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ABSTRACT: Completed in 1940 15 Stout Street it is one of New Zealand’s first welded
steel framed buildings. It consists of a 9-storey concrete encased structural steel two way
moment frame, supporting cast in-situ reinforced concrete floors.
Aurecon was commissioned to complete a detailed seismic assessment of the structure
against the current loadings Standard AS/NZS1170.5, and propose appropriate seismic
strengthening details where required. As part of the assessment a series of in-situ flexural
tests were performed on a representative sample of beams, in order to evaluate typical
strength and ductility capacities of the combined arc-welded and riveted beam/column
joints. These test results were compared to the analytical capacities calculated, and used
in a full Displacement Based Design (DDBD) non-linear push-over and dynamic timehistory analysis of the structure.
Based on the test results and the numerical nonlinear modelling conducted it was
concluded that the building in its current form is capable of resisting the full
AS/NZS1170.5 design level seismic load. Studies up to the Maximum Considered Event
(MCE), equivalent to the current AS/NZS1170 1/2500yr event, indicated acceptable
behaviour in terms of imposed displacements, torsion, and maximum inter-story drifts.
Through testing a much better understanding of building performance, in particular the
ductility capacity of the beam/column joints was achieved. From this improved
understanding considerable savings to the client were made in terms of time and money
when compared to previously considered retrofitting options.
In-situ structural testing where possible offers owners of heritage building new options in
regards to seismic assessments and strengthening.
1 INTRODUCTION
Built in the late 1930’s (completed in 1940) 15 Stout Street (Figure 1) is one of New Zealand’s first
welded steel framed buildings, and is considered by Wellington City Council as “a significant work of
architecture”
Information on the building was obtained through various archives, including reasonably good data in
regards to beams and columns, as well as, the general structural layout. During these investigations it
was revealed that the design of the beam/column connections’ were changed from riveted, to a
combination of riveted and in-situ welded at some stage prior to construction. This design change was
reported in a newspaper article of the time, with the construction dubbed “the silent job”.
Aurecon was originally engaged to assess the building capacity and propose retrofit solutions in order
to bring it up to 100%NBS. After close inspection of the existing drawings it was suggested to the
client that in-situ testing would be valuable in establishing the structure’s true strength and ductility.
As a result a series of in-situ full scale load tests were performed where selected beams were isolated
then jacked cyclically using hydraulic rams in order to determine the joints’ true moment/rotation
characteristics. It is believed that this is the first time that such testing has been attempted in New
Zealand outside specifically dedicated laboratories.
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Figure 1: Government Departmental Building (15 Stout Street) designed by architect John Mair, (Left: Gordon
Burt Collection, Alexander Turnbull Library, Right: Making New Zealand Collection, Alexander Turnbull Library)

1.1 Building type
15 Stout Street is a 9-storey concrete encased structural steel framed building, supporting cast in-situ
reinforced concrete floors, and a mixed granite and composite quartz chip façade. The superstructure
sits atop a reinforced concrete walled single storey basement. The foundations consist of large
reinforced concrete pads and continuous footings.
Though the building is primarily a frame structure there are a number of reinforced concrete shear
walls which act as boundary partitions to the neighbouring Te Puni Kokiri Building, and Wellesley
Club, refer Figure 2. The floor plate is “U” shaped with an open interior courtyard formed alongside
the Wellesley Club boundary.

15 Stout Street

Wellesley Club

Te Puni Kokiri

Figure 2: Locality Plan of 15 Stout Street (retrieved 10 May 2012 from http://maps.google.com)

2 ASSESSMENT METHODOLOGY
2.1 Assessment Criteria
The assessment was conducted to current New Zealand Standards and design guides including:
AS/NZS 1170:2002 – Structural Design Actions, NZS1170.5:2004 – Earthquake Actions – New
Zealand, NZS 3101:2006 – Concrete Structures Standard, NZS 3404:1997 – Steel Structures Standard,
as well as, the NZSEE [2006] “Red Book” - Assessment and Improvement of the Structural
Performance of Buildings in Earthquake.
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The building design life was assumed to be 50 years in accordance with clause B2 of the New Zealand
Building Code, and considered an Importance Level 2 structure, per AS/NZS1170.0 clause 3.3.
The assessment was conducted to the New Zealand Building Code Ultimate Limit State (ULS), as
defined in AS/NZS1170.0. In the case of 15 Stout Street the ULS design level event was equivalent to
the 1/500yr return period design event. ULS is a design level at which there is likely to be structural
damage though damage to non-structural systems necessary for the building evacuation procedures
that renders them inoperative is to be avoided. The capacity the building was also assessed through
time history analysis for the Maximum Considered Event (MCE), equivalent to the 1/2500 return
period design level earthquake.
2.2 3D Model Description
An in-depth examination of the existing structural drawings was completed in order to establish the
existing building material and structural properties. A 3-D computer model, refer Figure 3, was
created based upon the buildings dimensional layout, and load bearing elements. (floor systems,
beams, columns, walls, frames, foundations etc.). SAP2000 v14.2.0 (Computers and Structures, Inc)
was used in the 3D numerical analysis of the structure.
The structural frame was modelled to account for concrete encasement of the steel members. The
SAP2000 model utilised the gross concrete sections for the seismic weight, with stiffness modifiers
used on the beams and columns to account for concrete cracking, as well as, the structural steel section
elastic modulus.
The existing reinforced concrete exterior party walls were modelled though their participation in the
overall structural response was found to be relatively minor in part due to their uplift capacities. The
exterior granite cladding, though likely to provide some measure of additional lateral stiffness, was not
explicitly modelled due to its low level of ductility capacity and potential for brittle failure. The
numerical model did however include the exterior cladding mass.
The foundation system of the building consists of large isolated and continuous footings. Non-linear
link elements were modelled to provide rigid support in compression, and resistance due to self-weight
only in regards to uplift.

Figure 3: SAP2000 Analysis Model - 3D and Plan Views

The beam and column flexural capacities were modelled using non-linear hinges. The elastic and nonelastic properties of each joint were defined in terms of flexure versus rotation, determined either from
the in-situ test results or analytically. Where it was not possible to obtain test data non-linear hinge
properties were modelled per the NZSEE “Red Book” [2006] methodology “Flexible Hinges”. The
columns were assigned flexural yield strength properties, though due to their robustness in relation to
the beams, column hinging is almost solely restricted to the column base.
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3 BEAM/COLUMN TESTING REGIME
During the initial evaluation of Stout Street there was little existing information available on the asbuilt beam/column connection. It was known that the connections rather than being fully riveted had
been electric arc welded to some extent. The only conclusive evidence of this however was a few
revised drawing details and a partially exposed beam/column joint prepared as part of an earlier
assessment, refer Figure 4.

Figure 4: Existing Detail of a Typical Beam/Column Joint

Although the joint appeared to be reasonably robust, there remained significant uncertainty in regards
to the available rotational ductility. It was therefore suggested to the client that in-situ testing would be
valuable in establishing the structures’ true strength and ductility. As a result a series of in-situ full
scale load tests were performed where selected beams were isolated then jacked cyclically using
hydraulic rams in order to determine the joints’ true moment/rotation characteristics. The emphasis of
the tests was to establish the as-built strength and stiffness of the joints when these are forced to rotate
beyond their normal in-service condition.
Each test was prepared and performed by employees of Mckee Fehl. Aurecon provided structural
engineering design in regards to both the loading apparatus and methodology. In addition Aurecon
provided on-site advice and support during duration of the testing programme
The jacking force was provided through the use of two sets of 60 Tonne hydraulic rams coupled with
32mm MacAlloy rods. These were generally anchored two floors above and below the test beam, and
through a system of adjustable locking nuts could be calibrated to pull both up and down on the
member, refer Figure 5. Load was transferred to the test member and supporting structure via a
spreader beam which consisted of 2-250PFC sections placed back-to-back, connected at the top and
bottom flanges via a welded 20mm steel plate.

Figure 5: Elevation of Loading Apparatus with PFC Spreader Beam and Hydraulic Ram Arrangement
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The rams were carefully calibrated to provide accurate force readings, and displacements read using a
laser level and scale rule attached to the beam. Data measurements were recorded typically at quarter
points on each up and down stoke past the level datum. At these predetermined steps the applied load
would be held momentarily while the force and deflection readings were recorded.
In order to isolate the test beams from the structure the beam and slab were cut at mid-span, with
additional slab cuts made parallel to the beam to be tested. In order to include the effects of slab
hinging the parallel cuts were spaced according to the maximum width considered when including the
contribution of the slab in the flexural strength of T-beams per NZS3101:2006. Typically, the slab
width engaged was on the order of 1.5m. Figure 6 shows a typical beam test, the testing apparatus, and
it’s imposed isolation from the rest of the structure.

Figure 6: Testing of Typical Beam/Column Joint

In order to obtain a representative sample each main beam size and orientation of column was tested
twice. The column orientation proved to be important as how the side plates attach to the beam was
found to influence the available ductility. As can be seen in Figure 5, in the “I” orientation the side
plates are continuous, whereas, in the “H” orientation the side plates comprise of riveted T-sections.
In general beam sizes typically reduce up the height of the building. As such in order to get a full
sample set, tests were performed at a number of different levels and locations. This requirement also
provided an assessment of spatial variability if present in the structure.
The testing regime performed was based on that outlined in Krawinkler et al [2000]. The multiple step
test was typically conducted with increasing cycles up to a maximum drift limit (4%) or failure. In
addition a number of forward (or Near-Fault) directivity tests were also performed. These tests
simulate the directivity effect where the movement pulse goes on for longer periods (between 1 to 1.5
seconds) and the structure builds up momentum in one direction, generating high peak demands. The
loading histories for both cyclic tests are illustrated in Figure 6.
An additional test was performed where beams each side of the column were tested simultaneously.
This test was conducted on the largest beam (B24”) to establish if a joint shear failure or column
hinging was possible. The results of this test showed almost identical behaviour each side of the joint,
as found when compared to the equivalent single side test. Some minor hairline plaster cracking at
mid-height of the column was the only sign of damage outside the beams.
A final verification test was performed on a beam with the concrete encasement removed. This
achieved an ultimate flexural strength approximately 30% less than a previous test conducted on a
concrete encased beam of the same size and column orientation. The difference in flexural strength
correlates very closely to that proposed in the NZSEE “Red Book” [2006].
Following the completion of each test the beam concrete cover was removed and damage noted. Each
beam was then repaired and the floor slabs reinstated.
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The basic Force v’s Displacement data was converted into Moment v’s Rotational Drift and then
normalised in order to establish an appropriate back-bone response for inclusion in the SAP2000
model. Corrections were made to account for the system self-weight, elastic deformations of the beam
and column, as well as, the variable lever arm from the point of rotation to the jacking point. Figure 7
provides an example of a typical beam/column test hinge hysteresis for an “I” orientated joint.
In general most connections exceeded or were close to the assumed performance, both in terms of
strength and the ability to undergo post-elastic actions. In all cases where strength degradation was
observed failure was due to a tensile tearing of the side connecting plates. No brittle rivet failure was
observed. The initial stiffness was generally comparable to that established for Flexible Hinges in the
NZSEE “Red Book” [2006]. However, particularly for deeper beams a softening near the yield
plateaux reduced the overall idealised elastic stiffness. Less ductile behaviour was found in the lower
stories, which corresponded to the larger beam sizes. For all beams 18” and less (and practically all
20” beams) there was no structural degradation at the maximum drift attained (approx. 4%) Where
structural degradation was noted it was generally found that the “I” column orientation provided the
greater ductile behaviour. It is noted however that the orientation of the columns varies throughout the
building, and as such, the “I” and “H” post-elastic behaviours are averaged in regards to the overall
building response at each level, thus avoiding the risk of a particular weakness in part of the structure.

Figure 7: Typical “I” Beam/Column Joint Hysteresis Loop

4 LATERAL ANALYSIS
4.1 Direct Displacement Based Design and Push-over Analysis
As part of the building’s lateral capacity verification a Direct Displacement Based Design (DDBD)
push-over analysis methodology was adopted. The DDBD analysis performed is based on the
methodology as proposed by Priestley et al [2007] for steel frame structures.
The NZS1170.5 design acceleration spectra was converted to a displacement spectra and following
this scaled in relation to the assessed level of “near fault” damping. Damping per the DDBD
methodology considered is related to the effective ductility, which was progressively calculated based
on the ultimate displacement and the yield displacement as observed from the push-over curve.
The effective displacement and period of the structure was calculated at the junction where the
recorded displacement at the effective height of the building equalled that of the design demand
displacement spectra. Corresponding story drift demands were calculated at this point, and the
calculated period used in scaling the time-history records.
As required in NZS1170.5 the effects of accidental eccentricity were included. P- effects though
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found to be small were also assessed as part of the numerical push-over analysis.
4.2 Time History Analysis
Direct Integration Time-History Analysis was used to further investigate and assess the behaviour and
capacity of the lateral structural system. A series of 3 time-history records recommended by GNS were
used in this assessment, including the recorded ground motions captured from the El Centro (Imperial
Valley, 1940), La Union (Michoacan, Mexico, 1985), and Lucerne (Landers, 1992) earthquake events.
These records were provided with the appropriate scale factors for various return periods relating to
the current NZS1170.5 response spectrum for a shallow soil Wellington site. Lucerne in particular
was selected due to it being a near-fault event, similar to that possible on the Wellington Fault.
Both the ULS (1/500yr RP) and MCE (1/2500yr) events were considered in the time-history analysis.
As part of modern seismic and capacity design principles in New Zealand, it is required that designers
identify any critical structural weaknesses, and provide for appropriate mechanisms of deformation
and energy dissipation in the case of a larger than design level earthquake. In the case of Stout Street
the MCE selected essentially corresponds to an event 1.8 times greater than the ULS level earthquake.
From each time-history analysis performed inter-storey drifts and maximum structural deformations
were obtained at various locations, and compared to the appropriate code and material limit states.
4.3 Sensitivity Studies
A number of sensitivity studies were conducted in order to assess the impact of various design and
modelling assumptions. These studies were used to verify parameters where there was some
uncertainty, and assess their influence on the overall structural behaviour.
These studies included assessing the contribution of the exterior spandrel beams in regards to their
relative stiffness and shortening of the column clear height, assessing the contribution of the exterior
party walls in relation to the overall structural response, assessing the effects of various soil stiffness
assumptions, and comparing the structural response in relation to hinge properties derived from testing
and those obtained per the NZSEE “Red Book” [2006] recommendations for “Flexible” hinges
In general the overall building behaviour was found to be relatively insensitive to changes in these
parameters, with all results indicating acceptable performance.
5 RESULTS
5.1 Push-over Analysis
The following table is a summary of the main results from the non-linear push-over analysis based on
a DDBD distribution of lateral loads. Results are recorded at the ULS design level event. The principal
axes are denoted as X, and Y, as shown in Figure 3.
Direction

Displacement at
COM (mm), com*

Period (s),
T=2.(m.com/Vb)1/2

Max. Drift at COM
x Kdm** (%)

Max. Overall Drift x
Kdm (%) incl. Ecc***

X-Dirc

125

1.23

1.02 (Level 5)

1.19 (Col C, Level 5)

Y-Dirc

97

1.0

0.79 (Level 5)

1.53 (Col A, Level 5)

* Measured at the effective building height, as defined in DDBD, Hex= 21.14m, Hey= 20.99m.
** Kdm factor, Dynamic Modification Factor, AS/NZS1170 cl 7.3.1.1. In this assessment K dm =1.5)
*** Ecc refers to load cases accounting for accidental eccentricity as required per AS/NZS1170.

An effective structural ductility of 2.4 (d/y = 125mm/50mm) and 2.5 ((d/y = 97mm/40mm) was
calculated in the X and Y-directions respectively.
5.2 Time History Analysis
The following table presents the maximum inter-storey drifts obtained from the time-history analyses
scaled to the ULS design level event.
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Direction

Max. Drift at
COM (%)

Event / Location

Max. Overall Drift (%)
(ULS)

Event / Location

X-Dirc

0.57

ELCE-2 (Level 6)

0.77

ELCE-2 (Col C, Level 6)

Y-Dirc

0.33

LUCE-2 (Level 4)

0.74

LUCE-2 (Col A, Level 2)

The following table presents the maximum inter-storey drifts obtained from the time-history analysis
scaled to the Maximum Considered Event, MCE.
Direction

Max. Drift at
COM (%)

Event / Location

Max. Overall Drift (%)
(MCE)

Event / Location

X-Dirc

0.96

LUCE-1 (Level 3)

1.35

LUCE-1 (Col C, Level 3)

Y-Dirc

0.58

LUCE-2 (Level 4)

1.27

LUCE-2 (Col A, Level 3)

The maximum inter-storey drift for all time-history records in either principal direction under MCE
loading was 1.35%. During this event only a single cycle over 1% drift was produced.
6 CONCLUSIONS
Based on the information gained from the beam/column joint testing regime and the numerical nonlinear modelling conducted it was the conclusion of the assessment that building in its current form is
capable of resisting the full design level seismic load based on the latest loadings code AS/NZS1170.
Studies up to the Maximum Considered Event (MCE), equivalent to the current AS/NZS1170
1/2500yr earthquake, indicated acceptable behaviour in terms of imposed displacements, torsion, and
maximum inter-story drifts.
The maximum inter-story drift at the ULS design level event per non-linear push-over analysis was
found to be 1.53%. This is significantly less than the current allowable code limit of 2.5% per
AS/NZS1170. Further to this time history analyses suggest that this upper bound drift is conservative.
The testing regime resulted in a much better understanding of the building performance, in particular
the ductility capacity of the beam/column joints. It provided considerable savings to the Client in
terms of time and money, in regards to previously considered retrofitting options. The in-situ testing
completed as part of this assessment introduces to owners of heritage building new options in regards
to seismic assessments and strengthening.
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