 19.9
Lenora 17.7 15.7 11.4 13.5 14.3 13.0 10.5 12.1




WELD SHAPE SPECIMEN T7

Intersection between Chord and Brace of T7

C;1 I;3 S;5 1,7

Key :-
I - Intermediate weld position
C - Crown weld position
S - Saddle weld position

Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions [mm}

Weld leg | C,1 L3 S,5 L7 C,9 I11 S,13 K15
length
Lirace 13.6 14.3 16.5 12.7 12.8 14.9 14.0 15.4

Lhora 11.9 7.7 8.6 8.6 13.1 7.6 11.8 9.9




WELD SHAPE SPECIMEN T9

Intersection between Chord and Brace of T9

C:l

I3

S;5

I,7

- C
S

- Intermediate weld position
- Crown weld position
- Saddle weld position
Refer to Figure A.1 for corresponding numbered weld shape locations.

Weld shape dimensions [mm]

Weldleg [C,1 {13 S,5 L7 C,9 L1l S,13 L15
length :

Lirace 15.6 16.1 14.7 15.0 15.6 17.2
Lihord 13.1 9.5 10.4 12.2 9.5 7.7
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APPENDIX B

Specification and Procedure for Grouting of Test Specimens

C14100R020 Rev 1 February 1997
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INTRODUCTION

This document presents a detailed procedure for the chord grout-filling of tubular
joints to be used as test specimens in a Joint Industry Project (JIP) on the
‘Development of Grouted Tubular Joint Technology for Offshore Strengthening and
Repair’.

The tubular joints will be used for SCF tests for the ungrouted and grouted
conditions. Once tests are complete for the ungrouted condition, grouting can
commence in accordance with the specifications and procedure presented within this
document.

This document makes reference to the following American Standards:-

L API Specification 10 - Specification for Materials and Testing
for Well Cements _
®  ASTM Specification C150 -  Standard Specification for Portland
Cement.
C14100R006 Rev 2 January 1995 Page 4 of 10

b

L

fle
Ll

f
i}

i

L
|




2.1

2.3

2.4

GROUT FILLING OF SPECIMENS

neral ripti
The tubular joint specimens comprise T joints and DT/X Joints. Each of the tubular
joints is to be chord grout-filled for SNCF measurements and subsequent ultimate
strength tests.

The tubular joints are to be cast with the chord placed in the vertical position. This
will ensure complete grout filling of the chord and reduce the number of parameters
to consider when interpreting test results. Displacement of water whilst grout filling
will be a requirement since grouting offshore in strengthening/repairs will also
displace water.

The grout mix and testing specification shall conform to Section 3 herein.

Tubular joints shall be grout-filled using the same procedures, mixing equipment and
facilities. This will ensure consistency in grout mix, test cube preparation, grout
placement and grout strength once cured. Grout mixer capacity may limit the number
of specimens that can be grouted in one operation. In this case measures will be
taken to ensure consistency between batches.

rout Connpecti
Grout connection arrangements are shown in Figures 2.1 and 2.2.

Fof each tubular joint, one inlet shall be provided at the base of the vertical chord
and the outlet in either the top cover plate or the top of the chord. The operation of
all valves shall be checked, prior to fitting.

All connections shall be well greased. The grout inlet shall be attached to the chord
at the grout inlet point. All grout shall be input through this point.

Filling Chord with Water

The vertical chord members shall be filled with water prior to grout filling. Any
leaks identified shall be remedied prior to the grouting operation.

Grouting the Tubular. J oints

This operation shall follow immediately after successful filling of the chord with
water. .

C14100R006 Rev 2 January 1995 Page 5 of 10

il
uff
I

W
s

un
]

L
L




2.4.1 Mix grout

Grout shall be mixed to a specific gravity of 2.02 + 0.02 for Oilwell or
Portland cement (see Section 3.2 for cement specification). Confirmation of
the specific gravity shall be carried out using a pressurised mud-balance. If
acceptable, samples will be taken for grout cubes. If the specific gravity is
not within the limits specified above, grout shall be mixed untl desired
density is achieved. Samples for grout cubes will then be taken.

See Section 3 for mixing, sampling and testing of grout.
242 utin tion

L Ensure grout inlet hose is free of any obstructions, ‘kinks’ or ‘crimps’
when connected to test specimen.

. Open inlet valves.
L Begin pumping grout through the inlet hose. Pump continuously.

] When good consistency grout flows from the chord outlet point,
continue pumping slowly, and take density measurements.

* Following confirmation of satisfactory grout densities, stop pumping,
and close inlet valves. Disconnect quick release coupling and
reconnect to next specimen. Open inlet valves and begin pumping.
When good consistency grout flows from the outlet point, continue
pumping slowly and take density measurement. Repeat this cycle for
subsequent tubular joints.

L Once all tubular joints are grouted, disconnect grout inlet at quick

release union connection, open valve connected to inlet line and pump
water down the grout inlet line, to flush.

2.4.3 Sh toppa,

If a blockage occurs during grouting of a specimen, adopt the following
procedure:-

Stop pumping

Close both inlet valves at inlet point. Disconnect grout line at quick release
union connection.

Open grout line inlet valve.
Begin pumping slowly.
C14100R006 Rev 2 January 1995 Page 6 of 10
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If no grout flows, change the inlet grout hose. If grout flows, the problem is
not in the hose. Therefore, it is a fault either in the inlet valve, the outlet
hose or in the tubular specimen.

Reconnect grout inlet and open inlet valve. Begin pumping. If grout does not
flow, then a piece of wire inserted through the outlet point may prove
successful in removing any blockage there. If grout still does not flow then
the blockage is at the inlet valve or within the tubular specimen and the
following course of action may be taken.

. Abort the grouting operation, remedy the fault at the inlet valve or
from within the tubular specimen and instigate flushing procedures.

Specimens successfully grouted prior to blockage, shall remain grouted.

2.4.4 Longer stoppages

In the event of a grout flow problem or delay during grouting operations of
a specimen, where such delays may exceed one hour, chord flushing
procedures must start. '

2.4.5 Flushing procedure

Flushing must be carried out if grout flow problems occur which may delay
operations for more than one hour.

Specimens successfully grouted prior to blockage, shall remain grouted.

1] Disconnect grout inlet at quick release union connection, open valve
connected to inlet hose and flush inlet hose. Wash out grout mixer.

@) Inspect all valves and ‘rake out’ where necessary.

(i) Flush specimen through either the inlet or outlet points.

2.5 Post Grouting Procedure

Immediately after satisfactory grouting, close all inlet valves, disconnect at quick
release union, open valve connected to inlet hose and flush the grout inlet line.

C14100R006 Rev 2 January 1995 Page 7 of 10
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3.1

3.2

3.3

GROUT MIX AND TESTING SPECIFICATION

Design Requirements

All grout to be used shall achieve a minimum compressive strength of 41.4 N/mm?2
(6000 psi) at 28 days.

Materials

Cement shall be class ‘B’ or ‘G’, moderate sulphate resistant oilwell cement to API
Spec 10. Altemnatively, moderate sulphate resisting Portland Cement to ASTM C150
Type II may be substituted and used in the same proportions.

Manufacturer’s Certificates of Quality with respect to the materials shall be obtained
before use.

The cement shall be stored and transported in accordance with the manufacturer’s
instructions. The cement shall be kept free from moisture at all times and a careful

visual inspection of all materials shall be made prior to their use to ensure their
suitability for the work. Cement shall be stored out of direct sunlight.

Drinkable water is to be used for mixing, with a temperature not exceeding 20°C.

Grout Mix Proportions

The grout mix shall be as follows:-

Cement - 100 parts by weight

Water - 34 parts by weight (for Oilwell or Portland cement)
NO ADMIXTURES SI—IALLl BE PERMITTED

Figure 3 shows the rate of gain of strength for Oilwell ‘B’ grouts cured at 8°C
(46°F). This is based upon extensive onshore and offshore test data collated from

many years of grouting experience.
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3.4

3.5

3.6

3.7

Grout Mixing

The grout shall be mixed using a suitable mixer (eg. Craelius CEMIX 175 or
Colcrete DD4). An initial mix shall be made to line the mixer. This mix shall be
discarded. Subsequent batches shall be used to grout the specimens. All batches
shall be mixed for a minimum of two minutes.

larry Density Measuremen

Measurement of slurry densities shall be made using a pressurised slurry density
balance in the manner described in API Spec. 10. Particular attention shall be paid
to ensure that the external surfaces of the balance are cleaned and dried after filling
and prior to balancing.

Grout shall not be pumped until a specific gravity within the limits noted in Section
2.4.1 is achieved. Slurry densities shall be checked immediately prior to pumping
and throughout the grouting operations, sampling every batch mixed.

Cube Preparation and Curing

Cubes shall be cast in accordance with API Spec. 10, with the exception that 75mm
(3 inch) cubes shall be used.

The cubes shall be placed in polyurethane bags immediately after casting and cured
with and at the same temperature as the grouted joints until removed for demolding
or testing.

Cubes may be demolded after 24 hours, during which the time out of the bags must

not be more than 1 (one) hour. At or after 28 days, cubes shall be weighed,
measured and crushed within 30 minutes of removal from the bags.

The cube age shall be measured from the time the cube is struck to the time it is
crushed. '

Each cube shall be marked with a unique mark and this mark correlated with the

batch number, specimen number, time and date made and slurry density, as measured
by a pressurised slurry density balance.

Sampling and Testing Procedures
For each batch 4 N° cubes are to be cast from the grout in the grout mixer.

From the 4 N° cubes cast from the grout in the mixer, three (3 N°) cubes shall be
tested at 28 days. :

An additional 8 N° cubes are to be cast for each grouted test specimen.
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From the 8 N° cubes cast with each specimen;
f

Three (3 N°) cubes shall be tested at or after
of SCF tests on each grouted specimen.

28 days on the commencement
Three (3 N°) cubes shall be tested at the commencem,
tests on each grouted specimen.

ent of ultimate strength
Each cube shali be crushed in accordance with the
except that the rate of loadin
per min),

procedure given in API Spec. 10,

g will be no faster than 14 N/mm? per min (2000 1bf/in2

The following information shall be collated for the final report;-

® Test specimen identification reference
°

Cube identification reference
°

Time and date of casting of the cube and test specimen
o

Time and date of testing of the cube and test specimen

Fluid grout depsity at time of casting
°

Weight and density of the grout cube
e

Failure load and cube strength
o

Average strength from 3 N° cubes tested at 28 days.
°

strength test on each grouted specimen.
3.8

Average strength from the 3 N° cubes tested at commencement of SCF test
on each grouted specimen and 3 N° cubes tested at commencement of ultimate
Eguipment

Calibration certificates are to be supp

and cube crushing equipment.

lied for all weighing, balancing, cube making

C14100R006 Rev 2 January 1995
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BALL VALVE
ﬁ/ (CHORD INLET VALVE)

!
- RITECAM
L " (OR SIMILAR) QUICK RELEASE
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BALL VALVE (GROUT !

LINE INLET VALVE) \

i
;
S -

GROUT HOSE FROM
GROUT MIXER,

1. DIMENSIONS TO ALLOW CLEARANCES TO OPERATE VALVE HANDLES.
2. ALL VALVES TO BE 12 BALL VALVES.

FIGURE 2.1. ARRANGEMENT OF CHORD GROUT INLET.
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FIGURE 2.2. ARRANGEMENT OF CHORD GROUT OQUTLET.
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Appendix C1 Grout material properties

The compressive strength from the cubes were determined and are presented in Table C-1.

Batch | Duration*| Specimen| Cube 1 Cube 2 Cube 3 Avera&
Taken 7 days - 24.9 23 - 23.95
from 14 days - 34.6 33 - 33.80
mix 21 days - 45 35 - 40.00
drum 28 days - 36.3 33.7 - 35.00
1 . S-'D1/D2{ 40.7 45.2 51.4 45.77
2 " TS 29.7 26.2 44.9 33.60
3 " T3 DT4 36.3 36 34.2 35.50
4 " T9 DTS 33.8 46 31.4 37.07
5 " DT2 DTS 42.3 33. 42 39.10
6 " T7 Ti1 40.1 28.6 43.8 37.50
7 " DT9 DTe 337 36.6 34.7 35.00
8 " DT3 39.8 46.3 29.6 38.57

*after chord filling

Table C-1: Compressive strength per batch after 7, 14, 21 and 28 days from chord
filling (MPa) i

Specimen | Cube 1 Cube 2 Cube 3 Cube d | Average

T1 37.00 33.60 39.30 46.30 39.05

T3 34.50 37.60 38.30 38.20 37.15

- T3 34.60 41.90 49.00 47.50 43.25
T7 52.40 39.20 38.60 44.00 43.55

T9 42.90 43.80 42.30 37.00 41.50
DT2 41.40 46.30 46.30 4790 4548
DT3 33.70 52.30 50.00 48.90 51.23
DT4 42.10 39.40 33.80 41.00 39.08
DT5 47.30 52.90 49.10 48.40 49.43
DT6 47.50 43.70 43.10 45,50 44 95
DT8 53,50 51.90 33.00 49.30 46.93
DT9 52.80 50.30 41,30 31.60 49.05

Table C-2: Compressive strength at time of specimen ultimate test (MPa)
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Appendix C2 Cross section

During the grouting procedure two additional tubes (D=350 mm) were grouted and cured
inside the laboratory (i.e. D1 & D2). Approximately 6 months after grouting one tube
was sliced. The results are presented in Figures C-1 and C-2. Cracks within the grout core
were not observed. The gap between grout and inside wall of the tubular was extremely

fine.

Figure C-1: Cross section of tube fully grouted
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APPENDIX D
Tensile coupon tests
The material properties from the certificates are listed in table D-1. For each reference

pipe, two tensile coupon tests have been performed. The yield stress and tensile strength
(ultimate strength) are listed in Table D-2 and Table D-3 respectively.

SPECIMEN CERTIFICATE
Yield str. Brace |Yield str. Chord |Ult. str. Brace |Ult. str. Chord
Tl 376 318 538 415
T3 397 318 596 415
T5 365 345 503 435
T7 278 351 395 539
T9 351 351 539 539
DT2 355 318 490 415
DT3 397 318 596 415
DT4 395 345 534 435
DT5 365 345 503 435
DTé6 360 345 575 435
DT8 353 351 470 539
DT9 331 351 339 539

Table D-1:Material properties from certificates (MPa).




SPECIMEN | LOCATION |REFERENCE YIELD STRESS ULTIMATE
TUBULAR a b average a b average
DT4 Braces 1 3304 | 3484 | 3394 | 547.0 | 553.0 [ 550.0
Brace 2 3274 | 368.1 | 3478 | 520.9 | 519.6 | 520.3
Brace 3 382.5 | 384.0 | 3833 | 5799 | 5833 | s81.6
Brace 4 263.8 | 227.5 ] 24577 | 4093 | 400.9 | 405.1
DT8 Braces 5 3155 1 341.8 ] 3287 | 5116 | 5082 | 35099
DT4,DT5,DT6,T5 | Chord 6 332.2 | 336.8 | 334.5 | 426.4 | 4275 | 427.0
DT8,DT9,T7,T9 |Chord 7-1 3478 | 340.1 | 3440 | 5073 { 499.5 | 503.4
DT9,T9 Braces 7-2 319.9 | 3185 | 319.2 | 496.2 | 4950 | 4956
DT2,DT3,T1,T3 |Chord 8 346.0 | 371.0 | 3585 | 502.8 | 511.4 | 507.1
DT5,T5 Braces 9-1 276.2 | 301.5 | 288.9 | 4099 | 406.1 | 408.0
Braces 9-2 2759 } 2809 | 2784 | 4082 | 407.7 | 408.0
DT6 Brace 10 365.8 | 361.0 | 3634 | 508.1 | 508.3 | 508.2
DT2 Brace 1] 489.0 | 302.4 | 4957 | 571.2 | 5992 | 5852
Table D-2: Tensile coupon tests on pipe sections (MPa)
SPECIMEN COUPON
Yield Str. Brace{ Yield Str. Chord| Ult. Str, Brace | Ult, Str. Chord

T1 347.8 358.5 520.3 307.1

T3 383.3 338.5 281.6 507.1

TS5 283.6 334.3 408.0 427.0

T7 245.6 331.6 405.1 499.5

T9 331.6 331.6 599.5 499.5

DT2 495.7 358.5 585.2 507.1

DT3 383.3 358.5 581.6 507.1

DT4 33%.4 334.5 350.0 427.0

DTS5 283.6 3345 408.0 427.0

DT6 363.4 334.5 508.2 427.0

DT8 328.5 331.6 509.9 499.5

DTS 331.6 331.6 499.5 4995

Table D-3: Tensile coupon tests referenced by test speciment (MPa)
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Appendix E1 Piece Reference

For the fabrication of test specimens, eleven different tubulars were used. From each type of
tube the wall thickness was measured at four points around the circumference. The pieces
used for the fabrication of the test specimens are shown in Table E-1

DT-/ T-Joint Brace 1 Chord Brace 2
. DT2 11 8 11
DT3 3 8 3
DT4 1 6 1
DTS5 o 6 9
DTé6 10 6 10
DTS8 5 7 5
DT9 7 7 7
T1 2 8 -
T3 3 8 -
T5 9 6 -
T7 4 7 - .
T9 7 7 -

Table E-1: Tubular references for specimens.
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Appendix E2 Wall thickness measurements

The wall thickness measurements were taken using a micrometer. Table E-2 presents
reference tubular wall thickness measurements taken before specimen fabrication. Table
E-3 presents sample specimen wall thicknesses measured at one chord end after

fabrication.

The wall thickness for the braces and chords were also checked by Ultra

Sonic measurements and are presented in Tables E-4 and E-5 respectively.

MEASUREMENTS
End1 End 2
Tub. Ref. | Average} 0° 90° 180° | 270°| 0° 90° | 180° | 270°
1 9.95 952 | 9.64 | 1041 [1002] 9.69 |10.51] 10.371 9.40
2 1632 [1622116.68] 1638 | 16.16] 16.51 ]| 16.54 | 16.11 | 15.96
3 1610 | 17.17}17.39] 15.11 | 15.19] 17.25] 16.54 | 15.151 15.02
4 8.31 846 | 8.30 8.23 8031830 | 819 | 8.16 | 8.77
5 7.88 782 | 798 ] 817 | 769 ] 790 | 7.76 | 812 | 7.57
6 1025 1005|1060 997 |10.47]10.03[10.78 | 1042 | 9.66
7 7.90 8.05 | 8.44 7.74 7.54 § 8.03 | 793 | 768 | 7.78
7 8.06 | 7.50 7.43 778 | 765 | 790 | 799 | 7.70
7 791 | 838 | 784 | 775} 8.14 | 8.00 | 8.09 | 8.19
8 1674 | 1692} 1732] 16.00 | 1645y 16.57|17.34{ 16.97 | 16.52
8 17.14} 17.39| 16.84 | 17.00] 16.08] 16.26 | 16.59 | 16.40
9 082 §1958[984] 1000 [ 985 ] 9.81 | 9.68 | 985 } 9.96
10 9.62 963 | 936 | 975 | 997 ] 957 1 939 | 9.85 | 9.43
. 11 1576 11588 15.45| 15.70 | 16.24} 15.86} 15.65] 15.62 | 15.68
Table E-2: Wall thickness measurements using a micrometer.
MEASUREMENTS
Tub. Ref.| Part | Average 0° 90° 180° | 270° |

DT4-C 1038 | 10.95 10.70 994 | 9.94
DT5-C 9.80 9.49 8.78 10.10 | 9.84
DT6-C 10.33 10.11 10.67 10.02 | 10.51

DTS8-C 8.13 8.46 8.01 798 | 8.05
DTS-C 7.48 7.17 7.83 742 | 7.50

DT2-C 16.32 | 15.77 16.50 17.25 | 15.77
DT3-C 16.00 15.80 16.29 15.52 | 16.37

00 0o|~] 3| O O

Table E-3: Sample specimen measurements using a micrometer
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MEASUREMENTS
: Brace 1 Brace 2

Tub, Ref, | Part | Average| 0° 90° 180° | 270° | 0° | 90° | 180°] 270°

1 DT4-B | 10.19 | 10.40 9.80 9.90 | 10.60 J10.00] 0.60 | 10.40] 10.80

2 TI-B | 1640 | 1580 | 1640 | 17.00 | 16.40

3 DT3-B | 16.46 | 1590 | 16.10 | 17.20 | 16.20 |15.40{17.40]17.10] 1830

3 T3-B | 1588 | 1680 | 1520 | 15.10 | 16.40

4 T7-B 8.30 8.50 8.40 830 | 8.00

5 DTS-B | 8.18 8.40 8.30 820 | 7.80 [ 840[8.10]810] 810

7 DT9-B | 7.91 7.80 7.70 800 | 810 |7.80] 7.80 | 8.10 | 8.00

7 T9-B 8.10 8.10 8.00 8.00 | 830

9 DT5-B | 9.98 1040 | 10.00 | 970 | 990 | 9.80|10.20]10.00] 9.80

9 T5-B 9,98 1010 9.90 990 | 10.00

10 DT6-B | 9.93 9.80 9.90 10.20 | 970 ]10.00]10.00] 9.60 |10.20

11 DT2-B | 1605 | 1620 | 1600 | 1630 | 16.50 [16.00|15.40]15.80(16.20

Table E-4: Brace ultra sonic wall thickness measurements

MEASUREMENTS
Tub. Ref| Part |Average| 0° | 90° | 180° | 270°
6 T5-C | 9.83 | 9.70 | 9.80 | 9.40 | 10.40
6 DT4-C | 10.53 [10.50| 9.90 |11.20{10.50
6 DT5-C| 9.73 | 9.90] 9.40| 9.90 [ 9.70
6 DT6-C | 10.57 |10.90}10.10].10.70
7 DT8-C| 825 | 8.50| 8.50 | 8.00 | 3.00
7 DT9-C| 7.78 [ 8.10| 7.70 | 7.30 | 8.00
7 T7-C | 805 |7.70| 8.10| 8.10 | 8.30
7 T9-C | 8.25 | 7.90] 7.90 | 8.50 | 8.70
8 DT2-C | 16.18 {16.30[16.00]16.10] 16.30
8 DT3-C | 17.03 |17.00]17.50]16.70| 16.90
8 T1-C | 16.23 |15.80|16.10!16.50116.50
8 T3-C | 16.05 |15.90]16.10{15.70] 16.50

Table E-5: Chord ultra sonic wall thickness measurements




Appendix E3 Diameter Measurements

The diameter measurements for the reference tubulars and for the specimens (chord and
braces) are presented in Table E-6 , Table E-7 and Table E-8, respectively.

— MEASUTEMENIS

End 1 End 2
Tub. Ref, | Average| 0°/180° | 90°270°| 0°/180° |90°/270°
1 168.73 | 16940 | 168.60 | 168.10 | 168.80
2 16783 | 16790 | 167.90 | 167.70 | 167.80
3 20728 | 40690 | 407.30 | 407.90 | 407.00
4 16853 | 167.70 | 16930 | 168.40 | 168.70
5 27335 | 273.30 | 273.70 | 272.70 | 273.70
6 20645 | 407.00 | 405.10 | 406.20 | 407.50
7 20680 | 40630 | 407.30 | 405.30 | 408.30
8 40656 | 406.60 | 406.60 | 406.60 | 406.70
8 40670 | 406.10 | 40630 | 406.90
9 27320 | 273.00 | 27320 | 273.40 | 273.20
10 20748 | 408.60 | 406.50 | 406.90 | 407.90
. 11 37300 | 27290 | 273.10 | 273.10 | 272.90

Table E-6: Specimen diameter measurements

MEASUREMENTS
End1 End 2

Tub. Ref. Part | Average 0°/180° | 90°/27(° | 0°/180° | 90°/270°

1 DT4-B | 163.41 | 16849 | 168.71 | 168.31 | 168.12

2 T1-B 167.80 | 167.90 | 167.70

3 DI3-B | 407.03 | 405.00 [ 40530 | 408.90 | 408.90

3 T3-B | 406.75 | 405.50 | 408.00

4 T7-B 168.30 | 168.70 | 167.90

5 DI8-B | 273.08 | 274.80 | 273.50 | 272.30 | 271.70

7 DT9-B | 403.45 | 404.10 | 402.80

7 T9-B | 407.50 | 405.80 | 409.20

9 DIS-B | 273.22 | 27413 | 27411 | 272.23 | 272.42

9 T5-B | 273.60 | 27440 | 272.80

10 DT6-B | 407.73 | 404.60 | 404.90 | 411.40 | 410.00

11 DT2-B | 273.19 | 27298 | 272.57 | 273.87 | 273.33

Table E-7: Brace diameter measurements
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MEASUREMENTS

Tub. Ref. | Part | Average| 0°/180° | 90°/270°
6 DT4-C | 407.05 | 404.10 | 410.00
6 DT5-C | 406.78 | 411.58 | 401.98
6 DT6-C | 407.86 | 408.16 | 407.55
6 T5-C | 407.10 | 404.60 | 409.60
7 DTS8-C | 406.90 | 415.60 | 398.20
7 DT9-C | 407.77 | 411.76 | 403.77
7 T7-C | 407.80 | 405.60 | 410.00
7 T9-C | 407.65 | 407.50 | 407.80
3 TI-C | 407.70 | 407.20 | 408.20
8 T3-C | 407.20 | 40730 | 407.10
8 DT2-C | 406.76 | 407.96 | 405.56
8 DT3-C | 405.90 | 406.50 | 405.30

Table E-8: Chord diameter measurements
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Appendix E4 Summary of measured dimensions

Table E-9 presents a summary of the average actual dimensions.

CHORD BRACE
SPECIMEN|Tub, Ref] D T  |Tub. Ref.] d t
Tl 8 406.78 | 16.39 2 167.81 | 16.32
T3 8 406.78 | 16.39 3 407.02 | 16.1
TS 6 407.05 | 10.19 9 273.34 | 9.82
T7 7 406.96 | 7.86 4 16841 | 831
T9 7 406.96 | 7.86 7 406.96 | 7.86
DT2 8 406.78 | 16.39 11 273.09 | 15.76
DT3 8 406.78 | 16.39 3 407.02 | 16.1
DT4 6 407.05 | 10.19 1 16857 | 9.95
DTS 6 407.05 | 10.19 9 273.34 | 9.82
DT6 6 407.05 | 10.19 10 4076 | 9.61
DTS 7 406.96 | 7.86 5 27321 | 7.88
DT9 7 40696 | 7.86 7 406.96 | 7.86

Table E-9: Summary of averaged measured dimensions
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F-1.

INTRODUCTION

The objective of the grouted joints test programme was to measure Strain Concentration
Factors (SNCFs) for both ungrouted and grouted T and DT tubular joints of various
geometries.

There are three aspects which need consideration to enable the correct measurement of
strains. These are as follows:

0 adequate number of strain gauges and correct positioning to enable extrapolation
of strain to the weld toe.

0 adequate number of strain gauges around the circumferential chord/brace
intersect to enable interpolation to the hot spot location.

o rosette gauges are required to enable measurement of principal strains when the
principal stress direction is not orthogonal to the chord/brace intersect.

These aspects are addressed in Section 2 which also details current guidance for gauge
positions to enable measurement of strains and extrapolation to the weld toe. The strain
gauge instrumentation used for the test specimens is contained in Section 3.




BACKGROUND

Determination of SNCFs at the weld toe can be carried out using either linear or non-
linear extrapolation of strain measurements. Either method should not be influenced by
the stress concentrating effect of the weld. With the exception of K and Y joints
(ungrouted), determination of SNCFs in tubular joints can generally be carried out using
linear extrapolation. Due to the variation in gauge locations between each method, it is
therefore important to either predict which type of extrapolation is required or make
provision for both.

Very little test data exist for SNCF measurements on grouted tubular joints. The type of
extrapolation to be used is not known and therefore it is necessary to bound the
possibility of either linear or non-linear extrapolation.

Table F-1 presents recommended strain gauge positions for the test matrix based on the
following guidance:

0 HSE and ECSC give essentially the same guidance for strain gauge locations to
enable linear extrapolation to the weld toe.

o DNV recommends the first strip gauge location to be 0.25T (where T is the
thickness of the tubular) from the weld toewith four subsequent strip gauges at
2 mm centres, for linear extrapolation.

0 R S Puthli, et al, give guidance for gauge locations to enable either linear or
non-linear extrapolation.

All the above state that the first strip gauge should be located a minimum 4 mm from
the weld toe in order to avoid the concentrating effect of the weld. The guides attempt
to position the gauges in the region of stress linearity, between the region effected by the
weld and where the stress becomes equal to the nominal stress.

Puthli, et al, go one step further by giving guidance for the location of gauges to enable
non-linear extrapolation, te. quadratic extrapolation.

For any of the above methods, extrapolation is made from several strain gauge
measurements. This, therefore, influences the number of gauges required to enable
either linear or non-linear extrapolation.

Specimen T7, used for the preload investigations and the first specimen to be tested in
the grouted condition, was instrumented with addtitional rosette gauges. The resultant
SCF/SNCF ratio results were utilised to determine the requirement for the use of rosette
gauges on the remaining grouted specimems.
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F-3. STRAIN GAUGING

Table E-2 presents the strip gauge positions utilised on the specimens to enable either
linear or non-linear extrapolation. The gauge region, ie. between the first and last
gauges, was sufficient to adequately bound the variation and increase in stress towards
the chord/brace intersect. A sufficient number of gauges were mounted, as shown in
Figures F-1 and F-2, on both the brace and chord side of the intersection to enable
determination of the hot spot location.

The first, third and fifth gauges of the strip gauge were connected. The first gauge
position was 0.4 x (T or t) but not less than 4mm. The HSE recommended first gauge
position coincided or was interpolated within the strip gauge. A single gauge was
placed at the HSE recommended last gauge position. The second and fourth gauges in
each strip acted as contingency, should one of the nominated gauges fail to function.

For both joint types all B. = 1.0 specimens were gauged with additional intermediate
gauges between crown and saddle positions on the chord side and brace side. Specimen
T9 was instrumented with a full set of gauges on the chord side and brace side. This
enabled an assessment of strain distribution around the intersect.

Additional strain gauges are provided on the brace(s) to enable measurement of nominal
axial strains and brace bending strains. Depending on joint type, gauges were placed as
follows:

T joints

Saddle and crown locations on both the chord and brace as shown in Figure F-1.
Additionally for B = 1.0 test specimens, two diagonally opposite quadrants were
instrumented with a further two sets of gauges, at equal spacing, on both the chord and
brace.

DT joints

Saddle and crown locations on both the chord and brace as shown in Figure F-2.
Additionally for B = 1.0 test specimens, the appropriate quadrant on each brace was
instrumented with a further two sets of gauges, at equal spacing, on both the chord and
brace.

Table F-1 presents the strain gauge positions for the first and last gauges for each of the
specimens. These positions include the HSE recommendations and bound the gauge
positions from the other formulations.
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Intermediate gauges @
30° & 60° positions on both
braces are for B = 1.0 joints.

Note:

Strip gauge, consisting of 3 strain gauges, 3 of which are used
= Single strain gauge

Ne: of gauges per specimen

B=0.41& 0.67 B=1.0
Location . Single . Single
Strip gauges gauges Strip gauges sauges
Brace 4 12 (+4) 8 (+4) 16
Chord 4 4 +4)8 (+4) 8
Total R 16 (+8) 16 (+8) 24

Note:

The first § = 1.0 joint tested was gauged with a full compliment of gauges, by

providing additional intermediate gauges.( )

Figure F.1: Strain Gauging of T-joint Specimen




Key:.

Note: Intermediate gauges @
30° & 60° positions on both

braces are for = 1.0 joints.

A - +_,,__.____ﬂ,_._____w
I

0 0

_— Strip gauge, consisting of 5 strain gauges, 3 of which are used
- Single strain gauge

N of gauges per specimen

B=041&0.67 p=10
Location Strip gauges ;::éi:s Strip gauges :’;_Szfs
Braces 4 16 (+6) 8 (+6) 20
Chord 4 4 (+6) 8 (+6) 8
Total 8 20 {(+12) 16 (+12) 28

Note:

The first B = 1.0 joint tested was gauged around the full compressive side of brace
& gauged around the full tensile side of the other brace for 1.P.B.

Figure F.2: Strain Gauging of DT-joint Specimen
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Appendix G 1 Nominal distance from weld toe to strain gauges for SNCF
measurement

Strips with five strain gauges, followed by a single strain gauge at the HSE recommended
last gauge position, were placed at predefined positions in order to determine a Strain
Concentration Factor (SNCF). The distance between the five gauges on the strip was 2
mm. In the following text, the distance between the weld toe and the first gauge on the
strip is denoted by ., and the distance between the weld toe and the last (single) strain
gauge by 1 .., . The first, third and fifth single element strain gauges of the strip gauge
and the last single strain gauge were used for interpolation and extrapolation of SNCFs..
The nominal positions of the strain gauges used to measure the SNCFs at certain locations
are based on the average dimensions of the test specimen, see Table E-9,

The positions used are presented below:

CHORD 1 min = greater of 0.4 T or 4 mm for (cc), (cs)
Lx =04 RTr) ™ for (cc)
L max = R 7 5/180 for (cs)
BRACE 1 min = greater of 0.4 t or 4 mm for (be), (bs)
- L ax = 0.65 (r ) for (bc), (bs)

The nominal distances from the weld toe to the first and to the last strain gauges are given
in Table G-1. The distance of the last strain gauge to the weld toe for the two
intermediate positions between crown and saddle, for test specimens T3, T9, DT3, DT6
and DT9, were determined by linear interpolation of the last strain gauge positions for the
crown and saddle positions. The distance to the side of the chord for the nominal brace
strain gauges are given in Table G-2.

The reference numbers for the gauge positions are given in Figure G-1.

s 1 5, . 'cc;1
Ny | be:
N 4 M
- 4 css—|— bs;s
> N -
N, 9| \s T;C.Q bee
chord ;
chord

Figure G-1: Position of strain gauges at intersection of brace and chord

Note: * Strain gauge positions at 30° intervals.
* Locations 2, 4, 6, 8, 10, 12, 14 and 16 represent intermediate gauge positions.
Page G2




Figure G~2: Strain gauge rosettes placed besides the strip and single gauges (T7)




Specimen CHORD BRACE Chord Crown| Chord Saddle| Brace Crown | Brace Saddle
Gaugel | Gauge5 | Gaugei | GaugeS5| Gauge 6 Gauge 6 Gauge 6 Gauge 6
T1 6.62 14.62 6.53 14.53 18.53 17.75 24.05 24.05
T3 6.62 14.62 6.44 14.44 23.05 17.75 37.21 3r.21
15 4.08 12.08 4.00 12.00 16.34 17.76 23.81 23.81
T7 4,00 12.00 4.00 12.00 13.01 17.76 17.19 17.19
T8 4.00 12.00 4.00 12.00 16.01 17.76 26.02 26.02
DT2 6.62 14.62 6.30 14.30 20.75 17.75 30.15 30.15
DT3 6.62 14.62 6.44 14.44 23.05 17.75 37.21 .
DT4 4.08 12.08 4.00 12.00 14.53 17.78 18.82 18.82
DTS 4.08 12.08 4.00 12.00 16.34 17.76 23.81 23.81
DTe 4.08 12.08 4.00 12.00 17.96 17.76 23,76 28.76
DT8 4.00 12.00 4.00 12.00 14.48 17.786 21.32 21.32
D19 4.00 12.00 4.00 12.00 16.01 17.76 26.02 26.02
Note: Gauge number refer to figure G-3

Table G-1: Distance of strain gauges from weld toe (mm)

Brace First Second
1 1.8%d 3.2%d
2 1.8*d

Table G-2: Distance of circumferencial gauges on brace from joint intersect (mm).

1

2

3 4

5

Chord/Brace
Intersect

Strip Gauge

.|2mm| I21'nmI l21-nmI '2mm.

6

Single Element

Gauge

Figure G-3: Diagram indicating position of gauges.




Appendix G 2 Actual distance from weld toe to strain gauges on DT2

The actual distance from the weld toe to the first and last strain gauge for test specimen
DT2 is given in Table G-3.

Position CHORD SIDE BRACE SIDE
Gauge 1 | Gauge 6 ! Gauge 1 | Gauge 6
S;5,brl 6.8 19.8 6.1 29.5
C;9,brl 6.3 20.3 6.4 29.6
C;1,br2 6.8 21.2 6.6 30.5
S;13,br2 6.6 15.6 6.3 28.3

=g "tﬁ""f
. . [¢-]

Saddle
Crown
Location of
gauge

Brace
Intermediate
position

Table G-3: Actual distance from weld toe to first and last strain gauges on DT2 [mm]

Appendix G 3 Actual distance from weld toe to strain gauges on DT3

The actual distance from the weld toe to the first and last strain gauge for test specimen
DT3 is given in Table G-4.

Position CHORD SIDE BRACE SIDE
Gauge | | Gauge 6 | Gaugel | Gauge 6
C;1,brl 6.4 23.0 6.0 37.6
I;2,brl 6.5 21.4 6.4 37.3
I;4,brl 6.4 20.3 6.5 37.4
S:5.brl 6.5 19.5 6.3 37.3
C:9.br2 ! 6.5 22.9 6.5 37.3
1:10,br2 6,6 21.3 6.5 37.2
1,12,br2 6.4 19.8 6.4 37.1
S;13,br2 6.5 19.5 6.5 37.3

1) 3.5 mm from crown

Table G-4: Actual distance from weld toe to first and last strain gauges on DT3 [mm]




Appendix G 4 Actual distance from weld toe to strain gauges on DT4

The actual distance from the weld toe to the first and last strain gauge for test specimen

DT4 is given in Table G-5.

Position CHORD SIDE BRACE SIDE -
Gauge 1 | Gauge6 ! Gaugel | Gauge 6
C;1,brl 4.1 14.5 4.1 18.8
S:5,brl 4.1 17.8 4.1 18.8
C:9,brl 4.1 14.5 4.1 18.8
S:13,brl 4.1 17.8 4.1 18.8
C:1,br2 4.1 14.5 4.1 18.8
S:5,br2 4.1 17.8 4.1° 18.8
C,9,br2 4.1°" 14.5 4.1 18.8
S;13,br2 4.1 17.8 4.1 18.8

1) Middle strain gauge inactive of strip
2) First strain gauge inactive of strip

Table G-5: Actual distance from weld toe to first and last strain gauges on DT4 [mm]

Appendix G 5 Actual distance from weld toe to strain gauges on DTS

The actual distance from the weld toe to the first and last strain gauge for test specimen
DTS5 is given in Table G-6.

Position CHORD SIDE BRACE SIDE
Gauge 1 | Gauge 6 | Gaugel | Gauge 6
C;1,brl 5.8 18.3 4.4 23.6
S;13,brl 4.0 17.2 4.3 23.8
S;5,br2 4.7 18.1 4.0 23.6
C;9,br2 4.1 16.6 4.3 21.6

Table G-6: Actual distance from weld toe to first and last strain gauges on DTS [inm]




Appendix G 6 Actual distance from weld toe to strain gauges on DT6

The actual distance from the weld toe to the first and last strain gauge for test specimen
DT6 is given in Table G-7.

Position CHORD SIDE BRACE SIDE
Gauge 1 | Gauge6 | Gaugel | Gauge 6
C;1,brl 4,1 17.1 4.0 29.0
1;2,brl 4.0 17.0 4.0 29.1
I;4,brl 4.1 17.2 4.0 28.8
S;5,brl 4.1 17.5 4.0 28.7
C;9,br2 4.0 17.2 4.0 28.4
I;10,br2 4.0 17.4 4.0 28.8
1,12,br2 3.6 17.7 4.0 28.8
S;13,br2 4,1 17.8 4.0 29.0

Table G-7: Actual distance from weld toe to first and last strain gauges on DT6 [mm]
Appendix G 7 Actual distance from weld toe to strain gauges on DT$

The actual distance from the weld toe to the first and last strain gauge for test specimen
DTS8 is given in Table G-8.

Position CHORD SIDE BRACE SIDE )
Gauge 1 Gauge 6 | Gauge | Gauge 6

C;1,bri 4.0 16.7 3.5 21.6

S;13,brl 4.0 17.0 4,2 21.5

S;5,b12 4.2 18.7 4.5 22.3

C;9,br2 4.0 17.0 4.0 21.2

Table G-8: Actual distance from weld toe to first and last strain gauges on DT8 [mm]
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Appendix G 8 Actual distance from weld toe to strain gauges on DT9

The actual distance from the weld toe to the first and last strain gauge for test specimen
DT9 is given in Table G-9.

Position CHORD SIDE BRACE SIDE
Gauge 1 | Gauge 6 | Gaugel | Gauge 6

C;1,brl 4.0 * 16.5 4.0 26.0
I;2,brl 4.0 16.8 4.0 26.0
I;4,brl 4.0 17.5 4.0 26.5
S;5,brl 4.0 17.8 4.5 - 26.5
C;9,br2 4.0 16.5 4.0 26.0
I1;10,br2 4.0 * 16.8 4.0 26.5
1,12,br2 4.0 17.5 4.0 25.5
S;13,br2 4.0 17.8 4.0 26.0

*) Average distance to weld toe.

Table G-9: Actual distance from weld toe to first and last strain gauges on DT9 [mm]

Appendix G 9 Actual distance from weld toe to strain gauges on T1

The actual distance from the weld toe to the first and last strain gauge for test specimen T1
is given in Table G-10. :

Position CHORD SIDE BRACE SIDE
Gauge 1 | Gauge 6 | Gaugel | Gauge 6
C;1 6.0 18.75 6.5 24.1
S:5 6.2 18.0 6.5 24.5
C:9 6.5 18.5 6.5 23.8
S;13 6.0 17.9 6.5 24.1

Table G-10: Actual distance from weld toe to first and last strain gauges on T1 [mm}




Appendix G 10 Actual distance from weld toe to strain gauges on T3

The actual distance from the weld toe to the first and last strain gauge for test specimen T3

is given in Table G-11.

Position CHORD SIDE BRACE SIDE
Gauge 1 | Gauge 6 | Gauge l | Gauge 6
C;l 6.6 23.0 6.5 37.9
;2 6.5 21.3 6.3 37.6
I;4 6.5 19.6 6.5 37.1
S:5 6.4 18.9 6.5 36.8
C;9 6.5 21.4 6.4 36.9
I,10 6.5 21.5 6.5 36.9
1,12 6.5 19.5 . 6.4 37.0
S:13 6.5 19.0 6.5 37.2

Table G-11: Actual distance from weld toe to first and last strain gauges on T3 [mm]

Appendix G 11 Actual distance from weld toe to strain gauges on T5

The actual distance from the weld toe to the first and last strain gauge for test specimen T3
is given in Table G-12.

Position CHORD SIDE BRACE SIDE
Gauge 1 | Gauge6 | Gaugel | Gauge 6
C;l 4.1 16.0 4.0 23.8
S;3 4.1 17.5 4.0 23.5
C;9 4.1 16.2 4.2 23.8
S;13 5.0 - 17.0 4.0 24.4

Table G-12: Actual distance from weld toe to first and last strain gauges on T5 [mm]




Appendix G 12 Actual distance from weld toe to strain gauges on T7

The actual distance from the weld toe to the first and last strain gauge for test specimen T7
is given in Table G-13.

Position CHORD SIDE BRACE SIDE
Gauge 1 | Gauge 6 | Gauge 1l | Gauge 6
C:1 4.0 16.1 4.2 17.4
S;5 4,2 17.8 4.0 17.3
C;9 4.0 16.1 4.0’ 17.7
S;13 4.0 17.6 3.9 17.2

1) Middle strain gauge strip inactive

Table G-13: Actual distance from weld toe to first and last strain gauges on T7 [mm]

Appendix G 13 Actual distance from weld toe to strain gauges on T9

The actual distance from the weld toe to the first and last strain gauge for test specimen T9
is given in Table G-14.

Position CHORD SIDE BRACE SIDE
Gauge 1 | Gauge 6 | Gaugel | Gauge 6
C;1 4.1 16.6 4.0 26.0
I;2 4.0 16.5 3.9 25.9
L4 4.2 17.0 4.0 25.7
S:5 3.8 17.6 3.8 26.2
L6 4.0 17.0 4.1 26.0
I:8 4.1 16.7 4.0 26.2
C:9 3.8 16.6 40° 25.8
110 4.0 16.9 4.0 25.8
1,12 4.0° 17.0 3.8 25.9
S;13 4.1° 17.8 3.9 25.7
I:14 4.0° 17.2 4.0 25.8
1:16 3.8 16.5 4.0 25.8

1) 3,5 mm from crown in direction of 16
2) 3,5 mm from crown in direction of 10
3) Second strain gauge of strip inactive
4) Last strain gauge of strip inactive

5) First strain gauges of strip inactive

Table G-14: Actual distance from weld toe to first and last strain gauges on T9 [mm]
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under tension and compression.
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-
N’

Appendix H-1 Joint Deformation of DT Specimen

The local joint deformation is measured for all loading conditions.
transducers for out-of-plane deformation are also used to measure the axial deformation
For in-plane bending another four displacement
transducers are used to measure the local joint deformation, see Figure H-1. The distances
of the transducers for local joint deformation are given in Table H-1. The displacement
transducers for out-of-plane bending are measured from points on both braces located 100
mm from the chord side. For in-plane bending the points on the brace are located 130 mm
from the chord side. The distances were chosen to avoid local joint deformation effects
and apply to all specimens

| IPB’ P
[ 7 72 - Phia
"OPB,AXIAL"
Fy ;
b  opB
PB* @Z—J'

N

(* Back also)

Figure H-1: Positions of displacement transducers for DT specimens.

The displacement

Instr. C/L to Brace wall (a) { Instr. C/L to Brace wall (b) | Instr. C/L {o Brace C/L (c)
Specimen OPB-front OPB-back { IPB-top IPB-bottom | IPB-front IPB-back
DT2 145 145 85 65 270 270
DT3 145 100 80 55 272 272
DT4 145 142.5 79 70.5 270 270
DTs5 145 145 82.5 65 270 270
DT6 145 100 80 55 272 272
DT8 145 145 82.5 74 270 270
DT9 145 100 75 55 270 270
Note: All dimensions in (mm) Instr= Instrument C/L = Centre line
Table H-1: Position of displacement transducers relative to specimens
Page H2
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The global rotation of the DT joint under bending was calculated based on the difference

between displacements measured at points along the braces. The distance of the points to
the chord side are given in Table H-2, see also Figure H-2.

Specimen | IPBA | IPBB | OPBA | OPB B
DT2 | 355.0 | 955.0 | 437.0 | 1038.0
DT3 | 529.0 | 1425.0 | 651.0 | 1546.0
DT4 | 200.0 | 563.0 | 253.0 | 625.0
DT5 | 355.0 | 955.0 | 437.0 | 1038.0
DT6 | 529.0 | 1425.0 | 651.0 | 1546.0
DT8 | 355.0 | 955.0 | 437.0 | 1038.0
DT9 | 529.0 | 1425.0 | 651.0 | 1546.0

Table H-2: Position of displacment transducers along the braces relative to chord side
[mm]

-------
OPB A T OPB B
IPBB  pga IPB A IPB B
Position B Position Al Position A Position B
Brace 1 Brace 2

Figure H-2: Figure presenting positions of transducers on DT specimen
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Appendix H-2 Joint Deformation of T Specimen

The local joint deformation is measured for all loading conditions. The displacement
transducers for out-of-plane bending were also used to measure-the axial deformation
under tension and compression. For in-plane bending, another four displacement
transducers were used to measure the local joint deformation, see Figure H-3. The
distances of the transducers for local joint deformation are given in Table H-3. The
displacement transducers for out-of-plane bending were measured from a point on the
brace located 100 mm from the chord side. For in-plane bending the pointson on the brace
is located 130 mm from the chord side. This was the case for all specimens. The
deformation was measured relative to the section of chord diametrically opposite the brace.

______ T Ty
—
. 130 |

2 | IPB* T
T = . PB
. OPB,AXIAL’ '

s Ul D) AXIAL
) s + v
V
b opB

L pp* t7_v

N (* Back also)

Figure H-3: Positions of displacement transducers for T specimens




Instr. C/L to Brace wall (a) | Instr. C/L to Brace wall (b) | Instr. C/L to Brace C/L {(c)
Specimen OPB-front OPB-back | IPB-top IPB-bottom | IPB-front IPB-back
T1 195 140 85 55 270 270
T3 140 93 82 73 270 270
T5 190 140 80 60 270 270
T7 195 140 85 35 270 270
T9 138 95 80 65 270 270

Note:- All dimensions in (mm)
Table H-3: Position of displacement transducers relative to specimens

The global rotation of the T joint under bending was calculated based on the measured
displacement difference between points along the brace. The distance of the points to the
chord side are given in Table H-4, see also Figure H-4.

Specimen | IPBA | IPBB | OPBA | OPB B
T1 218 587 269 638
T3 520 1365 651 1500
TS 355 957 437 1039
T7 219 589 269 640
T9 520 1365 651 1500

Table H-4: Position of displacment transducers along the brace relative to chord side
(mm]

OPB A T OPB B T

Figure H-4: Figure presenting positions of transducers on T specimens
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Appendix I 1 Loading on DT specimen

The load for in plane bending was applied by a jack at one end of the chord. The braces were
supported at the ends. The distance from the chord side to the centre of the support for each
specimen is given in Table I-1. Out of plane bending is applied by a force out of plane to the
joint at the ends of the braces. The distance of the load position to the side of the chord 1s
given in Table I-1, see also Figure I-1.

X

Lopb

Figure I-1: Definition of Lipb and Lopb.

Specimen | L ipb L opb
DT2 1365 1295
DT3 2036 1945
DT4 843 788
DTS5 1365 1285
DT6 2036 1945
DT8 1365 1285
DT9 2036 1945

Table X-1: Distance to chord side from points of loading {mm].
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Appendix I 2 Loading on T specimen

In plane and out of plane bending was achieved by applying a force at the end of the brace.
The distance from the chord side to the load position for each specimen is given in
Table I-2, see also Figure I-2.

A S Lopb
T -
L ipb
-t -
—
Y .

Figure I-2: Definition of Lipb and Lopb.

Specimen | L ipb L opb
T1 755 785
T3 1965 1915
TS 1265 1315
T7 790 760
T9 1965 1915

Table I-2: Distance from chord side to points of loading [mm].
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TESTING

Pre-load Investigations on Specimen T7

Examination and assessment of public domain information indicated that pre-load and the
magnitude of pre-load may have a significant effect on the SCF values for a fully grouted
tubular joint. It was therefore proposed that the first test specimen (T7) be used to investigate
the effects of pre-load. The specimen was investigated for SCF determination for in-plane, out-
of-plane, axial compression and axial tension loading cases, in turn. SCFs were calculated for
loading in the above-noted sequence, since in-plane loading results in the lowest SCFs and axial
tension gives rise to the highest SCFs. The proposed test procedure and sequence for specimen
T7 is presented in the following table and graphically in Figure J-1:

STEP FORM LOAD CONDITION

1 Ungrouted Apply ten cycles of in-plane bending load on the brace
at 20% of the predicted ultimate load of the ungrouted
Joint subjected to in-plane bending. The purpose of
this 1s to " shake' out residual strains.

2 Ungrouted Apply in-plane bending loads to the brace in three
equal increments, up to a maximum of 20% of the
predicted ultimate load of the ungrouted joint subjected
to in-plane bending. At each load increment level,
measure SNCFs. Reduce the load in three stages,
taking SNCF measurements at each load level.

3 Ungrouted Repeat steps 1 and 2 for out-of-plane bending, axial
compression and axial tension, in tumn. For each load
condition the shake out loading and the limiting load
will be taken as 20% of the appropriate predicted
ultimate load of the ungrouted joint for the load
condition under investigation.

4 Grouted Apply in-plane bending loads to the brace in three
equal increments, up to a maximum of 7% of the
predicted ultimate load of the grouted joint subjected to
in-plane bending. At each load increment level,
measure SNCFs. Reduce the load in three stages,
taking SNCF measurements of each load level.




STEP FORM LOAD CONDITION

5 Grouted Repeat step 4 for out-of-plane bending, axial
compression and axial tension, in turn.

6 Grouted Repeat steps 4 and 5, but up to a maximum of 13% of
the predicted ultimate load of the grouted joint for the
load condition under investigation.

7 Grouted Repeat steps 4 and 5, but up to a maximum of 20% of
the predicted ultimate load of the grouted joint for the
load condition under investigation.

8 Grouted Apply axial pre-load (compression then tension) to the
brace member. The magnitude of pre-Joad shall be
20% of the predicted ultimate strength of the grouted
joint under axial tension.

9 Grouted Remove load from the brace member.

10 Grouted Repeat step 7.

11 Grouted Repeat steps 8 and 9, but with a pre-load of 25%.

12 Grouted Repeat step 7.

13 Grouted Repeat steps 8, 9 and 7, but with a pre-load of 40%.

14 Grouted Repeat steps 8, 9 and 7 for 40% and thereafter in 15%
increments of the predicted ultimate strength of the
joint under axial tension.

15 Grouted Terminate the test at point of threshold - ie. at point

where SNCFs begin to decrease or become constant.




11 uawidsadg uo suonpebnsau) peofald L-r ainbiyg

—
14

1o 23uanbas jeaday

13

pajeadal 30 0) LMOPSYERYS PUE SIUSWSINSEaW JONS Jo { L o ) 3ouanbas v

uoIssadWoos/U0ISUa) |Bixe sspun yiuans ol paplam-se uassasdwon |BIXe JOj PEC| JEWIYIN papjam-se pajoipald ayl jo
pajpaid J0 %aG 18 { UOISUS) usy) uorssaidwos ) peol-ad ey | 8,07 ;0 WNWIXewW e o] dn sjualwaioul [enba aaly) Je S{USULINSE3W JONS
%05
SJUSIAINSEAW FINS PAp|am-SE Ul Pasn 1aAd| peED| Y21ew o} : ol jo peo; ajewryn pajoipald Jo %0Z
Apseded JUISE pSIpaId papiam-SE 0 %07 1B SIUSLINSeaW 4ONS E: 1€ peo| Buipuag aued-ul Jo S31942 Q| Jo uonesdde yum umop axeus %0
%02 ) adi
repoy
%]
%] %'} %] %] & %]
uojsuay 1y
L]
- — — — — —
A ]
v | |
uoissaidwo) - - - - - T weL
%ROT ROZ L %0Z ROL %02 %l LT3 LY %ot Yol %l %l %l %0Z %0Z %02 %0Z %02 %0Z %0Z %0Z
2|
%0Z LR ey 8do adi ey rejxy ado ad| -
%0E panols paynoibun
Wik
w05
%09

i
ey
S
e
o,
—
.
.







APPENDIX K

Preload Investigation Results

C14100R020 Rev 1 February 1997







.y

APPENDIX K

o Preload Investigation Results for Specimen T7
Measured SNCFs

ey

Appendix K 1 Table of Contents

-

Appendix K 1 Table of Contents 1
Appendix K 2 General Information _ 2
. Appendix K 3 First SNCF measurement cycle to 7 % joint as-welded capacity 3
Appendix K 4 Second SNCF measurement cycle to 13 % joint as-welded capacity 6
Appendix K 5 Third SNCF measurement cycle to 20 % joint as-welded capacity 9

Appendix K 6 Fourth SNCF measurement cycle to 20 % joint as-welded capacity, preload at 26 % 12
- Appendix K 7 Fifth SNCF measurement cycle to 20 % joint as-welded gapacity, preload at 40 % 15
Appendix K 8 Sixth SNCF measurement cycle to 20 % joint as-welded capacity, preload at 52 % 18
Appendix K 9 Seventh SNCF measurement cycle to 20 % joint as-welded capacity, preload at 65 % 21
e Appendix K 10 Eighth SNCF measurement cycle to 20 % joint as-welded capacity, preload at 78 % 24
Appendix K 11 Ninth SNCF measurement cycle to 20 % joint as-welded capacity, preload at 90 % 27
Appendix K 12 Tenth SNCF measurement cycle at 20 % joint as-welded capacity, preload at 105 % 30

Appendix K 13 Eleventh SNCF measurement cycle to 20 % joint as-welded capacity, preload at 130 % 33




B

Appendix K 2 General Information

The preload investigation was conducted on specimen T7 in the grouted condition following |
the measurement and loading cycles presented in Figure J-1, appendix J. The preload levels
correspond to the ISO predicted as-welded joint capacity. During the preload investigation,
specimen T7 was loaded by in-plane bending, out-of-plane bending, axial compression and |
axial tension. Ten cycles of shake-down were applied, followed by SNCF measurements for
each load condition. The SNCF measurements for each loading mode were repeated
between applications of increasing preload levels.

Key to Tables:

Level Load level (% of capacity)

BS Brace Saddle

BC  Brace Crown

CS  Chord Saddle

CC  Chord Crown

# Gauge position (see diagram below)
r Rosette gauge
s Single gauge

Example:

The diagram below shows all the possible locations of the strain gauges. The outer numbers
show the positions of the chord gauges whilst the inner circle of numbers show the position

of the brace gauges. In the tables that follow, the gauges are denoted by a two letter code .
followed by a position number. For example BC;9 denotes brace crown at position 9.

Chord

|
@ @

Brace

Elevation on T Joinit

Saddle

5

I —9  Crown

% Crown
!

1
13
Saddle

ad

View "A’ on brace




Appendix K 3 First SNCF measurement cycle to 7 % joint as-welded capacity

The measured SNCFs for the first cycle for each of the four loading conditions are
presented in Table K-1. Measurements made with additional strain rosettes are presented in
Table K-2. The corresponding single strain gauge measurements are also presented for
comparison. The applied load levels are also presented in the following tables. The
SCF/SNCF ratio as calculated from the strain rosettes is presented in Table K-3.

Table K-1: Measured SNCFs on intersection of brace and chord for T7 at first cycle.

level BC:1 BS;5 BC9 | BS13 CCt | €85 cc:9 CS:13
ipb 0.0179 -1.81 0.16 159 | -0.16 -4.29 0.28 4.35 -0.46
ipb 0.0357 2.5 0.17 1.54 0.13 -3.34 0.37 4.2 0.4
ipb 0.0354 2.4 0.17 1.45 0.14 -3.17 0.42 4.12 0.33
iph 0.0170 -1.83 0.12 1.49 0.1 -4.44 0.26 4.69 -0.46
opb 0.0066 0.39 6.8 0.05 4.87 0.57 -12.07 05 13.44
opb 0.0125 0.15 6.21 -0.09 4,21 0.9 -7.84 0.5 11.68
opb 0.0126 0.15 -6.08 0.14 4.19 0.84 -7.86 .38 11.74
opb 0.0074 0.31 -6.73 0 466 0.86 -11.49 0.35 13.4
.axi-c | -0.0035 6.78 9.12 -3.41 5.77 21.91 21.13 -5.23 16.24
axi-c | -0.0067 6.75 7.35 -1.38 3.81 14,42 16.52 -0.49 10.43
axi-c | -0.0099 6.53 553 -0.89 3.11 11.32 12.66 0.87 8.49
axi-c | -0.0099 6.62 556 -1.15 3.05 11.32 12.25 0.75 8.64
axi-c | -0.0066 7.26 6.78 -2.01 4.08 15.45 14.97 -1.75 11.51
axj-c -0.0035 7.04 9.59 -2.98 58 21.39 20.46 -5.46 16.88
axi-t 0.0035 -0.49 16.42 2.5 -4.68 2.23 37 .51 13.17 6.84
axi-t 0.0073 0.57 10.94 17 0.64 4.47 24 87 8.9 2.97
axi-t 0.0118 0.35 10.49 1.65 -0.31 4.2 23.69 8.89 0.5
axi-t 0.0119 0.42 10.21 2.36 -0.01 433 22.83 873 0.94
axi-t 0.0076 0.62 13.3 2.32 -2.57 5.05 20.67 9.11 -3.36
axi-t 0.0037 1,94 19.5 176 £5.48 9.07 43.45 8.27 -8.39




Table K-2: SNCFs measured with rosettes compared to single strain gauge measurements

for first cycle of T7. :
level BC.9-s BC:5-r CC.9-s CC;8r | C513-s | CS$13-r | BS;13-s | BS13-r

ipb 0.0179 1.59 1.44 4.35 4.34 -0.46 -0.85 -0.16 -0.31
ipb 0.0357 1.54 1.45 4.2 4.17 0.4 0.04 0.13 -0.06
ipb 0.0354 1.45 1.42 4.12 4.07 0.33 - 0.04 0.14 -0.02
ipb 0.0170 1.49 1.47 4.69 4.56 -0.46 -0.86 -0.1 -0.21
apb 0.0066 0.05 -0.07 0.5 0.22 13.44 13.64 4,87 4.68
opb 0.0125 -0.09 0 0.5 (.38 11.68 11.89 4.21 4.01
opb 0.0126 0.14 0.02 0.38 0.45 11.74 11.98 419 4.22
opb 0.0074 0 0.05 0.35 0.43 13.4 13.61 4.66 4,71
axi-¢ -3.3194 -3.41 -3.17 -5.23 -5.32 16.24 17.98 577 6.32
axi-c | -1.3433 | -1.38 -1.26 -0.49 -0.45 10.43 11.52 3.81 4.14
axi-c | -0.8663 | -0.89 -0.97 0.87 0.68 849 | . 9.24 3.11 3.24
axi-c¢ -1.1194 -1.15 -0.89 Q.75 0.78 8.64 8.07 3.05 3.02
axi-c -1.95686 -2.01 -1.57 175 -1.4 11.51 12.289 408 416
axi-¢ -2.9008 -2.98 -2.73 -5.46 -478 16.88 18.34 5.8 6.15
axi-t 2.4336 2.5 3.3 1347 13.54 -6.84 6.73 -4.68 -3.96
axi-t 1.6548 1.7 2.08 8.9 8.97 2.97 2.95 0.64 0.69
axi-t 1.6062 1.65 2.17 8.89 8.91 0.5 0.34 0.3 -0.33
axi-t 2.2973 2.36 215 8.73 8.49 0.94 0.83 -0.01 -0.14
axi-t 2.2583 "2.32 21 9.1 8.91 -3.36 -34 -2.57 -2.64
axi-t 1.7132 1.76 15 8.27 7.47 -8.39 -8.14 -6.48 -6.15




Table K-3: SCF/SNCEF ratio for first cycle of T7.

level BC;9 CC.9 C§;13 BS;13
ipb 0.0179 1.33 1.17 1.13 1.16
ipb 0.0357 1.32 1.17 1.64 0.92
ipb 0.0334 1.32 1.18 1.92 0.4
ipb 0.0170 1.32 1.13 1.1 1.12
opb 0.0066 0.83 1.62 I.13 1.2
opb 0.0125 -0.35 1.33 1.13 1.21
opb 0.0126 0.63 1.29 1.13 1.2
opb 0.0074 0.26 1.24 1.13 1.2
axi-c -0.0035 1.28 1.42 1.14 1.23
axi-¢ -6.0067 1.22 1.84 1.13 1.21
axi-¢ -0.0099 1.19 0.76 1,16 1.24
axi-c -0.0099 1.22 0.76 1.16 1.23
axi-c -0.0066 {3 1.44 i.15 1.24
axi-¢ -0.0035 1.3 1.27 1.14 1.24
axi-t 0.0035 1.37 1.16 1.07 1.16
axi-t 0.0073 1.33 1.15 1.23 1.4
axi-t 0.0118 1.36 [.13 4,29 0.72
.axi-t 0.0119 1.37 1.16 1.55 0.12
axi-t 0.0076 1.37 L.15 1.02 1.12
axi-t 0.0037 1.46 1.15 1.07 0.66




Appendix K 4 Second SNCF measurement cycle to 13 % joint as-welded capacity

The measured SNCFs for the second cycle are presented for each of the four loading
conditions in Table K-4. Measurements made with additional strain rosettes are presented in
Table K-5. The applied load levels are presented in the tables. The SCF/SNCF ratio as

calculated from the strain rosettes is presented in Table K-6.

Table K-4: Measured SNCFs on intersection of brace and chord for T7 at second cycle.

level BGC;1 BS.5 BC:S B513 CCi CS,5 CC9 C§;13
ipb 0.0238 -1.54 0.18 1.49 -0.21 -4.14 0.57 4.45 0.7
ipb 0.0466 -2.22 0.2 1.51 0.05 -3.45 0.52 4.35 0.1
ipb 0.0685 -2.51 0.22 1.48 0.16 -2.83 0.57 4.16 0.42
ipb 0.0684 -2.91 0.23 1,48 0.18 -2.85 0.55 4.17 0.43
ipb 0.0483 -2.36 0.2 1.56 £.1 -3.53 0.48 4.48 0.21
ipb 0.0239 -1.69 0.1 1.61 -0.03 -4.52 0.2 4.88 -0.33
opb 0.0C69 0.07 -6.22 -0.04 4.63 0.7 -13 .33 13.26
opb 0.0153 0.14 -6.32 -0.07 4.18 £.99 -8.23 0.34 11.85
opb 0.0228 0.15 -5.78 -0.09 4.01 1 -6.24 0.4 11.2
opb 0.0204 0.12 -5.9 -0.1 3.98 1.07 -5.67 0.46 11.13
opb 0.0124 0.09 -6.78 -0.04 4.37 1.03 -8.17 0.39 12.18
opb 0.0048 -0.05 -7.67 -0.09 5.11 0.97 -14.14 0.49 14.26
axi-c -0.0066 716 7.95 -2.23 3.87 16.3 17.79 -2.62 10.23
axi-c -0.0132 5,186 419 -0.73 3.27 9.856 9.32 1.03 8.84
axi-c -0.0199 4.11 2,68 -0.19 3.72 7.51 6 2.11 7.69
axi-c -0.0199 4.1 2.7 -0.19 3.78 7.5 6 2.15 7.79
axi-c -0.0132 4.27 3.02 -0.92 4.97 9.81 6.72 0.43 10.52
axi-c -0.0067 5.51 5.09 -2.37 5.96 15.61 11.14 -3.21 15.29
axi-t 0.0075 -0.71 10.21 3.34 1.08 1.35 22.55 11.87 5.77
axi-t 0.0137 0.1 8.57 2.35 2.35 3.31 18.93 8.95 6.91
axi-t 0.0208 0.61 7.59 1.83 2.14 4,32 16.88 7.44 6.63
axi-t 0.0206 0.64 7.5 3.09 2.28 4.3 16.54 Z.41 6.72
axi-t 0.0133 0.67 9.66 2.51 1.15 4.6 21.19 7.5 3.64
axi-t 0.0069 0.45 12.03 2.54 0.48 4.47 26.39 8.55 1.71
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Table K-5: SNCFs measured with rosettes compared to single strain gauge measurements
for second cycle of T7.

level BC:9-s BC.9-r CC.9s CC:9-r | CS;13-s | CS§13-r | BS:13-s | BS,13-r
ipb 0.0238 1.49 1.48 4.45 4.44 -0.7 -1.09 -0.21 -0.32
ipb 0.0466 1.51 1.44 4,35 4,28 0.1 -0.24 0.05 -0.1
ipb 0.0685 1.49 1.42 4.16 4,15 0.42 0.12 0.16 0.01
ipb (0.0684 1,48 1.42 417 4.16 0,43 0.15 0.18 0.02
ipb 0.0483 1.56 1.48 4.48 4,41 .21 -0.12 0.1 -0.08
ipb 0.0239 1.61 1.61 4.88 4.89 -0.33 -0.72 -0.03 -0.25
opb 0.0069 | -0.04 -0.02 0.33 0.21 13.26 13.39 4.63 4.6
opb 0.0153 -0.07 -0.16 0.34 0.19 11.95 12.02 4.18 4.07
opb 0.0228 -0.09 -0.07 0.4 0.38 11.2 11.29 4.01 3.82
opb 0.0204 -0.1 -0.07 0.46 0.38 11.13 11.29 3.98 3.82
opb 0.0124 -0.04 -0.09 0.39 0.17 12.18 12.45 4,37 4,24
opb- 0.0048 -0.09 -0.14 0.49 -0.07 14.26 14.8 5.11 4.94
axi-c -0.0066 -2.23 -2.13 -2.62 -2.52 10.23 11.54 3.87 413
axi-¢ -0.0132 -0.73 -0.78 1.03 1.01 8.84 9.38 3.27 334
axi-¢ -0.0199 -0.19 -0.21 211 2.05 7.69 8.09 3.72 3.67
axi-c -0.0199 -0.19 -0.23 2.15 2.05 7.79 8.13 3,78 .71
axi-c -0.0132 -0.92 -0.84 0.43 0.36 10.52 11.04 4.97 4.94
axi-c -0.0067 -2.37 -2.19 -3.21 -3.24 15,29 16.3 5.86 6.24
axi-t 0.0075 3.34 3.04 11.97 11.71 577 5.36 1.98 1.93
axi-t 00137 2.35 2,14 8.95 8.88 8,91 6.79 2.35 2,26
axi-t 0.0206 1.83 1.67 7.44 7.49 6.63 6.6 2.14 2.06
axi-t 0.02086 3.09 1.69 7.41 7.43 6.72 6.73 2.28 2.05
axi-t 0.0133 2.51 1.7 7.5 7.87 3.64 3.67 1.15 0.95
axi-t 0.0069 2.54 1.97 8.55 8.33 1.71 1.9 0.48 0.54




Table K-6: SCF/SNCF ratio for second cycle of T7.

level BC:9 CC:9 CS$;13 BS:13
ipb 0.0238 1,32 1.17 1.13 1.2
ipb 0.0466 1.32 1.17 1.07 1.05
ipb 0.0685 1.32 1.17 1.25 2.49
ipb 0.0684 1.32 1.17 1.25 2.28
ipb 0.0483 1.32 1.17 1.01 1.03
ipb 0.0239 1.32 1.17 1.12 1.2
opb 0.0069 5.48 1.11 1.13 1.2
opb 0.0153 1.37 1.22 1.13 1.21
opb 0.0228 1.56 1.18 1.12 1.2
opb 0.0204 1.38 1.24 1.12 121
opb 0.0124 1.47 1.33 1.13 121
opb 0.0048 1.32 0.18 1.13 1.21
axi-c -0.0066 1.26 0.74 1.15 1.22
axi-c -0.0132 1.24 0.89 1.16 1.24
axi-c -0.0199 1.06 1.04 1.16 1.21
axi-c -0.0199 1.07 1.04 1.16 1.22
axi-c -0.0132 1.23 0.32 1.15 1.22
axi-c -0.0067 1.26 1.27 1.15 1.24
axi-t 0.0075 1.36 1.15 1.19 1.31
axi-t 0.0137 136 1.13 1.17 1.28
axi-t 0.0206 1.36 1.14 1.17 1.29
axi-t 0.0206 1.36 1.15 1.16 1.27
axi-t 0.0133 1.38 1.14 1.2 1.36
axi-t 0.0069 1.4 1.15 1.22 1.47




Appendix K 5 Third SNCF measurement cycle to 20 % joint as-welded capacity

The measured SNCFs for the third cycle are presented for each of the four loading
conditions in Table K-7. Measurements made with additional strain rosettes are presented in
Table K-8. The applied load levels are presented in the tables. The SCF/SNCF ratio as

e

amnce.

calculated from the strain rosettes is presented in Table K-9.

Table K-7: Measured SNCFs on intersection of brace and chord for T7 at third cycle.

level BC:1 BS:5 BC:9 BS:13 CC;1 Cs:5 CC.9 CS:13
ipb 0.0352 -1.91 0.05 1.62 0.09 -4.13 0.15 468 0.12
ipb 0.0679 -2.52 0.14 1.57 0.23 -3.01 0.38 4.35 0.6
ipb 0.1031 -2.63 0.2 1.52 0.28 -2.46 0.53 4.09 0.75
ipb 0.1036 -2.62 0.19 1.43 0.26 -2.44 0.53 4.08 0.75
ipb 0.0691 -2.56 0.16 1.53 0.2 -3.07 0.41 4.42 0.61
ipb 0.0364 -2.01 0.05 1.61 0.07 -4.36 0.18 4 84 0.22
opb 0.0114 0.15 -8.53 -0.08 5.52 0.88 -14,47 0.25 16.17
opb 0.0235 0.12 -7.22 -0.1 4.67 0.05 -8.3 0.42 13.19
opb 0.0366 0.11 -8.17 -0.07 4.18 0.93 -6.05 0.51 11.64
opb 0.0386 0.07 -5.66 -0.08 4.02 0.86 -5.56 0.5 11.2
opb 0.0268 0.06 6,31 -0.12 4,36 0.87 -7.28 0.42 12.36
apb 0.0146 0.04 -7.04 -0.12 5.09 0.73 -11.67 0.38 14,49
axi-¢ -0.0100 1.77 6.14 1.71 3.66 7.96 14.14 6.96 10.94
axi-c -0.0159 1.65 2.86 1.32 372 5.88 6.83 517 8
axi-c -0.0297 1.75 2.1 1.48 33 5.02 5.07 455 6.4
axi-¢ -0,0297 1.74 2.11 1.34 3.25 4.99 5.03 4.49 6.38
axi-c -0.0199 1.62 2.67 0.91 4,14 5.86 6.18 4.88 8.62
axi-c -0.0089 1.76 4.39 0.7 5.94 7.64 9.91 511 13.2
axi-t 0.0103 -0.23 8.82 2.62 3.06 2.61 19.31 10.15 8.38
axi-t 0.0208 0.37 7.75 1.9 2.57 3.94 17.17 7.89 7.27
axi-t 0.0323 0.81 7.01 1.5 2.17 4.72 15.56 6.69 6.56
axi-t 0.0322 0.81 7.03 1.57 2.16 474 15.54 6.68 6.6
axi-t 0.0208 0.42 8.01 2.03 2.43 4,02 17 .68 7.87 6.95
axi-t 0.0108 -0.39 8.56 2.61 3.4 2.57 18.83 10.39 9.28




Table K-8: SNCFs measured with rosettes compared to single strain gauge measurements

for third cycle of T7.

level BC:9-s BC:9-r CC:9-s CC9r | CS13-s | CS;13r | BS:13-5 | BS;13-r
ipb 0.0352 1.62 1.54 4,68 4.62 0.12 -0.16 0.08 -0.06
ipb 0.0679 1.57 1.47 435 4,32 0.6 0.31 0.23 0.08
ipb 0.1031 1.52 1.43 4,09 405 0.75 - (.48 0.28 0.13
ipb 0.1036 1.43 1.42 4,06 4.03 0.75 0.46 0.26 0.1
ipb 0.0691 1.53 1.47 4.42 437 0.61 0.26 0.2 0.05
ipb 0.0364 1.61 1.58 4.84 -4.79 0.22 -0.19 0.07 -0.08
opb 0.0114 -0.08 -0.11 0.25 0.09 16.17 18.23 5582 5.79
opb 0.0235 -0.1 -0.13 0.42 0.23 13.19 14.41 4,67 4.7
opb 0.0366 -0.07 -0.11 0.51 0.37 11.64 12.48 4,18 4.14
opb 0.0386 -0.08 -0.1 0.5 0.37 11.2 10.82 4.02 3.88
opb 0.0268 -0.12 -0.11 0.42 0.29 12.36 11.67 4.36 4.22
qpb 0.0146 -0.12 -0.13 0.38 0.17 14.49 13.25 5.09 4.89
axi-¢ -0.0100 1.71 1.51 6.96 6.75 10.94 11.03 3.66 3.48
axi-¢ -0.0198 1.32 1.21 517 4,98 8 8.11 3.72 3.55
axi-¢ -0.0297 1.48 1.37 455 4.42 6.4 6.51 3.3 3.12
axi-c -0.0267 1.34 1.37 4.49 4.42 6.36 8.5 325 3.15
axi-¢ -(0.0199 0.91 0.91 4.88 475 8.62 8.74 414 4.05
axi-¢ -0.0099 0.7 0.71 5.1 512 13.2 13.58 5,94 5.66
axj-t 0.0103 2.62 2.46 10.15 10.16 8.38 8.01 3.06 2.69
axi-t 0.0208 1.9 1.84 7.89 7.83 7.27 7.13 2.57 2.36
axi—t 0.0323 1.5 1.45 6.69 6.68 6.56 6.53 2.17 2.09
axi-t 0.0322 1.57 1.42 5.68 6.71 8.6 6.61 2.16 2.09
axi-t 0.0206 2.03 1.78 7.87 7.98 6.95 6.9 2.43 2.23
axi-t 0.0108 2.61 2.52 10.39 10.41 9.28 9.06 34 3.08
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Table K-9: SCF/SNCEF ratio for third cycle of T7.

level BC:9 CC:9 CS:13

BS;13
ipb 0.0352 1.32 1.17 1.12 1.1
ipb 0.0679 1.32 1.17 .18 1.43
ipb 0.1031 1.31 1.18 1.16 1.35
ipb 0.1036 1,31 1.18 1,17 1.41
ipb 0.0691 1.32 1.17 12 1.64
ipb 0.0364 1.32 1.17 1.1 1.02
opb 0.0114 1,83 1.25 1.13 1.21
opb 0.0235 1.43 1.28 1.13 1.21
opb 0.0366 1.37 1.24 1.12 1.21
opb 0.0386 1.3 1.23 1.12 1.21
opb 0.0268 i.3 1.23 1.12 1.21
opb 0.0146 1.45 1.3 1.13 1.21
axi-c -0.0100 1.3 1.13 1.16 1.26
axi-c -0.0199 1.29 1.12 1.17 f.21
axi-¢ -0.0297 1.24 1.12 1,18 1.2
axi-¢ -0.0297 1.23 1.12 1,18 1.2
axi-c -0.0199 1.33 [.11 1.16 1.19
axi-c -0.0099 1.43 1.11 1.15 1.2}
axi-t 0.0103 1.37 1.15 1.17 1.20
axi-t 0.0208 1.37 1.15 1.17 1.26
axi-t (0.0323 1.37 1.15 1.17 1.27
axi-t 0.0322 1.38 1.13 1.17 1.27
axi-t 0.0206 1.38 1.15 1.16 1.26
axi-t 0.0108 1.37 1.15 1.16 1.25




Appendix K 6 Fourth SNCF measurement cycle to 20 % joint as-welded capacity, preload

at 26 %

The measured SNCFs for the fourth cycle are presented for each of the four loading
conditions in Table K-10. Measurements made with additional strain rosettes are presented
in Table K-11. The applied load levels are presented in the tables. The SCF/SNCEF ratio as

calculated from the strain rosettes is presented in Table K-12.

Table K-10: Measured SNCFs on intersection of brace and chord for T7 at fourth cycle.

level BC:1 BS:5 BC.9 8S;13 CC:1 C38.5 CC.o C85;13
ipb 0.0350 -1.89 0.12 1.59 0.06 -3.99 0.26 463 0.02
ipb 0.0689 -2.44 0.16 1.52 0.22 -2.94 0.42 4,28 0.56
iph 0.1031 -2.58 0.21 1.48 0.26 -2.43 0.55 4.05 0.7
ipb 0.1031 -2.56 0.2 1.46 0.26 -2.43 0.54 4,06 0.71
ipb 0.0691 -2.45 0.13 1.52 0.24 -3.03 0.35 4.38 0.61
ipb 0.0361 -1.99 -0.01 1.63 0.15 -4.26 0.1 4.9 0.28
opb 0.0138 0.14 -6.99 -0.18 5.03 0.87 -12.96 0.08 14.5
opb 0.0257 0.15 -6.44 -0.14 4.44 0.88 811 0.28 12.55
opb 0.0371 0.12 -5.85 -0.13 41 0.89 -6.25 0.41 11.55
apb 0.0354 0.1 -5.97 -0.1 412 0.9 5.15 0.44 11.62
opb 0.0250 0.06 -6.62 -0.11 4,47 0.92 -7.95 0.33 12.772
opb 0.0127 0.09 -7.58 -0.19 5.23 0.9 -13.34 0.06 15.16
axi-c -0.0100 0.72 6.36 32 3.53 5.55 14.26 8.52 10.58
axi-c -0.0198 0.65 3.07 2.1 33 477 7.24 5.92 7.79
axi-c -0.0286 0.83 2.25 2.1 2.91 4.45 5.45 52 6.33
axi-¢ -0.0297 0.89 2.25 1.65 2.97 4.43 5.45 5.24 6.34
axi-c -0.0199 0.8 2.99 1,52 3.68 4.95 6.88 6.02 8.29
axi-c -0.0101 0.88 52 1.91 5 5.89 11.93 8.43 125
axi-t 0.0110 -0.56 7.58 2.59 3.87 1.25 16.65 11.25 11.09
axi-t 0.0208 0.48 8.21 1.65 2.13 3.92 18.21 8 6.42
axi-t 0.0324 0.77 7.95 1.32 1.24 462 17.58 7.04 4,35
axi-t 0.0323 0.78 7.99 1.79 1.35 4.6 17.65 6.96 4,51
axi-t 0.0211 0.48 8.53 1.96 2.07 4.07 18.88 7.69 6.06
axi-t 0.0106 -0.37 8.04 2.93 3.04 1.66 17.81 10.7 11.22
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Table K-11: SNCFs measured with rosettes compared to single strain gauge measurements
for fourth cycle of T7.

level BC,9-s BC;:9-r CC;9-s CC.Q-r £8513-5 | CS13-r { BS:13s | BS:13-r
ipb 0.0350 1.59 1.49 4.63 462 0.02 -0.35 0.06 -0.15
ipb 0.0689 1.52 1.45 428 4,29 0.56 . 0.25 0.22 0.04
ipb 0.1031 1.48 1.41 4.05 4.01 0.7 0.41 0.26 0.1
ipb 0.1031 1.46 1.4 4.08 “4.01 0.71 0.43 0.26 0.1
ipb 0.0691 1.52 1.45 4,38 4.32 0.61 0.29 0.24 0.06
ipb 0.0361 1.63 1.57 4.9 4,85 0.28 -0.11 0.15 -0.03
opb 0.0138 -0.18 -0.13 0.08 -0.11 14.5 14.54 503 4.94
opb 0.0257 -0.14 -0,14 0.28 0.17 12.55 12.71 4.44 4,28
opb 0.0371 -0.13 -0.1 0.41 0.3 11.55 11.75 4.1 3.98
opb 0.0354 -0.1 -0.11 0.44 0.31 11.62 11.86 4.12 4
opb 0.0250 -0.11 -0.14 0.33 0.19 12.72 12.91 4.47 4.36
opb 0.0127 -0.19 -0.18 0.06 -0.15 15.16 15.36 523 5.07
axi-c -0.0100 3.2 3.38 8.52 8.27 10.58 10.83 3.53 3.61
axi-c -0.0198 2.1 223 5.92 5.67 7.79 7.92 3.3 3.24
axi-c -0.02986 2.1 2.01 52 5.03 6.33 6.42 2.91 2.83
axi-c -0.0297 1.65 2.08 5,24 5.1 6,34 6.29 2.97 2.89
axi-c -0.0198 1.52 1.94 6.02 5.78 8.29 8.31 3.68 3.59
axi-c -0.0101 1.91 2.24 8.43 8.17 12.5 12,4 5 472
axi-t 0.0110 2.59 2.8 11.25 11.17 11.09 10.78 3.87 3.69
axi-t 0.0208 1.65 1.8 8 8.04 6.42 6.23 2.13 2.07
axi-t 0.0324 1.32 1.49 7.04 7.09 435 4.22 1.24 1.25
axi-t 0,0323 1.79 1.45 6.96 6.95 451 4.49 1.35 1.29
axi-t 0.0211 1.96 1.67 7.69 7.6 6.068 6.01 2.07 1.91
axi-t - | 0.0106 2.83 2.45 10.7 10.44 11.22 10.87 3.94 375




Table K-12: SCF/SNCF ratio for fourth cycle of T7.

level BC:9 CcC. CS:13 BS:13
ipbh 0.0330 1.32 1.17 1.1 1.07
ipb 0.0689 1.32 1.17 1.2 1.76
ipb 0.i031 132 1.17 1.17 1.43
ipb 0.1031 1.32 1.18 1.17 1.4
ipb 0.0691 1.32 1.17 1.18 1.55
ipb 0.0361 1.32 117 1.03 0.58
opb 0.0138 1.52 1.09 13 1.21
opb 0.0257 1.39 1.25 1.13 1.21
opb 0.0371 1.31 1.22 1.12 1.2
opb 0.0354 1.31 1.23 1.12 1.2
opb 0.0250 1.29 1.21 1.12 [.21
opb 00127 1.45 i.17 1.13 1.21
axi-c -0.0100 1.23 .15 1.16 1.26
axi-c 0.0198 1.22 1.44 1.17 1.22
axi-¢ -0.0296 1.21 1.13 1.18 1.21
axi-¢ -0.0297 1.22 1.13 1.18 121
axi-¢ -0.0199 1.26 1.13 1.17 1.2
axi-c -0.0101 1.32 1.07 1.16 1.22
axi-t 0.0110 1.36 1.15 1.13 - 1.26
axi-t 0.0208 1.37 1.15 1.17 1.27
axi-t 0.0324 1.38 1.15 1.19 1.32
axi-t 0.0323 1.38 1.15 1.19 1.3
axi-t 0.0211 1.38 1.15 1.17 1.28
axi-t 0.0106 1.21 I.13 1.15 1.25




Appendix K 7 Fifth SNCF measurement cycle to 20 % joint as-welded capacity, preload at
40 %

The measured SNCFs for the fifth cycle are presented for each of the four loading
conditions in Table K-13. Measurements made with additional strain rosettes are presented
in Table K-14. The applied load levels are presented in the tables. The SCF/SNCF ratio as

calculated from the strain rosettes is presented in Table K-15.

Table K-13: Measured SNCFs on intersection of brace and chord for T7 at fifth cycle.

level BC:1 BS:5 BC:9 BS;13 CC:1 CS.5 CC:8 CS;13
ipb 0.0328 -1.81 0.18 1.53 -0.04 -3.94 0.44 4.54 -0.22
ipb 0.0662 -2.47 (.28 1.56 0.15 -2.89 0.65 4,35 0.34
ipb 0.1013 -2.61 0.29 1.5 0.22 -2.39 0.7 412 0.57
ipb 0.1008 -2.63 0.28 1,46 0.22 -2.41 0.7 4.15 0.58
ipb 0.0662 -2.56 0.24 1.55 0.16 -3.01 0.58 4.51 0.38
ipb 0.0332 -2.02 017 1.65 0 -4.28 0.39 5.06 -0.11
opb 0.0125 0.2 -7.01 -0.35 4,82 0.94 -12.14 0.1 13.88
opb 0.0248 0.15 -6.37 -0.16 423 0.99 -7.27 0.34 11.99
opb 0.0382 -0.12 -6 0.1 3.72 0.95 -5.46 0.41 11.03
opb 0.0388 -0.17 -5,95 -0.32 3.57 0.98 -4.98 0.4 10.86
opb 0.0249 0.14 -6.24 -0.03 412 1.05 -6.51 0.27 11.8
opb 0.0117 0.16 -6.94, 0.02 4.65 1.07 -11.2 0.05 13.54
axi-c -0.0099 316 5186 0.36 4.19 8.64 11.68 462 11.73
axi-¢ -0.0199 2.47 2.55 0.65 4,13 5.8 5.84 4,58 8.6
axi-c -0.0298 2.42 2.02 0.89 3.42 4.89 4.72 4,57 6.82
axi-c -(.0298 2.41 207 0.86 3.4 4,86 478 4,58 6.77
axi-c -().0200 2.33 2.38 0.46 4.49 5.82 5.31 424 9.04
axi-c -0.0100 2.68 3.39 -0.08 6.08 8.4 7.59 3.15 13.75
axi-t 0.0111 0.46 9.31 1.91 3.08 4.49 20.67 8.23 859
axi-t 0.0212 0.64 9.08 1.7 1.79 4.64 19.94 7.52 5.21
axi-t 0.0323 1.01 7.46 1.25 2.27 532 16.44 6.33 6.76
axi-t 0.0324 1.08 7.4 1.4 2.24 537 16.32 6.3 6.74
axi-t 0.0210 0,93 8.89 1.7 2.03 522 19.58 7.1 5.99
axi-t 0.0111 0.71 10.48 1.94 2.27 4.91 23.23 8.41 6.55




Table K-14: SNCFs measured with rosettes compared to single strain gauge measurements

for fifth cycle of T7.
level BC;8-s BC,9-r CC.8-8 CC;G-r C8;13-s | C§13-r | BS;13-s | BS13-r
ipb 0.0328 1.53 1.46 4,54 4.54 -0.22 -0.63 -0.04 -0.2
ipb 0.0662 1.56 1.47 435 4.33 0.34 0.03 0.15 -0.01
ipb 0.1013 1.5 1.43 4,12 4.07 0.57 - 0.29 0.22 0.06
ipb 0.1008 1.46 1.44 415 4.1 0.58 0.29 0.22 0.06
ipb 0.0662 1.55 1.52 4.51 4.42 0.38 0.06 0.16 -0.01
ipb 0.0332 1.65 1.68 5.08 5.05 -0.11 -0.46 0 -0.15
opb 0.0125 -0.35 -0.12 0.1 -0.03 13.88 14 482 475
opb 0.0248 -0.16 -0.11 0.34 0.21 11,99 12.22 4.23 412
opb 0.0382 0.1 -0.19 0.41 0.22 11.03 11.03 3.72 3.64
opb 0.0368 -0.32 -0.23 0.4 0.22 10.86 10.8 3.57 3.55
opb 0.0249 -0.03 -0.19 0.27 0.23 11.8 11,94 4.12 4.02
opb 0.0117 0.02 -0.27 0.05 -0.03 13.54 13.95 4.65 4.61
axi-c -0.0099 0.36 0.4 4,62 4.5 11.73 11.92 4,19 414
axi-c -0.0199 (.65 . 0.57 458 4.49 8.6 8.69 413 3.92
axi-c -0.0298 0.89 0.82 - 4,57 4.51 6.82 6.96 3.42 3.26
axi-c -0.0298 0.856 0.82 4.58 4 .47 6.77 6.95 3.4 3.25
axi-c -0.0200 0.46 0.46 4.24 4.05 9.04 9.27 4.49 4,32
axi-¢ -(.0100 -0.08 0 3.15 2.99 13.75 14,22 6.06 5.87
axi-t 0.01M1 1.91 1.74 8.23 8,2 8.59 8.62 3.08 2.89
axi-t 0.0212 1.7 1.6 7.52 7.57 5.21 5.18 1.79 1.66
axi-t 0.0323 1.25 1.23 6.33 6.35 6.76 6.84 2.27 2.16
axi-t 0.0324 1.4 1.26 6.3 6.37 6.74 6.83 2.24 2.14
axi-t 0.0210 1.7 1.51 7.1 7.1 5.99 5.93 2.03 1.94
axi-t 0.0111 1.94 1.76 8.41 8.46 6.55 6.35 2.27 2.11
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Table K-15: SCF/SNCF ratio for fifth cycle of T7.

level BC:.9 CC.9 CS;13 BS;13
ipb 0.0328 1.33 1.17 1.11 1.16
ipb 0.0662 1.32 1.17 1.48 -.28
inb 0.1013 1.31 1.18 1.19 1.53
ipb 0.1008 1.31 1.18 1,19 1.54
ipb 0.0662 1.32 1.17 1.4 -0.65 -
ipb 0.0332 1.33 1.17 1.09 1.11
opb 0.0125 1.53 031 1.13 121
opb 0.0248 1.41 1.25 [.13 1.21
opb 0.0382 1.21 1.33 1.12 1.21
opb 0.0368 1.2 1.29 1.12 1.21
opb 0.0249 1.33 1.19 1.12 1.2
opb 0.0117 1.36 111 1.13 1.22
axi-¢ -0.0099 1.5 1.1 [.15 1,24
axi-¢ -0.0199 1.39 1.11 1.16 1.2
axi-c -0.0298 1.32 I.11 1.17 1.2
axi-¢ -0.0298 1.32 111 1.17 1.2
axi-c -0.0200 1.45 1.11 1.16 1.19
axi-c -0.0100 ~E3.28 1ov 1.15 1.22
axi-t 00111 1.37 .14 1.16 1.26
axi-t 0.0212 1.37 1.14 1.18 1.3
axi-t 0.0323 1.39 1.14 1.17 1,27
axi-t 0.0324 1.38 i.14 1.17 1.27
axi-t 0.0210 1.37 1.14 1.17 1.29
axi-t 0.0111 1.37 114 1.13 0 1.29
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Appendix K 8 Sixth SNCF measurement cycle to 20 % joint as-welded capacity, preload at

52 %

The measured SNCFs for the sixth cycle are presented for each of the four loading
conditions in Table K-16. Measurements made with additional strain rosettes are presented
in Table K-17. The applied load levels are presented in the tables. The SCF/SNCEF ratio as
calculated from the strain rosettes is presented in Table K-18.

Table K-16: Measured SNCFs oﬁ intersection of brace and chord for T7 at sixth cycle.

level BC:1 BS:5 BC.9 BS:13 CCi CS5 cC:9 C8;13
ipb 0.0333 -1.83 0.05 1.59 0.07 -4.18 0.14 478 0.04
ipb 0.0670 2.4 0.14 1.5 0.23 -3.09 0.33 4.46 0.61
ipb 0.1010 2.6 0.18 1.47 0.27 -2.52 0.46 4.2 0.77
ipb 0.1011 -2.59 0.19 1.54 0.28 -2.51 0.46 4.2 0.76
ipb 0.0664 -2.43 0.11 16 0.25 -3.19 0.27 4,57 0.65
ipb 0.0338 -1.87 0.01 1.71 0.12 -4.45 0.04 4.98 0.2
opb 0.0108 0.06 -7.31 -0.12 426 .94 -7 67 0.74 11.83
opb 0.0234 0.04 -8.25 -0.06 3.93 0.86 -4 72 0.76 10.87
opb 0.0349 0.06 -5.58 -0.08 3.72 0.82 -3.79 Q.76 10.28
opb 0.0357 0.08 -5 68 0 3.84 (.88 -4.23 0.67 10.67
opb 0.0248 0.07 -6.36 -0.04 4.04 0.92 -5.36 0.6 11.36
opb 0.0123 G.16 -7.4 -0.14 4.37 1.06 -8.72 0.53 12.41
axi-c -0.0098 0.95 531 2.16 4.42 5.79 11.81 8.55 11.91
axi-c -0.0200 1.18 2.8 1.91 3.93 4.61 6.13 6.45 8.29
axi-c -0.0297 1.45 2.18 2.03 3.35 417 487 5.84 6.68
axi-c -0.0297 1.43 2.07 0.99 3.33 4.16 4.9 5.81 6,76
axj-c -0.0199 1.12 2.41 0.78 4.33 4,66 5.59 6.1 8.03
axi-c -0.0092 1.14 .21 Q.85 6.97 5.61 7.00 6.39 14.31
axi-t 0.0105 -1.41 9.41 3.65 2.49 -0.46 20.92 13.67 6.89
axi-t 0.0212 -0.05 8.89 2.26 1.69 3.01 19,82 9.25 513
axi-t 0.0319 0.64 7.35 1.48 2.36 4.46 16,34 7.17 7.02
axi-t 0.0319 0.65 7.4 177 2.39 4.44 16.25 7.19 6.99
axi-t 0.0210 0.17 8.76 2.34 2.2 3.5 19.26 8.79 6.14
axi-t 0.0105 -1.07 10.38 366 2.44 0.72 227 1277 6.31




e

Table K-17: SNCFs measured with rosettes compared to single strain gauge measurements

for sixth cycle of T7.

level BC;S-s BC;9-r CC;9-s5 CC:9r | CS13-s T CS;13% | BS: 135 BS;13-r
ipb 0.0333 1.59 1.53 478 4.77 0.04 -0.33 0.07 -0.11
ipb 0.0670 1.5 1.48 4.46 4.43 0.61 . 026 0.23 0.06
ipb 0.1010 1.47 1.45 472 4.17 0.77 0.46 0.27 0.12
iph 0.1011 1.54 1.45 4.2 4,17 0.76 0.46 0.28 0.12
ipb 0.0664 1.6 1.51 4,57 4.54 0.65 0.3 0.25 0.09
ipb 0.0338 1.71 1.6 4 98 4.93 0.2 -0.22 0.12 -0.07
opb 0.0108 -0.12 -0,05 0.74 0.7 11.83 12.09 4.26 4.1
opb 0.0234 -0.06 -0.03 0.76 0.67 10.87 10.95 3.93 3.8
opb 0.0349 -0.08 -0.05 0.76 0.7 10.28 10.48 3.72 3.58
opb 0.0357 9] -0.09 0.67 (.61 10.67 10.86 3.84 37
opb 0.0248 -0.04 013 0.6 0.54 11.36 11.52 4,04 3.92
oph 0.0123 -0.14 -0.2 0.53 0.39 12.41 12.65 4,37 426
axi-c -0.0098 2.16 1.65 8.55 8.24 11.91 12.07 4,42 4.1
axi-¢ -0.0200 1.91 1.3 6.45 6.33 8.29 8.4 3.93 3.64
axi-c -0.0297 2.03 1.37 5.84 57 6.68 6.73 3.35 3.12
axi-¢ -0.0297 0.99 1.4 5.81 572 6.76 7.17 3.33 32
axi-c -0.0199 0.78 1.19 6.1 6.03 2.03 9.54 4.33 413
axi-c -0.0099 0.85 1.27 6.39 6.41 14,31 15.05 6.97 6.64
axi-t 0.0105 3.65 3.75 13.67 13.65 6.89 8.59 2.48 2.08
axi-t 0.0212 2.26 2.28 9,25 9.27 5.13 5.14 1.69 1.64
axi-t 0.03189 1.48 1.58 7.17 7.16 7.02 7.14 2.36 2.27
axi-t 0.0319 1.77 1.6 7.18 7.25 6.99 6.97 2.39 223
axi-t 0.0210 2.34 2.14 875 8.898 6.14 6.04 22 2.01
axi-t 0.0105 3.66 3.35 12.77 12,99 6.31 6.14 2.44 2.04




Table K-18: SCF/SNCF ratio for sixth cycle of T7.

level BC.9 CC:9 CS:13 BS:;13
ipb 0.0333 1.33 1.17 1.09 1.05
ipb 0.0670 1.33 1.17 1,22 1.6
ipb 0.1010 1.32 1.18 1.17 1.4
ipb 0.1011 1.32 1.18 1.16 1.38
ipb 0.0664 1.33 1.17 1.18 1.46
ipb 0.0338 1.33 “1.17 1.08 .87
opb 0.0108 1.77 1.16 1.12 1.2
opb 0.0234 . 1.3 1.16 1.12 1.2
opb 0.0349 1.17 1.2 1.12 1.2
opb 0.0357 1.16 1.21 1.12 1.2
opb 0.0248 1.25 1.21 1.12 1.2
opb 0.0123 1.29 1.2 1.13 1.21
axi-c -0.0098 1.35 1.13 1.16 1.23
axi-¢ -0.0200 1.34 1.13 1.16 1.19
axi-¢ -0.0297 1.3 1.13 1.17 1.19
axi-c -0.0297 13 1.13 i.17 1.2
axi-c -0.0199 1.34 1.13 1.16 1.2
axi-c -0.0099 1.39 1.13 1.15 1.2
axi-t 0.0105 1.35 1.15 1.17 1.29
axi-t 0.0212 1.36 1.15 1.18 L3
axi-t 0.0319 1.37 1.135 1.16 1.27
axi-t 0.0319 1.37 1.15 1.16 1.26
axi-t 0.0210 1.36 1.15 117 1.27
axi-t 0.0105 1.33 1.15 1.17 1.29
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Appendix K 9 Seventh SNCF measurement cycle to 20 % joint as-welded capacity, preload
at6s %

The measured SNCFs for the seventh cycle are presented for each of the four loading
conditions in Table K-19. Measurements made with additional strain rosettes are presented
in Table K-20. The applied load levels are presented in the tables. The SCE/SNCE ratio as
calculated from the strain rosettes is presented in Table K-21.

Table K-19: Measured SNCFs on intersection of brace and chord for T7 at seventh cycle.

level BC1 BS;5 BC:9 BS;13 CC:1 CS;5 cCo €813
ipb 0.0339 -2.13 -0.06 1.49 0.05 -4.47 -0.3 4.42 0.07
ipb 0.0662 -2.25 0.08 1.52 0.26 -3.09 0.21 4.32 0.65
ipb 0.1016 -2.61 0.13 1.4 0.26 -2.56 0.35 3.98 0.7
ipb 0.1003 -2.64 C.15 1.43 0.25 -2.59 0.4 4.02 0.66
ipb 0.0649 -2.47 0.09 1.6 0.24 -3 0.25 4.74 0.53
ipb 0.0332 -1.88 0.G3 1.72 0.09 -4.86 0.25 4.37 -0.12
opb 0.0126 0.23 -7.09 -0.27 4.98 1.12 -12.37 .15 14.13
opb 0.0244 0.16 -6.55 -0.2 4.36 1.09 -7.61 0.29 12.3
opb 0.0359 0.18 -5.92 -0.15 4.09 1.01 -5.82 0.39 11.4
opb 0.0392 0.15 -5.65 -0.15 3.92 0.97 -5.82 0.32 11.01
opb 0.0274 0.16 -6.16 -0.2 4.09 1.03 -7.5 0.18 11.69
opb 0.0082 0.28 -5.12 -0.3 4.34 0.85 -11.8 -0.5 12.92
axi-c -0.0097 1.02 4.39 1.61 5.59 5.9 9.88 7.42 12.62
axi-c -0.0196 1.1 2.64 1.33 4.22 5.02 5.85 5.84 8.4
axi-¢ -0.0294 1.34 1.98 1.36 3.59 4.54 4.6 5.33 6.78
axi-c -0.0294 1.35 1.93 1.23 3.58 4.54 4.61 5.34 6.79
axi-c -0.0197 1.19 2.29 0.97 4.682 5.11 5.26 538 9.06
axi-c -0.0098 1.53 2.67 0.75 7.77 6.47 587 5.27 15.04
axi-t 0.0108 1.23 11.98 0.87 -0.07 || 625 27.04 6.2 0.75
axi-t 0.0211 1.15 9.69 1.11 1.07 5.8 21.45 6.18 3.74
axi-t 0.0322 1.01 6.57 1.07 3.34 5.3 14.53 598 9.71
axi-t 0.0323 1.03 6.51 1.23 3.34 5.32 14.43 5.95 9.65
axi-t 0.0208 0.79 7.88 1.58 3.21 4.95 17.4 6.89 8.07
axi-t 0.0108 -0.05 9.74 2.53 2.59 3.35 21.7 9.53 7.38




Table K-20: SNCFs measured with rosettes compared to single strain gauge measurements

for seventh cycle of T7.

level BC:8-s BC;9-r CC.9-s CC.8-r C813-s | CS;13-r | BS;13-s | BS;13-r

ipb 0.0339 1.49 1.39 4.42 3.94 0.07 -(.26 0.05 -0.1

ipb 0.0662 1.52 1.43 4,32 4,33 0.65 0.3 0.28 0.07
ipb 0.1016 1.4 1.38 3.98 4.01 0.7 - 0.42 0.26 0.11

ipb 0.1003 1.43 1.4 4,02 4.06 0.66 0.39 0.25 0.1

ipb 0.0649 1.6 1.5 4.74 4,34 0.53 0.22 0.24 0.07
ipb 0.0332 1.72 1.38 4.37 4.85 -0.12 -(0.34 0.09 0.13
opb 0.0126 -0.27 -0.17 0.15 -0.16 14.13 14.33 4.98 476
opb 0.0244 -0.2 -0.15 0.29 0.16 12.3 12.49 4.36 423
opb 0.0359 -0.15 -0.14 0.39 0.24 11.4 11.53 4.09 3.04
opb 0.03592 -0.15 -0.16 0.32 0.18 11.01 11.17 3.92 3.79
opb 0.0274 -0.2 -0.18 0.18 0.04 11.69 11,92 409 3.97
opb -} 0.0082 -0.3 -0.33 -0.5 -0.91 12.92 13.11 4.34 4.14
axi-c -0.0097 1.61 1.47 7.42 7.2 12.62 12.81 5.59 523
axi-¢ -0.0196 1.33 1.16 5.84 573 8.4 8.56 422 4.01

axi-c -0.0294 1.36 1.21 5.33 5.25 6.78 6.91 3.59 3.43
axi-¢ -0.0294 1.23 1.21 5.34 5.29 6.79 6.99 3.59 3.45
axi-c -0.0197 0.97 0.92 538 5.24 9.06 9.31 4,62 4,46
axi-c -0.0098 0.75 0.76 527 5.02 15.04 15.55 7.77 7.61

axi-t 0.0108 0.87 0.99 6.2 6.24 0.75 0.94 -0.07 011
axi-t 0.0211 1.11 1.16 6.18 6.19 3.74 3.79 1.07 1.08
axi-t 0.0322 1.07 1.12 5.98 6 9.71 9.97 3.34 3.3

axi-t 0.0323 1.23 1.12 5.85 6.09 9.65 9.92 3.34 3.29
axi-t 0.0208 1.58 1,32 6.89 7.08 9.07 9.2 3.21 3.13
axi-t 0.0108 2.53 2.21 9.53 9.97 7.38 7.52 2.59 2.57
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Table K-21: SCF/SNCF ratio for seventh cycle of T7.
level BC:9 CC.9 CS§;13 BS:13
ipb 0.0339 1.28 1.18 1.06 0.99
ipb 0.0662 1.33 1.17 1.2 1.44
ipb 0.1016 1.32 1.17 1.18 1.41
ipb 0.1003 1.32 117 1.18 1.42
ipb 0.0649 1.31 1.17 1.23 1.45
ipb 0.0332 1.33 1.17 1.09 1.19
opb 0.0126 1.62 1.08 1,13 1.22
opb 0,0244 1.49 1.31 1.12 1.21
opb 0.0359 1.4 1.32 1.12 1.2
opb 0.0392 1.37 1.51 1.12 1.2
opb 0.0274 1,42 1.45 1.12 1.21
opb 0.0082 1.51 [.i18 1.13 1.23
axi-c -3.0097 1.36 1.13 1.16 1.21
axi-c 0.0196 1.34 1.13 1.17 1.19
axi-c -0.0294 1.31 1.12 1.17 1.19
axi-c -0.0294 1.31 1.12 1.17 1.19
axi-c -(.0197 1.35 1,12 1.16 1.18
axi-c -0.0098 1.39 1.12 1.15 1.19
axi-t 0.0108 1.46 1.14 148 -0.84
axi-t 0.0211 1.42 1.14 1.21 1.35
axi-t 0.0322 141 1.14 115 1.25
axi-t 0.0323 1.42 1.15 1.15 1.24
axi-t 0.0208 1.4] 1.14 1.16 1.25
axi-t 0.0108 1.38 1.15 I.16 1.26




Appendix K 10 Eighth SNCF measurement cycle to 20 % joint as-welded capacity, preload

at 78 %

The measured SNCFs for the eighth cycle are presented for each of the four loading
conditions in Table K-22. Measurements made with the additional strain rosettes are
presented in Table K-23. The applied load levels are presented in the tables. The

SCF/SNCEF ratio as calculated from the strain rosettes is presented in Table K-24.

Table K-22: Measured SNCFs on intersection of brace and chord for T7 at eighth cycle.

level BC:1 BS:5 BC:9 BS:13 CCi1 CS:5 CC9 CS;13
inb 0.0334 -1.54 0.03 1.51 -0.03 -4.12 0.1 4.55 -0.2
ipb 0.0664 -2.14 0.01 1.53 0.12 -4.1 0.03 4.5 0.31
ipb 0.1017 -2.48 0.09 1.5 0.2 -3.17 0.28 4.21 0.54
ipb 0.1009 -2.51 0.1 1.53 0.2 -3.19 0.27 4.24 0.54
ipb 0.0658 -2.2 0.03 1.59 0.12 -4.21 0.08 4.67 0.27
ipb 0.0341 -1.67 -0.05 1.59 0.01 -4 .47 -0.03 4.84 -0.09
opb 0.0126 0.14 -65.66 -0.22 56 0.52 -15.36 -0.39 16.28
opb 0.0261 0.12 -5.77 -0.12 4.81 0.67 -11.99 0 13.73
opb 0.0364 0.14 -6.44 -0.12 4,44 0.71 -9.28 0.17 12.56
opb 0.0359 0.14 -6.25 -0.1 4.25 0.65 -8.78 0.25 12.04
opb 0.0241 0.15 -6.47 -0.14 4,52 0.57 -11.91 0.07 12.97
opb 0.0122 0.18 -6 -0.15 5.19 0.46 -13.92 -0.23 15.01
axi-¢ -0.0098 4,04 5.67 -0.34 7.03 12.66 11.56 3.77 18.17
axi-c -0.0197 2.8 3.06 -0.49 573 8.4 6.58 4.58 12.7
axi-¢ -0.0295 2.51 2.4 -0.02 4.9 6.97 5.38 4.89 9.92
axi-¢ -0.0285 2.58 2.33 0.36 5.03 6.97 5.22 4,89 10.04
axi-¢ -0.0196 2.68 2.33 -0.02 6.58 8.39 5.19 4.1 13.68
axi-c -0.0097 3.6 2.41 -0.5 9.71 12.11 5.18 2.64 23.07
axi-t 0.0108 -0.64 9.21 2.87 1.87 1.79 20.37 11.82 5.3
axi-t 0.0208 0.46 8,02 1.8 0.74 4.4 19.97 8.78 2.94
axi-t 0.0321 0.82 8.31 1.39 0.35 5.15 18.56 7.49 2.27
axi-t 0.0323 0.91 8.31 1.65 0.36 5.24 18.49 7.47 2.2
axi-t 0.0208 0.65 9.38 1.97 0.21 4,74 20.8 8.54 1.53
axi-t 0.0107 -0.24 10.55 2.89 0.4 273 23.42 114 1.3




Table K-23: SNCFs measured with rosettes compared to single strain gauge measurements
for eighth cycle of T7.

CS5:13-s

level BC:9-s BC;9-r CC;O-s CC;9-r CS13-r { BS:13-s | BS:13r
ipb 0.0334 1.51 1.42 4.55 4.49 -0.2 -0.61 -0.03 -0.2
ipb 0.0664 1.53 1.47 4.5 4.47 0.31 . -0.04 0.12 -0.03
iph 0.1017 1.5 1.45 4.1 4.18 0.54 0.23 0.2 0.05
ipb 0.1009 1.53 1.47 4.24 4,23 0.54 0.23 0.2 0.05
ipb 0.0658 1.59 1.55 4.67 4.57 0.27 -0.08 0.12 -0.05
ipb 0.0341 1.59 1.55 4.84 4,85 -0.09 -0.47 0.01 -0.17
opb 0.0126 -0.22 -0.23 -0.39 -0.61 16.28 16.64 5.6 5.47
opb 0.0261 -0.12 -0.12 0 -0.2 13.73 14.04 4.81 4.72
opb 0.0364 -0.12 -0.11 0.17 -0.02 12.56 12.83 4.44 4.33
opb 0.0359 -0.1 -0.07 0.25 0.06 12.04 12.26 4.25 4.15
opb 0.0241 -0,14 -0.08 0.07 -0.16 12.97 13.13 4.52 4.45
opb 0.0122 -0.15 -0.12 -0.23 -0.54 15.01 15.18 5.19 5.08
axi-¢ -0.0098 -0.34 -0.18 3.77 3.89 18.17 19.01 7.03 7.06
axi-c -0.0197 -0.49 0.29 4.58 4.48 12.7 12.96 5.73 5.63
axi-c -0.0295 -0.02 0.46 4.89 4.77 9.92 10.05 4.91 4.76
axi-¢ -0.0285 0.36 0.49 4 .89 477 10.04 10.15 5.03 4,84
axi-c¢ -0.0196 -0.02 0.18 4.1 4.01 13.68 13.87 6.58 6.38
axi-c -0.0097 -0.5 -0.49 2.64 2.39 23.07 23.56 9.71 9.52
axi-t 0.0108 2.87 2.86 11.82 11.98 53 5.00 1787 1.71
axi-t 0.0208 1.8 1.9 8.78 8.89 2.54 2.8 0.74 0.66
axi-t 0.0321 1.39 1.48 7.49 7.59 2.27 2.23 0.35 0.35
axi-t 0.0323 1.65 1.44 7.47 7.49 2.2 2.2 0.36 0.36
axi-t 0.0209 1.97 1.73 8.54 8.45 1.53 1.5 0.21 0.18
axi-t 0.0107 2.89 2.59 11.4 11.28 1.31 1.12 0.4 0.14




Table K-24: SCF/SNCF ratio for eighth cycle of T7.

fevel BC;9 CC,9 CS:13 BS;13
ipb 0.0334 - 1.33 1.17 1.12 1.15
ipb 0.0664 1.33 117 0.72 0.67
ipb 0.1017 1.32 1.18 1.22 1.35
ipb 0.1009 1.32 1.18 1.22 1.63
ipb 0.0658 1.32 1.18 0.9 0.89
ipb 0.0341 1.33 117 i.1 1.18
opb 0.0126 1.43 1.12 1.13 1.22
opb 0.0261 1.48 1.01 1,13 1.21
opb 0.0364 1.46 -0.07 1.12 1.21
opb 0.0359 1.66 1.76 1.12 1.21
opb 0.0241 1.76 0.97 1.13 1.21
opb 0.0122 1.76 1.12 [.13 1.22
axi-c -0.0098 0.75 1.07 1.15 1.24
axi-c -0.0197 1.69 I.1 1.16 1.23
axi-c -0.0295 1.51 111 1.16 1.21
axi-c -0.0295 1.47 1.11 1.16 1.21
axi-c -0.0196 1.74 1.1 1.135 1.22
axi-¢ -0.0097 1.14 1.03 1.15 1.23
axi-t 0.0108 1.36 115 1.2 1.34
axi-t 0.0208 1.37 1.i4 1.02 1.53
axi-t 0.0321 1.38 1.14 1.3 1,76
axi-t 0.0323 1.39 1.14 1.3 1.7
axi-t 0.0209 1.38 1.14 2 4.69
axi-t 0.0107 1.37 1.13 1.49 2.54
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Appendix K 11 Ninth SNCF measurement cycle to 20 % joint as-welded capacity, preload
at 90 %

The measured SNCFs for the ninth cycle are presented for each of the four loading
conditions in Table K-25. Measurements made with additional strain rosettes are presented
in Table K-26. The applied load levels are presented in the tables. The SCE/SNCF ratio as
calculated from the strain rosettes is presented in Table K-27.

Table K-25: Measured SNCFs on intersection of brace and chord for T7 at ninth cycle.

level BC;1 BS;5 BC;9 BS;13 CC:1 CS:5 CC9 C5;13
ipb 0.0315 -1.58 0.03 1.49 -0.01 -4.22 -0.03 4,63 -0.11
ipb 0.0637 -1.92 0.01 1.51 0.02 4,38 -0.03 4.51 -0.02
ipb 0.0088 -2.4 0.07 1,48 0.1 -3.47 0.15 427 0.3
ipb 0.0985 -2.41 0.05 1.54 0.12 -3.48 0.13 4.29 0.34
ipb 0.0645 -2.04 -(.06 1.61 0.07 -4.52 -0.11 4,67 0.12
ipb 0.0306 -1.73 -0.09 1.67 0.1 -4.56 -0.19 5.01 0.12
opb 0.0125 0.16 -6.25 0.13 5.02 0.28 -13.82 0.13 14,22
opb 0.0235 0.15 -6.41 -0.05 4,54 0.47 -11.99 0.25 12.88
opb 0.0358 0.12 -6.31 -0.08 4.22 0.58 -9.04 0.32 11.88
opb 0.0380 0.12 -8.72 0 463 0.56 -10.33 0.24 13.11
opb 0.0246 0.14 -7.12 0.03 5.24 0.39 -14.17 0.12 14.91
opb 0.0149 0.17 -7.5 -0.01 6.03 0.29 -16.77 -0.02 17.33
axi-¢ -0.0099 0.49 572 2.88 8 5.47 12.77 12.72 20.93
axi-c -0.0199 1.01 3.48 2 741 | 542 7.66 9.34 14.41
axi-c -0.0296 1.2 2.8 1.68 5.99 5.2 6.1 8.01 11.21
axi-¢ -0.0296 1.2 2.76 1.57 5.96 5.16 6.06 8.05 11.26
axi-¢ -0.0198 1.13 3 1.58 7.98 5.66 6.64 8.69 15.48
axi-c -0.0100 0.8 3.1 2.07 11.78 593 6.43 10.66 26.58
axi-t 0.0106 -1.03 7.73 3.3 3.04 0.66 17.15 13.18 8.7
axi-t 0.0212 0.78 9.81 1.76 -0.47 5.03 22.08 8.37 0.1
axi-t 0.0318 1.08 7.67 1.28 1.32 571 17.27 7 4,54
axi-t 0.0318 1.08 7.7 1.41 1.36 571 17.08 7 4.68
axi-t 0.0211 0.83 9.19 1.79 0.76 53 2027 8.21 3.12
axi-t g.0110 0.08 11.26 277 0.1 3.35 24.8 10.97 0.85




Table K-26: SNCFs measured with rosettes compared to single strain gauge measurements
for ninth cycle of T7.

fevel BC:9-s BC.9-r CC:9-s CC:9-r { CS13-s | CS:13-r | BS;13-s | BS;13-r
ipb 0.0315 1.49 1.47 4,63 4,54 -0.11 -0.49 -0.01 -0.16
ipb 0.0637 1.51 1.48 4.51 4.45 -0.02 -0.38 0.02 -0.14
ipb 0.0988 1.48 1.48 4.27 4,22 0.3 - -0.03 0.11 -0.04
ipb 0.0985 1.54 1.47 4.29 425 0.34 0.01 0.12 -0.02
ipb 0.0645 1.61 1.53 4 .67 4,62 0.12 -0.26 0.07 -0.1
ipb 0.0306 1.67 1.57 5.01 4,96 0.12 -0.3 0.1 -0.09
opb 0.0125 -0.13 0 0.13 -0.19 14.22 14,33 502 479
opb 0.0235 -0.05 -0.01 0.25 0 12.88 13.07 454 4.39
opb 0.0358 -0.08 -0.02 Q.32 0.1 11.86 12.05 422 4.07
opb 0.0380 0 -0.07 0.24 Q.06 13.11 13.36 4.63 4,52
opb 0.0246 0.03 -0.07 0.12 -0.07 14.91 15.17 5.24 5.07
opb 0.0149 -0.01 -0.07 -0.02 -0.31 17.33 17.52 6.03 5.89
axi-c -0.0099 2.88 2.56 12.72 12.78 20.93 20.99 8 7.59
axi-c -0.0199 2 1.75 9.34 0.18 14.41% 14.54 7.41 7.1
axi-¢ -0.0296 1.68 1.47 8.01 7.86 11.21 11.32 5.99 57
axi-c -0.0296 157 1.51 8.05 7.82 11.26 $1.35 5.96 5.69
axi-c -0.0198 1.58 1.57 8.69 8.5 15.48 15.62 7.98 7.68
axi-c -0.0100 2.07 2.05 10.66 10.4 26.59 26.85 11,78 11.5
axi-t 0.0106 3.3 3.13 13.16 13.18 8.7 - 837 3.04 M
axi-t 0.0212 1.76 1.74 8.37 8.54 0.1 0.1 -0.47 -043
axi-t 0.0318 1.28 1.28 7 7.08 4.54 4.66 1.32 1,35
axi-t 0.0318 1.41 13 7 7.1 4,68 4.69 1.36 1,31
axi-t 0.0211 1.79 1.66 8.21 8.34 312 2.92 0.76 0.67
axi-t 0.0110 2.77 2.48 10.97 11.11 .85 027 0.1 -(.08
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Table K-27: SCF/SNCEF ratio for ninth cycle of T7.

fevel BC:9 CC:9 CS:13 BS;13
ipb 0.0313 1.33 1.17 1.14 1.11
ipb 0.0637 1.33 1.17 1.1 1.07
ipb 0.0988 1.32 1.18 0.4 0.7
ipb 0.0985 1.32 1.18 3.44 0.3
ipb 0.0645 1.32 1.17 1.07 1.04
ipb 0.0306 1.33 1.17 1.1 1.04
opb 0.0125 -13.77 1.03 113 1.22
opb 0.0235 3.34 8.5 [.12 1.21
opb 0.0358 2.44 1.48 1.12 1.21
opb 0.0380 1.55 1.99 1.12 1.21
opb 0.0246 1.7 0.56 1.13 1.21
opb 0.0149 1.73 0.93 1.13 1.22
axi-c -0.0099 1.37 1.14 1.15 1.25
axi-c -0.0199 1.38 1.13 1.16 1.21
axi-¢ -0.0296 1.38 1.13 1.16 1.2
axi-c -(0.0296 1.37 1.13 1.16 1.2
axi-c -0.0198 1.37 113 1.15 1.2
axi-c <.0100 1.37 1.13 114 1.22
axi-t 0.0106 i.36 1.13 1.17 1.28
axi-t 0.0212 1.37 [.15 5.21 0.65
axi-t 0.0318 1.39 1.14 1.21 1.33
axi-t 0.0318 1.4 1.14 1.2 1.35
axi-t 0.0211 1.38 1.14 1.25 149
axi-t 0.0110 1.38 1.14 2.47 -1.12

-
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Appendix X 12 Tenth SNCF measurement cycle at 20 % joint as-welded capacity, preload

at 105 %

The measured SNCFs for the tenth cycle are presented for each of the four loading
conditions in Table K-28. Measurements made with additional strain rosettes are presented
in Table K-29. The applied load levels are presented in the tables. The SCF/SNCF ratio as
calculated from the strain rosettes is presented in Table K-30.

Table K-28; Measured SNCFs on intersection of brace and chord for T7 at tenth cycle.

level ECA B8S.5 BC;9 BS;13 CCi1 CS5;5 cce CS;13
ipb 0.0325 -1.68 -0.01 1.61 -0.03 -4.45 0.08 5.02 -0.23
ipb 0.0651 -1.85 -0.15 1.61 0 -4.68 -0.31 4.68 -0.08.
ipb 0.1003 -2.28 -0.07 1.57 0.07 -4.36 -0.12 4.38 0.16
ipb 0.1008 -2.28 -0.07 1.57 0.07 -4.34 -0.14 4,35 0.18
ipb 0.06560 -1.85 -0.12 1.63 0 -4.71 -0.31 4.74 -0.08
ipb 0.0331 -1.71 -0.05 1.58 0.1 -4.52 -0.12 4.86 -0.12
opb 0.0123 0.23 -6.84 -0.3 5.42 0.63 -15.27 -0.78 16.7
opb 0.0256 0.27 -6.28 -0.14 4.64 0.64 -13.03 -0.28 13.32
opb 0.0370 0.23 -6.44 -0.1 4.42 0.6 -11.19 0.02 12.46
opb 0.0364 0.25 -6.38 -0.04 4.4 0.59 -11.08 0.05 12.35
opb 0.0240 0.32 -6.35 .05 4,83, 0.55 -13.4 -0.17 13.69
opb 0.0122 0.31 -6.58 -0.2 5.41 0.83 -15.18 -0.7 15.68
axi-c -0.0098 6.37 -4.99 -3.24 17.15 18.53 -11.85 -5.89 35.29
axi-c -0.0197 4.41 -1.03 -1.37 10.8 12.83 -2.68 -0.45 18.6
axi-c -0.0296 3.61 -0.32 -0.74 8.74 10.44 -1.02 1.24 14.61
axi-¢ -0.02086 3.74 -0.38 -0.89 8.76 10.79 -1.06 0.82 14.7
axi-¢ -0.0197 4.68 -2.03 -1.78 11.96 13.59 -4.83 -1.46 21.28
axi-c -0.0099 6.78 -5.53 -3.8 18.28 18.68 -12.81 -7.08 38.63
axi-t 0.0110 -0.46 8.16 2.95 2.17 1.62 18.42 11.88 527
axi-t 0.0214 0.24 8.56 2.34 0.58 3.65 19.1 9.85 1.88
axi-t 0.0322 0.65 7.03 1.78 1.53 4.61 15.76 8.33 4.59
axi-t 0.0322 0.61 7.04 1.86 1.47 4.59 15.52 8.33 478
axi-t 0.0212 0.38 8.7 2.26 0.52 4.05 19 9.5 2.31
axi-t 0.0112 0.12 10.79 2.87 -0.53 3.0 23.65 10.92 -1.03
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Table K-29: SNCFs measured with rosettes compared to single strain gauge measurerents
for tenth cycle of T7.

level BC:8-s BC.9-r CC:9-s CC8-r | CS13s | €513r | BS 135 BS:13-r
ipb 0.0325 1.61 1.56 5.02 4.78 -0.23 -0.59 -0.03 -0.18
ipb 0.0651 1.61 1.54 4.68 458 -0.08 -0.42 0 -0.15
ipb 0.1003 1.57 1.5 4.38 4.31 0.18 -0.17 0.07 -0.08
ipb 0.1009 1.57 1.48 4.35 4.29 0.18 -0.16 0.07 -0.08
ipb 0.0660 1.63 1.56 4.74 4.69 -0.09 -0.48 4] -0.17
ipb 0.0331 1.58 1,57 4.86 4.95 -0.12 -0.52 0.01 017 |
opb 0.0123 -0.3 -0.2 -0.78 -1.01 19.7 16.39 5.42 5.38
opb 0.0256 -0.14 -0.07 -0.28 -0.44 13.32 13.74 4.64 4.61
opb 0.0370 -0.1 -0.06 0.02 -0.18 12.46 12.82 4.42 4.33
opb 0.0364 -0.04 -0.08 0.05 -0.16 12.35 12,61 4.4 4.29
oph 0.0240 -0.05 -0.11 -0.17 -0.45 13.69 13.89 4.83 4.67
opb 0.0122 0.2 -0.21 0.7 -0.9 15.68 16.18 5.41 5.32
axi-¢ -0.0098 -3.24 -3.28 -5.89 -6.29 35.29 36.79 17.15 17.14
axi-c -0.0197 -1.37 -1.41 -0.45 -0.63 19.6 20.48 10.8 10.66
axi-c -0.0296 -0.74 -0.72 1.24 1.1 14.61 15.17 8.74 8.6
axi-¢ -0.0296 -0.89 -0.89 0.82 0.67 14.7 15.32 8.76 B.66
axi-¢ -0.0197 -1,78 -1.79 -1.48 -1.79 21.28 22.28 11.96 11.83
axi-¢ -0.0099 -3.8 -3.73 -7.08 -7.39 38.63 40.36 18.28 18.33
axi-t 0.0110 295 2.89 11.88 11.88 5.27 4.95 217 1.88
axi-t 0.0214 2.34 2.25 9.85 10 1.88 1.69 0.58 0.45
axi-t 0.0322 1.78 1.73 8.33 8,39 4.59 4.53 1.53 1.42
axi-t 0.0322 1.86 1.76 8.33 8.39 4.78 4.62 1.47 1.4
axi-t 0.0212 2.26 2.11 9.5 9.61 2.31 1.988 0.52 0.41
axi-t 0.0112 2.87 2.66 10.92 11.11 -1.03 -1.67 -0.53 -0.66




Table X-30: SCF/SNCF ratio for tenth cycle of T7.'

level BC.9 CC;9 CS:13 BS:13
ipb 0.0325 1.33 1.17 1.11 1.2
ipb 0.0651 1.33 1.18 1.11 1.12
ipb 0.1003 1.32 1.18 1.07 1.04
ipb 0.1009 1.32 1.18 1.06 1.05
ipb 0.0660 1.32 1.17 1.1 1.14
ipb 0.0331 1.33 1.17 1.12 1.14
opb 0.0123 1.54 1.11 1.13 1,22
opb 0.0256 2.01 1.08 1.12 1.21
opb 0.0370 1.96 0.92 1.12 1.21
opb 0.0364 1.72 0.88 1.12 121
opb 0.0240 1.69 1.03 1.13 121
opb 0.0122 1.59 1.11 .13 1.22
axi-c -0.0098 1.3 1.23 1.14 1.21
axi-c -0.0197 1.26 1.7 1.13 1.21
axi-c -0.0296 1.24 0.89 1.15 1.2
axi-c -0.0296 1.26 0,69 1.15 1.2
axi-c -0.0197 1.29 1.37 1.14 1.21
axi-c -0.0099 1.31- 1,23 1.14 1.21
axi-t 0.0110 1.34 1.15 1.2 1.28
axi-t 0.0214 1.36 1.13 1.36 1.59
axi-t 0.0322 1.37 1.15 121 . 1.33
axi-t 0.0322 1.36 113 1.21 1.33
axi-t 0.0212 1.36 115 1.33 1.63
axi-t 0.0112 1.34 L.14 0.91 0.93
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Appendix K 13 Eleventh SNCF measurement cycle to 20 %
preload at 130 %

joint as-welded capacity,

The measured SNCFs for the eleventh cycle are presented for each of the four loading
conditions in Table K-31. Measurements made with additional strain rosettes are presented
in Table K-32. The applied load levels are presented in the tables. The SCF/SNCF ratio as
calculated from the strain rosettes is presented in Table K-33.

Table K-31: Measured SNCFs on intersection of brace and chord for T7 at eleventh cycle.

level BC;1 BS:5 BC:9 B3:13 CC:1 C85 CC:9 C8:13
ipb 0.0329 -1.75 -0.01 1.51 -0.07 -4.26 -0.01 4. 58 -0.26
ipb 0.0661 -1.74 -0.2 1.57 -0.05 -4.46 -0.42 4.48 -0.24
ipb 0.1010 -1.99 -0.17 1.56 -0.08 -4.67 -0.35 4.34 -0.19
ipb 0.1020 -1.97 -0.17 1.58 -0.04 -4.62 -0.35 4.28 -0.19
ipb 0.0658 -1.8 -0,19 1.61 -0.07 -4.53 -0.39 4.6 -0.33
ipb 0.0325 -1.71 -0.04 1.52 -0.01 -4.33 -0.05 4.76 -0.27
opb 0.0079 0.29 677 -0.46 578 1.28 -15.59 -1.28 16.35
apb 0.0207 0.42 -8.07 -0.08 4.81 0.9 -13.02 -0.46 13.48
opb (0.0331 0.33 -6.01 -0.06 4.45 0.77 -12.21 -0.16 12.44
opb 0.0360 0.11 -6.36 0.2 4.86 0.18 -13.14 0.41 13.7
opb 0.0237 0.04 -6.66 0.29 5.45 -0.08 -14,53 0.47 15.33
opb 0.0112 -0.33 -7.66 0.37 6.66 -0.83 -17.55 0.91 19.09
axi-¢ -0.0100 4.48 0.57 -1.7 10,45 15.59 0.91 -0.74 29.03
axi-¢ -0.0199 3.76 1.28 -0.63 10.22 . 12.87 2.47 2.53 26.12
axi-c -0.0298 3.46 1.65 -0.11 9.34 11.3 3.48 3.48 19.73
axi-c -0,0298 3.46 1.65 -0.16 9.32 11.26 3.5 352 18.7
axi-c -0.0200 3.95 0.76 -0.85 11.01 13.17 1.28 2.07 27.8
axi-¢ -0.0100 4.71 -2.33 -2.22 13.89 16.53 -5.51 -1.57 38.14
axi-t 0.0106 0.37 7.34 2.18 1.68 4.03 15.59 8.82 5.4
axi-t 0.0213 0.82 6.03 1.74 2.49 5.05 12.99 7.52 7.39
axi-t 0.0319 1.12 5.22 1.39 2.85 5.7 11.33 6.74 8.37
axi-t 0.0320 1.11 5.19 1.13 2.81 5.65 11.44 6.69 8.27
axi-t 0.0208 (.78 6 1.42 2.43 5 13.2 7.52 7.09
axi-t 0.0107 -0.04 7.45 2.32 1.42 272 16.6 10.18 4.25
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Table K-32: SNCFs measured with rosettes compared to single strain gauge measurements

for eleventh cycle of T7.

ipb 0.0329 1.51 1.54 4.58 4.47 -0.26 0.7 0.07 0.2
ipb 0.0661 1.57 1.51 4.48 4.46 0.4 062 -0.05 0.2
ipb 0.1010 1.56 1.53 4.34 4.32 0.19 057 -0.06 -0.21
ipb 0.1020 1.56 1.5% 4.28 4.28 019 | 055 -0.04 02
ipb 0.0658 1.61 1.57 46 4.55 -0.33 0.74 -0.07 -0.24
ipb 0.0325 1.52 1.53 4.76 4.65 -0.27 07 -0.01 0.23
opb 0.0079 | -0.46 -0.34 128 143 16.35 16.64 578 562
opb 0.0207 | -0.08 -0.06 ~0.46 050 13.48 13.75 .81 474
opb 0.0331 | -0.06 -0.03 -0.16 -0.38 12.44 12.64 4.45 4.33
opb 0.0360 0.2 0.16 0.41 0.2 13.7 13.87 4.86 2.76
opb 0.0237 0.29 0.22 0.47 0.25 15.33 15.55 5 45 53
opb 0.0112 | 0.37 0.28 0.91 0.6 19.09 19.27 B.66 6.54
axi-c | -0.0100 | -1.7 138 074 0.77 29.03 30.3 10.45 | 10.47
axi-c_| -0.0199 | -0.63 -0.68 2.53 2.35 26.12 | 26.93 10,22 | 10.11
axi-c | -0.0298 | -0.11 -0.18 3.48 3.36 19.73 | 20.31 9.34 9.22
axi-c_| -0.0298 | -0.16 -0.18 3.52 3.34 19.7 20.22 9.32 9.22
axi-c | -0.0200 | -0.85 -0.84 2.07 1.89 27.8 28.54 71.07 10.9
axic | -0.0100 | -2.22 2.09 157 157 38.14 | 39.29 13.80 | 13.63
axit | 0.0106 | 2.18 1.79 8.82 8.82 5.4 4.91 1.68 1.57
axid_ | 0.0213 174~ 1.45 7.52 7.57 7.39 7.22 2.49 2.39
axit__| 0.0319 1.39 1.17 6.74 6.78 8.37 8.39 2.85 2.75
axi4t | 0.0320 1.13 1.19 5.69 6.8 8.27 8.31 2.81 274
axit | 0.0208 1.42 15 7.52 762 | 7.00 7.04 2.43 2.36
axit | 0.0107 | 2.32 2.44 1018 | 10.25 795 384 1.42 1.33
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Table K-33: SCF/SNCF ratio for eleventh cycle of T7.
level BC:9 CCI CS:13 BS;13
ipb 6.0329 1.32 1.17 1.13 .16
ipb 0.0661 1.32 1.17 1.12 1.16
ipb 0.1010 1.32 1.18 1.11 1.14
ipb 0.1020 1.32 1.18 1.11 1.15
ipb 0.0658 1.33 1.18 1.12 1.2
ipb 0.0325 1.33 1.17 .13 1.18
opb 0.0079 1.33 1.14 1.13 1.21
opb 0.0207 2.24 1.07 1.13 1.21
opb 0.0331 2,93 1 1.12 1.21
opb 0.0360 1.07 1.47 1.12 1.21
opb 0.0237 1.1 1.43 [.i3 1.21
opb 0.0112 1.21 1.27 113 1.21
axi-c -0.0100 1.27 1.61 114 1.24
axi- -0.0199 1.19 1.0 114 1.23
axi-c -0.0298 0.83 1.07 .13 1.22
axi-c -0.0298 0.83 106 L15 1.22
axi-c -0.0200 1.2 0.97 114 1.23
axi-c -0.0100 1.27 1.37 1.14 1.22
axi-t 6.0106 1.4 1.15 1.19 1.33
axi-t 0.0213 1.38 1.14 .17 1.29
axi-t 0.0319 1.4 £.14 1.17 1.27
axi-t 0.0320 1.39 .14 1.17 1.27
axi-t 0.0208 1.43 1.14 1.17 1.27
axi-t 0.0107 14 115 1.22 £.33
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Appendix L 2 General Information

KEY:-

BC  Brace Crown
BS Brace Saddle
BI Brace Intermediate
CC Chord Crown
CS Chord Saddle
Cl Chord Intermediate

brl  Bracel
br2  Brace2
# Gauge location (see figure)

The table rows correspond to SNCF measurements taken at 3 equal increments up to
approximately 20 % as-welded joint capacity and 3 equal decrements back down to
zero load. This has been repeated for each of the four loading modes.

Brace 1
@' k&
Chord
Gauge location Brace 2
\ Elevation on DT Joint
Intermediate Saddle Saddle
positions 5
‘/; : 1
1
/ 2 \ L |
Y] 4
Crown - —1 —_ Crown Crown —_ 9—J4—9 Crown
1 19[\0\
| )
|
—t 1'3 12 Inermediate
Saddle Saddle positions
View 'A' on brace 1 View B' on brace 2
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Appendix L 3 SNCFs ungrouted Test Specimen: DT2

Table L-1: Measured SNCFs on intersections of brace 1,2 and chord for DT2

DT2 BC;1,br2 | BS;5,br1 | BC;9,br1 |BS;13,br2| CC;1,br2 | CS;5,br1 | CC;9,br1 [CS;13,br2
ipb 1/3 1.52 0.09 -1.66 0.11 3.31 0.07 -3.64 0.18
ipb 2/3 1.47 0.08 -1.58 0.18 3.24 0.07 -3.51 0.35
iph 3/3 1.45 0.07 -1.54 0.21 3.12 0.1 -3.435 0.39
iph 3/3 1.45 0.07 -1.94 0.21 312 0.1 -3.41 0.39
ipb 2/3 1.48 0.08 -1.57 0.22 3.2 0.09 -3.53 0.41
ipb 1/3 1.52 0.1 -1.65° 0.08 3.3 0.09 -3.66 0.19
opb 1/3 -0.04 4.96 -0.05 414 -0.07 596 -0.2 -7.5
opb 2/3 -0.03 4.8 -0.03 -4.38 0 5.7 -0.11 -7.93
opb 3/3 -0.05 4.78 -0.03 -4.24 -0.04 5.71 -0.07 -7.69
opb 3/3 -0.04 4.74 -0.03 -4.2 -0.03 5.7 -0.08 -7.61
oph 2/3 -0.03 482 -0.03 -4.26 -0.02 577 -0.12 -7.72
opb 1/3 -0.02 4.65 -0.09 -4.24 0.02 5.58 -0.2 -71.67

axi-c 1/3 -0.12 9.11 0.27 8.86 1.29 10.62 2.29 15.4
axi-c 2/3 0.07 9.28 0.05 8.86 1.76 10.78 1.79 15.42
axi-c 3/3 0.08 9.65 0.01 86 1.78 11.15 1.7 15.01
axi-c 3/3 0.09 9.68 0 8.6 1.77 11.13 1.68 15.05
axi-c 2/3 0.22 9.9 -0.12 847 2.01 11.48 1.38 14.84
axi-c 1/3 -0.07 10.17 -0.04 812 1.61 11.63 1.66 14.33
axi-t 1/3 0 10.12 0.21 8.24 1.45 11.53 212 14.29
axi-t 2/3 -0.04 10.01 0.19 8.52 1.46 11.46 2.06 14,98
axi-t 3/3 -0.04 10.06 0.18 8.4 1.43 11.44 2.1 16.41
axi-t 3/3 -0.09 10.06 0.21 8.46 1.4 11.52 2.07 14,52
axi-t 2/3 -0.04 10.08 0.22 8.48 1.41 11.54 2.1 14.25
axi-t 1/3 -0.09 10.12 0.25 8.39 1.26 11.6 217 13.17

Brace |

@' @

Chord
Brace 2
Elevation on DT Joint
Saddle Saddle
i L
T 1
Crown — —9  Crown Crown  }— —  Crown

Saddle

View'A' on brace 1

Q>

T
13
Saddle

View B' on brace 2




Appendix L 4 SNCFs ungrouted Test Specimen: DT3

Table L-2: Measured SNCFs on intersection on brace 1 and brace2 for DT3

D73 | BC.1.br1] Blo.brl | BLabri | BS;5,br1 | BC,9,br2 | BI;10,br2 | BI;12,br2 | £5,13,br2
ipb 1/3 1.39 1.65 2.28 -0.15 -1.05 -1.43 -1.84 -0.09
ipb 2/3 1.36 1.61 2.29 -0.13 -1.04 -1.43 -1.82 -0.12
ipb 3/3 1.32 1.6 2.28 -0.1 -1.03 -1.43 -1.8 0.12
ipb 3/3 1.33 1.59 2.28 -0.11 -1.02 -1.42 -1.79 -0.12
ipb 2/3 1.37 1.61 2.31 -0.13 -1.05 -1.45 -1.81 -0.14
iph 1/3 1.41 1.64 2.39 -0.16 -1.04 -1.48 -1.82 -0.12
opb 1/3 -0.07 0.38 1.32 2.29 -0.03 -0.41 -0.95 -1.94
opb 2/3 -0.07 0.4 1.33 2.29 -0.06 -0.43 -0.95 -1,93
opb 3/3 -0.07 0.39 1.31 2.28 -0.05 -0.43 -0.93 -1.95
opb 3/3 -0.07 0.38 1.32 2.28 -0.05 -0.44 -0.93 -1.895
opb 2/3 -0.06 0.39 1.36 233 -0.07 -0.45 -0.94 -1.9
opbh 1/3 -0.05 . 0.28 1.38 2.38 -0.086 -0.51 -1 -1.92

axi-c 1/3 0.46 0.91 245 42 0.87 1.37 228 3.09
axi-c 2/3 0.8 1.24 2.92 432 0.63 1.01 1.79 2.93
axi-c 3/3 0.85 1.28 2.95 424 0.59 0.93 1.75 2.93
axi-c 3/3 0.85 1.25 2.97 424 0.59 0.93 1.75 2.9
axi-c 2/3 0.85 1.24 3.01 4,33 0.61 0.895 1.74 2.83
axi-c 1/3 0.68 1.05 2.78 419 0.72 1.1 1.98 2.89
axi-t 1/3 0.72 1.13 2.55 3.7 0.65 1.07 2.02 3.3
axi-t 2/3 0.79 1.18 2.65 3.88 0.63 1.03 1.8 3.12
axi-t 3/3 0.79 1.17 2.73 3.99 0.64 1.04 1.92 3.14
axi-t 3/3 0.82 1.17 2.73 3.99 0.61 1.04 1.92 3.13
axi-t 2/3 0.83 1.2 2.67 3.88 0.61 1.03 1.9 3.12
axi-t 1/3 0.86 1.12 2.54 3.71 0.57 1.06 2.03 N
’ Brace |
@' @
Chord
y ¥
Brace 2
Elevation on DT Joint
Intermediate Saddle Saddle
"
posi |ons/‘/; =5 {
Crown 1+ —1 _— Crown Crown — | 6)—-— 9 Crown
1 s

| YA e

1 [ /

T 1'3 12 Inte'nnediale

Saddle Saddle positions
View'A’ on brace 1 View B' on brace 2




Table L-3: Measured SNCFs on intersection of chord with braces 1 and 2 for DT3

DT2 CC:1,br1 | Cl;2,br1 Cl;4,br1 | CS;5br1 | CC;8.br2 | CI;10,brz | ClI;12,br2 C§ﬁ$,br2
ipb 1/3 2.67 2.39 . 2.18 -0.16 -2.21 -2.47 -2.79 -0.06
ipb 2/3 2.6 2.4 2.15 -0.18 -2.21 -2.44 -2.79 -0.11
ipb 3/3 2.58 2.36 2.16 -0.16 -2.18 -2.45 277 -0.13
ipb 3/3 2.59 2.36 2.14 -0.17 -2.2 -2.39 -2.78 -0.13
ipb 2/3 2.65 2.39 2147 -0.2 -2.22 -2.46 -2.83 -0.15
iph 1/3 2.73 2.43 2.2 -0.28 -2.26 -2.53 -2.82 -0.14
opb 1/3 -0.21 0.16 1 2.5 -0.15 -0.27 -1.04 -2.62
opb 2/3 -0.21 0.14 1 2.5 -0.22 -0.32 -1.09 -2.64
opb 3/3 -0.21 0.13 0.97 2.49 -0.2 -0.32 -1.07 -2.66
opb 3/3 -0.19 0.13 0.97 2.49 -0.2 -0.32 -1.07 -2.64
opb 2/3 -0.19 0.14 1.02 2.6 -0.24 -0.32 -1.07 -2.58
opb 1/3 -0.21 0.2 1.09 2.59 -0.29 -0.39 -1.16 -2.58

axi-¢c 1/3 0.15 0.46 1.79 372 1.22 1.52 2,986 3.21
axi-c 2/3 0.6 0.91 2.26 3.8 0.67 1.03 2.33 2.94
axi-c 3/3 0.73 1.02 2.28 3.73 0.57 0.89 2.23 3.07
axi-c 3/3 0.72 1.02 2.29 3.7 0.59 0.88 2.23 3.1
axi-¢c 2/3 0.68 0.97 2.32 378 0.62 0.92 2.2 3
axi-c 1/3 0.41 0.69 2.08 367 0.92 119 2.38 3.1
axi-t 1/3 0.57 0.93 1.98 2.98 0.65 1.04 2.71 3.65
axi-t 2/3 0.65 0.9 2.06 3.32 0.65 0.95 2.53 3.4
axi-t 3/3 0.66 0.93 2.12 3.41 0.67 1.01 2.54 3.36
axi-t 3/3 0.66 0.9 2.12 3.43 0.67 1.01 2.49 3.36
axi-t 2/3 067 0.88 2.08 3.38 0.66 0.95 2.42 3.39
axi-t 1/3 0.65 0.85 1.89 3.15 0.67 0.94 2.55 3.7
Brace 1
@' ®
Chord
Brace 2
Elevation on DT Joint
Saddle Saddle
s 3 n
| I
vy |
Crown 1+—1 — Crown Crown — Qe 4=-9 Crown
110\
| Ao
] !
1 1'3 12
Saddle Saddle
View'A' on brace 1 View B' on brace 2
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Appendix L 5 SNCFs ungrouted Test Specimen: DT4

Table L-4: Measured SNCFs on intersection of brace 1 and chord for DT4

DT4 | BC1.brl | BS'5,br1 | BC.9,br1 | BS:13,br1] CC;1,br1 | CS;5.br1 | CC;9,br1 [CS;13,br1
ipb 1/3 2.22 0.17 -2.67 -0.3 4.3 0.19 -5.09 -0.67
ipb 2/3 217 0.04 -2.46 -0.26 4.1 -0.05 -4.9 -0.52
ipb 3/3 2.09 0.06 -2.38 -0.24 4 -0.09 -4.84 -0.44
ibb 3/3 2.1 0.04 -2.34 -0.23 4.01 -0.08 -4 88 -0.47
ipb 2/3 217 0.03 -2.39 -0.22 421 -0.03 -5 -0.54
ipb 1/3 2.25 0.08 -2.5 -0.26 4.3 0.03 -5.24 -0.68
opb 1/3 0.17 5.89 0.19 -4.25 0.2 12.55 -0.06 -11.46
opb 2/3 -0.05 5.23 0.07 -3.98 0.12 11.28 0.29 -11.06
opb 3/3 0.06 4.64 0.04 -3.54 0.09 10.05 0.08 -9.27
opb 3/3 -0.05 3.72 0.09 -2.69 0.16 7.89 0.18 -7.31
opb 2/3 -0.17 513 0.03 -3.71 0.2 10.91 0.43 -10.31
opb 1/3 -0.16 4.58 0.07 -2.67 0.38 967 0.33 -8.41
axi-c 1/3 -1.12 13.82 013 9.01 1.84 29.65 5.61 23.71
axi-c 2/3 -0.98 13.18 -0.14 9.34 2.26 28.63 4.84 24.43
axi-c 3/3 -0.79 13.02 -0.27 9.39 2.6 28.31 4.51 24.69
axi-c 373 -0.84 13.02 -0.18 94 2.51 28.34 4,62 24.66
axi-c 2/3 -1.06 13.25 -0.09 927 2.3 28.77 4.85 24.25
axi-c 1/3 -1.5 13.88 0.46 8.95 1.32 30.08 5.9 23.35
axi-t 1/3 1.96 -12.63 -0.72 -11.1 -1.03 -27.37 -6.82 -27.09
axi-t 2/3 1.14 -12.24 0 -10.66 -2.04 -26.36 -5.1¢ -26.85
axi-t 3/3 1.02 -12.19 0.18 -10.36 -2.3 -26.34 -4.77 -26.4
axi-t 3/3 0.97 -12.02 0.23 -10.17 -2.29 -25.97 -4.63 -26.53
axi-t 2/3 1.07 -12.15 0.11 -10.1 -2.12 -26.21 -4.91 -26.27
axi-t 1/3 1.58 -12.47 -0.2 -10.12 -1.47 -27.02 -5.8 -26.08
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Table L-5;: Measured SNCFs on intersection of brace 2 and chord for DT4

DT4 BC;1,br2 | BS;5,br2 | BC;9,br2 | BS;13,br2] CC;1,br2 | CS;5,br2 [ CC:8,br2 C3;13,br2
ipb 1/3 2.83 -0.09 2.65 0.16 4.35 0.15 -3.86 -0.09
iph 2/3 2.71 0.03 - 0.18 0.28 4.24 -0.07 -3.9 0.14
iph 3/3 2.62 -0.13 -0.63 0.24 4.15 -0.13 -3.83 0.16
ipb 3/3 2.62 -0.13 2.77 0.22 4.15 -0.14 -3.94 0.13
ipb 2/3 2.73 -0.06 -2.87 0.14 4.29 -0.01 -4.05 0.03
ipb 1/3 2.82 -0.09 -2.97 0.11 4.41 0.04 -4.21 -0.11
opbh 1/3 -0.16 2.5 -0.04 -4.84 -0.21 . 9.61 -0.16 -8.27
opb 2/3 -0.02 2.11 -0.28 4.9 -0.04 9.97 -0.18 -9.09
opb 3/3 -0.16 2.58 -0.28 -4.92 -0.21 9.7 -0.25 -9.26
opb 3/3 -0.04 2.93 -0.21 -5.1 -0.12 10.97 -0.3 -9.81
oph 2/3 0.07 3.25 -0.13 -4.82 -0.01 11.12 -0.33 -9.36
opb 1/3 017 3.438 -0.42 -4.87 0.04 11.56 -0.45 -9.48

axi-c 1/3 | -2.14 7.2 0.42 14.48 2.2 25.59 542 26.86
axi-c 2/3 -1.52 7.18 -0.94 14.62 3.1 24.81 428 27.23
axic 3/3 | _-1.31 7.03 117 14.79 3.46 24.4 4 27.63
axi-c 3/3 -1.39 7.01 -1.12 14.71 3.38 24.49 412 27.55
axi-c 2/3 -1.59 7.13 -0.92 14.86 3.02 24.71 4.52 27.35
axi-c 1/3 -2.51 7.18 0.04 14.25 1.8 25.47 5.74 26.69
axi-t 1/3 4.86 -6.2 -0.02 -17.54 -2.9 -21.03 -5.87 -32.94
axi-t 2/3 2.87 -6.25 0.74 -16.51 -3.44 -21.72 -4,69 -30.7
axi-t 3/3 2.27 -6.48 0.98 -15.89 -3.57 -22.48 -4.27 -29.47
"I axi-t 373 1.36 -6.43 1.07 -15.97 -3.26 -21.95 -4.18 -28.49
axi-t 2/3 1.48 -6.18 0.93 -16.44 -3.06 -21.09 -4.43 -30.4
axi-t 1/3 1.89 -5.8 0.46 -17.47 -2.56 -19.8 -5.07 -32.35
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Appendix L 6 SNCFs ungrouted Test Specimen: DTS
Table L-6: Measured SNCFs on intersection of brace 1 and 2 with chord for DTS
D15 | BC.1,br1 | BS;5,br2 | BC:9,br2 | BS;13,br1] CC:1,br1 [ €S:5,br2 [ CC;8,br2 | CS;13,br1
.iph 1/3 1.6 -0.06 -1.93 0.12 6.37 -2.04 -4 48 0
ipb 2/3 1.5 0 -1.82 0.13 6.03 -1.87 -4.22 0.03
ipb 3/3 1.45 -0.04 -1.78 0.22 5.88 -1.92 -4.09 0.16
ipb 3/3 1.44 -0.03 -1.78 0.22 5.88 -1.92 -4,08 0.17
ipb 2/3 1.48 0.01 -1.83 0.14 5.99 -1.83 -4,2 0.04
iph 1/3 1.58 0 -1.96 0.09 6.3 -1.98 -4.48 0
opb 1/3 0.08 8.11 0.08 -6.92 6.7 19.33 0.3 -11.04
opb 2/3 0.1 7.87 0.06 -7.19 -6.6 18.84 0.24 -11.59
opb 3/3 0.07 7.73 0.05 -7.33 -6.46 18.4 023 -11.82
opb 3/3 0.07 7.54 0.05 -7.61 -6.26 17.92 0.21 -12.33
oph 2/3 0.07 7.69 0.06 -7.52 -6.38 18.33 0.19 -12.13
opb 1/3 0.15 7.38 0.08 -7.64 -6 17.52 0.2 -12.33
axi-¢ 1/3 0.38 13.18 -0.44 19.2 -5.92 29.15 -0.02 30.69
axi-c 2/3 023 14.51 -0.38 17.23 -7.41 32.23 0.49 27.65
axi-c 3/3 0.2 14.42 -0.34 17.2 -7.45 32.16 0.51 27.69
axi-c 3/3 0.2 14.44 -0.34 1712 -7.45 322 0.54 27.59
axi-c 2/3 0.25 14.47 -0.4 17.3 -7.16 32.01 047 27.91
axi-c 1/3 0.37 14.16 -0.44 17.89 -6.48 31.22 0.2 28.77
axi-t 1/3 -0.32 15.83 0.4 * 15.03 -10.29 35.57 2.36 23.97
axi-t 2/3 02 15.65 0.28 15.28 -9.8 35.03 2.1 24.47
axi-t 3/3 -0.21 15.76 0.28 15.32 -9.58 35.15 2.02 2452
axi-t 3/3 -0.19 15.72 0.29 15.31 -9.54 3511 2.02 24,42
axi-t 2/3 -0.17 15.79 0.34 15.14 -9.62 35.23 214 24.21
axi-t 1/3 -0.27 16.06 0.47 14.57 -10.24 3599 2.5 23.34
Brace |
@' @
Chord
Brace 2
Elevation on DT Joint
Saddle Saddle
| 7
1 |
Crown — — Crown - Crown — —9 Crown
1 1
T 1
13
Saddle Saddle
View 'A' on brace 1 View 'B' on brace 2
Page L8
\_ ==sc% |
= o mnomte {




im,

Appendix L 7 SNCFs ungrouted Test Specimen: DT6

Table L-7: Measured SNCFs on intersection of brace 1 and 2 on brace for DT6

DT6 BC;1,br1 El:z.bﬂ Bl;4,br1i i BS:5,br1 | BC;9,bi2 BI;10,br2T§;12,br2 BS:13 br2
ipb 1/3 1.51 1.65 2.26 0 -1.31 -1.44 -2.7 -0.02
ipb 2/3 1.47 1.59 217 . -0.01 -1.25 -1.37 -2.56 -0.01
ipb 3/3 1.45 1.56 2.14 0.04 -1.23 -1.36 -2.52 0.03
ipb 3/3 1.46 1.56 2.13 0.03 -1.22 --1.37 -2.52 0.03
ipb 2/3 1.48 1.58 2.17 . -0.01 -1.25 -1.39 -2.59 -0.02
ipb 1/3 1.54 1.67 2.32 -0.06 -1.31 -1.46 -2.75 -0.07
opb 1/3 -0.15 0.32 1.07 2.35 -0.05 -0.51 -1.37 -2.42
oph 2/3 -0.19 0.33 1.11 2.44 -0.08 -0.53 -1.33 -2.36
opb 3/3 -0.18 0.34 1.15 2.59 -0.07 -0.53 -1.32 -2.23
opb 3/3 -0.17 0.35 1.14 2.56 -0.07 -0.51 -1.32 -2.26
opb 2/3 -0.17 0.33 1.08 2.43 -0.1 -0.53 -1.34 -2.42
opb 1/3 -0.18 0.32 112 2.54 -0.15 -0.5 -1.35 -2.34

axi-c 1/3 -0.08 0.07 0.58 4.09 1.86 219 4 55 4.31
axi-c 2/3 0.51 077 1.64 473 1.36 1.52 3.45 3.98
axi-c 3/3 0.76 1.08 2.15 4.86 1.09 1.24 2.88 3.88
axi-c 3/3 0.76 1.05 212 4.84 1.09 1.24 2.85 3.92
axi-c 2/3 0.69 0.97 1.97 487 1.2 1.36 3.02 3.87
axi-c 1/3 0.17 042 1.18 4,76 1.6 1.76 3.86 3.8
axi-t 1/3 12 1.38 2.32 3.92 0.86 0.89 2.55 4 .55
axi-t 2/3 1.11 1.27 2.34 4.04 0.85 0.97 2.51 4.35
axi-t 3/3 1.09 1.27 2.28 41 0.86 0.99 2.56 427
axi-t 3/3 1.09 1.3 2.28 4.1 0.86 0.99 2.59 4.24
axi-t 2/3 1.14 1.36 2.32 4.02 0.85 0.98 2.55 4.25
axi-t 1/3 1.2 1.41 2.23 3.94 0.86 0.88 25 417
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Table L-8: Measured SNCFs on intersection of brace 1 and 2 on chord for DT6
DT6 CC:1,br1 | Cl:2br1 | Cl;4,br1 | CS;5,br1 | CC:9.br2 ] CI;10,br2 | Cl;12 br2 § CS;13,br2
ipb 1/3 265 3.42 419 -0.08 -2.74 -2.74 -3.75 0.14
ipb 2/3 2.55 3.3 3.98 -0.11 -2.64 -2.6 -3.58 0.186
ipb 3/3 2.51 3.24 3.94 -0.02 -2.6 -2.56 -3.51 0.1¢%
ipb 3/3 2.51 3.23 3.93 -0.01 -2.63 -2.51 -3.53 0.19
iph 2/3 2.54 3.32 405 -0.08 -2.66 -2.55 -3.62 0.13
ipb 1/3 2.65 3.55 4.31 - -0.15 -2.78 -2.74 -3.85 0.03
opb 1/3 -0.39 0.15 1.62 5.06 -0.31 -0.25 -1.06 -3.37
opb 2/3 -0.47 0.08 1.74 532 -0.32 -0.29 -1.04 -3.3
opb 3/3 -0.44 0.07 1.81 565 -0.29 -0.33 -0.99 -3.01
opb 3/3 -0.41 0.08 179 5.58 -0.27 -0.33 -0.98 -3.06
opb 2/3 -0.43 0.03 1.74 5.32 -0.35 -0.29 -1.01 -3.31
opb 1/3 -0.44 0.04 1.81 56 -0.35 -0.34 -0.94 -3.08
axi-c1/3 | -1.48 -1.39 0.39 8.02 2.42 2.62 528 4,96
axi-c 2/3 | -0.37 013 2.34 955 142 162 3.9 454 }
axi-c 3/3 0.12 . 0.49 31 9.84 0.86 1.11 324 443
axi-c 3/3 0.13 0.45 3.08 9.83 0.85 1.12 3.25 4.44
axi-c 2/3 -0.04 0.27 2.8 9.92 1.14 1.32 3.51 43 1
axi-c 1/3 -1 -1.04 1.34 9.88 2.05 222 463 4.21
axit1/3 | 0.76 1.35 3.67 7.92 0.03 0.5 257 512
axi-12/3 | 0.77 1.28 3.66 8.15 0.18 0.54 2.61 5.06 ‘
axi-t 3/3 0.7 1.2 36 8.3 0.33 0.61 2.63 4.98
axit3/3 | 0.69 1.19 361 8.3 0.37 0.61 2.63 4.98
axi-12/3 | 0.79 1.27 37 8.18 0.3 0.59 2.53 5.02
axit11/3 | 0.81 128 3.73 797 | 028 0.56 243 4.96 ‘
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Appendix L 8 SNCFs ungrouted Test Specimen: DT8

Table L-9: Measured SNCFs on intersection of brace 1 and 2 with chord for DT8

BC:9,br2

DT8 EC;1,br1 BS;5,br2 BS:13,br1] CC;1,br1 | CS;5,br2 | CC;9,br2 {CS:13,br1
ipb 1/3 1.73 0.21 -1.7 -0.3 4.39 0.17 -4.12 -0.41
iph 2/3 1.62 0.18 -1.61 -0.16 4.16 0.15 -3.88 -0.18
iph 3/3 1.56 0.27 -1.56 -0.11 4.01 0.05 -3.82 -0.11
iph 3/3 1.58 0.23 -1.58 -0.1 405 0.13 -3.86 -0.11
ipb 2/3 1.62 0.15 -1.64 -0.13 4.2 0.24 -3.94 -0.26
ipb 1/3 1.74 0.02 -1.76 -0.23 445 0.28 -4.19 -0.43
opb 1/3 0.09 8.13 0 -9.32 0.29 18.33 0 -17.47
oph 2/3 0.05 8.48 0.04 -9.55 0.2 19.1 0.02 -17.98
opb 3/3 0.05 8.36 0.04 -9.02 0.19 18.78 0.06 -17.47
opb 3/3 0.06 8.42 0.04 -9.26 0.17 18.91 0.03 -17.16
opb 2/3 0.11 8.17 0.06 -8.53 0.28 18.45 0.12 -16.06
opb 1/3 0.16 7.87 0.12 -8.46 0.54 17.83 0.26 -15.89

axi-c 1/3 -0.83 16.31 -0.02 19.42 0.22 36.56 2.54 36.35
axi-c 2/3 -0.57 16,72 -0.22 19.08 0.84 37.35 2.04 3583
axi-c 3/3 -0.5 16.58 -0.34 19.25 1.21 37.23 1.69 36
axi-c 3/3 -0.48 16.62 -0.41 19.29 1.27 37.21 1.52 36.01
axi-c 2/3 -0.5 16.9 -0.23 19.08 1.07 37.66 1.7 35.68
axi-c 1/3 -0.69 17.33 -0.26 18.73 0.54 38.33 2.11 34.84
axi-t 1/3 -0.54 17.41 -0.22 18.47 0.93 38.03 1.77 34.45
axi-t 2/3 -0.6 17.53 -0.2 18.44 0.81 39.35 1.79 34.36
axi-t 3/3 -0.6 17.64 -027 18.65 0.92 39.47 1.68 34.65
axi-t 3/3 -0.64 17.65 -0.27 18.57 0.89 39.51 1.79 34.59
axi-t 2/3 -0.66 17.77 -0.19 18.35 0.74 39.81 1.94 34.18
axi-t 1/3 -0.79 18.72 -0.08 18.12 0.71 41.97 212 33.71
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Appendix L 9 SNCFs ungrouted Test Specimen: DT9

Table L-10: Measured SNCFs on intersection of brace 1 and 2 on brace for DT9

DT9 | BC.1.br1 | Bl.2.br1 | Bl4brl | BS,5,br1 | BC,9,bi2 | BI;10,br2 | BI;12,br2 | BS;13,br2
ipb 1/3 1.55 1.49 1.93 -0.04 -1.32 -1.07 -2.02 0.19
ipb 2/3 1.5 1.45 1.86 -0.06 -1.27 -1.03 -1.96 0.14
ipb 3/3 1.46 1.43 1.82 -0.03 -1.25 -1.01 -1.92 0.14
ipb 3/3 1.47 1.43 1.83 -0.02 -1.26 -1.02 -1.93 0.13
ipb 2/3 1.48 1.45 1.88 -0.08 -1.27 -1.05 -2 0.07
ipb 1/3 1.57 1.5 1.98 -0.07 -1.35 -1.09 -2.09 0.1
opb 1/3 0.03 0.46 0.91 2.1 -0.02 -0.43 -0.92 -2.39
opb 2/3 0.02 0.49 09 2.23 -0.02 -0.42 -0.88 -2.2¢%
opb 3/3 0.04 0.5 0.89 2.25 -0.02 -0.42 -0.88 -2.28
opb 3/3 0.03 0.49 0.89 227 -0.01 -0.4 -0.88 -2.26
opb 2/3 0.06 0.49 0.85 228 -0.03 -0.42 -0.87 -2.22
opb 1/3 0.12 0.5 0.85 2.3 0 -0.34 -0.8 -2.15

axi-c 1/3 1.04 . 1.31 1.91 416 1.13 1.27 2.16 3.14
axi-c 2/3 1.15 1.49 2.27 475 0.95 0.99 1.72 2.71
axi-c 3/3 1.3 1.62 2.47 483 0.79 0.87 1.52 265
axi-c 3/3 1.27 1.59 2.47 4.8 0.77 0.83 1.49 2.61
axi-c 2/3 1.31 1.63 2.56 4.84 0.77 0.78 1.42 2.51
axi-c 1/3 1.23 1.64 246 4,76 0.78 0.83 1.47 2.34
Jd axi-t1/3 1.21 1.21 1.94 352 0.89 1.08 1.65 2.79
axi-t 2/3 1.21 1.31 2.09 4.01 0.91 1 1.76 298
axi-t 3/3 1.18 1.34 2.13 4.16 0.94 1.01 1.76 2.97
axi-t 3/3 1.18 1.37 2.1 4.18 0.91 1.01 1.73 2.97
axi-t 2/3 117 1.36 2.06 4.08 0.88 1.05 1.74 2.96
axi-t 1/3 1.11 1.29 1.84 3.75 0.87 1.08 1.69 2.86
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Table L.11: Measured SNCFs on intersection of brace 1 and 2 on chord for DT9

D79 CC1,brl | CIi2,brl | Cl;4,br1 | CS;5,br1 [ CC;9,br2 [ CI:10,br2 Cl;12,br2 [ CS;13 br2
ipb 1/3 2.94 3.33 3.95 0.12 -3.13 -2.8 -3.93 0.56
iph 2/3 2.85 - 3.22 - 3.79 0.03 -2.98 -2.67 -3.8 0.43
ipb 3/3 2.79 317 3.7 0.08 -2.95 -2.62 -3.71 0.46
ipb 3/3 2.79 3.19 3.73 0.08 -2.97 -2.63 -3.74 0.486
ipb 2/3 2.81 3.24 3.84 . -0.03 -3.01 -2.69 -3.85 0.3
ipb 1/3 2.89 3.38 4.09 -0.02 -3.14 -2.83 -4.07 0.33
opb 1/3 -0.03 0.06 1.19 424 -0.11 ~-0.07 -1.27 -7.31
opb 2/3 0.04 0.05 1.13 442 -0.09 -0.07 -1.2 -7.05
opb 3/3 0.03 0.05 1.1 4.48 -0.12 -0.09 -1.16 -7.07
opb 33 0.03 0.08 1.09 4.51 -0.1 -0.09 -1.16 -7.04
oph 2/3 0.07 0.09 1.02 4.62 -0.09 -0.09 -1.13 -6.83
opb 1/3 0.28 0.21 0.89 45 -0.01 -0.06 -1.06 -6.81

axi-c 1/3 0.27 0.5 2.51 7.54 12 1.21 3.36 9.59
axi-c 2/3 0.56 0.84 3.19 8.8 0.76 0.9 2.76 8.19
axi-c 3/3 0.77 1.11 3.59 8.97 0.36 0.6 2.32 7.96
axi-c 3/3 0.77 1.11 36 8.98 0.35 0.6 2.32 7.97
axi-c 2/3 0.84 1.2 3.75 9.16 0.35 0.57 2.21 7.74
axi-c 1/3 0.62 1.07 3.54 8.9 0.53 0.77 242 7.62
axi-t 1/3 0.6 0.91 2.81 6.61 0.5 0.59 2.39 8.71
axi-t 2/3 0.66 0.87 3 7.43 0.54 0.67 2.53 9.07
axi-t 3/3 0.63 0.9 . 3.03 7.97 0.57 0.73 2.54 8.98
axi-t 3/3 0.68 0.89 3.02 7.74 0.57 0.73 2.53 9.03
axi-t 2/3 0.71 0.86 3.03 7.47 0.62 0.73 249 9.04
axi-t 1/3 0.69 0.76 2.75 6.72 0.62 0.64 2.51 8.8
Brace |
@ @
Chord
Brace 2
Elevation on DT Joint
Saddle Saddle
a3 +
i )
2 \2\4 | |
Crown l+—I1 —_ Crown Crown — 9— 1—-9 Crown
110\
| InVal
! ]
T l|3 12
Saddle Saddle

View 'A’ on brace 1

View 'B' on brace 2




Appendix L 10 SNCFs ungrouted Test Specimen: T1

Table L.12: Measured SNCFs on intersection of brace and chord for T1

T1 BC;1 BS5 | BCY | BS:.13 CCA | CS5 CC:9 | Cs.13
ipb1/3 | -1.32 -0.04 1.34 0.03 -2.45 008 | 239 0.09
ipb 2/3 1.3 -0.06 1.36 0.02 2.43 ~0.08 2.4 0.1
ipb 3/3 | -1.31 -0.06 1.36 0.03 -2.45 -0.07 2.42 0.09
ipb 3/3 | -1.32 -0.05 137 | 004 2.45 -0.07 2.42 0.09
iph2/3 | -1.33 -0.06 1.38 0.03 -2.48 -0.08 2.43 0.08
ipb1/3 | -1.37 -0.05 1.4 0.06 -2.48 -0.08 2.46 0.09
opb 173 | 0.02 3.24 -0.07 3.03 0.03 -6.08 -0.1 6.24
opb2/3 | 002 -3.19 0.04 | 298 0.03 6 0.1 6.15
opb 3/3 | 0.02 -3.18 -0.05 2.97 0.03 6 -0.07 6.12
opb 3/3 | 0.02 347 -0.04 2.97 0.03 6.02 -0.08 6.16
opb2/3 | 0.02 347 -0.03 2.99 0.04 6.04 -0.1 6.13
opb 173 | 0.03 317 0 2.97 0.05 -6.04 013 6.12

axi-c1/3] 102 | 635 0.62 4.56 7.66 10.56 3.04 8.09
axi-c2/3] 0.9 5.71 -0.39 51 7.3 9.32 43 9.33
axi-c 3/3 | 0.83 578 -0.33 5 7.07 9.47 447 9.24
axi-c 3/3 | 0.81 5.79 -0.32 4.98 7.06 9.48 447 9.22
axi-c 2/3 | 0.97 5.44 -0.48 5.3 7.41 8.86 4.26 9.96
axi-c 1/3 | 1.07 558 -0.62 533 7.71 9.08 3.86 0.71
axit1/3 | 1.07 3.88 0.71 592 7.2 5.04 3.51 11.24
axit2/3 | 091 414 -0.42 575 6.81 6.42 3.85 10.99
axit3/3 | 0.77 4.34 -0.29 559 6.47 6.85 4.13 10.54
axit3/3 ] 078 4.35 -0.26 550 6.78 6.86 4.08 10.52
axi-t 2/3 0.9 4.26 -0.46 565 6.03 6.63 3.73 10.7
axit1/3 | 1.18 421 0.72 5.58 7.39 6.53 3.06 10.68
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Appendix L 11 SNCFs ungrouted Test Specimen: T3

Table L.13: Measured SNCFs on intersection of brace and chord for T3

BI;10

__

T3 BCA1 | B2 | B4 BS;5 BC:9 Bl:12 BS13
ipb 1/3 -1.13 -1.07 -1.32 0.04 1.18 1.25 1.36 -0.08
ipb 2/3 -1.13 -1.1 -1.35 0.02 1,16 1.29 1.37 -0.06
iph 3/3 ~1.13 -1.11 -1.33 - 0.02 1.17 1.29 1.37 -0.05
iph 3/3 -1.14 -1.11 -1.33 0.03 1.15 1.27 1.36 -0.04
iph 2/3 -1.14 -1.1 -1.33 0.02 1.18 " 1.29 1.38 -0.04
ipb 1/3 -1.16 -1.12 -1.33 - 0.04 1.19 1.31 1.37 -0.1
oph 1/3 0.03 -0.3 -2.16 -4 66 -0.1 0.38 229 494
opb 2/3 0.01 -0.34 -2.21 -4.66 -0.03 044 23 4.96
opb 3/3 0 -0.34 -2.22 -4.64 -0.02 0.44 2.32 498
opb 3/3 0.01 -0.34 -2.22 -4 .64 -0.01 0.44 232 4.95
opb 2/3 0.02 -0.33 -2.21 -4.68 -0.04 0.44 2.31 4,98
opb 1/3 0.06 -0.33 -2.18 -4.7 -0.08 0.37 2.24 5.04

axi-c 1/3 3.04 365 6.18 555 1.05 1.89 3.06 3.01
axi-c 2/3 2.66 3.24 593 587 1.47 225 3.36 2.71
axi-c 3/3 2.51 3.08 557 5.36 1.59 2.43 3.8 3.2
axi-c 3/3 2.5 3.05 5.58 5.35 1.61 2.42 3.77 3.21
axi-c 2/3 261 3.11 579 564 1.58 2.36 35 2.97
axi-c 1/3 2.87 3.19 5.68 516 1.39 2.19 35 3.61
axi-t 1/3 3116 3.45 515 2.58 1.06 2.08 4.74 6.15
axi-t 2/3 2.88 3.22 493 2.56 1.21 2.32 4.89 6.08
axi-t 3/3 2.85 318 4.88 2.79 1.34 2.43 497 5.93
axi-t 3/3 2.85 3.2 4.91 2.79 1.35 243 4.97 589
axi-t 2/3 297 3.29 4.83 2.24 12 2.34 5.07 6.46
axi-t 1/3 324 3.42 4.91 1.75 1.07 2.19 5.13 7.43
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Table L.14: Measured SNCFs on intersection of brace and chord for T3

13 cC;1 Cl:2 Cl4 CS:5 CC;9 CI;10 Cl12 CS13

ipb 1/3 | _-2.51 2.24 1.3 0.05 3.11 2.6 1.23 -0.08
ipb2/3 | -2.51 2.23 -1.29 0.05 3.1 258 1.26 -0.08
ipb 3/3 | -2.51 2.24 -1.31 0.05 3.09 2.57 1.26 ~0.06
ipb 3/3 | -2.51 -2.39 -1.32 0.06 3.09 452 | 125 -0.05
ipb2/3 | -2.56 -2.28 1.31 0.05 3.08 2 51 13 -0.05
ipb 1/3 | -2.54 224 -1.35 | 003 3.11 25 127 .0.06
opb 1/3 0.16 -0.48 328 7.35 -0.17 0.49 2.88 6.63

opb 2/3 0.09 -0.55 -3.33 7.36 0.1 0.52 29 6.66

opb 3/3 0.06 -0.57 33 | -7.35 -0.08 0.56 2.92 6.66

opb 3/3 0.05 -0.56 329 | -7.34 -0.07 0.47 2.95 6.65

opb 2/3 0.06 -0.54 -3.31 7.36 -0.08 0.42 2.92 6.69

opb 1/3 0.15 -0.48 23.26 7.33 017 0.35 2.86 6.7
axi-c 1/3 10 824 7.57 549 7.07 437 3.18 0.59
axi-c2/3| 9.19 7.64 7.36 587 7.9 523 3.46 0.08
axi-c 3/3 8.8 7.35 716 513 8.24 6.05 4.24 0.75
axi-c3/3] 882 | 7.34 715 5.09 8.23 588 423 0.75
axi-c2/3| 9.15 7.44 7.1 553 817 561 3.72 0.41
axi-c 1/3 | 9.66 7.53 6.63 463 7.77 4.94 3.25 1.18
axit1/3 | 10.19 8.92 7.06 0.61 6.56 5.45 6.02 4.76
axi-t2/3 | 972 8.27 6.63 0.73 711 572 6.26 465
axi-13/3 | 952 8.12 6.57 1.08 7.57 5.98 6.29 4.41
axit3/3 | 955 8.14 65 111 7 61 5.9 6.31 4 41
axi-t2/2 | 9.88 8.37 6.35 0.19 711 551 6.39 517
axi-t1/3 | 10.34 8.92 6.65 -0.54 6.72 521 6.6 6.06
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Appendix L. 12 SNCFs ungrouted Test Specimen: T5

Table L.15: Measured SNCFs on intersection of brace and chord for TS

15 " BC:1 BS:5 BC:9 BS;13 CC1 | css CC.9 CS;13
ipb1/3 | -1.38 0.08 1.56 0.15 -3.16 20.18 3.85 0.3
ipb 2/3 1.41 0.13 1.56 0.09 32 -0.07 3.92 0.2
ipb 3/3 -1.42 0.13 1.57 - 0.08 -3.23 -0.08 3.95 0.18
ipb 3/3 .1.43 0.13 1.61 0.08 -3.23 -0.08 3.96 0.19
ipb2/3 | -1.51 0.15 1.66 0.09 -3.39 | -0.06 4.16 0.19
ipb 1/3 -1.46 0.14 16 0.08 -3.31 0.1 4.02 0.2
opb 173 | -0.03 -7.83 -0.06 7.66 0.07 -14.41 -0.31 13.88
opb2/3 | -0.05 7.76 -0.04 767 0.01 -14.3 -0.29 13.84
opb 3/3 | -0.03 -7.79 -0.05 77 0.02 -14.36 -0.32 13.85
opb3/3 | -0.03 7.97 -0.05 7.71 -0.01 -14.33 -0.32 13.83
opb 2/3 | -0.04 -7.69 -0.06 7.66 -0.01 -14.19 0.3 13.7
opb 173 | -0.06 -7.63 -0.06 7.55 0.02 -14.08 -0.28 13.61

axi-c 1/3 [ 0.21 145 1.99 7.44 59 24.37 11.59 11.3
axi-c 2/3 | 052 12 1.69 9.93 6.6 19.85 10.66 15.74
axi-c3/3| 052 10.88 1,63 11.03 6.61 17.82 10.48 17.7
axi-c 3/3{ 0.5 10.88 1.63 11 6.61 17.83 10.45 17.7
axi-c2/3 | 0.35 10.71 1.9 11.33 6.15 17 42 11.1 18.27
axi-c 1/3 | -0.06 1243 2.36 9.78 5.25 20.4 12.27 15.54
axi-t1/3 | 1.34 928 0.7 12.36 8.12 15.23 7.78 20.16
axi-t2/3 | 1.15 9.92 0.88 11.74 7.79 16.24 8.21 19.04
axi-t3/3 | 1.1 943 0.95 12.26 7.57 15.39 8.41 19.78
axi-t3/3 | 1.09 9.43 0.85 12.21 7.58 15.31 8.47 19.93
axi-t2/3 | 1.16 9.80 0.81 11.79 7.91 16.18 8.21 19.18
axit1/3 | 1.9 9.42 067 11.98 7.95 15.3 7.93 19.8
Chord i
v v
@ @
Brace

Elevation on T Joint

Saddle

5

Crown I— —9 Crown

|
1
13
Saddle

View 'A' on brace

Page L17




Appendix L 13 SNCFs ungrouted Test Specimen: T7

Table L.16: Measured SNCFs on intersection of brace and chord for T7

17 BC;1 BS;5 BC,9 BS:13 CcC: €S cC;9 CS;13 [
ipb 1/3 -1.63 -0.01 1.63 -0.08 -4.46 0.05 4.9 -0.35 ‘
ipb 2/3 -1.65 -0.02 1.64 -0.06 -4.49 -0.01 4.97 -0.35
iph 3/3 -1.66 -0.03 1.65 -0.08 -4.5 0.01 5.01 -0.42
ipb 3/3 -1.67 -0.02 167 | -0.09 -4.5 0.01 4.97 -0.38
ipb 2/3 -1.67 -0.01 1.67 -0.07 -4.5 0.02 4.99 -0.34
ipb 1/3 -1.68 0.04 1.69 -0.06 -4.51 0.13 5.02 -0.33
opb 1/3 -0.07 -8.16 D25 |° 545 0.35 -14.78 -0.47 15.99
opb2/3 } 0.05 -6.88 -0.26 | 6.05 0.36 -16.44 -0.45 17.85
opb 3/3 0.04 -6.88 -0.24 6.09 0.27 -16.56 -0.44 17.95
opb 3/3 0.11 -7.25 -0.18 6.39 0.32 -17.46 -0.52 18.91
opb 2/3 0.12 -7.2 -0.18 6.29 0.36 -17.26 -0.54 18.68
opb 1/3 0.14 -7.69 -0.41 6.77 0.54 -18.54 -0.81 20

axi-c 1/3 0.32 4.47 1.53 15.96 6.56 9,76 10.6 46.51
axi-c 2/3 0.49 7.7 1.36 13.04 7.02 17.72 9.97 37.93
axi-c 3/3 0.53 9.26 1.37 11.74 7.1 21.21 9.93 34.15
axi-c3/3] 0.53 9.25 1.35 11.73 7.12 21.18 9.89 34.1
axi-c 2/3 0.58 7.98 1.38 12.93 7.09 18.13 9.91 37.67
axi-c 1/3 0.3 5.14 1.61 13.51 6.27 11.24 10.71 45.13
axi-t 1/3 0.47 14.78 1.41 5.8 6.51 3421 9.48 16.55
axi-t 2/3 1.07 13.92 0.8 6.75 8.07 32.27 7.87 19.3
axi-t 3/3 1.26 13.33 0.68 7.47 8.59 30.73 7.43 21.37
axi-t 3/3 1.3 13.23 0.64 7.57 8.69 30.44 7.37 21.71
axi-t 2/3 1.28 13.66 0.71 6.99 8.46 31.56 7.42 19.91
axi-t 1/3 0.8 14.24 1.12 5.85 7.05 32.99 8.34 16.72
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Appendix L 14 SNCFs ungréuted Test Speéﬁnen: T9

Table L.17: Measured SNCFs on intersection of brace and chord for T9

B8

T9 BC:1 Bl.l2 | BI4 BS:5 Bl;6 BC:9 Bi:10
ipb 1/3 -1.35 -1.36 -1.35 -0.37 1.11 1.17 1.29 1.44
ipb 2/3 -1.42 -1.41 -1.37 -0.21 1.24 1.24 1.26 1.5
ipb 3/3 -1.44 -1.43 -1.39 . -0.19 1.27 1.26 1.37 1.52
ipb 3/3 -1.45 -1.43 -1.38 -0.2 1.27 1.26 1.37 1.51
ipb 2/3 -1.44 -1.41 -1.38 -0.21 1.25 . 1.25 1.37 1.5
ipb 1/3 -1.35 -1.34 -1.35. -0.35 1.1 1.21 1,32 1.46
opb 1/3 -0.02 -0.63 -2.55 -7.41 -2.44 -0.63 0.07 0.69
opb 2/3 -0.02 -0.6 -2.56 -7.51 -2.42 -0.63 0.04 0.74
opb 3/3 -0.02 -0.57 -2.55 -7.53 -2.42 -0.66 0.04 0.75
opb 3/3 -0.02 -0.56 -2.55 -7.53 -2.42 -0.66 0.04 0.76
opb 2/3 -0.02 -0.58 -2.54 -7.46 -2.37 -0.65 0.04 0.76
opb 1/3 -0.07 -0.61 -2.5 -7.39 -2.36 -0.61 0.07 0.75

axi-c 1/3 2.85- 328 573 7.94 4.41 23 - -1.56 225
axi-c 2/3 2.51 3.07 574 8.45 4.82 2.54 1.84 2.48
axi-c 3/3 2.44 3.01 5.71 8.72 5.01 2.61 1.91 2.52
axi-¢ 3/3 2.4 3.01 567 B.68 5.02 2,63 1.93 252
axi-c 2/3 2.57 3.14 589 8.89 4.93 2.56 1.85 2.35
axi-c 1/3 2.92 3.49 6.13 8.8 458 2.32 1.55 2.1
axi-t 1/3 2.81 3.48 54 7.03 427 1.76 1.42 2.31
axi-t 2/3 3.09 3.75 572 7.23 415 1.62 1.25 206
axi-t 3/3 2.75 3.48 556 7.77 4,62 1.92 1.53 2.29
axi-t 3/3 2.75 3.47 555 71.72 4.6 1.89 1.53 2.29
axi-t 2/3 2.92 3.59 S5.41 6.75 414 163 1.39 2.26
axi-t 1/3 275 3.25 456 4.71 3.56 1.59 1.5 253
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Table L.18: Measured SNCFs on intersection of brace and chord for T9

T9 CcC;1 Cl;2 Cl:4 cs5 | Cif Cl'8 cC:9 CI:10
ipb 1/3 .2.35 -2.39 -1.84 -0,65 1.76 251 268 2.18
ipb 2/3 -2.46 -2.55 -1.97 -0.35 2.05 277 2.82 2.22
ipb 3/3 -2.51 -2.62 -2.01 0.3 212 2.82 2.88 2.24
ipb 3/3 -2.51 262 2 -0.32 2.13 282 | 289 2.24

“ipb 2/3 2.48 -2.59 -1.99 -0.36 2.06 2.78 2.88 2.25
ipb 1/3 -2.36 2.47 -1.88 -0.67 1.77 2.58 2.77 2.21
opb 1/3 | _-0.01 -0.71 -3.77 -16.64 -3.12 -0.26 0 0.24
opb2/3 | -0.06 -0.72 -3.79 -16.89 -3.06 -0.2 0.01 0.24
opb3/3 | -0.05 0.7 384 | 17 -3.03 -0.21 .0.04 0.16
opb 3/3 | -0.06 -0.66 -3.82 -16.98 -3.01 -0.21 -0.04 0.18
opb2/3 | -0.09 -0.68 -3.79 -16.78 2.93 -0.2 -0.03 0.17
opb 1/3 | -0.12 -0.67 377 -16.48 -2.98 -0.23 0.04 0.26

axi-c1/3| 8.03 8.21 9.21 14.05 569 5.29 7.54 6.15
axi-c23| 757 7.85 921 1522 6.36 5.95 7.96 6.43
axi-c3/3 | 7.33 7.63 9.05 15.8 6.88 6.28 8.1 6.44

axi-c3/3| 741 | 762 9 15.78 6.85 6.3 8.08 6.45

axi-c2/3| 7.69 8.05 9.52 16.32 6.38 5.89 7.88 6.46

axi-c1/3 | 8.28 8.72 10.11 16.18 5.54 517 7.31 6.13
axi-t 1/3 8.26 6.98 6.39 11.62 7.76 6.71 6.9 4.4
axi-t 2/3 8.66 7.48 6.72 11.91 7.92 6.54 6.45 3.87
axi-t 3/3 7.96 6.81 6.49 13.15 8.58 7.1 6.09 4.25
axit3/3 | 7.93 6.82 6.49 13.1 8.6 7.4 6.98 424 .
axi-t 2/3 8.28 7.09 6.23 10.92 8.04 6.81 6.7 4
axi-t1/3 | 7.84 6.71 5.4 6.6 7.23 6.78 6.88 4.36
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Table L.19: Measured SNCFs on intergection of brace and chord for T9

79 “BC:1 BI;16 Bi;174 | BS.13 BI;12 BI;10 BC:9 Bl:8
ipb 1/3 | -1.35 1.2 -1 0.25 1.52 1.44 1.29 1.17
ipb2/3 | -1.42 -1.27 | 411 0.12 153 15 1.36 124
ipb3/3 | -1.44 -1.29 113 0.11 1.54 152 1.37 1.26
ipb3/3 | -1.45 -1.28 -1.14 0.12 1.54 1.51 1.37 1.26
ipb2/3 | -1.44 -1.26 -1.12 012 153 15 1.37 1.25
ipb 1/3 | -1.35 -1.19 1.03 0.24 152 1.46 1.32 1.29
opb 1/3 | -0.02 0.6 2.37 6.49 2.48 0.69 0.07 -0.63
opb2/3 | -0.02 0.61 2.39 6.53 252 0.74 0.04 -0.63
opb3/3 | -0.02 0.61 244 6.58 25 0.75 0.04 -0.66
opb 3/3 | -0.02 06 2.41 6.56 2.49 0.76 0.04 -0.66
opb2/3 | -0.02 0.6 24 6.51 247 0.76 0.04 -0.65
opb 173 | -0.07 0.6 2.31 6.42 2.46 0.75 0.07 -0.61

axi-c1/3] 285 3.1 52 6.23 4.66 225 1.56 2.3
axi-c 2/3 | 2.51 2.81 4.75 576 469 2.48 1.84 2.54
axi-c 3/3 | 2.44 2.66 462 5.52 466 252 1.91 261
axi-c3/3| 24 2.64 463 55 4.64 252 1.93 2.63
axi-c2/3| 257 277 472 537 451 235 1.85 2.56
axi-c 1/3 | 2.92 3.1 51 543 43 2.1 1.55 2.32
axi-t1/3 | 281 3.04 553 6.71 447 231 1.42 1.76
axit2/3 | 3.00 3.21 5.67 6.62 415 2.06 1.25 162
axi-t3/3 | 2.75 2.89 5.16 596 421 229 1.53 1.92
axi-t3/3 | 275 29 5.16 5.06 422 2.29 1.53 1.89
axi-t2/3 | 2.02 3.16 572 7.03 445 226 1.39 163
axi-t 1/3 | 2.75 319 6.22 878 5.27 253 15 159
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Table L.20: Measured SNCFs on intersection of brace and chord for T9

T9 CC:1 Cl;16 cl;14 | CS;13 Cl;12 Cl:10 CcC;9 Cl:8
ipb 1/3 -2.35 -2.37 -1.71 0.56 1.82 2.18 2.68 2.51
iph 2/3 -2.46 -2.47 -1.78 0.29 1.75 222 2.82 277
ipb 3/3 -2.51 2.5 -1.75 0.28 1.72 2.24 2.88 2.82
ipb 3/3 2.51 2.5 -1.74 0.28 1.72 2.24 2.89 2.82
iph 2/3 -2.48 -2.48 -1.73 0.27 1.74 2.25 2.88 278
iph 1/3 -2.36 -2.38 -1.67 0.51 1.81 2.21 2.77 2.58
opb 1/3 -0.01 0.35 2.75 15.2 2.9 0.24 0 -0.26
opb 2/3 -0.06 0.35 2.83 15.37 2.81 0.21 0.01 0.2
opb 3/3 -0.05 0.39 2.96 " 15,45 2.75 0.16 -0.04 -0.21
oph 3/3 -0.06 0.39 29 - 15.42 2.73 0.18 -0.04 -0.21
opb 2/3 -0.09 0.36 2.83 15.33 2.71 0.17 -0.03 -0.2
opb 1/3 -0.12 0.28 2.58 15.17 2.74 0.26 0.04 023
axi-¢c 1/3 8.03 7.26 6.4 9.82 7.51 6.15 7.54 529
axi-¢c 273 757 6.7 549 8.81 757 6.43 7.96 5.95
axi-c 3/3 7.33 6.53 5.37 8.49 7.41 6.44 8.1 6.28
axi-c 3/3 7.41 6.53 534 8.44 7.39 6.45 8.08 8.3
axi-c 2/3 7.69 6.76 523 8.04 7.57 6.46 7.88 5.89
axi-c 1/3 8.28 7.27 578 8.15 7.45 6.13 7.31 547
axi-t 1/3 8.26 8.51 8.44 11.54 491 4.4 6.9 6.71
axi-t 2/3 8.66 9.03 8.85 11.48 434 3.87 6.45 6.54
axi-t 3/3 7.96 8.37 8.16 9.98 4,31 4.25 6.99 71
axi-t 3/3 7.93 8.37 8.26 10.04 432 4.24 6.98 71
axi-t 2/3 8.28 8.84 9.01 12.37 452 4 6.7 6.81
axi-t 1/3 7.84 858 9.38 16.3 561 4.36 6.88 6.78
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Appendix L 15 SNCF's ungrouted Test Speciirien: T9 second

Following the first set of ungrouted SNCF measurements, specimen T9 was removed

and replaced into the test rig and received a second set of ungrouted SNCF

measurements. The following Tables present the SNCF measurements for this second

cycle.

Table L.21: Measured SNCFs on intersection of brace and chord for T9-second

T9-s “BC;1 Bl.2 B4 ] BS5H BI:6 BI;8 BC.9 Bl,10
ipb 1/3 -1.39 -1.38 -1.33 -0.13 1.23 1.24 1.32 1.47
ipb 2/3 -1.43 -1.41 -1.33 -0.08 1.28 1.27 1.35 1.48
iph 3/3 -1.45 -1.42 -1.34 -0.06 1.3 1.27 1.36 1.5
ipb 3/3 -1.44 -1.41 -1.32 -0.03 1.3 1.26 1.36 1.43
iph 2/3 -1.46 -1.44 -1.33 0 1.33 1.28 1.39 1.52
iph 1/3 -1.42 -1.41 -1.32 -0.07 1.28 1.26 1.37 1.52
opb 1/3 0.05 -0.52 -2.46 -7.43 -2.4 -0.75 -0.01 0.64
opb 2/3 0.05 -0.55 -2.52 -7.45 -2.45 -0.73 -0.03 0.69
opb 3/3 0.03 -0.55 -2.53 -7.45 -2.44 -0.72 -0.01 0.69
opb 3/3 0.02 -0.55 -2.53 -7.44 -2.45 -0.72 0 0.7
opb 2/3 0.04 -0.56 -2.51 -7.39 -2.4 -0.72 -0.02 0.68
opb 1/3 0.02 -0.52 -2.53 -7.36 -2.43 -0.76 0 0.68

axi-c 1/3 3.35 3.72 5.51 5.92 3.34 1.61 1.23 1.93
axi-c 2/3 2.95 3.52 5.87 7.92 4.41 21 1.5 2.15
axi-c 3/3 2.63 3.26 5.76 8.37 4.83 2.4 1.79 2.4
axi-c 3/3 2,64 3.25 5.74 8.37 4.83 2.4 1.77 2.39
axi-c 2/3 2.86 3.44 5,96 8.37 463 2.24 1.57 2.2
axi-c 1/3 3.39 3.88 6.29 8.16 413 1.82 1.12 1.73
axi-t 1/3 2.62 3.67 6.51 10.86 568 233 1.68 2.21
axi-t 2/3 2.76 3.51 579 8.26 482 2.07 1.65 2.36
axi-t 3/3 272 3.4 5.49 7.63 4.64 211 1.68 2.42
axi-t 3/3 273 3.4 5.49 7.58 462 - 2.08 1.7 2.44
axi-t 2/3 2,83 3.55 5.59 7.64 4.57 1.83 1.67 2.38
axi-t 1/3 2.91 3.58 5.4 6.82 4,22 1.73 1.62 2.52
Chord
\ 2P
@ @
Brace
Elevation on T Joint
Saddle
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View 'A' on brace
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Table L.22: Measured SNCFs on intersection of brace and chord for T9-second

View 'A' on brace

T9-s CcC:1 Cl;2 Cl:4 Css | Cl6 Cl1;8 cC9 Cl;10
ipb 1/3 -2.43 2.5 -1.83 -0.16 2 2.7 2.8 2.18
ipb 2/3 -2.47 -2.57 -1.89 -0.05 2.1 2.79 2.84 2.19
iph 3/3 -2.51 -2.6 -1.9 -0.01 213 2.8 2.87 2.2%
ipb 3/3 -2.5 -2.59 -1.89 0.05 2.14 2.79 - 2.86 2.2
ipb 2/3 -2.53 -2.63 -1.93 0.11 2.21 2.86 2.92 2.24
ipb 1/3 -2.48 2.6 -1.92 0 2.09 271 2.84 2.22
opb 1/3 0.12 -0.65 -3.86 -16.54 -3 -0.34 -0.21 0.13
opb 2/3 0.05 -0.72 -3.92 -16.69 -2.98 -0.29 -0.17 0.04
opb 3/3 0.03 -0.73 -3.92 -16.76 -2.95 -0.25 -0.15 0.02
opb 3/3 0.03 -0.74 -3.92 . -16.75 -2.97 -0.23 -0.15 0
oph 2/3 0.07 -0.75 -3.89 -16.61 -2.93 -0.22 -0.16 0
opb 1/3 0.06 -0.78 -3.9 -16.45 -3 -0.24 -0.17 0.04

axi-c 1/3 ] 9.14 8.98 8.41 9.44 4.66 4.82 6.47 509
axi-c 2/3 8.4 8.28 8.8 13.81 6.36 571 7.23 548
axi-c 3/3 7.9 7.82 8.59 14.91 7.09 6.38 7.78 5.83
axi-c 3/3 7.89 T.97 8.58 14.86 7.06 6.34 7.77 5.85
axi-c 2/3 8.32 8.26 9.01 14,76 6.52 5.88 7.4 5.66
axi-c 1/3 9.2 9.18 962 14.38 55 473 6.45 5.05
axit 1/3 | 7.86 7.15 7.86 19.97 10.05 7.48 7.56 4.61
aat23 | 8.09 7.2 6.92 14.29 8.63 7.23 7.39 4.68
axit3/3 | 7.99 7.16 6.86 12.93 8.07 7.05 7.45 4.88
axit3/3 | 7.99 714 6.86 12.84 8.09 7.07 7.46 487
axi12/3 | 8.18 7.16 6.7 12.78 8.44 7.2 7.33 4.51
axi-t 1/3 8.39 7.04 6.06 11.02 8.39 7.29 7.26 422
Chord
v Y '
@ @
Brace
" Elevation on T Joint
Crown




([

Table L.23: Measured SNCFs on intersection of brace and chord for T9

-second

T9-s BC;1 Bl;16 Bl;14 BS;13 Bi;t12 | BI;10 BC;9 BI:8
ipb 1/3 -1.39 -1.23 -1.11 0.01 1.47 1.47 1.32 1.24
ipb 2/3 -1.43 -1.28 | -1.14 0.01 1.47 1.48 1.35 1.27
ipb 3/3 -1.45 -1.29 -1.16 0 1.49 1.5 1.36 1.27
ipb 3/3 -1.44 -1.29 -1.16 -0.01 1.48 1.43 1.36 1.26
ipb 2/3 -1.46 -1.31 -1.18 -0.04 1.48 1.52 1.39 1.28
ipb 1/3 -1.42 -1.29 -1.15 0.01 1.47 1.52 1.37 1.26
opb 1/3 0.05 0.65 2.52 6.43 2.39 0.64 -0.01 -0.75
oph 2/3 0.05 0.67 2.49 6.46 2.4 0.69 -0.03 -0.73
opb 3/3 0.03 0.66 2.5 6.43 2.41 0.69 -0.01 -0.72
opb 3/3 0.02 0.65 2.51 6.43 2.42 07 0 -0.72
opb 2/3 0.04 0.65 2.5 6.43 2.41 0.68 -0.02 -0.72
opb 1/3 0.02 0.67 2.53 6.44 2.43 0.68 0 -0.76

axi-c 1/3 3.35 363 6.21 7.85 4,62 1.98 1.23 1.61
axi-c 2/3 2.95 3.13 52 6.07 4.34 2.15 1.5 2.1
axi-c 3/3 263 2.8 477 564 4.47 2.4 1.79 2.4
axi-c¢ 3/3 2.64 2.82 477 5.61 4.46 2.39 1.77 2.4
axi-c 2/3 2.86 3.06 5 8.7 4.31 22 1.87 2.24
axi-c 1/3 3.39 3.53 545 5.89 3.95 1.73 1.12 1.82
axi-t 1/3 2.62 2.42 3.96 3.23 3.46 2.21 1.68 2.33
axi-t 2/3 2.76 2.83 4.89 5.48 4,16 2.36 1.65 2.07
axi-t 3/3 2.72 2.85 503 5.93 4.39 2.42 1.68 211
axi-t 3/3 2.73 2.85 5.02 5.94 4.4 2.44 1.7 2.08
axi-t 2/3 2.83 2.96 5.16 6.07 4.34 2.38 1.67 1.93
axi-t 1/3 2.91 31 5.56 6.91 4.54 2.52 1.62 1.73
Chord
v v
Brace
Elevation on T Joint
Saddle
%, Crown
74
Saddle
View 'A' on brace
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Appendix M 2 Key:

pl. cap
design
BS
BC
CS
CC
brl
br2

Example:

For the test setup shown below, brace 1 has s
both the chord and the brace. Note that the br
brace and the chord gauges are shown on the outsi

are located at positions 1 and 13.

BC9;brl:

Brace Crown 9 at brace 1

Brace 1

Plastic Capacity (%)
I1SO Design Load Level
Brace Saddle

Brace Crown

Chord Saddle

Chord Crown

Brace 1

Brace 2

train gauges located at positions 5and 9 on
ace gauge positions are shown inside the
de. Similarly on the second brace, they

Brace 2

Elevation on DT Joint

Chord

@ NE]
AJ I A
®

Saddle Saddls
; l
N, 7 N7
~ ~ ~ -
Crown — —39  Crown Crown  |— —  Crown
-~ ~ - ~
LN P AT
' 3
Saddle Saddle

View 'A" on brace |

View 'B' on brace 2
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APPENDIX M 3 SNCFs grouted Test Specimen: DT2

Table M-1: Measured SNCFs on intersections of brace 1,2 and chord for DT?2 before
preloading

DT2 pl. cap dcsign_ BC;1,br2 | BS:5 brl | BC;9.brl BS,13,br2 | CC;1,br2 | CS:5.br1 CC9.brl 1'CS13br2
ipb 1/3 -0.0277 -0.0506 2.33 -0.16 -1.7 -0.11 3.41 -0.26 -3.2 -0.19
ipb 2/3 -0.0541 -0.0985 2.5 0.19 | -1.62 -0.15 2.55 -0.23 -2.9 -0.24
ipb 3/3 -(}.0801 -0,1459 2.43 -0.2 -1.58 -0.13 216 -0.25 -2.74 -0.29
iph 3/3 -0.0805 -0.1468 2.44 -0.21 -1.6 -0.17 2,19 -0.24 -2.77 -0.29
ipb 273 -0.0547 -(0,0996 2.58 0.2 -1.68 -0.13 2,67 -0.22 -3.03 -0.22
ipb 173 -0.0273 -0.0498 2.44 0.26 || -1.79 0 3.72 -0.24 -3.41 -0.05
opb 1/3 -0.0139 -0.0475 0.02 4.7 . -0.04 4.26 0.05 -5.61 0.11 7.61

b 2/3 -0.0284 -0.0975 0.01 -4.03 -0.04 3.55 -0.06 -4.88 0.01 5.81
opb 3/3 -(0.0435 -0.149 -0.01 -3.57 -0.03 2.95 -0.1 -4,25 -0.08 4.29
b 3/3 -0.0438 -0.15 -0.02 -3.56 0 2.96 -0.1 -4.25 -0.07 4.3
opb 2/3 -0.0287 -0.0985 0 -4.02 0.05 3.58 0 -4.77 0.03 5.86
opb /3 -0.014 -0.048} 0.08 -4.71 0.1] 4.27 -0.02 -5.63 0.16 7.85
axi-c 1/3 | -0.0105 -0.0546 0.6 6.69 1.72 5.26 2.51 7.77 4.34 9.2]
axi-c 23 | -0.0209 -0.1089 1.62 4,23 1.4 3.63 3.27 5.36 3.19 6.86
axi-c¥3 | -0.0317 -0.1651 1.68 3.24 1.39 2.61 26 4.28 2.34 5.11
axi-c3/3 | -0.0317 -0.1651 1.68 3.24 1.39 2.61 2.6 4.28 2.34 5.11
axi-c 2/3 -0.0209 -0.109 1.73 4.39 1.26 3.54 3.4] 5.63 3.08 6.72
axi-c 173 | -0.0108 -0.0549 1.22 6.97 1.24 5.2 3.48 8.06 3.53 9.11
axi-t 1/3 0.0107 0.0444 0.6 7.06 0.78 417 1.52 8.19 2.36 7.01
axi-t 2/3 0.0212 0.0883 0.71 5.14 0.8 3.49 1.54 5.97 2.08 5.81
axi-t 3/3 0.0317 0.1322 0.77 4.43 0,82 3.04 1.56 5.16 1.98 5.05
axi-t 3/3 0.0317 0.1322 0.75 4.45 0.82 3.04 1.54 519 |= 199 5.05
axi-t /3 0.0211 0.0878 0.73 5.23 0.75 3.55 1.53 5.04 2 5.84
axi-t 1/3 0.0106 0.0443 0.63 717 0.62 4.35 1.84 8.21 2.09 7.21

Table M-2: Measured SNCFs on intersections of brace 1,2 and chord for DT2 after preload
level of 50 %

DT2 pl. cap design BC;1,br2 | BS:5,br1 | BC.9.br] BS§;13,br2 | CC;1,br2 C8:5,br] | CC:9.brl CS;13,br2
iph 1/3 -0.0273 -0.0493 2.39 -0.22 -1.72 -0.08 3.44 -0.25 -3.21 -0.07
ipb 2/3 -0.0524 -0.0955 2.54 -0.23 -1.63 -0.12 2.57 -0.27 -2.98 -0.17
ipb 3/3 -0.0524 -0.0935 2.54 -(.23 -1.63 .12 2.57 -0.27 -2.98 -0.17
iph 3/3 -0.06799 -0.1456 2.52 -0.2 -1.62 -0.11 2.18 -0.26 -2.79 -0.2
iph 2/3 -0.0533 -0.0971 2.63 -0.24 -1.71 -0.08 2.65 -0.26 -3.05 -0.12
ipb 1/3 -0.027 -0.0493 2.43 -0.22 -1.8 0.06 3.69 -0.35 -3.4 0.04
oph 1/3 -0.0142 -0.0486 0.07 -4,81 -0.01 4.28 0 -5.66 0.13 7.72
opb 2/3 -0.029 -0.0995 0.01 -4.09 0.01 3.67 -0.05 -4.79 0.02 5.97
opb 3/3 -0.0439 -0.1504 -0.03 -3.64 -0.0] 3.07 -0.12 -4.31 -0.07 4.48
opb 3/3 -0.044 -0.1506 -0.02 -3.66 0 3.07 -0.11 -4.4 -0.09 4.51
opb 2/3 -0.029 -0.0993 0 -4.12 0.03 3.71 0 -4.96 0.01 6.07
opb 1/3 -0.0143 -0.0491 0.08 -4.8 0.08 4.3] 0.05 -5.9 0.07 7.83

axi-c 173 | -p.0105 -0.0547 0.11 6.22 2.25 6.24 1.45 7.2 5.36 10.75
axi-c 2/3 -0.021 -0.1092 1.37 4.45 1.81 3.88 2.97 5.54 3.93 7.45
axi-c 3/3 | -0.0317 -0.1651 1.66 3.48 1.67 2,76 2.49 4.61 2.94 5.55
axi-c 3/3 | .0.0317 -0.1651 1.66 3.48 1.67 2.76 2.49 4.56 2.95 5.56
axi-c 23 | -0.0209 -0.1089 1.6 4.64 1.58 3.84 3.27 5.74 3.3 7.35
axi-¢ 1/3 -0.0105 -0.0545 0.74 6.99 1.4%8 5.82 2.55 7.93 4.1 16.13
axi-t 1/3 0.0107 0.0444 0.65 5.29 0.45 5.28 1.57 6.15 1.78 8.96
axi-t 213 0.0211 0.0881 0.68 4.54 0.64 4.08 1.48 5.23 1.95 6.68
axi-t 3/3 0.0319 0.1328 0.72 4.09 0.75 34 1.46 4.77 1.91 5.59
axi-t 3/3 0.0318 0.1326 0.66 4.14 0.78 3.39 .43 4.83 1.92 5.48
axi-t 2/3 0.0212 0.0883 0.64 4.62 0.71 4.06 1.51 5.38 1.89 6.58
axi-t 1/3 0.0106 0.0443 0.62 5.78 0.45 5.43 1.6 6.71 1.94 8.88
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Table M-3: Measured SNCFs on interse

ctions of brace 1,2 and chord for DT? after preload

level of 100%

DT2 pl. cap design BC:1,br2 | BS;5.brl BC:9.brl | BS,13.br2 CC.1,br2 | CS;5,brl | CC,5,brl CS;13,br2
ipb 1/3 -0.0265 -0.0483 1.79 0.1 -1.76 0.34 3.49 0.12 -3.42 0.54
ipb 2/3 -0.0541 -0.0985 2.21 [ -1.7 .14 3.13 -0.02 -3.09 0.19
ipb 33 -0.0801 -0.146 2.37 .04 -1.64 0.05 2.57 2,05 -2.89 0.03
ipb 3/3 -0.0802 0.1461 2.38 -0.05 -1,63 0.05 2.55 -(,06 -2.86 0.03
ipb 2/3 -0.0541 -0.0986 23 .02 -1,7 0.15 3.19 0.02 -3.11 0.22
ipb 1/3 -0.0282 -0.0514 1.95 0.2 -1.84 0.33 3.69 0.2 -3.51 0.53
opb 1/3 -0,0134 -0.046 -0.01 4.4 -0,06 432 0.02 -5.48 0.12 §.41
opb 23 -0.0291 -0.0998 =0.02 -3.93 (.04 3.94 0.01 -4.82 0.06 6.63
opb 3/3 -0.0434 -0.1489 0.04 -3.59 -0.03 3.29 -0.07 -4.27 -0.02 5.05
opb 3/3 -0.0438 20,1501 -0.04 -1.6 -0.02 3.36 -0.07 -4.24 0.04 5.14
opb 2/3 -0.0286 .0.0981 -0.02 -4 0.02 4,13 0.03 -4.8 0.08 6.99
opb 1/3 -0.0135 -0.0461 -0.01 -4.27 -0.01 4,61 0.07 -5.16 0.07 8.48

axi-¢ 1/3 -0.0105 -0.0545 -0.28 7.86 1.23 7.33 1.24 9.12 3.75 12.93
axi-¢ 2/3 -0.0209 -0.1088 1.09 6.4 1.25 4.85 3.06 7.54 3.56 8.92
axi-¢c 3/3 0.0318 .1652 1.49 5.07 1.35 3.29 3.06 6.31 3.14 6.51
axi-¢ 3/3 -0.0318 -0.1652 1.52 5.05 1.35 3.32 3.06 6,27 3.18 6.53
axi-¢ 23 -0.0209 -0.109 1.24 6.5 1.14 487 3.29 7.73 3.49 8.93
axi-¢ 1/3 -0.0105 -0.0545 0.22 8.72 0.69 6.86 2.21 10.14 2.88 12.11
axi-t 1/3 0.0111 0.0463 0.61 5.58 0.62 3.34 1.38 6,46 1.82 5.73
axi-t 2/3 0.0214 0.089 0.7 4,78 0.7 2.81 1.4 5.48 1.78 4.78
axi-t 3/3 0.032 0.1334 0.78 4.24 0.79 2.34 1.42 4.89 1.79 433
axi-t 3/3 0.032 0.1334 0.76 4.21 0.79 2.6 1.37 486 1.79 431
axi-t 2/3 0.0212 0.0884 0.72 4.78 0.62 2.92 1.46 5.49 .64 4.74
axi-t 1/3 0.0107 0.04438 0.92 5.92 0.38 352 1.76 6.78 1.31 5.64
Brace 1
@ '@
Chord
v _ ¥
Brace 2
Elevation on DT Joint
Saddle Saddle
5
| 1
N / < | 7
~ - ~ -~
Crown —_ —9  Crown / Crown 1— —  Crown
VAR 7 AR
13
Saddle Saddle

View 'A’ on brace 1

View 'B' on brace 2
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- Appendix M 4 SNCFs grouted Test Specimen: DT3
Table M-4: Measured SNCFs on brace of intersections of brace and chord for DT3
DT3 pl. cap design BC.L,brl | BL;2.brl | Bl:4.brl BS;3,brl | BC:9,br2 BL10br2 | BI;12,br2 BS;13,br2
h iph 13 | -0.0274 | -0.041 261 1.51 i6 0.31 13 -1.55 -1.28 .0.05
ipb23 | 0,055 | -0.0822 2.62 1.45 1.38 0.19 1.2 15 112 0.06
ipb33 | 0.0813 | -0.1216 251 1.45 .11 0.12 119 145 -1.02 -0.06
iph3/3 | -0.0813 | -0.1216 2.51 1.45 111 0.12 119 -1.46 -1.01 -0.06
- ipb273 | -0.0549 | -0.0821 2.67 147 | 131 0.18 1.3 -1.52 114 0.06
ipb I3 | 0027 | -0.0405 271 16 1.7 0.31 131 167 131 0.66
opb 1/3 | -0.0229 | -0.0482 0.02 042 124 227 -0.02 041 0.93 1.96
opb 23 | -0.0475 | -0.0999 0.03 04 117 2,16 -0.04 0.37 0.9 1.52
- opb3/3 | 00728 | -0.153 0.02 .0.39 112 -2.06 0.04 0.36 0.82 1.79
opb 373 | -6.0720 | -0.1531 0.02 -0.38 112 .2.06 0.02 0.35 0.82 1.79
opb2/3 | -0.0479 | -0.1006 0.03 0.39 119 2.14 0 038 0.93 1.96
opb1/3 | -0.0235 | -0.0493 0.03 037 1.2 .2.26 0.02 0.39 0.95 1.98
- axi-c 13 | -0.0146 | -00372 1.05 1.49 313 431 0.54 0.72 1.66 2.93
axi<23 | 00291 | -0.0742 1.07 1.49 139 4.43 0.45 0.64 1.35 28
axi<33 | -0.0436 | 01111 1.05 141 314 4.22 0.53 0.58 1.15 2.49
axi-3/3 | -0.0436 | -0.1101 1.05 141 312 422 0.53 0.58 1.15 2.49
- axi-< 23 | 0.0291 | -0.0742 1.1 161 344 4.45 0.42 0.61 1.36 2.83
axi-c 1/3 | -0.0146 | -0.0371 1.2 171 3357 4.49 0.39 0.57 L4 286
axi-t 173 | 0.0144 | 0.0483 0.94 1.35 241 3.49 0.71 0.93 1.59 2.58
axi-t 273 | 0.0286 | 0.0962 1.02 1.29 2 2.87 0.64 0.86 143 21
- 3xi-133 | 0.0428 | 0.1436 1.05 132 191 245 0.63 0.83 131 1.79
axi-t3/3 | 0.0428 | 0.143¢ 1.05 1.31 1.89 2,44 0.63 0.81 1.31 177
axi-t23 | 0028 | 0.0959 1.02 1.32 212 2,92 0.62 0.82 147 2.14
axi-t 173 | 0.0143 | 0.0479 0.94 1.27 234 344 0.63 0.89 1.64 27
Table M-5: Measured SNCFs on chord of intersections of brace and chord for DT3
- D13 pl. cap design CC;l.br | Cl:2Zbrl Ciid.brl | C8:5,br1 CC9br2 | CL10br2 ] CI, 12,br2 [ C8:13,br2
ipb 13 | -0.0274 | .0.041 2.18 1.92 141 0.28 207 235 -1.76 0.17
ipb 23 | .0.055 | -0.0822 1.7 1.62 .16 0.1 -1.84 217 -1.54 0.18
iph3/3 | -0.0813 | -0.1216 1.52 1.42 1.02 001 175 2.08 -1.43 021
- ipb33 | -0.0813 | -0.1216 1.52 143 I 0.0 175 2407 143 .0.22
ipb 273 [ -0.0549 | -0.0821 1.76 1.69 .17 0.1 -1.88 2.22 1,57 .19
ipb 13 | 0027 | -6.0405 235 205 1.48 0.22 -2.21 NE -1.81 0.15
opb 173 | -0.0225 | -0.0287 0.13 .0.17 0.93 245 0 0.22 1.15 2.7
. opb 231 0.0475 | -0.0999 0.14 014 0.86 342 .04 0.19 1.08 2.65
opb3/3 | -0.0728 | -0.153 0.12 015 0.84 238 0.07 017 ] 2.50
opb3/3 17200729 | -0.1531 0.1 015 0.83 239 0.08 0.17 .01 261
opb 23 | 0.0479 | -0.1005 011 -0.14 086 242 0.7 0.2 L1 272
- opb 173 | -0.0235 | -0.0494 0.15 .0.13 _0.80 546 0.03 0.26 1.13 2.82
axi-¢ 1/3 | -0.0146 | -0.0372 1.09 1.15 2.46 3.95 0.5 0.63 1.83 3.21
axi-c 23 | -0.0291 | -0.0742 131 1.35 2.58 3.99 0.47 0.6 1.61 2.87
axi-c 3/3 | -0.0436 | -0.1111 1.43 1.44 238 3.87 0.62 0.68 1.44 2.67
- 8¢ 33 | -0.0436 | 01111 1.43 1.48 238 3.87 0.62 0.72 1.48 267
axi-< 23 | .0.0291 | 0.0742 142 151 264 3.97 036 0.54 1.62 29
axi-¢ /3 | -0.0146 | -0.0371 1.52 161 28 a.01 0.25 0.51 1.69 3.03
axi-t 1/3 | 0.0144 | 0.0282 0.76 0.86 1.67 3.45 0.83 114 2.27 2.97
- axi-f 23 | 0.0286 | 0.09¢2 0.83 ] 1.54 319 0.88 1.1 2.11 3.02
axi-t3/3 | 00428 | 0.1436 0.93 1.14 1.53 3.22 0.92 114 1.99 297
axi-13/3 | 0.0428 | 0.1436 0.94 1.14 152 318 0.92 1.14 1.97 298
axi-t 23 | 0.0286 | 0.0959 0.83 Lo 1.64 3.14 0.89 1.13 21 3.04
— axi-t1/3 | 0.0143 | 0.0479 0.60 087 171 32 0.52 115 2.33 3.06
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Table M-6: Measured SNCFs on brace of intersections of brace and chord for DT3 at

preload level of 50%

DT3 pl. cap design | BC;1,brl Bl2.brl | BL4br} | BS;5.brl BC.0,br2 | BL10,br2 | Bl;12,br2 | BS;13,br2
ipb 1/3 -0.0272 -0.0407 291 1.39 1.28 -0.14 -1.28 -1.57 -1.3 -0.24
iph 2/3 -0.0534 -0.079% 2.78 1.36 1.06 -0.13 -1.22 -1.51 -1,13 -0.17
ipb 3/3 -0.081 -0.1213 2.62 1.38 0.93 -0.11 -1.21 -1.46 -1.02 -0.15
ipb 3/3 -0.0811 -3.1213 2.61 1.37 0.94 -0.12 -1.21 -1.46 -1.02 .15
iph 2/3 -0.0548 -0.082 2.79 1.36 1.08 -0.14 -1.24 -1.52 -1.18 -0.19
ipb 1/3 -0.0273 -0.0409 2.99 1.48 1.32 -0.18 -1.34 -1.63 -1.37 -0.25
opb 1/3 -0.0232 -0.0487 0.06 -0.35 -1.28 -2.33 0.01 0.35 0.82 1.94
opb 2/3 -0.0476 -0.1001 0.05 -0.36 -1.25 -2.3 -0.03 0.34 0.85 1.83
opb 3/3 £{.0724 -0.1521 0.03 -0.36 -1.18 -2.17 -0.03 0.33 0.84 1.88
opb 3/3 0.0733 | -0.1541 0.04 -0.38 -1.2 -2.19 -0.05 0.33 0.85 1.89
opb /3 -0.0486 -0.1021 0.04 -0.38 -1.21 -2.21 -0.06 0.34 0.91 202
opb 1/3 <0.0243 -0.051 0.04 -0.34 -1.09 -1.84 -0.15 0.17 (.83 2.02

axi-¢ 1/3 -0.0146 -0.0373 0.46 0.79 2.33 4.38 1.2 1.53 234 3.08
axi-¢c 2/3 -(,0291 -0.0743 0,56 0.93 2.53 4.13 0.99 1.23 1.95 2.97
axi-¢c 3/3 -0.0436 -0.1112 0.65 0.94 239 3.78 1.13 1.12 1.65 2.69
axi-c 3/3 £.0436 -0.1112 0.65 0,94 2.37 3.79 1.11 1.12 1.65 2.6%
axi-c 23 -0.0291 0.0742 0.6 0.94 2.54 4.16 0.9 1.25 1.96 3

axi-c 1/3 -0.0146 -0.0373 0.46 0.87 231 4.38 1.12 1.45 2.28 3.03
axi-t 1/3 0.0147 0.0492 (.68 1.16 2.84 433 0.67 0.98 1.68 2.48
axi-t 2/3 0.0238 0.0968 0.81 1.14 2.62 3.91 0.7 0.95 1.62 2.62
axi-f 3/3 0.0431 0.1448 0.38 ). 18 2.33 3131 0.7 0.89 1.47 2.23
axi-t 3/3 0.0431 0.1447 0.88 1.21 2.36 3.34 0.72 0.89 1.47 2.25
axi-t 273 (.0288 0.0966 0.81 1.19 2.66 3.99 0.72 0.95 1.67 2.68
axi-t 1/3 0.0146 0.0489 0.608 1.24 2.94 4.4 0.77 0.94 1.65 243

-

Table M-7: Measured SNCFs on chord of intersections of brace and

chord for DT3 at

preload level of 50%

DT3 pl. cap design CC.lbrl | Ch2brl | Cldbrl CS.5.0rl | CC.9,br2 | CL10,br2 Cl,12,be2 | CS;13,br2
ipb 1/3 .0.0272 | -0.0407 2.01 1.74 1.05 -0.11 -2.11 -2.39 -1.73 -0.18
ipb 213 -0.0534 | -0.0799 1.62 1.49 0.91 -0.13 -1.9 -2.21 -1.52 -0.15
iph 3/3 -0.081 -0.1213 1.44 1.31 0.81 -0.17 -1.77 -2.08 -1.39 -0.17
ipb 3/3 -0.0811 £0.1213 1.44 1.32 0.83 -0.17 -1.77 -2.09 -1.38 -0.19
ipb 2/3 -0.0548 -0.082 1.64 1.5 0.92 -0.14 -1.89 -2.23 -1.52 -0.17
ipb 1/3 -0.0273 -0.0409 2.13 1.82 1.17 -0.14 -2.2 -2.54 -1.79 -0.23
opb 1/3 -0.0232 | -0.0487 0.18 -0.16 -0.9 -2.55 -0.05 0.15 1.05 2.58
opb 2/3 -0.0476 | -0.1001 0.13 -0.13 0.9 -2.54 -0.08 0.15 1.02 2.53
opb 3/3 -0.0724 | 0.1521 0.12 -0.15 -0.83 -2.39 -0.07 0.17 1.06 2.59
opb 3/3 -0.0733 | -0.1541 0.11 -0.14 -0.84 -2.43 -0.08 0.17 1.05 . 262
opb 2/3 -0.0486 | -0.1021 0.13 -0.13 -0.83 -2.39 -0.09 0.183 1.12 2.73
opb 1/3 -0.0243 -0.051 .17~ -0.08 -0.65 -1.92 -0.31 0.02 1.11 2.79

axi-c /3 | -0.0146 | -0.0373 -0.03 0.34 1.71 389 1.74 1.91 3.07 3.24
axic 23 | -0.0291 | -0.0743 0.51 0.68 1.74 3.69 1.54 1.58 2.57 3.18
axi-c 33 | 00436 | -0.11i2 0.83 0.89 1.73 3.48 1.59 1.47 2.18 295
axi-c 3/3 | -0.0436 | -0.1112 0.83 0.85 1.76 3.48 1.58 1.46 2.18 2.95
axi-¢ 2/3 -.0291 -0.0742 (.56 0.65 1.85 3.75 1.55 1.57 2.58 3.16
axi-c /3 | -0.0146 | -0.0373 0.06 0.34 1.7 3.96 1.64 1.77 3.07 3.28
axi-t 113 0.0147 0.0492 0.5 0.82 2.19 4.03 0.95 1.07 2.15 2.57
axi-t 2/3 0.0288 0.0968 0.66 0.86 2.09 3.75 0.87 1.06 2.19 3.08
axi-t 3/3 0.0431 0.1448 0.8 1 1.88 377 0.89 1.1 2.11 3.13
axi-t 3/3 0.0431 0.1447 0.81 101 1.82 3.75 0.89 1.1 2.08 3.3
axi-t 2/3 0.0288 0.0966 0.68 0.88 2 3.7 0.82 1.03 2,19 3.03
axi-t 1/3 0.0146 0.0489 0.54 0.72 2.0} 3.82 0.96 1.05 2.09 2.44




Table M-8: Measured SNCFs on brace of intersecti

preload level of 100 %

ons of brace and chord for DT3 at

DT3 pi. cap design BC,1,brl | BL2brl | BL4,brl BS;5.bri | BC:9.br2 | BL.10.br2 BL;12,br2 I BS;13,br2
ipb 1/3 -0.0287 -0.0429 3.1 1.51 1,35 -0.06 -1.23 -1.59 -1.34 -0.21
ipb 273 -0.0548 -0.0819 2.87 1.43 1.12 -0,12 -1.22 -1.51 -1.15 -0.18
ipb 3/3 -0.0819 -0.1226 2.71 1.45 1.01 -0.12 -1.23 -1.48 -1.06 -0.18
ipb 3/3 -0.0814 -0.1218 2.72 1.46 1.01 -0.14 -1.24 -1.48 -1.06 -0,19
ipb 2/3 -(,0549 -0.0822 2.94 1.47 1.16 -0.14 -1.25 -1.55 -1.18 -0.22
ipb 1/3 -0.0272 -0.0407 3.2} 1.57 1.44 -0.16 -1.27 -1.61 -1.3% -0.23
opb 1/3 -0.0234 -0.0491 0.11 0.4 -1.25 -2.2 -0.02 0.38 0.95 2.05
opb 2/3 -0.0477 -0.1002 0.07 -0.39 -1.28 -2.23 -0.01 0.38 0.95 2.05
opb 3/3 -0.072 -0.1513 0.05 -0.39 -1.24 -2.21 -0.02 0.36 0.91 1.96
opb 3/3 -0.0722 -0.1518 0.04 -0.4 -1.23 -2.22 -0.02 0.37 0.91 1.98
oph 2/3 -0.0479 -0.1006 0.06 -0.4 -1.26 -2.28 0 0.4 0.97 2.07
opb 1/3 -0.0236 -0.0496 0.09 -0.4 -1.27 -2.29 -0.02 0.39 0.97 213

axi-c 1/3 -0.0146 -0.0371 0.87 1.46 3.28 4.68 (.64 0.88 1.58 2.91
axi-c 2/3 -0.0291 -0.0741 1.19 1.55 3.3 4.52 0.71 0.79 1.41 2.7
axi-c 3/3 -(.0436 -0,1112 1.58 1.43 2.99 4,18 0.83 0.67 1.2 2.42
axi-c 3/3 -0.0436 -0.1112 1.58 1.43 2.96 4.18 0.83 0.67 1.2 2.42
axi-c 23 -0.0291 -0.0742 1.32 1.68 3.41 4.63 0.6 0.7 1.34 2.66
axi-c 1/3 -0.0145 -0.0371 1.17 1.63 3.57 4.77 0.42 0.65 1.35 2.91
axi-t 173 0.0147 0.0493 1.16 1.56 3.21 4.14 0.42 0,76 1.43 2.91
axi-t 2/3 0.029 0.0972 1.08 1.35 3.02 3.49 (.55 0.81 1.55 3.03
axi-t 3/3 0.0432 0.1449 1.04 1.34 2.66 3.43 (.58 0.85 1.52 2.79
axi-f 3/3 0.0432 0.1451 1.04 1.34 2.68 3.4 0.57 0.84 1.49 2.8
axi-t 2/3 0.0289 0.0971 1.09 1.47 3.07 3.88 0.5 0.79 1.55 3.13
axi-t 1/3 0.0146 0.0492 1.17 1.59 337 4.08 0.36 0.59 1.19 2.82

Table M-9: Measured SNCFs on chord of interse

preload level of 100 %

ctions of brace and chord for DT3 at

DT3 pl. cap design | CC,1brl | CL2brl | CL4brl CS:5.brl | CCO.br2 [ CL10br2 | CL12.6r2 CS;13,br2
ipb 173 -0.0287 | -0.0429 2.16 1.86 1.19 -0.08 -1.97 -2.42 -1.85 -0.11
iph 2/3 -0.0548 -0.0819 1.73 .59 1.02 -0.08 -1.85 -2.24 -1.57 -0.13
ipb 3/3 -0.0819 | -0.1226 1.52 1.39 0.9 -0.11 -1.76 -2.11 -1.42 0.17
ipb 3/3 -0.0814 | -0.1218 1,53 1.4] 0.91 -0.1 -1.77 -2.14 -1.43 -0.18
ipb 2/3 -0.0549 -0.0822 1.78 1.68 1.03 -0.08 -1.9 -2.31 -1.63 -0.17
ipb 1/3 -0.0272 | -0.0407 2.33 2.08 1.24 -0.04 -2.05 -2.53 -1.96 -0.14
opb 173 | -0.0234 | .0049] 0.17 -0.16 -0.97 -2.46 -0.03 0.22 1.22 2.79
opb 2/3 -0.0477 | -0.1002 0.15 -0.15 0.9 -2.47 -0.03 0.26 1.18 2.3
opb 3/3 -0.072 -0.1513 0.13 -0.16 -0.89 -2.49 -0.04 0.21 1.14 2.75
opb 373 -0.0722 | -0.151% 0.12 -0.13 -0.88 -2.48 -0.02 0.22 1.12 2.76
opb 2/3 -0.0479 | -0.1006 0.15 -0.12 0.9 -5 0.03 0.28 1.17 2.81
opb 1/3 -0.0236 | -0.0496 0.21 -0.08 -0.94 -2.45 0.03 0.29 1.19 2.85

axi-c /3 { .0.0146 | "0.037] 1.04 1.29 2.65 4.31 0.65 0.79 2.06 3.18
axi-<¥3 | -0.0291 [ .0.0741 1.47 1.44 2.58 4.21 0.73 0.66 1.71 2.53
axi-c3/3 | -0.0436 | -0.1112 1.57 1.42 2.33 3.97 0.84 0.67 1.54 2.71
axi-c3/3 ° -0.0436 ' 01112 1.54 1.45 233 3.93 0.84 0.67 1.52 269
axi-c /3 -0.0291 -0.0742 1.67 1.58 2.69 4.29 0.52 0.56 1.62 29
axi-c 13 | -0.0145 | -0.0371 1.27 1.77 3.02 4.42 0.13 0.34 1.69 3.06
axi-t 173 0.0147 0.0493 1.24 1.43 2.56 3.73 0.13 0.52 1.67 312
axi-t 2/3 0.029 0.0972 .16 1.31 2.42 3.51 0.4l 0.7 1.9 34
axi-t33 | 0.0432 0.1449 1.07 1.21 2,18 3.39 0.62 0.86 2.07 3.69
axi-t3/3 | 0.0432 0.1451 1.09 1.24 2.17 3.36 0.66 0.87 2,05 3.68
axi-t23 | 0.0289 0.097] 1.21 1.39 2.46 3.62 0.43 0.69 1.88 3.38
axi-t 113 | 0.0146 0.0492 1.43 1.6 2.71 3.78 0.14 0.39 1.5 3.01
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Appendix M 5 SNCFs grouted Test Specimen: DT4

Table M-10: Measured SNCFs on intersections of brace 1 and chord for DT4

CS,5.brl | CC.9.brl

DT4 | pl. cap design BC,Lbrl | BS:5,brl | BC.9,brl BS§;13.,brl | CC;1,brl CS;13,br]
ipb 1/3 -0.0312 -0.0543 3.39 0.4 -2.06 -0.66 2.16 -0.84 -3.76 -1.56
iph 23 -0.0603 -0.1049 3.29 -0.39 -2.09 -0.62 1.94 -0.83 -3.68 -1.46
ipb 3/3 -0,0895 -0.1557 3.18 -0.37 -2.07 -0.56 1.82 0.8 -3.61 -i.4
ipb 3/3 -.0917 -0.1596 3.15 -0.38 ~2.04 -0.56 1.78 -0.82 -3.56 -1.37
iph 2/3 -0.0637 -.1108 3.34 -0.41 -2.12 -0.61 1.99 (.85 -3.74 -1.44
ipb 1/3 -0.0325 -0.0566 3.57 -0.44 -2.2] -0.69 2.36 -0.92 -4 -1.52
opb 1/3 -0.0106 -0.037 -0.14 -4.34 -0.18 3.39 -0.27 -8.45 -0.47 T4
oph 2/3 -0.0239 -0.0836 -0.17 -3.64 0.2 3.03 -0.35 =711 -0.57 4.79
opb 3/3 0.0366 -0.1281 .2 -3.4 -{.26 3.01 -0.41 -6.7 -0.6 3.86
opb 3/3 -0.0379 -0.1326 -0.21 -3.34 -0.21 2.95 -0.36 ~6.64 -0.58 3.79
opb 2/3 -0.0238 -0.0834 -0.23 -3.82 -0.15 3.2 -0.3 -7.54 -0.56 5.09
opb 1/3 -0.0111 -0.0388 6.1 -4.52 0.05 3.42 -1.16 -8.96 -.33 7.65

axi-c /3 | -0.0123 -0.069 -0.79 2.93 4.45 1.61 -0.25 5.91 9.69 5.43
axi-c 3 | -0.023% -0.1341 -0.18 2.05 3,59 14 0.72 3.73 6,54 4.43
axi-c 3/3 | .0.0357 -0.2009 0.05 1.58 3.29 1.55 0.89 2.77 4.96 38

axi-¢ 3/3 | -0.0357 -0.2009 0.05 1.6 3.29 1.55 0.89 2.79 4.92 3.85
axi-¢ 23 -0.024 -0.1347 -0.15 1.92 3.64 1.59 0.67 3.7 6.45 4.83
axi-c 113 | -0.0121 -0.068 -1.03 2.46 4.87 2.02 -0.4 5.4% 10.62 6,79
axi-t 1/3 0.0127 0.0642 -0.28 0.03 2.23 6.35 0.07 0.16 5.49 15.79
axi-t 2/3 0.0243 0.1234 0.57 1.88 1.33 4.87 1.13 3.29 3.89 12

axi-t 3/3 0.0361 0.183] 0.69 245 1.29 4 1.23 4.56 3.49 9.93
axi-t 3/3 0.036 0.1828 0.69 2.52 .23 3.98 1.23 4.56 3.5 9.81
axi-t 2/3 0.0241 0.1221 0.57 1.88 1.41 4,98 1.1 3.21 3.94 12.13
axi-t 1/3 0.0121 0.0615 0.3 0.1 1.73 6.75 0.9 0.43 4.91 16.58

Table M-11: Measured SNCFs on intersections of brace 2 and chord for DT4

DT4 pl. cap design BC;L,br2 | BS;5.br2 | BCO.br2 BS:13.br2 | CC;1,br2 CS;5,bc2 | CC9.br2 CS§;13,br2
iph 173 -0.0312 -0.0543 4.13 -0.2 -2.33 -0.73 1.66 -0.68 -2.84 -1.23
ipb 2/3 -0.0603 -0.1049 4,1 -0.24 -2.41 -0.7 1.54 -0.67 -2.79 -1.18
ipb 3/3 -0.0895 -0.1557 4.02 -0.23 -2.44 -0.68 1.46 -0.66 -2.81 -1.17
iphb 373 -0.0917 -0.1596 3.97 -0.23 -2.4 -0.65 1.42 -0.65 -2.76 -1.15
ipb 2/3 -0.0637 | -0.1108 4.15 -0.24 -2.45 -0.7 1.55 -0.66 -2.87 -1.2
ipb 1/3 -0.0325 -0.0566 4.32 -0.28 -2.5 0.7 1.82 -0.63 -2.99 -1.23
opb 1/3 -0.0106 -0.037 -0.32 -2.35 0.06 4,95 0.01 -7.84 0.22 7.2
opb 2/3 -0.0239 -0.0836 -(.28 -2.18 0.07 4,38 -£.29 -6.5 -0.01 5
opb 3/3 -0.0366 -0.1281 -0.31 -1.98 0.02 4.18 -(.29 -6.13 -0.14 3.89
opb 3/3 -0.0379 -0.1326 -0.28 -1.99 0.03 4.13 -0.28 -6.09 -0.14 4
opb 2/3 -0.0238 -0.0834 -0.24 -2.13 0.14 4.51 -0.21 -6.77 0.01 5.45
opb 1/3 -3.0111 -0.0388 -0.18 -2.49 0,17 4.78 0.05 -1.7 0.27 7.55

axi< 13 | -0.0123 -0.069 -2.88 3.39 8.4 1.63 -2.8 8.8 9.6 3.17
axi-c 73 | -0.0238 -0.1341 -0.72 2.02 6.03 1,91 .18 5.27 5.7 3.7
axi<3/3 | -0.0357 -0.2009 -0.02 1.51 4.89 2.1 0.67 3.72 4.06 3.7
axi-c 33 | -0.0357 -(.2009 0.02 1.53 4,84 2.07 0.61 3.75 4.12 3.72
axi-¢ 2/3 -0.024 -0,1347 -(.83 2.11 6.14 1.99 0.23 5.21 5.83 4.01
axi-c /3 | .0.0121 -0.068 -3.35 3.35 9.43 1.68 -3.51 8.94 10.78 3.55
axi-t 1/3 0.0127 0.0642 0.06 1.73 2.2 5.88 0.38 5.08 4.13 9.73
axi-t 2/3 0.0243 01234 0.99 1.86 1.41 547 1.26 522 2.95 9.01
axi-t 3/3 0.0361 0.1831 1.08 1.81 1.37 5.05 1.43 4,92 2.65 8.32
axi-t 3/3 0.036 0.1828 1.01 1.72 1.45 4.99 1.33 4,89 2.68 8.32
axi-t 2/3 0.0241 (.1221 0.95 1.69 1.48 5.79 1.23 4.75 3.05 9.63
axi-t 1/3 0.0121 0.0615 0.52 1.51 1.8 6.78 0.96 4.62 3.78 11.39
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Table M-12: Measured SNCFs on intersections of brace 1 and chord for DT4 at preload

level of 50%

DT4 pl. cap design BC;1.brl | BS;S,brl BC;9.brl | BS;13.brl | CC;1,brl CS;5.brl | CC:9.brl CS:.13,brl
ipb 1/3 -0.0286 -0.0498 3.29 -0.36 -1.96 -0.57 2.13 .78 -3.64 -1.41
iph 2/3 -0.0545 -0.0948 3.29 -0.41 -2.07 -0.55 1.95 -0.83 -3.66 -1.35
ipb 3/3 -0.0801 -(},.13%4 3.22 -(.44 -2.07 -0.52 1.83 -0.88 -3.6 -1.26
iph 3/3 -0.0818 -0,1422 3.25 0.4 -1.08 -0.57 1.88 -0.83 -3.65 -1.35
ipb 213 -0.0563 -0.0979 3.39 -0.37 -2.12 -0.62 2.09 -0.82 -3.82 -1.44
iph 13 -0.0298 -0.0519 3.54 -0.28 -2.19 -0.74 2.51 -0.66 -4.05 -1.74
opb 1/3 £0.0111 -0.039 -0.06 -3.75 0,13 3.26 -0.17 -7.63 -0.38 7.01
opb 273 -0.024 -0.0839 -0.15 -3.58 .21 3.25 .29 -7.07 -0.53 4.85
opb 3/3 -0.0342 | -0.1197 0.17 3.5 0.2 3.22 -0.35 -6.91 .57 4.04
apb 3/3 -0.0347 -0.1216 (.2 -3.56 -0.18 3.25 -0.38 -7.05 -0.54 4.2
opb 2/3 -0.0241 -0.0844 -0.2 -3.93 -0.2 3.54 -0.36 -7.83 -(0.51 5.33
opb 1/3 -0.0106 -0.037 0.16 4,49 .09 3.86 .31 -9.21 -0.24 8.42

axi-c 1/3 -0.0119 0.0669 -2.76 9,22 6.2 -2.45 -4,06 12.64 11.32 -5.18
axi-c 2/3 -0.0239 -0.1344 -1.09 5.2 4.64 £0.37 -1.19 6.86 7.72 -0.38
axi-¢ 33 -0,0358 -.2015 -0.48 3.15 . 4,28 0.45 -0,05 4,52 6.05 2.14
axi-c 3/3 -0.0358 -0.2015 -0.48 3.18 4.41 (.49 0.06 4.53 6.37 2.18
axi-¢ 23 -0.0238 -0.1341 -0.97 - 483 4,79 -0.01 -0.75 6.65 8.3 0.54
axi-¢ 1/3 -0.012 -0.0674 -3.03 9.49 6.75 -2.33 -3.89 12,93 12.7 -5.89
axi-t 1/3 0,0123 0.0624 (.92 1.91 1.02 5.37 1.73 2.77 3.4 13.2
axi-t 2/3 0.0245 0.1246 0.89 2.73 1.01 4.36 1.66 4,78 3.06 10.65
axi-t 3/3 0.036 0.1828 0.7 2.95 1.17 3.89 1.34 5.38 3.14 9.37
axi-t 3/3 0.0361 0.1831 0.66 3.02 1.17 3.82 1.32 543 3.1 9.2

axi-t 2/3 0.0247 0.1252 (.86 2.94 0.98 4,31 i.6 5.15 3.02 104
axi-t 1/3 0.0124 0.0627 1.14 2.08 0,74 5.53 2.27 3.12 2.65 13.35

Table M-13: Measured SNCFs on intersections of brace 2 and chord for DT4 at preload

level of 50%

DT4 pl. cap design BC;1.br2 | BS:5,br2 BC:9.br2 | BS;13,br2 | CC;1,br2 CS,5.br2 | CC,9,br2 | CS;13,br2
iph 1/3 -0.0286 0.0498 4.08 -0.28 -2.3 -0.6 1.7 -0.67 -2.78 -1.02
ipb 2/3 0.0545 -0.0948 4.21 0.3 -2.45 0.63 .58 0,75 -2.87 -1.04
ipb 3/3 -0.0801 -0.1394 4.14 -0.3 -2.46 -0.58 1,46 -0.78 -2.83 -1
iph 3/3 -0.0818 -0.1422 4.17 -0.29 -2.48 -0.61 1.5 -0.75 -2.86 -1,06
ipb 2/3 -0.0563 -0.0979 4.36 -0.24 -2.53 -0.66 1.69 -0.75 -2.97 -1.14
ipb 1/3 -0.029% -0.0519 4.58 0.29 -2.62 -3.74 2.02 -0.61 -3.14 -1.29
opb 1/3 -0.0111 -0,039 -0.2 -2.41 0.09 4.59 0.1 -6.96 0.01 6.81
oph 2/3 -0.024 -0.0839 -0.28 -2.07 0.02 4.62 -0.26 -6.52 -0.02 5.2
opb 3/3 -(0.0342 0.1197 -0.28 -2.08 0.02 4,52 -0.34 -6.36 -0.1 4,24
opb 3/3 -0.0347 -0.1216 0.27 -2.15 0.03 4.55 -0.34 -6.47 -0.07 4.42
opb 2/3 -(.0241 -0.0844 -0.32 -2.32 0.09 4.79 -0.27 -£6.99 0.02 5.64
opb 1/3 0.0106 -0.037 -0.21 -2.61 0.17 5.01 -0.1 -8.06 0.1 $.08

axi-c 1/3 | -0.0119 -0.0669 -4.04 7.87 5.79 -4,24 -4.6 13.51 7.53 -1.5

axi-c 23 | -0.0239 -0.1344 -1.54 4,48 4.59 -1.03 -1.5 7.41 5.1 -1.61
axi-c 3/3 | -0.0358 -0.2015 -0.57 2.7 4.68 - 0.69 -0.06 4.85 4.22 1.51

axi-¢ 3/3 | -0.0358 0.2015 -0.67 2.7 4.76 0.68 -0.17 4.8} 4.34 1.56
axi-c 3 | -0.0238 -}.1341 -1.64 4.04 4.98 -0.42 -1.44 7.01 5.64 (.36
axi-¢ 1/3 -0.012 -0.0674 -4.73 7.3 6.87 -3.79 -5.19 13.5 8.8% -6.33
axi-t 1/3 00123 0.0624 0.48 2.02 1.67 5.77 0.89 5.22 3153 9.61

axi-t 2/3 0.0245 0.1246 0.94 1.73 1,23 5.39 1.38 4 .84 2.73 9.03
axi-t 373 0.036 0.1828 0.9 1.62 1.39 5.26 1.3 4.33 2.66 8.77
axi-t 3/3 0.036] 0.1831 0.85 1.73 1.43 5.21 1.2% 4,39 2.66 3.64
axi-t 2/3 0.0247 0.1252 0.86 1.84 1.33 5.75 1.37 4.41 2.73 9.44
axi-t 1/3 0.0124 0.0627 0.79 1.9 1.35 6.62 1.52 4,38 kKR! 11.09
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Table M-14: Measured SNCFs on intersections of brace 1 and chord for DT4 at preload
level of 100 %

DT4 pt. cap design | BCi,brl | BS:5.brl BG,9,brl | BS;13,6rl | CC:1,br1 C8;5,br! | CC;9.br] CS;13,brl
iph13 | 00274 | -0.0477 | 281 028 | -163 -0.58 1.85 -0.44 312 T 133
iph23_| 0.0578 | 0.1006 | 3.16 033 | -19% -0.54 1.83 065 | 344 | 127
iph3/3 | 00844 | 01468 | 3.i3 036 | 167 0.5 172 0.7 344 | 121
iph33_| 00811 | 0.1411 [ 331 035 | 208 -0.54 181 071 -3.63 133
iph23 | -0.055 | -0.0956 | 343 032 | 213 0.6 2.03 067 | 377 1 143
ipb13 " 00274 | 0.0477 | 3.53 025|218 | a7 2.47 -0.49 402 | .17
opb1/3 [ 00115 | -0.0404 | -0.25 404 | 009 351 035 | 819 | 046 7.68
opb2/3 | -0.0233 | 00815 | 024 | 373 | -0.1% 34 038 | 744 -0.53 53
opb3/3 | -0.0348 | 01218 | 022 | 358 | 0.7 331 -0.41 -7.08 -0.52 44]
opb3/3 | -0.0348 | -0.1218 | -0.21 356 | 019 3.28 039 | 706 0,52 4.3
opb2/3 | -0.0243 | 00852 | 024 | 376 | .19 347 035 | 162 0.54 542
opb173 | 00113 | 00395 | 022 | 239 | 013 3.73 032 | 883 035 8.07

axi-c1/3 | -0.012 | 00673 | -1.84 8.38 5.56 -L6 -243 | 1404 | 1081 | 405
axi-c23 | 00239 | 0.1344 | 062 469 431 0.01 -0.28 7.55 7.68 0.83
axi-c /3 | 00357 { -0.2007 | 004 3.39 3.38 0.46 0.59 54 5.96 2.14
axiw¥3 [ 00357 | 0.2006 | 007 3.39 388 0.46 0.39 533 6.25 2.18
axi-c Y3 | 0.0238 | -0.1337 | 057 4.4 4.03 004 a2 7.73 7.85 0.64
axi- 1/3 | 00119 | 00667 | -203 9.52 538 227 | 241 | 1497 | 1125 | 5.59
axi-t1/3 [ 00127 | 00645 | 1.0 1.09 119 741 2.09 182 .04 1753
axi-t23 | 00248 | 0.1258 | 08l 1.34 149 6.67 1.53 2.55 415 16.13
axi-t3/3 | 00364 | 0.1846 | 0.76 3.07 .55 5.7 145 3.83 3.99 13.75
axit373 | 00364 | 0.1846 | 0.79 2.08 157 57 .45 383 4.03 13.76
axit 23 | 0.0248_| 0.1261 | 083 126 154 6.75 1.53 2.48 a3 T6.41
axi-t 1/3 0.0128 0.0651 1.05 -0.34 1.47 8.66 1.92 0.59 4.62 21,11

Table M-15: Measured SNCFs on intersections of brace 2
level of 100 %

and chord for DT4 at prefoad

DT4 pl. cap design BC,Lbr2 | BS;5,br2 T BC:9.br2 | BS:13.0r2 CCi1.be2 | CS;5,br2 | CCObr2 | CS;13,br2
ipb 1/3 -0.0274 -0.0477 3.64 -0.17 -2.04 -0.53 1.55 -0.56 -2.48 -0.91
iph 2/3 -0.0578 | -0.1006 4.05 -0.23 -2.33 -0.58 1.51 -0.68 -2.75 -0.96
ipb 3/3 -0.0844 -0.1468 4.04 -0.28 =2.37 -0.57 14 -0.69 -2.74 -0.98
ipb 3/3 -0.0811 -0.1411 4.27 -3 -2.5 -0.6 1.47 -0.72 -2.9 -1.05
ipb 273 -0.055 4.0956 4.45 -0.31 -2.54 0.62 1.65 -0.73 -3.02 -1.06
ipb 1/3 -0.0274 -0.0477 4.62 -0.31 -2.62 -0.62 2.04 -0.72 -3.21 -1.15
opb 1/3 -0.0115 -0.0404 -0.28 -2.13 0 4.61 -0.04 -7.05 0.04 6.74
opb 23 -0.0233 -0.0815 -0.27 -2.23 -0.01 4.66 -0.23 -6.59 -0.08 5.26
opb 3/3 -0.0348 -0.1218 -0.23 -2.12 -0.05 4.55 -0.28 -6.33 <0.14 4.15
opb 3/3 -0.0348 -0.1218 -0.23 -2.12 -0.08 4.53 -0.28 -6.34 -0.14 4.16
opb 2/3 -0.0243 -0.0852 -0.25 -2.15 -0.08 4.68 -0.22 -6.67 -0.08 5.21
opb 1/3 0.0113 -0.0395 -0.29 -2.19 -0.11 4,98 -0.02 -7.61 0.11 7.38

axi-¢ 1/3 -0.012 -0.0673 -3.29 7.63 5.22 -4.18 -3.17 16.3 7.43 -7.3]
axi-c 23 -0.0239 -0.1344 -1.06 4.13 4.11 -0.83 -0.57 8.6 5.09 -1.16
axi< 3/3 | -0.0357 0.2007 -0.15 2.91 3.87 0.3 0.56 5.97 4.1 0.93
axi-c 33 | -0.0357 [ -0.2006 -0.24 2.92 4 0.34 0.42 5.93 4.3 0.95
axi-c 23 | -0.023% -0.1337 -1.14 4.37 4.1 -0.83 -0.67 8.67 5.23 -1.25
axi-¢ 1/3 -0.0119 -0.0667 -3.9 8.23 5.66 -4.58 -3.87 17.04 8.11 -8.22
axi-t 1/3 0.0127 0.0645 0.7 2.08 1.95 8.02 1.51 5.09 4.19 13.27
axi-t 2/3 0.0248 0.1258 1.01 1.53 1.79 7.77 1.63 4.1 3.51 12.8
axi-t 3/3 0.0364 0.1846 1.03 1.53 1.79 7.1 1.63 4.19 3.29 11.63
axi-t 33 0.0364 0.1846 1 1.52 1.86 7.4 .53 4.2 3.33 11.65
axi-t 2/3 0.0248 0.1261 0.87 1.28 2.01 8.12 .41 3.6 3.7 13.3%
axi-t 1/3 0.0128 0.0651 0.75 1.16 2.1 9.52 1.39 3.02 4.2 15.89
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Appendix M 6 SNCFs grouted Test Specimen: DTS5
‘Table M-16: Measured SNCFs on intersections of brace 1,2 and chord for DTS5

DTS pl. cap design | BC;i.brl | BS:S.br2 BC;9,br2 | BS;13.br1 | CC:1,br1 C8;5,br2 | CC;9,br2 CS8:13,brl
ipb 1/3 -0.0486 -0.0732 32 -0,21 -1.94 -0.39 3.79 -1.11 -3.67 -0.57
ipb 2/3 -0.0971 -0.1462 3.01 ~(.25 -1.86 -0.35 2.64 -0.97 -3.35 -0.57
ipb 3/3 -0.1425 -0.2146 2.76 «0.25 -1.82 -0.33 2.29 -0.91 -3.19 -0.54
iph 3/3 -0.1426 -0.2147 2.77 -{).25 -1.82 -0.32 2.3 -0.92 -3.19 -0.52
ipb 2/3 -0.0978 -0.1472 3.05 -0.25 -1.9 -0.35 2.69 -0.96 -3.42 -0.53
ipb 1/3 -0.0486 -0.0733 3.34 -0.22 -2.04 -0.38 3.98 -1.16 -3.82 -0.55
opb 173 -0.0176 -0.0571 0.01 -6.29 0.1 6.06 5.91 -15.39 .25 8.88
apb 2/3 -0.0376 -0.1215 -0.03 -4.82 -0.07 4.25 3.93 -11.37 -0.49 4.78
ophb 3/3 -0.0569 -0.184 -0.02 -4.28 -0.05 3.43 3.17 -9.86 -0.5 3.54
opb 3/3 -0.0578 -0.187 -0.03 -4.35 -0.06 3.52 3.27 -9.95 -0.5 3.81
opb 2/3 -0,0383 -0.1239 -0.03 -4.92 -0.09 4.33 4.06 -11.3 -0,43 5.17
opb 1/3 -0.0185 -0.0598 -0.02 -6.2 -0.12 6.39 5.82 -14.91 -0,19 9.56

axi-c 1/3 -0.0115 -0.0617 1.31 7.65 3.74 7.86 -0.36 16.97 8.4 12.15
axi-c 2/3 -0.0232 -0,1241 1.16 4.53 3 5.24 1.06 10,58 5.41 8,45
axi-c 3/3 -0.0348 -0.1861 1.15 3.27 2.38 3.83 1.59 7.67 3.84 6.39
axi-¢ 3/3 -0.0348 «0.1861 1.14 31.2% 2.38 3.79 1.69 7.57 3.85 6.42
aXi-¢ 23 -0.0231 -0.1234 1.24 4.61 2.78 5.24 1.66 10.5 5.35 8.56
axi-c 1/3 -0.0116 -0.062 1.22 8.53 4.01 7.03 -1 18.63 9.02 10.88
axi-t 1/3 0.012 0.0513 0.93 8.16 1.45 5.06 -3.19 17.34 4.34 3.03
axi-t 2/3 0.0235 0.1006 (.76 6.13 1.11 4.63 -1.45 1241 3.34 6.97
axi-t 3/3 0.0348 0.1492 0.75 5.15 | 4.08 -0.65 10.45 2.97 6.23
axi-t 3/3 0.0347 0.1488 0.71 5.22 1.02 3.99 -0.73 10.72 2.98 6.11
axi-t 2/3 0.0234 0.1003 0.61 6.11 1.22 4.71 -1,77 12.73 3.25 7.08
axi-t 173 0.012 0.0513 0.41 7.8 1.37 6.03 -3.4 16.82 4.15 9.08

Table M-17: Measured SNCFs on intersections of brace 1,2

level of 50%

and chord for DTS at preload

DTS5 pl. cap design BC Lbrl | BS.5.br2 | BCY.6r2 BS;13.brl | CC.1,br]l | CS:5,br2 CC;9,br2 | C8;13,br1
iph 13 -0.0467 -0.0703 3.06 -0.14 -1.89 -0.48 3.94 -0.91 -3.68 -0.87
iph 2/3 -0.0952 -0.1434 2,98 0.18 -1.85 -0.49 2.65 -0.76 -3.41 .83
ipb 3/3 0.1414 -0.2129 2.76 -0.2 -1.81 -0.43 2.27 -0.78 -3.21 -0.74
iph 3/3 -0.1412 -0.2127 2.79 -0.2 -1.82 -0.45 2.29 -0.8 -3.23 .73
ipb 273 -0.0941 -0,1417 3.06 -3.19 -1.9 -0.51 2.73 -0.8% -3.47 -0.81
iph 1/3 -0.0467 -0.0703 3.23 -0.14 -1.99 -0.57 4.18 -1.05 -3.9 -0.9
opb 1/3 -0.0169 -0.0547 -0.1 -6.59 -0.07 6.75 6.32 -16.07 -0.17 10
opb 2/3 -0.0368 -0.1189 -0.07 -5.01 -0.08 4.63 4.18 -11.82 -0.39 5.21
opb 3/3 -0.0563 -0.1822 -0.04 -4.44 -0.08 3.56 3.34 -10.19 -0.47 3.71
opb 3/3 -0.0604 -0.1953 -0.04 -4.5% -0.02 3.74 3.46 -10.59 -0.41 4.15
oph 2/3 -0.04 -0.1293 -0.07 -5.26 -0.02 4.65 4.38 -12.39 -0.28 5.73
opb 1/3 -0.0209 -0.0675 -0.07 -6.53 0 5.79 6.24 -16.22 -0.05 9.26

axi-c 173 | -0.0116 -0.0622 -1.24 7.65 6.68 5.93 -2.19 19.37 12.24 9.28
axi-c2/3 | -0.0231 -0.1238 .41 4.62 4.97 4.77 -3.92 12.08 7.03 7.34
axi<c 33 | -0.0348 -0.1863 0.08 3.32 3.78 3.89 -1.54 8.71 4,77 6.26
axi-c /3 | -0.0348 -0.1862 0.08 3.34 3.77 3.87 -1.43 8.64 4.79 6.26
axi-c 23 | -0.0231 -0.1236 -0.26 4.69 4,93 4.91 -3.38 11 88 6.97 7.53
axi-¢ 1/3 | -0.0115 -0.0614 -1.26 8,45 7.14 5.14 -10.09 21.15 13.35 7.79
axi-t 1/3 0.0118 0.0504 0.74 9.38 1.09 6.48 -3.88 20.22 398 9.76
axi-t 2/3 0.0233 0.0999 0.6 7.14 0.98 5.33 -2.43 14.89 3.2 7.84
axi-t 3/3 0.0347 0.1486 0.6 5.83 0.98 4.77 -1.5 12.08 2.93 7.12
axi-t 3/3 0.0347 0.1486 0.61 5.9 0.99 4,71 -1.82 12.38 2.85 7.04
axi-t 2/3 0.0232 0.0993 0.63 7.07 1.0% 5.47 -2.39 14.57 3.17 8.16
axi-t 173 00118 0.0508 0.53 931 1.26 6.7 -4.32 19.99 3.95 10.32
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Table M-18: Measured SNCFs on intersections of brace 1,2 and chord for DTS5 at preload
level of 100 %

DTS pl. cap design BC;1,brl | BS;5.br2 [ BC,9.br2 | BS;13.brl CC.1.brl | CS:5,br2 | CC9.br2 C8§,13,brl

ipb 1/3 -[.0489 -0.0737 3.09 -0.2 -1.95 -0.29 4.47 -1.28 -3.74 -0.54

ipb 2/3 £.0968 -0.1458 3.03 -0.2 -1.838 -0.33 2.91 -0.97 -3.42 -0.54

ipb 3/3 -0.1418 -0.2136 2.84 -0.2 -1.84 -0.26 2.45 -0.89 -3.25 -0.46

iph 33 +0.1421 -0,2139 2.34 -0.21 -1.85 -0.26 2.45 .89 -3.27 -0.45

iph 2/3 -0.0963 -0.1458 3.09 -0.22 -1.93 -(.28 3 -1.01 -3.52 -0.45 y
ipb 1/3 -0.0496 -0.0747 3.21 -0.21 -2.03 -0.27 4.65 -1.36 -3.91 0,47 \
opb 1/3 -0.0186 | -0.0601 -0.06 -6.44 -0.1 6.28 6.33 -15.53 -0.14 10.17

opb 2/3 -0.0181 -0.0586 -5.09 -6.74 .07 7.2 6.29 -16.06 -0.07 10.63

oph 3/3 -0.0378 -0.1222 -0.08 -5.26 -0.67 5.14 435 -12.09 -0.34 5.67 ,
opb 3/3 00579 | 0.1874 -0.03 -4.59 . -0.04 3.94 3.52 -10.64 -0.39 4.08

opb 2/3 -3.0376 -0.1216 +0.05 -5.18 <0.08 4.97 4.46 -12.32 -0.29 5.66

opb 173 0.0178 -0.0577 -0.02 -6.7 -0.11 6.74 6.67 -16.55 -0.01 10.71
axic 113 { -0.0116 -(.0619 0.2 3.21 4.56 13.56 0.25 6.48 9.43 21.12
axi-c 2/3 | -0.0232 -0.1241 0.55 3.34 3.72 7.29 0.81 6.72 6.34 12.36
axi-c 33 | -0.0349 | -0.1867 0.8 2.96 3.16 5.17 118 6.17 4.78 8.71
axi-c 33 | -0.0349 -0.1866 0.8 3 3.17 5,17 1.18 6.17 4,74 8.72

axi-¢c 23 -0,0232 -0.124 0.67 3.54 3.78 7.21 1.02 7 6.4 12.33
axi-c 1/3 | -0.0116 -0.0619 0.02 4,74 5.42 12.3 -1.17 9.93 10.95 19.33

axi-t 1/3 00121 0.0519 0.64 9.54 0.95 6.8 -5.01 20.85 3.66 10.08

axi-t 213 0.0238 0.1021 0.55 6.92 0.95 5.77 -2.72 14.49 3.13 8.58

axi-t 3/3 0.0353 0.1512 0.58 6.06 0.87 4.81 -1.92 12.55 2,75 7.07

axi-t 3/3 0.0353 0.1512 0.5% 6 0.91 4.8 -1.92 12.49 2717 7.15

axi-t 2/3 0.0236 0.1012 0.58 7.21 097 5.32 -3.19 15.45 2.99 8

axi-t 1/3 0.0121 0.0519 0.53 9.96 1.05 5.97 -5.69 22.21 3.48 0.11
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Appendix M 7 SNCFs grouted Test Specimen: DT6

Table M-19: Measured SNCFs on braces at intersections of brace and chord of DT6

DTé6 pi. cap design BC:Lbrl | Bl;2brt | BL.4.brl BS:S.brl | BC;%,br2 | BL10.br2 | BL1Z2be2 | BS; 13,612
ipb 1/3 -0.0283 -0.0548 3.62 1.82 1.22 0.11 -1.5 -1.66 -1.67 0.09
ipb 2/3 -0.0562 -0.1089 3.39 1.84 1.04 0.07 -1.48 -1.64 -1.51 0.0}
ipb 3/3 -0.0825 -0.1598 3.05 1.89 (.94 0.06 -1.45 -1.6 -1.4 0.02
ipb 3/3 -0.0826 -0.16 3.05 1.89 0.93 0.07 -1.43 -1.6 -1.4 -0.02
ipb 2/3 -0.0563 -0.1091 3.42 1.87 1.03 0.1 -1.47 -1.66 -1.54 0
ipb 1/3 -0.0281 -0.0545 3.68 1.84 1.24 0.14 -1.52 -1.69 -1.73 0.06
opb 1/3 -0.0156 -0.0423 0.05 -0.45 -1.09 -2.49 -0.03 0.38 1.29 2.44
opb 2/3 -0.0325 -0.0883 0.05 -0.42 -1.11 -2.46 -0.03 0.41 1.35 2.52
opb 3/3 -0.0499 -0.1354 0.07 -0.38 -1.01 -2.18 -0.01 0.44 1.34 2.54
opb 3/3 £.0501 -0.1361 0.07 -0.37 . -0.94 -1.99 -0.02 0.45 1.36 2.56
oph 2/3 -0.0327 -0.0887 0,07 -0.41 -1.02 -2.21 -0.08 0.43 1.3 2.48
opb 1/3 -0.0152 -0.0413 0.08 -0.36 -0.98 -2.28 -0.14 0.36 1.21 231
axi-c 1/3 -0.0097 -0.0401 0.34 0.45 1.25 3.81 2.6 2.23 368 4.2

axi-¢ 2/3 -0.0195 -(.0805 1.1 1.25 2.05 3.87 1.76 1.48 2.62 4.04
axi-¢ 3/3 -0.0298 -0.1229 1.15 1.24 2 3.51 1.69 1.39 2.45 3,98
axi-c 3/3 -0.0298 -0.1229 1.15 1.24 1.96 3.47 1.66 1.39 2.47 3.99
axi-c /3 -.0195 -0.0803 1.18 1.26 2,01 3.71 1.57 141 2.73 4.31
axi-c 1/3 -0.0097 -0.0402 0.76 0.86 1.36 3.23 1.85 1.95 3.67 4.89
axi-t 173 00115 0.0435 1.61 1.7 2.5] 3.34 .99 1.19 2.61 4.61
axi-f 2/3 0.0223 0.0845 1.43 1.54 2.1 3.07 0.93 I.11 2.33 3.51
axi-t 3/3 0.0332 0.1259 1.3 1.39 1.74 2.38 0.87 1.02 2.04 2.79
axi-t 373 0.0332 (.1259 1.3 1.39 1.71 2.38 0.83 0.99 2.04 2.79
axi-t 2/3 0.0224 0.0849 1.38 1.53 2.0] 3.02 (.82 [.05 2.34 3.59
axi-t 1/3 0.0113 0.043 1.59 1.64 2.33 3.97 0.81 | 2.55 4.47

Table M-20: Measured SNCFs on chord at

intersections of brace and chord of DT6

DT6 | plcap desi CC,lbrl | CLl:2brl | Clabrl CS;5,brl | CC.9,br2 T CL10.br2 CL12,br2 [ CS;13,br2
ipb 173 -0.0283 -0.0548 2.67 2.76 1.89 0.33 -2.58 -2.74 -2.06 0.17
iph 2/3 -0.0562 -0.1089 1.57 2.13 1.58 0.18 -2.39 -2.63 -1.82 0.06
inbh 3/3 -0.0825 -0.1598 1.3 1.78 1.4 0.09 -2.31 -2.55 -1.69 [¢]
iph 3/3 -0.0826 -0.16 1.3 1.77 1.39 0.08 -2.32 -2.53 -1.69 1]
ipb 2/3 -0.0563 -0.109]1 1.56 2.16 1.6 0.2 -2.43 ~2.66 -1.84 0.05
ipb 1/3 -0.0281 -0.0345 2.71 2.82 1.92 0.26 -2.64 -2.79 -2.14 0.18
opb 1/3 -0.6156 -0.0423 0.03 -0.3 -1.37 -5.28 -0,03 0.17 1.11 3.35
opb 2/3 ~0.0325 -0.0883 0.07 -0.25 -]1.52 -5.28 -0.08 0.15 1.14 3.4
opb 3/3 -0.0499 -0.1354 0.06 -0.28 -1.49 -4.87 -0.08 0.19 1.17 3.43
opb 3/3 -0.0501 -0.1361 0.06 -0.26 -1.42 -4.67 -0.09 0.17 1.17 3.45
oph 2/3 -0.0327 -0.0887 0.11 -0.23 -1.46 -5.11 -0.15 0.1 1.09 3.34
opb 1/3 -0.0152 -0.0413 0.14 (.2 -1.3 -5.64 -0.23 -0.05 0,77 3.12

axi-c 1/3 -0.0097 -0.0401 -0.32 -0.1 1.86 7.53 3.73 2.89 3.75 4.87
axi-c 2/3 -0.0195 -0.0805 0.94 1.36 3.06 7.73 2 1.42 2.48 4.83
axi-c 3/3 -0.0298 -0,1229 1.29 1.63 291 7.09 1.83 [.42 2.18 4.75
axi-c 3/3 -0.0298 -0.1229 1.31 1.6 2.85 7.04 1.83 1.41 2.18 4,77
axi-c 2/3 -0.0195 -{.0803 1.01 1.33 2.99 7.42 1.83 1.27 2.59 5.2
axi-c 1/3 -0.0097 -0.0402 (.28 0.43 1.95 6.2 2.48 2.11 3.6] 5.94
axi-t 1/3 0.0115 0.0435 1.56 2.12 3.53 7.67 0.85 1.04 2.55 5.57
axi-t 2/3 0.0223 0.0845 1.41 2.06 3.33 6,39 (.95 1.13 2.44 4.36
axi-t 3/3 0.0332 0.1259 1.34 2 3.08 5.52 1.08 1.17 2.48 3.98
axi-t 3/3 0.0332 0.1259 1.33 2 3.08 5.49 1.08 1.1 2.5 3.9
axi-t 2/3 0.0224 (3.0849 1.39 2.05 3.31 6.24 0.9 0.94 2.56 4.55
axi-t 1/3 0.0113 0.043 1.54 2.01 3.57 7.76 0.71 0.57 2.52 5.57
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Table M-21: Measured SNCFs on braces at intersections of brace and chord of DT6 at
preload level of 50 % '

DT6 pl. cap design BC1,brl | BL2brl Blabrl | BS:5,brl | BC,9,br2 BI10,br2 | Bi;12.br2 | BS;13,br2
ipb 1/3_| 0.0001 | 0.0002 3.75 0.52 ~0.48 0.5 -6.83 0.5 0 3.55
iph 23| 0.0272 | 0.0527 3.66 1.75 1.22 0.11 1.47 _1.68 176 0.04
ih3/3 | -0.0552 | -0.1069 3.45 1.77 1.02 0.06 -1.46 _1.66 158 0,03
ipb 33 | -0.0278 | -0.0539 3.16 1.77 0.82 0.02 114 1.6 _1.33 006
ipb 23| 00546 | -0.1057 2.78 1.92 0,77 0 -1.41 157 _1.26 0.07
ipb 13| 0.0276 | -0.0534 3.25 1.78 0.83 0 145 1162 -1.34 0.06
opb 1/3 | 00152 | -0.0413 0.03 20.42 096 234 0.03 0.49 1.39 2.57
opb 23 | -0.033 | -0.0895 0.05 04 20.99 234 0.05 0.44 1.36 2.59
opb 3/3_| -0.0505 | -0.137 0.05 038 0.95 222 0.04 0.44 137 26
opb 3/3 | -0.0509 | -0.1383 0.05 038 |  -094 2.2 0.04 043 1.38 261
opb 2/3 | 0.0335 | -0.0911 0.05 037 0.97 231 0.07 0.4 1.37 7.5
opb 173 | 00161 | -0.0437 0.03 1039 098 237 0.08 0.38 1.37 261

axio 173 | -0.0008 | -0.0403 08 .12 1.95 4.5 1.78 1.63 2.76 383
oo 23 | -0.0195 | -0.0804 1.38 1.66 2.52 4.33 119 1.08 2.2 4.01
axic 33 | 00298 | 0.1229 1.47 1.56 7.34 3.9 117 113 228 311
axGc 33 | 00208 | -0.1229 .47 1.56 237 39 L15 111 235 4.1
axic23 | 0.0195 | -0.0806 1.5t 1.68 2.59 2.18 1.05 1.03 237 421
o< 1/3 | -0.0098 | -0.0403 1.32 1.58 2.43 406 1.04 1.16 775 4.51 \
ad 113 | 00112 | 00423 0.97 0.93 184 3.85 133 147 3.07 4.56
axt23 | 0.0112 | 0.0423 0.97 0.93 1.84 3.85 1.33 147 3.07 4.56
axit33 | 00223 | 00843 1.05 WE 1.85 3.43 1.16 1.28 2.7 3.86 |
axit33 1 00333 | 01261 1.03 118 169 2.73 1.03 1.18 2.39 315
axit23 | 00223 | 0.0844 0.08 1.22 1.85 332 LI3 1.32 777 3.56
axt13 ] 00112 | 0.0423 0.93 1.1 17 356 1.2% 1.55 339 489

Table M-22: Measured SNCFs on chord at intersections of brace

preload level of 50 %

and chord of DT6 at

DTé6 pl. cap design CC;1.brl | Cli2brl CLabrl | €5.5.brl | CC.9.br2 { CL;10.br2 Cl.12,br2 j CS;13,br2

ipb 1/3 0.0001 0.0002 12.44 6.53 -1.54 -6.27 0 6.72 -4.32 11.82

ipb 2/3 -0.0272 -0.0527 2.69 2.69 1.88 0.36 -2.59 -2.78 -2.23 0.14

ipb 3/3 -0.0552 -0.1069 1.53 2.1 1.55 0.17 -2.4 -2.64 -1.93 0.04 |
ipb 3/3 0.0278 £.0539 0.36 1.52 1.22 0.03 -2.13 -2.48 -1.61 0,01 i
ipb 2/3 -0.0546 -0.1057 0.57 1.26 1.12 -0.03 -2.11 -2.41 -1.53 -0.05

ipb 1/3 -0.0276 -0.0534 0.38 1.59 1.28 0.05 -2.2 -2.52 -1.62 -0.05

opb 173 -0.0152 -0.0413 0.01 -0.13 -1.41 -4.96 -0.11 0.13 1.22 3.48

opb 2/3 -0.033 -0.0895 0.11 0.18 -1.43 -5.06 -0.14 0.1 1.23 3.49

opb 3/3 -0.0505 -0,137 0.11 -0.17 -1.45 -4.88 -0.11 0.14 1.25 3.52

opb 3/3 -0.0509 -0.1383 0.11 -0.17 -1.44 -4.85 0.1 0.13 1.26 3.54

opb 2/3 -0.0335 -0.0911 0.09 -0.18 -1.42 .5.02 0.14 0.07 1.24 3.53

opb 1/3 -0.0161 -(.0437 0.07 ° (.12 -1.47 -5.1 -0.17 0.02 1.21 3.53
axi-c 1/3 | -0.0098 -0.0403 0.5 0.77 2.76 8.9 2.18 1.62 2.72 4,26
axi-c 23 | -0.0195 -0.0804 1.38 1.83 3.73 8.64 0.91 0.67 2.03 4.7
axi-c 3/3 | -0.0298 -0.1229 1.66 2.02 3.38 7.3 1.28 0.86 2.02 4.87

axi-c 3/3 | -0.0298 -0.1229 1.66 2.02 3.43 7.81 1.36 0.93 2.09 487
axi-c 273 | -0.0193 -0.0806 1.55 1.97 3.81 8.35 0.78 0.69 2.23 5

axi-c 1/3 | -0.0098 -0.0403 1.46 1.63 3.52 7.93 0.84 0.94 275 5.2

axi-t 1/3 0.0112 0.0423 0.66 0.96 2.7 7.79 1.44 1.32 3.19 5.6

axi-t 2/3 0.0112 0.0423 0.66 0.96 2.7 7.79 1.44 132 3.19 5.6

axi-t 3/3 0.0223 0.0845 0.86 1.32 3.02 6.91 1.33 1.23 2.92 4.77

axi-t 3/3 0.0333 0,1261 (.93 1.5 2.86 5.85 1.24 13 2.84 3.99

axi-t 2/3 0.0223 0.0844 0.75 1.22 2.82 6.77 1.26 1.38 3.07 4.34

axi-t 1/3 0.0112 0.0423 0.51 0.85 238 7.12 1.3 .44 3.49 5,95
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Table M-23: Measured SNCFs on braces at intersections of bra

preload level of 100%

ce and chord of DT6 at

DTeé pl.cap | design BC:lbrl | Bl:2brl | Bidbrl | Ba:s.bri BC:9.br2 | BL10,br2 | BE12br2 | BS.13.6r2
iph 1/3 -0.029 -0.0561 347 1.8 1.16 0.01 -1.49 -1.62 -1.76 0.1
ipb 2/3 -0.0581 -0.1126 3.42 1.7 0.97 -0.03 -1.46 =161 __-1.58 0.01
ipb 3/3 0.0855 -0.1656 3.1 1.82 0.87 -0.03 -1.43 -1.57 -1.43 -0.03
ipb 373 -0.0855 «0.1656 3.1 1.83 0.89 -0.02 -1.41 -1.56 -1.41 .02
ipb 273 -0.0583 -0.1129 3.43 171 1 -0.02 -1.43 -1.59 -1.55 0.02
ipb 1/3 -0.0304 | -0.0588%8 3.55 1.78 1.19 -0.01 -1.49 -1.63 -1.77 0.1
opb 1/3 -0.0169 -0.0459 0.02 -0.42 -1.08 -2.53 -0.31 0.13 0.97 2.27
opb 2/3 -0.0344 -0.0935 0.02 -0.42 -1.04 -2.46 -0.2 0.26 1.15 2.4
opb 3/3 -0.0513 -0.13%92 0.03 -0.41 -1 -2.34 -0.14 0.32 1.23 2.5
opb 3/3 -0.0521 -0.1414 G.04 -0.4 -0.99 -2.33 -0.15 032 1.24 2.53
opb 2/3 -0.0355 -0.0963 0.04 -0.41 -0.97 -2.33 -0.24 0.27 1.23 2.66
opb 1/3 -0.0172 0.0466 0.07 -0.43 -0.92 -2.32 0.4 0.13 1.11 2.81

axi-c 1/3 | -0.0098 -0.0404 2.21 2.35 3.24 4.11 0.32 032 1.37 4.39
axi-c 23 | 0.0196 -(.0807 2.38 2.44 3.16 4.12 0.24 0.27 .36 4.23
axi-c 3/3 | .0.029% -0.1231 2.43 2.19 2.71 3.79 0.55 0.54 1.69 4.2
axi-c 33 { -0.0299 -0.1232 2.43 2.19 2.7 3.7 0.55 0.54 1.69 4.16
axi-c 23 | -0.0196 -0.0807 2.51 2.47 3.11 395 0.21 0.3 1.44 4.34
axi<c 1/3 | -0.0098 -0.0405 2.57 2.56 3.33 3.59 -0.15 0.16 1.37 4.98
axi-t 1/3 0.0113 0.0429 0.64 0.73 i.44 3.7 1.63 1.86 3.56 4.87
axi-t 2/3 0.0221 0.0839 0.87 0.97 1.69 351 1.39 1,54 3.1 4.23
axi-t 3/3 0.0333 0.126 0.93 1.08 1.64 2.95 1.18 1.33 2.62 3.43
axi-t 3/3 0.0333 0.126 0.93 1.08 1.63 2,95 1.2 1.32 2.63 343
axi-t 2/3 0.0222 0.0843 0.89 1.03 1.71 3.5 1.34 1.48 3.04 4.22
axi-t 1/3 0.0111 0.0421 0.7 0.66 1.43 3.58 1.65 1.8 3.59 4.93

Table M-24: Measured SNCFs on chord at intersections of brace and chord of DT6 at
preload level of 100%

DT6 pl. cap design CC;Lbrl | ClL.2brl Clidbrl | CS:5.brl | CC.9.br2 CL10.br2 | CL12,br2 | CS;13,br2
iph 1/3 -0.029 0.0561 2.92 2.87 [.88 0.15 -2.61 -2.68 -2.21 0.28
ipb 2/3 -0.0581 -0.1126 1.58 2.26 1.56 0.05 -2.38 -2.57 -1.85% 0.12
ipb 3/3 -0.0855 -0.1656 1.29 1.8 1.38 -0.01 -2.27 =247 -1.7 0.03
ipb 3/3 -0.0855 -,1656 1.29 1.81 1.37 -0.01 -2.27 -2.46 -1.67 0.04
iph 2/3 -0.0583 -0.1129 1.58 2.29 1.57 0.04 -2.39 -2.56 -1.85 0.1 -
ipb 1/3 -0.0304 ).0588 2.84 2.89 1.9]1 0.11 -2.64 -2.7 -2.1% 0.22
opb 1/3 -0.0169 -0.0459 0.05 -0.22 -1.51 -5.42 -0.66 -(.36 0,75 3.03
opb 2/3 -0.0344 -(.0935 0.04 -0.21 -1.47 =53 -(0.39 -0.12 0.98 3.31
opb 3/3 -0.0513 -0.1392 0.03 -0.23 -1.45 -5.11 -(.3 -0.05 [N 3.44
opb 3/3 -0.0521 -0.1414 0.02 -0.23 -1.44 -5.08 -0.3 -0.05 1.§2 3.46
opb 2/3 -0.0355 -0).0963 0.04 -0.19 -1.36 =518 -0.44 -0.18 1.07 3.7
opb 1/3 -0.0172 -0.0466 (.03 -0.17 -1.11 -4.95 -0.8 -0.44 1.01 4.03

axi-c }/3 -0.0098 -0.0404 2.65 3.25 4.96 8.37 -1.01 -0,76 1.12 5.35
axi-c %3 | -0.019 -0.0807 2.96 3.36 4.84 8.34 -0.95 0.6 1.08 5.1

axi-c 3/3 -0.0298 -0.1231 2.95 3.01 4.09 7.72 -0.07 -0.05 1.33 5.13
axi-c 3/3 -0.0299 -0.1232 2.95 3.01 4.06 7.66 -0.03 -0.05 1.27 5.13
axi-c 2/3 -0.0196 -0.0807 3.11 3.39 4.68 7.97 -1.01 -0.67 1.05 5.4
axi-c 1/3 -3.0698 -0.0408 3.22 3.83 5.25 7.13 -1.71 -1.09 (.96 6.22
axi-t 1/3 0.0113 0.0429 0.07 0.38 2.13 7.31 2.14 1.82 3.72 5.87
axi-t2/3 | 0.0221 0.0839 0.55 (.89 2.57 7.01 1.64 1.53 3.35 5.11
axi-t 3/3 0.0333 0.126 0.74 1.22 2.67 6,25 1.39 1.39 3.01 422
axi-t 3/3 0.0333 0.126 0.74 1.2 2.67 6.25 1.41 1.43 3.04 4.24
axi-t 2/3 0.0222 0.0843 .52 0.89 2.64 7.02 1.55 i.47 3.31 5.15
axi-t 1/3 0.0111 0.0421 0.19 0.24 201 7.36 2.05 1.97 3.81 6.11
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Appendix M 8 SNCFs grouted Test Specimen: DT8
Table M-25: Measured SNCFs on intersections of brace 1,2 and chord for DT8

v

DT8 pl. cap design | BC;1,brl | BS:5.br2 | BC,9.br2 BS;13.brl | CC.Lbrl | C5,5.6r7 CC.9.br2 | CS;13,bri
ipb 173 -0.0329 | -0.069 3.42 -0.3 -1.51 -0.49 1.34 -0.59 -2.88 -0.69
ipb 2/3 -0.0647 | -0.1367 316 -0.26 -1.53 -0.49 116 -0.57 -2.8 0.77
ipb 3/3 -0.0965 1 -0.2039 2.95 -0.26 -1.52 -0.49 1.09 0.6 -2.73 -0.8
ipb 373 -0.0946 | -0.1999 2.97 .26 -1.54 -0.48 1.05 -0.61 -2.75 -0.82
ipb 273 -0.0624 | .0.131% 3.4 -0.23 ~1.57 -0.49 1.14 -0.52 -2.88 -0.83
ipb 1/3 -0.0305 | -0.0644 3.6 -0.23 -1.61 0.5 1.36 -0.46 -3.03 -0.8
opb 173 | -00124 | -0.0605 -0.09 -6.26 -0.12 3.57 -0.61 -13.63 -0.34 8.63
opb2/3 | .0.0244 -0.119 -0.06 -4.69 .09 4.39 -0.64 -10.38 -0.5 5.19
opb3/3 | -0.0346 [ -0.1685 -0.08 -4.36 -0.09 372 -0.68 -9.52 -0.54 4.01
opb3/3 | -0.0344 | 01675 -0.08 -4.31 -0.09 37 -0.68 93 -0.55 4.21
opb 2/3 -0.0236 -0.1149 -0.08 -4.73 -0.11 4.33 -0.59 -10.13 -0.4 5.5
opb1/3 | -0.0118 | -0.0574 -0.06 -5.69 -0.1 5.72 0.47 -12.39 -0.21 9.61

ad-c 173 1 -0.0079 | -0.0667 -2.39 6.63 5.66 1.31 -4.87 13.88 9.57 1.74
axi-c /3 | -0.0153 [ -0.1301 -1.39 3.57 5.94 2.47 -2.18 7.73 6.2 4.6

axi-c 3/3 | -0.0233 -0.1974 0.81 2.99 4.83 1.92 -1.15 5.77 4.27 3.6

axi-c¥/3 | -0.0233 | -0.1974 -0.86 2.96 4.79 1.89 -1.16 3.69 4.21 361
axi-c 23 | 00153 | -0.1302 -1.32 4.22 5.04 1.94 -2.19 §.2 5.86 342
axi< 1/3 | -0.0078 -0.066 «2.5 8.24 4.83 -0.31 -4.57 15.6 8.32 -1.04
axi-t 1/3 { 0.0092 0.0628 0.59 0.61 0.35 7.22 1.67 0.49 1.8} 12.54
axi-t 273 | 0.0174 0.1183 0.57 221 0.51 6.16 1.86 2.65 1.67 10.86
axi-t3/3 | 0.0259 0.176 0.71 2.57 0.46 5.5 .97 3.91 1.58 9.88
axi-t3/3 { 0.0258% 0.1753 0.71 2.55 0.49 5.52 2.07 3.95 1.58 9.84
axi-t273 | 00172 0.1167 0.67 1.93 0.43 6.51 2.13 2.46 1.58 11.35
axi-t I3 [ 0.0088 0.0599 0.67 (.48 0.45 8.26 2.27 1.42 1.73 14.24

Table M-26: Measured SNCFs on intersections of

level of 50%

brace 1,2 and chord for DTS at preload

DT8 pl. cap destgn BC;Lbrl [ BS:5.br2 T BC:9,br2 BS.13,br1 | CC:l.br} T C§:5.br2 CGC;9.br2 | C§;13,brl
ipb 1/3 -0.031 0.06355 3.67 -0.34 -1.57 -0.58 1.62 -0.71 -2.99 -0.93
ipb 273 -0.064 -0.1353 332 -0.31 -1.55 -0.57 1.27 -0.67 -2.86 .94
ipb 3/3 -0.095 -0.2008 3.07 -0.3 -1.53 -0.52 1.17 -0.68 -2.77 -0.91
ipb 3/3 -0.0939 | -0.1985 3.07 -0.29 -1.53 -0.52 1.12 -0.68 -2.77 -0.92
ipb 273 -0.0617 -0.1303 3.37 0.3 -1.55 -0.55 1,24 -0.67 -2.9 -0.95
ipb 1/3 -0.0307 | -0.0649 3.81 -0.28 -1.61 -0.58 1.62 -0.65 -3.12 -0.98
opb 1/3 -0.0109 -0.053 -0.18 -6.14 -0.02 6.64 -0.47 ~13.46 -0.3 12.45
opb 2/3 -0.0226 -0.1104 -0.14 -4.99 -0.02 4.77 0.6 -10.74 -0.43 7.03
opb 3/3 -0.0331 -0.1615 -0.0% -4.54 -0.04 4.01 «0.62 -5.78 -0.51 5.33
oph 3/3 -0.0339 | .0.1654 -0.08 -4.56 -0.06 3.88 -0.64 -9.77 -0.53 5.12
opb /3 | -0.0239 -0.1166 -0.11 -4.95 -0.06 4.62 <0.65 -10.56 -0.45 6.66
opb 1/3 -0.012 -0.0586 -0.08 -6.04 -0.08 6.3 -0.48 -13 -0.35 11.42

axi-c 173 | 0.0077 | -0.0656 -0.5 8.17 4.39 5.77 -0.06 19.06 8.15 10.55
axi-c 23 | .0.0154 -0.1306 0.08 417 3.58 4.49 1.47 10.57 4.67 3.76
axi-c 33 | -0.0232 | .0.1968 0.24 3.06 2.99 3.39 1.44 7.63 3.31 691
axi-c 373 | -0.0232 | .0.1967 0.22 3.06 299 3.39 1.44 7.66 3.33 6.88
axi-c %3 | -0.0153 -0.1301 0.17 4.27 334 4.47 1.67 10.98 4.63 8.62
axi-¢ 1/3 -0.0077 -0.0657 -0.06 8.35 3.71 5.47 0.89 20.43 7.4 9.77
axi-t 1/3 0.0092 0.0628 0.8] 5.76 0.56 9,42 29 12.97 1.3 16.25
axi-t 273 | 0.0176 0.1198 0.72 5.42 0.42 6.97 2.36 12 1.61 12.07
axi-t 33 0.0256 0.1741 0.65 4.63 0.6 6.04 2.08 10.38 i.83 10.6
axi-t 373 0.0256 0.1741 0.69 4.36 0.45 5.92 1.97 10.48 1.82 10.55
axi-t 23 1 0.0175 0.1192 0.72 5.35 038 7.12 2.07 11.35 1.84 12.6
axi-t 1/3 0.0093 0.0634 0.63 5.78 0.4 9.27 2 11.97 2.19 16.68
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Table M-27: Measured SNCFs on intersections of brace 1,2 and

level of 100 %

chord for DTS at preload

DT8 pl. cap design | BG;Lbrl BS,5.br2 | BC:9.br2 | BS;13.brl CC.Lbrl | CS.5.0r2 | CCobr2 [ CS 13,brl
ipb 173 -0.0328 -0.0692 3.64 0.35 -1.52 -0.47 1.74 -0.69 -2.91 -0.67
iph 2/3 -0.0633 0,1338 3.35 -0.33 -1.52 -0.46 135 £.68 -2.83 -0.74
ipb 3/3 -0.0957 -0.2023 3.09 £.31 -1.51 -0.45 1.21 -0.71 -2.73 -0.74
ipb 373 -0.0955 -0.2018 3.11 0.31 -1.51 -0.45 1.21 -0.73 -2.74 .74
ipb 2/3 -0.0633 -0.1337 3.39 -0.3 .1.54 -0.47 1.38 0.7 -2.86 0.72
ipb 1/3 -0.0314 -0.0664 3.83 .34 -1.6 -0.47 1.89 -0.72 -3.08 .64
opb 1/3 00111 -0.0542 -0.03 -6.34 -0.09 8.62 -0.23 -13.27 -0.18 15.52
opb 2/3 -0.0233 -0.1135 -0.06 -5.17 -0.1 5,65 -0.44 -10.98 0.4] 8.42
opb 3/3 -0.0338 -0,1649 -0.08 -4.71 £0.07 4.52 -0.47 -10.11 -(.48 6.26
opb 3/3 -0.034 -0.1658 -0.11 -4.89 0,06 3.77 -0.47 -10.47 0.5 517
opb 2/3 -0,0236 0115 =0.1 -5.32 -0.03 4,79 -0.46 -11.46 .46 7.31
opb 1/3 -0.0129 -0,0628 0.16 6.18 -0.03 6.37 0.32 -13.42 -0.26 12.01

axi-¢ 1/3 -0.0077 0.0655 -1.88 9.03 3.67 -2.19 -3.54 18.62 6.41 -5.39
axi-c 213 -0.0154 -0,1306 -1.52 6.67 - 391 -1 -2.95 11.03 5.21 -2.28
axi-¢ 3/3 -(0.0233 -0.1976 -0.95 47 4.14 0.54 -1.72 7.74 4.11 0.68
axi-c 3/3 -0.0232 -0.1971 -0.98 4.55 4,18 0.7 -1.82 1.3 4.19 1.04
axi-c 23 0.0153 -0.1297 -1.53 6.74 3.85 -0.99 -3.12 10.73 535 22,22
axi-c 1/3 -0.0076 0.0646 -2.73 13.64 4,06 -8.28 -6.32 21.14 6.9 -15.89
axi-t 1/3 | 0.0085 0.058 1 5.54 .39 10.59 2,59 11.6 1.89 18.67
axi-t 2/3 0.017 0.1157 0.77 4.78 0.43 8.25 2.13 10.19 1.94 14.54
axi-t 3/3 0.0254 0.1725 0.76 4.5 0.43 7.03 2.1 9.82 1.88 12.33
axa-t 3/3 0.0254 0.1728 0.81 4.51 0.4 6.96 2.15 9.84 1.88 12.19
axi-t 2/3 0.0167 0.1139 0.98 4.91 (.29 8.1 2.34 10.45 1.82 14.03
axi-t 1/3 0.0087 0.0593 1.19 5.08 0.04 9.53 3.05 10,74 1.52 16.89
Brace 1
@ @
Chord
Brace 2
Elevation on DT Joint
Saddle Saddle
:
N/ "N
EAN - ~ ~
Crown |— —_ Crown / Crown  —— —9 Crown
0
-~ ~ -~ 10
/ | \ / ; \
13 i3
Saddle Saddle
View 'A' on brace 1 View 'B' on brace 2
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Appendix M 9 SNCFs grouted Test Specimen: DT9

Table M-28: Measured SNCFs on braces at intersections of brace and chord for DT9

DTS pl. cap design | BC;Lbrl | BL,2.br1 BL;4,brl | BS;5,brl | BC;9,6r2 BL10br2 | Bi;12br2 [ BS.13,0r2
ipb 13 -0.0382 -0.083 3.45 1.84 0.78 0.05 -1.51 -1.39 -1.23 0.04
ipb 2/3 -0.0737 -0.1603 3 1.87 0.69 0.03 -1.49 -i.35 -1.05 0.05
ipb 3/3 -0.1106 -0.2403 2.78 1.82 0.65 0.02 -1.5t -1.33 -0.95 0.05
ipb 3/3 -0.1115 -0.2423 2.76 1.8 0.63 0.01 -1.51 -1.33 -0.95 0.05
iph 2/3 -0.0743 -0.1616 3.04 i.88 0.7 0.02 -1.53 -1.36 -1.07 0.06
ipb 1/3 -0.0384 -0.0835 3.57 1.82 0.82 0.04 -1.58 -1.4 -1.25 0.06
oph 173 -0.0162 -0.0496 0.11 0.5 -0.78 -2.34 0.05 0.44 0.97 2.33
opb 2/3 -0.036 -0.1102 0.07 -0.42 -0.74 -1.73 -0.05 0.42 0.95 234
opb 3/3 -0.0551 -0.1684 0.07 -0.38 -0.69 -1.49 <0.03 0.39 0.94 2.33
opb 3/3 -0.0555 -0.1696 0.07 -04 -0.68 -1.45 -0.02 0.39 0.96 233
opb 2/3 -0.036 -0.11 0.06 -0.43 .69 -1.64 <0.04 033 .94 2.38
opb 1/3 -0.0162 -0.0496 0.11 0.5 -0.72 -2.09 -0.11 031 0.83 2.47

axi< 1/3 | -0.0123 -0.065 1.45 1.28 1.26 245 1.5 1.5 2.45 4.05
axi-c 2/3 | -0.0245 -0.1293 1.59 1.42 1.67 2.87 1.27 1.25 2.03 4.05
axi-c 3/3 | .0.0368 -0.1943 1.82 1.51 1.66 2.98 1.29 1.06 1.82 3.73
axi-c 3/3 -0.0368 -0.1944 1.82 1.51 1.67 2.98 1.31 1.1 1.82 3.77
axi-¢c 23 -0.0245 -0.1296 1.88 1.71 1.88 2.76 0.99 1.2 1.96 4.24
axi-c 113 | 0.0123 -0.0651 1.91 1.5 1.48 1.38 0.95 1.39 2.36 5.14
axi-t 173 0.0125 0.0465 131 1.64 1.87 3.32 0.83 0.87 1.81 2.87
axi-1 213 0.0245 0.0908 1.38 1.6 1.58 2.42 0.78 0.81 1.46 2.04
axi-r 3/3 0.0364 0.135 1.35 1.48 i.28 1.79 0.72 0.71 .22 1.49
axi-t 3/3 0.0363 0.1348 13 1.47 1.28 1.78 0.74 0.74 1.2 1.49
axi-t 273 0.0244 0.09%06 131 1.55 1.54 233 0.75 0.85 1.46 2,07
axi-t 1/3 0.0122 0.0453 1.35 1.67 1.87 2.96 0.83 1.11 1.89 3.18

Table M-29: Measured SNCFs on chord at intersections of brace and chord for DT9

DT9 pl. cap design CCLbrl | CL2brl | Cl4brt CS;3,brl | CC,9br2 [ CLI0.br2 CLI2,br2 | CS:13,0r2
iph 1/3 -0.0382 -0.083 0.49 2.07 1.23 0.17 -2.65 -2.98 -1,79 0.2
iph 2/3 -0.0737 -0.1603 0.5 1.62 1.1 0.06 -2.55 -2.87 -1.55 0.14
iph 3/3 -0.1106 -00.2403 0.5] 1.41 1.02 -0.02 -2.51 -2.8 -1.43 0.06
ipb 3/3 ~0.1115 -0.2423 0.5 1,41 1.01 -0.02 -2.5 -2.77 -1.42 0.04
iph 273 -0.0743 -0.1616 0.5 1.67 1.14 0.08 -2.58 -2.89 -1.57 .12
ipb 1/3 -0.0384 -0.0835 0.55 22 1.3 0.18 -2.72 -3.0% -1.8 0.2
oph 1/3 -0.0162 -0.0496 0.1 -0.31 -0.99 -4.41 -(.13 0.17 1.29 7.01
opb 2/3 -0.036 -0.1102 0.1 -0.25 -1.17 -3.79 -0.19 0.07 1.32 7.03
opb 3/3 -0.0551 -0. 1684 0.06 -0.25 -1.22 -3.6 -0.17 0.09 1.35 6.96
opb 3/3 -0.0555 -0.1696 0.04 -0.24 -1.2 -3.58 -0.15 0.11 1.35 6.98
opb 2/3 -0.036 -0.11 (.08 -0.23 -1.12 -3.79 -0.22 0.06 1.32 7.09
opb 1/3 -0.0162 -0,0496 0.12 -0,18 -0.82 -4.09 -0.38 -0.08 1.1 7.36

axi-c 1/3 -0.0123 -0.065 0.91 1.43 1.72 4.22 2.15 1.58 3.48 12.56
axi-c 2/3 -0).0245 -0.1293 1.64 1.75 2.08 5.13 1.81 0.92 2.8 12.23
axi-c 3/3 -0.0368 -0.1943 2.12 2.3 2.09 5.3 .96 0.89 2.3 10.78
axi-¢ 3/3 -0.0368 -0.1944 212 2.29 2.08 5.28 2.02 (.89 2.37 10.84
axi-c 2/3 -(.0245 -0.1296 2.14 2.06 2,32 4.96 1.26 0.62 2.71 12.58
axi-¢ 173 -0.0123 -0,0651 1.69 2.17 2 2.02 0.82 0.64 3.34 15.65
axi-f 1/3 0.0125 0.0465 0.93 2.21 2.91 6.08 1.28 1 2.68 8.69
axi-t 2/3 0.0245 0.0908 1.04 2.36 2.87 5.03 1.23 1.04 2.43 7.41
axi-t 3/3 0.0364 0.135 1.08 2.39 2.76 4.6 1.21 1.11 2.33 6.55
axi-t 3/3 0.0363 0.1348 1.07 2.36 2.78 4.66 1.23 1.1 232 6.47
axi-t 2/3 0.0244 0.0906 1.02 2.34 2.87 5.05 1.2 1.06 2.45 7.41
axi-t 1/3 0.0122 0.0453 1.13 2.53 2.72 5.41 1.2 0.96 2.69 9.25
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Table M-30: Measured SNCFs on braces at intersections of brace an

preload level of 50%

d chord for DT9 at

DTS pl. cap design BC;1brl | BL2brl Blabrl | BS:S,brl | BC.S,br2 BL10,br2 | BL,12,br2 | BS;13,br2
ipb 1/3 .0.0395 -0.0858 3.42 1.9 0.79 0.03 -1.46 .1.35 -1.21 0.07
ipb 273 -0.0755 -0.164 2.99 1.95 0.72 -0.01 -1.5 -1.36 -1.07 (.06
ipb 3/3 -0,1122 -0,2439 277 1.89 0.63 -0.02 -1.51 -1.34 -0.97 0.05
iph 3/3 -0.1121 -0,2437 2.78 1.89 0.68 -0.03 -1.51 -1.33 -0.98 0.06
ipb 2/3 -0.0753 -0.1636 3.07 201 0.74 -0.02 -1.52 -1.37 -1.09 0.09
ipb 1/3 0.0397 -0.0863 3.58 1.97 0,32 -0.03 -1.56 -1.42 -1.26 0.11
opb 1/3 -0.0166 -0.0508 0.08 -0.52 -0.96 -2.27 0.05 0.49 0.98 231
opb 2/3 -0.036 -0.11 0.07 0.4 £0.77 -1.71 0.01 0.45 0.97 2.28
opb 3/3 -0.0546 -0.1668 0.07 -0.35 -0.73 -1.55 (.01 0.43 0.96 2.27
opb 3/3 -0.0547 -0.1671 0.05 -0.35 -0.71 -1.56 .01 0.43 0.97 226
opb 2/3 .0.0353 -0.1079 0.04 -0.39 -0.75 -1.75 -0.03 0.42 0.95 2.26
opb 1/3 0158 -0,0484 -0.03 -0.45 .86 -2.35 -0.08 0.34 (.83 2.25

axi-¢ 1/3 -0.0124 -0.0654 0.32 0.33 0.5 29 2.82 2.31 3.17 4.28
axi-c 2/3 -0.0246 -0.1296 0.96 0.9 1.4 3.01 2.32 1.59 235 422
axi-c 33 -0.0368 -0.1944 1.24 1.07 1.59 3.0% 24 1.4 2.03 3,86
axi-c 3/3 -0.0368 -0.1944 1.24 1,07 1.6 3.15 2.4 1.4 2.01 3.85
axi-c 2/3 20,0246 -0.1299 1.09 1,02 1.49 2.85 1.9 1.56 2.28 438
axi-¢ 1/3 0.0123 -0.065 0.9 0.5} 0.5% 1.32 1.9 2,04 3.34 5.68
axi-t 1/3 0.0123 0.0456 1.33 1.51 1.94 3.75 1.05 1.15 1.98 3.28
axi-t 2/3 0.0244 0.0907 1.19 1.36 1.49 2.32 0.95 1 1.65 2.14
axi-t 373 0.0366 0.1357 1.18 1.29 1.29 1.74 0.9 (.38 1,42 1.56
axi-t 3/3 0.0366 0.1357 1.15 1.29 1.27 1.73 09 0.38 1.4 1.57
axi-t 2/3 0.0246 0.0913 1.18 1.35 1.5 2.27 0.9 1 1.66 2.24
axi-t 1/3 0.0121 0.045 1.35 1.53 1.84 3.49 1.02 1.26 2.06 347

Table M-31: Measured SNCFs on chord at intersections of b

race and chord for DT9 at

preload level of 50%

DI9 | pl.cap design Te1bri | Chabri | Chabei | CS:5.brl CC.9.br2 | Chi0br2 | CL12,br2 C8§,13,br2
ipb 173 0.0395 | -0.0858 0.5 2.11 1.26 0.11 -2.61 -2.87 -1.8 0.31
ipb 2/3 -0.0755 -0.164 0.53 1.65 1.13 -0.01 -2.55 -2.86 -1.59 0.24
ipb 3/3 -0.1122 | -0.243%9 0.52 1.44 1.05 -0.07 -2.52 -2.78 -1.46 0.13
iph 3/3 -0.1121 -0.2437 0.52 1.44 1.06 -0.07 -2.53 -2.8 -1.47 0.13
iph 23 -0.0753 | -0.1636 0.54 1.71 1.7 -0.01 -2.61 -2.93 -1.63 0.25
ipb 173 -0.0397 | -0.0863 0.59 2.25 1.38 0.03 -2.79 -3.05 -1.88 0.38
opb 1/3 -0.0166 | -0.0508 -0.02 -0.24 -1.18 4.6 0.12 0.25 1.33 6.93
opb 2/3 -0.036 -0.11 0.04 -0.19 -1.25 -3.97 -0.04 0.17 1.3 6.9
opb 3/3 -0.0546 | -0.1668 0.04 -0.19 -1.3 -3.82 -0.08 0.13 1.31 6.89
oph 3/3 -0.0547 | -0.1671 0.06 -0.19 -1.29 -3.82 -0.08 0.14 1.29 6.88
opb 2/3 -0.0353 | -0.1079 0.09 .17 -1.21 -4.05 -0.11 0.1 1.23 6.91
opb 1/3 -0.0158 | -0.0484 0.1 ~ -0.1% -1.02 -4.65 -0.21 0.03 0.98 6.96

axic 173 | -0.0124 | -0.0654 -0.65 -0.55 0.65 5.15 5.26 3.1 4.6 12.97
axi-c 23 | -0.0246 | -0.1296 0.59 0.62 1.76 5.45 3.43 1.64 34 12.77
axic 33 | 00368 | -0.1944 141 1.26 1.84 561 2.34 1.3 271 11.28
axi<c 33 | -0.0368 | -0.1944 1.41 1.3 1.87 5.63 283 1.27 272 11.32
axic 23 | -0.0246 | -0.1299 0.83 0.85 1.56 5.28 2.86 1.36 3.36 13.32
axi-c 1/3 § -0.0123 -0.065 0.19 0.23 0.75 2.24 3.14 2.05 4.98 17.31
axi-t 173 0.0123 0.0456 1.01 1.63 2.58 7.06 1.19 1.12 3.05 9.73
axi-t 23 | 0.0244 0.0907 0.39 1.75 273 538 1.32 1.19 2.78 7.85
axi-t 33 0.0366 0.1357 0.96 1.95 2.65 4.68 1.3 1.3 271 6.74
axi-13/3 0.0366 0.1357 0.95 1.97 2.64 4.67 1.28 133 271 6.71
axi-t 2/3 0.0246 0.0913 0.89 1.3 2.65 5.23 1.25 1.23 2.82 8.05
axi-t 13 0.0121 0.045 1.04 1.74 2.46 6.58 1.15 1.24 3.14 10.3
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Table M-32: Measured SNCFs on braées at inter

preload level of 100%

sections of brace and chord for DTO9 at

DTS pl. cap design | BC;l.brl | BL;2.brl Bl.d.brl | BS;5,brl | BC:9.br2 Bl;10,br2 | BL12,br2 BS;13.br2
ipb 1/3 -0,0383 -0.0832 3.61 1,72 0.82 -0.02 -1.47 -1.36 -1,25 0.05
iph 2/3 -(,0767 -0.1668 3.18 1.87 0.74 -0.03 -1.5 -1.37 -1.1 0.05
ipb 3/3 -0.1132 -(.2461 2.9 1.86 0.68 -0.03 -1.52 -1.36 -.99 0.06
ipb 3/3 -0.1131 -0.2459 2.9 1.87 0.67 -0.03 -1.52 -1.37 -(.99 0.07
ipb /3 -{,076 -0.1653 3.23 1.95 0.73 -0.01 -1.54 -1.43 =111 0.07
ipb 173 -0.0387 -0.0841 3.77 1.89 0.84 -0.03 -1.56 -1.52 -1.35 0.09
opb 1/3 -0.0164 -0.0501 0.11 -0.41 -0.77 -2.44 0.08 (.49 0.93 2.12
opb 2/3 -0.0361 -0.1103 0.06 -0.41 -0.77 -2.04 Q 0.45 0.91 2.21
opb 3/3 -0.0557 -0.1703 0.08 -).39 -0.74 -1.77 -0.0] 0.43 0.94 2.23
opb 3/3 -0.0562 -0.1717 0.07 -0.38 -0.73 -1.76 -0.01 0.43 (.95 2.22
oph 2/3 -0.0365 -0.1117 0.07 -0.41 -0.74 -2.03 -0.02 (.43 0.91 2.19
opb 1/3 -0.0168 -0.0514 0.05 -0.35 0.7 -2.42 [¢] 0.43 0.86 2.2

axi-¢ 1/3 -0.0122 -0.0645 0 0.24 .66 3.8) 3.6 2.39 2.79 2.96
axi-c /3 ~0.0246 -0.1297 0.87 0.98 1.57 3.64 2.53 1.52 1.97 3.45
axi-c 3/3 -0.0367 -0.1937 1.03 1.09 1,73 3.64 2.95 1.36 1,63 3.13
axi-c 3/3 -0.0367 -0.1936 1.03 1.12 1.8 3.69 2.92 1.36 1.74 33
axi-c 23 -0.0245 ~0,1294 0.96 1.15 1.78 3.7 2.21 1.51 2.14 3.78
axi-¢ 1/3 -0.0123 -0.065 0.46 0.51] 1.02 3.14 2.61 2.14 3.09 4.6
axi-t 173 0.0126 0.0468 1.19 1.24 1.62 3.68 1.02 1.25 2.19 3.96
axi-t 2/3 0.0245 0,091 1.14 1.34 1.65 3.08 (.99 1.11 .95 3.16
axi-t 3/3 0.0366 0.1357 1.15 1.33 1.38 2.21 0.89 0.93 1.59 2.3
axi-t 3/3 0.0366 0.1358 1.12 1.35 1.4 2.18 0.89 (.93 1.56 2.32
axi-t 2/3 0.0246 0.0911 1.1 1.34 1.63 3.07 0.99 .15 1.94 3.23
axi-t 173 0.0123 0.0458 1.13 1.19 1.53 3.26 1.13 1.45 2.29 4.44

Table M-33: Measured SNCFs on chord at intersection

preload level of 100%

s of brace and chord for DT9 at

DT9 pl. cap design CCl.brl } Cl:2brl T CLdbrl CS;5.brl | CC:9.br2 CL10,br2 | Ci;125r2 CS8;13,br2
iph 1/3 -0.0383 .0832 0.97 2.28 1.26 0.11 -2.72 -3.06 -1.72 0.28
ipb 2/3 -0.0767 -0.1668 0.74 1.76 1.07 .03 -2.65 -2.99 -1.53 0.22
ipb 3/3 -0.1132 -0.2461 0.69 1.49 1 .05 -2.57 -2.88 -1.43 (.15
iph 373 -0.1131 -0.2459 0.69 1.48 1.01 -0.05 -2.57 -2.88 -1.43 0.15
ipb 2/3 -0.076 -0.1653 0.77 1.8 1.14 0.02 -2.68 -3.05 -1.58 0.23
ipb 1/3 -0,0387 -0.084] 1.08 2.39 1.41 0.07 -2.84 -3.21 -1.86 0.27
opb 1/3 -0.0164 -0.0501 0.15 0.14 -0.83 -5.02 0.07 0.25 1.18 65.48
opb 2/3 -0.0361 -0.1103 0.1 -0.09 -1.02 -4.59 -0.06 0.12 1.23 6.71
oph 3/3 -0.0557 -0.1703 0.1 -0.14 -1.17 -4.3 (.08 0.15 1.28 6,71
opb 3/3 -0.0562 0.1717 0.11 -0.13 -1.16 -4.28 -0.09 0.16 1.28 6.74
ophb 2/3 -0.0365 -0.1117 0.14 -0.07 -1 -4,59 -0.11 0.12 1.19 6.78
opb 1/3 -0.0168 -0.0514 0.19 0.29 0.7 -4.85 -0.07 0.09 0.96 6.79

axi-c 1/3 | -0.0122 -0.0645 -1.04 -1.07 0.58 6.91 6.82 3.68 4 9

axi-c 3 | -0.0246 -(.1297 0.52 0.63 2.14 6.74 3.79 1.66 2.83 10.36
axi-c 3/3 | -0.0367 -0.1937 1.13 1.18 2.1 6,64 2.33 1.35 233 9.47
axi-c 33 | -0.0367 -0.1936 1.17 1,15 2.13 6.81 2.77 1.35 2.51 0.85
axic 3 -0.0245 -0.1294 0.7 0.67 2.33 6.92 3.41 .52 2.97 11.2§
axi=c 1/3 0.0123 -0.065 -0.23 -0.46 1.09 5.85 4.74 2.71 4.52 13.5
axi-t 1/3 0.0126 0.0468 0.72 0.96 2.3 6.66 1.22 1.17 3.25 11.78
axi-t 2/3 0.0245 0.091] 0.74 1.38 2.43 6.31 1.33 1.27 3.29 11.85
axi-t 3/3 0.0366 0.1357 0.85 1.73 2.56 56 1.31 1.2 3.03 9.64
axi-t 3/3 0.0366 0.1358 0.84 1.73 252 5.57 1.3 1.18 3.03 9.68
axi-t 2/3 0.0246 0.0911 0.7 1.43 2.31 6.26 1.32 1.24 3.32 12.06
axi-t 1/3 0.0123 0.0458 0.71 (.94 1.88 5.87 1.24 1.1 3.55 13.28
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Appendix M 10 SNCFs grouted Test Specimen: T1

Table M-34: Measured SNCFs on intersection of brace and chord for Tl

Ti pl. cap design BC;1 BS:5 BC;9 BS;13 CG;1 CS§;5 CC9 C§;13
ipb 1/3 0.0416 0.0513 -1,29 -0.08 1.35 0.01 -2.3 -0.06 2.32 0.04
ipb 273 0.0845 0.1042 -1.37 -0.03 1.37 0 -2.32 0.0} 2.31 0.04
ipb 3/3 $.1265 0.1559 -1.5 0.02 1.34 0.07 -2.02 0.06 2.22 0.15
ipb 3/3 0.1264 0.1557 -1.49 .02 1.35 0.06 -2.02 0.04 2.21 0.13
ipb 2/3 0.0844 0.104 -1.36 -0.03 1.4 0.01 -2.37 -0.05 2.32 0.03
ipb 173 0.0418 0.0516 -1.35 -0.08 1.3% 0.03 -2.4 -0.09 2.38 0.06
opb 1/3 0.028 0.057 0.04 -3.05 0.07 2.66 0.16 -4.86 0.11 5.15
opb 2/3 0.0594 0.1207 0.1 -2.92 0.05 2.49 0.15 -4.3 .11 4.78
opb 3/3 0.0895 0.1819 0.11 -2.81 0.08 2.38 0.17 -3.5 0.13 4.5
opb 3/3 0.0907 0.1844 0.11 -2.81 0.07 2.37 0.18 -3.5 0.11 4.51
oph 2/3 0.0607 0.1234 0.08 -3 0.05 2.55 0.14 -4.46 0.06 4.93
opb 1/3 0.03 0.0609 0.05 -3.13 0.03 2.74 0.07 -5.12 0.09 5.35

axi-c 1/3 | -0.0155 -0.0445 0.89 1.15 .09 5.89 5.73 0.85 5.14 10.4}]
axi-c 2/3 -0.031 -0.0892 1.75 1.53 0.64 3.53 6.02 2.1 4.12 6.17
axi-c 3/3 -0.0464 -0.1337 2.15 1.69 0.7 2.45 5.49 248 3.79 4.46
axi-¢ 3/3 -0.0464 -0.1337 2.16 1.69 0.67 2.45 5.49 2.48 3.81 4.46
axi-¢ 2/3 -0.0311 -0.0895 1.83 1.39 0.48 3.84 6.04 1.86 3.92 6.48
axi-c 1/3 -0.0155 -0.0446 1.56 0.25 0.07 7.14 6.75 .57 4.02 11.96
axi-t 1/3 0.0157 0.0356 0.6 3.49 0.71 4,78 5.51 4.93 4.84 8.55
axi-t 2/3 0.0313 0.0709 0.79 3.35 0.88 4.07 5.24 4.68 4.52 6.98
axi-t 3/3 0.0467 0.1058 0.83 2.85 1.13 3.42 S8 2.91 4.6 6.54
axi-t 3/3 0.0467 0.1059 0.95 2.75 0.84 3.82 5.18 3.84 4.39 6.63
axi-t 2/3 0.0315 0.0715 0.87 2.63 (.74 4.64 5.38 3.64 4.49 8.22
aa-t 173 0.0159 0.036 0.75 1.46 0.72 6.4 5.55 1.87 4.87 12.05

Table M-35: Measured SNCFs

on intersection of brace and chord for T1 at preload level of

45 %

T1 pl. cap design BC;] BS;S BC:9 BS;13 CC:1 CS;5 CC:9 CS;13
ipb 173 0.0419 0.0517 -1.31 -0.03 1.36 0.03 -2.39 0.02 2.28 0.06
iph 2/3 0.0845 0.1042 -1.33 -0.06 1.36 0.01 -2.42 -0.06 2.31 0
ipb 373 0.1264 0.1557 -1.33 -0.08 1.38 -0.01 -2.43 -0.08 2,29 -0.02
ipb 3/3 0.1265 0.1559 -1.33 -0.08 1.37 -0.62 -2.43 -0.08 2.28 -0.01
ipb 2/3 0.085 0.1047 -1.33 -0.03 1.37 0 -2.44 -0.04 2.33 0.03
iph 1/3 0.042 0.0518 -1.34 -0.02 1.34 0 -2.47 -0.02 2.3 0.1
apb 1/3 0.0286 0.0582 0.09 -3.04 0 2.63 0.09 -4.73 -0.04 5.02
opb /3 0.059 0.1199 0.09 -2.98 0.01 2.53 0.08 -4.58 -0.1 4.77
opb 3/3 0.0895 0.1819 0.13 -3 0.02 2.45 0.11 -4.04 -0.09 4.65
onb 3/3 0.0904 0.1838 0.13 -3 0.02 2.46 0.12 4.1 -0.09 4.71
opb 2/3 0.0598 0.1215 0.11 -3.02 -0.01 2.54 0.11 -4.89 -0.14 5.07
opb 1/3 0.0309 0.0628 0.18 -2.98 -0.11 2.66 0.28 5,02 (.23 5.24

axi-c 1/3 { -0.0155 -0.0446 0.97 1.35 0.58 7.12 6.74 1.1 5.33 133
axi-c 23 | -0.0309 -0.089 1.57 233 0.41 4.89 7.34 3.03 4.71 9.12
axi-c 33 | -0.0464 -0.1336 1.73 2.5 0.52 3.5 6.96 3.67 4,73 6.63
axi-c 3/3 | -0.0464 -0.1336 1.7 2.5 0.49 3.5 6.94 3.72 4.71 6.65
axi-c /3 -0.031 -0.0892 1.58 2.04 0.3 5.37 7.28 2.61 4.67 9.89
axi-c 1/3 -0.0155 -0.0445 1.45 0.1 -L18 g.61 7.76 -1.1 4.27 16.5
axi-t 1/3 0.016 (.0362 0.63 2.8 0.92 4.67 5.13 3.56 5.17 85

axi-t 2/3 0.0313 0.071 0.89 2.88 0.81 3.82 5.24 3.78 4.72 6.64
axi-t 3/3 0.0464 0.105] 0.93 2.54 0.92 3.59 5.14 33 4.62 6.11
axi-t 3/3 0.0464 0.1051 (.94 2.54 0.92 3.59 5.18 3.3 4.62 6.08
axi-t 213 0.0313 0.071 0.88 2.54 0.84 4.12 5.31 3.25 4.72 7.23
axi-t /3 0.0158 0.0357 0.78 2.14 0.7 5.39 5.55 2.55 4.93 9.92
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Table M-36: Measured SNCFs on intersecti

on of brace and chord for T1 at preload level of

90 %

Tl pl. cap design BC.1 BS;5 BC;2 BS;13 CGil CS.3 CcC9 C§;13
ipb 173 0.0424 0.0522 -1.32 -0.07 1.39 0 -2.19 -0.11 2.21 -0.03
ipb 2/3 0.0849 0.1047 -1.31 -0.09 1.39 -0.04 -2.27 -0.11 2.21 -0.04
ipb 373 0.1267 0.1562 -1.31 -0.09 1.39 -0.04 -2.34 -0.13 2.23 -0.05
ipb 3/3 0,1267 0.1562 -1.32 -0.09 1.39 -0.04 -2.33 -0.13 2.21 -0.05
ipb 2/3 0.0852 0.105 -1,32 0.08 1.39 -0.03 233 -0.09 2.25 -0.03
ipb 1/3 (.0419 0.0517 -1.33 -0.05 1.41 -0.02 -23 -0.05 2.27 .03
opb 1/3 0.0276 0.0561 0.16 -2.89 0.05 2.53 0.11 -4.48 0 4.63
opb 2/3 0.0576 0.117 0.16 -2.95 0.03 2.43 0.09 -4.34 -0.08 4.53
opb 3/3 0.0882 0.1794 0.17 -2.89 0.03 235 0.1 -4.03 -0.05 4.31
oph 3/3 0.0903 0.1836 0.17 -2.91 0.04 233 0.11 -4.03 -0.05 4.33
opb 213 0.0601 0.1223 0.17 -2.97 (.03 2.37 0.15 -4.39 -0.07 4.5%
opb 1/3 0.0295 0.06 0.21 -2.92 -0.02 2.43 0.22 -4.46 -0.19 4.66

axi-c 1/3 | 0.9155 -0.0446 2.21 -0.88 -0.35 6.53 7133 -2.63 243 11.59
axi-¢ 23 | -0.030% -0.0891 2.03 1.31 -0.23 4.75 734 0.92 2.87 8.39
axi-c 3/3 | -0.0463 -0.1334 1.39 2.49 0.08 3.74 7.2 3.05 3.48 6.44
axi-c 3/3 | -0.0463 -0.1334 1.93 2.52 0.09 3.91 7.19 3.05 3.48 6.41
axi-¢c 23 | -0.0365 -0.1051 202 1.88 -0.21 4.33 7.36 1.93 3.13 7.69
axi-c 1/3 | -0.0154 -0.0442 2.57 -0.88 -0.63 6.76 7.93 -3.06 2.28 12.19
axi-t 1/3 0.0157 0.0357 1.6 2.02 (.48 2.38 5.91 235 3.76 4.92
axi-t 2/3 0.0316 0.0716 1.23 2.37 1.05 2.86 5.22 2.76 4.38 4.46
axi-t 373 .0464 0.1051 1.09 2.22 1.13% 274 4.98 2.72 4.61 438
axi-t 3/3 0.0464 0.1051 1.08 2.17 1.11 2.68 4.9 275 4.6 4.35
axi-t 2/3 0.0315 0.0714 1.15 2.03 0.93 2.96 5.1 2.52 4.5 4.86
axi-t 1/3 0.0137 0.0356 1.24 1.22 0.79 387 5.42 1.43 4.34 6.5

Table M-37: Measured SNCF's

on intersection of brace and chord for T1 at preload level of

130 %

Tl pl. cap design BC:1 BS:5 B8C9 BS;13 CC CS8.3 CC,9 Cs;13
ipb 173 0.0428 0.0527 -1.33 -0.06 1.38 0.02 -2.26 -0.07 2,25 0.02
ipb 2/3 0.0859 0.105% -1.32 -0.08 1.39 -0.01 -232 -0.09 2.27 -0.01
ipb 3/3 0.1271 0.1567 -1.31 0.1 1.39 -0.03 -2.35 -0.09 2.26 -0.03
ipb 3/3 0.1273 0.1569 -1.3 -0.1 14 -0.03 -2.33 -0.09 2.26 -0.03
ipb 2/3 0.0855 0.1054 -1.31 -0.06 1.4 -0.03 -2.37 -0.07 23 -0.01
ipb 173 0.0423 0.0524 -1.32 -0.07 1.41 0.01 -237 -0.02 237 -0.01
opb 1/3 0.0289 0.0587 0.09 - -2.87 0.02 2.5 0.06 -4.51 -0.08 4.77
opb 2/3 0.0588 0.1195 0.14 -2.84 -0.01 2.43 0.07 -4.44 -0.1 471
opb 3/3 0.091 0.183 0.15 -2.82 0 232 0.08 -4.15 -0.09 4.46
opb 3/3 0.0924 0.1879 0.16 -2.85 -0.01 2.34 011 -4.15 -0.09 4.46
opb 273 0.0621 0.1262 0.16 -2.83 -0.03 2.38 0.14 -4.4 012 4.67
opb 1/3 0.0302 0.0614 0.19 . -2.96 -0.11 2.59 0.27 -4.59 -0.26 4.78

axi-c 1/3 | -0.0154 -0.0443 1.28 -1.32 0.51 6.67 6.14 -3.4 3.87 11.91
axi-c 2/3 | -0.0309 -0.089 1.54 0.9 0.3 4.74 6.46 0.33 38 8.5

axi-c 3/3 | -0.0463 -0.1333 1.29 1.34 0.61 3.98 6.09 1.97 4.38 7.04
axi-c 373 | -0.0463 -0.1333 1.29 1.84 0.64 4 6.05 2.02 4.33 6.97
axi-¢ 213 -0.031 -0.0393 1.44 0.82 0.35 4.93 638 0.31 3.95 4,72
axi-c 113 | -0.0134 -0.0443 1.45 -1.61 031 7.21 6.59 -3.89 3.87 i3.1
axi-t 1/3 0.0159 0.036 0.9 0.5 1.i6 4.46 5.36 0.04 4.04 7.7

axi-t 2/3 0.0311 0.0706 1.02 1.55 1.03 3.35 5.29 i.81 4.61 572
axi-t 3/3 0.0464 0.1052 1.07 2.07 0.91 217 5.38 2.67 4.41 4.64
axi-t 3/3 0.0464 0.1052 1.18 2.1 0.92 2,75 5.26 2.64 4.43 4.64
axi-t 2/3 0.0315 0.0714 1.36 1.98 0.77 3.07 5.6 2.35 4.21 5.22
axi-t 1/3 0.0157 0.0357 1.53 Q.99 0.42 4.0% 6.07 0.76 3.95 7.29
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Appendix M 11 SCNFs grouted Test Specimen: T3
Table M-38: Measured SNCFs on brace at intersection of brace and chord for T3

T3 pl. cap design BC;1 BIl.2 BI.4 BS;5 BC.9 BI;10 BI,12 BS:13
ipb 1/3 0.0312 0.0457 -1.23 -1.02 -1.04 0,09 1.38 1.34 0.92 .11
ipb 2/3 0.0624 0.0934 -1.48 .99 -0.92 -0.01 1.31 1.3 .98 .03
ipb 3/3 0.0937 0.1403 -1.53 -1.02 -0.84 0.02 1.29 1.28 0.95 .01
ipb 3/3 0.0938 0,1404 -1.53 -1.01 .84 0.01 1.29 1.28 0.96 -0.01
ipb 2/3 0.0626 0.0937 -1.48 -0.98 -0.93 -0.03 1.32 1.3 0.98 -0.03
ipb 1/3 4.0314 0.047 -1.26 -1.02 -1.07 0,12 1.38 1.3 0.97 -0.09
opb 1/3 -0.0289 -0.0607 0.13 0.58 1.02 1.89 -0.4 -().84 -1,95 -2.69
opb /3 -0.0587 0.1234 0.06 0.52 0.86 1.48 -0.22 -0.66 -1.69 -2.29
opb 3/3 -0.0891 0.1873 0.02 0.52 0.85 1.31 -0.18 -0.57 -1.51 -2.1
opb 3/3 -0.0897 -0.1886 0.02 (.53 0.84 1.32 -0).18 -0.56 -1.5 -2.11
opb 2/3 -0.0594 0.1249 (.07 0.53 0.87 1.51 -0.23 -0.64 -1.66 -2.33
oph 1/3 -0.0308 -0.0648 0.13 0.58 1.01 1.9 -0.34 -0.79 -1.94 -2.69

axi-c 1/3 -0,0145 -0.04 3.61 3.35 401 1.74 1.29 1.5 2.4 2.86
axi-c 23 -(.0291 -0.0% 3.19 2.62 3.27 1.68 2.22 2 2.53 2.19
axi-c 3/3 -0.0435 -0.1199 3.26 2.63 3.22 1.9 2.27 1.86 2.27 1.54
axi-¢ 3/3 -0.0435 -0.1199 3.26 2.63 3.2 1.9 2.27 1.87 2.25 1.54
axi¢ 23 -0.0291 -0.08 3.24 2,65 3.28 1.65 2.12 1.94 2.5 2.13
axi-c 1/3 -0.0145 -0.04 3.88 3.48 4.06 1.56 1.02 1.39 2.4 2.93
axi-t 1/3 0.0144 0.0371 2.69 3.11 4.4 2.04 2.43 2.63 3.82 2.45
axi-t 2/3 0.0286 0.0737 2.61 2.81 3.73 1.41 2.2 2.59 3.73 2.17
axi-t 3/3 0.0428 0.1103 2,72 2.79 3.56 1.3 2.09 2.61 3.88 2.33
axi-t 3/3 0.0428 0.1102 2.55 2.65 3.36 1.1% 1.96 2.6 3.73 2.19
axi-t 2/3 0.0286 0,0736 2.52 2,77 3.61 1.26 2.04 2.65 3.74 2.17
axi-t 1/3 0.0143 0.0368 235 296 4.2 2.16 2.24 2.53 3.55% 1.99

Table M-39: Measured SNCFs on chord at intersection of brace and chord for T3

T3 ol.cap design CC.1 Cl,2 CL.4 CS:5 CC.9 CL 10 Cl12 CS§;13
ipb 1/3 0.0312 0.0467 -2.35 -2.01 -0.95 -0.11 2.96 237 0.74 0.11
ipb 273 0.0624 0.0934 -2.22 -1.8 -0.79 -0.02 2.86 2.4 0.81 -0.02
ipb 3/3 0.0937 0.1403 -1.99 -1.63 -0.66 (.04 2.78 2.34 0.78 0.02
ipb 3/3 0.0938 0.1404 -2 -1.63 -0.66 0.05 297 232 0.76 0
ipb 2/3 0.0626 0.0937 -2.25 .1.83 -0.79 0 2.36 2.37 0.77 -0.04
iph 1/3 0.0314 0.047 -2.5 -2.05 -1.03 -0.07 3.01 2.33 0.75 .11
opb 1/3 -0.0289 0.0607 0.17 i.l 2.03 3.25 -0.56 -1.61 -2.69 -2.8
opb 2/3 -0.0587 0.1234 0.04 - 0.85 1.55 2.63 -0.46 -1.42 -2.31 -2.37
opb 3/3 -0.0891 -0.1873 -0.06 0.77 1.39 2.31 -0.4 -1.26 -2.06 -2.18
opb 3/3 -0.0897 -0.1886 -0.06 0.75 1.39 2.3 -0.41 -1.26 -2.07 222
opb 2/3 -0.0594 -0,1249 0.02 0.85 1.6 2.7 -0.46 -1.41 -2.34 -2.44
opb 1/3 -0.0308 -0.0648 0.18 1.06 2 3.32 -0.61 -1.66 -2.73 -2.87

axi-¢ 1/3 -0.0143 -0.04 10.78 7.67 4,22 0.08 6.83 3.77 2.47 1.54
axi-¢ 2/3 0.0291 -0.08 9.19 6.39 3.33 (.29 7.79 4,52 2.25 0.74
axi-c /3 | -0.0435 -0.1199 8.6 6.34 3.52 0.79 7.65 4.49 2.07 0.05
axi-c 3/3 | -0.0435 -3.1199 8.63 6.35 3.52 0.76 7.65 4.54 2.09 0.08
axi-c 23 | -0.0291 -0.08 9.4 6.48 3.41 0.21 7.85 4,57 2.2 0.8
axi-c 1/3 | -0.0145 -0.04 11.42 8.1 4.21 40,09 6.54 3.89 2.62 1.71
axi-t 1/3 0.0144 0.0371 8.54 7.99 6.46 0.12 8.92 6.94 531 0.88
axi-t 2/3 0.0286 0.0737 8.45 792 6.02 -0.3 9.08 7.66 5.82 1.04
axi-t 3/3 (.0428 0.1103 8.9 8.08 5.71 -0.31 9.15 7.88 608 1.19
axi-t 3/3 0.0428 0.1102 9 8.21 5.84 0,13 9.14 7.71 6.07 1.32
axi-t 23 0.0286 0.0736 8.76 8.25 ©6.12 -0.11 8.96 7.39 5.9 1.3
axi-t 1/3 0.0143 0.0368 8.63 841 7.08 0.9 9.14 7.14 5.43 1.24
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Table M-40: Measured SNCFs on brace at inter

preload level of 50%

section of brace and chord for T3 at

T3 pt. cap design BC;1 BIl;2 Bl:4 BS:S BC:9 BI;10 BI;12 BS;13
ipb 173 | 0.0315 | 0.0471 -1.11 .0.95 09 0.02 1.25 1.04 0.82 0.01
ipb 23 | "0.0626 | 0.0938 .19 0.92 0.9 0.02 1.24 1.13 0.9 0
iph3/3 | 0.0941 | 0.1408 _1.27 0.9 _0.86 001 1.26 1.17 0.01 0.01
ipb 3/3 0.094 0.1408 1.27 0.9 0.86 -0.01 1.27 1.18 0.92 0.01
ipb23 | 00627 | 0.0938 -1.2 6.94 0.92 0.03 1.26 1.14 0.93 0
ipb 1731 0.0312 | 0.0467 114 -0.9% -0.99 20.02 1.31 1.09 0.94 0.02
opb 113 | -0.0288 | -0.0606 0.15 0.51 1.37 1.54 0.29 -0.55 -1.42 .1.95
opb 273 | 0.0591 | 0.1242 0.06 0.47 1.14 1.39 021 -0.51 137 .1.89
opb3/3 | 0088 | -0.1864 0.03 0.47 1.03 1.28 0.17 0.48 134 -1.85
opb3/3 | -0.0892 | -0.187% 0.03 0.48 1.03 .28 018 -0.4% 133 186
oph 23 | -0.0594 | -0.1248 0.07 0.48 1.14 1.43 0.22 .51 -1.38 -1.92
opb 173 -0.03 -0.063 0.15 0.52 1.4 1.65 031 -0.57 1.46 .2.03

axi-c 13 | 0.0145 | -0.0401 3.09 287 3 0.63 1.43 1.82 2.63 2.2
axic 23 | -0.029 _0.08 2.76 2.46 285 0.92 1.89 1.92 2.62 1.81
axi-c 33 | 0.0436 | 0.1199 2.71 2.29 2.78 1.02 211 1.99 2.52 L6
axi-c 33 | -0.0436 | 0.1199 2.73 2.26 28 1.02 208 1.96 2.48 1.56
axi-c /3 -0.0291 -(.0801 2.82 2.41 2.79 0.82 1.83 1.93 2.55 1.83
axi-c §/3 -0.0146 -0.0401 3.45 3.06 3.42 0.69 1.03 1.38 2.28 2.1
axi-t 13 | 0.0145 | 0.0373 1.94 2.25 3.06 0.8] 2.37 2.43 3.68 .65
axi-t 2/3 0.0287 0.074 2.34 2.5 3.11 0.6%8 1,94 2,28 3.62 1.83
axi-t 3/3 | 0.043 0.1106 2.43 2.54 3.19 0.96 203 2.41 332 1.7
axi-13/3 | 0.0429 | 0.1105 2.48 7.53 3722 0.96 2.01 24 3.51 1.7
axi-t 23 | T0.0286 | 0.0738 2.27 2.44 303 0.76 2.05 2.39 3.69 1.69
axi-t 13 | 0.0144 | 0.0372 1.98 214 173 0.77 237 2.55 3.60 1.48
Table M-41: Measured SNCFs on chord at intersection of brace and chord for T3 at
preload level of 50%

T3 pl. cap design CC:i Ckz | Ci4 CS:S CC9 Cl.10 Ci. 12 CS§;13
iph 1/3 0.0315 0.0471 -2.32 =177 -0.81 0.1 2.85 2.03 0.76 -0.09
ipb 2/3 0.0626 (0.0938 -2.37 ~1.76 -0.71 0.08 2.86 2.14 0.76 -0.05
iph33 | 0.0941 | 0.1408 232 172 .0.64 0.09 2.84 2.19 0.76 -0.05
iph 373 0.094 0.1408 232 172 .0.64 0.09 2.84 2.19 0.76 -0.05
ipb23 | 00627 | 009338 2.4] 18 0.73 0.06 2.9] 218 0.79 0.06
ipb 13 | 00312 | 0.0487 _2.46 _1.89 .0.84 0.07 2.96 215 0.8 0.1
opb 173 | 0.0288 | -0.0606 0.33 1.1 2.09 2.01 0.63 112 179 -1.97
opb 23 | 0.0591 | 0.1242 0.07 1.02 2.03 1.93 -0.51 .1.02 .1.68 -1.96
opb3/3 | -0.0886 | -0.1864 | -0.04 0.97 1.88 1.82 047 -0.99 .1.62 _1.94
oph 33 | .0.0892 | -0.1876 0.05 0.97 19 1.81 047 ] -1.62 .1.93
opb 23 | -0.0594 | -0.1248 0.05 1.04 2.09 2.02 054 105 17 2.02
oph 173 .0.03 0.063 0.28 1.13 232 2.28 0.69 -1.1S -1.83 211

axi-c 1/3 -0.0145 -0.0401 10.68 708 2.95 -0.58 7.75 4.54 2.52 1.28
axi-c 23 -0.029 -0.08 2.71 6.5 2.89 -0.18 §.30 5.05 2.51 .81
axi-c3/3 | 00436 | -0.1199 9.29 6.37 3.07 .0.02 8.54 534 2.64 0.57
8xi-c 3/3 | -0.0436 | -0.1199 9.21 6.35 3.07 002 8.54 5.39 258 0.57
axi-c 23 | -0.0291 | -0.0801 9.81 6.44 2.76 0.28 86 521 2.49 0.35
axi-c 1/3 | 00146 | -0.0401 11.51 7.74 3.39 047 7.26 418 2.26 1.29
axi-t 13 | 00145 | 0.0373 8.58 7.29 561 0.06 9.6 7.5 5.41 1.29
axi-t2/3 | 0.0237 0.074 9.27 7.8% 5.54 -0.12 9.02 731 5.56 1.4

axi-t3/3 | 0.043 0.1106 9.43 7.91 5.46 0.18 9.47 731 522 1.21
axi-t373 | 00429 | 0.1108 9.39 737 538 0.13 9.5 7.36 52 1.16
axi-1 23 | 0.0286 | 0.073% 9.06 7.6 566 0,02 953 7.56 558 1.7
axi-t 13 | 00144 | 0.0372 838 728 5.8 0.17 969 173 <48 L1t
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Appendix M 12 SCNFs grouted Test Specimen: TS
Table M-42: Measured SNCFs on intersection of brace and chord for TS

T5 pl. cap design BC;1 BS;$ BC:9 BS;13 CGC;1 CS;5 CC.9 CS,13
ipb 1/3 0.0445 0.0672 -1.53 0.05 1.84 0.1 -3.29 -0.2 4.11 -0.14
ipb /3 0.0871 0.1313 -1.97 0.13 1.79 -0.04 -3.48 -0.06 . 3.85 0.08
iph 3/3 0.1315 0.1984 -2.18 0.2 1.74 0.05 -2.77 0.09 3.59 0.08
ipb 3/3 0.1323 0.1596 -2.18 0.2 1.73 0.05 =2.75 0.1 3.59 0.03
ipb 2/3 0.0885 0.1335 -1.96 0.13 1.77 -0.04 -3.49 -0.05 3.87 -0.06
ipb 113 0.0442 0.0666 -1.54 0.07 1.82 -0.08 -3.21 -0.17 4.15 <0.11
opb 1/3 -0.0216 -0.0701 -0.11 4.33 -0.17 -5.11 -0.24 6.52 -0.58 -8.42
opb 23 -0.0418 -0.1355 -0.08 3.26 0.16 -4.33 -0.32 4.13 -0.71 -7.2
opb3/3 | -0.0624 { -0.2021 -0.08 2.81 -0.11 -3.89 -0.37 3.27 -0.72 -6.45
opb 3/3 -0.0615 -0.1992 -0.06 2.94 -0.14 -4.05 -0.34 3.48 -0.78 -6.71
opb 2/3 -3.0425 -0.1377 -0.02 3.43 -0.13 -4.56 -0.24 4.47 -0.8 -7.51
opb 1/3 -0.0207 -0.0672 0.05 4.86 -0.31 -5.65 0.07 7.45 -0.83 -9.35

axi-c 1/3 -0.0175 -0,0787 1.6 5.41 3.64 3.43 7.07 8.83 8.87 4.63
axi-¢ 2/3 | -0.0348 -0.1567 2.01 3.22 2.95 3.43 7.93 531 6.97 5.67
axi-c 3/3 | -0.0522 -0.2349 2.13 2.63 2.69 2.87 7.62 4.29 637 4.66
axi-c 3/3 -0.0522 -0.2349 2.13 2.65 2.7 2.87 761 4.25 641 4.69
axi-c 23 | -0.0349 -0.157 2.05 3.06 2.91 3.68 8.07 4.86 7.04 6.31
axi-c /3 | -0.0174 -0.0783 1.91 4.61 3.46 5.02 7.96 6.98 §.92 7.88
axi-t 1/3 0.0169 0.0556 1.98 2.26 1.08 7.27 6.94 3.07 3.97 11.06
axi-t 2/3 0.0337 0.11i2 1.57 3.1 L.51 5.16 5.91 43} 6.99 7.62
axi-1 3/3 0.0503 0.1658 1.63 2.86 1.39 4.49 5.92 4.03 6.77 6.58
axi-t 3/3 0.0502 0.1655 1.59 2.78 1.36 4.52 5.94 3.93 6.78 6.71
ani-t 2/3 0.0336 0.1108 1.53 2.89 1.44 5.37 5.98 4.02 6.95 8.08
axi-t 1/3 0.0168 0.0553 1.33 3.2 1.88 7.11 5.89 4.24 7.84 10.69

Table M-43: Measured SNCFs on intersection of brace and chord for T5 at preload level of

50%

T5 pl. cap desipn BC;1 BS.S BC.9 BS: 13 CC;1 C8§.5 cC9 CS;13
iph 1/3 0.0434 0.0655 -1.5 0.1 1.73 -0.07 -3.17 -0.03 4.03 -0.12
iph 2/3 0.0868 0.1309 -1.75 0.16 1.75 -0.09 -3.38 0.02 3.84 -0.14
ipb 3/3 0.13 0.1961 -2.03 0.21 1.74 -0.01 -2.9 0.13 3.62 -0.02
ipb 3/3 0.13 0.196] -2.02 0.23 1.74 -0.03 -2.9 0.16 3.62 (.05
iph 2/3 0.0869 0.1311 -1.72 0.17 1.75 -0.11 -3.4 0,04 3.85 -0.18
iph 173 0.0432 0.0652 -1.48 0.17 1.74 -0.13 -3.19 0.08 4.05 -0.12
opb 1/3 -0.0203 -0.0657 -0.11 4.39 -0.14 -5.05 -0.25 6.41 -0,32 -8.31
opb 2/3 -0.0398 -0.1289 -0.09 3.31 -0.11 -4.4 -(.33 435 -0.48 -7.26
opb 3/3 -0.059 -0.191 -0.1 2.89 0.1 -4.01 -0.37 3.48 -0.53 -6.59
opb 3/3 -0.0605 -0.1961 .09 3.01 -0.11 -4.11 -0.35 3.79 -0.55 -6.73
opb 2/3 -0.0408 -0.1322 -0.07 3.5 -0.13 -4.62 -0.23 4.91 -0.47 -7.51
oph 1/3 -0.0207 -0.067 -{.06 4.8 -0.13 -5.3 -0.12 7.52 -0.31 -8.92

axi-c 1/3 | -0.0175 -0.0788 0.43 6.18 4.26 3.74 5,24 9.45 13.44 5.24
axi-c 73 | -0.0348 -0.1567 1.06 3.74 3.57 433 6.65 5.72 10,56 7.03
axi-< 33 | 00522 -0.2347 1.36 3.02 3.2 3.58 6.96 4.63 8.95 5.91
axi-c /3 | -0.0522 -.2346 1.36 3.02 3.2 3.56 5.96 4,64 8.98 5.88
axi-c 23 | -0.0347 -0.1562 1.16 3.58 3.39 4.83 7.04 5.23 10.74 8.01
axi-¢ 13 } -0.0174 -(L0782 0.94 49 3.72 6.93 6.71 6.95 13.34 10,54
axi-t 1/3 0.0168 0.0553 0.5 4.24 2.99 5.88 4,92 5.76 11.76 8.36
axi-t 2/3 0.0333 0.1098 1.4 3.59 1.92 4.77 6.45 4.94 9.27 6.75
axi-t 3/3 0.05 0.1646 1.44 3.18 1.93 4.09 6.32 4.39 8.88 5.79
axi-t 3/3 0.05 0.1646 1.44 3.18 1.93 4.07 6.34 4.36 3.88 5.77
axi-t 2/3 0.0332 0.1093 1.22 3.35 1.94 4.73 6.18 4.53 8.96 6.69
axi-t 1/3 0.017 0.0562 0.73 3.95 2.67 6.25 5.4 5.16 10.96 3.98
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Table M-44: Measured SNCFs on intersection of brace and chord for TS at preload level of

100 %

TS pl. cap des_ign BC;1 BS.5 BC.,9 BS;13 CC.1 CS8;5 CC,9 CS;13
ipb 1/3 0.043 0.0649 153 0.1 1.86 -0.21 293 0.29 3.48 027
iph23 | 0.0867 | 0.1307 -1.59 0.14 1.86 0.27 3.09 032 3.51 036
ipb3/3 | 0.1311 | 0.1978 176 0.1 1.84 -0.24 .3.28 0,29 3.45 032
iph 373 0.131 0.1976 175 0.1 1.84 -0.23 3.26 -0.29 3.46 -0.29
ipb23 | 00856 | 0.3291 .1.56 0.13 1.84 0.25 314 033 3.51 2032
ipb1/3_| 0.0432 | 0.0652 .1.48 0.11 181 0.18 .2.99 031 3.48 0.15
opb 1/3 | 00172 | -0.0557 0.4 4.66 0.06 4.36 0.22 6.85 0.} 691
opb 23 | -0.0381 | -0.1234 0.39 4.53 0.1 429 03 .38 0.01 6.84
opb 3/3 | _0.0589 | -0.1908 031 381 -0.09 3.92 032 5.1 017 6.36
opb 3/3_| _-0.059 0.191 0.29 3.84 0.1 _3.98 0.29 5.15 -0.19 6.44
opb2/3_|_ -0.0388 | -0.1256 036 4.54 0.12 4.29 0.2 6.46 -0.01 6.93
opb /3 | -0.0184 | -0.0595 031 4.64 0.1 4.48 -0.08 6.77 0.08 705

axic /3 | 00176 [ -0.079 0.61 4.9 3.38 2.4 5,57 5.59 11.63 2.86
mac 23 | 0035 | -0.1574 1.49 3.72 2.45 4.62 7.14 4.73 0.04 6.4
ara-c3/3 | 00523 | -0.2353 1.75 3.8 2.5 485 782 4.94 9.7 6.86
axic3/3 | 0.0523 | -0.2353 1.75 3.8 2.5 4.85 7.82 4.96 9.73 6.88
e 23 | 00349 | 0.15M1 1.57 305 228 556 737 37 9.67 7.91
e /3 | 00175 | -0.0738 1.27 2.11 7.62 558 6.72 2.1 10.24 798
axit173 | 00169 | 0.0557 1.44 1.i8 23 464 5.44 132 8.62 6.68
axi-t 23 | 0.0337 0.111 1.72 2.01 1.95 37 .84 2.55 8.12 521
aa-t373 | 00502 | 0.1634 1.91 2.11 1.83 335 7.06 231 78 4.66
axi-1373 | 0.0501 | 0.1652 1.89 2.1 1.82 335 7.05 78 7.78 4.66
axit 23 | 00334 | 0.1102 18 1.79 1.84 3.92 7.04 2.26 7.78 5.54
axat1/3 | 0017 0.0562 1.46 141 2.16 472 6.59 1.44 8.39 5.79
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Appendix M 13SCNFs grouted Test Specimen: T9
Table M-45: Measured SNCFs on brace intersection of brace and chord for T9

T9 pl. cap design BC;1 BI:2 Bl4 BS;5 BIL.6 BL& BC;9 BI.10
ipb 1/3 0.0326 0.0709 -1.57 -1.44 -1.3 -0.27 1.05 1.31 1.46 1.62
ipb 2/3 0.0658 0.1432 -1.94 -1.39 -1.14 -0.17 1.03 1.34 145 1.64
ipb 373 0.0985 0.2143 -2.06 -1.36 -1.01 -0.1 1.01 1.34 1.43 1.6]
iph 373 0.0984 0.2139 -2.07 -1.37 -1.01 -0.1 1.01 1.34 1.42 1.61
ipb 2/3 0.0658 0.1432 -1.95 -1.42 - -1.15 -0.17 1.07 1.34 1.44 1.64
ipb 1/3 0.0322 0.0701 -1.55 -1.42 -1.24 -(.18 1.09 1.3 1,41 1.62
opb 1/3 -0.0172 -0.0525 0 0.48 1.65 3.5 1.93 L 1.42 -0.19 -1.14
opb 2/3 -0.0355 -0.1086 0.14 0.48 0.97 2.03 1.13 0.82 -0.26 -0.92
opb 3/3 -.0542 -(.1658 0.15 0.47 _0.83 1.58 0.88 0.59 -0.26 -0.81
opb 3/3 .0548 -0.1676 0.14 0.48 0.83 1.59 0.9 0.58 -0.27 -0.83
opb 2/3 -0.0365 -0.1117 0.26 0.63 0.99 2.1 1.06 0.61 -0.39 -1.03
opb 1/3 -0.0179 -0.0546 0.52 1 1.95 3.6 1.64 0.56 -0.72 -1.54

axi-¢ 1/3 -0.0147 -0.0837 2.69 3.11 4.28 3.78 2.68 2.68 2.88 3.13
axi-c 2/3 -.0293 -0.1668 2.55 2.92 3.94 3.2 2.35 2.56 2.69 2.81
axi-c 3/3 -0.0437 -0.2491 2.31 2.57 3.53 3.03 2.26 2.49 2.73 26
axi-¢ 3/3 -(.0438 -0.2492 2.28 2.58 3.5 3.01 2.26 2.49 2.73 2.59
axi-c 2/3 -0.0292 -0.1663 2.63 3.05 3.93 3.15 2.31 2.54 2.68 2.81
axi-c¢ [/3 -0.0147 -0.0836 3.16 3.58 4.46 3.23 2.2 1.75 2.18 2.95
axi-t 1/3 0.0148 0.0788 2.6 2.92 3.27 2.27 2.73 1.46 1.51 2.22
axi-t 2/3 0.0296 0.1572 2.63 2.94 2.91 1.95 2.59 1.45 1.37 1.89
axi-t 3/3 0.0441 0.2346 2.58 2.74 2,62 1.76 241 1.49 1.37 1.91
axi-t 3/3 0.0442 0.2348 2.6 2.76 2.6 1.79 241 1.49 1.37 1.93
axi-t 2/3 0.6293 0.1559 2.69 2.92 2.82 1.9 2.55 1.46 1.38 2.04
axi-t }/3 0.0146 0.0778 2.36 2.5 2.69 1.87 2.6 1.63 1.8 2.62

Table 0-46: Measured SNCFs on brace intersection of brace and chord for T9

TS pl. cap design BC;1 BLi6 Bl:14 BS;13 Bi;12 Bl 10 BC.9 Bl:g
ipb 1/3 04,0326 0.0709 -1.57 -1.37 -1.02 -0.02 i.32 1.62 1.46 1.31
ipb 2/3 0.0658 0.1432 -1.94 -1.35 -0.97 -0.02 1.21 1.64 1.45 1.34
iph 3/3 0.0985 0.2143 -2.06 -1.31 -0.86 -0.01 1.13 1.6] 1.43 1.34
ipb 3/3 0.0984 0.2139 -2.07 -1.3 -0.86 -0.01 1.13 1.61 1.42 1.34
ipb 2/3 0.0658 0.1432 -1.95 -1.34 -1 -0.03 1.23 1.64 1.44 1.34
ipb 173 D.0322 0.0791 -1.55 -1.35 -1,07 -0.06 1.28 1.62 1.41 1.3
opb 1/3 -0.0172 -0.0525 0 -,52 -1.72 -3.48 -1.95 -1.14 -0.19 1.42
opb 2/3 -0.0355 -0.1086 0.14 -0.33 -1.32 -2.65 -1.62 -0.92 -0.26 0.82
opb 3/3 -0.0542 -0.1658 0.15 -(.29 -1.15 -2.21 -1.47 -0.81 -0,26 3.59
opb 3/3 -0.0548 -0.1676 0.14 -0.29 -1.16 -2.21 -1.46 -0.83 -0.27 0.58
opb 2/3 -0.0365 -0.1117 0.26 -0.25 -1.25 -2.65 -1.68 -1.03 -0.39 0.61
opb 1/3 -0.0179 -0.0546 0.52 <0.11 -1.43 -3.54 -2.2 -1.54 -0.72 .56

axi-c 113 | -0.0147 -.0837 2.69 2.7 3.59 2.59 2.42 3.13 2,88 2.68
axi-c 23 | -0.0293 -0.1668 2.55 2.56 3.36 2.39 2.2 2.81 2.69 2.56
axi-c 33 | 0.0437 -0.249] 2.31 2.28 2.95 2.07 2.05 2.6 2.73 2.49
axi-c 373 | -0.0438 -(.2492 2.28 2.3 2.95 2.05 2.05 2.59 2.73 2.49
axi-c 23 | -0.0292 -0.1663 2,63 2.69 3.44 2.38 2.2 2.81 2.68 2.54
axi< 1/3 | -0.0147 -0.0836 3.16 331 4.19 2.98 2.44 2.95 2.18 1.75%
axi-t 1/3 0.0148 0.0788 2.6 2.84 4 3.72 3.5 2,22 1.51 1.46
axi-t 2/3 0.0296 0.1572 2.63 2.46 3.02 2.32 2.88 .89 1.37 1.45
axi-t 3/3 0,044]1 0.2346 2.58 234 2.72 1.92 2.68 1.91 1.37 1.49
axi-t 3/3 0.0442 0.2348 2.6 2.35 271 1.92 2.69 1,93 1.37 1.49
axi-t 23 0.0293 0.1559 2.69 2.53 3.21 2.52 3.09 2.04 1.38 1.46
axi-t [/3 0.0146 0.0778 2.36 2.64 4.18 4,27 4.1 2.62 1.8 1.63
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Table M-47: Measured SNCFs on chord i

ntersection of brace and chord for T9

T9 pl. cap design CG;1 CL2 CL4 C§;5 Cl;6 CL8 CC.9 CL10
ipb 173 | 0.0326 | 0.0709 2.6 247 _1.68 035 1.45 2.64 2.84 23
ipb 23 | 0.0658 | 0.1432 2,84 233 154 .0.22 1.49 2.84 2.78 234
ipb3/3 | 00985 | 0.2143 231 211 135 0.1 1.5 236 263 2.28
iph3/3 | 0.0984 | 02139 232 2,12 -1.35 011 1.5 2.86 7.64 2.29
iph 2/3_|_ 00658 | 0.1432 2252 236 155 0.21 1.55 2.88 2.78 2.36
ipb1/3_|_0.0322 | 0.0701 255 244 -1.65 0.2 1.59 267 2.81 231
opb I3 | -0.0172 | -0.0525 0.07 0.74 2.9 7.53 1.79 0.61 0.45 063
opb 2/3_|_-0.0355 | -0.1086 0 0.91 2.96 525 101 0.06 0.74 0.67
oph 33 | 00542 | -0.1658 | -0.04 1.01 2.54 4.18 0.78 0 0.76 0.69
opb3/3_| 0.0548 | -0.1676 0.04 0.98 252 42 0.82 0.03 0.76 _0.69
opb 273 | -0.0365 | -0.1117 0.15 111 3.16 538 1 0.03 0.95 077
opb 1/3_|_0.0179 | -0.0546 0.67 1.58 3.66 7.04 1.64 20.06 133 115

axic 13 | -0.0147 | -0.0837 8.43 .22 6.6 539 3.87 573 7.04 5.19
axic 23 | 0.0293 | -0.1668 8.1 788 582 4.17 2.88 4,49 592 4.5

oo 33 | 00437 | -0.2491 7.62 7.44 5.36 4.06 2.83 427 563 4.2

axdc 33 | -0.0438 | -0.2492 7565 7.45 533 4.03 2.84 427 563 4.21
axi-c 23 | 0.0292 | -0.1663 831 8.19 504 a.11 29 1.59 6.01 4.62
axic 173 | -0.0147 | -0.0836 5.28 938 716 4.23 291 461 6.67 5.53
at13 | 00148 | 0.0788 7.03 6.39 341 7.44 6.24 6.52 6.62 4.65
mat23 | 00296 | 0.1572 7.68 6.36 3.04 24 6.53 6.78 6.21 434
aat33 | 0044l | 0.2346 7.43 6.07 282 2.28 .06 6.74 512 4.41
aat33 | 00442 | 0.2348 7.42 5.08 785 231 6.06 6.73 6.12 439
w123 | 00293 | 0.1559 777 6.3 2.91 2.24 6.5 6.92 6.33 4.36
axit13 | 00146 | 0.0778 7.23 5 64 2.79 1.75 5.2 71 715 397

Table M-48: Measured SNCFs on chord intersection of brace and chord for T9

T9 pl. cap design CCl CL.16 Ci; 14 C§.13 Cl;12 Cl.10 CcC.9 CIL.3
ipb I3 | 00326 | 0.0709 2.6 2.53 1.62 0.01 1.39 23 384 2.64
ipb 2/3 | 0.0658 | 0.1432 284 238 135 0.01 1.15 2.34 2.78 2.84
ipb3/3 | 00085 | 0.2143 2231 22.07 _1.15 0,02 1.05 2.28 2.63 2.86
ipb3/3 | 00984 | 0.2139 2.32 207 112 0.03 1.03 2.29 2.64 7.86
ipb2/3 | 00658 | 01432 292 2.39 135 0.03 1.1 236 2.78 2.38
ipb 1/3 | 0.0322 | 0.0701 2.55 2251 145 0.01 1.34 231 231 7.67
opb /3_|_-00172 | 0.0525 | 007 068 254 7.45 232 063 045 0.6
opb 23 | -0.0355 | -0.1086 0 062 2.28 5.63 183 0.67 074 0.06
oph3/3 | 00542_| 01658 | -0.04 _0.66 2.22 4.81 171 069 0.76 0
opb3/3 | -0.0548 | 01676 | -004 | -0.64 122 482 17 0.69 076 0.03
opb 2/3_| -0.0365 | -0.1117 0.15 046 218 571 136 0.77 _0.95 0.03
opb 173 | -0.0179 | -0.0546 0.67 0.05 _2.08 7.55 2.45 1.15 133 0.06

axic 13 | -0.0147 | -0.0837 8.43 7.83 432 2.73 411 5.19 704 | S.73
o 23 | 00203 | -0.1668 8.1 7.45 3.92 2.52 376 4.5 592 4.49
axic 33 | -0.0437 | -0.2491 7.62 6.85 .46 2.05 3.44 42 563 4.27
2o 33 | 00438 | -0.2492 765 6.88 3.55 2.05 3.43 a.21 563 327
adic 23 | 00292 1 -0.1663 .31 7.68 2.13 251 3.96 4.62 6.01 4.59
axi-c 173 | 0.0147 | -0.0836 9.28 8.5 5.15 3.66 487 553 5.67 4.61
st 173 | 00148 | 0.0783 7.93 8.42 .74 5.95 478 465 662 6.52
aat23 | 00296 | 0.1572 7.68 783 533 3.59 397 434 6.21 6.7%
133 | 00441 | 0.2346 7.43 7.46 4.99 2.99 3136 2.41 6.12 6.74
oat33 | 00442 | 0.2348 7.42 7.47 5 2.98 3.85 4.39 6.12 6.73
123 | 00293 | 0.1559 777 8 572 3.78 7.2 436 6.33 6.92
axit 13 | 00136 | 0.0778 7.23 .04 7.25 705 524 3.97 715 71
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Table M-49: Measured SNCF's on brace inters

level of 50%

ection of brace and chord for T9 at preload

T9 pl. cap design BC;1 EI:.2 Bl:.4 BS:S BL& BI;8 BC,9 Bl 10
ipb 1/3 0.0333 0.0724 -1.63 -1.4 -1.18 -0.11 1.14 1.26 1.4 1.53
ipb 2/3 0.0663 0.1442 -1.89 -i.39 -1.09 -0.08 1.09 1.32 1.4 1,58
ipb 373 0.0992 0.2158 -2.05 -1.38 -0.99 ~0.05 1.03 1.34 1.41 1.58
ipb 3/3 0.0988 (.2148 -2.06 -1.39 -1 -0.05 1.03 1,35 1.42 1.59
iph 2/3 0.0662 0.1439 -1.91 -1.44 -1.13 -0.08 1.12 1.34 1.42 1.62
iph 1/3 0.032 0.0696 -1.65 -1.48 T o121 -0.14 1.15 1.28 1.44 1.56
opb 1/3 -(3.0163 -0.0499 0.03 0.53 1.34 3.2 1.66 0.81 -0.09 ~0.74
opb 2/3 -0.0346 -0.1058 0.11 0.51 0,78 2 1.02 0.61 -0.2 -0.69
opb 3/3 -0.0533 -0.1631 0.11 0.48 0.7 1.54 0.81 0.49 -0.2 -0.65
opb 3/3 -0.0545 -0.1668 0.13 0.48 0,72 1.57 0.83 0.49 -0.19 -0.68
opb 2/3 -0.0363 0111 0.25 0.62 0.87 2.03 0.97 0.45 -0.26 -{}.82
opb 1/3 -0.0173 -0.0528 0.48 0.93 1.65 3.37 1.39 0.22 -0.54 -1.18

axi-¢ 1/3 -0.0147 -0.0836 2.9 3 4.37 4.13 3.31 2.27 2.36 2.77
axi-¢ 2/3 -0.0292 -0.1663 2.72 2.8 3.95 3.41 2.91 2.08 2.51 2.82
axi-¢ 3/3 -0.0437 -0.249 2.44 2.43 3.38 2.99 2.72 2.3} 2,95 2.87
axi-c 3/3 -0.0437 -0.249 2.44 2.43 3.35 2.97 2.69 231 2.95 2.83
axi-c 2/3 -0.0292 -0,1661 2.78 2.9 4.02 3.32 2.91 2.04 2.43 2.8
axi-c 1/3 -0.0146 -0,0832 3.37 3.36 4.34 33 2.68 1.78 1.74 2.53
axi-t 1/3 0.0151 0.0801 2.19 2.4 2.69 [.9 2.52 1.58 1.75 2.59
axi-t 2/3 0.0297 0.158 2,36 2.67 2.51 1.73 2.48 1.56 1.55 2.27
axi-t 3/3 0.0444 (0.2359 2.61 2.82 2.6 1,79 2.47 1.62 I.44 2.05
axi-t 3/3 0.0443 0.2358 2.71 2.92 2.68 1.78 2.39 1.54 1.35 1.96
axi-t 2/3 0.0296 0.1575 27 2.99 272 1.73 2.38 1.37 1.33 1.96
axi-t 1/3 0.0149 0.0792 2.55 2.72 2.78 1.74 212 1.23 1.42 2.39

Table M-50: Measured SNCFs

on brace intersection of brace and chord for T9 at preload

level of 50%

T9 pl.cap | design BC.1 BL.16 BL14 BS.13 BL12 BLI0 BC.9 BI8
iph 13 | 00333 | 00724 -1.63 14 0.97 0.05 132 1.53 14 1.26
ipb2/3 | 00663 | 0.1442 -1.89 -1.35 0.94 0.03 1.22 1.58 1.4 132
ipb33 [ 0.0992 | 0.2158 -2.05 -1.31 -0.84 0.04 1.15 1.58 141 1.34
ipb33 | 00988 | 02148 2.06 -131 -0 85 0.04 1.15 1.59 1.42 1.35

1 ipb23 | 00662 | 0.1439 1.9 -137 0.95 0.0 1.25 1.62 1.42 1.34
ipb 173 0.032 0.0696 -1.65 -1.38 -1.02 0.12 1.35 1.56 1.44 .28
opb 173 1 -0.0163 | -0.0409 0.03 -0.58 167 333 -1l -0.74 20.09 0.31
opb2/3 | -0.0346 | -0.1058 0.1] -0.39 -1.27 -2.46 -1.52 -0.69 0.2 0.61
opb3/3 | 00533 | -0.1631 0.11 032 -L.i1 206 -1.36 -0.65 0.2 0.49
opb3/3 | 0.05a5 | -0.1668 0.13 032 -1.09 -2.06 1.3 068 -0.19 0.49
opb 23 | 00363 | 0111 0.25 033 -1.19 -2.45 -1.52 0.82 0.6 0.45
opb 173 | 00173 | -0.0528 0.48 0.2 -1.39 3.29 -2.11 -1.18 -0.54 0.22

axi-c 113 | 0.0147 | 0.0836 29 2.85 3.64 2.94 3.23 277 236 2.27
axi-c 23 | -0.0292 | 0.1663 2.72 2.59 3.49 26 3.03 2.82 2.51 2.08
axi-c 33 | 00437 | -0.249 2.44 2.21 3 2.09 2.83 2.87 2.95 231
axi-c 33 | 00437 | -0.249 2.44 2.18 3 2.08 2.81 .88 2,95 2.31
axi-c %3 | -0.0292 | -0.1661 2.78 2.63 3.59 2.63 3.4 2.8 243 2.04
axi-c /3 | 00146 | «0.0833 337 3.28 423 3.49 3.24 7.53 1.74 1.78
axi-t 13§ 0.0151 | 0.0801 2.19 2.76 4.05 4.05 3.98 2.59 1.75 1.58
axit 23 [ 0.0297 | 0.158 2.36 2.53 3.21 2.67 3.22 2.27 1.55 1.56
axi-t33 | 00444 | 02359 2.61 2.3 2.88 2.17 2.87 2.05 1.44 1.62
axi-t3/3 | 0.0443 | 0.2358 2.71 2.61 2.91 2.22 281 1.96 1.35 1.54
axit23 | 0029 | 0.157% 2.7 2.86 3.38 2.72 3.02 196 1.33 1.37
axi-t /3 1 00145 | 0.0792 2.65 3.13 46 4.62 3.95 2.39 1.42 1.23
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Table M-51: Measured SNCFs on chord inter

section of brace and chord for TS at preload

level of 50%

T9 Tl cap ] design TGl CL2 CLA TS5 CT6 CL8 TGO CL10
o153 | 00333 | 00724 | 274 “241 1.3 20,07 1.63 2.53 278 2.19
b 23 | 00663 | 01442 [ -287 234 141 0.05 16 28 273 232
pb3/3 | 00007 | 02158 | -2.42 2.17 1.3 0.02 1.53 287 2.64 728
b33 | 00088 | 02148 | -243 218 1.3 0 1.52 2.89 2,66 23
b 273 | 00662_| 01439 | -294 2.42 _1.48 20.08 1.63 288 2.81 2.39
b 13 | 0032 | 0069 | -27 2.49 157 20.19 169 262 2.88 233
opb1/3_ | -0.0163 | 0.0499 | -0.11 0.83 3.07 748 1.28 0.27 0.4 047
opb 23 | 00346 | -0.1058 | -0.09 1.04 3.07 531 0.8 0.08 .64 20.58
opb3/3 | 00533 | -0.1631 | -0.09 1.16 26 4.27 0.63 0.01 20.68 0.62
opb3/3 | _-0.0545 | -0.1668 | -0.09 1.18 7.57 4.8 0.66 0.03 2065 061
opb 273 | 00363 | 0.111 0.2 131 3.15 534 .76 20.06 0.78 20.65
opb /3 | 00173 | 00528 | 061 174 375 776 0.98 20.39 104 2092

<13 | 0.0147 | -0.0836 | 908 7.57 6.53 5.66 467 5.25 8.74 6.58
axic 23 | 00202 |_-0.1663 8.97 8.2 6.27 431 3.95 582 2.07 6.01
axic 33 | 00437 | -0.249 843 7.88 5.77 378 3 572 7.56 5.54
o33 | 00437 | -0.249 8.43 7.86 575 178 3.97 571 7 58 557
axic 23 | 00292 | -0.1661 9 8.36 637 4.07 4.03 5.02 832 637
i< 13 | 00146 | 00832 | 9.55 8.9 718 2.08 3.5 513 79 7.07
axit173 | 0.015L | 0.0801 702 563 2.89 274 5.98 709 746 51

at23 | 00297 | 0158 729 6.09 267 235 635 7.46 712 287
axit3/3 | 00444 | 0.2359 764 6.48 3.03 73 6.14 748 702 .94
o133 | 00443 | 0.2358 783 6.69 313 231 5.98 731 6.85 4.84
aat 23 | 0029 | 0.1575 7,92 6.7 788 238 6.23 71 6.73 444
o t13 | 00149 | 0.0792 7.78 6.34 2.87 247 583 677 6.03 267

Table M-52: Measured SNCFs

on chord intersection of brace and chord for T9 at preload

level of 50%

15 Pl cap | design CCil L6 CLIA Ca.13 L1z CLI0 CC.9 Crg
b 13| 00333 | 0.0724 274 257 1.35 0.06 1.29 2.19 2.78 2.53
ipb 73 | 00663 | 0.1442 287 237 1.2 0.06 111 232 273 78
ipb3/3 | 0.0992_| 02158 2.42 2.1 1 0.09 .01 2.28 7.64 2.87
ipb3/3 | 00988 | 02148 2.43 212 1.08 01l 1.02 23 2.66 2.89
iph 23 _|_0.0662 | 0.1439 2.94 24 3.2 0.08 (KT ~2.39 281 2.88
ipb 173 0.032 | 0.069 275 257 1.3 0.2 1.41 233 2.88 2.62
opb /3 | 00163 | 00409 | 011 1 -0.94 271 77.06 2.0% 0.4 0.44 0.27
opb 23 | 00346 | -0.1058 | -0.09 0.84 2.4 531 171 058 70.64 0.08
opb 33 | 00533 | 01631 | -0.09 -0.84 232 4,59 1.58 062 0.68 0.0
opb3/3 | 0.0545 | -0.1668 | -0.09 0.2 -2.34 2458 156 061 0.65 0.03
opb 23 | 00363 | -0.111 0.12 0.71 232 5.36 167 0.65 0.78 .0.06
opb 1/3_| 00173 | -0.0528 061 | -032 2.5 .09 236 092 114 039

axi-c 173 | 00147 | -0.0836 9.08 8.24 433 31 3.96 6.58 .74 6.25
axic U3 | 00292 | -0.1663 8.97 79 4.1 24 575 6.01 .07 582
Tac 33 | 00437 | 0.249 3.43 712 1,69 1.68 4.46 S 54 7.56 572
axic 373 | 0.0437 | -0.249 3.43 722 3.69 1.65 243 557 7.58 571
axic 23 | 00292 | -0.1661 9 8.01 4.2 235 522 6.37 .32 6.02
e 13 | 00146 | 0.0832 9.55 2.76 5.08 412 612 7.07 79 HE
axt173 | 00151 | 0.0801 702 819 86 .78 392 5 746 709
et 23 | 00297 | 0.158 7.20 T 595 215 4.1 487 712 7.46
wit3/3 | 00444 | 0.2359 7.64 8.16 547 3.28 3.88 .94 7.02 748
axi133 | 0.0443 | 0.2358 7.83 8.32 5 63 3.28 1.86 4.84 .85 731
adt23 | 00296 | 0.1575 7.02 .83 6.39 413 382 .44 6.73 71
aat173 | 00149 | 00792 778 9.09 7.94 7.66 4.95 467 6.93 6.77
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v Table M-53: Measured SNCFs on brace intersection of brace and chord for T9 at preload
level of 100 %
- T9 pl. cap design BC:1 BI;2 BIl;4 BS;S BI;6 BI:8 BC;9 BL 10
ipb 173 | 0.0317 | 0069 -1.52 132 -1.01 0.05 0.91 1.01 1.42 1.53
ipb23 | 0.0648 | 0.1l .1.75 134 -0.98 0.07 0.98 .11 " 1.44 1.53
ipb3/3 | 0.0979 | 02129 | -192 -1.33 -0.89 0.05 0.93 1.21 1.45 1.54
- ipb33 | 0.0975 | 02121 -1.92 -1.33 -0.89 .06 0.92 1.24 1.45 1.55
ipb23 | 0.0653 | 0.l421 -1.64 -1.33 0.98 -0.08 0.97 L1t 1.38 L.51
iph13 | 6.0312 | 00678 | -L4% 1.3 097 -0.06 0.87 1.03 133 1.42
opb 173 |7 00173 | 0.053 -0.05 0.54 0.53 112 0.53 0.59 0.04 0.56
- opb2/3 1 -0.0359 | -0.1098 0.07 0.59 0.34 0.9 0.41 0.62 0.08 -0.65
opb3/3 | 0.055 | -0.1682 0.09 0.56 |- 0.35 0.76 0.38 0.54 0.15 0.68
opb3/3 | 0.0551 | -0.1686 0.05 0.57 035 0.78 0.37 0.54 0.14 0.69
opb 273 I 0.0363 | -0.1115 0.16 0.7 037 0.92 0.31 0.46 018 0.78
- opb 173 | 0.0179 | -0.054¢ 0.35 0.94 0.72 1.25 0.2 0.16 0.36 -0.97
axi-c 1/3 | -00148 | -0083 3,55 349 3.45 1.97 1.84 1.43 13 1.5
axi-c 23 | -0.0292 | -0.1663 3.09 2.97 315 1.93 2 1.74 1.86 1.99
axi-c 3/3 | -0.0437 | -0.2491 2.88 264 2.84 1.54 2.14 2.08 2.36 233
- axi-¢ 3/3 -0.0437 -0.2491 2.88 2.64 2.84 1.94 2,14 2.06 2.36 237
axi 23 | 00291 | 0.165¢ | 3.00 2.99 3.19 1.91 2.06 1.68 1.86 207
wXi-c 1/3 | -0.0146 | -0.0834 3.4 3.59 3.65 1.68 &d 118 1.05 152
axi-t 13 | 0.0151 | 0.0805 3.07 3.04 795 1.36 1.76 115 1.35 1.73
o axi-t 2/3 0.0297 0.1582 2.97 2.96 2.94 1.61 2.04 1.2 1.53 1.85
axi-t 3/3 0.0445 0.2366 267 2.7 2.72 [.67 2.16 1.41 1,71 2.12
axi-t 3/3 0.0446 0.2369 2.69 2.67 2.73 1.66 2.15 i.44 1.69 2.12
axi-t 2/3 0.0298 {0.1585 2.77 2.69 2.82 1.45 2.02 1.29 1.64 1.3
- axi-t 1/3 0.015 0.0799 2.61 2.43 2.56 0.98 1.82 1.34 i.84 2.09
Table M-54: Measured SNCFs on brace intersection of brace and chord for T9 at preload

level of 100 %

T9 pl. cap design BC;1 BlL.16 Bl:14 BS:13 Bl;12 Bl 10 BC,9 Bl:8

ipb 1/3 0.0317 0.069 -1.52 -1.23 -0.79 0.05 1.12 1.53 1.42 1.01

- ipb2/3 0.0648 0.141 -1.75 -1.19 -0.8 0 1.05 1.53 1.44 1.1
iph 373 0.0979 0.2129 -1.92 -1.15 -0.76 0 1.01 1.54 1.45 1.21

ipb 3/3 0.0975 0.2121 -1.92 -1.14 -0.77 -0.01 1.02 1.55 1.45 1.24

- ipb 2/3 0.0653 0.1421 -1.64 -1.18 -0.83 -0.02 1.08 1.51 1.38 1.11
. iph 173 0.0312 0.0678 -1.48 -1.18 -0.82 0.02 1.07 1.42 138 1.08
opb 1/3 -0.0173 -0.053 -0.09 -0.44 -0.84 -1.68 -0.95 -0.56 0.04 0.59

opb 2/3 -0.0359 | -0.1008 0.07 -0.39 -0.88 -1.61 -1.02 -0.65 -0.08 0.62

opb 3/3 -0.055 -0.1682 0.09 -0.36 -0.84 -1.51 -1.02 -0.68 0.15 0.54

- opb 3/3 -0.0551 -0.1686 0.09 -0.37 -0.85 -1.53 -1.02 -0.69 -0.14 0.54
opb 2/3 -0.0364 <0.1118 0.16 -03 -0.84 -1.63 -i.1 -0.78 -0.18 0.46

opb 1/3 -0.0179 -0.0546 0.35 -0.14 -0.69 -1.82 -1.2 -0.97 -0.36 0.16

axi-c 13 | -0.0146 -0.083 3.55 3.11 3.49 1.25 2.25 1.52 13 1.43

o axi-¢ 23 | -0.0292 -0.1663 3.09 2.65 3.06 14 2.44 1.99 1.86 1.74
axi<3/3 | -0.0437 -0.2491 2.88 2.28 2.74 1,38 2.44 2.33 2.36 2.08

axi-¢c 3/3 | -0.0437 -0.24%1 2.88 2.28 274 138 2.44 237 2.36 2.06

axi-c 23 | -0.0291 -0.1659 3.09 2.64 3.11 1.5 2.54 2.07 1.86 1.68

e axi-c /3 | -0.0146 -0.0834 3.94 3.44 3.7 1.5 2.34 1,52 1.0§ 1.18
axi-t §/3 0.015) 0.0805 3.07 273 2.97 1.58 2.23 1.7§ 1.35 .15

axi-t 2/3 0.0297 0.1582 2.97 2.62 2.72 1,55 2.21 L85 1.53 1.2

axi-t 3/3 0.0445 0.2366 2.67 235 2.53 1.58 2.28 2.12 1.71 1.41

- axi-t 3/3 0.0446 0.2369 2.69 2.33 2.53 1.58 2.28 2.12 1.69 1.44
axi-t 213 0.0298 0.1585 2.77 237 2.65 1.48 2.17 1.88 1.64 1.29

axi-t 1/3 0.015 0.07%9 2.61 2.27 2.72 1.54 2.41 2.09 1.84 1.34
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Table M-55: Measured SNCF's o

level of 100 %

n chord intersection of brace and chord for T9 at preload

12 pl. cap design CcGl Ci;2 CL4 CS§;5 CL6 CL8 CcC,9 CL10
ipb 1/3 0.0317 0.069 -2.54 -2.2 -1.22 -0.04 1.21 2.13 2.68 2.13
ipb 2/3 0.0648 0.141 -2.49 -2.21 -1.28 -0.01 1.39 24 2.66 2.21
ipb 3/3 0.0979 0.2129 -2.13 -2.09 -1.2 0.02 1.37 2.54 2,62 2.16
ipb 3/3 0.0975 0.2121 -2.17 -2.11 -1.2 0.01 1.37 2.34 2.63 2.19
ipb 213 0.0653 0.1421 -2.53 -2.24 -1.29 -0.05 1.41 231 26 2,13
ipb 1/3 0.0312 0.0678 -2.38 -2.12 -1.26 -0.07 1.2 2.05 2.49 2.11
opb 1/3 -0.0173 -0.053 -0.35 0.96 2.36 2.38 0.69 -0.05 0.2 -0.76
opb 2/3 -0.0359 -0.1098 -0.27 1.09 2.63 2.06 0.5 -0.19 -0.51 -0.72
opb 3/3 -0.055 -b.1682 -0.25 1.15 243 1.98 0.42 -0.21 -0.67 -0.74
oph 3/3 -0.0551 -0.1686 -0.24 1.17 2.44 1.99 0.43 -0.22 -0.7 -0.72
opb 2/3 -0.0364 -0.1115 -0.08 1.35 2,75 2.18 0.4 -0.36 0.7 -0.83
opb 1/3 -0.0179 -0.0546 0.37 1.66 2.93 2.68 0.28 -07 -1.06 -1.18

axi-c 1/3 | -0.0146 -0.083 10.17 9.41 6.39 3.54 3.76 5.38 1.27 5.54
axi-c 2/3 | -0.0292 -0.1663 9.39 8.54 5.85 3.07 3.78 5.42 7.3 5.62
axi-c 3/3 | -0.0437 -0.2491 8.46 7.86 5.35 2.8i 3.84 5.4 7 5.28
axi-c 3/3 | -0.0437 -0.2491 8.49 7.83 5.34 2382 334 542 7 5.29
axi-c 2/3 | -0.0291 -0.1659 9.33 §.45 5.89 2.97 3.93 5.64 7.54 5.88
axi-c 1/3 | -0.0146 -0.0834 10.39 9.54 6.78 3.05 3.23 4.84 6.82 5.68
axi-t 1/3 0.0151 0.0803 8.9 7 3.52 1.94 467 6.17 7.12 4.53
axi-t 2/3 0.0297 0.1582 8.63 6.98 3.37 2.07 5.13 6.65 7.45 4.7
axi-t 3/3 0.0445 0.2366 8.01 6.61 3.2 1.97 5.08 6.98 7.72 5.2
axi-t 33 0.0446 0.2369 7.99 6.59 3.19 1.97 5.08 6.97 17 5.21
axi-t 23 0.0298 0.1585 8.13 6.43 3.13 2.04 - 5.7 6.68 7.53 4.61
axi-1 1/3 0.015 0.0799 7.77 5.93 2.76 1.76 4.98 6.38 7.65 4.86

Table M-56: Measured SNCFs
level of 100 %

on chord intersection of brace and chord for T9 at preload

T9 pl. cap design CC;1 Cl;16 CIL, 14 CS.13 CL;12 CL 10 cC9 CIL;8
ipb 1/3 0.0317 0.069 -2.54 -2.46 -1.26 0.01 1.3 2.13 2.68 2.13
ipb 23 0.0648 0.141 -2.49 -2.34 -1.12 0.09 1.08 2.21 266 2.4
ipb 3/3 0.0979 0.2129 -2.13 <2.12 -1.02 0.13 0.92 2.16 2.62 2.54
ipb 3/3 0.0975 0.2121 -2.17 -2.13 .1.03 0.16 0.91 2,19 2.63 2.54
ipb 2/3 0.0653 (.1421 -2.53 -2.3 -1.15 0.12 1.03 2.13 2.6 2.31
iph 1/3 0.0312 0.0678 -2.38 -2.34 -1.33 0.12 1.19 2.11 2.49 2.05
opb 1/3 £.0173 -0.053 035 - -1.28 -2.03 3.8 -1.34 0.76 -0.2 -0.05
opb 2/3 -0.0359 -0.1098 -0.27 -1.16 -2.1 -3.74 -1.18 -0.72 .51 -0.19
opl 3/3 -0.055 -0.1632 -0.25 -1.01 -2.02 -3.56 -1.17 -0.74 0.67 -0.21
opb 3/3 £.0551 -0.1686 .24 - -2.02 -3.59 -1.19 -0.72 .7 -0.22
opb 2/3 -0.0364 -0.1115 -0.08 -0.89 -2.01 -3.78 -1.19 -0.83 -0.77 -0.36
opb 1/3 -0.0179 -0.0546 037 . .64 -1.92 -3.99 -1.49 -1.18 -1.06 0.7

axi-c 1/3 | -0.0146 -0.083 10.17 9.04 4.56 0.65 4.1 5.54 7.27 5.38
axi-c 23 | -0.0292 -0.1663 9.39 7.98 3.85 0.93 4.3 5.62 13 5.42
axi-c 33 | -0.0437 -0,2491 8.46 7.24 3.56 0.91 4.19 5.28 7 5.4
axi-c 3/3 | -0.0437 -0.2491 8.49 7.26 3.56 0.91 4.16 5.29 7 5.42
axi-c 73 | -0.0291 -0.1659 9.33 8.01 4.16 1.11 4.62 5.88 7.34 5.64
axi-c 1/3 | -0.0146 0.0834 10.39 9.43 4.69 1.39 4.82 5.68 6.82 4.84
axi-t 173 0.0151 0.0805 8.9 9.32 5.87 2.21 2.64 4.58 7.12 6.17
axi-t 2/3 0.0297 0.1582 8.63 8.96 5.69 2.47 2.69 4.7 7.45 6.65
axi-t 3/3 0.0443 0.2366 8.01 8.17 5.04 2.09 2.81 5.2 7.32 6.98
axi-t 3/3 0.0446 0.2369 7.99 8.13 5.05 2.07 281 5.21 7.7 6.97
axi-t 2/3 0.0298 0.1585 8.13 8.42 5.76 2.28 2.78 4.61 7.53 6.68
axi-t 1/3 0.015 0.0799 7.77 8.22 5.9 2.52 3.14 4.86 7.65 6.38
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APPENDIX M 14 Ungrouted/Grouted SNCF Plots.
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Figure M-1 SNCFs for T-joints with y=12.7 for in-plane bending at crown '
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Figure M-2: SNCFs for T-joints with y= 12.7 for out-plane bending at saddle
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Figure M-3: SNCFs for T-joints with yv=12.7 for axial loads at the crown and
saddle,
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Figure M-4: SNCFs for T-joints with y=20.3 for in-plane bending at crown. .
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Figure M-5: SNCFs for T-joints with y=20.3 for out-of-plane bending at saddle.
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saddle.
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Appendix N 1 T-Joints

The brace rotation and joint rotation are presented as functions of the applied bending moments. The J
out of plane loading conditions also led to a rotation of the chord at the supprt. This rotation was not :
eliminated from the brace global rotation. The local joint rotation was measured form the section of {
chord diametrically opposite the brace. The results are presented below.
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Figure N-1: Bending-rotation behaviour of T1 ‘
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Appendix N 2 DT-Joints

The brace rotation and joint rotation are presented as functions of the applied bending moment. The
Joint rotation was measured relative to the two brace rotations.
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Figure N-6: Bending-rotation behaviour of DT2
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Appendix O-1 T-joints

The failure modes of TL. T3, T7 and T9 are presented below. Specimen T3 did not fail due to the
limited test rig capacity. '

L A gy A A ) oo o

Figure O-1: Failure mode of specimen T1 (OPB Ultimate test)




Figure O-2: Failure mode of specimen TS (OPB Ultimate test)
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Figure O-3: Failure mode of specimen T7 (OPB Ultimate test) ‘
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Figure O-4: Failure mode of specimen T9 (OPB Ultimate test)




Appendix O-2 DT-joints

The failure modes of
not fail due to the limited test rig capacity.

Figure O-5: Failure mode of specimen DT2 (OPB Ultimate test)

DT2, DT4, DT3, DT6, DTS and DT9 are presented belo';v. Specimen DT3 did




Figure O-6: Failure mode of specimen DT4 (IPB Ultimate test)




Figure O-7: Failure m

ode of specimen DTS (IPB Ultimate test)
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Figure O-8: Failure mode of specimen DT6 (IPB Ultimate test)




Figure O-9: Failur

¢ mode of specimen DTS (OPB Ultimate test)
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Figure O-10: Failure mode of specimen DTI (IPB Ultimate test)
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APPENDIX P

Local Joint Deformation
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Appendix P-1 Nonclementure

As welded joint subjected to in-plane bending.

As welded joint subjected to out-of-plane bending.
Grouted joint subjected to in-plane bending.
Grouted joint subjected to out-of-plane bending.
As welded joint subjected to compression loading.

As welded joint subjected to brace tension bending.

Grouted joint subjected to compression bending.
Grouted joint subjected to tension bending.
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Appendix P-2 Local Joint deformation of DT2

Local Bending Joint Deformation DT?2
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Figure P-2: Local axial Joint deformation of specimen DT2
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Appendix P-3 Local Joint deformation of DT3

Local Bending Joint Deformation DT3
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Appendix P-4 Local Joint deformation of DT4

Local Bending Joint Deformation DT4
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Figure P-5: Local bending joint deformation of specimen DT4
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Appendix P-5 Local Joint deformation of DT5

Local Bending Joint Deformation DTS
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Figure P-7: Local bending joint deformation of specimen DT3
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Figure P-8: Local axial joint deformation of specimen DTS




Appendix P-6 Local Joint deformation of DT6

Local Bending Joint Deformation DT6
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Figure P-9: Local bending joint deformation of specimen DT6
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Figure P-10: Local axial joint deformation of specimen DT6




Appendix P-7 Local Joint deformation of DT8
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Figure P-11: Local bending joint deformation of specimen DT8
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Appendix P-8 Local Joint deformation of DT9

Local Bending Joint Deformation DT9
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Figure P-13: Local bending joint deformation of specimen DT9
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Figure P-14: Local axial joint deformation of specimen DT9




Appendix P-9 Local Joint deformation of T1

Local Bending Joint Deformation T1
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Figure P-15: Local bending joint deformation of specimen Tl
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Figure P-16: Local axial joint deformation of specimen T1
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Appendix P-10 Local Joint deformation of T3

Local Bending Joint Deformation T3
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Figure P-17: Local bending joint deformation of specimen T3
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Figure P-18: Local axial joint deformation of specimen T3

___

400 S—
i j
300 f——mbme ke
200 | | p=1.0
£ 100 | =127
o
E o ' ,,
g -100 i i—ﬁ—compr_ f
i | H i
< 200 A il—O—tensmn |
| | —&— compr-gr
00 A T F—o-—tension—gr_j}
400 | o ension-gr
-1.3 -1.0 -0.5 0.0 0.5 1.0 1.5




-

Appendix P-11 Local Joint deformation of TS

Local Bending Joint Deformation T35
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Figure P-19: Local bending joint deformation of specimen T35
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Figure P-20: Local axial joint deformation of specimen T5
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Appendix P-12 Local Joint deformation of T7

Local Bending Joint Deformation T7
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Figure P-21: Local bending joint deformation of specimen T7
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Figure P-22: Local axial joint deformation of specimen T7
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Appendix P-13 Local J oint deformation of T9

Local Bending Joint Deformation T9
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Figure P-23: Local bending joint deformation of specimen

Local Axial Joint Deformation ™

150 ; p=1.00
V' v=25.7
100
Z 50 —o—tension
M —A— compr,
g o "
-] —}— compl.-S
i -30 —O—tension+s
-100 —e— compr-gr
—ai— tension-gr
-150

1.5 -10 -0.5 00 03 i0 L3

Axial displacement [mm]

Figure P-24: Local axial joint deformation of specimen T9
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APPENDIX Q
DEVELOPMENT OF REDUCTION FACTORS

Q1  INTRODUCTION

This appendix presents the development of formulations to predict the SCF Reduction
Factor (RF) for each joint and load type for both the chord and brace side of the weld. The
definition of RF from which the formulations are derived is:

RF = Measured value of SCF for grouted joint

Measured value of SCF for as-welded joint

It may be noted that the RFs so derived reduce many of the inaccuracies normally
associated with SCF measured values. SCF inaccuracies, for example, may arise from
errors in the positioning of strain gauges or slight eccentricities in the loading
arrangements. These effects will largely cancel when ratios of the SCFs, as in the case of
REFs, are taken.

Q2 DATA

The baseline data are, of course, the measured SCF values of the as-welded and grouted
joints. These data are discussed in Section 7 of the main text and also in Appendices L and
M. Tt is noted here that the grouted SCFs used in this appendix relate to the values
obtained following the 50% preload cycle.

The resulting RFs, found by applying the above definition, are summarised in Table Ql.
The table shows the RF for each joint and load type, and differentiates between the saddle
and crown position for axially loaded joints. For the sake of completeness, the RFs for the
brace side of the weld are also given. In addition to the measured RF values, the values
predicted by the formulations given below are also shown in the table. As can be
observed, good agreement between the observed and predicted values is indicated across
the board except for the axially loaded DT Joints at the crown position (this is discussed
further below).

The data in Table Q1 are presented in a series of figures (Figures QI to Q24), each figure
relating to a single joint type (DT or T), load type (compression, tension, IPB or OPB)
and, the SCF location (saddle or crown). Figures Q1 to Q12 relate to data on the chord
side of the weld and Figures Q13 to Q24 to the brace side. Each figure contains three
diagrams: :

plot of RF vs. B
plot of RF vs. y
. a 3-D representation of RF vs f§ and v.

The first two plots may have up to three lines, each line corresponding to a constant yor B
parameter. To visualise better these two diagrams, 3-D bar charts are given. Note,
however, the bar chart axes are not true to scale (the *skyscrapers’ fall on a 3 x 3 regular
matrix associated with the discrete values of B and y).




Q3  FITTING OF RF-SURFACES

The objective now is to find sujtable functions

RF = (8, v)

for the various joint and load types. The functions should capturé the shapes of the RF - f
- v surfaces, as illustrated in Figures Q1 to Q24, yet be reasonably simple.

An examination of the surface shapes suggests that RFs are not simple functions of f and v.
Some surfaces exhibit a very strong twisted shape, especially for axially loaded T joints,
and all surfaces do to some extent. This means that certain types of functions, such as
those that increase monotonically (e.g. RF = ap® y*or RF = a5 + ap® + ayy"), prove
unsuitable. Figure Q25 illustrates the simplest twisted surface: a twisted plane bounded by
four RF values at the corners of the defined region. The equation on this figure is of the
form:

RF = a2y + a;p + 25y + 2Py ]
To allow for deviations of additional RF points away from this twisted plane, the two
second order terms of B and y are added to give the following basic equation:

RF = ay +a,p + ay + afy + mlB2 + a572
where a, to a5 are constants to be fitted.

The above equation has 6 unknown constants whereas for T joints, only 5 data exist (for a
given load type). Preliminary fitting trails and the behaviour of DT joints favoured the
dropping of the asy’ term. .

The constants were fitted using a multivariate technique based on minimising the sum of
the squares of percentage (not absolute) differences between measured and predicted RF
values. In general, it was found that the solution obtained during a fitting cycle was
dependent on assumed starting values of the constants, 10 the extent that sometimes
divergent behaviour was observed. Application of the equation shown on Figure Q25
resolved all difficulties in selecting suitable starting constants.

During the course of fitting trials, the constants were successively rounded off starting with
the higher order terms and ending with rounding off the lead constant (ap) after the final
fitting. The goodness of fit was monitored during the fitting process by observing the
Coefficient of Variation (COV) of predicted RF to measured RF values and the
maximum/minimum errors between the data points and fitted surfaces.
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Q3.1 Chord Side RF Values

The results of the fitting process are summarised in Table Q2.

Set to zero to enable low measured RF vaiues to be observed). As can be seen, the
predicted RF - B - y surfaces are sensibly smooth and, on the whole, capture the measured
values well. In one instance (DT joint in compression at the saddle position, Figure Q26),
the function predicts negative RF values on extrapolation to the high ¥, very low B region.
It is therefore necessary to set a lower limit on RF. The following lower limit is suggested:

RF >0.10

Inspection of table Q2 shows that the poorest fit relates to axially loaded DT joints at the
crown position for the tension case, see Figure Q29, The high RF values obtained at the
crown position for both tension and compression load cases were capped to prevent a poor
fit. The RFs were capped to values consistent with the results obtained for both DT and T
Joint specimens. The resultant fits give good prediction for grouted SCFs. The maximum
error on the non-conservative side is 15.3%. The next ‘poorest’ fit (for DT joint in tension
at the saddle position) gives a non-conservative error of only 6.7%. Examining the
measured RF data in Figures Q2 and especially Q4, the problem seems to be associated
with a deep well in the mid B and Y range, which the polynomial cannot easily model. The
fitting process has given a fitted function that is generally non-conservative away from the
mid B and y region. Since this may be unacceptable, new fits were undertaken by ignoring
the central data point. The resulting recommended functions for the DT crown cases are
shown in Table Q3 along with all other functions. The COV and error band for the DT
Crown compression case are 0.016 and 2.2/-2.7 respectively; and 0.106 and 15.3/-14.6 for
the tension case. The revised RF - B - y comparison plots are shown in Figures Q38 and
Q39.

One final comment is worth making. This concerns the relatively high RF values for B =
I DT joints under axial or OPB loads. For these cases, load transference across the chord
is dominated by membrane action (which is why the RF values approach unity) and this
membrane action quickly decays as B is reduced from unity. In the fitting process, no
attempt has been made to reflect more accurately the rapid decay (indeed, there are no data
on which to base a suitable decay function). However, it is noted that the selected RF
function will overestimate the RE value at B values approaching unity. The selected RF
function is, therefore, conservative.

Q3.2 Brace Side RF Values

A similar fitting exercise was carried out for the brace RF values as was performed for the
chord side. The recommended functions for predicting brace side RF values are given in
Table Q4. The comparisons of predicted and measured RF values are illustrated in Figures
Q40 to Q51.

The fitting of the RE-B-y surfaces usually proceeded without difficulty. However, again,
the crown positions of axially loaded DT joints needed specific consideration. An
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examination of the data shown in Figures Q14 and Q16 show that extremely high brace
side RF values may exist for joints of intermediate . The high RF values arise from very
low measured as-welded SCF values coupled with the above definition of RF. It was
considered that a fitted surface to the RF values as they stand would be suspect, and in any
case highly dependent on the accuracy of the measured as-welded SCFs. In these cases,
therefore, it was decided to treat the high RF values as being somewhat spurious and to
replace both the high values aty = 12 and 20 by a RF value of unity. Having made these
replacements, functions were fitted and these are compared with the original data in
Figures Q41 and Q43 for the compression and tension cases respectively.

The high measured RF values are approximately an order greater than corresponding !
predicted RF values and, therefore, the latter are potentially very non-conservative. Indeed
they would be if applied to measured as-welded SCFs for estimating grouted SCFs. The
predicted RFs ar¢ quite conservative, however, when used in conjunction with calculated
as-welded SCFs from the Efthymiou set of parametric equations, see Tables Q5 to Q8.

Q4. Concluding Remarks ‘

Tables Q5 to Q8 present a comparison of predicted and measured as-welded and grouted
SCFs for the two joint types at all locations. Of note are the predicted grouted SCFs
derived using predicted RFs, from joint parameters, with measured as-welded SCFs and )
Efthymiou predicted as-welded SCFs. The results demonstrate that for a number of joint :
configurations, the crown SCF becomes critical, in the grouted condition, and even

supercedes the highest as-welded SCF. ‘

|
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RE = a, 12,8 + 2y + asPy + aB’ + sy
Joint Load g aj a a3 a, . ag COV | Max/min i
type | (Position) Error (%)
DT | COMP 1.063 | -3.471| -0.082{0.0534 | 2.670 0.0008 | 0.019 | 2.0/-3.7 ‘
(Saddle) 1.505 | -3.1251 -0.047} 0.0498 | 2.507 0 0.051 | 4.4/-8.9
1.46 -3.1 -0.045 ) 0.05 2.5 0 0.062 | 6.6/-11.2
COMP 4.0337 | -3.959| -0.238| 0.6073 | 0.2103 0.0001 |0.015 | 2.6/-2.0 ‘
(Crown) | 4.1 -4.0 |-0.24 |0.37 0.2 0 0.016 | 2.2/-2.7
TENS 0.418 | -1.312] 0.016]-0.0491 | 2.285 0.0002 | 0.006 | 0.6/-1.2
(Saddle) |0.307 | -1.238 0.0251-0.0490 | 2.239 |0 0.013 | 1.1/-2.0 i
0.43 -1.6 0.025 | -0.05 2.5 0 0.038 | 6.7/-2.6
TENS 0.948 | 3.091| 0.003]0.052 |-1.445 0.0001 | 0.105 | 14.9/-16.5
(Crown) | -0.92 3.2 0 0.05 -1.5 0 0.106 | 15.3/-14.6 ‘
IPB 1.623 | -0.611 | -0.06510.0322 | -0.003 0.0006 | 0.044 | 5.6/-6.7 |
(Crown) | 1.328 -0.365 -0.042( 0.0318 | -0.153 ; O 0.048 | 4.6/-10.3 ‘
1.28 -0.33 | -0.040 0.03 -0.15 |0 0.049 | 5.8/-10.0
OPB 2709 | -4.212| -0.081|0.0452 | 2.801 0.0009 | 0.024 | 4.0/-2.5 |
(Saddle) |2.255 | -3.844 -0.046|0.0430 | 2.600 {0 0.037 | 3.7/-8.0 ‘
2.25 3.8 | -0.045(0.04 2.6 0 0.039 | 4.4/-8.2
T COMP 2300 | -3.518-0.081|0.1228 | 0.783 0 0/0
(Saddle) 1.37 -1.1 -0.05 [ 0.06 -0.3 0.02 |-0.2/-4.5
COMP 0.023 | 4.769| -0.020| -0.032 | -3.071 0 0/0 ;
(Crown) [ 1.35 0.2 |-0.05 [-0.05 -0.5 0.018 | 2.6/-1.9
TENS 2052 | -4.447| -0.029 | 0.0570 | 2.295 0 0/0
(Saddle) | 1.35 -2.3 -0.01 | 0.01 1.2 0.032 | 3.2/-1.0 ‘
1 TENS 0.365 | 4.492| 0.013]-0.068 | -2.335 0 0/0
(Crown) |0.75 1.1 -0.02 | 0.01 -0.6 0.016 {2.5/-1.4
1PB 1.305 | -0.0281 -0.037| 0.0393 | -0.385 0 0/0
(Crown) | 1.54 0.6 |-0.04 |0.04 0 0.024 | 2.8/-3.2
OPB 1.789 | -2.423] -0.030] 0.030 0.904 0 0/0
(Saddle) | 1.77 2.4 | -0.03 |0.03 0.9 0.005 | 1.0/0
Notes: |

1) Values in bold were fixed during fitting run
2) Error = (RF measured - RF predicted) / RF measured; therefore -ve error is |
conservative. '

Table Q2: Summary of RF Results from Fitting Process for Chord Side |
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RF = a5 +3,p + ary + afy + :14[32 but RF 2 (.10

Joint Load ay a; a; a3 ay
Type (Position)
DT COMP 1.46 -3.1 -0.045 0.05 2.5
(Saddle)
COMP 4.10 -4.0 -0.240 0.37 0.2
(Crown)*
TENS 0.43 -1.6 0.025 -0.05 2.5
{Saddle)
TENS -0.92 3.2 0 0.05 -1.5
(Crown)*
IPB 1.28 -0.33 -0.040 0.03 -0.15
(Crown)
OPB 2.25 -3.8 -0.045 0.04 2.6
(Saddle)
T COMP 1.37 -1.1 -0.05 0.06 -0.3
(Saddle)
COMP 1.35 0.2 -0.05 0.05 -0.5
Crown)
TENS 1.35 -2.3 -0.01 0.01 1.2
Saddle)
TENS 0.75 1.1 -0.02 0.01 ~0.6
(Crown)
IPB 1.54 -0.6 -0.04 0.04 0
Crown)
OPB 1.77 -2.4 -0.03 0.03 0.9
(Saddle)
Ranges of validity: 0.4 <p < 1.0, 12y<26,1~ 1.0, 8 = 90°
* Unduly conservative RF may be predicted at crown position for axially loaded DT
joints,

Table Q3: Recommended F ormulations for Reduction Factors on Chord Side




RF = a, +af + a5y + Py + a4[3?' but RF 2 0.10

Joint Load a, a a a3 a,
Type (Position)
DT COMP 1.64 -3.7 -0.04 0.04 3.0
(Saddle)
COMP -3.0 22.7 -0.06 0.10 -19.0
(Crown)*
TENS 0.07 -0.30 0.03 -0.06 1.5
(Saddle)
TENS -0.54 1.9 +0.09 -0.1 -0.1
(Crown)*
IPB 1.05 -0.21 0.02 -0.02 0.8
(Crown)
OPB 3.04 -5.5 -0.04 0.03 3.6
(Saddle)
T COMP 1.36 -1.6 -0.04 0.05 0.4
(Saddle)
COMP 11.84 -10.6 -0.40 +0.04 -0.05
(Crown)
TENS 1.6 -2.4 -0.02 0.02 1.1
(Saddle)
TENS 10.33 -10 -0.34 0.33 0.9
(Crown) .
IPB 0.5 1.5 0.01 0 -1.0
(Crown)
OPB 2.09 -3.2 -0.015 0.01 1.5
(Saddle)

Ranges of validity: 0.4 < B<1.0,1257<26, 1= 1.0, 6 = 90°

*

Table Q4:

Non-conservative RF may be predicted at crown posi
joints.

tion for axially loaded DT

Recommended Formulations for Reduction Factors on Brace Side
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B =0.414
L Mceasured Measured Measurcd Table Q4 Predicted
. as-welded SCF | grouted SCF RF Predicted RF grouted SCF

Crown _Saddle| Crown Saddlc| Crown Saddle Crown_Saddici Crown Saddle

12.409

Comp, 030 647 1 133 360 | 443 0.56 | 453 053 . 136 34
Ten. 029 595 | 112 368 | 3.39 062 | 3.82 0.65 Li0 3.87
OPB 3.70 3.28 0.89 0.59 3.28
IPB L.61 1.62 1.0 107 173

19.973

Comp.

OPB

25.888
-+ roa Comp. 114 1255 158 332 | 139 026 | 137 027 | L57 3.35
Ten L16 1244 131 593 | 113  0.48 1.08 049 | 1.25 6.12
OFB 7.96 5.88 0.74 0.74 5.90
IPB 1.99 2.42 1.22 1.21 2.4]1

B=0672
¥ Measured Measured Meagured Table Q4 Predicted
as-welded SCF | grouted SCF RF Predicted RF grouted SCF
Crown Saddic| Crown Saddie| Crown Saddle| Crown_Saddle| Crown  Saddic
12.409 .
Comp.

CPB

19.973
Comp, 132 13167 274 395 | 207 o030 207 034 | 274 4,44
Ten. 12t 13.00) 203 436 | 1.67 034 165 035 201 4.59
OPB 9.26 4.21 045 0.45 4,18
IrB 1.82 .26 1.24 1.26 2.29

25.888
Comp.
Ten
- OPB
IFB

B =1.000
e T Measured Measured Measured Table Q4 Predicted
as-welded SCF | grouted SCF RF Predicted RF grouted SCF
Crown_Saddle| Crown Saddle| Crown Saddle| Crown Saddle| Crown Saddle

12.409
o Comp, 248 515 | 289 156 | 116 030 | 119 028 | 296 1.48
Ten 250 521 269 160 1.08 031 111 030 ] 276 1.56
OPB 5 LE8 0.33 0.33 1.89
B 1.38 1.52 1.10 112 1.55
19.973
Comp.
Ten.
OPB
IFB
25.888
Comp. 262 853 324 303 124 036 119 042 | 311 3.57
Ten, 258 826 | 243 239! 004 Q29 | 097 030 | 251 2.48
CPB 8.44 217 0.26 0.26 2.20
------ I’B 1.68 2.09 1.24 1.26 2.11

Table Q5: Comparison of Brace T-Joint Measured and Predicted As-welded and Grouted SCFs,




B=0.414
Y Measured Measured Measured Table Q4 Predicted
as-welded SCF { grouted SCF RF Predicted RF grouted SCF
Crown Saddle| Crown Saddle | Crown Saddle| Crown Saddle| Crown Saddle
12.409
Cemp. 695 11.23) 700 620 | LOL 055 098 0.55| 683 6.19
Ten. 642 1043) 587 564 | 051 0354 091 053 | 581 5,53
OPB 7.30 5.26 0.72 0.71 5,20
IPB 293 283 0.97 1.00 2.93
19.973
Comp,
Ten.
OPB
B
25.888
Comp. 10.20 33.31| 593 634 058 021 | 059 021 6.00 7.06
Ten. 959 31.09| 677 1450 O.7% 047 | 069 045 5.63 14.05
OFB 2117 10.21 0.48 0.48 10.07
rB 5.69 3.95 0.69 0.68 3.90
B=0672
7 Measured Measured Measured Table Q4 Predicted
as-welded SCF{ grouted SCF RF Predicted RF grouted SCF
Crown Saddle| Crown Saddle| Crown Saddie Crown Saddle| Crown Saddle
12.409
Comp.
Ten.
OPB
IFB
19.973
Comp. 10.30 2135 956 632 093 030 093 0.30 9.59 6.45
Ten 962 2116} 9.13 6.10 | 095 029 | 095 0.28 9.17 5.94
OFB 16.86 6.18 0.37 0.37 6.19
IrB 4.36 391 0.90 0.87 381
25.888
Comp. -
Ten.
OPB
IPB
B = LO00
Y Measured Measured Measured Table Q4 Predicted
as-welded SCF | grouted SCF RF Predicted RF grouted SCF
Crown Saddle| Crown _Saddle| Crown Saddle| Crown Saddle} Crown  Saddle
12.40%
Comp. 1027 354 | 1068 034 | 104 0.09 1.0 0.09 | 10.79 0.33
Ten 1021 3.26 | 1134 0%0 | 111 025 143 025 | 1150 082
OPB .41 2.26 0.27 027 2.27
IrB as? 3.10 0.92 0.94 3.17
19.973
Comp.
Ten.
OFPB
IFB
25.888
Comp. 930 14.53| 9.60 3.26 1.03 022 1.05 0.23 9.77 3.33
Ten. 299 13.94| 8.81 335 | 098 024 | 099 025 891 3.49
OPB 19.38 5.32 0.27 0.27 523
IPB 3.22 3.05 0.95 0.94 3.02

Table Q6: Comparison of Chord T-Joint Mea

sured and Predicted As-welded and Grouted SCFs.
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B = 0414
¥ Measured Measured Measured Table Q4 Predicted
as-welded SCF | grouted SCF RF Predicted RF grouted SCF
Crown Saddle| Crown Saddle| Crown Saddlc| Crown Saddle| Crown Saddle
12.409
Comp.
Ten.
OPB
PB

19.973

Comp. 107 1327) 239 211 223 016 239 015 2.56 2.05
Ten 123 1350 124 413 | 100 031 | 1.06 031 | 131 4,13
oPrB 4.74 4,02 0.85 0.83 3.93
IPB 2.64 3.58 1.35 1.34 3.53

215.888

Comp.

Ten.
OFB
PB
B =0.672
¥ Measured Measured Measured Table Q4 Predicted
as-welded SCF| grouted SCF RF Predicted RF grouted SCF
Crown Saddicl Crown_Saddle| Crown Saddle| Crown Saddle} Crown  Saddle

12.409 .

Comp. 0.06 1096| 2.00 3.74 ] 33.40 034 | 434 035 0.26 .79
Ten. 008 1L11} 088 4.51 10.43 041 1.47 042 0.52 4.64
OPB 5.44 4.03 0.74 0712 3.93
IFB 1.81 2.50 1.38 136 2.46

19.973

Comp. 008 1001| 232 433 2757 023 424 025 | 036 4.68%
Ten. 0.06 18.60] D9 6361 1600 034 120 034 | 0.07 6.32
QPB 9.07 4.90 0.54 0.57 5.20
PB 1.97 2.76 1.40 141 277

25.888

Comp. 050 2L.53| 193 388 | 383 018 | 417 017 2.10 3.63
Ten. 0,52 2L.70( 072 643 1.40 (.30 1.23 028 0.64 6.04
OPB 10.46 5.10 0.49 046 4,77
IPB 1.92 2.76 1.44 1.45 2.7%

B = 1.000
b Measured Measured Measured Table Q4 Predicted
as-welded SCF | grouted SCF RF Predicted RF grouted SCF
Crown Saddle| Crown _Saddle | Crown Saddle| Crown Saddle] Crown  Saddie

12.409

Comyp. 0.86 431 ( 107 3.39 124 050 | 134 094 ] L1S 4.05
Ten. 086 42409 334] 111 079 1.15 090 ] 100 3.80
OPB 2.53 2.44 0.96 1.02 2.57
PB 1.43 2.29 161 1.65 236

19.973

Comp. 112 524 158 480 | 142 092 162 094 | 180 4,95
Ten. .18 S00 | 128 395 109 079 095 067 | 111 3.37
OFB 2.89 2.8% 1.00 ) 0.94 2.73
IPB 162 2.84 1.76 1.65 2.68

25,888

Cotmnp. 125 445 | 218 420 | L7 0.94 1.88 094 2.34 4.18
Ten. 1.26 425 1.24 198 | 0.98 0.47 103 049 1.30 2.10
OPB 21N 229 0.85 0.88 2.39
IPB 1.64 2.57 1.56 1.65 21N

Table Q7: Comparison of Brace DT

.Joint Measured and Predicted As-welded and Grouted SCFs.
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B=0.414
¥ Measured Measured Measured Table Q4 Predicted
- as-welded SCF | grouted SCF RF Ptedicted RF grouted SCF
Crown_Saddle{ Crown Saddle| Crown Saddle| Crown Saddle] Crown  Saddlc
12.409
Comp
Ten.
OPB
PB
19.973
Comp. 438 3152 342 391 071 012 074 o012 | 326 kR r)
Ten. 444 3137] 252 833 | 057 027 ] 056 028 | 249 3.84
QPB 11.81 6.55 0.55 0.55 6.55
IFB 5.14 2.9 .57 0.57 291
25.888
Comp.
Ten.
OFB
IPB
B=0.672
¥ Measured Measured Measured Table Q4 Predicted
as-welded SCF | grouted SCF RF Predicted RF grouted SCF
Crown Saddic| Crown Saddle| Crown Saddle| Crown Saddic| Crown  Saddlc
12.409
Comp. 208 1573 326 608 | 247 015 | 1.61 036 | 3.34 573
Ten, 211 1592 202 620 | 091 015 097 038 | 205 6.00
OPB 8.08 5.32 0.43 0.65 5.21
PB 3.98 3.16 0.63 0.74 2.97
19.973
Camp. 412 3592| 198 896 | 048 025 | 1.67 028 6.39 9.99
Ten. 4.54 35.72f 074 I159) 016 032 [ 122 031 | 555 1115
OPB 18.20 B.59 0.47 0.51 926
IPB 6.06 3.30 0.54 0.59 3.60
25.888
Comp. L70 4392| 28 872 | 168 020 173 o021 2.94 9.25
Ten. L58 4439) 232 1260) 146 028 | 142 026 { 225 11.59
OPB 21.59 2.00 0.42 0.40 867
IPB 4.79 2,35 0.49 0.48 2.28
P =1.000
Y Measured Measured Measured Table Q4 Predicted
as-welded SCF | grouted SCF RF Predicied RF grouted SCF
Crown_Saddlc| Crown Saddle| Crown Saddle] Crown Saddle| Crown Saddle
12.409
Comp. 0.78 407 | 145 38| 1.8 095 | 1.91 092 1.49 375
Ten 079 406 | 102 414 129 102 ] 140 102 1.11 4.14
OPB 3.10 3.01 0.97 0.99 3.06
P8 2.88 1.93 0.67 0.68 195
19.973
Comp. 061 853 ] 179 761 292 089 | 29 096 1.78 8.22
Ten. 062 794 | 131 646 | 2.10 081 L78  0.83 1.11 6.62
OPR 5.18 5.04 0.97 ’ 0.95 4.94
IPB 310 193 0.62 0.60 1.86
25.888
Comp. 072 10.16] 254 1015} 353 L00 | 3.67 0.99 2.64 10.06
Ten. 74 398 [ 134 684 | 181 069 | 207 0.68 1.54 6.82
OPB 6.90 6.42 0.93 0.92 6.35
IPB 3.47 1.82 0.53 0.54 1.88
Table Q8: Comparison of Chord DT-Joint Measured and Predicted As-welded and Grouted SCFs.
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Comparison of Fitted Surface with Measured Values for
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Fig Q34: Comparison of Fitted Surface with Measured Values for

]
;

T Joints under Compression, Chord Saddle
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Fig Q36: Comparison of Fitted Surface with Measured Values for

T joints under Tension, Chord Saddle
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APPENDIX R
Development of Measured Grouted SNCF (x 1.2)/Efthymiou

As-welded SCF Reduction Factors
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APPENDIX R
DEVELOPMENT OF REDUCTION FACTORS

R1 INTRODUCTION

This appendix presents the development of formulations to predict the SCF Reduction
Factor (RF) for each joint and load type for both the chord and brace side of the weld. The
definition of RF from which the formulations are derived is:

RF = Measured value of SCF for grouted joint
Efthymiou derived SCF for as-welded joint

R2 DATA

The baseline data are the measured SCF values of the grouted joints and the as-welded SCF
values derived using Efthymiou parametric equations. These data are discussed in Sections
7 and 8 of the main text and also in Appendices M and S. It is noted here that the grouted
SCFs used in this appendix relate to the values obtained following the 50% preload cycle.

The resulting RFs, found by applying the above definition, are summarised in Table RI.
The table shows the RF for each joint and load type, and differentiates between the saddle
and crown position for axially loaded joints. For the sake of cémpleteness, the RFs for the
brace side of the weld are also given. In addition to the measured RF values, the values
predicted by the formulations given below are also shown in the table. As can be
observed, good agreement between the observed and predicted values is indicated across
the board.

The data in Table R1 are presented in a series of figures (Figures R1 to R24), each figure
relating to a single joint type (DT or T), load type (compression, tension, IPB or OPB)
and, the SCF location (saddle or crown). Figures R1 to R12 relate to data on the chord
side of the weld and Figures R13 to R24 to the brace side. Each figure contains three
diagrams:

. plot of RF vs. B
. plot of RF vs. vy
. a 3-D representation of RF vs 3 and v.

The first two plots may have up to three lines, each line corresponding to a constant y or B
parameter. To visualise better these two diagrams, 3-D bar charts are given. Note,
however, the bar chart axes are not true to scale (the ‘skyscrapers’ fall on a 3 x 3 regular
matrix associated with the discrete values of B and y). '

The philosophy adopted for those RF functions derived in Appendix Q also apply to the
functions derived in this Appendix R. The resultant RF functions, albeit including
additional terms, perform well.




R3. Concluding Remarks

Tables R4 to R7 present a comparison of predicted and measured as-welded and grouted
SCFs for the two joint types at all locations. Of note are the predicted grouted SCFs
derived using predicted RFs, from joint parameters, with measured as-welded SCFs and
Efthymiou predicted as-welded SCFs. The results demonstrate that for a number of joint

configurations, the crown SCF becomes critical, in the grouted condition, and even
supercedes the highest as-welded SCF.,
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(

RF =2+ aB + ayy + asBy + af” + a5y’ + agB’y’

IJ oint |Load a a, a, a3 a4 ag COV |Max/Min
Type |(Position) Error
DT coMP 057 | -2.08 | 0.001 | -0.003| 255 0 0.140 | 6.54%

(Saddle) -41.66%
COMP 4.9 -1.7 | 032 | 015 | -1.15 | 0.005 | 0.119| 9.92%
(Crown) -28.20%
TENS 025 } -128 | 003 | -0.047| 22 0 0.083 1 8.74%
(Saddle) -10.43%
TENS 39 -2.9 -0.2 0.04 1.01 | 0.004 [ 0307 19.56%
(Crown) -101.95%
IPB 1.8 -0.08 { -0.08 | 007 -1 0 0.054| 7.78%
{Crown) -7.66%
OPB 235 | 515 | -0.03 | 003 4 0 0.061 | 4.76%
(Saddle) -10.28%

T COMP 1.07 -0.68 | -0.043 | 0.06 -0.53 0 0.009 1.08%

(Saddle) . -1.36%
COMP -0.55 6.9 -0.03 | 0.01 -4.8 0 0.009] 0.68%
(Crown) -1.13%
TENS 0.87 -1.49 | 0.001 0.01 0.65 0 0.010] -1.54%
(Saddie) ] -4.06%
TENS -1.37 74 0.02 | -0.05 4.3 0 0.013| 2.28%
(Crown) -0.91%
IPB 0.45 L5 -0.01 | -0.01 -0.7 0 0.026| 4.10%
{Crown) -3.28%
OPB 1.56 -2.62 | -0.012 | 0.015 1.3 0 0.002 0.99%
(Saddle) 0.32%
Ranges of validity: 0.4 <B<1.0,12<y<26,7=1.0,8 = 90°

N

Table R2: Recommended Formulations for Reduction Factors on Chord Side

S MAC14 reponLyv ey rfichord\CHRFEF. XL S\Potrait Summary




RF = ao + a;B + ayy + asBy + aB’ +asy’ + 2By’

Joint |Load ap a; a; a3 a, as A COV [Max/Min
Type [(Position) Error
DT COMP -0.01 -1.3 004 | -008 | 3.15 0 0 0.049| 7.87%
(Saddle) -6.64%
COMP 1.1 0.56 | -0.056| 009 | -1.78 | 0.001 0 0.070| 7.87%
(Crown) -11.40%
TENS 1.92 -4.4 -0.08 0.1 34 0.001 | -0.0001 { 0.026| 2.86%
(Saddle) -4.73%
TENS 1.37 | -3.09 | 0.002 { 0.07 1.39 | -0.001 0 0.0211 3.50%
(Crown) -2.07%
IPB 2.45 <35 -0.03 0.03 2.03 0 0 0.056| 8.41%
(Crown) -8.89%
OPB -0.43 | -0.64 | 0.096 | -0.17 38 0 0 0.040| 7.26%
(Saddle) -5.33%
T COMP 1.1 -1.33 | -0.034 | 0.04 0.6 0 0 0011 1.23%
(Saddle) -1.51%
COMP -1.26 5 0.002 | 0.03 -3.3 0 0 0.0207 195%
{Crown) -2.29%
TENS 0.72 -0.7 -3.008 | 0.004 0.3 0 0 0.018 2.32%
(Saddle) -2.25%
TENS -0.74 3.1 0.0t 0 -1.7 0 0 0023} 1.75%
(Crown) -3.33%
IPB 0.31 091 | -0.007 f 0.015 1 -0.7 0 0 0.002| 0.67%
(Crown) 0.12%
OPB 088 | -0.84 | 0.001 | -0.016 | 0.6 0 0 0.004] 0.11%
(Saddle) -0.94%

Ranges of validity: 0.4 <p<1.0,12<y<26,1=1.0,8=90°

Table R3: Recommended Formulations for Reduction Factors on Brace Side
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BRACE (T)

p=0414
T Efthymiou Measured RF Table R2 Predicted
as-welded SCF [ grouted SCF Predicted RF | grouted SCF
Crown Saddle [ Crown Saddle {Crown Saddle | Crown Saddle | Crown Saddle
12.409 )
Comp.| 3.08 837 { 133 360 | 043 043 | 042 044 | 130 365
Ten. 308 837|112 368 [036 044 ) 038 044 I.I6 366
OFB 5.85 3.28 0.56 .57 3.31
IrB 2.87 1.62 0.56 0.56 1.60
19.973
Comp,
Ten.
OPFB
IPB
25.888
Comp. | 2.52 16.53 | 1.58 332 | 063 020 [ 6.62 0.20 | 1.56 3.32
Ten. 252 1653} 131 393 | 052 036 | 0.51 0.35 129 581
OPB 12.11 5.88 0.49 0,49 5.93
IPB | 4.38 2.42 0.55 0.55 2.39
B =0.672
7 Efthymiou Measured RF Table R2 Predicted
as-welded SCF| grouted SCF Predicted RF | grouted SCF
Crown Saddle|Crown Saddle {Crown Saddle | Crown Saddle [Crown Saddie
12.409
Comp.
Ten, -
OPB
IFB
19.973
Comp.| 2.62 11.84| 274 395 1.05 033 1.05 033 | 275 397
Ten. § 262 11.84| 203 436 | 077 037 | 078 037 | 203 437
OFB 10.84 4.21 0.39 0.39 4.24
IPB 3.39 2.26 0.67 0.67 2.26
25.888
Comp.
. Ten.
OFB
IPB
B =1.000
T Efthymiou Measured RF Table R2 Predicted
as-weided SCF| grouted SCF Predicted RF | grouted SCF
Crown Saddle |Crown Saddle [Crown Saddle | Crown Saddle|Crown Saddle
12.409
Comp. | 3.53 346 | 289 1.5 | 0.82 0.4% 0.84 044 § 295 1.54
Ten. | 353 346 | 269 1.60 | 0.76 046 [ 0.78 047 | 276 1.63
OFB 4.23 1.88 0.45 0.45 1.92
IPB | 244 1.52 0.62 0.62 1.51
19973
Comp,
Ten.
OPB
IPB
25,888
Comp.| 2,62 585 | 3.24 3.03 | §.24 0352 | 127 053 | 332 3.07
Ten. 262 585 | 243 239 | 093 041 092 042 | 241 243
OPB 8.58 217 0.25 0.25 2.16
1PB 284 2.09 0.73 0.73 2.07

Table R4: Comparison of Brace T-Joint Measured and Predicted As-welded

and Grouted SCFs.




CHORD (T)
B =0.414
¥ Efthymiou Measured RF Table R2 Predicted
as-welded SCF | grouted SCF Predicted RF | grouted SCF
Crown Saddle | Crown Saddle | Crown Saddle| Crown Saddle} Crown Saddle
12.409
Comp.| 6.06 13.28 | 7.00 620 | 1.15 047 | 116 047 | 705 627
Ten. | 606 13.28] 587 564 | 097 042 | 0.95 043 | 3.75 5.69
OPB 8.29 526 0.63 063 5.19
IPB 3.65 2.83 0.78 0.78 2.83
19.973
Comp.
Ten.
OPB
1IPB
25888
Comp.| 725 2962 593 684 | 082 023|081 023} 5% 674
Ten. | 725 2962 | 677 14350 | 093  0.49 | 094 0.50 | 6.80 14.74
OPB 18.41 10.21 0.55 0.55 10.09
IFB 6.52 3.95 0.61 0.58 3.81
B =0.672
¥ Efthymiou Measured RF Table R2 Predicted
as-welded SCF| grouted SCF Predicted RF | grouted SCF
Crown Saddle |Crown Saddle|Crown Saddle|Crown Saddlc |Crown Saddic
12.40%
Comp.
Ten.
OFB
IPB
19.973
Comp.| 6.59 1997 9.56 6.32 145 0321 145 032 | 958 639
Ten. | 6.59 1997 9.13 6.10 139 0.31 .39 032 1 916 632
OPB 17.86 6.18 0.35 0.33 6.22
IPB 4.80 391 0.81 0.81 3.88
25.888
Comp.
Ten. .
OPB
IPB
B = 1.000
Y Efthymiou Measured RF Table R2Z Predicted
as-welded SCF | grouted SCF Predicted RF | grouted SCF
Crown Saddle Crown Saddic|Crown Saddle|Crown Saddle | Crown Saddle
12.409
Comp.| 825 510 | 1068 034 | 1.29 0.07 | L3¢ 007 |10.74 036
Ten 1 825 510 {1134 080 | 137 0l6 | 136 017 | 1020 0.85
OPB 1.92 2.26 0.28 - 0.28 220
IPB 3.20 3.10 0.97 1.00 3.20
19.973
Comp.
Ten.
OPB
1PB
25.888
Comp.| 925 1084 | 960 326 | 1.04 030 1.03 030 | 955 325
Ten. | 925 1084 | 881 335 | oss 031 | 0985 031 | 882 34l
OPB 16.83 5.32 0.32 0.32 5.35
IPB 4.11 3.05 0.74 0.73 3.01

Table RS: Comparison of Chord T-Joint Measured and Predicted As-welded

and Grouted SCFs.
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BRACE (DT)
B =044
b Efthymiou Measured RF Tabie R2 Predicted
as-welded SCF| grouted SCF Predicted RF | grouted SCF
Crown Saddle jCrown Saddle | Crown Saddle | Crown Saddle | Crown Saddle
12.409
Comp,
Ten.
OoPB
IPB
19.973
Comp.| 227 1570 | 239 211 1.05 013 1.05 013 | 238 203
Ten. | 227 1570 | 1.24 413 | 055 026 | 055 025 | 1.24 3.9
CFB 8.54 4.02 0.47 0.47 4.00
IFB | 3.68 3.58 0.97 1.00 3.68
25,888
Comp.
Ten.
OFB
IPB
B=0672
7 Efthymiou Measured RF Table R2 Predicted
as-welded SCF{ grouted SCF Predicted RF | grouted SCF
Crown Saddle|Crown Saddie|Crown Saddle|Crown Saddle{Crown Saddle
12.409
Comp.| 235 1040 ] 200 374 [ 085 036 | 088 037 | 207 383
Ten. | 235 1040 | 0.88 451 037 043 | 038 044 | 0.88 453
OPB 6.42 403 0.63 0.63 4.04
IPB | 2.82 2.50 0.89 0.89 2.52
19.973
Comp.| 1.84 16.15 | 232 433 126 027 | L16 026 | 2.14 426
Ten. | 1.84 16.15| 096 636 | 052 039 | 0.50 0.40 | 092 6.46
OPB 10,09 4.90 0.49 0.49 4.96
IPB 3.39 2.76 0.81 0.82 2.7
25388
Comp.{ 142 2103 | 193 38% 136 0.18 146 0.18 | 207 384
Ten. 142 21031 072 643 | 0.51 0.31 .52 031 0.74  6.54
OFPB 1315 5.10 0.39 0.28 5.05
IPB 3.82 2.76 0.72 0.76 2.90
B =1.000
T Efthymiou Measured RF Table R2 Predicted
as-welded SCF | grouted SCF Predicted RF | grouted SCF
Crown Saddle|Crown Saddle | Crown Saddle[Crown Saddle|Crown Saddle
12.409
Comp.| 235 308 | 1.07 211 | 046 069 | 046 1.34 1.07 414
Ten. | 235 308 | 096 334 | 041 1.08 | 0.41 113 | 0.96 3.48
OPB 1.41 2.44 1.72 1.81 2.56
IPB | 244 2.29 0.94 0.98 2.40
19.973
Comp.} 1.B4 424 | 1.58 4.80 | 0.86 L13 { .96 -1.05 176 4.43
Ten. | 1.84 424 | 128 395 | 070 093 | 071 o092 [ 131 392
OPB 2.14 2.89 1.35 1.26 2.69
IPB 265 2.34 1.07 0.98 2.60
25.888
Comp.| 1.42 543 | 218 420 | 1.54 077 | 143  0.80 | 203 437
Ten. | 142 543 | 124 198 | 087 036 | 086 037 ] L.23 202
OFPB 290 2,29 0.79 0.81 2.36
IPB | 2.84 2.57 0.50 0.98 2.78

Table R6: Comparison of Brace DT-Joint Measured and Predicted As-welded

and Grouted SCFs.
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CHORD (DT)
p=0.414
Y Efthymion Measured RF Table R2 Predicted
as-welded SCF | grouted SCF Predicted RF | grouted SCF
Crown Saddic | Crown Saddle | Crown Saddle | Crown Saddle | Crown Saddle
12.409
Comp.
Ten.
OPB
IPB
19,973 :
Comp.| 3.99 27.99 312 391 | 078 014 | 0.84 014 | 336 3.95
fen. | 3.09 27991 252 833 | 063 030 | 0.80 031 | 321 8.6}
OPB 12.28 6.55 0.53 0.55 6.78
IPB 5.06 2.94 0.58 0.58 292
25.888
Comp.
Ten.
OFPB
IPB
B=0.672
Y Efthymiou Measured RF Table R2 Predicted
as-welded SCF | grouted SCF Predicted RF | grouted SCF
Crown Seddle | Crown Saddle | Crown Saddle | Crown Saddle | Crown Saddle
12,409
Comp.| 2.28 1897 3.26 6.0% 143 032 | 129 031§ 294 550
Ten | 228 1897 | 202 620 | 0.88 033 | 087 036 | 200 6.50
OFB 10.32 532 0.52 0.57 5.92
IPB KR 316 0.85 0.89 3.28
19973
Comp.| 271 30.60 | 1.98 896 | 073 0290 | 085 030 | 232 9729
Ten. | 271 30601 074 1159 | 027 038 | 055 035 1.48 10.76
OFB 16.64 8.59 0.52 0.50 8.30
1PB 4.80 3.30 0.69 0.64 3.06
15.888
Comp.| 3.08 4126| 286 872 093 021 0.91 030 | 2.82 1227
Ten. 308 41261 232 1260 0.75 0.31 0.61 0.34 1.87 14.12
OPB 22.44 9.00 0.40 0.44 2.89
IPB 5.72 2.35 0.41 0.44 2,52
i = 1000
b Efthymiou Measured RF Table R2 Predicted
as-welded SCF | grouted SCF Predicted RF | grouted SCF
Crown Saddle | Crown Saddle | Crown Saddle | Crown Saddle | Crown Saddie
12.409 :
Comp. | 2.36 4.67 | 145 386 | 062 083 | 0.T1 102 | 1.68 4.74
Ten. | 236 467 | 102 414 | 043 089 | 064 0.96 1.51 448
crB 2.64 3.01 1.14 1.20 3.17
PB | 3.20 1.93 0.60 0.60 1.90
19.973
Comp.{ 278 712 | 1.79 761 | 064 107 065 100 | 1.80 715
Ten. | 278 712 1.31 646 | 0,47 051 0.4f 083 1.14 594
OPB 4.01 5.04 1.26 1.20 4.83
IPB | 3.59 1.93 0.54 0.52 1.87
25.888
Comp.| 3.25 10.02 [ 2.54 1015 | 0.78 1.01 1.00 099 | 325 9.50
Ten | 325 10021] 134 684 | 0.41 063 | 0.55 073 1.79 131
OPB 5.70 6.42 1.13 1.20 6.83
IPB 4.11 1.82 0.44 0.46 1.89

Table R7: Comparison of Chord DT-Joint Measured and Predicted As-welded

and Grouted SCFs.
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f Fitted Surface with Measured Values for

DT Joints under Compression, Chord Saddle
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f Fitted Surface with Measured Values for

T Joints under Compression, Chord Saddle
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Fig R34: Comparison of Fitted Surface with Measured Values for

ts under Tension, Chord Saddle
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Fig, R35: Comparison of Fitted Surface with Measured Values for
T Joints under Tension, Chord Crown
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ig. R37: Comparison of Fitted Surface with Measured Values for

T Joints under OPB, Chord Saddle
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Fig. R38: Comparison of Fitted Surface with Measured Values for

DT Joints under Compression, Brace Saddle
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f Fitted Surface with Measured Values for

DT Joints under Compression, Brace Crown
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f Fitted Surface with Measured Values for

DT Joints under IPB, Brace Crown
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Fig. R43: Comparison of Fitted Surface with Measured Values for
DT Joints under OPB, Brace Saddle
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T joints - Chord side As-Welded SCFs

S MAC141NAPPEN_S.XLS

B
0.414 0.67 1

2.93 7.30 337 8.41
12.7 |6.42 Ti 1043 10.21 T3 3.26
6.95 11,23 10.27 3.54

4.36 16.86

Y 203 9.62 TS 21.16

10.30 21.35
5.69 21.17] [1PB OPB| {3.22 19.38
25.7 19.59 T7 31.09] jAx-Tc Ax-Ts| [8.99 T9 13.94
10.20 33.31] jAx-Ce Ax-Cs| 19.30 14.53

DT joints - Chord side As-Welded SCFs
B
0.414 0.67 1

3.98 8.081 12.88 3.10
12.7 2.11 DpT2 15.92) [0.79 DT3 406
2.08 15.73] |0.78 4.07
5.14 11.81] |6.06 18.20] 13.10 5.18
Y 2031444 DT4 31.37] |4.54 DTS 35.72| [0.62 DTé 7.94
4.38 31.52] [4.12 35.92] 10.61 8.53
4.79 21.59] [3.47 6.90
25.7 1.58 DTS 4439 [0.74 DT9 9.98
1.70 43.92| 10.72 10.16

Table S.7-1 : Summary of As-welded Chord side SCFs
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$ MA\CI141\APPEN_S.XLS
T joints - Chord side Grouted SCFs
B
0.414 0.67 -1

2.83 5.26 3.10 2.26
12.7 |5.87 T1 5.64 11.34 T3 0.80
7.00 6.20 10.68 0.34

3.91 6.13

Y 203 913  T5 610

9.56 6.32
3,95 10.21| |IPB OPB| [3.05 5.32
25,7 16.77 T7 1450 |Ax-Te Ax-Ts| [8.8] T9 335
5.93 6.84] |Ax-Cc Ax-Cs| [9.60 3.26

DT joints - Chord side Grouted SCFs
p
0.414 0.67 1
3.16 5.32{ ]1.93 3.01
12.7 2.02 DT2 6.20] [1.02 DT3 4.14
3.26 6.08] [1.45 3.86
2.94 6.55] |3.30 8.59] |[1.93 5.04
Y 203 (252 DT4 8.33] [0.74 DT5 1159 {1.31 DTe6 6.46
3.12 3.91) |[1.98 8.96] {1.79 7.6]
2.35 9.00] |1.82 6.42
25.7 232 DT8 12.60| {1.34 DT9 6.84
2.86 8.72| [2.34 10.15
Table S.7-2 : Summary of Grouted Chord side SCFs
Page S2
N

G
i

B

I
;

i,
N




S M:\C141'APPEN_S.XLS

T joints - Chord side Measured RF's

B |
0.414 0.67 1

0.97 0.72 0.92 0.27
1270001  T1  054] | 111 T3 025
1.01 0.55 1,04 0.09

0.90 037

y 203 095 TS5 029

0.93 0.30
0.69 048 [1PB oPB| [0.93 027
2571071 T7  047| |Ax-Te Ax-Ts| 098 T9 024
0.58 021 |Ax-Ce Ax-Cs| [1.03 0.22

DT joints - Chord side Measured RFs

B

0.414 0.67 1
0.79 0.66{ 10.67 0.97
12.7 0.95 DT2 0.39] |1.29 DT3 1.02
1.57 0.39] {1.86 0.93
0.57 0.55| 10.54 0.47] :0.62 0.97
y 203057 DT4 027 lo.16 DTS  032] {2.10 DTé 081
0.71 0.12] {0.48 0.25] (2.92 0.89
0.49 0.42| 053 0.93
25.7 146 DT8 028 |1.81 DT9 0.69
1.68 0.20| [3.53 1.00

Table S.7-3 : Summary of Chord side RFs
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S M:AC141\APPEN_$.XLS

T joints - Brace side As-Welded SCFs

B
0.414 0.67 -1

1.61 3.70 1.38 5.77
1270029 T1 595 250 T3 521
0.30 6.47 2.48 5.15

1.82 9.26

Y 203 121 T5 13.00

1.32 13.16
1.9 7.96| [1PB oPB] (168 8.4
257|116 T7 12.44] |Ax-Te Ax-Ts| (258 T9 826
1.14 12.55| |Ax-Ce Ax-Cs| {2.62 8.53

DT joints - Brace side As-Welded SCFs

B

0.414 0.67 1
1.81 5.44] [1.43 2.53
T 127 0.08 DT2 11.11] |0.8¢ DT3 424
0.06 10.96] 10.86 4.3]
2.64 4.74| [1.97 9.07{ [1.62 2.89
Y 20.311.23 DT4 1350 [0.06 DT5 18.60] |1.18 DTS 5.00
1.07 13.27 [0.08 19.01] ]1.12 5.24
1.92 10.46] [1.64 2.71
25.7 0.52 DT8 21.70] |1.26 DT9 4.25
0.50 21.53] |1.25 4.45

Table S.7-4 : Summary of As-welded Brace side SCFs
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T joints - Brace side Grouted SCFs

p ,
0.414 0.67 1

1.62 3.28 1.52 1.88
12.71.12 Tl 3.68 ' 2.69 T3 1.60
1.33 3.60 2.89 1.56

2.26 421

Y 203 2.03 TS 436

2.74 365
2.42 5.88| (IPB OPB| [2.09 2.17
25,7 11.31 T7 563] |Ax-Te Ax-Ts 2.43 T9 3
1.58 3.321 |Ax-Ce Ax-Cs| 13.24 3.03

DT joints - Brace side Grouted SCFs

0.67

2.50 4.03| |2.29 2.44

12.7 0.88 DT2  4.51 [0.9¢6 DT3 334
2.00 3.74) |1.07 3.89

3.58 4.02) [2.76 490| |2.34 2.89

¥y 20.3[1.24 DT4  4.13| (096 DTS  636] |1.28 DT6 3.95
2.39 2.11) 1232 433] 11.58 4.80

2.76 5.10{ |2.57 2.29

25.7 0.72 DTS 643] |124 DT9 1.98
1.93 3.88] |2.18 4.20

Table S.7-5 : Summary of Grouted Brace side SCFs




T joints - Brace side Measured RFs

-

SM :\Cl41\APPEN_S.XLS

B
0.414 0.67 1

1.01 0.89 Lio 0.33
12.7 |3.89 T1 0.62 1.08 T3 0.31
4.43 0.56 1.16 0.30

1.24 0.45

Y 203 1.67 T5 0.34

2.07 0.30
122 0.74| [IPB OPB| |1.24 0.26
25.7 {1.13 T7 0.48] |Ax-Te Ax-Ts| [0.94 T9 0.29
1.39 0.26] JAx-Cc Ax-Cs| {124 0.36

DT joints - Brace side Measured RFs
0.67

, 1.38 0.74 [1.61 0.96
12.7 10.43  DT2 041" 11.11 DT3 0.79
33.40 034 124 0.90
1.35 0.85| |1.40 0.54] [1.76 1.00
Y 20.3|1.00 DT4 031} |16.00 DTS5 0.34] 11.09 DTé6 0.79
2.23 0.16] (27.57 0.23] |1.42 0.92
1.44 0.49] 11.56 0.85
25.7 1.40 DTS 0.30{ {0.98 DT9 0.47
3.83 0.18) |1.75 (.94

Table §.7-6 : Summary of Brace side RFs
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167.81 x 16.32 T1 273.09x15.76 | DT2 407.02 x 16.1 DT3
1=1.0 1=0.96 7=0.98 T3
Fy =348 Fy =496 Fy =383
168.57 x 9.95 DT4 273.34 x 9.82 DTS 407.6 x 9.61 DTé6
=098 1=0.96 TS 1=0.94
Fy =339 Fy =284 Fy =363
168.41 x 8.31 T7 273.21 x 7.88 DTS 400.96 x 7.86 DT9
t=1.06 t=1.0 7=10 T9
Fy =246 Fy =329 Fy=332
Notes
All values are measured
All units in (N) and/or (nun)
Test Matrix
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