CORPORATE OFFICE
Level 1
32 Oxford Terrace
Christchurch Central
CHRISTCHURCH 8011

Telephone: 0064 3 364 4160
Fax: 0064 3 364 4165
carolyn.gullery@cdhb.health.nz

19 June 2018

RE Official information request CDHB 9866
We refer to your email dated 23 May 2018 requesting the following information under section 12 of the Official
Information Act (the ‘Act’) from Canterbury DHB. This being a follow up question to OIA CDHB 9833 (Part one)
Riverside DEE – Detailed Seismic Update 2017. We note the other questions in your email have been responded to
by our Communications Team as a media response.


Can you please provide me with the Riverside 2013 DSA (Detailed Seismic Assessment)?

Please find attached as Appendix 1 the Detailed Seismic Assessment Report for Riverside Buildings prepared for
Canterbury DHB 15 July 2013.
Please note that this July 2013 assessment is now five years old and was obtained under the previous assessment
regime. The current assessment regime is “The Seismic Assessment of Existing Buildings, Technical Guidelines for
Engineering Assessments, July 2017 version 1 (NZSEE, 2017)”. We have since re-assessed Riverside buildings in
accordance with NZSEE, 2017. (See December 2017 Assessment previously provided.)
I trust that this satisfies your interest in this matter.
Please note that this response, or an edited version of this response, may be published on the Canterbury DHB
website.

Yours sincerely

Carolyn Gullery
Executive Director
Planning, Funding & Decision Support
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EXECUTIVE SUMMARY

This report covers the structural damage sustained by the Riverside Buildings at the Canterbury
District Health Board’s (CDHB) Christchurch Hospital Campus, as a result of the Lyttelton
Earthquake that struck at 12:51pm on 22nd February 2011, the earthquake at 2.20pm on 13th
June 2011and the December earthquake that struck at 3.18pm on 23rd December 2011. The
structural damage that occurred as a result of the Darfield Earthquake that struck at 4:36am on
4th September 2010 is covered separately by the report dated 8 February 2011. [1]
The general form of the building and its capacity prior to the earthquake are summarised. For
the purposes of this report, the Riverside Buildings have been considered as healthcare facilities
with a capacity of 50 or more resident patients (Importance Level 3).
The capacity of Riverside West prior to the earthquake has been assessed using a non7linear
time7history (NLTH) analysis. The results of the analysis indicate that Riverside West has the
capacity to resist 55760% of the new Ultimate Limit State (ULS) Design Basis Earthquake
(DBE) for an IL3 building. (Note that this is equivalent to a building strength of 65770% DBE
for an IL2 building and 35740% DBE for an IL4 building).
The results of the NLTH analysis for Riverside West indicate that the onset of collapse or
partial collapse is likely to occur at approximately 80% of the new IL3 Design Basis
Earthquake. Affected elements, termed Critical Structural Weaknesses (CSWs), include
potential shear failure of the wall elements on the south face of the Riverside West and East
buildings and compression failure of the column at Level 1 below the shear wall in the west
wall of Riverside West and the east wall of Riverside East. The Engineering Advisory Group
Draft Guidelines recommend a margin over collapse is provided [9]. Therefore, the building
capacity at the onset of critical deficiencies is divided by 1.5 to provide a factor of safety against
collapse. These elements therefore have an effective capacity of 80/1.5 ~ 57% of the new code
strength.
The capacity of Riverside Central prior to the earthquake has been assessed in a similar manner
to Riverside West. The results of the non7linear time history analyses indicate that Riverside
Central reaches the Collapse Limit State at 54% of the new Design Basis Earthquake for an IL3
building. With an allowance for a ULS to CLS margin of 1.5 the effective capacity is 54/1.5 ~
35740% of new code strength.
Immediate strengthening has been completed for two CSWs identified at the fifth floor. These
previously limited the effective capacity to 26/1.5 ~ 17%, however now that the strengthening
is in place they no longer limit the building effective capacity. Therefore the above value of 357
40% is considered appropriate for the overall building performance.
The level of shaking experienced at the site is estimated from the Geonet strong motion data
recorded at monitoring sites around Christchurch and is related to the estimated fundamental
periods of the building. Given the strong motion data available, it is possible that the Lyttelton
Earthquake produced peak accelerations between 70 and 80% of the new ULS IL3 design
spectra for these buildings.
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Preliminary and detailed observations are being made of the damage sustained as a result of the
earthquake. This report summarises the findings to date of these detailed observations and
provides recommendations regarding the repair work required.
Cracks have been observed in the piers and spandrels on the north and south face at the upper
levels of the buildings. Cracks have been observed in the stairwell walls and in the walls at the
Lower Ground Level.
Some testing has been carried out on the reinforcing in the Lower Ground Floor walls to
determine if any strain hardening of the reinforcing bars has occurred. Where testing was
completed on the reinforcing where it crossed cracks, typically strain hardening has occurred.
The lost strain capacity varied between 15725% and 30750%, on average being 30%. The loss
of strain capacity reduces the capacity for the affected reinforcing bars to strain harden in future
seismic events. Note that when the strain capacity of the bar has been exceeded the bar will
break. Repair options for the replacement of the capacity lost due to the strain hardening are
presented including replacing the damaged walls, providing new concrete overlays on the face
of the damaged walls and providing new structural walls
Testing has been carried out on the concrete strength. The results indicate that the probable
strength of the concrete varies throughout the building and is between approximately 30 and
60MPa. The variability of the concrete strength was found to have minimal bearing on the
overall building capacity.
Verticality and levels surveys have been carried out by Fox and Associates in May7June 2011
and on 20 June 2012 respectively. The results of the levels surveys indicate that:
•

Riverside East is relatively level with the maximum slope on the lower ground floor
recorded at a 13mm over 13.2m in the plant room in the southwest corner of the
building.

•

Riverside Central is on a lean to the north towards the river. There is a change in level
of 42mm over the length of the building, with a slope of 22 mm over 15.2m at the
northern end of the building A noticeable difference in level is recorded by the survey
and visible on site between Riverside Central and Riverside East in the south corridor.

•

Riverside West is on a slope to the north east. The maximum levels difference
recorded is 55mm. Slopes of up to 20mm over 12m (1:600) are recorded in several
locations.

•

The loading dock has a slope to the northeast measured at 23mm over 8.5m (1:370).

The slopes recorded in Riverside West and Central and Loading dock exceed the levels
tolerances in NZS3109. Re7levelling buildings the size of the Riverside buildings is complicated
particularly by the fact that the basement is rigidly connected between all the blocks and to
Clinical Services building. Specific advice from both the Geotechnical Engineers and specialist
re7levelling contractors is required to determine whether re7levelling the buildings is feasible.
A geotechnical investigation and analysis was carried out by Tonkin & Taylor in September
2011. The investigations concluded that the Riverside buildings bear on a gravel layer at
basement level that is approximately 4m thick. There is a medium dense7dense sand layer
below the gravel that is approximately 4.5m thick and the analysis indicated that this sand layer
liquefied during the 22 February 2011 earthquake. This residual displacements recorded in the
verticality survey are considered to be more likely to be due to residual displacements that
occurred as extremely large dynamic loads were applied to the building foundations during the
earthquake. The differential settlements and building movements may have resulted in a minor
redistribution of foundation loads, but this is not believed to be significant.
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Strengthening solutions have been investigated for three levels of upgrade:
1. To 67% of the current loading for an Importance Level 3 (IL3) building. This
requires:
• Tying together of the wings to avoid pounding,
• Addition of concrete shear overlays to selected existing walls
• FRP wrapping of pier and spandrel elements
• Steel jacketing of columns below the offset walls on the south face of the buildings
2. To 100% of current loading for an IL3 building. This requires essentially a similar
scope of work to 67%, but with the addition of significant new walls and slightly
extended scope for the other elements noted above.
3. To 100% of current loading for an IL4 building. This is considered unachievable using
conventional strengthening methods. Instead, base isolation is recommended. The
scope of work includes:
• Tying together of the buildings
• Creation of a full basement space within which to mount the isolators,
• Creation of a significant movement gap around the buildings, over which all links
(access and services), must be carefully detailed for the movement.
• Limited strengthening of the superstructure will still be required.
A discussion is included on the buildings’ likely performance under the Maximum Considered
Event (MCE). Because of the likely long duration of such an event, it is recommended that the
identified CSWs are retrofitted to remove potential collapse hazards. Provided that this work is
done, it is considered that the buildings are acceptably unlikely to collapse in such an event,
although they are likely to require demolition.
Adjacency affects have also been discussed, noting that throughout Christchurch, many
buildings have been red7tagged due to stability concerns from neighbouring buildings, when
they could otherwise have been occupiable. This represents a significant concern for facilities
such as hospitals, which need to be operational following a major earthquake.
This report is considered a live document and will be updated throughout the course of the
project with the final report issued once the repairs and/or strengthening of the building have
been completed.
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1. INTRODUCTION

Holmes Consulting Group has been engaged by Canterbury District Health Board to complete
a full structural review of the Christchurch Hospital Campus following the Lyttelton
Earthquake. A series of reports have been completed as part of this. These consist of a base
report [2], a number of specific building reports and a repair specification [3]. The individual
building reports, like this one, should be read in conjunction with the base report and refer to
the repair specification.
The Christchurch Hospital Campus base report covers the purpose and scope of the structural
review. The current statutory requirements relevant to earthquake damaged buildings are
outlined and the level of shaking experienced at the site estimated. The repair specification has
been prepared to include repair details for typical damage observed in buildings on the
Christchurch Hospital Campus and is referred to as required in the specific building reports.
1.1 SCOPE OF WORK

This report is on the Riverside buildings (Riverside West, Riverside Central and Riverside East),
at Christchurch Hospital, 2 Riccarton Ave, Christchurch. The report identifies the general form
of the structure, along with the gravity and lateral load resisting systems. Each component of
the structural system was reviewed based upon the information available and any potential
Critical Structural Weaknesses (CSWs) were noted.
The report also identifies the structural damage observed to date as a result of the series of
Earthquakes, including: the Darfield Earthquake that struck at 4:36am on the 4th September,
2010; the Lyttelton Earthquake that struck at 12:51pm on the 22nd February, 2011; the June
Earthquake that struck at 2.20pm on the 13th of June, 2011 and the December Earthquake that
struck at 3.18pm on the 23rd of December 2011. The Lyttelton Earthquake, in particular,
subjected the building to strong ground motions which significantly exceeded the current code
loading demand for buildings of this nature.
The capacity of Riverside Buildings has been assessed relative to current code loading in the
buildings pre earthquake undamaged state and in its post earthquake damaged state. The post
earthquake assessment summarizes the effects of the damage identified on both the gravity and
lateral load resisting elements. Repair options to restore the capacity of the building to pre
earthquake levels for strength, durability and stiffness have been included. Where required,
strengthening options have also been provided.
1.2 LIMITATIONS

Findings presented as a part of this project are for the sole use of the Canterbury District
Health Board, its insurer, and the Christchurch City Council in its evaluation of the subject
property. The findings are not intended for use by other parties, and may not contain sufficient
information for the purposes of other parties or other uses
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Our observations have been visual only and limited to representative samples, as described in
our record of observations. Our observations have been restricted to structural aspects only.
Because all of the structure has not been available for detailed inspection or evaluation, this
report is limited to those elements available and engineering judgement as to the likely
condition of unseen elements. Waterproofing elements, electrical and mechanical equipment,
fire protection and safety systems, service connections, water supplies and sanitary fittings have
not been inspected or reviewed, and secondary elements such as windows and fittings have not
generally been reviewed.
Our professional services are performed using a degree of care and skill normally exercised,
under similar circumstances, by reputable consultants practicing in this field at this time. No
other warranty, expressed or implied, is made as to the professional advice presented in this
report.
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2. PRE EARTHQUAKE BUILDING CONDITION

This section discusses the form and capacity of the building prior to the Darfield Earthquake.
2.1

BUILDING FORM

The Riverside Buildings (Central, West and East) were designed and constructed in the late
1960’s. The three buildings are separated by seismic gaps of 100mm and are also separated
from the adjacent Clinical Services Block.
The Riverside Block is currently designated as an Importance Level 3 building, however we
understand that CDHB may require it to be considered as an Essential Post Disaster (or
Importance Level 4) Facility in the future. The building has been considered to be an
Importance Level 3 building for the purposes of this report.

Not e: R i ve rs id e bl oc k i s s h o wn s had e d
F igu r e 2 #1: Ri v er s i de B l oc k
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2.1. 1 Ri ve rs id e W es t a nd Ri v e rs i de E as t

Riverside West and Riverside East are essentially identical buildings, constructed as mirror
images of each other. These buildings comprise seven suspended levels with a partial basement
containing service tunnels.

F igu r e 2 #2: Ri v er s i de E as t

The vertical load resisting structure consists of two way spanning cast insitu reinforced
concrete waffle slabs, spanning between internal columns and the perimeter walls and frames.
The lightweight roof is formed with a grid of steel beams supported by the columns and
perimeter walls which extend to the roof level.
Lateral forces are resisted by cast in place concrete walls on the exterior elevations. In the
transverse (N S) direction, the shear walls at either end of the building are of reasonable length.
However in the longitudinal (E W) direction the concrete walls are heavily punctured, forming
frames with deep spandrels. The suspended concrete floors act as structural diaphragms to
distribute lateral forces to the walls.
The walls and columns are founded at basement level on a combination of strip footings and
isolated pad foundations. Un sealed service trenches run the length of the building above the
foundation structure.
2.1. 2 Ri ve rs id e C e nt r al

Riverside Central links the West and East buildings and consists of seven suspended levels,
with a two storey rooftop plantroom plus a partial basement containing service tunnels. There
is seismic separation of 100mm between Riverside Central and each of Riverside East and
West.
Again, the vertical load resisting structure consists of two way spanning cast insitu reinforced
concrete waffle slabs, spanning between internal columns and the perimeter walls and frames.
The plantroom slab extends over the southern portion of the building with concrete slabs
forming both sections of the roof.
The lateral load resisting structure consists of reinforced concrete walls, primarily located
around the perimeter of the building. Significant lengths of wall are provided on the west and
east elevations, with a concentration of walls surrounding the service shafts at the southern end
of the building. In contrast, the northern elevation is heavily punctured to reflect the piers and
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spandrels of the West and East buildings. The suspended concrete floors act as structural
diaphragms to distribute lateral forces to the walls.
The walls and columns are founded at basement level on a combination of strip footings and
isolated pad foundations. Un sealed service trenches run the length of the building above the
foundation structure.

F igu r e 2 #3: Ri v er s i de B l oc k, N ort h er n E l e vat io n

2.2 PRE#EARTHQUAKE BUILDING CAPACITY

The original Riverside Block was designed to predecessor standards of the current NZ Building
Code, most likely comprising NZS 1900:1965 for loadings and concrete [4]. A new building
would be designed to the Structural Design Actions Standard, Part 5: Earthquake Actions –
New Zealand, NZS 1170.5:2004 [5] and incorporating the amendments made to this standard
as a result of the Lyttelton Earthquake as outlined in the Amendment 10 of the Building
Code[6]. The implications of the recent amendments are discussed more fully in the Base
Report; however, for this type of building they essentially increase the design loads by 36 %
(from pre amendment NZS 1170.5:2004 requirements).
The current code requires a new building to be designed for an earthquake known as the
Design Basis Earthquake (DBE), which is based upon the buildings physical location, local soil
conditions, building type, fundamental period and importance level.
The Riverside Blocks are classified as Importance Level 3 buildings in accordance with NZS
1170.0:2002 [7]. The associated return period of the Design Basis Earthquake (DBE) is 1000
years, including a risk factor for design of R = 1.3. The sub soil for the site is taken as Soil
Type D.
2.2. 1 Ri ve rs id e W es t a nd Ri v e rs i de E as t

A modal response spectrum analysis (ETABS) was completed in 2000 and the results are
reported in the Holmes Consulting Group Limited 2000 and 2006 reports. [8] [9]
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A non linear time history analysis (NLTH) has been completed as part of this assessment of the
building as it gives an improved estimate of the buildings capacity.
2.2.1.1 Non#linear time#history (NLTH) Analysis

The model was developed by converting the nonlinear (ETABS) model for evaluation
using the ANSR II computer program. The model and non linear evaluation was
based on using NZSEE procedures [10] and ASCE 41 [11] alternatives where explicit
guidance is not provided in NZSEE guidelines.
The model was analysed with probable strengths of f’c=30 MPa for concrete and
fy=280 MPa for the reinforcing. The model was also run with a concrete strength of
f’c=40 MPa and reinforcing strength fy=300 MPa. (Note that the analysis of the
building was carried out prior to the materials testing being completed).
The results of the NLTH indicate that Riverside West has the capacity to resist
approximately 40 50% of the new Ultimate Limit State (ULS) design earthquake for an
IL3 building. (Note that this is equivalent to a building strength of 52 65% for an IL2
building and 29 36% for an IL4 building).
The results of the NLTH indicated that there were some critical structural weaknesses
that could lead to collapse or partial collapse of the building. These elements have
been identified and assessed in accordance with the Engineering Advisory Group Draft
Guidelines [12]. The Engineering Advisory Group Draft Guidelines recommend a
margin over collapse is used to provide an acceptable risk of collapse. The Guidelines
recommend a factor of 2 for qualitative assessments. NLTHA assessments are
considered a full detailed assessment and provided a better estimate of capacity than a
qualitative assessment. For NLTHA, the Guidelines do not specify a margin of 2, but
do require an acceptable margin over collapse limits. This factor can range from 1.5 to
1.8 as it is generally accepted that for well detailed new buildings there is a margin of at
least 1.5 to 1.8 over the ultimate limit capacity. Given the extent of analysis applied to
the East and West wings, a value of 1.5 is used here (with comparative values using 1.8
in brackets). The following critical structural weaknesses have been identified:
•

Shear failure in the pier elements on the South face of the building above Ground
Floor at approximately 70% of the new code loads. If there is to be a margin of
1.5 on collapse, the effective capacity of the pier is 70/1.5 = 47% (using a factor of
1.8 this becomes 39%) of the new code strength for an IL3 building.

•

Shear failure in the pier elements on the South face of the building above Second
Level at approximately 70% of the new code loads. If there is to be a margin of
1.5 on collapse, the effective capacity of the pier is 70/1.5 = 47% (39%) of the
new code strength for an IL3 building.

•

Compression failure of the pier above first floor located at the south end of the
shear wall above at approximately 85% of the new code loads. If there is to be a
margin of 1.5 on collapse, the effective capacity of the pier is 85/1.5 = 57% (47%)
of the new code strength for an IL3 building.

On average, the critical structural weaknesses have the capacity to resist approximately
80% of the new code loads. With a margin of 1.5 on collapse, the effective capacity of
the collapse hazards is approximately 80/1.5 = 53% (45%) NBS.
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2.2.1.2 Verification Checks

The purpose of the additional checks listed below was to provide additional
verification support to the NLTH, which was the primary analysis used to determine
the capacity of the buildings. The additional checks confirmed the results of the
NLTH in terms of the hierarchy of the failure of the elements and the capacity of the
building.
Pushover Analysis
A pushover analysis has been completed for Riverside West, as part of the verification
of the model. The outcome of this analysis indicated a capacity of 45% NBS.
Simple Static Analysis Checks
Critical elements have been checked using first principles and simple static distribution
methods, the NZSEE Guidelines and material probable strengths from the preliminary
results of the material testing of fy = 336MPa and f’c = 40MPa. The results are as
follows:
•

A simple shear check was completed at Level G in the east west direction. Level
G was selected as there is an increase in wall length in this direction at Lower
Ground Level. The capacity of the piers on the north and south faces and the
shear walls around the east stair in shear is approximately 45%NBS based on an
equivalent static analysis, a ductility (I) of 1.25 and a period of 0.6 seconds (from
NLTH). Note that a ductility of 1.25 was utilised as it was a shear capacity check.

•

In the north south direction the walls at Level G have the shear capacity to resist
approximately 45% of the new code loads, based on an equivalent static analysis, a
ductility of 1.25 and a period of 0.81 seconds(from NLTH).

•

Analysis of the beams at Level G on the north face of the building showed that
the probable shear strength of the beam was less than the shear generated by the
overstrength of the beam, therefore the beams fail in shear just after the flexural
reinforcing in the beam begins to yield.

•

Analysis of the south frame at Levels 2 and 3, i.e. at the base of the upper level,
shows that the beams have a probable shear strength of much less than the shear
generated by the overstrength of the beam, therefore the beams fail in shear well
before the flexural reinforcing in the beam yields. Only every second pier is
supported on a column below. The calculations show that the piers hinge at this
level before the beams fail in shear and the columns will fail in shear before they
hinge.

•

Analysis of the south frame at Level G and 1, shows that the beams have a
probable shear strength of less than the shear generated by the overstrength of the
beam therefore the beams fail in shear before the flexural reinforcing in the beam
yields. The calculations show that the shear in the columns when the beam shear
strength is reached exceeds the pier shear capacity, therefore the failure
mechanism at this level is column shear failure.

Initial Evaluation Procedure (IEP)
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An IEP has been completed in accordance with the NZSEE Guidelines [10] for
Riverside West, assuming:
•

Period = 0.6 sec along, 0.8 sec across (from the NLTH)

•

Ductility I=2 (subject to verification, but this is the maximum allowable for a
building of this age – noting that this would include moment frame buildings that
are inherently more ductile).

•

Plan irregularity is significant, (Factor A=0.7)

•

Vertical irregularity is significant (Factor B=0.7)

•

Pounding D1 is severe in the longitudinal direction (separation < .005H), but
height difference < 2 storeys (Factor D=0.7)

•

Factor F taken as 1.5 (the max allowable given adequate performance)

•

Hence overall PAR=0.51

The %NBS = 38% rounded to 40%
2.2.1.3 Impact of Concrete Strength

The NLTH analysis of the building was completed with probable concrete strengths of
both 30 and 40MPa. The results of the change in material properties did not have a
significant impact on the estimate of %NBS or the strength of the collapse hazards. .
The shear strength of the concrete is provided by the concrete and the steel
reinforcing. The NZSEE guidelines [10], also allow for the inclusion of a component
of shear strength from the axial load. A check of the shear strength of the piers in the
south wall showed that increasing the concrete strength from 25 MPA to 45MPa only
increased the shear strength of the elements by approximately 12%. .
Due to the variability of concrete strength recorded throughout the building it is
difficult to estimate the concrete strength of any one element. A check of the critical
elements was carried out considering a f’c=55 MPa to determine the sensitivity of the
estimate of the capacity of the structure to concrete strength. The capacity of the
Riverside West building is governed by a combination of the flexural capacity of the
wall elements and the elements below the walls and the shear strength of the piers. An
increase in concrete strength had a negligible impact on the flexural capacity of the wall
elements. For the piers on the south face of Riverside West, an increase in concrete
strength will increase the shear strength of the piers on the south frame but as the
loads in the piers are governed by the shear capacity of the beams which is also a
function of the concrete strength, the increase in concrete strength has a negligible
effect on reducing the risk of brittle shear failure of the columns, i.e. the stronger the
concrete, the greater the loads imparted to the columns.
2.2.1.4 Level of Ductility

NZSEE Table 3.2 [10] sets the maximum allowable ductility to be assumed for an IEP
at 2 for this age of building, noting that the ductility factor needs to be determined for
the existing structure itself. When compared to more clearly regular and ductile
structures of the same era, it is difficult to justify a ductility of 2 for these buildings.
Structures with a ductility of 2, i.e. limited ductile structures, are required to meet the
requirements of capacity design, i.e. the structures are to be proportioned and detailed
to give a ductile failure mechanism.

106186 08_Riverside Report Rev 10.doc

26

If comparing the detailing of the structure with current code requirements, it would be
considered nominally ductile, at best, for the following reasons:
1. There is generally inadequate confinement in the columns in particular, with
excessive spacings (>6db) and less than the required volume of confining steel.
2. Wall panel elements do not have boundary elements in potential plastic hinge
regions.
3. The failure mode of many elements is in shear rather than flexure. Shear is
not a ductile failure mechanism.
4. Shear reinforcing in spandrels is in the form of stirrups only, where diagonal
steel would be required to meet current standards.
Based on the detailing of the structure, it has been assessed as a nominally ductile
structure, i.e. with a ductility of 1.25.
Note that if the NZSEE recommended maximum level of ductility of µ=2 is assumed,
the capacity of the building would be reassessed as being as high as 80%NBS.
However, for the reasons noted above, this is not appropriate.
2.2.1.5 Roof Structure

Investigations following the earthquakes has identified that the roof structure for
Riverside West and East consists of roofing iron over “Woodtex” panels supported on
timber purlins that span between steel rafters supported on the exterior walls and
internal columns. The “Woodtex” panels appear to be constructed with the
interlocking channel system.

F igu r e 2 #4: Ri v er s i de E as t , Ro o f

The “Woodtex” panel system is not manufactured, designed and installed to act as a
structural diaphragm to transfer lateral loads. Whilst it may have the capacity to
transfer some diaphragm actions, it is flexible and the capacity is likely to be low. If
the limited diaphragm capacity of the roof is ignored, the external walls cantilever
above the Level 5 slab and have the capacity to resist approximately 40 45% of the
new IL3 code loads, assuming a ductility, O, of 2.
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2.2.1.6 Summary

Based on the NLTH analysis completed for the building, it is concluded that Riverside
West and East have the capacity to resist 40 50% of the current code loads for an
Importance Level 3 building. (Note that this is equivalent to a building strength of 52
65% for an IL2 building and 29 36% for an IL4 building).
Critical Structural Weakness exist in the piers on the south face of the building at Level
2 and Ground Level and in the column at Level 1 below the shear wall on the west wall
of Riverside West and the east wall of Riverside East, which with a margin of 1.8 over
collapse, have approximately 45%NBS.
2.2. 2 Ri ve rs id e C e nt r al

The previous assessments of the Central Riverside building in 2000[8] and 2006[9] found the
building to have a capacity to resist approximately 25% of current code for an Importance
Level 3 building. Critical structural weaknesses that were identified include;
•

Insufficient wall rocking capacity

•

Insufficient wall shear strength (particularly of piers in the north wall)

•

Poor detailing of elements (un anchored beam stirrups, lack of confining
reinforcement, bar laps in critical hinge zones)

•

Short columns with insufficient transverse reinforcement to sustain shear demands

•

Insufficient seismic separation between buildings

2.2.2.1 Non#linear time#history (NLTH) Analysis

A model was developed for use with the ANSR II computer program. The model and
non linear evaluation was based on using NZSEE procedures [10] and ASCE 41 [11]
alternatives where explicit guidance is not provided in NZSEE guidelines.
The model was run with a concrete strength of f’c=40 MPa and reinforcing strength
fy=300 MPa.
The results of the NLTH indicate that Riverside Central overall building ULS capacity
is reached at 35 40% of current code IL3 demand. However there are column elements
that reach their Collapse Limit State at 25 30% of the new design earthquake for an
IL3 building. Allowing for a margin between ULS and CLS of 1.5 this corresponds to
an effective capacity of 26%/1.5 ~ 17% of new code strength. These are considered to
be Critical Structural Weaknesses, and are discussed below in more detail.
The key aspects of the ULS performance (35 40% IL3) are summarised below, with
reference to Figure 2 5. It should be noted that the ULS performance relates to the
global building response, and is not related to the first element to reach its ULS point,
but rather the level of demand at which the building starts to form an inelastic
mechanism.
The Engineering Advisory Group Draft Guidelines recommend a margin over collapse
is used to provide an acceptable risk of collapse. The Guidelines recommend a factor
of 2 for qualitative assessments. NLTHA assessments are considered a fully detailed
assessment and provided a better estimate of capacity than a qualitative assessment.
For NLTHA, the Guidelines do not specify a margin of 2, but do require an acceptable
margin over collapse limits. A factor of 1.5 is used with this building, as there is
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sufficient information to model the inelastic damage effects throughout the structure.
Comparative values using a factor of 1.8 are provided in brackets.
•

The analyses show that for loads greater than 30% of new code IL3 loading, a
number of the columns that are tied into the shear walls exhibited damage
commensurate with ULS and CLS. These results are not considered critical as the
floor is a flat slab/waffle slab system that can redistribute loads to the adjacent
walls and columns which, from the results, maintain their overall gravity load
carrying integrity.

•

A range of wall elements (in the lower storeys) on the west and east elevations, and
internal walls around the stair and service cores, exhibit non critical ULS damage
that does not imply a Life Safety hazards.

•

On the west elevation the portion of wall over the basement tunnel opening
develops CLS damage at 54% of IL3 new code loading. With allowance for the
collapse margin this implies 54/1.5 = 36% (30%).

•

On the east elevation, the portion of wall over the basement tunnel opening (at the
south end of the basement) shows CLS damage at 54% of IL3 new code loading.
A collapse margin of 1.5 implies 54/1.5 = 36% (30%).

•

The portion of wall over the Lower Ground floor door (at the south end of the
eastern elevation) develops CLS damage at 54% of new code loading, implying
54/1.5 = 36% (30%) when allowing for the collapse margin.

•

On the southern elevation, the columns forming the piers between the three
windows (to the east of the stair core) suffer CLS damage due to excessive
rotations and axial load. If these columns were to lose their gravity load carrying
capacity the remaining spandrel beams should have sufficient capacity to sustain
the floor loading without collapse. Therefore we do not consider this a critical
collapse hazard.

•

One portion of the beam grid that supports the water tanks indicated CLS
damage at 30% of new code load (i.e. IL3 loading), however we believe that there
is sufficient reserve capacity in the surrounding beams to redistribute this gravity
load to the adjacent walls and columns.

The results of the NLTH indicated that there were some Critical Structural Weaknesses
that could lead to collapse or partial collapse of the building. These elements have
been identified and assessed in accordance with the Engineering Advisory Group Draft
Guidelines [12]. The following Critical Structural Weaknesses have been identified
(refer Figure 2 6):
•

The short columns supporting the north east and north west corners of the
mechanical Level 6 walls have excessive rotation demands while subject to high
axial loads generated by the walls supported on the columns. The on set of
collapse limit (CLS) is reached at 25 30% of new code loads (for an IL3 building).
If the CLS margin of 1.5 is applied the capacity of these columns is 26/1.5 = 17%
of the new code strength for an IL3 building.

•

The built in nature of the stairs can also be considered a CSW. However the stairs
are within a ‘box’ of walls therefore they are unlikely to become a collapse hazard
until drifts significantly greater than the assessed effective capacity of the building.
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At just what level of demand they can be considered a collapse issue is difficult to
ascertain, but it is likely larger than 50% of IL3 requirements. If the building was
strengthened to 50% of IL3 (or greater) then these stairs should be considered for
remediation per guidance given in the EAG guidelines.
Ta bl e 2#1 C o l ou r K e y f or D e fi ci e nc ies

Deficiency

CRITICAL

NON $CRITICAL

ULS CLS

Wall Shear + Axial (Force Controlled)
Wall Rocking (Flexure)
Wall Shear
Column Confinement
Column Shear
Column Shear + Axial (Force Controlled)
Transfer Beam
All Non Critical Deficiencies

Wall boundary elements show CLS
damage but tied in to walls that are still
at Immediate Occupancy levels

Wall elements over
door openings
suffer CLS damage
East elevation

West elevation

Columns framing
windows suffer CLS
damage but
window spandrels
above have
sufficient strength
to span without
column support

South elevation

F igu r e 2 #5: N on #l in e ar t i me h is t o ry d a ma ge s u m m ar y f o r R i v ers id e C e nt r al at
54% o f cu rr e nt c o de I L 3( U L S) d e ma nd . R e f er T abl e 2# 1 f or c ol ou r ke y .
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Critical short column at Level 6

Transfer beam supporting water
tanks that reaches CLS.
Considered that surrounding
beams can redistribute the load
sufficient

East elevation

West elevation

South elevation

F igu r e 2 #6: N on #l in e ar t i me h is t o ry d a ma ge s u m m ar y f o r R i v ers id e C e nt r al at
30% o f cu rr e nt c o de I L 3( U L S) d e ma nd . R e f er T abl e 2# 1 f or c ol ou r ke y .
2.2.2.2 Verification Checks

As with the West and East blocks brief checks were made to provide a means of verification in
support of the non linear time history analysis results.
Initial Evaluation Procedure (IEP)
An IEP was completed in accordance with NZSEE Guidelines [10] for Riverside
Central, assuming:
•

Period = 0.4 sec along (north south), 0.65 sec across (east west) (from the NLTH)

•

Ductility I = 1.25 (subject to verification, but this is the maximum allowable for a
building of this age – noting that this would include moment frame buildings that
are inherently more ductile).
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•

Plan irregularity is insignificant, (Factor A=1.0)

•

Vertical irregularity is significant (Factor B=0.7)

•

Short columns is significant (Factor C = 0.7)

•

Pounding D1 is severe in the longitudinal direction (separation < .005H), but
height difference 2 4 storeys (Factor D=0.8)

•

Factor F taken as 1.5 (the max allowable given adequate performance)

•

Hence overall PAR=0.59

The %NBS = 12%
This result is significantly lower than the 20% obtained from the time history analyses,
but is heavily penalised by the potential for pounding between the buildings which is
not accounted for in the time history results. If the Factor D is set at 1.0, the IEP result
becomes 15% which is similar to the time history results.
2.2.2.3 Impact of Concrete Strength

Based on the results found from the Riverside West building (see Section 2.2.1.3), it is
assumed that concrete strength variations do not significantly affect the dynamic
performance outcomes of the non linear time history analyses. Moment and rotation
capacity checks were made on the non linear behaviour of the CSW column sections
assuming concrete strengths of 25MPa and 55MPa. The variation of capacity was no
more than 10%, and is therefore considered negligible with respect to the outcome of
the time history analyses.
2.2.2.4 Level of Ductility

The structural form and detailing of the reinforced concrete elements Riverside Central
is very similar to the West and East building. For the same reasons as outlined in
Section 2.2.1.4 the structure has an assessed ductility of 1.25.
2.2.2.5 Pounding

Riverside Central is two storeys taller than Riverside West and East and four storeys
taller than the Clinical Services building. Riverside Central is separated from these
adjacent buildings by a seismic gap of approximately 100mm. There is potential
therefore for the Riverside buildings to pound during a moderate earthquake which is
likely to increase the forces experienced by the building in the regions adjacent to the
seismic joint.
The analysis of the Clinical Services building shows that at a code level earthquake the
building drifts are large enough to cause pounding with the Riverside Central building.
The NLTH analysis of the Clinical Services building [13] indicates that the deflection
of the Third Floor at 100% of the new Design Basis Earthquake for an IL3 building is
155mm. It is likely that the buildings will start to pound at approximately 40 50% of
the Design Basis Earthquake. Riverside Central has 9 storeys adjacent to the Clinical
Services Building, i.e. it is 4 storeys taller. The pounding will lead to increased
accelerations and shears in the buildings and local damage to the structure at the
interface between the buildings.
Without strengthening both the Riverside Central and Clinical Services buildings are
currently assessed at 40 50% capacity for current code IL3 demands. At this level of
demand the displacements of each building obtained from the non linear time history
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analyses indicate that pounding will not occur. At demands greater than this, there is
growing potential for pounding, however it must be noted that the condition of the
Riverside Central building will already be severely deteriorated with or without the
effects of pounding. To fully assess the affect of pounding on the performance of
Riverside Central further time history analyses allowing for impact with the adjacent
buildings would be necessary. This would also provide an opportunity to review the
potential for this to occur once the Clinical Services strengthening has been introduced.
Currently the reduced deflections of the strengthened Clinical Services building would
be sufficient to delay the onset of pounding up to approximately 90% of current IL3
demands.
The damage is likely to be manifested in greater levels of damage than might otherwise
be expected, in the upper levels of Riverside Central above Riverside West and East
and in the uppermost levels of Riverside Central above Clinical Services. Observations
to date have revealed numerous diagonal wall cracks in the upper levels of Riverside
Central, which probably resulted from the pounding effects.
2.2.2.6 Summary

Drawing from the non linear time history analysis results for Riverside Central, it is
concluded that the seismic resisting capacity (at the on set of collapse, or Collapse
Limit State) of the building is 50 55% of current code Design Basis Earthquake
demand for an IL3 building (this is equivalent to 65% for IL2 and 35% for IL4
buildings). Allowing for a margin between ULS and CLS of 1.5, the effective Ultimate
Limit State capacity is 55/1.5 ~ 36% for an IL3 building.
Critical Structural Weaknesses governed the capacity of the building at two locations
where short columns support walls at the north east and north west corners of the
mechanical levels at Level 6. These two columns reached their Collapse Limit State at
25 30% of current code demand (implying an effective ULS capacity of 26/1.5 ~
17%). These two critical columns required strengthening in order for the building to
reach its overall ULS capacity at 35 40% of current code demand (as described above).
The consequences of these columns losing their gravity load carrying capacity are
significant as the north east and north west corners of the upper mechanical floors are
supported by them. These floors would likely partially collapse, particularly given the
weight of the water storage tanks on Level 7. Some of this hazard can be reduced if the
water tanks can be emptied, thus reducing the vertical loads transferred through the
columns. Alternatively the columns can be strengthened.
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3. POST EARTHQUAKE BUILDING CONDITION

This section covers the structural damage sustained by the CDHB Riverside Building, as a
result of the Lyttelton Earthquake that struck at 12.51 pm on the 22nd February 2011, the
earthquake at 2.20 pm on the 13th June 2011 and the December earthquake that struck at
3.18pm on 23rd December 2011. The structural damage that occurred as a result of the
Darfield Earthquake that struck at 4:36am on 4th September 2010 is covered separately by the
report dated 8 February 2011.
3.1 THE EARTHQUAKES

The earthquake shaking experienced at the hospital site is outlined in the Base Report for the
Christchurch Hospital Campus.
3.1. 1 T he L yt t e lt o n E a rt h qu a k e

The fundamental periods of the Riverside West and East buildings have been estimated in the
NLTH analysis as 0.58 and 0.81 seconds. Based on the strong motion data downloaded, it
appears that the Lyttelton earthquake produced shaking intensities between 70 and 80% of the
ULS IL3 design spectra for these buildings.
It should be noted that the Lyttelton earthquake was very short in terms of the strong shaking
produced, with the strong motion only lasting for a duration of approximately 7 10 seconds.
Rupture of the Alpine Fault is expected to contain up to 50 to 60 seconds of strong motion.
3.1. 2 13 t h Ju ne 20 11 E a rt h qu ak e

Based on the strong motion data downloaded, it appears that the 13th June 2011 earthquake
produced shaking intensities between 50 and 70% of the ULS IL3 design spectra for these
buildings.
It should be noted that the 13th June 2011 earthquake was very short in terms of the strong
shaking produced, with the strong motion only lasting for a duration of approximately 7
seconds.
3.1. 3 23 r d D ec e mb e r 2 011 E a rt h qu a k e

Based on the strong motion data downloaded, it appears that the 23th December 2011
earthquakes at 1.58pm and 3.18pm produced shaking intensities of approximately 40 and 70%
of the ULS IL3 design spectra for these buildings respectively.
It should be noted that the 23th December 2011 earthquakse were very short in terms of the
strong shaking produced.
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3.2 PRELIMINARY INVESTIGATIONS

Preliminary investigations have been undertaken to ascertain areas of the building likely to be
subject to damage, and therefore requiring specific attention during the detailed assessment.
The areas identified for detailed inspection have been selected based on:
typical damage expected for buildings of this form
a review of the original drawings [14], [15], [16]
damage observed after the Darfield Earthquake
damage observed during an initial walk around after the Lyttelton Earthquake
In conjunction with a review of the structural drawings and previous seismic assessment work
associated with this building the following areas were identified for potential damage;
flexural cracking of the columns/piers
shear cracking of walls, beams and columns
damage to hinge zones of columns/piers due to poor detailing
uplift of foundations
pounding at seismic joints between buildings
A Level 2 assessment was made on the 25th February 2001 following the Lyttelton earthquake,
our structural observations involved a walk around and throughout the building. The following
primary areas of damage were identified:
flexural cracking of piers
shear cracking of shear walls, particularly at the Lower Ground level
minor cracking to the stairwell walls
cracking of the spandrel beams in some locations
cracks in the plantroom walls in Riverside Central
finishes damage around seismic joints
Further detailed inspections have been carried out following these initial assessments to
ascertain the full extent of structural damage. Detailed inspections have required the removal of
linings in order to expose the structural elements for inspection. This detailed inspection work
is near completion.
3.3 DETAILED OBSERVATIONS

The detailed structural observations have been made during March, April and May 2011. The
removing of linings in sample areas of the Riverside buildings is near completion. A full record
of these observations is attached on Appendix A, with a reference plan indicating locations on
Appendix B. A full photographic record of the observations is available electronically on
request.
3.4 SUMMARY OF BUILDING DAMAGE

The following is a summary of our observations of the buildings reviewed, and our conclusions
as to their condition and seismic load resisting capacity.
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3.4. 1 Ri ve rs id e W es t a nd E as t

The exposed stairwell walls provided good access for observations, and cracks were observed
on most levels. In most locations these cracks appeared to be relatively small and do not justify
structural repair, however more severe cracking was found at some floors with crack widths
observed up to 0.3mm. The cracks were generally horizontal and appeared to occur on the
original construction joints. Investigation of the construction joint in east wall of Riverside
West showed that the construction joint was poor quality and thus had a reduced strength.
Observations were made of a sample of the piers and spandrels along the north and south
facades of the buildings at Level 5. These observations (of the base of the piers) found
cracking at the base of the piers of up to 0.5mm. This cracking at Level 5 is likely to be due to
flexure under face loads due to the strength and flexibility of the roof diaphragm. Cracks were
also observed in the spandrels at the face of the piers up to 1mm in width, which will have been
caused by flexure.
Cracking of the piers and spandrels was also noted on the west elevation of Riverside West at
the Ground and Lower Ground Floor level. Some of the horizontal cracks in the piers are
likely to have formed on the original construction joints. The spandrel cracks appear to be a
combination of shrinkage cracks that have opened up and flexural cracks.
The cantilevered section of floor slab of the Riverside West and East buildings (located at the
western and eastern ends respectively) was observed to have cracks estimated to be in the order
of 0.4mm. Observations were made at the soffit of Level 1 and at roof level. It is anticipated
that a similar level of cracking will exist on the other floors in this location.
Damage was observed at the seismic gaps separating the East and West buildings from the
Central building, particularly at upper levels.
An external inspection of the terrazite cladding has been carried out by an abseil crew to
ascertain whether any of the heavy terrazite cladding has been loosened or damaged. A
moderate amount of cracking was observed in the cladding with the west elevation of Riverside
West suffering the most significant damage. Inspection of the fixings of the terrazite cladding
has yet to be completed.
Cracks up to 1mm in width were observed in the shear walls on the east and south faces of
Riverside West and the west and south faces of Riverside East at the Lower Ground Level.
Testing has been carried out on some of the reinforcing at the crack locations to determine if
strain hardening of the bars has occurred. The results of the tests are presented in Section 3.6
of this report.
Cracks have been exposed in the ground floor slab in the south east corner of Riverside West
which are up to 1.4mm in width. The cracks extend diagonally away from the corner of the
shear walls. These cracks are likely to have occurred due to the relocation of shear forces from
the southeast corner to the perimeter walls of the basement.
Cracks in the service tunnel in the basement appeared to have opened up during the earthquake
and water is currently flowing through some of these cracks.
The Table 4 1 provides a photographic summary of typical damage observed. A full record of
our detailed observations and repairs required can be found in Appendix A.
3.4. 2 Ri ve rs id e C e nt r al

Cracking of the wall elements has been observed at all levels in the building with the most
significant cracks being observed at the Lower Ground Floor and at levels 6 and 7. Cracks
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could be observed in a number of areas as creases in the wall paper or wall linings. Further
investigation is required at the time of repair to determine the width of the cracks below the
linings to see if repair is required.
Testing has been carried out on the cracks in the Lower Ground Floor walls to determine if
strain hardening of the bars has occurred. The results of the tests are presented in Section 3.6
of this report.
The cracks in the upper levels of the building are likely to have been caused by pounding of the
building with the adjacent buildings. The seismic gaps between Riverside Central and Riverside
West, East and Clinical Services are 100mm. The estimate of peak roof displacement from the
NLTH analysis of Riverside West was 240mm, although it was approximately 100mm for a
more significant number of cycles. The southern portion of Riverside Central is two storeys
taller than Riverside West and East and four storeys taller than the roof of the Clinical Services
plantroom. This height differential to the adjacent structures, assuming that they pounded,
would have changed the behaviour of the structures and generated increased forces at the
higher levels in Riverside Central. This is likely to have been a contributory factor to the
cracking at high level.
The cracks in the lower levels is consistent with the damage observed in Riverside West and
East and is due to forces being highest at this location of the building.
Cracking was also observed in the Level 7 slab. Some of the cracks observed appeared to be
existing cracks that had increased in width due to the earthquake.
Cracks were also observed in the Levels 1 and 3 slabs. The cracks are likely to be due to
diaphragm forces, particularly at the southern portion of the building where there are significant
floor penetrations.
The short columns considered a Critical Structural Weakness at the underside of Level 6 were
inspected and no signs of damage were found. The spandrel beams and walls immediately
above these columns did exhibit both diagonal and horizontal cracking.
3.5 MATERIALS TESTING
3.5. 1 Re in f o rc in g St ee l

Observations following the Lyttelton earthquake have shown that there are a relatively small
number of cracks in the Lower Ground walls. These cracks increased in width as a
consequence of the 13th June 2011 earthquake. This observed pattern of cracking is not what
has been seen in laboratory tests which have typically shown narrow cracks at close centres.
Lack of distributed cracking indicates that yield penetration has been minimal. The significance
of this is that all of the inelastic strain in the reinforcement may have been focussed at relatively
few locations.
Consequently testing has been carried out by Holmes Solutions Ltd to determine if strain
hardening has occurred in the reinforcing crossing the horizontal and diagonal cracks in the
south, west and east Lower Ground walls of Riverside West and the east walls of Riverside
Central. A copy of the Holmes Solutions report is attached in Appendix C. Note that the
majority of the testing was carried out post the Lyttelton earthquake but before the earthquakes
on the 13th June 2011. However, some of the testing of the reinforcing was completed after the
13th June 2011 earthquakes.
Two reinforcing steel samples were tested and were of differing grades:
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1. Sample 1 recorded a yield stress (fy) of 380 MPa and a maximum recorded stress
(fu) of 594 MPa. The strain hardening ratio (fu/fy) is 1.56. The strain at the
maximum recorded stress was 14.8%.
2. Sample 2 recorded a yield stress (fy) of 488 MPa and a maximum recorded stress
(fu) of 753 MPa. The strain hardening ratio (fu/fy) is 1.54. The strain at the
maximum recorded stress was 15.8%.
Testing of the reinforcing in the Boiler House chimney and in Riverside has shown that the
strain hardening has been occurring over a length of bar equivalent to the crack width plus 0.5
to 1 bar diameter on either side of the crack. This is likely to be due to the dynamic effect of
the concrete bond to the rebar being very strong under dynamic loading. As the strain at which
concrete cracks is approximately 1/10 of the strain at which steel yields, the absence of cracks
alongside each observed large crack would indicate that the zone of yielding in the
reinforcement on either side of the crack is very narrow.
3.5.1.1 Riverside West

The results of the testing on two of the vertical reinforcing bars crossing the 0.9mm
wide diagonal crack in the south shear wall at the east end of Riverside West showed
that the bars had lost 15 25% strain hardening capacity. Calculations indicate that for
a 0.9mm wide crack, if the strain is occurring over a length of 2 bar diameters
(approximately a bar diameter on either side of the crack) then the lost strain capacity
would be 24% based on 15% strain to uniform elongation. This correlates with the
strain hardening recorded in the testing. If the strain hardening was to continue to
occur over a length of 2 bar diameters then a crack width of 3.8mm would indicate that
the full strain hardening capacity of the bar had been utilised, i.e. the reinforcing bar
would commence to neck and fracture.
The two vertical bars tested which cross the horizontal crack in the central shear wall
on the east elevation of Riverside West have lost 30 50% and 20 40% of their strain
capacity respectively. The width of the crack at the time of testing was 0.5mm. If the
strain hardening occurred over a length of 2 bar diameters, the strain hardening
capacity lost based on a crack of 0.5mm would be approximately 20%. It is likely that
the crack opened further during the earthquake and then closed due to the self weight
of the wall. For a loss of strain hardening capacity of 35% the crack would have had to
have opened to 0.9mm, which would not be unexpected. However, strain hardening is
likely to have occurred in both tension and compression.
The two vertical bars which cross a horizontal crack in the north wall on the east
elevation of Riverside West were tested and showed loss of strain capacity of 0 15%.
From the existing drawings the south shear wall is approximately 250mm thick and
vertically reinforced with ½” bars at 15” centres each face, approximately D12 at
380mm each face. The wall is therefore relatively lightly reinforced. Testing has been
carried out to determine concrete strength, and the tests indicate that the probable
strength of the concrete in the south shear wall is approximately 56MPa. This is not
unexpected due to the age of the building.
From the existing drawings the east wall is approximately 200mm thick and vertically
reinforced with ½” bars at 12” centres each face, approximately D12 at 300mm each
face. The results of the tests indicate that the probable concrete strength for the east
wall is approximately 45 59MPa. Although this wall has more reinforcing than the
south wall, it is still relatively lightly reinforced. Relatively strong concrete and low
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reinforcing ratios appear to be contributing to the generation of a limited number of
cracks and thus generating the strain hardening of the bars at the cracks.
In locations where the concrete has been broken out at these horizontal construction
joints it can be seen that the quality of the concrete at the construction joints and thus
their strength is relatively low. A number of the cracks have formed at horizontal
construction joints, and are likely to have been caused by the low strength of the joint.
3.5.1.2 Riverside Central

The results of the testing on two of the vertical reinforcing bars crossing the diagonal
cracks in the east shear wall at the south end of Riverside Central showed that the bars
had lost 0 15% and 30 50% of strain capacity respectively. It should be noted that the
locations where the bars could be tested were remote from the main cracks.
3.5. 2 C o ncr et e St re n gt h

Testing of the concrete strength has been carried out by Holmes Solutions. The testing was
carried out using a Proceq Silverschimdt Rebound Hammer. Calibration was carried out using
the Proceq 10th percentile curve. The use of the 10th percentile curve provides a conservative
estimate of the concrete strength. The probable strength of the concrete could be 20 to 25%
higher than the results achieved.
A copy of the Holmes Solutions report is attached in Appendix C. The results could be
calibrated against results from cylinder tests, however this has not been carried out to date due
to the variation in concrete strength recorded, the short time frame available to complete the
tests.
The results of the tests are as follows:
Ta bl e 361: Co n cr et e T e s t R es u lt s

Level

Location

f’c (MPa)

f’c (MPa)

f’c (MPa)

Test Results

Average

Average +
20%

Lower
Ground

East wall of Riverside West
(Rm LGW36)

48.1, 41, 58

49

58.9

Lower
Ground

East wall of Riverside West
(Rm LGW33)

36.7, 42.7,
38.6, 32.6

38

45

Lower
Ground

South wall, east end
Riverside West (Rm
LGC4A)

41, 43, 56

47

56

Lower
Ground

East wall of Riverside East
(Rm LG3106)

68.4, 51.8,
41.1, 61.1

56

67

Level 1

North wall of Clinical
Services (Rm 113)

32, 40, 32

35

42

Level 5

North wall of Riverside
West (Rm 531)

24

24

28
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36

Level 5

North wall of Riverside
West (Rm 524)

27, 44, 33

35

42

The results of the tests show that there is a large variability in concrete strength throughout the
building. The probable strength of the concrete is likely to vary between 30MPa and 60MPa. It
is likely that the concrete at the time of construction was batched on site, and it is visually
evident that the compaction was not of a consistently high standard, given the incidence of
cracking at construction joints. During the testing of the concrete on site, variability of the
concrete in terms of colour and quality was very noticeable.
3.6 LEVELS SURVEY

A verticality survey was completed by Fox and Associates in May June 2011. [19] A levels
survey was carried out by Fox & Associates on 20 June 2012[20]. A copy of the levels and
verticality surveys are in Appendix D.
The following observations can be made from the levels and verticality surveys:
•

Riverside East is relatively level with the maximum slope on the lower ground floor
recorded at a 13mm over 13.2m in the plant room in the southwest corner of the
building. This is a slope of approximately 1: 1000 and is within the tolerances for
insitu concrete construction specified in NZS3109. [21].

•

Riverside Central is on a lean to the north towards the river. There is a change in level
of 42mm over the length of the building. A slope of 22 mm over 15.2m is recorded at
the northern end of the building which is approximately 1:691. This exceeds the levels
tolerance of +/ 15mm over 12m for insitu concrete construction as specified in
NZS3109. The verticality survey recorded a 1mm/m slope lean of the building
towards the north. A noticeable difference in level is recorded by the survey and
visible on site between Riverside Central and Riverside East in the south corridor.

•

Riverside West is on a slope to the north east. The maximum levels difference
recorded is 55mm. Slopes of up to 20mm over 12m (1:600) are recorded in several
locations. These slopes exceed the levels tolerance of +/ 15mm over 12m for insitu
concrete construction as specified in NZS3109. The verticality survey recorded a
2mm/m slope lean of the building towards the northeast.

•

The loading dock has a slope to the northeast measured at 23mm over 8.5m (1:370).
This exceeds the levels tolerances in NZS3109 as noted above.

3.7 GEOTECHNICAL INVESTIGATION

A geotechnical investigation and analysis was carried out by Tonkin & Taylor in September
2011. [22] The investigations concluded the following:
•

The Riverside buildings bear on a gravel layer at basement level that is approximately
4m thick. There is a medium dense dense sand layer below the gravel that is
approximately 4.5m thick. The analysis indicated that this sand layer liquefied during
the 22 February 2011 earthquake.

•

Earthquake induced land damage observed included the overall lean of the buildings as
noted by the verticality survey. This residual displacement was considered to be more
likely to be due to residual displacements that occurred as extremely large dynamic
loads were applied to the building foundations during the earthquake. The differential
settlements and building movements may have resulted in a minor redistribution of
foundation loads, but this is not believed to be significant.
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•

A small separation between the kerb and the road surface to the north of the Riverside
buildings. This separation may be due to cyclic ground displacements caused by
liquefaction of the silty sand layer at depth.

In future large earthquakes – SLS2 level or greater – ground damage of a similar nature to that
observed to date may occur. It is noted that the level of damage expected will depend on the
specific characteristics of the earthquake such as orientation, duration and intensity.
3.8 FURTHER INVESTIGATIONS REQUIRED

The concrete walls in the Riverside buildings are clad in terrazite externally and have a plaster
finish internally. Clinical areas are typically clad in vinyl wall and floor coverings. These
coverings make viewing of the concrete walls and floors difficult without destructive testing as
they mask the damage to the walls. Sample areas have been viewed where possible to gain an
understanding of the extent of damage and response of the building to the earthquakes. In
some areas such as Bone Marrow access has been difficult.
Further investigations will be required during the repair process and it is likely that additional
damage and strain hardened reinforcing are identified during these investigations. Based on the
results of the non linear time history analysis and the investigations and damage observed to
date, the areas requiring further investigations have been identified, These are shown in Figure
3 1 and Figure 3 2 for Riverside West and Riverside East respectively. The further
investigations required for Riverside Central will be included when the NLTH has been
completed.
It should be noted that additional areas requiring investigation may be identified during these
investigations.
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F igu r e 3 61: Ri v er s i de W es t , R ep ai r & F u rt he r I n v es t i gat i ons R eq u i re d
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F igu r e 3 62: Ri v er s i de E as t , Re pa ir & F u rt h e r In v es t i gat i ons R eq u i re d

106186 08_Riverside Report Rev 10.doc

3 10

North
North elev.

South elev.

Stair wall elev
elev.

East elev.
elev.

East elev.

North elev Mech levels

Central Lift shaft elev
elev.

West elev.
elev.

F igu r e 3 63: Ri v er s i de C e nt r al f u rt h er i n ve s t i gat io ns r eq u i re d
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3.9 POST EARTHQUAKE BUILDING CAPACITY

The cracking to the walls and floor slabs observed to date in the three Riverside buildings
reduces the stiffness and strength of the buildings.
Testing of the reinforcing at the Lower Ground level of Riverside West indicates that strain
hardening of the reinforcing has occurred. On average the lost strain capacity measured in the
reinforcing at the crack locations was on average approximately 30% in the walls on the south
and east faces of Riverside West. The loss of strain capacity reduces the capacity for the
reinforcing bars to strain harden in future seismic events. Note that when the strain capacity of
the bar has been exceeded the bar will break. Fracturing of the bars would lead to a loss of
strength in both flexure and shear and reduce the capacity of the building as a whole.
In its damaged state following the Lyttelton earthquake, the Riverside buildings have a reduced
capacity to resist lateral loads in future earthquakes due to strain hardening that has occurred in
the reinforcing at crack locations on the Lower Ground floor. Note that the strain hardening
does not reduce the strength of the building but impacts on its ability to withstand repeated
cycles of load.
Based on the strain hardening observed from the seismic events to date, it is considered that
the Riverside buildings are unlikely to collapse in another event of similar magnitude and
duration, however if the strain hardening in the bars increases significantly, the overall capacity
of the buildings to resist future earthquakes would have to be reassessed. The capability of the
Riverside buildings to resist a longer duration event such as an earthquake on the Alpine Fault
has been reduced by the strain hardening that has occurred in the reinforcing. Quantification
of the extent of the lost capacity is difficult due to the uncertainties in the process and the
nature of the problem, but in broad terms, our reasoning may be as follows:
• The total duration of strong shaking in the critical earthquakes to date has been
approximately 25 to 30 seconds between Sept 4, Feb 22 and June 13.
• In the most critical elements, this has reduced the available inelastic strain capacity by say
30% on average.
• Therefore, the available remaining inelastic strain, for similar levels of shaking, suggests that
the buildings have the capacity to withstand similar levels of shaking for approximately twice
the duration of strong shaking to date, i.e. in the region of up to 60 seconds.
• It is considered that the intensity of shaking in Christchurch from a significant earthquake
on the Alpine fault is likely to be no higher than has been experienced in the recent events,
but the shaking may last considerably longer, possibly in excess of 3 4 minutes. Of this,
strong shaking is expected for in excess of 60 seconds. Therefore, there is the potential for
the bars that have been strain hardened to date to exceed their strain hardening capacity and
fracture in the event of a significant earthquake on the Alpine fault.
In order to fully reinstate the strength of the building to close to its pre earthquake capacity,
repair work is required. Repair of the strain hardened reinforcement could involve cutting out
the damaged reinforcing and replacing it or constructing new lateral load resisting elements.
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4 . O B S E R V E D D A M A G E & R E P A I R S R E C O M M E N D E D

This section covers the damage noted during our detailed assessment of the building. Note that
our observations have been restricted to structural aspects of the building only. Waterproofing
elements, electrical and mechanical equipment, fire protection and safety systems, service
connections, water supplies and sanitary fittings have not been inspected or reviewed, and
secondary elements such as windows and fittings have not generally been reviewed.
4.1 OBSERVED DAMAGE & REPAIRS RECOMMENDED – TYPICAL

Table 4 1, Table 4 2 and Table 4 3 provide a photographic summary of the observed damage
and typical repairs required for the Riverside West, Riverside East and Riverside Central
buildings respectively. The tables should be read in conjunction with Appendix A, Record of
Observations and Appendix B Reference Plan. The Repair Specification [3] referred to in the
tables has been issued separately. It should be noted that the opening up of linings to allow
samples of the all the critical elements to be viewed has yet to be completed. A discussion on
the repair work required to replace the lost strain hardening capacity is included in Section 4.2
Generally the aim of the repair work indicated is to restore the structure to its pre earthquake
state as far as practicable. The repairs address strength, stiffness and durability of the structural
elements. It should be noted that more damage may be identified during the repair works and
(if required) additional repair details will be specified accordingly.
The repair work herein does not include the strengthening required to mitigate the risk from the
Critical Structural Weaknesses and thus reduce the risk of collapse or partial collapse of the
buildings or to increase the capacity of the building. These are covered separately in Section 5.
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Ta bl e 4 1: R iv e rsi d e W est
Damaged Item

1.

P hot o gr ap hi c Su m m ar y o f P r i ma r y D a ma g e O bs er v ed & R ep ai rs R equ i re d

Location

Recommendations

Example

Basement
1.1. Vertical cracks in the service
tunnel walls through which
water is flowing. Cracks
appear to be shrinkage
cracks which have opened
up during the earthquake.

Widespread
throughout the
basement

Repair cracks with
Xypex or equivalent
to stop flow of water
through the cracks.
Refer to HCG
Specification.

1.2. Spalling of cover concrete
from the corner of the
column.

Basement in two
locations

Check all columns
and where spalling
has occurred, repair
in accordance with
the HCG
Specification
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Damaged Item

2.

Recommendations

Example

Shear Walls
2.1. Horizontal and diagonal
cracks in the shear walls up
varying up to 1mm in width.

3.

Location

Lower Ground
Floor – East and
South wall,
Ground Floor
East wall and
stairwell walls at
all levels.

Check all walls and
epoxy inject cracks
that are greater than
0.2 mm in the
concrete (not plaster)
where exterior and
greater than 0.3mm
where interior, as per
HCG specification.

Piers
3.1. Cracking at the base of the
piers and over height of
piers up to 0.5mm in width.

Lower
Ground West
Elevation.
Level 4 and 5
North and
South
Elevation.
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Check all piers on the
west elevation and
piers on Level 4, 5
and LG on the north
elevation and piers on
Levels LG,G, 4 and 5
on the south elevation
and epoxy inject
cracks that are greater
than 0.2 mm in the
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Damaged Item

Location

Recommendations

Example

concrete (not plaster),
as per HCG
specification.
4.

Spandrels
4.1. Cracking of the spandrels at
the face of the piers up to
0.7mm in width.

5.

West Elevation.
Level 5 and roof
level of the North
and South
Elevations.

Check all spandrels
on the west elevation
and the spandrels at
Level 5 and Roof on
the north and south
elevations and the bay
at the west end of the
north elevation at all
levels and epoxy
inject cracks that are
greater than 0.2 mm
in the concrete (not
plaster), as per HCG
specification.

Stairwell Walls
5.1. Cracking in the concrete
walls in the stairwell up to
0.5mm in width.
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All concrete walls
in the stair shaft

Check all walls and
epoxy inject cracks
that are greater than
0.2 mm in the
concrete (not plaster)
where exterior and
greater than 0.3mm
where interior, as per
HCG specification.
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Damaged Item

6.

Location

Recommendations

Example

Floor Slabs
6.1. Cracking of the cantilever
slab up to 0.4mm wide

Cantilever slab at
the west end of
the building

Epoxy inject cracks
that are greater than
0.2 mm, as per HCG
specification.

6.2. Cracking of the ground
floor slab up to 1.4mm in
width

Lower Ground
floor in the south
east corner.

Remove vinyl to
expose the floor in
the south east corner
of the building.
Testing of the
reinforcing may be
carried out. Epoxy
inject cracks that are
greater than 0.3 mm,
as per HCG
specification.
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Damaged Item

7.

Recommendations

Example

Terrazite Cladding
7.1. Cracking of the terrazite
cladding

8.

Location

External face of
the building.

The exterior of the
building has been
inspected using access
abseil equipment and
a moderate amount if
cracking has been
observed. Repair
specification to be
advised.

Damage increasing
over the height of
the building.

Replace cover plates
where damaged and
refix where cover
plates have come
loose.

Seismic Gaps
8.1. Cracking of the cover plates
and damage to the fixings.

106186 08_Riverside Report Rev 10.doc

46

Ta bl e 4 2: R iv e rsi d e E a st
Damaged Item

1.

P h ot og rap h ic Su m m ar y o f P ri m a ry D a ma ge O bs er v ed & R ep ai rs R e qui r ed

Location

Recommendations

Example

Basement Tunnels/Foundations
1.1. Vertical cracks in the service
tunnel walls through which
water is flowing. Cracks
appear to be shrinkage
cracks which have opened
up during the earthquake.

Widespread
throughout the
basement

1.2. Vertical crack in the east
shear wall – 0.2 0.3 mm in
width

East Shear wall
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Repair cracks with
Xypex or equivalent
to stop flow of water
through the cracks.
Refer to HCG
Specification.

Check all foundation
walls to the shear
walls at the basement
level and epoxy inject
cracks that are greater
than 0.2 mm in the
concrete, as per HCG
specification.
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Damaged Item

2.

Location

Recommendations

Lower Ground
Floor – West and
South wall

Check all shear walls
and epoxy inject
cracks that are greater
than 0.2 mm in the
concrete (not plaster)
where exterior and
greater than 0.3mm
where interior, as per
HCG specification.

Example

Shear Walls
2.1. Horizontal and diagonal
cracks up to 1.0mm in
width.

The majority of the
West wall has been
unable to be viewed
to date. Testing of
the reinforcing
crossing cracks in
these walls may be
tested depending on
extent of cracking
exposed.
2.2. Horizontal and diagonal
cracks up to 0.3mm in
width
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Stairwell walls at
all levels.

Check all walls and
epoxy inject cracks
that are greater than
0.2 mm in the
concrete (not plaster)
where exterior and
greater than 0.3mm
where interior, as per
HCG specification.
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Damaged Item

3.

Recommendations

Example

Piers
3.1. Cracking at the base of the
piers up to 0.5mm in width.

4.

Location

Level 5 North
and South
Elevation.

Check all piers on the
east elevation and
piers on Level 4, 5
and LG on the north
elevation and piers on
Levels LG,G, 1, 4 and
5 on the south
elevation and epoxy
inject cracks that are
greater than 0.2 mm
in the concrete (not
plaster), as per HCG
specification.

Spandrels
4.1. Cracking of the spandrels at
the face of the piers.
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Level 5 and roof
spandrels on the
north and south
elevations.

Check all spandrels
on the east elevation
and the spandrels at
Level 5 and Roof on
the north and south
elevations and the bay
at the west end of the
north elevation at all
levels and epoxy
inject cracks that are
greater than 0.2 mm
in the concrete (not
plaster), as per HCG
specification.
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Damaged Item

5.

Recommendations

All concrete walls
in the stair shaft

Cracking appears fine
in the textured finish
on the plaster in the
stairwell.
Investigations to be
completed to
determine the crack
width in the concrete
to determine if cracks
are greater than
0.2mm in width and
therefore require
repair.

Ground Floor slab
in the south west
corner adjacent to
the shear wall.

Epoxy inject cracks
that are greater than
0.3 mm, as per HCG
specification.

Example

Stair Shaft Walls
5.1. Horizontal, diagonal and
vertical cracks in the stair
walls – up to 0.2mm in
width.

6.

Location

Floor Slabs/Diaphragms
6.1. Cracking the floor slab up
to 0.5mm in width

Lower Ground
floor slab in plant
room from service
trench
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Damaged Item

6.2. Cracking of the cantilever
slab up to 0.4mm wide

7.

Recommendations

Cantilever slab at
the east end of the
building

Epoxy inject cracks
that are greater than
0.2 mm, as per HCG
specification.

Lower Ground
plantroom

Epoxy inject cracks
that are greater than
0.3 mm, as per HCG
specification.

External face of
the building.

The exterior of the
building has been
inspected using access
abseil equipment and
a moderate amount if
cracking has been
observed. Repair
specification to be
advised.

Example

Masonry Internal Walls
7.1. Cracking in the masonry
wall

8.

Location

Terrazite Cladding
8.1. Cracking of the terrazite
cladding
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Damaged Item

9.

Location

Recommendations

Example

Seismic Gaps
9.1. Cracking of the cover plates
and damage to the fixings.
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Damage increasing
over the height of
the building.

Replace cover plates
where damaged and
refix where cover
plates have come
loose.

4 12

Ta bl e 4 3: R iv e rsi d e C e nt r al
Damaged Item

1.

Location

Recommendations

Example

Basement Service
Tunnels/Foundations
1.1. Vertical cracks in the service
tunnel walls through which
water is flowing. Cracks
appear to be shrinkage
cracks which have opened
up during the earthquake.

2.

P h ot og ra ph ic S u m m ar y o f P r i ma r y D a ma ge O bs e r ve d & R e pa irs Re qui r ed

Widespread
throughout the
basement

Repair cracks with
Xypex or equivalent
to stop flow of water
through the cracks.
Refer to HCG
Specification.

Shear Walls
2.1. Horizontal, vertical and
diagonal cracks up to
1.0mm in width.
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Walls at all levels

Check all walls and
epoxy inject cracks
greater than 0.2mm in
width where external
and greater than
0.3mm in width
where internal as per
HCG specification.
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Damaged Item

3.

Example

South wall of
building at Level
LG and Level 2

Check all levels and
epoxy inject cracks
that are greater than
0.3mm in width as
per the HCG
specification

Slab
4.1. Cracking at the floor slabs.
Some of the cracks in the
Level 7 slab appear to be
existing cracks which have
increased in width due to
the earthquake. Cracking
up to 1mm in width.

4.2. Cracking of floor slabs up
to 0.3/0.4mm in width.

5.

Recommendations

Spandrels/Coupling Beams
3.1. Cracking in beam soffits

4.

Location

Level 7.

Epoxy inject cracks
greater than 0.3mm in
width as per HCG
specification.

Levels 1 and 3

Epoxy inject cracks
greater than 0.3mm in
width as per HCG
specification.

External face of
the building

The exterior of the
building has been
inspected using access

Terrazite Cladding
5.1. Cracking of the terrazite
cladding
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Damaged Item

Location

Recommendations

Example

abseil equipment and
a moderate amount if
cracking has been
observed. Repair
specification to be
advised.

106186 08_Riverside Report Rev 10.doc

4 15

4.2 DAMAGE REMEDIATION

There are several damaged items that may involve considerable time and cost to reinstate, the
most significant of these are discussed further in this section. Items include reinstating the
building to pre earthquake levels and replacing concrete elements with cracks where the steel
reinforcement has strain hardened.
4.2. 1 Bu i ld in g R e L e v el li ng

Re levelling buildings the size of the Riverside buildings is complicated and would require
specific advice from both the Geotechnical Engineers and specialist re levelling contractors to
determine whether it is feasible.
Re levelling of the Riverside buildings is complicated by the fact that the basement is rigidly
connected between all the blocks and to Clinical Services building. It is not likely that level
adjustments will be able to be made to the Riverside Buildings in isolation, but rather, if
re levelling is considered it would need to be considered in conjunction with the Clinical
Services building.
4.2. 2 Re ins t at i n g St r e ngt h t o P re E a rt h qu ak e C o nd it i o n

Repair is required to reinstate the capacity of the structure lost due to strain hardening of the
reinforcing. Testing of the reinforcing has shown that the strain hardening has been occurring
over a length of bar equivalent to the crack width plus 0.5 to 1 bar diameter on either side of
the crack. The loss of strain hardening capacity varied between 20% and 40% in the test
locations. Strain hardening of reinforcing bars reduces the capacity of the building to resist
future earthquakes. Note that when the strain capacity of the bar has been exceeded the bar
will break. Fracturing of the bars would lead to a loss of strength in both flexure and shear and
reduce the capacity of the building as a whole. Reinstatement of the loss of strain hardening
capacity is therefore required.
Based on the testing of the reinforcing bars completed in Riverside to date, it is likely that strain
hardening has occurred in the reinforcing bars in the following locations:
Riverside West
• The piers at Level 5 on the north and south faces of the building,
• The shear wall on the south face of the building at Lower Ground Floor at the east end of the
building,
• The shear wall on the east face of the building at Lower Ground Floor,
• The piers at level 4 on the north face of the building,
• The piers and spandrels on the west face at Lower Ground Floor,
• The Lower Ground Floor diaphragm in the south east corner of the building,
These areas are shown in Figure 4 1.
Riverside East
• The piers at Level 5 on the north and south faces of the building,
• The shear wall on the west face of the building at Lower Ground Floor,
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• The piers on the east wall at Lower Ground Floor (no inspection has been able to be made to
date, however based on the inspections in Riverside West and the results of the analysis it is
likely that there has strain hardening in these piers)
• The spandrels at Ground Floor on the east face of the building (no inspection has been able to be
made to date, however based on the inspections in Riverside West and the results of the analysis
it is likely that there has strain hardening in these spandrels)
• The Ground Floor diaphragm in the south west corner of the building (no inspection has been
able to be made to date, however based on the inspections in Riverside West and the results of
the analysis it is likely that there has strain hardening in these spandrels)
These areas are shown in Figure 4 2.
Riverside Central
• The shear wall on the east face of the building (Wall 3) at Lower Ground Level at the south end.
These areas are shown in Figure 4 3.
Note that additional opening up work in Riverside Central, following the analysis of the
building, may identify other areas in which strain hardening is likely to have occurred.
It should also be noted that although a sample of the critical areas has been viewed, due to the
difficulties in obtaining access to view the structure in the hospital, additional areas may be
identified as areas become available to view.
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F igu r e 4 1: Ri v er s i de W es t , A r ea s o f li ke l y St rai n Ha rd en i ng Id e nt i f i ed t o Dat e
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F igu r e 4 2: Ri v er s i de E as t , A r eas o f l ik el y St r ai n Ha rd en i ng Id e nt i f i ed t o Dat e
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F igu r e 4 3: Ri v er s i de C e nt r al, A r e as o f li ke l y S t ra in Ha rd e ni n g Id e nt i fi ed t o
Dat e

The repair for the strain hardened reinforcing is discussed for each of these areas below.
4.2.2.1 The Shear Walls and Spandrels at Lower Ground & Ground Floor

At Lower Ground Floor, the testing of the reinforcing in the shear walls showed that strain
hardening had occurred in the horizontal and diagonal cracks in the walls. Based on the results
of the tests and the cracks that have been observed in the spandrels in the west wall at Lower
Ground and Ground Floor level it is likely that strain hardening has occurred in these locations
also. Tests can be carried out if required to confirm this.
Repair options for the reinforcing that has strain hardened include:
• Cutting out and replacing the reinforcing. This option will effectively involve demolishing the
damaged walls and rebuilding them.
• The addition of replacement lateral load resisting elements. This can be done by shotcreting new
walls on the face of the existing walls. Note that the new walls will need to extend from
foundation level to the underside of the Ground Level in order to anchor the reinforcing
outside the critical areas. The location of the strengthening work to reinstate lost capacity is
given in Sketches RW RLS 01 to RW RLS 06 in Appendix E. It should be noted that there will
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be a reduction in useable space with the addition of the new shear walls where they are installed
on the inside face of the walls.
• The addition of replacement lateral load resisting elements by the addition of new shear walls or
installing steel braced frames. These options would introduce new structural elements and thus
reduce the useable space on each floor and potentially impact on the future flexibility of the use
of the space.
4.2.2.2 The North and South Piers above Level 5 – Riverside West & East

Cracks have formed at the base of the piers on the south wall of the building at the Second
Floor. The roof diaphragm to Riverside West and East is flexible and low strength, therefore
the north and south walls have cantilevered above Level 5 to resist the lateral loads from their
self weight and the roof. The cracks at the base of the piers are flexural cracks. Based on the
results of the strain hardening testing of the reinforcing in the Riverside West Lower Ground
shear walls, it is likely that strain hardening has occurred in the vertical reinforcing in the piers.
Testing could be carried out to confirm this if required. Reinstatement of the loss of strain
hardening capacity is required for the piers.
Repair options for the reinforcing that has strain hardened include:
• Cutting out and replacing the reinforcing. This would involve breaking out and reforming the
piers between the Level 5 slab and the underside of the lintel beam above the window.
• Forming new piers on the inside face of the existing piers. These new piers would extend from
the Level 4 to roof level. It should be noted that this option would reduce the space available
for use in the rooms at Levels 4 and 5 if the new piers are constructed on the inside face of the
existing walls.
• Reducing the future strain in the reinforcing by reducing the loads on the piers. This can be
achieved by the addition of roof cross bracing. The roof cross bracing would transfer the lateral
loads from the roof and the tops of the walls to the shear walls on the east and west faces of the
building and therefore the north and south piers would span between level 5 and the roof cross
bracing and not be required to cantilever above Level 5. The location of this strengthening
work is given in Sketch RW RLS 07 in Appendix E.
4.2.2.3 Floor Diaphragms

The floor slab adjacent to the shear walls at Lower Ground and Ground Floor have cracked
due to the seismic forces being transferred to the shear walls through the floor
diaphragms/slabs. Cracks up to 1.0mm in width have formed. Testing of the floor reinforcing
in the Diabetes Building showed that there was a loss of strain hardening capacity of up to 20
25% in the reinforcing which crossed then 0.9 1mm wide floor cracks. It is likely therefore that
strain hardening has occurred in the reinforcing steel in the floor steel where the cracking has
been observed. Reinstatement of the loss of strain hardening capacity is required for the floor
slabs for cracks wider than 0.5mm, based on a maximum loss of strain hardening capacity of
15% assuming the strain occurs over a length of bar equivalent to the crack width plus one bar
diameter on either side of the crack.
To repair the reinforcing that has strain hardened it will be required to be replaced. This will
involve breaking out areas of the concrete slab around crack locations to expose the existing
reinforcing bars and lapping this with new H16 bars before reinstating the concrete. Where
cracks are diagonal to the existing reinforcement the slab steel will need to be replaced in both
directions.
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5. STRENGTHENING REQUIRED

Our assessment suggests that the building’s capacity, prior to the earthquake, was likely to be
around 40 50 % of the current code levels and possibly even less than this when taking into
account the Engineering Advisory Group methodology for the assessment of critical structural
weaknesses. If applying for building consent for repairs the Christchurch City Council may or
may not require the building to be strengthened to at least 67 %. Irrespective of the council
requirements we highly recommend that strengthening of the building is undertaken and 67 %
of current code should be the minimum level considered.
There are several issues to consider when deciding what and how to strengthen the building;
these are divided into four sections below. The first section describes strengthening required to
remove the risk of the critical structural weaknesses that have been identified that govern the
building’s performance. The second, third and fourth sections describe the strengthening
required to increase the capacity of the whole structure to 67% IL3, 100% IL3 and 100% IL4.
5.1 TO REDUCE THE RISK FROM CRITICAL STRUCTURAL WEAKNESSES

As noted in NZS 1170.5 [5]and discussed in the Christchurch Hospital Campus Base Report,
structures designed to current loadings and material standards should have an adequate margin
between the performance of the primary system and the possible generation of premature
collapse mechanisms or significant hazards to safe egress or life safety. The Engineering
Advisory Group Draft Guidelines recommend a margin over collapse is provided [12].
Therefore, the building capacity at the onset of critical deficiencies is divided by 1.8 to provide a
factor of safety against collapse. The results of the NLTH analysis indicate that the onset of
collapse or partial collapse will occur in the following elements:
• The pier elements on the south face of the building above Ground Floor in both the Riverside
West and East buildings.
• The pier elements on the south face of the building above Second Level in both the Riverside
West and East buildings.
• The pier above first floor located at the south end of the shear wall in the west elevation of
Riverside West and the East elevation of Riverside East.
Although the onset of collapse in these elements is unlikely to occur in a moderate earthquake,
it is recommended that these elements be strengthened to reduce the risk of partial collapse of
the building. Strengthening of these elements can be achieved by the addition of columns
behind the existing piers to ensure that their gravity load carrying capacity is not compromised
and the strengthening of the columns below the upper level walls with fibre wrapping.
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•

In Riverside Central the short columns (10c and 13c on the original plans) at Level 5 that
support the north east and north west corner of the mechanical room walls were identified as
CSWs in the non linear time history analyses.
These elements have been strengthened by introducing a reinforced concrete infill panel against
the column that effectively provides a wall extension and means of restraining the column and
transferring the lateral shear force into the adjacent wall below.

5.2 TO ACHIEVE 67% NEW CODE (IL3)

Riverside West and East currently have the capacity to resist approximately 40 50% of the
current code loads. A strengthening scheme has not been developed, however the work
required to strengthen the buildings such that they have the s qtrength to resist 67% of the new
code loads for an IL3 building is likely to include:
• Tying the buildings together to mitigate the impact of pounding of the buildings or separating the
buildings to introduce a suitable seismic gap.
• New concrete shear walls on the face of the existing walls
• FRP wrapping of some of the pier and spandrel elements
• Grouted steel jacketing of columns below the offset concrete walls on the south face of the
buildings.
• Steel cross bracing at roof level.
Note that this strengthening of the buildings involves a significant amount of work spread
throughout most areas of the buildings and is likely to cause significant disruption to the clinical
use of the buildings.
5.3 TO ACHIEVE 100% NEW CODE (IL3)

There is a strong argument that 67% is unacceptable for buildings with any post disaster
occupancy or critical role within a complex such as a hospital, noting that for new design, 100%
code compliance is simply the minimum acceptable standard. It could therefore be argued that
100% of current code loads should be targeted for the Riverside complex.
A concept was prepared in June 2009 [17] for strengthening the Riverside West building to
resist the full (then) code loads for an IL4 building. The scheme involved significant new
structural walls, FRP wrapping of spandrels and piers and the grouted steel jacketing of the
columns below the upper level south walls. The amendment to the Building Code of 19 May
2011 has increased the seismic loads by 36%. Therefore the concept is now valid for 100% of
IL3 under the revised loading (as 136% x 1.3/1.8=0.98%)
5.4 TO ACHIEVE IMPORTANCE LEVEL 4

The buildings currently have the capacity to resist approximately 40 50% of the current code
loads. If the buildings were to be utilised as an Importance Level 4 (IL4) facility it would have
approximately 30 35% of the current code capacity and significant strengthening would be
required.
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As noted above, a previous concept was prepared for full strengthening to IL4 under the
previous seismic load standard. The prior seismic load level is now approximately 75% of the
current standard. This increase in loads increases the strengthening work significantly and it is
unlikely, therefore, that strengthening by conventional methods would be feasible.
Strengthening to IL4 level will therefore require and alternative approach. We consider that
base isolation is the most feasible solution for the buildings. A base isolation concept was
prepared by Holmes Consulting Group in August 2010 [18]. The base isolation scheme
involved:
• Connecting Riverside East, West, Central and Clinical Services buildings to ensure the combined
structure behaves as one building during earthquake actions.
• Installation of a new watertight basement slab system and strengthening the basement walls and
columns to allow for the actions from the base isolators.
• Construction of a new ground floor beam system above the base isolators.
• Allowing for building movements at the exterior of the building and in the treatment of services
crossing the base isolation plane.
• Strengthening of the existing superstructure which is likely to be with a combination of new
concrete elements, FRP wrap and grouted steel jacketing of columns.
As an alternative, introduction of new structure outside of the current building envelopes
combined with tying the buildings together could enhance the overall structural strength by
utilizing the new structure to provide strength to the existing buildings. However this option
would have a severe impact on the overall site planning and on the layout and usability of the
surrounding areas and building spaces. It is unlikely that this could be achieved without severe
compromise to the existing space utilization.
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6. MCE PERFORMANCE & ADJACENCY EFFECTS

The maximum considered event (MCE) is generally accepted as an earthquake with a 2 %
annual probability of exceedence in 50 years, or a return period of 2500 years. As noted in the
Base Report for the Christchurch Hospital site, this is a larger earthquake than new buildings
are specifically designed for; however, regular (IL2) buildings built to current code are expected
to be detailed in such a way that they have a low probability of collapse in a MCE. In relative
terms the load levels from the MCE are about 1.8 times as high as the Design Basis Earthquake
(DBE).
There is considerable debate about the source and type of earthquake that would produce this
level of shaking. Although popular opinion is focused on the Alpine fault, there are other faults
such as the Ashley, Hope and Springbank that are closer to Christchurch, although likely to
have a lower magnitude rupture. One of the major features of a larger magnitude earthquake
such as an Alpine fault rupture will be the duration of shaking, likely to be many times greater
than what has been experienced to date. For example the Sept 4 earthquake was felt to have
caused approximately 10 15 sec of strong shaking. An Alpine fault event may extend beyond
60 sec of strong shaking. This may have a significant effect on building performance.
Buildings of higher importance are designed to higher levels of load than the IL2 buildings,
partly in order to reduce levels of damage at lower levels of earthquake shaking, and partly to
further reduce the likelihood of significant structural damage in larger events. Essential facilities
(IL4 buildings), are designed to be almost undamaged and fully serviceable following the DBE
of an IL2 building, and to reach their ultimate limit state at the MCE, which is the DBE for an
IL4 building.
Following their DBE, buildings are expected to suffer significant structural damage with the
potential of being rendered uneconomical to repair and unable to be re entered. Buildings
which have been exposed to the MCE may be on the point of collapse.
The assessment of the current building capacity suggests it has 40 50% of the current code
design capacity for an IL3 building. (Note that this is equivalent to a building strength of 52
65% for an IL2 building and 29 36% for an IL4 building). Critical Structural Weakness have
been identified including the piers on the south face of the building at Level 2 and Ground
Level and the column at Level 1 below the shear wall in the west wall of Riverside West and the
east wall of Riverside East, which have the potential to fail in shear or compression at
approximately 80%NBS for an IL3 building. This would indicate that these elements would be
close to collapse in the 1 in 500 year return period earthquake which is the DBE for an IL2
building.
A significant learning from the recent earthquakes has been that buildings which may otherwise
have suffered little or no damage and would be considered suitable for occupation have been
red tagged due to concerns over the stability of adjacent buildings. This impact could be
especially significant for facilities such as hospitals, where the operation of the facility as a whole
could be compromised by damaged buildings, even if the damaged buildings were of low
importance to the site. This calls into question the designation of buildings on campus sites
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such as this, where an IL2 building (or weaker IL3 or 4 building) adjacent to a ‘full strength’ IL3
or 4 building clearly presents such a hazard.
If the collapse hazards are mitigated, this would reduce the risk of collapse of the building in the
MCE. However, it should be noted that the building would be significantly damaged in both the
DBE and the MCE, and it would be unlikely that they would be able to be re entered after
these events. The Riverside buildings are located on the Christchurch Hospital Campus
adjacent to Parkside and Christchurch Women’s Hospital which are IL3 and IL4 buildings
respectively. The Riverside buildings are also adjacent to the road entrance from the CBD. If
the Riverside buildings were significantly damaged in the event of the DBE or MCE, they
would significantly impact on the operation of the hospital facilities and the ability of the
hospital to perform its post disaster function
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APPENDIX A

Record of Observations

APPENDIX A PAGE 1
Revision 9 2/07/12

APPENDIX A – RECORD OF OBSERVATIONS & REPAIRS CDHB RIVERSIDE WEST

Inspection date: 23 March 2011 Rev 1 31/5/11 continued 8/6/11, 14/6/11, 18/4/12

N
Y
F
C
Level

KEY
No repair required
Repair required
Further investigation required
Repair complete
Room
Number

Location

Building Element

Observations

B

B1

Basement shear
walls in crawl
space

23/03/11 No evidence of cracking subfloor

B

B2

B

B3

B

B4

Photo
Reference

N

23/03/11
111, 113

U/S LG floor slab 23/03/11 No evidence of cracking at floor diaphragm shear
wall interface
Basement service 23/03/11 Widespread vertical cracks and flowing water
trench retaining ingress. Possibly historical shrinkage cracks that have
walls
opened

N
Y

Pressurised epoxy
injection

23/03/11
114
23/03/11
DSCF0017

23/03/11 2 instance of cover spalling from the corners

Y

Spalling repair

23/03/11 No evidence of cracking in the column below the
sealed ceiling.
8/6/11: No evidence of cracking

N

23/03/11
117 to 120
No Photo

23/03/11 Diagonal crack 0.9mm

Y

Epoxy injection

23/03/11
077, 078

LG

LGW4

LG1

Primary gravity
column
Gravity column
south elevation
(Sample selection)

LG

LGW1

LG2

South shear wall

106186.08 CDHB Riverside West

Repair
Repair
Required

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

LG

LGW1

LG3

South shear wall

23/03/11 Diagonal crack 1.0mm from infill door head

Y

Epoxy injection

23/03/11
074, 075,
076

LG

LGW4

LG4

South shear wall

23/03/11 Vertical crack 0.5mm

Y

Epoxy injection

LG

LGW25B

LG5

Coupling beam at 23/03/11 Sealed ceiling, First inspection revealed no
corridor head
evidence of cracking at the door head below the ceiling.
8/6/11 did identify hairline cracking at the door head,
evident through the wall linings

N

23/03/11
070, 072
No Photo

LG

LGW36

LG6

East shear wall

23/03/11 Horizontal cracks 0.5mm

Y

Epoxy injection

23/03/11
080, 081,
082

LG

LGW33

LG7

East shear wall

23/03/11 Widespread diagonal cracking 0.5mm
13/01/12 New diagonal cracks observed. No recracking of
epoxied crack/joint at approximately 1.2m above floor level.
Crack has opened up in construction joint at 2.4m above
floor level

Y

Epoxy injection

23/03/11
084, 087

LG

LGW1

Underside of Ground Floor
Ground Floor Slab
slab adjacent to
south shear wall

18/04/12 No cracks observed in the underside of the
Ground Floor slab as viewed from the hatch adjacent to
the south wall in the centre of the room.

N

LG

LGW1

In doorway LG Floor Slab
between LGW1
& LGC4

18/04/12 Crack in slab at the doorway has increased in
width

Y

106186.08 CDHB Riverside West

18/04/12
1080385
389
Epoxy injection

18/04/12
1080390

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

LG7A

East shear wall

23/03/11 Horiz & diag cracking 0.3 0.5mm
18/04/12 Horizontal crack at construction joint at
approximately 2.4m above floor level.

Y

Epoxy injection

No Photo
18/04/12
1080391
393

East shear wall

13/1/12 Review of section of previously epoxied wall where
the linings have been removed. No recracking observed on
cracks that had been epoxy injected. New horizontal crack
on construction joint at 2.4m above floor level extending
from the end of a section that has been epoxy injected. New
diagonal cracks viewed (0.2 0.3mm in width)

Y

Epoxy injection

13/01/12
P1130014
19

LG

LGW1

LG

LGW33

LG

LGW36

LG7B

Coupling beam & 23/03/11 No evidence of cracking
column within
east shear wall

N

23/03/11
088, 089,
090

LG

LGW32

LG8

23/03/11 No evidence of cracking
Pier, north
elevation (Sample
selection)

N

23/03/11
093, 094

LG

LGW32

LG9

23/03/11 No evidence of cracking
Spandrel beam,
north elevation,
soffit of GL
(Sample selection)

N

23/03/11
092

LG

LGW18A

LG10

South shear wall
stair shaft

Y

106186.08 CDHB Riverside West

23/03/11 Cracking around a concrete infill 0.2mm

Epoxy injection

23/03/11
106

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

LG

LGW9
LGW12

LG11

Spandrel beam,
west elevation,
soffit of GL
(Sample selection)

8/6/11 Reinspection. Diagonal shear crack in spandrel,
adjacent pier 0.2/0.3mm. Additional damage identified:
horiz crack in central pier at ceiling line & fine perpendicular
crack in floor soffit

Y

LG

LGW13

LG12

LGW13

LG13

23/03/11 2 horizontal cracks above window sill and 1 at sill
level. Inspection of crack in concrete required
23/03/11 No evidence of cracking

F

LG

Pier, west
elevation
Spandrel beam,
west elevation,
soffit of GL

LG

LGW18A

LG14

LG

LGW19

LG15

LG

LGW9
LGW12

LG16

Pier/Spandrel,
west elevation

23/03/11 Horiz/diag cracking at pier at spandrel level 0.3 to
0.5mm. Vert cracking in spandrel under window up to
1.0mm

Y

Epoxy injection

23/03/11
103, 104
31/05/11
043 049

LG

LG17

South elevation,
corner column
Floor slab

23/03/11 Cracking around entry 0.2 to 1.2mm

Y

Epoxy injection

23/03/11
020, 025

LG

LGW1
LGC4
LGW1

14/6/11 Floor cracking in a N/S direction away from south
shear wall 1.0mm. Diagonal cracks up to 0.8mm migrating
towards corridor.

Y

Epoxy injection

LG

LGW36

LG19

14/6/11: Horiz crack in wall & adjacent column, under
soffit of floor above

Y

Epoxy injection

LG18

106186.08 CDHB Riverside West

West shear wall, 23/03/11 No evidence of cracking
stair shaft
Internal column 23/03/11 No evidence of cracking
(Sample selection)

Shear wall, east
elevation

Epoxy injection

Photo
Reference

23/03/11
098, 099

23/03/11
0102, 103
23/03/11
100, 101

N

N

No Photo

N

No Photo

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

LG

LGW15

LG20

LG

LGW19A

LG21

LG

LGW19A

LG22

LG

LGW38

LG23

LG

LGW33
LGW36
LGW1

G

WG1

G11

South wall pier

18/04/12 Pier has plaster and wall paper therefore cracking
to base of pier may be obscured. Wallpaper to be removed
at base of pier to check for cracking.
20/04/12 0.5mm crack observed.

Y

G

WG9

G12

South wall
spandrel

18/04/12 Room currently occupied by a patient. Further
investigation required to spandrel to check if cracked

F

G

WG3

G1

Gravity column 23/03/11 No evidence of cracking in the column below the
south elevation
sealed ceiling. Recommend section of ceiling is cut away for
(Sample selection) re inspection.
8/6/11 Ward room’s unavailable for reinspection

106186.08 CDHB Riverside West

Corner pier, N/W 14/6/11: Horiz cracks in pier, 0.2 0.3mm. Fine horiz crack
corner
in adjacent piers north elevation
Stair shaft, internal 14/6/11: Diag crack 0.2 0.3mm
wall
Stair shaft, west 14/6/11: Horiz crack above mid landing 0.3mm
elevation
Shear wall, East 29/6/11 Extensive “cross” cracking 0.5 to 1.0mm. Epoxy
elevation
work underway
East elevation
23/03/11 Reinforcement hardness testing in process
8/6/11 Opening request at ends of shear wall.
Advised that no significant cracks in corner column by
Fletchers/RCP.

Y

Epoxy injection

Y

Epoxy injection

Y

Epoxy injection

Y

Epoxy injection

Photo
Reference

N

F

No Photo

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

23/03/11 Pier generally OK. There has been some
historical repair to a horizontal crack at sill level. Vertical
vinyl crease in spandrel beam adjacent to be re inspected
8/6/11 Revealed horiz pier crack & vert spandrel crack
0.3mm

Repair
Repair
Required

G

WG4

G2

Pier south
elevation

G

WG33

G3

Coupling beam at 23/03/11 No evidence of cracking
corridor head

N

23/03/11
125, 125,
127

G

WG24

G4

Shear wall east
elevation

F

23/03/11
144, 146

G

WG24

G5

N

No Photo

G

WG29

G6

Pier & Spandrel, 23/03/11 No evidence of cracking
north elevation
Pier west elevation 23/03/11 Fine horizontal crease in plaster. Open and re
inspect
31/5/11 Horiz crack appears to be in plaster only. If not
very fine. A separation in a concrete skin is apparent, not
considered structural

N

23/03/11
105
31/05/11
West
041,042

G

WG29

G7

Y

G

WG35

G8

West elevation
spandrel over
West shear wall,
stair shaft

106186.08 CDHB Riverside West

Y

23/03/11 Evidence of potential crack behind drumbie and
spalled plaster 8/6/11 Yet to be opened up. HDU. Damage
is obvious so repair work will need to be scheduled. Further
invstigation required to determine crack width in concrete
below finishes.
An adjacent hatch opened up revealed no evidence of
damage in the pier

23/03/11 Crack in window head soffit lining
8/6/11 0.3mm crack adjacent pier
No evidence of cracking

N

Epoxy injection

Photo
Reference

Epoxy injection

No Photo

No Photo
No Photo

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

23/03/11 Horizontal and vertical crack from window
opening 0.1/0.2mm

Repair
Repair
Required

G

WG35

G9

South shear wall,
stair shaft

G

WG27,
WG27A

G10

North elevation 8/6/11 Full inspection needed for piers and spandrels at
spandrel and pier window sill level and in ceiling space

F

L1

W105

L1.12

W107

L1.1

8/6/11 Acute ward limited access to Rm 105. No evidence
of damage to column head
23/03/11 No evidence of cracking in the column below the
sealed ceiling. Recommend section of ceiling is cut away for
re inspection

N

L1

Internal column
south elevation
Internal column,
south elevation
(Sample selection)

N

No Photo

L1

W107

L1.2

23/03/11 No evidence of cracking

N

L1

W107

L1.3

Pier, south
elevation
Spandrel over,
south elevation

23/03/11 Sealed ceiling, recommend re inspection. And
inspection U/S step transfer slab
8/6/11 access available through hatch. U/S of transfer
concealed by beam, with soffit at ceiling level. Only internal
access will be to remove a section of the ceiling
20/4/12 No damage observed.

N

23/03/11
129, 130
No Photo

L1

W136

L1.4

Level 1 floor
adjacent seismic
joint

23/03/11 Some surface damage to slab
Lino lifted no apparent damage

N

23/03/11
135

L1

W127

L1.5

23/03/11 No evidence of cracking. Sealed ceiling over

N

No Photo

L1

W121

L1.6

Pier, north
elevation
Pier, west
elevation

23/03/11 No evidence of cracking

N

No Photo

106186.08 CDHB Riverside West

Y

Epoxy injection

Photo
Reference

23/03/11
107, 108,
109

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Wall/Pier, west
elevation
Soffit of beam
over
Feature pier at
pop out
West shear wall,
stair shaft
South shear wall,
stair shaft

3/1/12 Diagonal cracking in wall adjacent to columns

Y

23/03/11 No evidence of cracking

N

No Photo

23/03/11 No evidence of cracking

N

No Photo

23/03/11 No evidence of cracking

N

No Photo

23/03/11 Horizontal crack from window opening 0.2mm

Y

Epoxy injection

No Photo
Similar
below

Epoxy injection

23/03/11
123, 133,
134

L1

W121

L1

W117

L1.7

L1

W117

L1.8

L1

W109A

L1.9

L1

W109A

L1.10

L1

W136

L1.11

Seismic joint
23/03/11 Damaged capping plates
(Sample selection)

Y

L1

W103

L1.14

Underside of
Second Floor slab
between south
wall and internal
columns

18/04/12 Access hatch required to view the underside of
the second floor slab.
20/04/12 Underside of second floor viewed. No damage
observed.

N

L1

W103A

L1.14

Underside of
20/04/12 Underside of second floor viewed. No damage
Second Floor slab observed.
between south
wall and internal
columns

N

106186.08 CDHB Riverside West

Epoxy injection

Photo
Reference

3/1/12 15

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

L1

W105

L1.14

Underside of
20/04/12 Underside of second floor viewed. No damage
Second Floor slab observed.
between south
wall and internal
columns

N

L1

W122

L1.13

West wall pier

18/04/12 Diagonal cracks evident in wallpaper on pier.
Plaster to be removed so width of crack can be checked on
the face of the concrete.
20/04/12 Plaster removed. Diagonal cracks 0.2mm wide
observed in concrete.

Y

Epoxy injection

18/04/12
1080379,038
1 384

L1

W122

L1.13

North wall pier & 18/04/12 Vertical cracks in spandrel up to 0.4mm in width
spandrel

Y

Epoxy injection

18/04/12
1080377
388,380

L2

W203

L2.1

No Photo

W203

L2.2

N

No Photo

L2

W208

L2.8

23/03/11 No evidence of cracking (Isolated sample, rooms
fully occupied)
23/03/11 No evidence of cracking (Isolated sample, rooms
fully occupied)
3/1/12 Pieces of brick have fallen from the seismic joint

N

L2

Spandrel south
elevation
Pier south
elevation
East wall at door
to Central

Y

Check bricks above
No Photo
seismic joints at all
levels and remove loose
bricks

L2

W208A

L2.3

23/03/11 No evidence of cracking

N

No Photo

L2

W208A

L2.4

"Z" wall south
elevation
Beam over
window, south
elevation, stair
shaft

23/03/11 No evidence of cracking

N

No Photo

106186.08 CDHB Riverside West

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

L2

W208A

L2.5

Shear wall, south
elevation, stair
shaft

23/03/11 Horizontal crack from window sill 0.2mm

Y

Epoxy injection

No Photo
Similar
below

L2

W208A

L2.6

Shear wall, west
elevation stair
shaft

23/03/11 Vertical crack 0.2/0.3mm

Y

Epoxy injection

23/03/11
136, 137

L2

W220

L2.7

23/03/11 No evidence of cracking

N

No Photo

L3

W303

L3.1

23/03/11 No evidence of cracking

N

L3

W303

L302

23/03/11 No evidence of cracking

N

23/03/11
141
No Photo

L3

W321

L3.3

23/03/11 No evidence of cracking

N

No Photo

L3

W327

L3.4

23/03/11 No evidence of cracking

N

No Photo

L3

W327

L3.5

23/03/11 No evidence of cracking

N

No Photo

L3

W329

L3.6

23/03/11 No evidence of cracking

N

No Photo

L3

W306A

L3.7

Feature pier, west
elevation
Pier, south
elevation
Spandrel, south
elevation
Shear wall, east
elevation
Pier, north
elevation
Spandrel, north
elevation
Shear wall west
elevation
Shear wall, west
elevation stair
shaft

23/03/11 Vertical crack 0.2/0.3mm

Y

Epoxy injection

No Photo
Similar
below

L3

W306A

L3.8

Shear wall, south
elevation stair
shaft

23/03/11 Horizontal crack from window sill 0.2mm

Y

Epoxy injection

No Photo
Similar
below

106186.08 CDHB Riverside West

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

L3

W306A

L3.9

Internal shearwall, 23/03/11 Horizontal crack at floor level 0.2mm
stair shaft

Y

L4

W400A

L4.10

Underside of
18/04/12 A hatch was cut in the ceiling of W333 below and
Fourth Floor slab the underside of the Fourth Floor slab was viewed. No
cracks were observed
above

N

L4

ALL

L4.1

General

23/03/11 Perimeter walk over, no evidence of cracking
other than noted in stair well
31/5/11 Cracking has been discovered following re
inspection. See individual entries.

Y

L4

W405

L4.2

W405

L4.2A

L4

W425

L4.2B

L4

W419

L4.2C

23/03/11 Screwed access hatch in ceiling for possible
inspection. Ladder access required
31/5/11 Horizontal crack discovered in pier at window sill
0.3mm
31/5/11 Horizontal crack discovered in pier approx 200mm
below window sill 0.5mm
23/03/11 Reinspection requested for spandrel above ceiling
and at sill level.
31/5/11 Yet to be opened up

N

L4

Underside floor
above
Spandrel/ pier

L4

W431

L4.3

23/03/11 No evidence of cracking

N

No Photo

L4

W417,
W419A

L4.4

Coupling beam,
east elevation
Beam, west
elevation

23/03/11 Recommend exploratory inspection
8/6/11 Fine diag cracks adjacent pier migrating towards
service penetration

N

No Photo

L4

W408B

L4.5

Shear wall, west
elevation stair
shaft

23/03/11 Vertical crack 0.2mm

Y

106186.08 CDHB Riverside West

Spandrel/ pier
North elevation
Spandrel/ pier
North elevation

Epoxy injection

Photo
Reference

23/03/11
138, 139
18/04/12
1080363
366

Epoxy injection

No Photo

No Photo

Y

Epoxy injection

No Photo

Y

Epoxy injection

No Photo

F

Epoxy injection

No Photo
Similar
below

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

L4

W408B

L4.6

Shear wall, south
elevation stair
shaft

23/03/11 Horizontal crack from window sill 0.2mm

Y

Epoxy injection

No Photo
Similar
below

L4

W408B

L4.7

Shear wall, south
elevation stair
shaft

23/03/11 Vertical crack from window opening 0.2mm

Y

Epoxy injection

No Photo
Similar
below

L4

W408B

L4.8

Internal shear wall, 23/03/11 Horizontal crack at floor level 0.2mm
stair shaft

Y

Epoxy injection

No Photo
Similar
below

L4

408B

L4.9

N

L5

W500A

L5.17

"Z" wall, south
23/03/11 No evidence of cracking
elevation
Underside of Fifth 18/04/12 Crack in the underside of the Fifth floor 0.6mm
Floor slab
in width was observed from W400A below

Y

Epoxy injection

18/04/12
1080367
370

L5

W501

L5.1

23/03/11 Horizontal crack in pier at window sill 0.2mm

Y

Epoxy injection

L5

W503

L5.2

Pier, south
elevation
Pier, south
elevation
Spandrel/piers,
south elevation

23/03/11 Horizontal crack in pier at window sill 0.2mm

Y

Epoxy injection

23/03/11 Vertical crease in vinyl, recommend inspection.
8/6/11 Full removal of covering revealed widespread
horizontal cracks at window sill up to 0.3mm

Y

Epoxy injection

23/03/11
152
23/03/11
153
23/03/11
155

Y

Epoxy injection

No Photo

Y

Epoxy injection

11/05/11
016

L5

L5
L5 UP

L5.3

W524,
W526
W524

106186.08 CDHB Riverside West

Spandrel, north
23/03/11 Vertical cracks in spandrel under window from
elevation
fine up to 0.5mm
Parapet ring beam 23/03/11 Vert crack in parapet beam adjacent pier. 1.0mm

No Photo

Refer to Table 4.1 and HCG Specification for repair details

APPENDIX A PAGE 13
Revision 9 2/07/12

Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

Coupling beam,
east elevation
Shear wall, east
elevation

23/03/11 Cracking from the door head, hairline

N

No Photo

23/03/11 No evidence of cracking

N

No Photo

L5

W509A

L5.4

L5

W508,
W510,
W534

L5.5

L5

W524,
W526,
W529,
W531,
W534

L5.6

Piers & Spandrels 23/03/11 Full removal of covering revealed widespread
north elevation
horizontal cracks at window sill up to 0.5mm & evidence of
vert cracks in spandrels

Y

L5
L5

W527
W534

L5.7
L5.8

Internal column
Roof space

23/03/11 No evidence of cracking
23/03/11 Screwed hatch available, recommend inspection
8/6/11 No evidence of cracking in beam or any damage
around the cast in steel roof rafter

N
N

No Photo
No Photo

L5

W524

L5.9

No Photo

W520

L5.10

23/03/11 No evidence of cracking
Bar control sample taken
23/03/11 Recommend inspection
31/5/11 south end of beam inspected Fine vert crack in
beam

N

L5

Shear wall, west
elevation
Parapet beam,
west elevation

N

No Photo

L5

W519

L5.11

Shear wall, south
elevation stair
shaft

23/03/11 Horizontal crack from window sill 0.2mm

Y

Epoxy injection

No Photo
Similar
below

L5

W519

L5.12

Shear wall, south
elevation stair
shaft

23/03/11 Vertical crack from window sill 0.2mm

Y

Epoxy injection

No Photo
Similar
below

106186.08 CDHB Riverside West

Epoxy injection

No Photo

Refer to Table 4.1 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

L5

W519

L5.13

Internal shear wall, 23/03/11 Horizontal crack at floor level 0.2mm
stair shaft

Y

Epoxy injection

No Photo
Similar
below

L5

W519

L5.14

Z wall south
elevation

23/03/11 Vertical crack 0.2mm

Y

Epoxy injection

23/03/11
138, 139,
140

L5

W520

L5.15

Concrete soffit,
feature window,
west elevation

23/03/11 Soffit cracking, recommend paint removal and re
inspect 31/5/11 Cracking up to 0.4mm

Y

Epoxy injection

23/03/11
156, 157

L5

W524

L5.16

Parapet beam

23/03/11 Cracked spandrel & pier. Crack in roof beam
over, 1.0mm

Y

Epoxy injection

03/05/11
013, 014,
016

106186.08 CDHB Riverside West

Refer to Table 4.1 and HCG Specification for repair details
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APPENDIX A – RECORD OF OBSERVATIONS & REPAIRS CDHB RIVERSIDE EAST

Inspection date: 29 March 2011 Rev 1 31/5/11 continued 1/6/11, 8/6/11, 14/6/11, 18/04/12

N
Y
F
C
Level

KEY
No repair required
Repair required
Further investigation required
Repair complete
Location

Building Element

Observations

B

B1

Basement shear
walls in crawl
space

29/03/11 No evidence of cracking subfloor

B

B2

B

B
B

Room
Number

BE1

Repair
Repair
Required

Photo
Reference

N

29/03/11
088, 089

U/S LG floor slab 29/3/11 No evidence of cracking at floor diaphragm shear
interface with
wall interface
shear wall

N

29/03/11
090

B3

Basement service 29/3/11 Widespread vertical cracks and flowing water
trench retaining ingress. Possibly historical shrinkage cracks that have
walls
opened. Typical as observed in the west building

Y

B4

Primary gravity
column
East shear wall

29/3/11 No evidence of damage

N

29/3/11 Vertical crack migrating from pipe entry 0.2mm

Y

B5

106186.08 CDHB Riverside East

Pressurised epoxy
injection
No photo
Epoxy injection

29/03/11
123

Refer to Table 4.2 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

29/3/11 Fully lined walls and sealed ceiling. Recommend
exploratory inspection
8/6 Patch exposed in LGE20. horiz crack at 1.2m above
floor 0.2/0.3mm
14/6, Rm LGE 17C Hatch available
11/7/11. Horiz & diag crack sited. RCP to coordinate full
access for epoxy contractor in 17C & LGE20 (office)

Photo
Reference

LG

LGE17C
LGE20

LG1

West shear wall

LG

LGE4F

LG2

Internal column 29/3/11 Recommend exploratory inspection
(Sample selection) 31/5/11 No evidence of cracking

N

No photo

LG

LGE15
LGE16 OR
LGE17

LG3

Pier & spandrel, 29/3/11 Lined rooms & sealed ceilings, recommend
north elevation
exploratory
(Sample selection) No access available. BMT ward

F

No photo

LG

LGE4

LG4

Y

Epoxy injection

LG

LGE4

LG5

N

N/A

LG

LGE4

LG6

Internal shear wall, 29/3/11 Crack around concrete infill 0.2mm
stair shaft
Internal return
29/3/11 Vertical crack at wall corner 0.1mm
wall stair shaft
Shear wall, south 29/3/11 Horizontal crack, full length in stair shaft 0.2mm
elevation stair
shaft

Y

Epoxy injection

LG

LGE4

LG7

Y

Epoxy injection

106186.08 CDHB Riverside East

Shear wall, east
elevation stair
shaft

29/3/11 Horizontal crack under stair landing over egress
door 0.2mm

Y

Epoxy injection

29/03/11
023,024
29/03/11
025
29/03/11
026
29/03/11
027

Refer to Table 4.2 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

Column within
east shear wall
Shear wall, west
elevation
Shear wall, west
elevation
Floor soffit above,
adjacent
south/west corner

29/3/11 Horizontal cracks concentrated at top 0.2mm

Y

Epoxy injection

29/3/11 Horizontal crack 200mm below slab soffit above
0.3/0.4mm
29/3/11 Diag. crack 0.2/0.3mm

Y

Epoxy injection

Y

Epoxy injection

29/3/11 Crack migrating away from column 0.4\0.5mm

Y

Epoxy injection

29/03/11
032

Damage at west end
such that walls should
be demolished and
rebuilt

29/03/11
033, 034,
036

LG

LG106

LG8

LG

LG106

LG9

LG

LG106

LG10

LG

LG106

LG11

LG

LG106

LG12

Internal masonry 29/3/11 Cracks in masonry wall pointing & blocks.
plant room wall

Y

LG

LG106

LG13

Column capitol
interface with
floor over

29/3/11 No evidence of cracking

N

LG

LG107

LG14

Shear wall, south
elevation

29/3/11 Wide spread shear wall cracking 0.2/0.3mm

Y

Epoxy injection

29/03/11
037, 035,
039, 040,
041, 042

LG

LG106

LG15

Fin wall return

29/3/11 Diag. crack 0.9/1.0mm, 1.5m above FFL

Y

Epoxy injection

LG

LG107

LG16

Wall east end of
plant room

29/3/11 Horizontal crack at window sill >0.5mm

Y

Epoxy injection

29/03/11
043
29/03/11
044

106186.08 CDHB Riverside East

29/03/11
028, 029
29/03/11
030
Poor Photo

29/03/11
035

Refer to Table 4.2 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

29/3/11 Recommend exploratory inspection
31/5/11 Not exposed
2/05/12 5mm cracks and significant spalling in wall and
lintel over door. SR11

Repair
Repair
Required

Photo
Reference

LG

LGE104

LG17

Door head, west
elevation

LG

LGE12

LG18

N

LG

LGE106

LG19

LG

LGE3

G

EG1A

G1

G

EG1A

G2

G

EG1A

G3

G

EG33A

G4

G

EG33A

G5

Pier, east elevation 29/3/11 Recommend exploratory inspection
31/5/11 No evidence of cracking
Floor slab
30/6/11 Cracked floor slab from service trenches north
south direction
Column south
31/5/11 No evidence of cracking
elevation
Internal west wall, 30/3/11 Cracking around an apparent concrete infill section
0.2mm
stair shaft
Internal shear wall, 30/3/11 Crack migrating from door head 0.1/0.2mm
stair shaft
Internal shear wall, 30/3/11 Crack identified in LG2 continues full length of
stair shaft
wall adjacent door head height 0.1 0.2mm
Coupling beam, 30/3/11 Cracking from door head and cracking at the soffit
west elevation
Ceiling space
30/3/11 No evidence of cracking
above coupling
beam (G4)

G

EG9A

G6

N

No photo

G

EG29

G7

Shear wall, west
elevation
Spandrel, north
elevation

F

30/03/11
054

106186.08 CDHB Riverside East

Y

30/3/11 No evidence of cracking, observed from service
riser room
30/3/11 Evidence of soffit cracking, recommend
exploratory inspection
31/5 Not exposed

Y

Spalling repair and
epoxy injection

Epoxy injection

N
Y

Epoxy injection

N
N
Y
N

Epoxy injection

30/03/11
045, 046
30/03/11
048
30/03/11
049
30/03/11
050, 53
30/03/11
052

Refer to Table 4.2 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

G

EG26

G8

Shear wall, east
elevation

30/3/11 Diagonal crease in wall lining, recommend
exploratory inspection.
31/5/11 Not exposed
Fletchers advised cracks observed in north and east
spandrel.

Y

Epoxy injection

30/03/11
055

G

G9

Spandrel, east
elevation
Internal column

Epoxy injection

No photo

G

EG2

30/3/11 Recommend exploratory inspection
1/6/11 2x shear cracks in spandrel 0.2mm
30/3/11 Recommend exploratory inspection
1/6/11 No cracking in column or slab soffit
1/6/11 No cracking in column or slab soffit

Y

G

EG24 and
EG25A
EG9

G

EG7

G

EG5A
EG6A

L1

E133A

L1

G10

No photo

N

Column South
elevation
Piers in South wall 18/04/12 Wall paper to be removed from base of piers so
that they can be checked for cracking
South elevation
30/3/11 EG5A, 6 Full inspection needed for piers and
spandrel and piers spandrels at window sill level and in ceiling space

N

L1.1

Shear wall, south
elevation stair
shaft

30/3/11 Horizontal crack window sill height 0.2mm

Y

Epoxy injection

30/03/11
056, 057

E133A

L1.2

Shear wall, east
elevation stair
shaft

30/3/11 Horizontal crack below mid height landing 0.2mm

Y

Epoxy injection

30/03/11
058 poor
photo

L1

E133A

L1.3

Shear wall, east
elevation stair
shaft

30/3/11 Vertical crack above mid height landing 0.2mm

Y

Epoxy injection

30/03/11
060

L1

E106

L1.4

Pier, south
elevation

30/3/11 Horizontal crack at underside of spandrel

Y

Epoxy injection

30/03/11
061

106186.08 CDHB Riverside East

F
F

Refer to Table 4.2 and HCG Specification for repair details
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Level

Room
Number

L1

E107, E108

L1

E105,E106

L1

E109

L1

Location

Building Element

Observations

L1.5

Shear wall, west
elevation

30/3/11 Recommend exploratory inspection
8/6/11 Hatch available, limited view, no evidence of
cracking

Repair
Repair
Required

Photo
Reference

No photo

F

Underside of
18/04/12 Hatch to be cut in ceiling so that the underside of
Second Floor Slab the Second Floor slab can be viewed between the south wall
and the south internal columns

F

L1.6

Coupling beam,
west elevation

F

30/03/11
062

E109

L1.7

Internal column & 30/3/11 No evidence of cracking
capitol (Sample
selection)

N

30/03/11
063, 064

L1

E112

L1.8

Shear wall, west
elevation

30/3/11 Cracked plaster at ceiling soffit. Recommend
exploratory
1/6/11 Hatch opened no evidence of cracking

N

30/03/11
065

L1

E132

L1.9

30/3/11 2 diag cracks identified 0.2mm

Y

Epoxy injection

No photo

L1

E133

L1.10

30/3/11 Capping plate

Y

Repair or replace

L1

E126

L1.11

Shear wall, west
elevation
Seismic joint
capping plates
Shear wall, east
elevation.

30/3/11 Horizontal crease in plaster at ceiling soffit,
recommend exploratory
1/6/11 Wall lining not removed

F

30/03/11
066
30/03/11
067

South elevation.
Transfer slab

30/3/11 No available access. View will be obscured by
beam. Similar to R/S west

F

L1

106186.08 CDHB Riverside East

30/3/11 Crack at corners & horizontal soffit, recommend
break away and re inspect
1/6/11 Not exposed

Refer to Table 4.2 and HCG Specification for repair details
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Level

L2
L2
L2

L2
L3
L3

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

L2.1 General observation: Level 2 had limited access. What observation was made revealed little or no evidence
of cracking. The exception was in the stair shaft; Refer below.
E200B
L2.2
Internal shear wall, 30/3/11 Horizontal crack at floor level 0.1mm
stair shaft
E200B
L2.3
Shear wall, south 30/3/11 Horizontal crack at window sill 0.1mm
elevation stair
shaft
Internal shear wall, 30/3/11 Diagonal crack from door head corner, migrating
stair shaft
to stair flight soffit 0.1mm
L3.1 General observation: Level 3 had limited access. What observation was made revealed little or no evidence
of cracking.
the wall,
stair shaft;
below.Vertical crack 0.1/0.2mm
E300B The exception
L3.2 was in
Shear
east Refer
30/3/11
elevation stair
shaft

E200B

L2.4

Photo
Reference

30/03/11
059
No Photo

N
N

30/03/11
068

N
N
N

30/03/11
069

L3

E300B

L3.3

Shear wall, east
elevation stair
shaft

30/3/11 Horizontal crack 600mm below L4 0.1/0.2mm

N

30/03/11
070

L3

E300B

L3.4

Shear wall, south
elevation stair
shaft

30/3/11 Horizontal crack from sill 0.1mm

N

No Photo
similar
below

N

30/03/11
071
30/03/11
072, 073

L3
L3
L4

L3.5

Internal shear wall, 30/3/11 Diagonal crack from door head corner 0.1/0.2mm
stair shaft
E306
L3.6
Seismic joint
30/3/11 Sample damage
capping plates
L4.1 General observation: Level 4 has been vacated. Observation made revealed little evidence of cracking.
Refer below.

106186.08 CDHB Riverside East

Y

Repair or replace

Refer to Table 4.2 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

L4

E408A

L4.2

Shear wall, east
elevation stair
shaft

30/3/11 Horizontal crack 800mm below landing 0.1 0.2mm

N

No Photo
similar
below

L4

E408A

L4.3

Shear wall, south
elevation stair
shaft

30/3/11 Horizontal crack from window sill 0.1 0.2mm

N

No Photo
similar
below

N

No Photo

N
Epoxy injection

30/03/11
074
30/03/11
075
No Photo

Epoxy injection

No Photo

L4
L4
L4
L4
L4
L5
L5

Internal shear wall, 30/3/11 Fine diagonal crack from door head 0.1 0.2mm
stair shaft
E407
L4.5
Pier, south
30/3/11 Hairline crack at soffit of spandrel over
elevation
E407
L4.6
Shear wall, west 30/3/11 Horizontal crack at 1.8m high 0.2mm
elevation
E408
L4.7
Coupling beam, 30/3/11 Wall paper pulled back: Hairline crack at door
west elevation.
head. This didn’t show through the paper
E418A
L4.8
Beam, East
30/3/11 Diag crack in beam adjacent pier, migrating to
elevation
service penetration 0.3mm
L5.1 General observation: Level 5 has been vacated. Observation made revealed little evidence of cracking.
Refer below.
30/3/11 Vertical crack 0.1mm
E539
L5.2
Shear wall, east
elevation stair
shaft

E408A

L4.4

Y
N
Y

N

30/03/11
076

L5

E539

L5.3

Shear wall, south
elevation stair
shaft

30/3/11 Horizontal crack from window sill 0.1mm

N

30/03/11
077

L5

E539

L5.4

Shear wall, south
elevation stair
shaft

30/3/11 Vertical crack from window sill 0.1mm

N

30/03/11
078

106186.08 CDHB Riverside East

Refer to Table 4.2 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

L5

E505

L5.5

South elevation

30/3/11 Screwed hatch available for inspection
No evidence of cracking

N

L5

E510

L5.6

30/3/11 Sample damage

Y

Repair or replace

L5

E531

L5.7

Seismic joint
capping plates
Spandrel, north
elevation

30/3/11 Recommend exploratory inspection. Assistance
from FM as to access
1/6/11 0.5/0.6mm horiz cracks in pier at window sill.

Y

Epoxy injection

L5

E505, E502

L5.7A

1/6/11 0.2/0.3mm horiz cracks in pier at window sill

Y

Epoxy injection

L5

E510

L5.9

Spandrel, south
elevation
Floor slab

18/04/12 Crack in Fifth floor slab viewed from Fourth
Floor below, 0.4mm in width.

Y

Epoxy injection

L5

E356

L5.10

Floor Slab

18/04/12 A hatch was cut in the ceiling of E400A and the
underside of the Fifth Floor slab viewed. No cracks were
observed.

N

L5

E533

L5.8

Roof space

8/6/11 Vert cack in parapet beam 0.3mm, 400mm from
pier face.No cracking evident at cast in roof steel rafterRoof
lining exposed: Compressed fibre board with silver paper
lining, laid in 600 wide strips with tin jointers. Not
considered as an adequate roof diaphragm

Y

Epoxy injection

L5

Roof

East Wall

Parapet Upstand

08/02/12. Vertical crack in parapet above south corner of
E533. Crack was being epoxy injected at the time of
inspection. Repair work will be required below the roof.

Y

Epoxy injection

106186.08 CDHB Riverside East

Photo
Reference

30/03/11
079
30/03/11
080

18/04/12
1080366
18/04/12
1080373
376

08/02/12
8622 8623

Refer to Table 4.2 and HCG Specification for repair details
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APPENDIX A – RECORD OF OBSERVATIONS & REPAIRS CDHB RIVERSIDE CENTRAL

Inspection date: 5 April 2011 and 8 June 2011; 29 Feb 2012, PMH

N
Y
F
C
Level

KEY
No repair required
Repair required
Further investigation required
Repair complete
Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

LG

LGE106

C.LG.01

Eastern shear wall 31/03/11 Network of diagonal shear cracks 0.2mm 1.2mm
W3

Y

Epoxy Injection

31/03/11
Central 001,
002, 003

LG

LGE106

C.LG.02

31/03/11 Spalling of concrete

Y

Spalling Repair

LG

LGC15

C.LG.03

31/03/11 Diagonal shear cracking 0.2mm

N

LG

LGC15

C.LG.04

31/03/11 Diagonal shear cracking 0.3mm 0.5mm

Y

Epoxy Injection

LG

LGE103

C.LG.05

Y

Epoxy Injection

LG

LGE103

C.LG.06

Y

Epoxy Injection

LG

LGC14

C.LG.07

Eastern shear wall
W3
Internal shear wall
W7
Southern shear
wall W5
Eastern shear wall
W3
Concrete column
14
Coupling beam

LG

LGC2

C.LG.08

31/03/11
004
31/03/11
005
31/03/11
006, 007
31/03/11
008, 009
31/03/11
010
31/03/11
011
31/03/11
012

106186.08 CDHB Riverside Central

31/03/11 Diagonal shear cracking up to 0.8mm. Concrete
spalling.
31/03/11 Crack in column 0.8m above floor. Column
inspected above ceiling, no damage observed.
31/03/11 Cracking through beam at door head on W5.
Crack width to be determined.
Internal shear wall 31/03/11 Crack 0.2mm along length of wall.

F
N

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

LG

LGC2A

C.LG.09

Coupling beam

31/03/11 Cracking at beam soffit. Width of crack to be
determined.
29/2/12 Ceiling has been removed. 2 cracks visible through
depth of beam 0.3mm

Y

Epoxy Injection

31/03/11
013

LG
LG
LG

LGC5
LGC2
LGC10

C.LG.10
C.LG.11
C.LG.12

Coupling beam
Coupling beam
Concrete wall

31/03/11 Cracking at beam soffit.
31/03/11 Cracking at beam soffit.
31/03/11 0.2mm horizontal crack along north wall.
0.5mm diagonal crack along east wall.
Vertical crack above door opening.

N
N
Y

Epoxy Injection

31/03/11
014, 015

LG

LGC6

C.LG.13

Concrete wall W2 0.2mm 0.3mm vertical/diagonal cracking adj. lift shaft.
0.2mm 0.3mm horizontal & diagonal cracking

Y

Epoxy Injection

31/03/11
016, 017,
018

LG

LGC4

C.LG.14

N

LG

LGW43

C.LG.15

Lintel beam on
31/03/11 0.2mm vertical cracks in beam
W1
Concrete wall W1 31/03/11 Horizontal and diagonal hairline cracking.
29/2/12 Not sighted. This wall is unlined in a workshop
and can be reinspected without interruption.

LG

LGW43

C.LG.16

N

LG

LGW43

C.LG.17

LG

LGC2E

C.LG.18

Concrete column 31/03/11 Upper extents of W1 and Column 9 inspected
9
through hatch. No damage observed.
Concrete wall W6 31/03/11 No damage observed to W6 below window and
visible sections of columns 2 and 3.
Concrete wall W5 31/03/11 Diagonal cracking 0.2mm 0.3mm

Y

Epoxy Injection

LG

LGC14

C.LG.19

Y

Epoxy Injection

LG

LGE103

C.LG.20

Coupling beam on 31/03/11 Cracking to beam soffit and side of beam.
W7
Concrete wall W7 31/03/11 0.2mm diagonal shear cracking

106186.08 CDHB Riverside Central

31/03/11
019
31/03/11
026

N

N

N

31/03/11
027
31/03/11
029
31/03/11
030

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

LG

LGC2A

C.LG.21

Concrete wall W7 31/03/11 Hairline vertical crack

N

LG

LGW40A

C.LG.22

Concrete wall W1 07/04/11 Diagonal shear crack 0.2mm

N

LG

LGW42

C.LG.23

Concrete wall W1 07/04/11 Diagonal shear cracking up to 0.3mm
Hairline diagonal cracking

Y

Epoxy Injection

LG

LGE22

C.LG.24

Concrete walls
W6, W4

Y

Epoxy Injection

LG

Throughout

LG

LGC4

LG

G

07/04/11 Concrete walls lined unable to be viewed.
29/2/12 We require that these walls are opened for
inspection
03/04/12 0.1 0.3mm diagonal cracks in wall.

Concrete columns, 07/04/11 Ceilings obscured view of the heads of columns
concrete beams
and concrete beams throughout LG.

N

C.LG.25

Concrete wall W2 07/04/11 Concrete walls lined unable to be viewed.
29/2/12 RCP reported that this section of wall was opened
and all 0.2mm plus cracks were epoxy injected while the
adjacent west block work was being done

C

LGC8

C.LG.25

Free standing
masonry wall

GC5A

C.G.01

Coupling beam on 07/04/11 Hairline vertical/diagonal cracking at top of
W7/Column 21 column.

106186.08 CDHB Riverside Central

Photo
Reference

31/03/11
031, 032
07/04/11
Central 001
07/04/11
Central 002,
003, 004

Epoxy Injection

29/2/12 RCP requested comment: This wall appears to be
tied into the adjacent wall. It is also assumed that it has reinf
starters from the base slab. The free end to the south is also
restrained by the timber door frame
N

07/04/11
005

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Various

07/04/11 • No damage observed to concrete wall W6
including columns.
• No damage observed to concrete wall W3
• No damage observed in stair core walls (W5, W13, W11,
W12, W15).

G

General
Observation
s

G

GC22,
GC23A, B,
C

C.G.06

Concrete wall W1 07/04/11 Concrete walls lined unable to be viewed.
29/2/12 Inspected through 3 hatches provided; 0.2 to
0.3mm diagonal crack identified in Room GC23B

Y

Epoxy Injection

G

GC18,
GC28, A

C.G.07

Concrete wall W4 07/04/11 Concrete walls lined unable to be viewed.
29/2/12 GC18 Locked; GC28A Shower lining; GC28:
0.3mm diag crack evident in plaster

Y

Epoxy Injection

G

Throughout

Concrete columns, 07/04/11 Ceilings obscured view of the heads of columns
concrete beams
and concrete beams throughout Ground level. 29/2/12 No
inspection conducted

F

G

GC17

C.G.08

Wall W4

29/2/12: Room was in process of renovation and re paint.
No apparent cracking identified at original survey.

N

L1

1C33

C.1.01

07/04/11 Diagonal crack from door head.

Y

Epoxy Injection

L1

1C33

C.1.02

Epoxy Injection

1C22

C.1.03

07/04/11 Diagonal crack from door head, damage to
plaster lining on beam soffit.
07/04/11 Intersecting diagonal shear cracks 0.2mm 0.3mm.
29/2/12 Hatch opened in adjacent Rm 1C21: No evidence
of cracking

Y

L1

Spandrel beam on
W5
Spandrel beam on
W7
Concrete wall W1

Y

Epoxy Injection

L1

1C10

C.1.04

Concrete wall W2 07/04/11 Vertical cracking in plaster adjacent column 17.

106186.08 CDHB Riverside Central

Photo
Reference

N

N

07/04/11
006
07/04/11
007
07/04/11
008

07/04/11
009

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

L1

1C10

L1

General
Observation
s

L1

1C29A,
1C16

L1

Location

Observations

Repair
Repair
Required

Concrete wall W7 07/04/11 Diagonal and vertical hairline cracking above
door.
Various
07/04/11 • No damage observed to concrete wall W6
including columns.
• No damage observed to concrete wall W3
• No damage observed in stair core walls (W5, W13, W11,
W12, W15).

N

Concrete wall W4 07/04/11 Concrete walls lined unable to be viewed.
29/2/12 Appeared to be wall paper on plastered surface:
No apparent cracking

N

Throughout

Concrete columns, 07/04/11 Ceilings obscured view of the heads of columns
concrete beams
and concrete beams throughout L1.

F

L1
L2

1C33
2C10B

C.2.01

Y
Y

Epoxy Injection
Epoxy Injection

L2

2C10B

C.2.02

Floor Slab
07/04/11 Cracks up to 0.3/0.4mm wide 8/6/11
Concrete wall W5 07/04/11 Vertical crack, diagonal at top. Possible at pour
join.
Concrete wall W7 07/04/11 Diagonal crack at top of door.

Y

Epoxy Injection

L2

2C11B,
2C11B
2C10,
2C11B

C.2.03

Concrete wall W3 07/04/11 0.4mm cracking from bottom left and right
corners of window.
Concrete wall W3 07/04/11 0.2mm cracking above door. Further investigation
required to determine crack width in concrete.

Y

Epoxy Injection

2C33

C.2.05

Spandrel on W5

F

L2

L2

C.1.05

Building Element

No code #

C.2.04

106186.08 CDHB Riverside Central

07/04/11 Crack in spandrel beam at door head. Further
investigation required to determine crack width in concrete.

Photo
Reference

07/04/11
010

N

F

07/04/11
011
07/04/11
012
07/04/11
017
07/04/11
018
07/04/11
019

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

Location

L2

2C06

C.2.06

L2

2C27

C.2.07

L2

2C24

C.2.08

L2

2C25

C.2.09

L2

2C01

L2

2C01A

L1

1C33, 1C32

L2

Throughout

L3

3C08A

L3

Building Element

Observations

Repair
Repair
Required

Concrete column 07/04/11 Cracking adjacent column and partition wall.
21
Concrete column 07/04/11 Cracking adjacent column and partition wall.
2
Concrete wall W1 07/04/11 Crease through wallpaper noted, further
investigation required.
Concrete wall
07/04/11 Creased wallpaper below window, further
W6/
investigation required. Crack in column from window sill.

N

C.2.10

Concrete Wall W2 07/04/11 0.1mm vertical crack from window sill.

N

C.2.11

07/04/11 Vertical hairline crack at midspan of beam

N

07/04/11 Walls lined in plaster

N

07/04/11 Ceilings obscured view of the heads of columns
and concrete beams throughout L2.
07/04/11 Vertical crack up entire length of wall from LG
L7, up to 0.7mm. (Same crack as in C.6.16) (Crack possibly
existing).

F

C.3.01

Concrete wall
W15
Coupling beam on
W15
Internal corridor
concrete walls
Concrete Wall W3

C308A

C.3.02

Concrete wall W7 07/04/11 Crack above door head.

N

L3

3C01

C.3.03

N

L3

C301A

C.3.04

Concrete wall W5 07/04/11 Hairline vertical crack down from wall opening.
Hairline diagonal crack out from duct/wall.
Concrete wall
07/04/11 Vertical hairline crack at midspan of beam
W15

106186.08 CDHB Riverside Central

Y

Epoxy Injection

F
F

Y

N

Photo
Reference

07/04/11
020
07/04/11
021
07/04/11
022
07/04/11
023, 024
07/04/11
025
07/04/11
026

Epoxy Injection

07/04/11
013

07/04/11
015
07/04/11
016

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

Location

L3

3C34

C.3.05

L3

3C34, 3C12

C.3.06

L3

3C08

C.3.07

L3

3C11, 3C08

C.3.08

L3

3C02

C.3.09

L3

3C303

C.3.10

L3

3C303

C.3.11

L3

3C33

L3

Building Element

Observations

Repair
Repair
Required

Coupling beam on
W5
Coupling beam on
W7
Concrete wall W7

07/04/11 Diagonal creasing in wallpaper, further inspection
required.
07/04/11 Cracking through side and soffit of beam.

07/04/11 Cracking above door head through wallpaper,
further inspection required.
Concrete wall W3 07/04/11 Cracking out from bottom left and right hand
sides of window sill.
Concrete wall W7 07/04/11 Crease in wallpaper along length of wall,
further inspection required.
Ceiling adjacent 07/04/11 Damage to plaster lining adjacent column.
Column in Wall
W2

F
Y

Epoxy Injection

F
Y

Epoxy Injection

F
Y

Non structural

Concrete wall W2 07/04/11 Cracking out from bottom corners of window.

Y

Epoxy Injection

C.3.12

Concrete wall W6 07/04/11 Diagonal creases through wallpaper and column,
further inspection required. Horizontal/diagonal crease
through wallpaper, further inspection required.

F

3C31

C.3.13

F

L3

3C29

C.3.14

L3

3C25

C.3.15

Concrete wall W6 07/04/11 Diagonal creases through wallpaper and column,
further inspection required.
Concrete wall W6 07/04/11 Creased wallpaper at column/partition wall
junction, further inspection required.
Concrete wall W6 07/04/11 Creased wallpaper through column and below
window, further inspection required.

106186.08 CDHB Riverside Central

F

Photo
Reference

07/04/11
027
07/04/11
028
07/04/11
029
07/04/11
030 ,031
07/04/11
032
07/04/11
033
07/04/11
034
07/04/11
035, 036

07/04/11
037

F

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

L3

3C07

C.3.16

Concrete Column 07/04/11 Creased wallpaper at column/partition wall
junction, damage to local cornice, further inspection
required.

F

L3

3C01A

C.3.17

Y

Epoxy Injection

L3
L3
L4

3C11, 3C14
3C13
4C32

F
Y
F

Epoxy Injection

C.4.01

L4

4C32

C.4.02

Concrete wall W5 07/04/11 Horizontal crack from top of door up to 0.4mm.
Minor spalling of concrete.
East walls W3, W4 07/04/11 Concrete walls lined unable to be viewed.
Floor Slab
07/04/11 Cracks up to 0.3/0.4mm wide 8/6/11
Concrete wall
07/04/11 Diagonal hairline crack above door head to
W11
ceiling.
Coupling beam on 07/04/11 Diagonal crack in side of beam from ceiling.
W7
Splitting of beam soffit and side of beam to 1mm.
Diagonal crack up to 0.2mm from door to beam soffit.

Y

Epoxy Injection

L4

4C32

C.4.03

N

L4

4C06

C.4.04

Concrete wall W5 07/04/11 Cracking at window heads along wall hairline
0.1mm.
Column 21
07/04/11 Damage at partition wall/column junction.

L4

4C10A

C.4.05

Concrete wall W7 07/04/11 Cracking above door head 0.1mm.

N

L4

4C10A

C.4.06

Concrete wall W3 07/04/11 Hairline 0.1mm cracking at window sill corners.

N

L4

4C26

C.4.07

F

L4

4C26

C.4.08

Concrete wall W6 07/04/11 Possible signs of movement at column/window
sill, further inspection required.
Various
07/04/11 Walls W6, W4, L5 slab soffit inspected through
exposed ceiling. No damage observed.

106186.08 CDHB Riverside Central

Y

Non structural

Photo
Reference

07/04/11
038

07/04/11
039
07/04/11
040, 041,
042

07/04/11
043
07/04/11
044
07/04/11
045
07/04/11
046, 047
07/04/11
048

N

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

L4

4C18

L4

Location

C.4.09

Building Element

Observations

Repair
Repair
Required

Concrete wall W7 07/04/11 Hairline crack in coupling beam adjacent column.
/ Column 21

N

4C29

Concrete wall W1 07/04/11 Concrete walls lined unable to be viewed.

F

L4

4C29

F

L4

4C33, 4C17

L4

4C0, 4C11

Concrete wall W6 07/04/11 Concrete wall covered in lino below windows
not able to be viewed
Concrete wall W2 07/04/11 Concrete wall covered in lino below windows
not able to be viewed
Concrete wall W3 07/04/11 Concrete walls lined unable to be viewed.

L5

5C30C

C.5.01

Concrete walls
W11, W12

07/04/11 Diagonal cracks out from door heads. 0.2mm
0.3mm. Crack on W11 visible from both sides of wall.

Y

L5

5C31

C.5.02

5C31,
5C11B

C.5.03

07/04/11 Horizontal/diagonal hairline cracking between lift
shafts.
07/04/11 0.1mm diagonal cracking at edge of beam.
Cracking from door head to side of beam.

N

L5

Concrete wall
W11
Concrete wall
W7/coupling
beam

L5

5C11

C.5.04

L5

5C23

C.5.05

L5

5C22

C.5.06

Spandrel beam
W3/W4
Concrete wall W6
/ Column 0
Concrete wall W6

07/04/11 Hairline cracking at beam soffit. Concrete
crushing evident at movement joint.
07/04/11 Crease through wallpaper on column, further
inspection required
07/04/11 0.1mm diagonal cracking along wall.

106186.08 CDHB Riverside Central

Photo
Reference

F
F

Epoxy Injection

07/04/11
049, 050
07/04/11
051
07/04/11
052

N

Y
F

Spalling Repair

07/04/11
053
07/04/11
054

N

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

L5

5C11

C.5.07

Column 12

07/04/11 Damage to plaster lining adjacent column.
Further inspection required.
10/4/12 Base of central columns viewed. No cracks
observed

N

07/04/11
055

L5

5C29

C.5.08

07/04/11 0.1mm cracking through beam soffit.

N

07/04/11
056

L5

5C12

C.5.09

07/04/11 0.1mm cracking through beam soffit.

N

L5

5C30C

C.5.10

07/04/11 0.1mm cracking through beam soffit.

N

L5

5C8A

C.5.11

07/04/11 0.1mm vertical cracking at wall junction.

N

L5

5C30C

C.5.12

Spandrel beam on
W1
Spandrel beam
W1/W2
Coupling beam on
W15
Concrete walls
W9/W5
Concrete wall W5

11/03/11 Horizontal crack below windows 0.1mm.

N

L6

6C6

C.6.01

6C12

C.6.02

11/03/11 Diagonal cracking on wall 0.1mm.
Diagonal cracking out from door head 0.1mm.
11/03/11 Horizontal crack at floor level 0.1mm 0.2mm.

N

L6
L6

6C12

C.6.03

Concrete wall
W12
Concrete wall
W12
Concrete wall W5

11/03/11 Horizontal crack below windows 0.1mm.

N

L6

6C13

C.6.04

L6

6C2

C.6.05

L6

6C10

C.6.06

106186.08 CDHB Riverside Central

Y

Lintel/coupling 11/03/11 Cracking above doorhead 0.1mm.
beam on W15
Concrete wall W2 11/03/11 Cracking from bottom right corner of window.

N

Concrete wall
W8/spandrel
beam

N

11/03/11 0.1mm vertical crack at spandrel to corner of
window.

Y

07/04/11
057
07/04/11
014
11/03/31
Central 033
11/03/31
034, 035
Epoxy Injection

Epoxy Injection

11/03/31
037
11/03/31
038
11/03/31
039

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

Location

Building Element

Observations

Repair
Repair
Required

Photo
Reference

L6

6C10

C.6.07

Concrete wall W3 11/03/11 0.3mm vertical crack.

Y

Epoxy Injection

L6

6C10

C.6.08

Level 7 slab
(soffit)

11/03/11 Cracking in slab soffit. Intersecting diagonal
cracks.

Y

Epoxy Injection

L6

6C10

C.6.09

Level 7 slab
(soffit)/concrete
beam

11/03/11 Crack in slab soffit connected to vertical crack in
concrete beam.

Y

Epoxy Injection

11/03/31
044

L6

6C10

C.6.10

Concrete wall W3 11/03/11 0.3mm vertical crack.

Y

Epoxy Injection

L6

6C10

C.6.11

11/03/11 Cracking in slab soffit.

Y

Epoxy Injection

L6

6C10

C.6.12

11/04/01 Cracking in slab soffit.

Y

Epoxy Injection

L6

6C10

C.6.13

11/04/01 0.3mm diagonal cracking adjacent fire door.

Y

Epoxy Injection

L6

6C10

C.6.14

Level 7 slab
(soffit)
Level 7 slab
(soffit)
Concrete wall
W11
Concrete wall W3

11/04/01 Vertical cracking up to 0.3mm from bottom of
window.

Y

Epoxy Injection

11/03/31
045
11/03/31
046, 047
11/04/01
Central 002
11/04/01
003, 004
11/04/01
005, 006

L6

6C10

C.6.15

Y

Epoxy Injection

L6

6C10A

C.6.16

Level 7 slab
11/04/01 Cracking in slab soffit.
(soffit)
Concrete wall W3 11/04/01 Vertical crack in wall up length to L7. (Crack
corresponds to C.3.01).

Y

Epoxy Injection

L6

6C16

C.6.17

Column on
stairwell

N

106186.08 CDHB Riverside Central

11/04/01 Hairline horizontal crack in column 2m above
landing.

11/03/31
040
11/03/31
041, 042,
043

11/04/01
007, 008
11/04/01
009
11/04/01
010

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

Location

L6

6C10

L7

7C05, 6C16

C.7.01

L7

7C05, 6C16

L7

Building Element

Observations

Repair
Repair
Required

Concrete columns 11/04/01 No damage observed to exposed columns
in 6C10.
Concrete wall W7 11/04/01 Widespread horizontal, diagonal & vertical
in L6 L7 stairwell cracking.

N

C.7.02

Concrete column 11/04/01 Hairline horizontal crack in column.
outside stairwell
(19)

N

7C01A

C.7.03

Concrete wall W9 11/04/01 Diagonal shear cracking up to 0.7mm.

L7

7C01A

C.7.04

L7

C.7.05

L7

7C01,
7C01A
7C04

L7

7C04

C.7.07

L7

7C04

C.7.08

L7

7C01, 7C04

C.7.09

L7

7C03

C.7.10

L7

7C03

C.7.11

C.7.06

106186.08 CDHB Riverside Central

Photo
Reference

Epoxy Injection

11/04/01
011, 012

Y

Epoxy Injection

11/04/01
013, 014,
015, 016

Concrete wall W5 11/04/01 0.7mm diagonal crack.

Y

Epoxy Injection

Concrete wall W7 11/04/01 0.5mm cracking above fire door at pipe/wall
junctions.
Concrete wall W9 11/04/01 Shear cracks in C.7.03 viewed from other side of
wall.
Concrete wall W5 11/04/01 Vertical crack in wall from beam soffit 0.1mm.

Y

Epoxy Injection

Y

Epoxy Injection

11/04/01
017
11/04/01
018
11/04/01
019, 020
11/04/01
021
11/04/01
022
11/04/01
023

Y

N

Concrete wall
11/04/01 Diagonal shear cracks up to 0.6mm.
W11
Concrete wall W7 11/04/01 Vertical crack at door head up to 0.2mm.

Y

Epoxy Injection

Y

Epoxy Injection

Concrete wall W5 11/04/01 Hairline vertical cracks from top of windows and
walls.
Concrete walls
11/04/01 Diagonal shear cracks up to 0.3mm may be
W15, W2
existing.

N
Y

Epoxy Injection

11/04/01
024, 025

Refer to Table 4.3 and HCG Specification for repair details
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Level

Room
Number

Location

L7

7C01

C.7.12

L7

7C01

C.7.13

L7

7C01

C.7.14

L7

7C01

C.7.15

L7

7C01

C.7.16

L7

Throughout

L7

7C01

L7
L7

Building Element

Observations

Repair
Repair
Required

Concrete wall W2 11/04/01 0.3mm 0.4mm crack from top left corner of
window.
Concrete wall W2 11/04/01 Hairline 0.1mm vertical cracks up height of wall.

Y
N

Concrete wall W8 11/04/01 Hairline vertical cracks from top corners of
windows.
Concrete wall W3 11/04/01 Vertical cracking from top of slab to mid height
of wall.
Concrete wall W3 11/04/01 0.1mm vertical crack from top of slab to bottom
of window. Vertical crack from top right of window.

N

Concrete columns 11/04/01 No damage observed to columns with exception
of that in C.7.02.
Level 7 slab
11/04/01 No damage observed to top of L7 slab. A
number of tanks sit on top of the slab so it is not possible to
tell if the cracks observed in the soffit of the slab while on
L6 extend through to the top of the slab.

N

Throughout

Roof slab

11/04/01 No damage observed to the roof slab.

N

Throughout

Concrete Beams

11/04/01 No damage observed to concrete beams
supporting the roof slab.

N

106186.08 CDHB Riverside Central

Epoxy Injection

Y
N

Epoxy Injection

Photo
Reference

11/04/01
026
11/04/01
027
11/04/01
028
11/04/01
029, 030
11/04/01
031, 033

N

Refer to Table 4.3 and HCG Specification for repair details
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Reference / Key Plans

KEY
Areas viewed
Areas where follow-up
destructive inspection
is required

B4

B4
B1/B2

B1/B2

SERVICE TRENCH
B1/B2

B3

Title:
Basement Under
Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW50
Date: Update 8/6/11, 14/6

KEY
Areas viewed
Areas where follow-up
destructive inspection
is required

LG20

LG9

LG8

LG7
LG13
LG12
LG23

LG16

LG6
LG15

LG19

LG11

LG5

LG18

LG1
LG4

LG14
LG22

LG7B
OK
PHOTOS 088, 089, 090

14/6
FLOOR
CRACK

LG3

LG7A
LG2

LG10

LG17 VIEWED LGG4
LG2 & 3
VIEWED FROM
HERE

Title:
Lower Ground Floor
Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW51
Date: Update 8/6/11, 14/6

KEY
Areas viewed
Areas where follow-up
destructive inspection
is required

G10

G5

G4
G6
G7 EXPLORE
HATCH
COVER

G3

G8
G12

G11

G2

X

X

G9
0.5mm cracks observed in
wall at opening 20/04/12

Title:
Ground Floor
Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW52
Date: Update 8/6/11, 14/6

KEY
Areas viewed
Areas where follow-up
destructive inspection
is required
0.2mm diagonal cracks
observed in wall 20/04/12

L1.13

L1.5

L1.6
L1.4

L1.8

L1.1

L1.9

L1.12

X

X

X

L1.3
L1.10

L1.2

L1.14
Approx location where slab
above was reviewed. No
cracks identified 20/04/12

Title:
First Floor
Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW53
Date: Update 8/6/11, 14/6

KEY
Areas viewed
Areas where follow-up
destructive inspection
is required

FULLY OCCUPIED
LIMITED ACCESS

L2.7

L2.6

L2.4
L2.5

L2.3
L2.2

Title:
Second Floor
Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW54
Date: Update 8/6/11, 14/6

KEY
Areas viewed
Areas where follow-up
destructive inspection
is required

L3.4

L3.5
L3.3

L3.6

FULLY OCCUPIED
LIMITED ACCESS

L3.7
L3.1
L3.8
L3.9

L3.2

Title:
Third Floor
Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW55
Date: Update 8/6/11, 14/6

KEY
Areas viewed
Areas where follow-up
destructive inspection
is required

L4.2B

L4.3
L4.4

L4.1

L4.8
WARD EMPTY FULL ACCESS

L4.5

L4.6
L4.7

L4.9

L4.10

L4.2A

L4.2
SCREWED ACCESS
HATCH AVAILABLE
IF REQUIRED

Title:
Fourth Floor
Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW56
Date: Update 8/6/11, 14/6

KEY
Areas viewed
Areas where follow-up
destructive inspection
is required
L5.8
SCREWED ACCESS
HATCH AVAILABLE
IF REQUIRED
18/06 OK

L5.16

L5.6
L5.5

L5.9

L5.7

L5.15
Above
L5.10

L5.13

L5.4

0.6mm

L5.17
L5.11

L5.12

L5.2
L5.1

L5.5
L5.3

L5.14

Title:
Fifth Floor
Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW57
Date: Update 8/6/11, 14/6

LG
Job Name: CDHB Riverside West
SSK #: RW-70
Job #: 106186.08
Rev:
Date: APR 2012

CEILING

SOUTH ELEVATION 1
(LOOKING NORTH)

0.3mm

Title:

ALL PIERS EXPOSED
0.2 - 0.3mm

5

0.2mm

4

3

2

1

UNAVAILABLE

G

CEILING

0.2mm

0.2mm

0.2mm

TRANSFER SLAB
NOT SIGHTED

0.2mm

2

0.2mm

1
0.5mm crack
20/04/12

SAMPLE LIMITED
ACCESS
X
0.2mm

X

0.3mm

G

1.2mm

0.9mm

LG
SOUTH ELEVATION 2
(LOOKING NORTH)

INFILL

Title:

INFILL

BAR TEST
REPORTED LGC4A

Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW-71
Rev:
Date: APR 2012

0.5mm

Approx 2.5mm
17/04/2012

Spalling
17/04/2012

Extensive spalling,
exposed
reinforcement
17/04/2012

5

FINE
CRACKS

4

3

2

1

G

14/6 0.3mm

0.5mm

INFILL
0.5mm

0.5mm

LG

Title:

CRAWL SPACE

BAR TEST
REPORTED LGW1

BAR TEST
REPORTED LGC36

BAR TEST
REPORTED LCG33

Job Name: CDHB Riverside West
SSK #: RW-72
Job #: 106186.08
Rev:
Date: APR 2012

0.2mm

EAST ELEVATION
(LOOKING WEST)

0.3- 0.5mm

NOT EXPOSED BUT
EVIDENT THROUGH
LININGS

1.0mm

UP TO 0.5mm

5

4

3

2

0.4mm

1

TION
C
E
SP
N
I
D
L
FUL QUESTE RELS
RE
AND
P
S
S&
R
E
I
P
G

FINE

0.3mm
(14/6)

LG

Job Name: CDHB Riverside West
SSK #: RW-73
Job #: 106186.08
Rev:
Date: APR 2012

FINE

NORTH ELEVATION
(LOOKING SOUTH)

0.5mm

TION
C
E
SP
N
I
D
L
FUL QUESTE RELS
RE
AND
P
S
S&
R
E
I
P

SAMPLE
ONLY

Title:

ALL EXPOSED

0.5mm
0.3mm
Job Name: CDHB Riverside West
SSK #: RW-74
Job #: 106186.08
Date: APR 2012
Rev:

0.2mm

BAR TEST
REQUEST
WEST ELEVATION
(LOOKING EAST)

14/06
0.2-0.3mm

Title:

FINE

BAR TEST
CONTROL

FINE

0.2mm

0.2mm

0.2mm

0.3mm
FINE

14/06
0.3mm

1.0mm

INTERNAL STAIR CORE
Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW-75
Date: APR 2012
Rev:

Title:

0.2mm

0.2mm

0.2mm

14/06
0.2-0.3mm

KEY
Areas viewed

Walk over service trench

Areas where follow-up
destructive inspection
is required

SERVICE TRENCH

B5 crack from
penetration

B3 vertical wall
cracks widespread

Title:
Basement Under
Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE50
Date: Update 8/4/11

BONE MARROW
TRANSPLANT ROOMS
ASSESS RESTRICTED

LG3 (sample)

LG1

ROOMS NOT ASSESSIBLE

LG2 (sample)

LG11

LG18

LG1

LG17
LG7

LG12
LG11 Soffit

LG10
LG8

OK LG 13

LG6
LG14

LG15
LG5

Cracked logged in Clinical Services S/S

LG4

LG16

Title:
Lower Ground Floor
Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE51
Date: Update 8/4/11

G7
NO
APPARENT
CRACKING
SEALED
CEILINGS

X

G8

NO ACCESS

G4
G5

X

X
X

G9

G6
WALLPAPER COVERS
COUPLING BEAM - NO
APPARENT DAMAGE

G10 LIMITED ACCESS

X

G2
G3

X

G9

X
NO EVIDENCE

G1

OBSERVED ROOF PLANT
ROOM: CRACK - OLD
SHRINKAGE, NO NEW
EVIDENCE
COULD HAVE A CLOSER LOOK

Title:
Ground Floor
Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE52
Date: Update 8/4/11

L1.8a

OK - SEALED CEILINGS

JOINT
CAPPING
L1.9

L1.11
LIMITED
ACCESS
NO
APPARENT

L1.8

L1.6
L1.7
ACCESS
HATCH
L1.5

X

X

X

L1.13
L1.12

L1.4

L1.1

Title:
Level 1
Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE53
Date: Update 8/4/11

NO APPARENT
CRACKING

NO APPARENT
CRACKING
LIMITED ACCESS

NO APPARENT
CRACKING

OK

X

X

X

ACCESS
HATCH
AVAILABLE

X

X

L2.2
L2.3

No entry on S/S

L2.4

Title:
Level 2
Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE54
Date: Update 8/4/11

RESTRICTED

X

NO APPARENT
CRACKING

X

X
RESTRICTED ACCESS L3.1

SEISMIC JOINT L3.6

NO EVIDENCE

X

X

X

X

X

X

X
L3.2

L3.3
L3.5

L3.4

Title:
Level 3
Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE55
Date: Update 8/4/11

VACANT L4.1

L4.8

L4.7

X

X
L4.2

L4.6
HORIZONTAL
CRACK

L4.5
L4.4

L4.3

Title:
Level 4
Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE56
Date: Update 8/4/11

L5.7

L5.8

VACANT L5.1

COLUMN OK

SEISMIC JOINT L5.6

NO EVIDENCE

0.4mm

X
L5.2
L5.7a
SCREWED
HATCH
AVAILABLE

L5.7a

L5.10

L5.4

L5.3

L5.9 VIEWED FROM
FOURTH FLOOR BELOW

Title:
Level 5
Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE57
Date: Update 8/4/11

Job Name: CDHB Riverside East
SSK #: RE-70
Job #: 106186.08
Date: MAY 2012
Rev:

SOUTH ELEVATION 1
(LOOKING NORTH)

LG

Title:

0.2mm
0.2 - 0.3mm

5

4
LINED NO EVIDENCE

3

2

1

G

0.1mm

5

0.1mm

4

0.1mm

3

0.1mm

2
0.2mm
LINED NO EVIDENCE CRACKING

0.1mm

1

LINED NO EVIDENCE CRACKING

G

LG

SOUTH ELEVATION 2
(LOOKING NORTH)

0.2mm

Job Name: CDHB Riverside East
SSK #: RE-71
Job #: 106186.08
Date: MAY 2012
Rev:

WIDESPREAD
CRACK IN SHEAR
WALL 0.2 - 0.3mm

Title:

RECOMMENDED AT FULL
INSPECTION OF PIERS &
SPANDRELS

EAST ELEVATION
(LOOKING WEST)

LG
Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE-72
Date: MAY 2012
Rev:

Title:

0.2mm

5

0.3mm

0.1 - 0.2mm

4

0.1 - 0.2mm

0.1 - 0.2mm

3

2

0.2mm

0.2mm

1

0.2mm

G

0.2mm

LG
Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE-73
Date: MAY 2012
Rev:

EAST ELEVATION
(LOOKING SOUTH)

0.6mm

Title:

0.3mm

0.5mm

5

LINED NO EVIDENCE

4

3

2

1

G

17/04/2012 Spalling at
construction joint

5

0.2mm

4

3

2
0.2mm

1

G
0.2mm

Significant spalling
and cracking
observed at corner of
opening

Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE-74
Rev:
Date: MAY 2012

LG

WEST ELEVATION
(LOOKING EAST

0.2 - 0.3mm

0.2 0.5mm

Title:

NEEDS TO BE
OPENED

0.2 >3mm

LG
Job Name: CDHB Riverside East
Job #: 106186.08
SSK #: RE-75
Date: MAY 2012
Rev:

INTERNAL STAIR CORE

INFILL

Title:

5

0.1mm

4

0.1mm

3

0.1mm

2

0.1mm

1

0.1 - 0.2mm

0.2mm

G

0.1mm

NOTE: The references in these plans refer to
entries in Appendix B1-Record of Observations.
For information regarding areas that have not yet
been inspected or need re-inspection refer to
Destructive Inspection plans RC0I/00 - RC0I/09

WALL 6

WALL 4

WALL 9

WALL 8

WALL 7
WALL 2

WALL 3

WALL 17
WALL 11
WALL 6

WALL 15

WALL 14

WALL 9
WALL 10

KEY PLAN
WALL 12

WALL 13

WALL 5

Title:
Basement Under
Job Name: CDHB Riverside Central
Job #: 106186.08
SSK #: RC50
Date: Update 12/4/11

C.LG.15

Denotes beam
above (typical)

C.LG.23

C.LG.16
No damage
observed

C.LG.17
No damage
observed

C.LG.22

C.LG.09

C.LG.10 C.LG.21

C.LG.20
C.LG.19

C.LG.01

C.LG.12

C.LG.05

C.LG.14

C.LG.06 Top of column
inspected - no damage
observed

C.LG.02

C.LG.08

C.LG.13

C.LG.03

KEY PLAN
Title:
Basement Lower Ground
Job Name: CDHB Riverside Central
Job #: 106186.08
SSK #: RC51
Date: Update 12/4/11

C.LG.18
C.LG.07
C.LG.11

C.LG.04

C.GC.07
C.G.06

INSPECTED
BEAM ABOVE.
NO DAMAGE
OBSERVED

C.G.01

KEY PLAN
Title:
Ground Floor
Job Name: CDHB Riverside Central
Job #: 106186.08
SSK #: RC52
Date: Update 12/4/11

C.1.03

C.1.04

C.1.05
C.1.02

FLOOR
CRACKS

KEY PLAN
C.1.01

Title:
First Floor
Job Name: CDHB Riverside Central
Job #: 106186.08
SSK #: RC53
Date: Update 12/4/11

C.2.09

C.2.07

C.2.04
C.2.06

C.2.03

C.2.08

C.2.10

C.2.02

C.2.11

KEY PLAN
C.2.05
C.2.01

Title:
Second Floor
Job Name: CDHB Riverside Central
Job #: 106186.08
SSK #: RC54
Date: Update 12/4/11

C.3.15

C.3.14

C.3.13

C.3.12

C.3.16

C.3.07

C.3.09

C.3.08

C.3.11

C.3.10

C.3.06
C.3.02

C.3.01

C.3.04

C.3.05

KEY PLAN

C.3.03

C.3.17

Title:
Third Floor
Job Name: CDHB Riverside Central
Job #: 106186.08
SSK #: RC55
Date: Update 12/4/11

C.4.07

C.4.04

C.4.05
C.4.02
Beam
Above

C.4.06

C.4.08
Above

C.4.03

C.4.09

KEY PLAN
Title:
Fourth Floor
Job Name: CDHB Riverside Central
Job #: 106186.08
SSK #: RC56
Date: Update 12/4/11

C.5.06

C.5.05

C.5.08

C.5.07

C.5.03

C.5.04

C.5.02

C.5.09

C.5.10

KEY PLAN
C.5.12
C.5.01

C.5.11

Title:
Fifth Floor
Job Name: CDHB Riverside Central
Job #: 106186.08
SSK #: RC57
Date: Update 12/4/11

C.6.09**

C.6.05

C.6.12*

C.6.11*

C.6.10

C.6.08*

C.6.07

C.6.06

C.6.15*

C.6.17

C.6.13

C.6.01

C.6.04

C.6.16

C.6.14

* soffit above
** beam & soffit above

C.6.03

C.6.02

KEY PLAN
Title:
Sixth Floor
Job Name: CDHB Riverside Central
Job #: 106186.08
SSK #: RC58
Date: Update 12/4/11

C.7.14

C.7.02

C.7.01

C.7.15

C.7.05

C.7.16

C.7.12

C.7.13

SLAB NG
CKI
CRA E
SE 12
- 6.
6.08

C.7.10

C.7.03

C.7.06

C.7.11

C.7.08

C.7.11

C.7.09

C.7.07
C.7.04

KEY PLAN
Title:
Seventh Floor
Job Name: CDHB Riverside Central
Job #: 106186.08
SSK #: RC59
Date: Update 12/4/11

5

4

3

2

1

G

CRACK OBSERVED
BEHIND WALL LINING
- FULL EXTENT OF
DAMAGE UNKNOWN
LG

WALL 1

NOTE: FOR ALL ELEVATION A WALL SHADED FULL
HEIGHT INDICATED THAT THE WALL HAS BEEN
INSPECTED TO CEILING HEIGHT. UNLESS NOTED
OTHERWISE THE WALL ABOVE THE CEILING AND
THE SLAB SOFFIT HAVE NOT BEEN INSPECTED

Title:

Wall 1

Job Name: CDHB Riverside Central
SSK #: RW-70-A
Job #: 106186.08
Date: 21/06/11
Rev:

6

5

4

3

2

1

G
TOP OF
COLUMN
SLAB
SOFFIT
INSPECTED
- NO
DAMAGE
OBSERVED

LG

WALL 2
Title:

Wall 2

Job Name: CDHB Riverside Central
SSK #: RW-71-A
Job #: 106186.08
Rev:
Date: 21/06/11

6

5

4

3

2

1

G

LG

Title:

Wall 3

Job Name: CDHB Riverside Central
SSK #: RW-72-A
Job #: 106186.08
Date: 21/06/11
Rev:

WALL 3

5
UPPER WALL
INSPECTED - NO
DAMAGE
OBSERVED
4

3

2

1

G

LG

Title:
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1.0

EXECUTIVE SUMMARY

Holmes Consulting Group had completed a structural inspection of the Riverside
Hospital on the CDHB downtown campus. A series of concrete elements in the
building were observed to have formed unexpected crack formations and concern
was raised about potential damage (or strength degradation) of the reinforcing steel
in areas near the observed cracking. Holmes Solutions was commissioned to
investigate the potential damage or degradation that may have resulted in the
reinforcing steel in a series of critical concrete elements.
To minimise further damage to the building, the testing of the reinforcing steel was
required to be non-destructive and require minimal preparation and/or repair work.
Furthermore, the Riverside block was required to remain an active hospital building
throughout the testing programme.
Holmes Solutions have developed an innovative testing protocol to allow the current
strain state of the reinforcing steel to be determined by measuring the hardness of
the steel. The testing can be conducted in-situ and requires minimum preparation
of the reinforcement beyond removal of the cover concrete to expose the reinforcing
bar surface. To increase the accuracy from the procedure, it is necessary to remove
material samples from the building (from non-critical regions away from the observed
damage) and subject them to laboratory based materials testing. A series of multidimensional correlations are then completed on the obtained results to normalise the
hardness factors for the on-site conditions and provide an accurate indication of the
steels current strain state. This information can then be compared to the laboratory
measured stress-strain information to determine how much strain capacity the
reinforcing steel may have lost due to previously induced damage.
Reinforcing steel in the critical locations from the Lower Ground Floor of Riverside
was exposed by removal of the cover concrete. Hardness testing was then completed
in-situ on the steel surface. Two steel samples were removed from a separate location
in the building (located in non-critical zones) and subjected to laboratory based
materials testing.
Concrete hardness testing was also completed to obtain a measure of the concrete
strength. The majority of the testing was completed in and around the zones of
damage noted on the lower ground floor, however additional testing was also
completed on Level 1 and Level 5 of the building.

2.0

TEST METHODOLOGY

Hardness testing has long been used as to determine the material properties of steel
samples, however it has only recently been used as a non-destructive tool to verify
the likely change in material properties of steel component due to damage caused
under seismic (or other) applied loads. There is limited published information
regarding the suitability of this technique, particular relating to reinforcing steel in
concrete elements. The primary difficulty with the technique has been determining a
suitable correlation between the measured hardness state and the material
properties.
Recent research has shown that Leeb hardness can be used as an indicator of the
current strain state of steel samples. Relating the Leeb hardness of steel samples to
the stress-strain properties of the base material allows an understanding of likely
damage (or loss of strain capacity) that the steel sample has sustained and therefore
to determine how much residual strain capacity the sample retains. This form of
direct comparison can only be achieved if suitable correlations are developed
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between the measured Leeb hardness and the strain state of the specific steel
sample.
Holmes Solutions has completed extensive research into the correlation between
Leeb hardness and the steel samples strain state for a range of different reinforcing
steels. The results from the research have been developed into a series of multidimensional correlation factors. When combined with a series of normalisation
techniques we can use the measured Leeb hardness results to provide an indication
as to the current strain state of the tested steel sample. The degree of uncertainty in
the recorded measurements is decreased with an increased volume of data that is
collected.
To accurately derive suitable correlations it is necessary to undertake materials
testing on a non-damaged sample of steel. The steel is subjected to a uniaxial
tension test and the hardness measured at a series of predefined stress and strains.
Hardness testing is completed when the sample is both under load and with the
applied load removed. Furthermore additional correlations can be derived for
various support conditions of the reinforcing steel at the time the hardness is taken.
The resulting correlations are used, in conjunction with the normalisation
techniques, to derive the value of stress and strain in the steel from the recorded
Leeb measurements. These results are then directly compared to the properties of
the parent material to estimate the potential reduction in strain capacity that has
been sustained by the steel sample.
Leeb readings are collected from in-situ reinforcing bars. The surface of the bars are
carefully prepared to specific requirements prior to testing. Readings are obtained
at critical locations along the length of the reinforcing bar to allow the strain profile
of the steel to be determined and to assist in the normalisation procedures.
The overall estimation of strain degradation for the tested steel samples is achieved
by using the derived strain damage from the Leeb testing in conjunction with
engineering knowledge of the particular application.
Wherever possible, all in situ hardness testing is completed in direct accordance with
ASTM A959-06 Standard Test Methods for Leeb Hardness Testing of Steel Products.
For all locations, a minimum of 6 individual hardness tests were completed with the
results averaged to obtain the recorded Leeb value. All recorded values were then
normalised using the derived multi-dimensional correlation factors.
2.1.

LEEB HARDNESS

The term hardness may be defined as the ability of a material to resist permanent
indentation or deformation when in contact with an indenter under load. Generally,
a hardness test consists of pressing an indenter of known geometry and mechanical
properties under predefined conditions into the test material.
Different hardness test methods have been developed and adopted for various test
problems. The main concern has always been the comparison of test results on an
unequivocally base to an accepted reference scale. Given that Hardness is not a
fundamental (physical) property of a material but rather a combination of variables
associated with the material, it is highly dependent on the test method used and to a
less extent the quality of the equipment used in the testing. As such it is very
important to clearly define the instrument that is being used and the associated test
parameters when reporting hardness values.
All testing for this project was completed using the Equotip 3 portable hardness
tester, utilising the Leeb hardness principals.
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Leeb hardness is obtained by firing an impact body containing a permanent magnet
and the very hard indenter sphere itself towards the surface of the test material and
measuring the velocity of the impact body in three main test phases;
•

the pre-impact phase, where the impact body is accelerated by spring force
towards the surface of the test piece.

•

the impact phase, where the impact body and the test piece are in contact. The
hard indenter tip deforms the test material elastically and plastically and is
deformed itself elastically. After the impact body is fully stopped, elastic recovery
of the test material and the impact body takes place and causes the rebound of
the impact body.

•

the rebound phase, where the impact body leaves the test piece with residual
energy, not consumed during the impact phase.

The Leeb hardness is determined by calculation, relating the three recorded
velocities. The velocities are measured in a contact-free means via the induction
voltage generated by the moving magnet trough a defined induction coil mounted on
the guide tube of the device. The induced voltage is directly proportional to the
velocity of the magnet and therefore used to determine the hardness of the steel
sample.

2.2.

CONCRETE REBOUND HARDNESS

Concrete hardness is often used as a non-destructive means of determining the
compressive strength of concrete. The most common method employed is the
rebound hardness, obtained from a portable Schmidt Hammer. The Schmidt
hammer works using a similar principle to the Leeb Hardness measurements,
whereby a weight is impacted on the surface of the material and the change in
velocity between the impact speed and rebound speed is determined. Correlations
are then applied to convert the change in speed to hardness and compressive
strength.
As with the Leeb Hardness measurements, increased accuracy in the obtained
results are achieved if the hardness measurements can be directly correlated against
the specific material being tested, by completing destructive materials testing on
samples of the material. This s typically achieved by removing core samples from the
structure and subjecting them to compressive testing. However, if no materials
testing is completed, standard conversion tables can be used to form the
correlations, with an associated reduction in accuracy.
All correlations for this project were completed using the standard lower
10 percentile strength curves specifically developed for the instrument used in the
testing. The curves were derived from testing of over 2,300 discrete locations. Use of
the lower 10 percentile curve is recommended by the leading Standards, EN 13791
and ASTM C805/ACI 228.1. The concrete strength values were then corrected from
cube strength into concrete cylinder strengths using the ACI correlation factors.
In each tested location, a grid of readings were recorded. The results from the grid of
readings were then averaged to provide the concrete hardness and associated
concrete strength of that location. This testing method is endorsed by most
International Testing Standards, and the manufacturers of the test equipment.
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3.0

TEST EQUIPMENT

3.1.

LEEB HARDNESS TESTER

A Proceq Equotip 3 portable hardness tester was used to all material hardness
values. The device is generally acknowledged as the industry standard for the
determination of Leeb hardness. The hardness tester was installed with a DL impact
device, allowing measurements on smaller diameter steel samples than the
conventional D device.
The Equotip 3 has a reported accuracy of ±4 HL and is traceably calibrated to NIST
standards.
3.2.

SILVERSCHIMDT HAMMER

A Proceq Silverschimdt Rebound Hammer was used to undertake all field
based concrete hardness testing for concretes of compressive strength
ranging from 10 to 100 MPa. This device and methodology generally
accepted as the industry leading device for determining the compressive
strength of concrete in-situ.
The Proceq Silverschimdt was fitted with the N-Type rebound hammer
providing test impact energy of 2.207 Nm.
3.3.

UNIVERSAL TEST MACHINE

A UH600 Shimazu servo-controlled Universal Test Machine (UTM) with a 600 kN
capacity was used to undertake all laboratory based materials testing. The UTM has
a maximum stroke of 250 mm and a peak table velocity of 150 mm/min.
Steel Elongation was recorded using a strain gauge based digital extensometer with a
gauge length of 50 mm. Applied loads were recorded directly using the internal
pressure transducer of the Shimazu control system.
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4.0

TEST RESULTS

4.1.

LABORATORY TESTING

Two reinforcing bars were removed from the Riverside Hospital building and
subjected to a series of laboratory based materials tests. The steel samples were
taken from zones in the building that had sustained no noticeable damage and
therefore represent examples of parent material.
RIVERSIDE-1 TEST SAMPLE
The obtained stress-strain response of Steel sample Riverside-1 is shown in Figure 1
below. Hardness testing was completed at various levels of applied strain, both with
load applied and with load removed from the steel. The points of inspection can be
observed in the recorded stress-strain response as areas of load cycling.

Test Sample - Riverside 1
700
600

Stress (MPa)

500
400
300
200

100
0
0%

5%

10%

15%

20%

25%

Strain (%)

Figure 1

Materials Test Result for Steel Sample Riverside1

Sample Riverside 1 had a recorded yield stress (fy) of 380 MPa and a maximum
recorded stress (fu) of 594 MPa. As such the strain hardening ratio of the steel (fu/fy)
of 1.56. This level of strain hardening ratio indicates that the steel has a high
likelihood of spreading areas of yield along the bar. This is a beneficial property for
limiting the potential damage at a localised zone of damage in a reinforced concrete
member. The high strain hardening ratio will also result in higher values of member
overstrength in areas sustaining inelastic actions.
The recorded Leeb hardness for the steel sample, and the associated stress and
strain at the point of testing are reported in Table 1 below. A series of 6 individual
Leeb hardness test results were taken and averaged to produce the reported value of
Recorded Average Leeb.
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Table 1

Baseline Material Strength Results for Test Sample 1

Applied Load
(kN)

Steel Strain
(%)

Steel Stress
(MPa)

Recorded
Average Leeb

0.0

0

0

468

40.0

1.0

380

468

44.0

2.0

430

466

60.5

6.5

550

483

63.0

11.0

584

503

Fracture

22.0

550

502

RIVERSIDE-2 TEST SAMPLE
The obtained stress-strain response of Steel sample Riverside-2 is shown in Figure 2.
Hardness testing was completed at various levels of applied strain, both with load
applied and with load removed from the steel. The points of inspection are identified
on the recorded stress-strain response as areas of load cycling.

Test Sample - Riverside 2
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25%
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Figure 2

Materials Test Result for Steel Sample Riverside 2

Sample Riverside-2 had a recorded yield stress (fy) of 488 MPa and a maximum
recorded stress (fu) of 753 MPa, resulting in a strain hardening ratio (fu/fy) of 1.54.
This level of strain hardening ratio is consistent with the result obtained for
Riverside-1 and indicates that the steel has a high likelihood of achieving suitable
levels of yield penetration along the bar.
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Table 2

Baseline Material Strength Results for Test Sample 2

Applied Load
(kN)

Steel Strain
(%)

Steel Stress
(MPa)

Recorded
Average Leeb

0.0

0

0

512

49.0

1.0

500

518

65.0

3.0

618

536

73.0

7.0

639

548

81.0

13.0

726

566

85

14.0

750

578

Fracture

23.0

700

580

The recorded Leeb hardness for sample Riverside-2, and the associated stress and
strain at the point of testing are reported in Table 2. As with sample Riverside-1, a
series of 6 individual Leeb hardness results were taken and averaged to produce the
reported value of Recorded Average Leeb.

4.2.

IN-SITU HARDNESS

LOCATION A: (LGC4A)
Room LGC4 showed diagonal cracking of the shear wall element, with diagonal
cracking in the concrete surface. The cover concrete was removed from reinforcing
steel crossing two cracks. A total of two vertical steel bars and two horizontal bars
were exposed surrounding the cracked concrete location. The in-situ hardness
results for location LGC4A are presented in Table 3 below.
Normalised Leeb values were determined using the derived normalisation
correlations derived for the steel and form the main basis of comparison with the
hardness measured obtained from the in-situ samples. Calculated Stress is
calculated through the correlations with Normalised Leeb.
Table 3

Recorded In-situ Hardness test results from location LGC4A

Location

Orientation

Steel
Support
Factor

Avg Rec.
HLDL
(Leeb)

Normalised
HLDL
(Leeb)

Lost Strain
Capacity

LGC4A-V1a

Vertical

Med

544

513

0-15%

LGC4A-V1b

Vertical

Low

501

522

15-25%

LGC4A-V1c

Vertical

Med

506

511

0-15%

LGC4A-V2a*

Vertical

Med

564

525

15-25%

LGC4A-H3

Horizontal

Med

560

520

0-15%

LGC4A-H4

Horizontal

High

536

515

0-15%

*

Value obtained during the second series of recordings. A false positive value was
recorded during the first series of recordings

P A G E

9

HOLMESSOLUTIONS

LGC4A-H3

LGC4A-V1a
LGC4A-V2a

LGC4A-V1b
LGC4A-V1c
LGC4A-H3

Figure 3

Test Location in Room LGC4A (photo taken during first readings)
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Schmidt concrete testing was completed in a grid pattern in three locations, two on
the wall and one approximately 1750 mm above floor level on the column element.
The recorded hardness tests were converted into concrete cylinder strengths as
detailed in Section 2.2.
Table 4

Recorded Concrete Hardness test results from location LGC4A
Location

Average
Schmidt
Hardness

No of
Samples

Concrete
Strength
(MPa)

Wall A

60.8

12

41.0

Wall B

61.8

12

43.0

Column

67

14

56.0

LOCATION B: (LGW36)
Room LGW36 has a near horizontal crack approximately mid height in the concrete
wall element. The cover concrete was removed from reinforcing steel crossing the
crack, exposing two vertical steel bars and two horizontal bars. The in-situ hardness
results for location LGW36 are presented in Table 5 below.
Table 5

Baseline In-situ Hardness test results from location LGW36

Location

Orientation

Steel
Support
Factor

Avg Rec.
HLDL
(Leeb)

Normalised
Leeb

Lost Strain
Capacity

LGW36-V1a

Vertical

Med

523

513

0-15%

LGW36-V1b

Vertical

Med

550

533

30-50%

LGW36-V1c

Vertical

High

576

519

0-15%

LGW36 -V2a

Vertical

High

525

488

0-15%

LGW36-V2b

Vertical

Med

513

529

20-40%

LGW36-V2c

Vertical

Low

545

517

5-20%

Both vertical reinforcing bars showed increased hardness towards the crack in the
concrete. Vertical Bar 1 had an increased normalised hardness compared to Vertical
Bar 2, indicating that it had undergone additional strain hardening.
Schmidt concrete testing was completed in a grid pattern in three locations, as
detailed below. The recorded hardness tests were converted into concrete cylinder
strengths as detailed in Section 2.2.
Table 6

Recorded Concrete Hardness test results from location LGW36
Location

Average
Schmidt
Hardness

No of
Samples

Concrete
Strength
(MPa)

1.2 m to LHS of cupboard

68.1

12

58.0

1.5 m to LHS of cupboard

60.7

12

41.0

1.8 m to LHS of cupboard

61.3

14

48.1
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LGW36-V2a
LGW36-V1a

LGW36-V2b
LGW36-V1b

LGW36-V2c

LGW36-V1c

Figure 4

Test Location in Room LGW36

LOCATION: LGW43
Room LGW43 had a near horizontal crack approximately mid height in the concrete
wall element. The cover concrete was removed from reinforcing steel crossing the
crack, exposing four vertical steel bars. The in-situ hardness results for location
LGW36 are presented in Table 7 below.
Table 7

Baseline In-situ Hardness test results from location LGW43

Location

Orientation

Steel
Support
Factor

Avg Rec.
HLDL
(Leeb)

Normalised
Leeb

Lost Strain
Capacity

LGW33-V1a

Vertical

Med

491

504

0-15%

LGW33-V2a

Vertical

Med

518

510

0-15%

LGW33-V3a

Vertical

Med

502

502

0-15%

LGW33-V4a

Vertical

Med

526

515

0-15%

The normalised Leeb hardness of all vertical Bar 1 indicated that the steel in the area
surrounding the crack has sustained 0%-15% strain capacity degradation due to
previously imposed in-elastic deformations).
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LGW43-V2a
LGW43-V1a

LGW43-V4a
LGW43-V3a

Figure 5

Test Location in Room LGW43

Schmidt concrete testing was completed in a grid pattern in four locations on the
cracked wall. A minimum of 12 samples were taken for each reading. All grids were
centred between 1.8 and 2.0 m above the floor level.
In accordance with the procedures detailed in Section 2.2, the recorded concrete
hardness values were converted into concrete cylinder strengths.
Table 8

Recorded Concrete Hardness test results from location LGW43
Location

Average
Schmidt
Hardness

No of
Samples

Concrete
Strength
(MPa)

1.5 m from left side wall

58.5

12

36.7

1.9 m from left side wall

61.6

12

42.7

2.0 m from left side wall

59.6

12

38.6

2.2 m from left side wall

55.9

12

32.6
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LOCATION: LGE106
Room LGE106 has a series of diagonal cracks across a significant concrete wall
element. The cover concrete was removed from reinforcing steel crossing the cracks,
exposing two vertical steel bars and two horizontal bars. Both vertical steel bars
were remote from the exposed cracks. One element of horizontal steel crossed the
crack (H4a) whilst the other was remote from the crack location (H3a) The in-situ
hardness results for location LGE104 are presented in Table 9 below.

Table 9

Baseline In-situ Hardness test results from location LGE106

Location

Orientation

Steel
Support
Factor

Avg Rec.
HLDL
(Leeb)

Normalised
Leeb

Lost Strain
Capacity

LGE106-V1a

Vertical

Med

488

492

0-15%

LGW33-V2a

Vertical

High

583

520

30-50%

LGW33-H3a

Horizontal

Med

477

490

0-15%

LGW33-H4a

Horizontal

Med

474

490

0-15%

Vertical Bar 1 (V1a) showed a lower normalised Leeb hardness than Vertical Bar 2.
This is as expected with Vertical Bar 1 remote from the cracked location. The
relationship between the two bars was used to assist with the normalisation process.
Schmidt concrete testing was completed in a grid pattern in four locations, as
detailed below. The recorded hardness tests were converted into concrete cylinder
strengths as detailed in Section 2.2.

Table 10 Recorded Concrete Hardness test results from location LGE106
Location

Average
Schmidt
Hardness

No of
Samples

Concrete
Strength
(MPa)

Entranceway

71.4

14

68.4

Return wall

65.7

14

51.8

Near switchboard

60.8

14

41.1

In the corridor

69.1

14

61.1
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LGW33-H3a

LGW33-V2a
LGW33-V1a

LGW33-H4a

Figure 6

Test Location in Room LGE106
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LOCATION: LGW1
Room LGW1 had a series of horizontal and diagonal cracks across a significant
concrete wall element. The cover concrete was removed from reinforcing steel
exposing two vertical steel bars and two horizontal bars. Unfortunately none of the
exposed bar elements crossed significant cracks. The recorded hardness results are
likely to have been higher had the tests been completed at or near the crack
surfaces.
The in-situ hardness results for location LGC3 are presented in Table 11 below.
Table 11

Baseline In-situ Hardness test results from location LGW1

Location

Orientation

Steel
Support
Factor

Avg Rec.
HLDL
(Leeb)

Normalised
Leeb

Lost Strain
Capacity

LGW1-V1a

Vertical

Med

583

485

0-15%

LGW1-V2a

Vertical

Med

558

465

0-15%

LGW1-H3a

Horizontal

Med

594

495

0-15%

LGW1-H4a

Horizontal

Med

599

500

0-15%

LGW1-V1a
LGW1-V2a

LGW1-H3a

Figure 7

LGW1-H4a

Test Location in Room LGW1

P A G E

1 6

HOLMESSOLUTIONS
LOCATION: LGW9
Room LGW9 was investigated in the second series of recordings. Testing was
concentrated on a concrete pier element. The cover concrete was removed to expose
the reinforcing steel. Care was taken to ensure sufficient support from the
surrounding concrete was maintained for the reinforcing steel.
The in-situ hardness results for location LGW9 are presented in Table 12 below.
Table 12

Baseline In-situ Hardness test results from location LGW9

Location

Orientation

Steel
Support
Factor

Avg Rec.
HLDL
(Leeb)

Normalised
Leeb

Lost Strain
Capacity

LGW9-V1a

Vertical

Med

558

518

5-20%

LGW9-V2a

Vertical

Med

564

521

15-25%

LGW9-H3a

Horizontal

Med

470

485

0-15%

ADDITIONAL LOCATION FOR CONCRETE TESTING
Addition Schmidt concrete testing was completed in other locations in Riverside
hospital, beyond the noted areas of damage in the Lower ground floor. The results
from this testing are presented below.
As per all previous concrete hardness testing, measurements were completed in a
grid pattern with a minimum of 12 readings per grid. Unless noted otherwise all
grids were located between 1.8 and 2.0 m above the floor level. In accordance with
the procedures detailed in Section 2.2, the recorded concrete hardness values were
converted into concrete cylinder strengths.
Table 13

Recorded Concrete Hardness test result

Building
Level

Room No

Location

Average
Schmidt
Hardness

No of
Samples

Concrete
Strength
(MPa)

Level 1

L113

LHS Back Wall

55.8

12

32.0

RHS Back Wall

60.1

12

40.0

RHS Wall

55.7

12

32.0

Pier

52.2

12

27.0

Column (below construction joint)

62.0

12

44.0

Column (above construction joint)

56.3

12

33.0

End Wall

49.2

12

24.0

Level 5

L524

L531
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APPENDIX E
Preliminary Sketches
Replacing Lost Strength
RW RLS 01 to RW RLS 07

New concrete overlay
to wall on inside and
outside face of wall

New 250mm
thick concrete
overlay to wall
on inside face of
wall

Title:

Scheme for Replacing Lost Strength Basement

Job Name: CDHB Riverside West
SSK #: RW-RLS-01
Job #: 106186.08
Rev:
Date: 23/01/2012
A

New concrete overlay to
wall to piers and below
window on the inside and
outside face of the wall

New 250mm thick
concrete overlay to
wall on the inside
face of the wall

NOTE
Where the strengthening is on the inside face of the wall, the
plaster on the wall will be required to be removed.
Where the strengthening is on the outside face of the wall,
the exterior cladding panels will be required to be removed.
Title:

Scheme for Replacing Lost Strength Lower Ground

Job Name: CDHB Riverside West
SSK #: RW-RLS-02
Job #: 106186.08
Rev:
Date: 23/01/2012
A

New concrete overlay
to wall on the inside
or outside face of the
wall

New 250mm thick
concrete overlay to wall
to piers and below
window on the inside
face of the wall

NOTE
Where the strengthening is on the inside face of the wall, the
plaster on the wall will be required to be removed.
Where the strengthening is on the outside face of the wall,
the exterior cladding panels will be required to be removed.
Title:

Scheme for Replacing Lost Strength Ground

Job Name: CDHB Riverside West
SSK #: RW-RLS-03
Job #: 106186.08
Rev:
Date: 23/01/2012
A

NOTE
Where the strengthening is on the inside face of the wall,
the plaster on the wall will be required to be removed.
Where the strengthening is on the outside face of the wall,
the exterior cladding panels will be required to be removed.
New 250mm
thick concrete
overlay to wall
on inside face
of wall

Title:

Scheme for Replacing Lost Strength South Wall

Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW-RLS-04
Rev:
Date: 23/01/2012
A

NOTE
Where the strengthening is on the inside
face of the wall, the plaster on the wall will
be required to be removed.
Where the strengthening is on the outside
face of the wall, the exterior cladding
panels will be required to be removed.

New 250mm thick
concrete overlay to
wall on inside face
of wall

Title:

Scheme for Replacing Lost Strength East Wall

Job Name: CDHB Riverside West
Job #: 106186.08
SSK #: RW-RLS-05
Date: 23/01/2012
Rev:
A

New 200 and
250mm thick
concrete
overlay to wall
on inside and
outside face of
wall

NOTE
Where the strengthening is on the inside face of the wall,
the plaster on the wall will be required to be removed.
Where the strengthening is on the outside face of the wall,
the exterior cladding panels will be required to be
removed.

Title:

Scheme for Replacing Lost Strength West Wall

Job Name: CDHB Riverside West
SSK #: RW-RLS-06
Job #: 106186.08
Date: 23/01/2012
Rev:
A

