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http://www.dbh.govt.nz/canterbury-earthquake-tor-technical
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CASHELL STREET

M
AD

R
AS STR

EET1

2

3

A B C D E F

Lift & stair core walls

Masonry in-fill walls

400 mm diameter 
columns typical

Line 1 shear wall

400 x 300 mm 
columns line A only
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Expected as-built gap 0 to 22 mm Specified gap 10 mm

Precast Concrete 

Spandrel Panel

400 mm diameter column
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Centre of Mass 

Centre of Rigidity 

L2 

L6 

West Side - Concrete Masonry Walls to Level 4 

L4 

 

North 
South 

East 

r1

rf

Centre of 
rotation

1 2 3 4

A

F

E
as

t-W
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is
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en

t

North-South Displacement
Madras Street

ΔF

Δ1

Line 1 
Wall

ΔF ≈ (12/13) Δ1
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Line1 (South) Wall (NTS)
Eastwards Displacement

Typical inter-
storey 

displacements 

Tension 

Increased Inter-storey 
displacement due to 
east panel damage 
and construction joint 
slip Shear or 

impact 
damage  to 
east panel

Line1 (South) Wall 
(NTS)

Typical Inter-storey 
displacements

Slip at 
construction 

joint

L4-L5  inter-storey 
displacement due to 
damage 
Shear Or 
impact 
damage to 
east panel

L1

L2

L3

L4

L5

L6

Roof
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1 2 3 4

L1

L2

L3

L4

L5

L6

Roof

Specified 10 mm 
construction tolerance

Precast concrete 
spandrel panels

Hinges
T and B

Inter-storey Drifts
column hinges Top and Bottom prior 
to contact with spandrel panles

A

1 2 3 4

3rd column  hinge develops 
on contact with precast panel

Inter-storey drift
L4 to L5 change in torsional stiffness 3rd 
Hinge develops at L4 to L5 columns on 
contact with spandrel panels 

B

1 2 3 4

Collapse Initiates in Level 4 to 5 
columns increasing load on internal columns C
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800 mm

~1300 mm

1 2 3 4 5
Flexural hinging 
Top and Bottom

(Reinforcing yielding 
mode)

Mid-height hinge flexural/
compression/shear at end of 

column starters upon 
engagement with spandrel 

panel – increasing shear due to 
shorter restrained height

Collapse initiates 
forcing panels away

Final condition

?
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A B C E F

L1

L2

L3

L4

L5

L6

Roof

D

L1

L2

L3

L4

L5

L6

Roof

L1

L6

Roof

1 2 3 

54
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1 2 2 4 5

L1

L2

L3

L4

L5

L6

Roof

1 2 3 

54

Line 1 
Shear 
Wall

Lift & 
Stair 
Core 
Walls

Floors pull away 
from Line 1 frame

L1
L2

L3

L4

L5

L6

Roof
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Inter-storey Shear Action (at marker)  kN 

Line 1 Wall Seismic Shear Distribution
NZS4203:1984 SM=0.8 Zone B Flexible Soils 

0.9 Vstatic Scaled Response Spectrum Analysis

RC Walls Only-0.1B Sth Ecc -
East/West Eq.

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC Walls Only-0.1B East Ecc-
North/South Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
East/West Eq.

RC + Masonry Walls Only-No Ecc-
Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 D E North/South Eq.

RC + Masonry Walls Only-No Ecc-
Disc L2 L3 L4 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 L4 D E North/South Eq.
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Inter-storey Shear Action (at marker)  kN 

Line 5 Wall Seismic Shear Distribution
NZS4203:1984 SM=0.8 Zone B Flexible Soils 

0.9 Vstatic Scaled Response Spectrum Analysis

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
East/West Eq.

RC Walls Only-0.1B Sth Ecc -
East/West Eq.

RC Walls Only-0.1B East Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 D E North/South Eq.
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Inter-storey Shear Action (at marker)  kN 

Line 5 Wall Seismic Diaphragm Connection Actions
NZS4203:1984 SM=0.8 Zone B Flexible Soils 

0.9 Vstatic Scaled Response Spectrum Analysis

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
East/West Eq.

RC Walls Only-0.1B Sth Ecc 
- East/West Eq.

RC Walls Only-0.1B East 
Ecc- North/South Eq.

RC + Masonry Walls Only-No 
Ecc-Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 D E North/South Eq.
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0.9 Vstatic Scaled Response Spectrum Analysis

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
East/West Eq.

RC + Masonry Walls Only-No Ecc-
Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 D E North/South Eq.
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Inter-storey Shear Action (at marker)  kN 

Line C Wall Seismic Shear Distribution
NZS4203:1984 SM=0.8 Zone B Flexible Soils 

0.9 Vstatic Scaled Response Spectrum Analysis

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
East/West Eq.

RC Walls Only-0.1B Sth Ecc -
East/West Eq.

RC Walls Only-0.1B East Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 D E North/South Eq.
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Inter-storey Shear Action (at marker)  kN 

Line C Wall Seismic Diaphragm Connection Actions
NZS4203:1984 SM=0.8 Zone B Flexible Soils 

0.9 Vstatic Scaled Response Spectrum Analysis

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
East/West Eq.

RC Walls Only-0.1B Sth Ecc 
- East/West Eq.

RC Walls Only-0.1B East 
Ecc- North/South Eq.

RC + Masonry Walls Only-No 
Ecc-Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 D E North/South Eq.
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Inter-storey Shear Action (at marker)  kN 

Line CD Wall Seismic Shear Distribution
NZS4203:1984 SM=0.8 Zone B Flexible Soils 

0.9 Vstatic Scaled Response Spectrum Analysis

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
East/West Eq.

RC Walls Only-0.1B Sth Ecc -
East/West Eq.

RC Walls Only-0.1B East Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 D E North/South Eq.
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Inter-storey Shear Action (at marker)  kN 

Line CD Wall Seismic Diaphragm Connection Actions
NZS4203:1984 SM=0.8 Zone B Flexible Soils 

0.9 Vstatic Scaled Response Spectrum Analysis

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No 
Ecc- East/West Eq.

RC Walls Only-0.1B Sth Ecc 
- East/West Eq.

RC Walls Only-0.1B East 
Ecc- North/South Eq.

RC + Masonry Walls Only-No 
Ecc-Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No 
Ecc-Disc L2 L3 D E North/South Eq.
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Inter-storey Shear Action (at marker)  kN 

Line D Wall Seismic Shear Distribution
NZS4203:1984 SM=0.8 Zone B Flexible Soils 

0.9 Vstatic Scaled Response Spectrum Analysis

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
East/West Eq.

RC Walls Only-0.1B Sth Ecc -
East/West Eq.

RC Walls Only-0.1B East Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 D E North/South Eq.
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Inter-storey Shear Action (at marker)  kN 

Line D Wall Seismic Diaphragm Connection Actions
NZS4203:1984 SM=0.8 Zone B Flexible Soils 

0.9 Vstatic Scaled Response Spectrum Analysis

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
East/West Eq.

RC Walls Only-0.1B Sth Ecc 
- East/West Eq.

RC Walls Only-0.1B East 
Ecc- North/South Eq.

RC + Masonry Walls Only-No Ecc-
Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 D E North/South Eq.
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Inter-storey Shear Action (at marker)  kN 

Line E Wall Seismic Shear Distribution
NZS4203:1984 SM=0.8 Zone B Flexible Soils 

0.9 Vstatic Scaled Response Spectrum Analysis

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
East/West Eq.

RC Walls Only-0.1B Sth Ecc -
East/West Eq.

RC Walls Only-0.1B East Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 D E North/South Eq.

RC + Masonry Walls Only-No Ecc-
Disc L2 L3 L4 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 L4 D E North/South Eq.
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Inter-storey Shear Action (at marker)  kN 

Line E Wall Seismic Diaphragm Connection Actions
NZS4203:1984 SM=0.8 Zone B Flexible Soils 

0.9 Vstatic Scaled Response Spectrum Analysis

RC + Masonry Walls Only-0.1B East 
Ecc-North/South Eq.

RC + Masonry Walls Only-0.1B Sth 
Ecc- East/West Eq.

RC + Masonry Walls Only- No Ecc-
North/South Eq.

RC + Masonry Walls Only-No Ecc-
East/West Eq.

RC Walls Only-0.1B Sth Ecc 
- East/West Eq.

RC Walls Only-0.1B East 
Ecc- North/South Eq.

RC + Masonry Walls Only-No 
Ecc-Disc L2 L3 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 D E North/South Eq.

RC + Masonry Walls Only-No Ecc-
Disc L2 L3 L4 D E East/West Eq.

RC + Masonry Walls Only- No Ecc-
Disc L2 L3 L4 D E North/South Eq.
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Slab thickness:
L6 = 220, 50 cover
L5 = 195, 115 cover
L3 = 190, 40 cover

Hibond decking torn below concrete 
560 mm from support beam face

Fractured 150x75x10 L drag 
bar items L6 to L4 On east 
wall. No drag bar items on L3 
or L2

6mm mesh necked & fractured 
at broken concrete surface

Additional slab remnant at 
L6 prior removal of red 
portion during recovery ops

Extent of remnant slab 
L6, L4, L3, L2 

Cantilever slab remnant  
A=1400 L5 & L6,
A=1200 L4 & L3 

H12 saddle bar ends 
stick out 50-120 mm

Top 2H24 bars to beam have 
necked and fractured typical

2x150 Ø drilled hole in concrete 
floor at each level on fracture line

560 mm

‘A
’

Fractured 51x3.2 SHS welded 
to 150x150x10 L drag bar 
items L6 to L4 on west wall of 
lift well. No drag bar items on 
L3 or L2

Additional slab remnant at 
L5 
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CTV Building - ETABS Computer Analyses

Modelling Assumptions and First Mode Period, Base Shear Comparisons

Units

References

Objective

Software program used
Analysis Type
Seismic Load Input
Superimposed Dead Load kPa
Live Load kPa
Seismic Live Load kPa
T & L Beams - slab overhang each side mm
Material Properties Various Units
Effective Section Properties,  Ie, Ave

- Ie, T & L beams Fraction of Ig
- Ie, Columns Fraction of Ig

- Ie, Walls Fraction of Ig
- Ie, Diagonally reinforced coupling beams, Grid 1 Fraction of Ig

- Ave, Diagonally reinforced coupling beams, Grid 1 Fraction of Ag

Code Subsoil Flexibility / Site Subsoil Class (for 
seismic load input)

Modelled foundation spring stiffness - where k = 
expected stiffness, 0.77k = lower bound stiffness and 
1.36k = upper bound stiffness (refer Tonkin & Taylor 
report)

Accidental Eccentricity

EQ Direction N-S (X) E-W (Y) N-S (X) E-W (Y) N-S (X) E-W (Y) N-S (X) E-W (Y)

Model 1a. - Concrete Walls only (As-Drawn)

First mode period of vibration, T1 seconds 0.82 0.79 1.20 0.94 1.22 0.81 1.21 1.02
Base Shear - (ductile S=1, M=0.8) kN 2718 2776 1797 2488 1796 2728 1796 2220

* *

Model 1b. - Concrete Walls + Masonry Walls (As-

Built)

First mode period of vibration, T1 seconds N/A N/A 1.03 0.70 N/A N/A N/A N/A
Base Shear - (ductile S=1, M=0.8) kN N/A N/A 2342 2660 N/A N/A N/A N/A

* *

Model 1c. - Concrete Walls + Masonry Walls + 

Frame (As-Built) 

First mode period of vibration, T1 seconds N/A N/A 0.88 0.60 N/A N/A N/A N/A
Base Shear - (ductile S=1, M=0.8) kN N/A N/A 2590 2996 N/A N/A N/A N/A

* *

LEGEND

*

Rigid Foundation 1.36k

0.55
2.50
0.83

Analysis Model 1

1986 Codes

Response Spectra

1986 Design Code compliance check

0.50

NZS4203:1984

300
Specified Material Properties (f'c 25MPa typical - up to 35MPa for level 1 columns)

0.83

Concentric

Flexible subsoil

Concentric +0.1B -0.1B

= Analyses to compare first mode period and / or base shear only
= Analyses referred to in this report

1.00
0.60
0.40

NZS3101:1982

ETABS
Elastic, 3D, Dynamic Spectral Modal Analysis
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