WIT.HYLAND.OO04A.1

<ss Huland

FATIGUE+EARTHRBUAKE ENGINEERING

Appendix to 4™ Brief of Evidence in Response to WIT.LATHAM.0002
and WIT.LATHAM.0003

Line 2 and F Group 2 Frame Design Compliance Checks for the CTV
Building

6" August 2012

Dr Clark Hyland

Phone 08 262 0203, Fax 09 262 0243
PO Box 87282, Manukau City 2241, New Zealand, www.fatigueandfracture.com

A DMVISION OF HYLAND CONSULTANTS LIMITED



WIT.HYLAND.O004A.2

-'.I: Hyland

e~ il
Gt T f vtk Destony Corterpoct Chpcd s
TAGU o CoroTHOTS A
Suﬂmw o# /04,{{{ EnE

Dr /M,A, 44—

Llisthe 72%)_7 5,1,,7{5 Colrir »5/2 NA— 2
Calecra 0// 04—7%¢
Calivn é 2, 94 —(

%D@}@/ Wlbl b wt o55hy

> £ 2000/

Lot fyuils v laseShans 04
Cort o Ww’o’ %ﬁdwogj =7
5‘?/ uLs” AH/?Z? 76 UQNOS Dzz%mo&f
/%M Qr(rz // éﬁ'“g
&%j A«fw; / A4 -9
= i e 4 Ao

Lot T QWU/)ZFM/%?( S L2 =i
Dec oo (,wft éooo& Z:Jm? ) fzl={

Uf-—- ngg_a(/ Qdﬁ/’( L= z
— aﬂ(‘facéea/ adw'm.s/ (L2 = C(L




=I= H g I a nd WIT.HYLAND.O004A.3
e e B— Y Y
SSSSSSS /2("%& O&Jﬂ; C&j’/{z /= DATE ‘3/3//L BY @M%fﬁ
Q &(_f’ff? &p ﬂé gffwé:) ﬂr -
Y ) /
Us - dw - 2§

— [ Lstorin @/CLQ/’»'@{QD &;o-oo? ez =T

(ine-Z. /4%/6)43’ Ao b s L/(s/ uc,{/}%o Lz A

— Jeetd [fropres” o=
o %C»Ccc.a&o/ &)C.mfm %%{ R B,
& Saoir Durmiele LzA—AH
L Kmoéfa. (lownds L%
= C/‘Q-& C;é/m p[)%(/
H%QMAMQA%{ (L2~
Ll oo T ot s fsﬁ’;% wshft)
= ._ZMQF dmm jau;’, 60610()’ I OF—/
Colirn bepcdile. SlaerSTrey .
v Qo o
et ol (ol e
— Uncrae 4@/ @[uhrm_( A

@@C: gm//f Q_% st

sz
Line P /% LS f'/o/.r f%w&#) A/
— Uncracle @dm‘ﬂ Lo /{ ;e
*-*’.{Lacu’ 0%# (FN—7__

www.fatigueandfracture .com



WIT.HYLAND.OO04A.4
:I: Hgland

::z;tz:“ EC‘ 5;;1 S
/ //(m&zl’dm#(( LF#"C/L ,
-Cmc 4 ol Plots
“{Afzw"dﬂ/ﬂmﬁ({ e

R R A e A e

wﬁﬁfér%’ﬂ/ = A
—P G = <
—w25300) 1982 -l 35143 Ae-

wﬁ%,,mvé\l(@ /ﬂ

www.fatigueandfracture.com



WIT.HYLAND.O004A.5

am> Iand
AP 'J
EEEEEEEEEEEEEEEEEEEEEEEEEE
PAGEljé"T../
Y... [ ol

/ J/W%m( Cent ye,{we»e, C(/‘!Mé\
J{:g J’D/% JZZ ijﬁ/té@j
A SOLS rﬁoﬂ M /of? o 5 7 v/

ﬁff wc(aﬁf’
mr»fco’ep/ JW/r?ofca/ 046?0/ éf«‘//

& 6-75 L/
2 // LGS y{ WP/Q r—co%(’n%m/mnyééx

~g" 0So W o5,
/oa 74/\; soef ordLn 4%?@4// Kc&
= ij/lyC// 0/7, /”/Z, I cboi//

"(_, 742(_’? é/“w?ld' D
: @1/, shers /Jo 7
Cor eg-lwﬁ AT S e %&Aw o £ =pw6 /|
[ GCWO(/MC&w/ﬂD( Z/}/;jﬁpjﬁr f/@::’j/
. “Cn fyra
@452(( %f‘uow 1995 | peil /ﬁ
e Faty b s o Lotr o
f@m/érce/ Cmm\g ~
/4 a@tmérb %LMM/ /W%M ﬁ/ﬁ”fﬁ%
Hs

Véz\l ' 7"/@ N @/a)/%c %@U(ouw%,.
ﬂ%j" (relr 170 %)

www.fatigueandfracture.com



IT.HYLAND.OO004A.6

<2 Hyland b

sy CTO Loy, enousorne n Tz
SSSSSSS ;M% /( DATE 33’//2_, &9(}4
{L @/&%C/ ’/Zé o 7&; o0/ %f*ﬁrf
&Z oes™ oo

éﬂ il s Tl /?X
5 Ho Sesile stress in rem
fr@/’? 7Zo 150 Ve b;rm/c Zéz ﬁ:i%«//"

g 64(%«0& %ﬂeﬁ/ éﬂf{ Lo 09—(%_ /47”‘/

0- '5( %O%.DZU-

f %w
0 4% ﬁc,rw( 0/1 /vé ne«ﬁ'o/ /
= 7/7er{ mr
=0 ooo %wwe/’ J

%,W C«L Crve s
P o I A AT h s éwe wey( s

A ossrarod (,6/(/ e @Z 7 //3 ,7.27)
G /f’ b (‘w/aﬁ CQQ&A’ 0

GW“W 6/ 2 WS’ o

/ﬁf'?fl:j W /‘-ou)4’ éQ,
chouA/tLe,V/ 74 Q{%ﬂ, 9@4«@ //’w/{/

www.fatigueandfracture.co



.'- WIT.HYLAND.O004A.7

=1 H U land

EEEEEEEEEEEEEEEEEEEEEEEEEEE

PPPPPPPPP 0y &K% PROJECT NO , it PAGE ﬁff’;

SSSSSSS Ter L QI\’Cjn (& /{ i~ DATE: _3/5//7_, nesseasesresBY @)%
@ge/rﬂ&/ ik

/4 e//e,f o/ %Mz/aﬁm A e ]
Soudb ol el " oyt Core 1forstony drffr
~t Q,oér(o%_%&f /‘-6/0%\)?_, ;/7/'
agﬁmﬁ& %w ﬁvff c.ari/ Lo fma%eo#e(/(,

7. T wns foud Haf M He alumns
Q@ 4»»2.)’ ?{p%ﬁ rco/ ’/Z«, QD/UJJ/(/O—\/ JeleL st Lo
060"3,, M7w‘~aﬂ’g}o WZs Cin JriIR P s
J’ij 0/3-5/9- (c@ 74r’ @/ML O

g b o&ﬁuﬁn c%e/a%’fc /waj

Ce¢
|

G It 2504 3(0) ofisthe Lobourocs
(“m/z/ é(,fmté’//ulf/( G5 %L/fomf w/éft
W r—¢ /\tcfcéﬂf (ju/&/ Z/j ou/
C.‘u-—nr/\-bZ{, ~ o (‘ZLU E = 6007 oJ
&)Q)’ufe/ e 7[(»((‘@6%_ /71/%,,‘/44(;5
o&)’MJM /émff DM colonns %/:7 er/ %ra?éna‘

?.(4/\ a/%‘ﬂuﬁf /'-\//4//7/\@‘?“\ ;{ M
/OM{C Qbéwmw’ oy wl‘.}?‘bocw*(' Q/Af
/0/«4% %Low’f éw’&/ [ A&f/‘tac.%éf' é/
W/Gﬁ“ ’/Aw/w‘ A/f‘f/%3@>).

. Gl idyptiton loaks fo Ha coilor

ot o fores cegeaced ] st



=I= Hgland WIT.HYLAND.O004A.8
iy e > | :sz;gjz, Rl oy
e 74‘/7“"( D 06” @3 < &y %04
O/t////%‘\?//ﬁt/\ o/ ém/w( Aé; g/’

LT e e s e ﬂw{' LA Al
aa/oéyénnq,(' SO (_ o&)’g/z /:w"Mf

e Mf—cd( ao/oé/[wna/ Jf”(m/ A&-\%\mc‘j
PR ATV M AT T T i i
ot | s WILY e r{ﬁm»«%’
Lot %ﬂdjma( 75 \j

122 L hapran | Joewls ot 2l O S’D”MC&M
werf_ (‘6 w}//%, ///”/Ué@ééue, D]{ 7?_9_ aa/oéém/

STl /zgw%,@%;. Z,Z,—i,r—)- ﬂx{w@’ Véf’ |
‘LC/ S ot as s T i roelieh nilhoie

; e%.&fu)% &ﬂ’i//-« %4.[, Sk 15 - //Lw&)/
//”/H:?/L«mtw/ om0l Coonds e Qcmc. Lo

colur Ttes et L,J@.Q/,,_‘ /éa L .
{apr f@@é ety o fioe o v
lone Z exvedid Hor 66%4%( 4C,
‘% WMI (/‘”-4/‘/ 0r bLAalroe ‘,/&Jw

e bt Cuj?a/ {~ ﬂ-&_ LAk gl
W%U (ots™ w!fz %{ w&ﬁyztﬂn i/\/}:{j =zt (oéuw

www.fatigueandfracture.com




WIT.HYLAND.O004A.9

1}: H|_.|Iand

_ s PRGIET ;3//2 | “ gi;‘/
c,)Zx 4 wem/v( Lot qu%% AL 7o Ao A
0@‘70/70(5’ / reaclef reaA\ e e

[A&/f/'/) Lz >>7Z( r«wm 10 WZ&L/

Jeyrte 7’»’ Pﬂ?w/

Qcéu(l (C?é(/"f/) V. & Lot ol

/A G/r:éﬂf Ay o ﬁmw(/“f’// /O'C:jwé)&

ﬂé /(_/C, LIS /"f?mr{

/ ﬁﬂ, 0\0/047%04/( SeLo*L e /‘(70&{/“(/\/}[\}’ /M%f

2)

s / %&, /‘thc)f?rWd/ MC"CLCM mdAﬂq
ﬂ/O D S5 c/c, ww" WM?/ ~ tolerrs

s
o4 gan ae Rnidseuduads ik

/! D A M M{%x.
CO&Q{ ;Z‘:‘;é‘: D&ﬁ“/

A (‘mpf‘é’fﬂuﬂi— 04 Caﬁe w/
/

0@@"&/)0({ 7 (7 L
Or WCr &cc 7@ G 0x )—w

%{/r e ey fﬂlo? 0 &o/wd//m/ e

www.fatigueandfracture.com



=I= Hgland WIT.HYLAND.O004A.10

e 0 19 O B o TP e =1

SSSSSSS : ﬁﬂffyf%jg 3 . DATE }/3//2/ By '/
ot Loy Loon ool b bl | 08 ac’w/%

rohl  for ol o G > b
/%Vé é ¢ o wfcm w7k O?Wf 60{/
0/ 0&0 [oGOZJ

(eres mc&o& J@ﬂ{/"og/CfO/ AM&U c,.fe//
[~ %ﬂ AT Qﬂ/ 50 15+ 70 ﬂﬂ{j‘ﬂ/q;fﬁ/
6’4‘:’"’( [DOD/ o%’ 0?{M

4 es W@w/—- ( 7L
e LY, “ il i

J’bﬁbﬂ/}ﬁ (’c,)-'Lw
O ISUR. Sy o KT elea A /o/

ﬁ%ﬁrww mo(fé G

6. sl oy /Af ol wW/’i‘jﬂ /e

a"”/ %-' 007)74(/-4-4/ @C@ é}c

Tlre et AT co?a/ o dodortun A1
0&/70.40@9—1 OnE 4 = ??9#@& s %M

%)’ Lo L ﬁ/éo GM/'M/ %4@_,

2" b Lot cbona Ay
oa/f/dAO f J & M: @r%ﬂ?w T~
Lo/ e w/w;’ﬂ m@m et 74 74“ Z%@L
- clystic 0 5SSty /e
%MQ %‘ /JOm/é(‘Mﬂe/%'j

aaaaaaaaaaaaaaaaaaaaa



F/2 ERSA Inter-storey North-South Drifts
10% eccentricty of mass south and east of centre.

Values for the Elastic Theory Limit of fs= 0.55fy reinforcing steel tension also includes ec=0.002 concrete compression strain bound.

Elastic Deformation limit is fy reinforcing steel tension and ec=0.002 concrete compression strain.
The NZS 4203:1984 55% ULS limit is the vo drift determined by factoring the S=1 ERSA drift by K/SM=2.75 .
stiff and soft soil results use foundation subgrade stiffnesses recommended by the Tonkin and Taylor Ltd report.
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Key:

Does not satisfy fs=0.55fy limit
Does not satisfy ec=0.001 Limit

Stiff Soil Soft Soil Soft Soil with 0.95 kPa SDL
Column Drift Limits No Line A Masonry Infill Contact No Line A Masonry Infill Contact No Line A Masonry Infill Contact
Axial Elastic :
Level Elastic Theory Limits Deformation | Failure Limit NZS 4203:1984 NZS 4203:1984 NZS 4203:1984
Compression Umit
kN ec=0.001 fs=0.55fy ec=0.004 55% ULS ULS 55% ULS ULs 55% ULS ULS
North -South Earthquake
L5-16 269 0.40% 0.32% 0.62% 1.58% 0.65% 1.19% 0.79% 1.44% 0.76% 1.38%
L4 513 0.33% 0.36% 0.73% 1.45% 0.66% 1.19% 0.79% 1.44% 0.76% 1.38%
3 754 0.28% 0.44% 0.69% 1.30% 0.63% 1.15% 0.77% 1.40% 0.74% 1.34%
L2 995 0.23% 0.48% 0.61% 1.20% 0.57% 1.04% 0.71% 1.30% 0.69% 1.25%
L1 1245 0.20% 0.51% 0.55% 1.13% 0.44% 0.79% 0.58% 1.05% 0.56% 1.02%
East-West Earthquake
L5-16 269 0.40% 0.32% 0.62% 1.58% 0.28% 0.51%
L4 513 0.33% 0.36% 0.73% 1.45% 0.28% 0.50%
L3 754 0.28% 0.44% 0.69% 1.30% 0.25% 0.46%
L2 995 0.23% 0.48% 0.61% 1.20% 0.20% 0.37%
L1 1245 0.20% 0.51% 0.55% 1.13% 0.13% 0.23%
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C/1 ERSA Inter-storey East-West Drifts

10% eccentricty of mass south and east of centre.
Values for the Elastic Theory Limit of fs= 0.55fy reinforcing steel tension also includes ec=0.002 concrete compression strain bound.
Elastic Deformation limit is fy reinforcing steel tension and ec=0.002 concrete compression strain.
The NZ5 4203:1984 55% ULS limit is the vd drift determined by factoring the S=1 ERSA drift by K/SM=2.75.

Stiff and soft soil results use foundation subgrade stiffnesses recommended by the Tonkin and Taylor Ltd report.
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Key:

Does not satisfy fs=0.55fy limit
Does not satisfy ec=0.001 Limit

Stiff Soil Soft Soil Soft Soil with 0.95 kPa SDL
Column Drift Limits No Line A Masonry Infill Contact No Line A Masonry Infill Contact No Line A Masonry Infill Contact
Axial Elastic
Level Elastic Theory Limits Deformation | Failure Limit NZS 4203:1984 NZS 4203:1984 NZS 4203:1984
Compression Lmit
kN ec=0.001 fs=0.55fy ec=0.004 55% ULS ULS 55% ULS ULS 55% ULS ULS
North -South Earthquake
L5-16 336 0.30% 0.40% 0.65% 1.55% 0.29% 0.52%
L4 623 0.25% 0.47% 0.73% 1.37% 0.28% 0.52%
13 906 0.20% 0.50% 0.64% 1.23% 0.26% 0.48%
L2 1189 0.20% 0.50% 0.58% 1.15% 0.21% 0.39%
L1 1478 0.18% 0.50% 0.50% 1.10% 0.13% 0.23%
East-West Earthquake
LS -L6 336 0.30% 0.40% 0.65% 1.55% 0.79% 1.43% 0.80% 1.46% 0.69% 1.25%
L4 623 0.25% 0.47% 0.73% 1.37% 0.77% 1.40% 0.79% 1.43% 0.68% 1.23%
L3 906 0.20% 0.50% 0.64% 1.23% 0.71% 1.29% 0.73% 1.33% 0.63% 1.14%
L2 1189 0.20% 0.50% 0.58% 1.15% 0.58% 1.06% 0.61% 1.11% 0.53% 0.96%
L1 1478 0.18% 0.50% 0.50% 1.10% 0.35% 0.63% 0.39% 0.71% 0.34% 0.61%
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D/2 ERSA Inter-storey East-West Drifts

10% eccentricty of mass south and east of centre.
Values for the Elastic Theory Limit of fs= 0.55fy reinforcing steel tension also includes ec=0.002 concrete compression strain bound.
Elastic Deformation limit is fy reinforcing steel tension and ec=0.002 concrete compression strain.
The NZS 4203:1984 55% ULS limit is the v& drift determined by factoring the 5=1 ERSA drift by K/SM=2.75.

stiff and soft soil results use foundation subgrade stiffnesses recommended by the Tonkin and Taylor Ltd report.

WIT.HYLAND.O004A.13

Does not satisfy fs=0.55fy limit
Does not satisfy ec=0.001 Limit

Stiff Soil Soft Soil Soft Soil with 0.95 kPa SDL
Column Drift Limits No Line A Masonry Infill Contact No Line A Masonry Infill Contact No Line A Masonry Infill Contact
Elastic
e guais Elastic Theory Limits Deformation | Failure Limit NZS 4203:1984 NZS 4203:1984 NZS 4203:1984
Compression Limit
kN ec=0.001 fs=0.55fy ec=0.004 55% ULS ULS 55% ULS ULS 55% ULS ULS
North -South Earthquake
L5 - L6 400 0.36% 0.34% 0.68% 1.55% 0.21% 0.38%
L4 745 0.28% 0.43% 0.69% 1.36% 0.21% 0.38%
13 1085 0.22% 0.49% 0.59% 1.23% 0.19% 0.35%
L2 1422 0.18% 0.51% 0.51% 1.13% 0.16% 0.28%
L1 1759 0.16% 0.46% 0.46% 1.10% 0.09% 0.16%
East-West Earthquake
L5- L6 400 0.36% 0.34% 0.68% 1.50% 0.58% 1.08% 0.60% 1.09% 0.51% 0.93%
L4 745 0.28% 0.43% 0.69% 1.32% 0.58% 1.06% 0.59% 1.07% 0.50% 0.91%
L3 1085 0.22% 0.49% 0.59% 1.18% 0.53% 0.97% 0.54% 0.99% 0.47% 0.85%
L2 1422 0.18% 0.51% 0.51% 1.10% 0.44% 0.80% 0.46% 0.83% 0.34% 0.62%
L1 1759 0.16% 0.46% 0.46% 1.10% 0.26% 0.48% 0.29% 0.53% 0.26% 0.46%
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Drift (%)
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Axial Compression vs Drift Plots for 400 mm Diameter CTV Column L2 to L5

6 H20; R6@250 Spiral ; 50 cover; f'c =27.5 MPa; Re=448 MPa; Rm=603 MPa (Cumbia)

FEM drifts adjusted by 1/0.85 for frame effects
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CTV BUILDING - COMPARISON OF ETABS PERIOD AND BASE SHEAR
WITH MASS OFFSET 0.1B TOWARDS SOUTH AND EAST

WIT.HYLAND.O004A.15

ETABS PERIOD FIXED BASE T&T STIFF T&T LIKELY T&T SOFT| LATHAM / MCCAHON
DIRECTION PERIOD (sec)|  TYPICAL DIRECTION u.n.o. PERIOD (sec) PERIOD (sec) PERIOD (sec) PERIOD (sec)

T1 Y1 (EAST-WEST) 0.92 X (NORTH-SOUTH) 1.23 1.31 1.39 2.09

T2 X (NORTH-SOUTH) 0.77 Y1 (EAST-WEST) 1.04 1.07 1.10 127

T3 Y2 (EAST-WEST) 0.20 Y2 (EAST-WEST) 0.32 0.35 0.40 0.84

ERSA SCALED R=1, 5=1, M=0.8 (SPEC#DUCTILE) T&T STIFF T&T LIKELY T&TSOFT| LATHAM / MCCAHON
BASE SHEAR BASE SHEAR (kN) BASE SHEAR (kN) BASE SHEAR (kN) BASE SHEAR (kN) BASE SHEAR (kN)
Vx X (NORTH-SOUTH) 2844 1798 1796 1793 1712

Vy Y (EAST-WEST) 2454 2153 2095 2037 1732




CTV BUILDING - COMPARISON OF CENTRE OF MASS (COM) AND CENTRE OF RIGIDITY (COR)

WITH MASS OFFSET 0.1B TOWARDS SOUTH AND EAST

WIT.HYLAND.OO04A.16

FIXED BASE
LEVEL Story Diaphragm MassX MassY XCM YCM CumMassX CumMassY XCCm YCCMm XCR YCR XCM-XCR (m)
STORY7 D1 72 72 24.6 10.9 72 T2 24.6 109 27.5 12.7
STORY6 D1 64 64 25.0 13.0 136 136 24.8 11.9 27.0 13.4
LEVEL & STORYS D1 664 664 9.7 10.9 799 799 12.3 111 26.4 14.0 -16.7
LEVELS STORY4 D1 631 631 10.2 10.8 1430 1430 113 11.0 26.2 14.0 -16.0
LEVEL4 STORY3 D1 640 640 10.1 111 2070 2070 11.0 11.0 25.8 139 -15.6
LEVEL 3 STORY2 D1 650 650 10.1 113 2720 2720 108 131 249 13.8 -14.8
LEVEL 2 STORY1 D1 672 672 10.2 113 3392 3392 10.7 111 23.0 13.6 -12.8
TE&T STIFF SOIL
LEVEL Story Diaphragm MassX MassY XCM YCM CumMassX CumMassY XCCM YCCM XCR YCR XCM-XCR (m)
STORY7 D1 72 72 246 10.8 72 72 246 109 269 125
STORY6 D1 64 64 25.0 13.0 136 136 248 11.9 26.2 13.2
LEVEL 6 STORYS D1 664 664 9.7 109 799 799 12.3 111 25.5 13.8 -15.7
LEVELS STORY4 D1 631 631 10.2 10.8 1430 1430 11.3 11.0 251 13.8 -15.0
LEVEL 4 STORY3 D1 640 640 10.1 11.1 2070 2070 11.0 11.0 24.7 13.8 -14.6
LEVEL3 STORY2 D1 650 650 10.1 113 2720 2720 10.8 111 24.0 13.8 -13.9
LEVEL 2 STORY1 D1 672 672 10.2 11.3 3392 3392 10.7 111 22.7 13.8 -12.5
T&T LIKELY SOIL
LEVEL Story Diaphragm MassY XCMm YCM CumMassX CumMassY XCCM YCCM XCR YCR XCM-XCR (m)
STORY7 D1 72 72 24.6 10.9 72 72 24.6 10.9 26.6 12.5
STORY6G D1 64 64 25.0 13.0 136 136 24.8 11.9 258 13.1
LEVEL 6 STORYS D1 664 664 27 10.9 799 799 123 111 25.1 13.7 -15.4
LEVELS STORY4 D1 631 631 10.2 10.8 1430 1430 113 11.0 24.8 137 -14.6
LEVEL 4 STORY3 D1 640 640 10.1 11.1 2070 2070 11.0 11.0 243 13.7 -14.2
LEVEL 3 STORY2 D1 650 650 101 113 2720 2720 10.8 111 236 13.7 -13.5
LEVEL 2 STORY1 D1 672 672 10.2 113 3392 3392 10.7 111 224 13.7 -12.2
T&T SOFT SOIL
LEVEL Story Diaphragr MassY XCM YCM CumMassX CumMassY Xcem YCCM XCR YCR XCM-XCR {m)
STORY7 D1 72 72 24.6 10.9 72 72 24.6 10.9 26.2 12.5
STORY6 D1 64 64 25.0 13.0 136 136 24.8 119 253 13.0
LEVEL 6 STORYS D1 664 664 9.7 10.9 799 799 123 1131 24.5 13.5 -14.8
LEVEL S STORY4 D1 631 631 10.2 10.8 1430 1430 113 11.0 24,1 13.5 -14.0
LEVEL 4 STORY3 D1 640 640 10.1 111 2070 2070 11.0 11.0 23.6 13.5 -13.5
LEVEL 3 STORY2 D1 650 650 10.1 11.3 2720 2720 10.8 111 22.9 13.5 -12.8
LEVEL 2 STORY1 D1 672 672 10.2 11.3 3392 3392 10.7 111 21.7 13.5 -11.6
LATHAM / MCCAHON
LEVEL Story Diaphragm MassY XM YCM CumMassX CumMassY XCCM YCCM XCR YCR XCM-XCR (m)
LEVELS b1 48 48 248 11.2 48 48 206 13.6
LEVEL?7 D1 94 94 15.6 10.7 142 142 19.8 13.5
LEVELG D1 597 597 9.8 10.7 739 739 19.5 134 -9.6
LEVELS D1 606 606 9.9 10.7 1345 1345 19.0 13.3 5.1
LEVEL4 D1 613 613 59 10.9 1958 1958 18.5 131 -8.6
LEVEL3 D1 627 627 9.9 11.3 2585 2585 17.9 13.0 -8.0
LEVELZ D1 648 648 10.1 11.3 3233 3233 17.2 129 7.2



CTV BUILDING - NORTH-SOUTH (X-DIRECTION) POINT DRIFTS ALONG GRID F
WITH MASS OFFSET 0.18 TOWARDS SOUTH AND EAST

Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1

FIXED BASE @ Grid F1 | SPECXDUCTILE SPECXDUCTILE x 2.75
LEVEL Story Point Load DispX DriftX DispX Driftx DriftX
(m) (m/m) {m) (m/m) (%)
LEVELS STORY5 12 SPECXDUCTILE 0.0215 0.0016 0.0592 0.0044 0.44
LEVEL4 STORY4 12 SPECXDUCTILE 0.0163 0.0016 0.0449 0.0044 0.44
LEVEL 3 STORY3 12 SPECXDUCTILE 0.0111 0.0015 0.0306 0.0041 0.41
LEVEL 2 STORY2 12 SPECXDUCTILE 0.0063 0.0012 0.0174 0.0033 0.33
LEVEL 1 STORY1 12 SPECXDUCTILE 0.0024 0.0006 0.0065 0.0017 0.17
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
T&T STIFF SOIL | SPECXDUCTILE SPECXDUCTILE x 2.75
LEVEL Story Point Load DispX Driftx DispX Driftx DriftX
(m) (m/m) {m) (m/m) (%)
LEVELS STORYS 12 SPECXDUCTILE 0.0357 0.0024 0.0981 0.0065 0.65
LEVEL 4 STORY4 12 SPECXDUCTILE 0.0280 0.0024 0.0769 0.0066 0.66
LEVEL 3 STORY3 12 SPECXDUCTILE 0.0202 0.0023 0.0556 0.0063 0.63
LEVEL 2 STORY2 12 SPECXDUCTILE 0.0128 0.0021 0.0352 0.0057 0.57
LEVEL1 STORY1 12 SPECXDUCTILE 0.0061 0.0016 0.0167 0.0044 0.44
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
T&T LIKELY SOIL I SPECXDUCTILE SPECXDUCTILE x 2.75
LEVEL Story Point Load DispX Driftx DispX DriftX DriftxX
(m) (m/m) (m) {m/m) (%)
LEVELS STORYS 12 SPECXDUCTILE 0.0402 0.0027 0.1106 0.0073 0.73
LEVEL 4 STORY4 12 SPECXDUCTILE 0.0316 0.0027 0.0869 0.0073 0.73
LEVEL 3 STORY3 12 SPECXDUCTILE 0.0230 0.0026 0.0633 0.0071 0.71
LEVEL 2 STORY2 12 SPECXDUCTILE 0.0147 0.0023 0.0404 0.0065 0.65
LEVEL1 STORY1 12 SPECXDUCTILE 0.0070 0.0018 0.0193 0.0051 0.51
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
T&T SOFTSOIL | SPECXDUCTILE SPECXDUCTILE x 2.75
LEVEL Story Point Load DispX Driftx DispX Driftx DriftX
(m) (m/m) (m) (m/m) (%)
LEVELS STORYS 12 SPECXDUCTILE 0.0442 0.0029 0.1215 0.0079 0.79
LEVEL 4 STORY4 12 SPECXDUCTILE 0.0348 0.0029 0.0958 0.0079 0.79
LEVEL 3 STORY3 12 SPECXDUCTILE 0.0255 0.0028 0.0701 0.0077 0.77
LEVEL 2 STORY2 12 SPECKDUCTILE 0.0164 0.0026 0.0451 0.0071 0.71
LEVEL 1 STORY1 12 SPECXDUCTILE 0.0080 0.0021 0.0221 0.0058 0.58
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
T&T SOFT S0IL with 0.95 kPa SDL [ SPECXDUCTILE SPECXDUCTILE x 2.75
LEVEL Story Point Load DispX Driftx DispX Driftx Driftx
{m) {m/m) {m) (m/m) (%)
LEVEL 5 STORYS 12 SPECXDUCTILE 0.0425 0.0028 0.1169 0.0076 0.76
LEVEL 4 STORY4 12 SPECXDUCTILE 0.0336 0.0028 0.0923 0.0076 0.76
LEVEL 3 STORY3 12 SPECXDUCTILE 0.0246 0.0027 0.0677 0.0074 0.74
LEVEL 2 STORY2 12 SPECXDUCTILE 0.0159 0.0025 0.0438 0.0069 0.69
LEVEL 1 STORY1 12 SPECXDUCTILE 0.0078 0.0020 0.0214 0.0056 0.56
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CTV BUILDING - EAST-WEST (Y-DIRECTION) POINT DRIFTS ALONG GRID 1

WITH MASS OFFSET 0.1B TOWARDS SOUTH AND EAST

Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1

FIXED BASE @ Grid F1 I SPECYDUCTILE SPECYDUCTILE x 2.75
LEVEL Story Point Load DispY Drifty DispY Drifty Drifty
(m) (m/m) {m) (m/m) (%)
LEVELS STORYS 12 SPECYDUCTILE 0.0331 0.0026 0.091 0.0073 0.73
LEVEL 4 STORY4 12 SPECYDUCTILE 0.0245 0.0026 0.067 0.0071 0.71
LEVEL 3 STORY3 12 SPECYDUCTILE 0.0162 0.0023 0.044 0.0064 0.64
LEVEL 2 STORY2 12 SPECYDUCTILE 0.0087 0.0018 0.024 0.0049 0.49
LEVEL 1 STORY1 12 SPECYDUCTILE 0.0030 0.0008 0.008 0.0022 0.22
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
T&T STIFF SOIL [ SPECYDUCTILE SPECYDUCTILE x 2.75
LEVEL Story Point Load DispY Drifty Disp¥Y Drifty Drifty
(m) (m/m) (m) (m/m) (%)
LEVEL S STORYS 12 SPECYDUCTILE 0.0383 0.0029 0.105 0.0079 0.79
LEVEL 4 STORY4 12 SPECYDUCTILE 0.0290 0.0028 0.080 0.0077 0.77
LEVEL 3 STORY3 12 SPECYDUCTILE 0.0200 0.0026 0.055 0.0071 0.71
LEVEL 2 STORY2 12 SPECYDUCTILE 0.0117 0.0021 0.032 0.0058 0.58
LEVEL 1 STORY1 12 SPECYDUCTILE 0.0048 0.0013 0.013 0.0035 0.35
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
T&T LIKELY SOIL I SPECYDUCTILE SPECYDUCTILE x 2.75
LEVEL Story Point Load DispY Drifty DispY Drifty Drifty
(m) (m/m) (m}) {m/m) (%)
LEVEL 5 STORYS 12 SPECYDUCTILE 0.039 0.0029 0.108 0.0080 0.80
LEVEL 4 STORY4 12 SPECYDUCTILE 0.030 0.0028 0.082 0.0078 0.78
LEVEL 3 STORY3 12 SPECYDUCTILE 0.021 0.0026 0.057 0.0072 072
LEVEL 2 STORY2 12 SPECYDUCTILE 0.012 0.0022 0.034 0.0060 0.60
LEVEL 1 STORY1 12 SPECYDUCTILE 0.005 0.0013 0.014 0.0037 0.37
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
T&T SOFT SOIL | SPECYDUCTILE SPECYDUCTILE x 2.75
LEVEL Story Point Load DispY Drifty DispY Drifty Drifty
{m) {(m/m) (m) (m/m) (%)
LEVELS STORYS 12 SPECYDUCTILE 0.0399 0.0029 0.110 0.0080 0.80
LEVEL 4 STORY4 12 SPECYDUCTILE 0.0305 0.0029 0.084 0.0079 0.79
LEVEL 3 STORY3 12 SPECYDUCTILE 0.0212 0.0027 0.058 0.0073 0.73
LEVEL 2 STORY2 12 SPECYDUCTILE 0.0126 0.0022 0.035 0.0061 0.61
LEVEL 1 STORY1 12 SPECYDUCTILE 0.0054 0.0014 0.015 0.0029 0.39
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
T&T SOFT SOIL with 0,95 kPa SDL | SPECYDUCTILE SPECYDUCTILE x 2.75
LEVEL Story Point Load DispY Drifty DispY Drifty Drifty
(m) (m/m) (m) {m/m) (%)
LEVEL 5 STORYS 12 SPECYDUCTILE 0.0343 0.0025 0.0943 0.0069 0.69
LEVEL 4 STORY4 12 SPECYDUCTILE 0.0262 0.0025 0.0721 0.0068 0.68
LEVEL 3 STORY3 12 SPECYDUCTILE 0.0183 0.0023 0.0503 0.0063 0.63
LEVEL 2 STORY2 12 SPECYDUCTILE 0.0109 0.0019 0.0300 0.0053 0.53
LEVEL 1 STORY1 12 SPECYDUCTILE 0.0047 0.0012 0.0129 0.0034 0.34
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CTV BUILDING - EAST-WEST (Y-DIRECTION) POINT DRIFTS ALONG GRID 2

WITH MASS OFFSET 0.18 TOWARDS SOUTH AND EAST

Computed Deformations
Ref NZS5 4203:1984 Clause 3.8.1

FIXED BASE @ Grid D2 [ SPECYDUCTILE SPECYDUCTILE x 2.75
LEVEL Story Point Load DispY Drifty DispY Drifty Drifty
(m) {(m/m) (m) (m/m) (%)
LEVEL 5 STORYS 6 SPECYDUCTILE 0.0242 0.0019 0.067 0.0053 0.53
LEVEL 4 STORY4 6 SPECYDUCTILE 0.0180 0.0019 0.049 0.0052 0.52
LEVEL 3 STORY3 6 SPECYDUCTILE 0.0118 0.0017 0.033 0.0047 0.47
LEVEL 2 STORY2 6 SPECYDUCTILE 0.0064 0.0013 0.018 0.0036 0.36
LEVEL 1 STORY1 6 SPECYDUCTILE 0.0022 0.0006 0.006 0.0016 0.16
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
TE&T STIFF SOIL | SPECYDUCTILE SPECYDUCTILE x 2.75
LEVEL Story Point Load DispY Drifty DispY Drifty Drifty
(m) (m/m) (m) (m/m) (%)
LEVELS STORYS 6 SPECYDUCTILE 0.0284 0.0021 0.078 0.0058 0.58
LEVEL 4 STORY4 6 SPECYDUCTILE 0.0216 0.0021 0.059 0.0057 0.57
LEVEL 3 STORY3 6 SPECYDUCTILE 0.0149 0.0019 0.041 0.0052 0.52
LEVEL 2 STORY2 6 SPECYDUCTILE 0.0087 0.0016 0.024 0.0043 0.43
LEVEL 1 STORY1 6 SPECYDUCTILE 0.0036 0.0009 0.010 0.0026 0.26
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
T&T LIKELY SOIL I_ SPECYDUCTILE SPECYDUCTILE x 2.75
LEVEL Story Point Load DispY Drifty DispY Drifty Drifty
(m) (m/m) (m) (m/m) (%)
LEVELS STORYS 6 SPECYDUCTILE 0.0291 0.002148 0.080 0.0059 0.59
LEVEL 4 STORY4 6 SPECYDUCTILE 0.0222 0.002108 0.061 0.0058 0.58
LEVEL 3 STORY3 6 SPECYDUCTILE 0.0154 0.001943 0.042 0.0053 0.53
LEVEL 2 STORY2 6 SPECYDUCTILE 0.0091 0.001619 0.025 0.0045 0.45
LEVEL 1 STORY1 6 SPECYDUCTILE 0.0039 0.00101 0.011 0.0028 0.28
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
TE&T SOFT SOIL | SPECYDUCTILE SPECYDUCTILE x 2.75
LEVEL Story Point Load DispY Drifty DispY Drifty Drifty
(m) (m/m) (m) (m/m) (%)
LEVEL 5 STORY5 6 SPECYDUCTILE 0.0297 0.0022 0.082 0.0060 0.60
LEVEL 4 STORY4 6 SPECYDUCTILE 0.0227 0.0021 0.062 0.0059 0.59
LEVEL 3 STORY3 6 SPECYDUCTILE 0.0158 0.0020 0.044 0.0054 0.54
LEVEL 2 STORY2 6 SPECYDUCTILE 0.0094 0.0017 0.026 0.0046 0.46
LEVEL 1 STORY1 6 SPECYDUCTILE 0.0041 0.0011 0.011 0.0029 0.29
Computed Deformations
Ref NZS 4203:1984 Clause 3.8.1
T&T SOFT SOIL with 0.95kPa SDL I SPECYDUCTILE SPECYDUCTILE x 2.75
LEVEL Story Point Load DispY Drifty DispY Drifty Drifty
(m) {m/m) (m) {m/m) (%)
LEVEL 5 STORYS 6 SPECYDUCTILE 0.0256 0.0019 0.0704 0.0051 0.51
LEVEL 4 STORY4 6 SPECYDUCTILE 0.0196 0.0018 0.0539 0.0050 0.50
LEVEL 3 STORY3 6 SPECYDUCTILE 0.0137 0.0017 0.0376 0.0047 0.47
LEVEL 2 STORY2 6 SPECYDUCTILE 0.0082 0.0012 0.0226 0.0034 0.34
LEVEL 1 STORY1 6 SPECYDUCTILE 0.0036 0.0009 0.0098 0.0026 0.26
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Moment-Drift Plots for 400 mm Diameter CTV Column L2 to LS
6H20; R6@250 Spiral ; 50 cover; f'c=27.5 MPa; Re=448 MPa; Rm=603 MPa
FEM driftsadjusted by 1/0.85 for frame effects (Cumbia)
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Figure 159 - Moment-Drift plots for 400 mm diameter CTV columns for fc=14.2 and 27.5 MPa
concrete, using Cumbia software for fixed end conditions adjusted for line I, 4 and F frame effects.
Concrete limiting strain was set at 0.004. This shows that yielding of the reinforcing steel starts at
higher drifts as the axial compression action increases. Similarly the ability of the columns to drift
more after starting to yield reduces as the axial compression action increases. Columns in the
upper levels had lower axial compression actions compared to the lower level columns, and so were
able to sustain more inelastic demand than those at lower levels. The crosses indicate the point at
which yield of the extreme reinforcing steel bar occurs designated as the yield moment of the
column. Due to the wide spacing of the spiral reinforcing, loss of concrete cover may have led to
buckling of the H20 bars.  For loads greater than 1550 kN the column drift capacity appears to
reduce back along the upper drift curve back to squash capacity
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- The Design Approach

1.1 DEVELOPMENT OF WORKING STRESS AND ULTIMATE
STRENGTH DESIGN PROCEDURES

Several of the early studies of reinforced concrete members were based on
ultimate strength theories, for example, Thullie’s flexural theory of 1897
and the parabolic stress distribution theory of Ritter in 1899. However at
about 1900 the straight-line (elastic) theory of Coignet and Tedesco became
generally accepted, mainly because elastic theory was the conventional
method of design for other materials and also because it was thought that the
straight-line distribution of stress led to mathematical simplification. In
addition, tests had shown that the use of elastic theory with carefully chosen
values for the allowable working stresses led to a structure displaying satis-
factory behavior at the service loads and having an adequate margin of
safety against collapse. Thus elastic theory has been the basis of reinforced
concrete design for many years.

Recently there has been renewed interest in ultimate strength theory as a
basis of design. After more than half a century of practical experience and
laboratory tests, the knowledge of the behavior of structural concrete has
vastly increased and the deficiencies of the elastic theory (working stress)
design method have become evident. This has resulted in periodic adjust-
ment to the working stress design method, but it has become increasingly
apparent that a design method should be based on the actual inelastic
properties of the concrete and steel. Thus ultimate strength design became
accepted as an alternative to working stress design in the building codes for
reinforced concrete of the American Concrete Institute (ACI) in 1956 and
of the United Kingdom in 1957. These two design approaches may be sum-
marized as follows.

Working Stress Design (Elastic Theory)

The sections of the members of the structure are designed assuming straight-
line stress-strain relationships ensuring that at service loads the stresses in

1



erties

= 35 in?

= 288 + 35 = 323 in?

1e top edge to find y:

x 20) S y=1287in

x 0.87%) + (35 x 7.13%)

e neutral axis to find y.

=

-0 .. j=868in

' x 8.68 x 4.34%) + (40 x 11.32%)

that the transformed area of ---:'_
e the moment of inertia about its
Also, for the section of this example.

1ce the I value by 51 %.

ture of concrete
20

-in

Wstic Theory for Stresses in Members due to Flexure

1. M = 300,000 Ib - in; therefore, section is uncracked.
My
=g
top /. = 300,000 x 12.87/15,820 = 244 psi (1.68 N/mm?)
bottom f, = 300,000 x 11.13/15,820 = 211 psi (1.46 N/mm?)
f; = nf; = 8 e 300,“)0 x 7.13{15,820
= 1080 psi (7.45 N/mm?)
2. M =900,0001b-in; therefore, section is cracked.

top £, = 900,000 x 8.68/7740 = 1010 psi (6.96 N/mm?)
f. =8 x 900,000 x 11.32/7740 = 10,530 psi (72.6 N/mm?)

Note the significant increase in steel stress after cracking. When
cracking occurs at a bending moment of 639,600 1b - in (72.2 kN - m)
the maximum concrete stress increases from 520 to 720 psi (3.6 to
5.0 N/mm?) and the steel stress increases from 2300 to 7480 psi
(15.9 to 51.6 N/mm?).

10.2.5 Design of Beams Using the Alternative (Elastic Theory)
Method

1971 ACI code!®! allows the design of flexural members without
al load by the elastic theory approach (straight line theory). This design
wthod proportions members so that at the service loads the specified
Jowable stresses are not exceeded. The allowable compressive stress in the
werete is 0.45f. The allowable tensile stress in the steel is 20,000 psi
i%% N/mm?) for Grade 40 or Grade 50 steel (f, = 276 or 345 N/mm?),
¢ 24,000 psi (166 N/mm?) for Grade 60 steel(f, = 414 N/mm?) or higher
pade steel. The modular ratio n stipulated by the code is E /E,, except that in
subly reinforced members, an effective modular ratio of 2E/E, is used when
wesidering the compression steel. The value taken for E, is 29 x 10° psi
10,000 N/mm?), and for both normal weight and lightweight concrete E,
000,/ 1% psi (4730,/ f N/mm?). The modular ratio n may be taken as
w nearest whole number.
- The recommended value for the modular ratio ignores the effect of concrete
wecp except as it effects the compression steel, whereupon the creep co-
Beient is taken as C, = 1. The reason for this is revealed in Example 10.1.
aparison of stresses after creep with stresses before creep indicates a very
mificant increase in the compressive steel stress, but only a very slight
ase in the tensile steel stress and a decrease in the compressive concrete
pess. This approach means that when a doubly reinforced section is first
wded, the concrete will be more highly stressed than calculated, but the
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NZS 3101 : Part 1 : 1982
Section 3

(b) The requirements of Section 14, wherever the actions
that could be transmitted by the superstructure at the
top of the foundations are equal or larger than those
which would result from the application of lateral
earthquake loading to the superstructure correspond-
ing with SM = 1.6.

3.5.12.5 Rocking foundations. When special studies
are carried out to the satisfaction of the Engineer, structu-
ral walls may be assumed to limit the seismic loads induced
in the structure by rocking with their foundations, provided
that:

(a) The vertical design loads on the foundations are
determined from factored gravity loads together with
overstrength contributions of adjacent slabs, beams
and other elements which may be yielding during the
rocking of the wall system, and having regard to all
accelerations induced in the superstructure during
rocking

(b) The lateral design load acting simultaneously with the
vertical forces, in accordance with 3.5.12.4 (a), are
determined from special studies.

3.5.12.6 Lateral forces on retaining walls and piles.
Particular attention shall be given to forces that might
develop against retaining walls and piles during earthquakes.

3.5.12.7 Uplift forces. Uplift forces that may act on
foundation pads during earthquakes, shall be considered to
ensure that, when necessary, adequate flexural tension rein-
forcement is provided in the top of isolated footing pads or
in other localities of continuous or combined footings or
rafts, where under gravity load compression stresses would
prevail. Such reinforcement shall not be less than 0.001
times the gross sectional area of such a pad.

3.5.13 Structures incorporating mechanical energy
dissipating devices. The design of structures
incorporating flexible mountings and mechanical energy
dissipating devices is acceptable provided that the following
criteria are satisfied:

(a) The performance of the devices used is substantiated :

by tests

(b) Proper studies are made towards the selection of suit-
able design earthquakes for the structure

(c) The degree of protection against yielding of the struc-
tural members is at least as great as that implied in
this Code relating to the conventional seismic design
approach without energy dissipating devices

(d) The structure is detailed to deform in a controlled
manner in the event of an earthquake greater than the
design earthquake,

3.5.14 Secondary structural elements

3.5.14.1 Secondary elements are those which do not
form part of the primary seismic force resisting system, or

W|T.HYLAND.026}«§Z._§3§L

are assumed not to form such a part and are therefore not
necessary for the survival of the building as a whole under
seismically induced lateral loading, but which are subjected
to loads due to accelerations transmitted to them, or due to
deformations of the structure as a whole. These are classi-
fied as follows:

(a) Elements of Group 1 are those which are subjected to
inertia loading but which, by virtue of their detailed
separations, are not subjected to loading induced by
the deformation of the supporting primary elements
or secondary elements of Group 2

(b) Elements of Group 2 are those which are not detailed
for separation, and are therefore subjected to both
inertia loadings, as for Group 1, and to loadings
induced by the deformation of the primary elements.

3.5.14.2 Group 1 elements shall be detailed for separ-
ation to accommodate deformations »A and A p- Such
separation shall allow adequate tolerances in the construc-
tion of the element and adjacent elements, and, where
appropriate, allow for deformation due to other loading
conditions such as gravity loading. For elements of Group 1:

(a) Loading Ej, used in the design shall be that specified
in NZS 4203

(b)  Analysis may be by any rational method

(c) Detailing shall be such as to allow ductile behaviour
and in accordance with the assumptions made in the
analysis. Fixings for precast units shall be designed
and detailed in accordance with 3.5.15.

3.5.14.3 Group 2 elements shall be detailed to allow
ductile behaviour and in accordance with the assumptions
made in the analysis. For elements of Group 2:

(a) Additional seismic requirements of this Code need not
be satisfied when the design loadings are derived from
the imposed deformations VA, specified in NZS 4203,
and the assumptions of elastic behaviour

(b) Additional seismic requirements of this Code shall be
met when plastic behaviour is assumed at levels of
deformation below v &

(c) Inertia loading Ep shall be that specified by NZS
4203

(d) Loadings induced by the deformation of the primary
elements shall be those arising from the level of defor-
mation v, specified in NZS 4203 having due regard
to the pattern and likely simultaneity of deformation

(¢) Analysis may be by any rational method, in accor-
dance with the principles of elastic or plastic theory,
or both. Elastic theory shall be used to at least the
level of deformation corresponding to and compatible
with one-quarter of the amplified deformation, va,
of the primary elements, as specified in NZS 4203
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B2.2 All provisions of this Code for non-prestressed concrete, except 3.3.3.4, shall
apply to members designed by the alternative design method.

B2.3 Flexural members shall meet the requirements for deflection control in 4.4 and
the requirements of 6.3.2, 6.3.3, 6.4.3 and 6.4.5 of this Code.

B3 GENERAL
B3.1 Design loadings shall be according to NZS 4203 or other appropriate loadings

code and capacity reduction factors, ¢, shall be taken as unity for members designed by
the alternative design method.

B4 ALLOWABLE SERVICE LOAD STRESSES
B4.1 Stresses in concrete,

Stresses in concrete shall not exceed the following:

®

Flexure
Extreme fibre stress in compressioﬁ ............................ 0457,
Shear*
Beams and one-way slabs and footings
Shearcarried by conerete, Vo ... oo soimes oo sn i s oy e vieis 7 Sl 0.091 \/}g
Maximum shear carried by concrete plus shear reinforcement . . . .. .. ve + 0371,
Joistst: I o
Shear cattied bY CONCIEE, W .« 47 s vie 5.0 55 575 5650 o4 Sasiels o 2o sis 0.10v/f7
Two-way slabs and footings:
Peripheral shear carried by concrete, v, U 0.083 (1 + ,(32;) \/?g-
DR ROURTRRIEE I < o 73 v om ot S Wea R S Seieh o5 BuE oe LR 0.17vVf;
Bearng onJoadbdiald . ovwwmei s senen ws e a6 s S99 6 G5 6 0.301, e

B4.2 Stresses in reinforcement

Tensile stress in reinforcement f; shall not exceed thefellowing: ©-55 'F:’j o 200 T .

* For more detailed analysis of shear stress carried by concrete, V., and shear values for lightweight
aggregate concrete, see B8.2

T Designed in accordance with 3.4.2 of this Code.
I If shear reinforcement is provided see B8.2.

§ When the supporting surface is wider on all sides than the loaded area, the allowable bearing stress
on the loaded area may be increased by 4,/4, but not more than 2. When the supporting surface
is sloped or stepped, 4, may be taken as the area ofthe lower base of the largest frustum or a right
pyramid or cone contained wholly within the support and having for its upper base the loaded
area, and having side slopes of 1 vertical to 2 horizontal.






