Tonkin & Taylor




%

#$
%

&

&




&I

%




&

©

00&
00&

00& ;

"#

%& '
& ’
&

(& &)'! % & &*"& #&

1%0)&1&& &)" & ,2 %&' (&

3 4 '5.,&
& & '5.,& /1&/I15&
% &
%( $
% $
&tt | "# /| & |/
+ " !
+( -
+ /
3", &/ &5&
1 ( &
&5& o /
) &
&(& & #&/
/!
C < & , 0f
1 3< 3 /I&II5&
< '5.& /1&II5& [/

%*II

&

%

%



1 20*
3+ 0-  (** 2 456
! 4 4#6
!
# o !
8" - 2 " 9,
2 ! 2" < !
=2> 62 2 2
"< 8l
! !
I 4 7 ! 2
? 4
*x 6 2 7 2
$ @ /2
/
$ , ! (0 4
! 6 2
12
| !
/ A 4B B
)6 2 2 ! Ot
! 2
2 2 2
!
? )
2 7 "
! 7 21
"< C &
& !
2 !
2 12 7
7 ! 2
/ !
! -
!
|
I # !

%



%



# $ 4#6
!
/ 0- (**
# 1 ! [
456
/ 7 /
(**2
2 5
! 7 !
| |
!
# !
7 g-- 2 "
9, ; 2 ! 2 ! 2" < !
4=-2 > 62 2 2
7 2 "< I
2 2
E(** !
1 ! 2 # !
!
+ &, '
! 8"- -
# 5
486" | 03 + 0-  (**
0* 2 *
/
D@ ;7 (
: "<
D 4 6 2 I (
41 (69 12 ! 72
I 4 6 !
%
! ! | # 1

%



ek

'1Aftershocks greater than

as of 01/10/10 at 1.30 pm |

PRI B

e TR e

# S %&
! ?
B%+ ! ! B % @ 2)- (**
‘30 * 2
I B' B+ ,
! 4 6
7 S s ! 8" 27
! B B 4BB6 'D)
! 41 ((6
2 7 7 ™F | 46
(*D*F | 4*(G* 6 1
4 ! 2
2
6
4=%-6 2
! 41 7 (* 641 (
(06 " !
!
2
! ! | # 1

%




170" 175"

170° 175"

SA(T) (9)

0g

06

CENTRAL CITY SPECTRA vs NZS1170 500-YR CLASS D DEEP OR SOFT SOIL
Larger Horizontal Component

Botanic Gardens CBGS

Cathedral College CCCC

Hospital CHHC

Resthaven REHS

MZS1170 Class D Deep or Soft Sail

04
- e~ n, = =Pdedian Larger Central City
-~
™

. — =

‘_-‘-‘__\:.
i}

a 0s 15 2 25 3 35 4 45 B
Period T(s)

+ 1 ) - ’

/]

+ 0 I+ ! 1$

+ ( , (

| - I
%




[
% & '$%!1%

— (O *$%
2 !
0 1 (
+ *3
+ / $
! 0 , ( 4 "#
/
/ ' 28"
!
! BB) 7 BB)
2 7 B'(2 +*F
y 2 BB) Tk BB‘
*% | 2 %*F '
2 B' 0- (** ,
!
"o % %3 (**0 ! BB ) |
2 ! |
I Op** ! @
! !
#
! | :$_ @
! 9 !
7 ! ! |
g"- -
: rE

%




- #&

: 72 I 4 6
) I @ . I
0 I I
4 731 D6 8
& ; 3 FrQHkx 4- 2 6
8 = 3(%o2***
4& #@ 2 (6
9 I
12 - 1 2 1
: 811 -
1 2 731 D( &
7 +** )**
- 1 I I I
I [ I
1
7 7 2
4 6
o (
* (
!
H/IC 4 6 "< 4"<-
* %3 (**06
& #H&/
0O #1" #
B ? / 2 !
2 0+ + | 1
- 48 6 !
: 2 ! 2
2 2
I 2
@ ! 2
2
2 2
2 ?
4 6 4 6 !
2 2 ?
2 I




# 2 67 > -
@ 2
2 ) ,
I
7 ! o
2
3 !
62 b & 4,  0(6
$ : ! 4 2(06
! !
’ @ -
2
41 62
! 4 6 4
H C6 ) .
6 212 2
@
Lo
H C
oo '
2 1 # $
0D)-  (**
2
- (** | |
)

%




, 7 !
|
, 7
!
! Lol ! 2
! !
J !
7 2
;
!
2
4 2 2 6
23 0
8
2 !
!
B 7 2@
/ - 2 !
3
& (# ! ! !
? 2 !
2
g (# " K" 3
!
!
2
1 4 7831 &D &D6
! !
2
1
I 3
121 2& 2/ 21 1 29 -
B
&7 2& 21 2; & 2
! & 2
21 29 29 92; -
! | # 1

%



! - 2
2
@ I'D 2 12
! 2 7 2 D
[ 2 2 2
2
I 2 2
? 2 D !
912 ! D
!
23 "
1 2 | |
!
$ I 4(**6
3*** 7
2 ! 2
4 % 6
11} < 8 _
.8 4"<8-2 (* *6
23 4" # #1 #
'5,& '&I# 0
=&
‘&/# 0
>& &?& & 7 ! 4M 6 I 2 2
A4M** 6 7 2 1
! AM(** 6 9 !
I I 2
/ .
8 2
@ 7 ! 2 7
2 , ! AM%* 6 /
? 4 M ** | *
6 I I
/ !
? 8 2
2
D




4N%*

62
Land Damage

47?
%

&l 0
4N *

No
Apparent
Land

'5.,&

&l# 0
"30

Liquefied

on

@
> 5 S
g 2 3
[=%
S HSER w0
. ¢
= AHu =]
¢ =
Q
e 5
T =
g @
3 A_” 2
= ©
€
¢
ety £ S [
a

Damage
Non-liquefied
Soil

%




% (
23 5 ! ! #
A (500& 0 0& &/ /
#)& $::
" # ")
00 &
'5.&
'5.,&
I )0% ) ")
- 0* (* (% *
B5 ‘| #
I & * D *
& (% D (%
! %' +0
! 0) %% 0
&7 )0(
& 00 (%* '00
& ++ D ++
/ % )0 + %
% | #%" #%
1 (* 0 )0
9 +*0% 0)(
( % (
; %) %
- ! (% D (%
@ ) % +)
&1 '/ # $ D 0 o( % %
68-- 977- 66+:

00, /5 &58&/1 & &/ (
(00& &500& 1 % 5,&1 # "&
) 2&A

%&/& &  "5)&/ (0 0& & [0&#& |
&(&H#H %& "5)& ( # 5 & %

5.& /# " A %&&( & %& "5)&
#&I&2 & , %& "5)&I %& )&

#)& $:: &H&II
0 # &A

%



(**%2

(** 4B

(** -2

%



63-
!
"< %63 (0

D = $
7

7

Q **2***

#

8-

- 4=%-6 =

%**

$ -
(%

4-$-6 =

*0

%



41

*G(*

%



4=$-6

2
[ 2
1 |
93 O # #
& ! 3
4 62
4 Pl 6
! 7 46
1 2 4 6
! R: G RS G
R8 G E! !
B
! ?
| / |
!
!
!
@ 2 4 2
1 6 2 '
935 # # #
&?& &0 / '‘&I# 0
T
B NQ *2*** 2 D 7
B Q frHkk Q *k D dkk 2 2 2
7
-1 MQ **2*** & 12 2 2
%* 2
(*
& ! 2 2 2
2 2 2 !
[ 2 , 2
4 8 & 2 62
I 7
| ! ! 7 4(6
! !
2 5 !

$ %




2&7

DD

4=$-6 |

4=$-6 |

4=$-6

0/0**

4

%



‘& 0

1
L—— Building restriction
zone

Non-liquefied

Sell Liquefied
Soil

Grid of timber piles,
stone columns,
cement columns,

jetgrouting, or
dynamic compaction

Non-liquefied
Soil

9 Liquefied
Soil

Grid of timber piles,
stone columns,
cement columns,
jet grouting, or
dynamic compaction

Non-liguefied
Soil

9 Liquefied
Driven timber, steel Soil

or concrete piles

Houses with timber floors
or waffle concrete slabs

Grid of timber piles,
stone columns,
cement columns,
jetgrouting, or
lynamic compaction

Additional fill

Non-liguefied
Soil compact or replace,

dynamic compaction,

or other treatment

Liquefied

Houses with timber floors or
waffle concrete slabs and re-
level the existing dwellings

where possible

Grid of timber piles,
stone columns,
cement columns,
Jet grouting, or

Non-liquefied
Soil

{ Liquefied
Soil

N

zone

Fill up existing cracks
/with pea gravel

Liquefied
Driven timber, steel Sl
or concrete piles
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— |
Houses with timber ——> Building restriction

floors or waffle
Fill up existing cracks
/with pea gravel

Zone
concrete slabs

i

Non-liquefied ub excavate, re- N additianal fill
Soil compact or replace, Liquefied
dynamic compaction, Soll
or other treatment
1
Houses with timber floors or waffle b——> Building restriction
concrete slabs and re-level the zone

existing dwellings where possible Fill up existing cracks

with pea gravel

Non-liguefied
Soil

Liquefied
Soil

I

Houses with timber floors

or waffle concrete slabs

and re-level the existing 1 Buildi s

dwellings where possible i King pestiittion
I zone

1

|

Non-liquefied
Soil

Liquefied

ill isti k
Fill up existing cracks soll

with pea gravel
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Remediation
Option

A&B

C&F1

D&F2

E&F3

G
{in suburbs with no
very severe lateral
spreading)

G
{in suburbs with
very severe lateral
zpreading)

Estimated Cost

%
1]
=
=
=
E 3
%
)]
g
L)
35
®
3
17 2
/
!
$ > @
2E
?

Expected Performance

(for an equivalent sized earthquake)
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Greatest

Least iy

Improvement

Some
Improvement

Mone to some minor land
and house damage

Some land damage but
noneto some house
damage

Mone to some land
damage, but houses may
require re- levelling

Similarland and house
damage as for the recent
earthquake for the
category moderate
houses only

Similarland and house
damage as for the recent
earthquake

Similarland and house
damage for minaor,
moderate and major
zones only

{i.e.very severe zone falls
under a building
restrictionzone)

) (
6

Reconstruction Impact

Greatest

B
[ 3

Least

Variable

2

4& 2 (**62 #

Greatest Social
Disruption

Longest reconstruction
time and requires the
demolition of the
greatest No. of houses.

Least Social
Disruption

Shortest reconstruction
time and requiresthe
demolition of the least
Mo. of houses

Recaonstruction impactis
different for the various
categorized properties
[i.e. lowest for minor,
moderate and major but
highest for very severe)
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A deposts dominan d an volcanic iprap ).

AGE i
(million years) Valley fill and slopewash deposils (c)
0005— _
Dominantly fixed dune sand and beach deposits (ch.); saline sand, silt, and peat
(chﬁ;r?ea& gavsli"(,:h:) sand of present-day aclw‘;) ‘dunes and beaches (chy.  Christchurch Formation (ch)
009—
| lluvial ch | ; dominantly alluvial sand and silt (sp,),
T Sreesta (SRl ol Al - Springsion Formation (sp)
01—
Undifferentiated subsurface deposits (ub).
nh Moderaltely sorted, rounded gravel in sand malrix. Locally oxidised brown (nh). Burnham Formation (nh)
035
T T T T
J @y 350 a a5 y
J § = L] 20 ] 2 5 w §
Y60000N ‘ 600
. - =
-a
| 5
Srvokiands Lugvom 1 1%
= o
Los
£ 15
= 48
= | da
4%
50 50
@ “
- L}
L : |
" WAIMAIRI BEACH {a
|
i NORTH NEW BRIGHTON i
300 4307
e Lat l oSt
NEW BRIGHTON
e a“
& 4«
W BRIGHTON
(3’

Chareert

& CA 7 8 & ; 2- 3w

| | g



eag -

0s

001
yBw

] T
L 9 ¢ O# ® Vv V$D B
L Thbl 29§2001 © Veg oy
‘fydesBiels Buimoys ‘yoinyolsyy eaepnsgns ybnolyy uoioas ssol) gz ainBig
00e-
uoijelabbexa |BoilaA sawiy 0g UoIjI8s ss01D
T
0 ‘SJUBWIPaS Ul PBLBULN — ogz-
pue suoljewo) Aaliyg pue -
aj0oyjeay ‘Aajwolg 'Yaunyasuyn . 01085 55010
“““““““ ity Paweu-un sapnjou| ‘saibojoul auy PIEIOTIOL RRN SIEM ik
o _m.,,mh.m: o Ajjueuiwop jo Bunsisuod elRNS —

e PeWeU-un — 051~

wwn yaver) vy :
_— &

) 5 _ ] == - — 0s-

S u% sl poorul]

) toyesall ) e - [aAa]

B R S a2 P N e Nl esg

Aeg snsebadq | _1

— M V / T ————1 05

- NOLHDIHE M3N HLNOS AITNOHL M%m NOLHYODIH \rmzmom NOLDNITSI o
1seg m_w 159M

wey oy

%



(0 0 $
00:5&8& 0O ()&?%
" &3C

& 3C$

" & 3C+

& (#

wey g

%



wey g

%



wey g

%



wey g

%



(' #$

D )&?7& '5 &
$D3" ,'5,&

wey g

%



c " ()&?& '5,&
! !
>& &?&& '5,&
B ol ?
R
7 ;
# ) 91 )y 91 0
@ 5,&
; 0 7 *%
!
-2
D
# Y+ 7 Y2 '7

ey g I
%




& & '5,&

B % + - 2
?
D
# ) )
'5.&
) !
! $
! ! !
# ) )*
! "t # !

%




3"

,' 9,84

'5,&

wey g

%




$D3" ,'5&

%

00& ; $C & & )" , 5,& 0& 1&?& ( "03)" |/
i &?&
08 ('5,& - =
% % * M
9
(-k (* 0p* M%
/
(* (* 0p* M%
- /// = _77_4_j'\\\\\
i < i!«ﬁ * * | * M *
(* (* 0p* M%
/
e — .
-
s
8 - -
//// \\
Sl B %*
0p* o M **
! | # |




wey g

%



