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 nop spurw}up wy top �n� ��|zx|}~ tw top pvsto��v�p vt ����v� w}� �prtp��ps �����||m
 nop spurw}up wy top �n� ��|zx|}~ tw top pvsto��v�p vt �����r� w}�� �p�s�vs� �����|||m
 �o� top �n� ��|zx|}~y v|zpx w}�� �p�s�vs� �����|�m
 nop up��p}�p wy topy v|z�sp wy top �n� ��|zx|}~ w} �� �p�s�vs� ������m

 �w top spu�ztu wy top up�w}x �w�r�uwy t �n�� �ov}~p v}� wr|}|w} top� ov�p pqrspuupx |}p�|xp}�p ~|�p} ws tw �p ~|�p} tw top �w�vz �w��|uu|w} |} spzvt|w} tw�|m
 nop spurw}up wy top �n� ��|zx|}~ tw top pvsto��v�p vt ����v� w}� �prtp��ps �����||m
 nop spurw}up wy top �n� ��|zx|}~ tw top pvsto��v�p vt �����r� w}�� �p�s�vs� �����|||m
 �o� top �n� ��|zx|}~y v|zpx w}�� �p�s�vs� �����|�m
 nop up��p}�p wy topy v|z�sp wy top �n� ��|zx|}~ w} �� �p�s�vs� ������m �y top spu�ztu wy top up�w}x �w�r�uwy t �n�� �ov}~p v}� wr|}|w} top� ov�p pqrspuupx� |}{ovt {v� ovu top wr|}|w} �ov}~px�6XR _JFFRKY ZDSRK EFR_ i�J� kRKR JSSKRYYRS ED J �gMEDF 8R MKF ED 8RPJFEMD FM CDFRK KRFJFEMD Mj FXR?RQMDS 3M_ ZYMjF 56<4¡I  KR JKRS ¢L OKMjRYYMK 4FXMP 3JKK MD hh gZPL hVGh` :DSRK �4KRJY MjdEYJNKRR_RDF¡ CFR_ H ED FXJF gMEDF 8R MKF C KRQMKSRS J �SEYJNKRR_RDF¡ JY jMPPMkY^
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�m
 nop �p�|upx �n�� �wzzvrup u�p}vs|w vrrpvsu tw �p�vm �s ��|to �w��p}tu tovt topsp {vu y v|z�sp wy top z|}p � �wz��}u� �w�p sp�wsxu rspx|�t �|xtw �rrps zp�pz �wz��}u tw pq�ppx top|s �zt|�vtp �w�rspuu|�p utsv|} rs|ws tw vq|vz zwvx�vss�|}~ �vrv�|t� �p|}~ zwut |} top zp�pz � �wz��}u�6XR KRJYMD jMK _L SEYJNKRR_RDF XRKR kJY FM QPJKEjL FXJF ZPFE_JFR QM_ KRYYEbR YFKJEDY kRKR kRPPRTQRRSRS ED YM_R Mj FXR PEDR � QMPZ_DY JF _ES FM Z  RK PRbRPY  KEMK FM FXR NKMZDS PRbRP QMPZ_DJTEJP jJEPZKR FE_RY PEYFRS ED 6J¢PR G Mj FXR gMEDF 8R MKF` 6XEY _RJDY FXJF REFXRK QMPZ_D ¢JK ¢ZQ�PEDNMK YENDEjEQJDF QMDQKRFR Y JPPEDN _JL XJbR MQQZKKRS ED PEDR � QMPZ_DY JF FXMYR RJKPERK FE_RYI FM FXRRTFRDF FXJF FXMYR PEDR � QMPZ_DY QMZPS DMF YZ  MKF FXREK JTEJP jMKQR JY RT PJEDRS ED �4NKRR_RDF MD:DQRKFJEDFERY¡ CFR_ �� Mj FXR gMEDF 8R MKF`�MK RTJ_ PRI QM_ JKR 3M_ ZYMjF �ENZKR ghGkXEQX EDSEQJFRY ZPFE_JFR QM_ KRYYEbR YFKJEDY JDS�MK¢JK ¢ZQ�PEDN ED QMPZ_D �W JF PRbRP h JDS PRbRP W JF JKMZDS U V̀ YRQMDSYI kEFX �ENZKR ghW kXEQXEDSEQJFRY QM_ KRYYEbR jJEPZKR Mj QMPZ_D 3h JF NKMZDS PRbRP JF JKMZDS H [̀ YRQMDSY` 6XR _ES]PRbRPPEDR � QMPZ_DY JKR FXRKRjMKR EDSEQJFRS FM jJEP jEKYF JQQMKSEDN FM FXJF JDJPLYEY` 6XRKR JKR MFXRKYE_EPJK RTJ_ PRY jMK FXR MFXRK RJKFXeZJ�R KRQMKSY` C J_ JkJEFEDN jZKFXRK YZ__JKL KRYZPFY jKM_3M_ ZYMjF FM QMDjEK_ FXEY FKRDS MbRKJPP JDS FM QXRQ� kXRFXRK MFXRK QMPZ_DY DMF QMbRKRS ED FXRjEKYF SKJjF 3M_ ZYMjF 56<4 h KR MKFI jMK RTJ_ PR MD PEDR 4I _ENXF ¢R YE_EPJKPL JjjRQFRS`8RNJKSEDN FXR eZRYFEMDY ZDSRK CFR_Y i�¢� JDS i�Q�I C XJbR JFFJQXRS _MSEjERS bRKYEMDY Mj FXR d9<8R MKF 3MDQPZYEMDY �JFFJQX_RDF 	4
� JDS FXR ?Z__JKL Mj �EDSEDNY �JFFJQX_RDF 	9
� FXJF C KRYRDFRS FM FXR 8MLJP 3M__EYYEMD MD � gZPL hVGh` CD ¢MFX FXRYR JFFJQX_RDFY C XJbR XENXPENXFRSED LRPPMk FXR  MEDFY FXJF C ¢RPERbR XJbR ¢RRD bRKEjERS ¢L FXR YRQMDS 3M_ ZYMjF 56<4I JDS EDJFFJQX_RDF 	9
 C XJbR YXMkD J KRbEYEMD FM FXR kMKSEDN FXJF C ZYRS ED KRPJFEMD FM FXR 5MKFX 3MKRSEJ XKJN_ QMDDRQFEMDY kXEQX FJ�RY EDFM JQQMZDF FXR jEDSEDNY Mj FXR YRQMDS 3M_ ZYMjF 56<4`C KRY MDS FM RJQX Mj FXR Y RQEjEQ eZRYFEMDY JY jMPPMkY^lm
 nop pqrpstu vsp tw vxxspuu topy wzzw{|}~ ��put|w}u��m

 �w top spu�ztu wy top up�w}x �w�r�uwy t �n�� �ov}~p v}� wr|}|w} top� ov�p pqrspuupx |}p�|xp}�p ~|�p} ws tw �p ~|�p} tw top �w�vz �w��|uu|w} |} spzvt|w} tw�|m
 nop spurw}up wy top �n� ��|zx|}~ tw top pvsto��v�p vt ����v� w}� �prtp��ps �����5M` 8RjRK FM JFFJQX_RDF 	4
I  JKJNKJ X WI ¢RNEDDEDN �ztow�~o topsp |u uw�p u�wrp � ||m
 nop spurw}up wy top �n� ��|zx|}~ tw top pvsto��v�p vt �����r� w}�� �p�s�vs� �����5M`|||m
 �o� top �n� ��|zx|}~y v|zpx w}�� �p�s�vs� �����5M` 8RjRK FM JFFJQX_RDF 	9
 jMK QPJKEjEQJFEMD Mj FXR kMKSEDN CkMZPS ZYR ED KRPJFEMD FM FXR5MKFX 3MKR SEJ XKJN_ QMDDRQFEMDY`
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|�m
 nop up��p}�p wy topy v|z�sp wy top �n� ��|zx|}~ w} �� �p�s�vs� �����5M` 4Y RT PJEDRS ED JFFJQX_RDF 	9
I 	� }���ps wy �wzzvrup u�p}vs|wu {psp p�vz�vtpx��vs|v�|z|t� v}x �}�pstv|}t� |} ro�u|�vz rswrpst|pu v}x v}vz�u|u rsw�puupu xw }wt vzzw{ vrvst|��zvs u�p}vs|w tw �p xptps�|}px {|to �w}y |xp}�p� � z|�pz� u�p}vs|w� v}x top u�p}vs|wtovt vrrpvsu �wut �w}u|utp}t {|to top �wzzvrup p�|xp}�p v}x top p�p {|t}puu sprwstu� {vu|}|t|vtpx �� y v|z�sp wy v �wz��} w} top pvuty v�p wy top ��|zx|}~ vt v �|x�tw��rrRK zp�pz� no|u�wz��}y v|z�sp {w�zx ov�p �pp} �v�upxrspxw�|}v}tz� �� }wsto�uw�to x|sp�t|w} xs|y t� ��t�w�zx vzuw ov�p �pp} |}y z�p}�px �� pvut�{put xs|y t v}x�ws �pst|�vz up|u�|� zwvxu� urv}xspzrv}pzu v}x zw{ �w}�sptp utsp}~to��4PYMI jKM_ JFFJQX_RDF 	4
I �}�spvupx x|urzv�p�p}t xp�v}xu x�p tw x|vrosv~� �uzv�muprvsvt|w}y sw� top �wsto �wsp� ws vt zpvut xv�v~p tw topup x|vrosv~� �w}}p�t|w}u� _JLXJbR QMDFKE¢ZFRS FM FXR QMPPJ YR`lm

 nop pqrpstu vsp tw vxxspuu topy wzzw{|}~ ��put|w}u��m �y top spu�ztu wy top up�w}x �w�r�uwy t �n�� �ov}~p v}� wr|}|w} top� ov�p pqrspuupx� |}{ovt {v� ovu top wr|}|w} �ov}~px�BL M EDEMDY JKR QMbRKRS ED FXR JFFJQX_RDFY 	4
 JDS 	9
 JY SRYQKE¢RS J¢MbR`CD YZ__JKLI C QMDYESRK FXJF FXR ?RQMDS 3M_ ZYMjF 56<4 XJY ¢RRD J kMKFXkXEPR KRjEDR_RDF Mj FXREDEFEJP 56<4 FXJF kJY QJKKERS MZF jMK FXR dR JKF_RDF Mj 9ZEPSEDN JDS <MZYEDN �d9<�` CF XJY bRKEjERSFXJF FXR MbRKJPP KRY MDYR Mj FXR ¢ZEPSEDN kJY JQQZKJFRPL  KRSEQFRS ¢L FXR jEKYF 3M_ ZYMjF 56<4`6XR YReZRDFEJP JDJPLYRYI ZYEDN NKMZDS _MFEMD KRQMKSY Mj U ?R FR_¢RK hVGV jMPPMkRS ¢L hh�R¢KZJKL hVGG J  RJK FM XJbR XJS PEFFPR RjjRQF MD FXR MbRKJPP KRYZPFY JDS QMDQPZYEMDY` 6XR ?RQMDS56<4 XJY EDbRYFENJFRS  MFRDFEJP QMPZ_DI JDS ¢RJ_]QMPZ_D �MEDFI jJEPZKR _RQXJDEY_Y ED NKRJFRKSR FX JDS FXEY XJY ¢RRD XRP jZP ED JQXERbEDN JNKRR_RDF ¢L FXR bJKEMZY  JKFERY MD _JDL JY RQFY`BL QMDQPZYEMDY J¢MZF FXR bJKEMZY bZPDRKJ¢EPEFERY JDS FXR PE�RPL QMPPJ YR YQRDJKEMY KR_JED PJKNRPLZDJPFRKRS`
;MZKY jJEFXjZPPL?68:36:87?BC6< AFS
4YXPRL ?_EFXdEKRQFMKB^ Vhf hWVHGHW7^ JYXPRLaYFKZQFZKRY_EFX Q̀M D̀c
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�`lW�� �XY�Z� ���� �[X g[	X` X[ �Y�`�Xa� �[ �X`�a��� ���� ��� `����� �[ ��� Z�d	a�	d� [cZ�dY�` �X ò[d d�b[d��`�g��d ��� ��b���c�d p�d��e	�f� �X` ��� q�a��c�d �g��dZ�[af ��` a�	Z�` �X� Z��X�g �a�X� \��f�X�X� [g ���Z�d	a�	d� \��� d�Zb�a� �[ ��� �[`� [g a[

�bZ� �X ��� r�cd	�d� �g��dZ�[afl �[�� f�� �d��Z �Xa
	`�X�`��b�d��� a[XX�a��[XZ �[ ��� s[d�� ][d� �X` a[
	�X c�Z�Z \�d� X[� �XZb�a��`l W�� b�[�[�d�b� d�a�X� 
�bd[Y�`�` c� ����d �����XZ t_uvlw�q�x�lxyxz \�Z �X �X`�a�� �[X [g `����� �[ ��� a[XX�a��[X c��\��Xa[
	�X ]�{ �X` ��� s[d�� ][d�l�
��[	�� ���d� �Z Z[�� Za[b� g[d �X��dbd���� �[X [g ��� d�b[d��` c	�
`�X� a[X`�� �[Xn ��� �Z� �����` d�Zb[XZ� [g��� c	�
`�X� 	Z�X� ��� ��b���c�d p�d��e	�f� �d[	X` Z��f�X� d�a[d Z̀ �X` ��� �ZZ�ZZ�` �gg�a�Z [X ad�� �a�
�
���X�Z �d� X[� �Xa[XZ�Z��X� \��� [cZ�dY���[XZ g[

[\�X� ��� ��b���c�d p�d��e	�f�l W�� �X�
�Z�Z �X`[cZ�dY���[XZ \�d� g[	X` X[� �[ c� Y�d� Z�XZ�� �Y� �[ ��� 
�Y�
 [g `���X` �ZZ	��`l W�� d�Z	
�Z �X`a[Xa
	Z�[XZ \[	
` d����X 
�d��
� 	Xa��X��` �� � 
[\�d 
�Y�
 [g `���X` �X��b���c�d �X` r�cd	�d�l�X�
�Z�Z 	Z�X� ��� g	

 r�cd	�d� �g��dZ�[af �d[	X` �[��[X d�a[d Z̀n �X` �ZZ	��X� �X 	X`�����` Z���� �� ���a[���Xa���X� [g ��� �X�
�Z �Zn �X`�a��� `d�g� `���X Z̀ [X ad�� �a�
 a[
	�X �
���X�Z �[ ��Y� c��X �X �|a�ZZ [g����d a�b�a�� ��Z �Y�X �ZZ	��X� X[Zb�X`d�
 �X��d�a� �[X �X` X[Y�d� �a�
 ��d��e	�f� �aa�
�d�� �[XZlW�� g[

[\�X� g�a�[dZ \�d� �`�X��g ��` �Z 
�f�
� [d b[ZZ�c
� a[X�d�c	�[dZ �[ ��� a[

�bZ� [g ��� ]W^ _	�
`�X� }
• 

W��Z�d[X��d ���X `�Z��Xi 
�Y�
 �d[	X`Z��f�X�l
• 

W�� 
[\ `�Zb
�a���X�i`d�g� a�b�a��� [g ��� a[
	�XZ `	� �[}
o 

W�� 
[\ ��[	X�Z [g Zb�d�
 d��Xg[da�X� �X ��� a[
	�XZ \��a� d�Z	
��` �X Z	``�X g��
	d� [Xa�a[Xad��� Z�d��X 
����Z \�d� d��a��`l
o 

W�� 
�d�� bd[b[d� �[X [g a[Y�d a[Xad���n \��a� \[	
` ��Y� Z	cZ��X���

� d�`	a�` ��� a�b�a���[g a[
	�XZ �g��d ad	Z��X� �X`Zb�

�X�l
o 

���X�g �a�X�
� 
[\�d ���X �|b�a��` a[Xad��� Z�d�X��� �XZ[�� [g ��� ad�� �a�
 a[
	�XZl
o 

W�� �gg�a�Z [g Y�d� �a�
 ��d��e	�f� �aa�
�d�� �[XZn bd[c�c
� �Xad��Z�X� ��� �|��
 
[�` `���X` [X��� a[
	�XZ �X` d�`	a�X� ����d a�b�a��� �[Z	Z���X `d�g� l
• 

W�� 
�af [g Z	gg �a��X� Z�b�d���[X c��\��X ��� b�d�����d a[
	�XZ �X` ��� �b�X`d�
 ��X�
Z \��a� �����Y� d�`	a�`��� a�b�a��� [g ��� a[
	�XZ �[Z	Z���X ��� 
���d�
 c	�
`�X� `�Zb
�a���X�Zl
• 

W�� b
�X �dd��	
�d��� [g ��� ��d��e	�f�id�Z�Z� �X� �
���X�Z \��a� g	d���d �Xad��Z�` ��� �X��diZ�[d��`d�g�Z [X ��� ��Z� �X` Z[	�� g�a�Za[
	�XZl
• 

vXad��Z�` `�Zb
�a���X� `���X Z̀ `	� �[ `��b�d��� hZ
�ck Z�b�d���[X gd[� ��� s[d�� ][d� [d �� 
��Z�`����� �[���Z� `��b�d��� a[XX�a��[XZl
• 

W�� b
�X �X` Y�d� �a�
 �dd��	
�d��� bd[`	a�` c� ��� �Xg
	�Xa� [g ��� ��Z[Xd� \�

Z [X ���\�Z� g�a� 	b�[ ~�Y�
 x \��a� g	d���d ��b
�g ��`�gg�a��` ��� �[dZ �[X�
 d�Zb[XZ� �X` `�Zb
�a���X� `���X`l
• 

W�� 
�����` d[c	Z�X�ZZ h���X� �[�����d [g ��� c	�
`�X�k �X` d�`	X`�Xa� h�
��dX���Y� 
[�` b���k \��a����X� ���� ��� a[

�bZ�\�Z d�b�` �X` �|��XZ�Y�l�	dY��Z [g ��� Z��� �g��d ��� a[

�bZ� �X`�a���` ���� ���d� ��` c��X X[ Z��X�g �a�X� Y�d� �a�
 [d �[d��[X��
�[Y���X� [g ��� g[	X`���[XZlW��d�\�Z X[ �Y�`�Xa� [g 
�e	�g�a� �[Xl

BUI.MAD249.0550.4



   A H Smith  23 July 2012  Page 1 

 

(including Ashley Smith’s variations as presented to the Royal Commission on 9 July 2012)  
23 July 2012 Notes: 

1. Yellow highlights are points verified by the Second Compusoft NTHA.  

2. Changes in red are suggested amendments taking into the account the findings of the Second Compusoft NTHA. 

 

• The 22 February 2011 aftershock was severe but the building appears to have collapsed at inter-

storey drifts much less than the potential drift demands calculated. 

• A number of collapse scenarios were evaluated.   Variability and uncertainty in physical properties 

and analysis processes do not allow a particular scenario to be determined with confidence.  A likely 

scenario, and the scenario that appears most consistent with the collapse evidence and the eye 

witness reports, was initiated by failure of a column on the east face of the building at a mid-to-

upper level.  This column failure would have been caused predominantly by north-south direction 

drift, but could also have been influenced by east-west drift and/or vertical seismic loads, spandrel 

panels and low concrete strength.    

• The columns along the East face of the CTV Building  were estimated from the pushover analysis to 

have drift capacities between 1.0 and 1.3% 

• It appears from the collapse evidence that these East face columns may have failed prior to 

diaphragm slab or Drag Bar disconnection at the North Core.  However, the NTHA indicates that 

diaphragm slab or Drag Bar disconnection, or at least partial damage to those connections, was likely 

prior to column failure and so that remains a possibility.  
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(including Ashley Smith’s variations as presented to the Royal Commission on 9 July 2012)     

• Specific factors that contributed (or may have contributed) to the column failures include: 

– Columns did not have the minimum amount of spiral confining and shear reinforcing steel 

required by the design standard. 

– There was no minimum seismic gap specified between the Spandrel Panels and the Columns 

– The South Wall may have begun to yield and lose stiffness at drifts as low as of 0.40% 

contributing to the asymmetry of the seismic resisting structure and thereby increasing column 

drifts  

– Vertical accelerations may have reduced column drift capacity 

– Smooth construction joints in the South Wall may have slipped and increased inter-storey drifts. 

– The concrete in some of the columns had test strengths less than the minimum strength 

specified. 

– Seismic separation gaps between the Infill masonry on the west face and the structure appear to 

have been compromised and the masonry may have changed the response of the structure. 
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(including Ashley Smith’s variations as presented to the Royal Commission on 9 July 2012)  )   

 

• Critical connections of the floors to some of the North Core walls were omitted in the original design 

and were only identified during a pre-purchase structural review 3 years after construction. 

– The Council did not have any record of the remedial works that were subsequently undertaken. 

– The Drag Bars that were installed at levels 4 to 6 only lacked toughness and ductility and (in my 

opinion) could not be relied on to sustain the ultimate response of the structure. 

• The structural damage reported following the 4 September 2011 Earthquake appeared to be 

relatively minor and was not indicative of a building under immediate distress or having significantly 

impaired resistance to earthquake shaking.  Some key areas including diaphragm connections to the 

North Core and column bases were not inspected.  The photograph recently provided by Peter 

Higgins [BUI.MAD249.0454] was an indication of damage to the connection between column C18 

and the North Core. 

• The  presentation is based on the  findings of the  CTV Building Collapse Investigation Report by 

Hyland Fatigue + Earthquake Engineering and StructureSmith Ltd and the Site Examination and 

Materials Testing Report by  Hyland for the Department of Building and Housing  

The scope of the investigation was limited to identifying technical reasons for the collapse. 
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