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Venue and Dates

Christchurch, 3-11 July 1986, at Room E7, School of
Engineering, University of Canterbury.

Closing Date of Applications
Wednesday 18 June 1986.

As enrolment is limited, applications will be accepted in
order of receipt.

Fee
$160 payable on application using the attached form.

The fee covers coffee, lunches, social hours and seminar
notes for Sessions 2, 7, 9, 10 and 11.

Copies of additional notes *‘Applications of New Zealand
Standard Code of Practice for the Design of Concrete
Structures, NZS 3101:1982", New Zealand Concrete
Society Technical Report No. 2, August 1983, which cover
Sessions 1, 2, 3, 4, 5, 6 and 8, are afso available to
seminar participants at an additional cost of $28.
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DESIGN OF CONCRETE STRUCTURES

Joint University of Canterbury
New Zealand Concrete Society Seminar
Organised by the Department of Civil Engineering
of the University of Canterbury.

The seminar will offer a state-of-the-art covering of the
design of concrete structures with particular emphasis on
the requirements for seismic loading, Topics considered to
be weil established will be covered only briefty during the
seminar, while in the other areas, particularly where more
recent research information has come to hand, an
extended treatment will be offered.

The seminar will assist enginesrs ¢ become more
familiar with the Mew Zec!ond Standard Code of Practice
for the Design of Concrete Structures NZS 3101:1982 and
its applications. In some sessions of the seminar the
presentations will be similar to those given in the seminars
on NZS 3101:1982 crganised in 1983 by the New Zealand
Concrete Society. For this reason Technical Report No. 2
of the New Zealand Concrete Society, entitled
“Applications of the New Zealand Standard Code of
Practice for the Design of Concrete Structures, NZS
3101:1982", which includes a number of design
examples, will be found useful. Special notes for this
seminar will be prepared only for some sessions. A
session on design charts and computer programs is also
included,

In additton the seminar will include sessions on the
design of concrete structures for the storage of liquids and
on the design of concrete masonry, which will explain the
background to the new codes DZ 3106 and NZS 4203P:
1985 recently issued by the Standards Association of New
Zealand.

Lecturers

R. Park, Professor of Civil Engineering,
University of Canterbury, Christchurch.

T. Paulay, Professor of Civil Engineering,
University of Canterbury, Christchurch.

M. J. N, Priestley, Reader in Civil Engineering,
University of Canterbury, Christchurch.

L. Gaerty, Assistant Director, New Zealand Concrete
Research Association, Porirua.

fcontinued on back panel)
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Seminar Programme and_ Ll eciurars
DESIGN OF CONCRETE STRUCTURES

Time Topic ' Lecturer

Wednesday 9 July 1986

9.00-9.05  Introduction

8.05-10.30 Session 1: General Design
Requirements and Capacity
Design Principles T. Paulay

Coffee
11.00-12.30 Session 2: Reinforced
Concrete Members With
Flexure With and Without
Axial Load R. Park
Lunch
2.00-3.00 Session 3: Reinforced
Concrete Members With Shear

and Torsion T. Paulay
Coffec
3.30-5.00  Session 4; Reinforced Concrete
Beam-Column Joints R. Park

5.15-6.15  Social Hour

Thursday 10 July 1986
9.00-10.45 Session 5: Reinforced

Concrete Structural Walls T. Paulay
Coffee
11.15-12.30 Session 6. Fioor Slabs and

Diaphragms R. Park
Lunch
2.00-3.30  Session 7: The Capacity Desngn

of Hybrid Structures T. Paulay
Coffee
4.00-5.30  Session 8: Prestressed

Concrete R. Park

5.45-6.45 Social Hour

Friday 11 July 1986
9.00-10.30 Session 9: Design Charts and
Computer Programs for
Reinforced Concrete L. Gaerty
Coffes .
11-00-12.30 Session 10: Structures for the
Storage of Liquids M. J. N. Priestley

Lunch
2.00-3.30  Session 11: Masonry

Structures M. J. N. Priestley
Coffee

4.00-5.30 Discussion
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DZ 3106
Draft New Zealand Standard

CODE OF PRACTICE
FOR CONCRETE STRUCTURES FOR THE STORAGE OF LIQUIDS
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5.2 Stiffness of cracked section

5.3 Minimum permitted concrete stresses
5.4 Reinforcing steel stresses

5.5 Minimum reinforcement

5.6 Bond and anchorage

5.7 Minimum cover to reinforcement

5.8 Floor slabs

5.9 Roofs

6 DESIGN OF PRESTRESSED CONCRETE ELEMENTS
6.1 General
6.2 Materials
6.3 Allcwable stresses
6.4 Secondary prestress stresses
6.5 Non-tensioned reinforcement
6.6 Partial prestressing

7 CEMENT MORTAR ELEMENTS

7.1 General

7.2 Construction .

7.3 Pneumatically-placed mortar

7.4 Hand-placed mortar

7.5 Mechanically~-placed mortar

7.6 Minimum wall thickness fof watertightness
7.7 Reinforcement ; -

7.8 Minimum cover to reinforement

7.9 Cement mortar roofs

APPEN D1 A
A Cyh‘dc{r{ca’ tank thermal tablzs
&  Fundamental period of vibration of the inertia

aonzponen.'é of a l'cc{a_nga.far- tank (TI)
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RELATED DOCUMENTS
In this document reference is made to the following:

NEW ZEALAND STANDARDS

KZS 1300:0000 . Model building bylaw
NZS 3101:1982 The design of concrete structures
NZS 3103:1976 Sands for mortars and internal and

external plasters

NZS 3104:1983' Concrefe production - High grade and
special grade

NZS 3109:1980 Concrete construction
NZS 3112:0000 ) ~ Methods of test for concrete

Part 2:1980 Tests relating to the
determination of strength of

concrete
NZS 3121:1980 Water aﬁd aggregate for concrete
NZS 3402P:1973 Hot-rolled steel bars for concrete
reinforcement
NzS 3422:i975 Welded fabrie of drawn steel wire

for concrete reinforcement

NZS 4203:1984 General structural design and design
' loadings for buildings



NZ5 4441:1972
BRITISH STANDARDS

BS 1485:1983

BS 4102:1971

BS 5337:1976

AMERICAN CONCRETE SOCIETY

ACI 344R-70

COMMITTEE REPRESENTATION
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Swimming pools

Zinc coated hexagonal steel wire
netting '

Steel wire for fences

The structural use of concrete for
retaining aguesus liquids

Design and construction of circular
pretressed concrete structures

This draft for comment was prepared ﬁnder the direction of the

Building and Civil Engineering Divisional Comrittee (30/-~) of

the Standards Association of New Zealand.

The Concrete Structures for the Storage of Liquids Cormittee

(31/10) was responsible for the Preparation of the draft and

consisted of the following persons:

Mr P J North

Dr M J N Priestley

Mr J Vessey.
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FOREWORD

In 1978, two documents entitled 'Code of Practice for Concrete
structures for the Storage of Liquids' Parts 1 and 2 were pro-
mulgated, intended to replace the technical requirements of

NZS 1900: Chapter 11.1 : 1964. The first of these, NiS 3106P
Part 1:1978, a provisional standard, represented comparatively
minor changes to the approach and substance of the 1964 document.
The second document, published by SANZ as DZ 3106 Part 2, a draft
for comment, contained a radically different 'crack control'’ |
approach, where design was basically controlled by calculated
crack widths under service load conditions. This second document
also contained much more detailed advice on seismic loading, tem-"
perature stresses, and effects of creep and shrinkage.

A small committee was formed in 1983 to reconcile the two
approaches, and produce a new, single draft for comment,
replacing both the earlier publications. In doing so, the com-
mittee was mindful of considerable resistarce in the design pro-
fession to the ‘crack control' approach. One of the reasons for
this resistance was the uncertainty of crack control equations:
different available equations result in a wide range of predicted
crack widths, and the applicability of any of the equations to
cracking of, for example, circular shell structures has .yet to be
established experimentally. '

However, the committee also recognised that the approach pre-
sented in NZS 3106P: Part 1 1978 was largely outdated, and did
not reflect advances in the state of knowledge of behaviour of
concrete liguid retaining structures, made over the past 20

years.

Consegquently this current draft for comment is more than just a
meshing together of the previous two documents. It represents a
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new approach, the committees believes, one that is closer to tra-
ditional methods of design for these structures while still
taking advantage of improved knowledge of their design. Design
is solely based on working stress methods. Ultimate strength
design using factored loads is seen as inappropriate when the
basic design load (that of the contained 1iqyuid) is known to a
comparatively high precision. Thus a load factor reflecting the
uncertainty of magnitude of fluid loading would be close to
unity. Conversely, performance under service loads is of prime
importance, and a detailed control of service conditions is
essential. Two categories of load combinations are listed: per— -
manent or long duration loads, and combinations including infre-
queht combination of transient loads. For the two categories,
different limiting stresses are allowed.

The format of this draft has also been changed somewhat, and is
close to that adopted in recent SANZ structural design codes.
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APPENDIX A .
CYLINDRICAL TANK TBERMAL TABLES
Tables are given for 3 base conditions: PINNED
3 FIXED
SFACT = H /D.t. '
SLIDING
In each case, the top is assumed to be free.
Stresses are glven for three thermal conditions,
{1} Average Temperature Change
£ Uniform temperature change of BA
Tables assume GA is a temperature increase
Reverse sign for temperature decrease
. AT&nP
{2) Differential Temperature Change .
= pDifferential temperature change / -go
of £ 8, i.e: “ I
Note total gradient through wall g: intial fe’"f
. 20 2
. S ba— wall —p
Tables assume outside hotter than inside
Reverse sign for imside hotter than outside.
{3) Total Temperature Change %E"‘P
£ Temperaturs variation on outside - f
surface only = 8, d.e: e,
Tables assume outside hotter than inside. J
Reverse sign for outside colder thin inside. “nitial temp
’ —wall —»
Stresses

£ = C.Eab wvhere C = coefficlent from appropriate table

Mod. of Elast.

a

O-BAaBD orBT

Note : Signa Convtndion s Fmstan -+ve

Verlccal strtrn ¢lwta Taside
g'ﬁga é:: Ouigret

Lin. coeff. of thermal expansien

as appropriate.

serfoce

su-jfa-)

v
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PINNED-BASE CONDITION

-. " Som o
XTICHL THERMAL STRESS - AVERAGE TEMPERATURE GHANGE - .. .

ACT " ToP 0.4 .24 ©.30 :e.4d O.5H  O.6H 9.7H ©.BK  ©.5H BTN P
2.000 ©.000 =-0.022 -0.079 =-0.175 -9.274 -0 ' '
2.0a 00 - : 175 -0, -0.379 -0.478 -a. - -

3000 gleve -0.014 -0.00¢ T9:475 19818 10338 9:iE8 30ERS 8t Z8:3%6 - 6.000

. . ‘83e 3.637 _0.077 -0.158 -@8.274, -0.398 -0.523 -6.56€6 1492 %leee

2808 ©0.000 0,008 -0.006 -0.035 -0.096 -0.204° -0.342 -0.43% .~C.564 -%.442  2.000

6.600 ©8.600 0.00@ 0,000 -0.014 =-0.052 7 2 : ‘ T9.465  0.800
. . . . -9.137 -o. - e - RIHN
2000 ©.000 ©.900 ©.000 ©.0618 0.090 -0.062 958 Co:3ic o847 T3:358  0.050-

i0.800 &,e00 0.000 ©.000 Q. 024 @1z =~0.024° -0.132 -0.303 =0.518 -0.§40 e.e00

- . e
16.006 ©.006 ©.800 ©.008 ©.0613 9.e29
. . . 2.000 -~@. - 5 - - a2
14:000 ©.300 ©.000 0.200 @.2l7  0.0i7  2.017 2:9%8 T8:5¢3 8iadv T3:253 51099 ¢

18-000 S:606 0.e00 ©.000 ©.000 ©.819 ©.038 0,077 -0.154 -0.422 .-0.557 o808
RTICAL THERMAL STRESS-DIFFERENTIAL TEMP. CHANGE ‘ |
‘acT TOP 6.1tH . ©.2H ®.2H .0.4H @.5H ° ©.6H ®.7H ©.8H ®.9H ETH
o.000 ©.800 0,872 _©6.234 0.417 ©.532 '.0.6 . '
o, . . .8.697 0,728 @. :
3.000  0.000 . 0.109 * 0.348 _6.ge5 ©.832 ©0.969 1.007 2:55%  9:33% - o:3s¢ 5 053
4.000  ©0.000° 9.133 0428 2,733 @.978 1.129 -1.185 -1.e66 ©.E38 ©.4E4 e
500 ploce  Oi1ES 1454 © 0.%25 1.¢B0 1.288 1.885 1.i53  0.910 0252 elods
g.gve  0.000  2.189 ¢ 543 ©.895 1.143 1.282 1.395 ‘203 @.853 ©.551 oie
S-a0e  e.000 0.233 . €44  @.g91 - 1.215 1,335 1.3127 1.250 1.028 0.603 g.e}b
tReRe BRE T SRHIINE SBC NRLONE IR MBS e
tolove  0.000 ¢.330 8.7 . L . . . 419125  0.762 -0.04%2
£4.000 0.006 0.353 8801 1.189 1'872 1.364 1.319- 1.322 31.161 ©.745 ~-0.@01

.191 1.274 1.287 -1.301 71.304 i.187 0.786 -2.001

PINNED-BASE CONDITION

J0P THERMAL STRESS-INSIDE;AVERAGE CHANGE ' .
M e.2H ©.3H @.4H - ©.GH 6.8H  ©.7H . ©.BH ®.9H BTH

TACT TOP o
2.600 2,205 2.158 e.1e7 ©.141 --0.038 -5,134 -2.267 -0.426 =-0¢.609 -g.812 ~1.000
3.000 9.074 0.¢76 ©.068 0.549 0.028 =-0.054 =~@,163 -2.319 =-B.524 -2.762 -1.000
4,030 0.01? 6.036 2.047 @,853 o.04@ -0.004 -9.033. -0.241 ~0.4% -0,723 =-1.e00
5.000 -@.008 0.014 0.034 9.050 @.es2 o.025 .-8.845 -0.120Q -0.39% =~0.690 -1.06230
€.000 -0.011 e.003 @,023 @.040 , ©.053 @.041 =-o.012 =-0.137 -5.354 =-0.8661 -—1.000
g.p00 =-0.015 -0.004 Q.003 ¢.e27 ©.0432 8.052 6.026 -0.0ES -0.2?7 =-B.6O?7 -—1.000
16,000 -0.8083 -0 . 005 o, e00 e.015 6.630 6,048 0.042 +~0.024 -8.215 -0.S64 ~1.,000
12 000 -0.882 -0.803 -0.003 8.00S v.p22 0.041 . 9.051 o.0068 ~-0.183 -0.524 -1.0600
14.000 e.pd0 ~0.002 ~—0.003 ¢.oe2 6.011 0 834. ©.GE9 e.p2s -0.187. =0.4%7 ~1.220
16.000 o.002 6.000 =-p.p82 -0.e001 ¢.00 ©.054 @.835 —0.1i00 -0. 557 -1.000

6 . 028
00P THERMAL STRESS—OUTSIDE,QVERQGE CHAKGE '

WFacT YoP 9.1H @.=2H ©.3H '‘e.4H &’.5H ®.6H @.?7H 1 @.BH ©.9H - BTH
2.000 0.205 ¢.164 . 135 ©.2085 6.CE0 2.002 =-0.035 -0,236 -@p.431 -0,E26 -1.000
3.900 Q.074 ¢.082 9.653 ©.101 ©.030 ?.066 ©.001 -—-0.123 -f.326 -0.£12 -1.,e00
4.600 6.017 g, 038 2.059 8,081 2.098 8.094 6.051 =-0.853 -9.,851 -0,.555 -1.@00
§.¢0y -0.¢08 9.014 @.036 G.es2 ¢.086 0.089 2.079 -0.008 -0.10¢ -0.822 -l.e80
6.000 -0.011 3.063 ©.023 B.046 ©.073 2.091 8.090 @.023 =-6.i52 -0 433 ~1.ee0
g.e0e -0.815 -¢ o044 B.008 G.e2i 0.043 e.076 @.e36 0,663 -0.051 -f.421 =~1.000@
10.008 =0.003 -0.005 @, 009 ©.007 0,926 2.056 @.030 0.084 =-0.023 -9.37 -1.00¢
jz.o0be =~-0.002 -G.603 =-0.603 -0.001 p.01e 0.041 @.077? 0,094 0.063 ~-0.382 ~1.000
14,000 o.cu0 -9.0%02 -0,023 -0.9004 0.905 8.028 0.9259 2.0397 0.831 =-0.237 -1.009

$16.000 0.002 o.000 -0.002 =-0.001 -2.60@ 6.014 @836 0. 082 8.052 -—0,357 +1.000



PINNED-BASE CONDITION

HOOP THERMAL STRESS~INSYDE,DIFFERENTIAL CHﬁNQE

SFACT TOP 2.1H 8.2H &.3H . B 4K @.5H 9.6 9.7H
- 2.000 ©.273 0,647 R.947 1.177 1.342 1.4486 1,454 1.487
- 3.e00 0.247 8.676 1.002 1.2288 1.378 1.464 1.504 1.453
4,000 ?.260 0.777 1,053 1.261 1.382 1,448 1.477 1.472
5.000 @.276 0.315 1.098 1.282 1.37¢€ 1.42¢ 1._442 1.446
6.0600 Q.250 0.8216 1,136 1.297 1.364 1.389 1,407 1.420
8.600 0.204 8.8EB4 1.185 1,314 1.336 1.3386 1.321 1.378
10.000 e.310 0.933 1.238 1.322 1.313 1.234 1.3064 1.347
12,0008 8,31 0,982 1,269 1.324 1,283 1.263 1.272 1.323
14.000 9.309 1.0819 1.292 1.322 1,277 1..243 *.1.2851 1.305
16.000 @.309 1.050 1.3e7 1.317 1-.264 1,230 1.236 1.29%
HOOP THERMAL STRESS-0UTSIDE ; DIFFERENTIAL CHANGE
SFACT TOP 0.1H @.2H @.3H 9.4H | 3.5H 0.8H @.7H
2.000 =-1.728 -1.380 =-1.138 -0.974 -0.871 -0.8865 -0.769 =-0.753
3.¢e@ -1.753 -1.354 ~1.123 =-0.9%¢ -9,021°.-6.885 =-0.B59 -0,8240
4.606 =-1.741 =-1.274 ~-1.182 =1.664 =-0.871 =-0,959 .-9.943 -0,912
5.000 -1.725 -1.245 -1.081 =-1.01% -1.014 .-1.622 -1,06i0 -.,579
£.006 -1.711 =~1.253 -1.662 +-1.8268 =1.@49 =-1.673 -1.064 =-1.014
§.003 =-1.635 ~1.200 =-1.837 =-1.043 -1.103 -1,145 =-1.111 ~-1.877
16.000 -1.651 ~-1.i62 -1.024 -1.06t -1.123 =-1.188 -1.i8c -1.118
{2.000 =-1.891 -1,134 -1{.9018 =-1.,073 -1.164 ~-1.213 -%.285 -1.144
14.000 -1.691 =-1.1t1 -1.019 -1,096 =-1.182 ~-1.227 -5 .2284 =1.164
16.0060 -1.692 -1.093 -1.823 -1.113 -1.196 .-1.235 =..233 ~-1.17Y9
PINNED=-BASE CONDITION
* YERTICAL, THERMAL STRESS-TOTAL EFFECTS
. SFACT TOP 9.1H @.2H @.3H @.4H d.5H @.6H B.7H
-~ 2,000 o,000 2.025 e.078 @.i2: @.159 9,159 " 9.125 - 0,670
.00 @.600 ¢.047 8.141 G,231 0.383 9.319 Q,&875 2.187
4,000 @.000 6,087 @.197 @.328 @.410 @.427 @.383 .27
5.000 2.000 0.082 e.244 0.334 ©.482 2.511 2.457 @,336
6.000 0.000 0.09% 0.2874 Q,441 8.543 e.573 o.512° 8.378
£.000 0,000 6,117 8.322 - ©.505 2.609 Q.634 ¢.582 ©.448
i1¢. 000 . 800 9,138 ¢.362 Q.54z @.5831 2.855 ©.689 ©.493
12.e0@ @.200 &.160 9,398 8.565 ©.E48 0.661% @.6831 0.52886
14.000 2.000 6.179° @.421 @.588 ©.E45 @.66Q @.659 2.558
16.800Q 0.000 0.1%58 Q.458 2.59S a.646 2.663 @ .B689 8.57S
HOOP THERMAL STRESS-INSIDE;TOTAL EFFECTS
SFACT - ToP @.1H 0.2H 9.3H @.4H 9.5H ., @.5H 2.7H
. 2,000 8.239 0.401% 0.527 9.658 ?.652 @.B656 2.613 ¢.531
+ 3.000 e.161 0.276 @.536 @.639 ©.694 8.705 0.5670 2.587
4.000 ©.139 G.407 0.550 @.657 @.711 a.722 8.6392 o616
5,808 8.134 g.414 0.Z66 @.665 @,714 8.723 0,639 9.633
: 6.000 9,138 0.410 2.580 ©.EG9 0.708 @,715 Q.658 @.641
8.000 0.145 ¢.440 G.6062 @.671 0.ESQ B.694 B6.674 B8.E55
19.600 9,151 0.48657 9.618 @.668 0.672 @.671 0.673 9.662
12.060 0.154 ©.452 0.6833 @.664 0,658 @.652 ©.858 @.6E5
14.0600 8.155 0.508 B.644 8.682 @.644 ®.639 ©,65S @.£65
16.000 @.155 0.52% 0.653 B.658 ©.635 e.629 ©.650 Q.664
HOOP THERMAL STRESS-OLTSIDE,TOTAL EFFECTS b
‘SFACT TOP 0.1H 2.2H 2.3H ©.4H B.5H Q.6H 8.7H
. 2.000 -02.,761 -@.808 -0.501 -0,335 -0.40% -2.402 =0.432 -0.48S
’ 3.608 -0.840 ~-0.B641 =-9.515 -0@,445 ~0.418 -2.410 -0.429 ~0,4EB1
4.000 -9.862 -0.618% -@.521 -@.481 =6.437 ~0.432 =-0.446 ~@.483
5euoa -6.8G68 =-QG.€16 -08.532 -@.478 —0.454 -0, 4E2 ~p.456 =-0.488
6.0080 -6.361 -0,825 -@.52 -0.436 -0.4%8 -9.431 =-0,487 -9.485
g.e08 -0.255 =-0.802 =-0.515 =-©.51% -0.539 -@.534 -0 E88 -0,5a7
16.0u0 -6.%5@ =-&.S554 -e.512 -@.8? -0.568 -3,56A =-@.,546 -0.5i6
to.eo0@ -@.B48 =-8.863 -@6,511 -@,549 ~-&.576 -a,58! -2,BGB -@.528
14,000 -p.348 -03.557? -9.811 -8.55@ -3.589 -@,.600 -8.583 -B.E33
d @712 - r===z - - froCos —A S -t EaR - 44
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'
¢.9H BTN
1.289 1.9276
1.288% 1.€27
1.221 1.013
1.223 1.0¢€2
1.28%1 0.297
1,297 2.896
1.328 8.887
1.342 @.998
1.353 1,089

2.9+ BTH
-0.822 -0.93€
-0N.869 =~0.9E3
-0,894 =1.¢32
-2.906 -~1.¢93
«~0.903 -1,093
-0.911 -1,80E
-6.911 -1,C03
~.9182 -1.e01
-0.918 -1.090@
-0.§522 =1.0600
@.5H BTH
-0.021 9.216
e.,el12 ° 9.Q2=
Q.021 0.221

6.027 0.¢13
6.231 9.0es
@.042
0.056 ~@.001
f.e7e  -a.08
8.096 -0.G2?

. 6,114 -2,002

®.,433 2,

a.402 e.202

6.9H “BTH
-3.754 -0.,5C8
—-0,743 © -0, Luy2
-0.?729 =-1.041
L=, 714 -1.00%
-0, 697 ~1.¢us

-0.666 =1.Cs3
~3.E40 =-1,0a!

-1,@.
-6,E@1l

1.9, -
~D.B3Y -L,0vD
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RTICAL THERMAL STRESS -

ACT

16.a08 |

RTIGCAL THERMAL

ACT

2.900
3.00€
4.000
5.000
6.080
8.¢o0
16.000 .
12.000
14,000
16.000

SFACT

HOOP THERMAL

SFACT

2.9800
3.000
4.900
5.200
6.009
B.000
18.000

‘AVERAGE

PINED~BASE CONDITION

BUI.MAD249.0469.14

TEMPERATURE CHANGE

TOP : : .
6.1H 0.2 .34  8.4H .5H . @.6H: ©.7H °
0.000 -0.024 -0, - - Cmea L . i '
8:000 10:323 0.0%e -2.158 -0.211 -0.214° -0.142 ° 0.04C
S508 B i cn a3 S o
. -0.912 -0.048 -0.114 =-p.210 *3 o o,
2.006 -0,007 =0.629 -0, Zeor ~8.2eé =-0.366..-08.312
0900 0.000 T0.610 o000 01633 I2:853 0.353 -e.3a8
. . 0.0 - ' om - -9.3
9.680  6lgec 0008 . 6.643 9523 15-328 cg-25e zg-360
) [000  ©.000 ~ ©.000 0.006 -6.034 -0.163 9.
. L) o - . . 4 -3,1 -9.5
0.00¢ ' 0.¢00 0.200 ©.006 - 0.013 -9.019 e S 0°F S R4
STRESS-DIFFERENTIAL TENMP. CHANGE -
TOP ®.1H  0.2H ©.3H  8.4H.° @.5H : 8.6H.: 9.7H
0,000 0.876 0.232 - . ‘o
0:000  ©0.100 o 320 6.428 0:533 RTTERR A 1358
.01 >.129 ©.397 0.630 ©.91 ) : -1as
2.600 9,156 0. L9186 1.087 . 1,193  1.249
2:000  0l153 o.385 o.249 1.ov3 1:1%%7 ‘1.2 1.ee9
. .232 @, . . 5 -250. 1.z782
6.000 0.577 6,352 ?'333 : i'éfg .1.252 1.272° 1.z2&3
6000 ©.326 0.767 1.113 1.047 1.9 1585 1232
©.e20  ©0.359 9.85L 1.1S5 . 1263 1.5a8 1.5a5 i3
, ©.397 ©.816 1.183 17276 1.281 -1.838 1.504
- PIXED-BASE CONDITION
HOOP THERMAL STRESS-INSIDE,AVERAGE CHANGE . ) .
TOP G.1H e.2H 0.3 . ©.4H _ ©8.5H  ©.6H 0.%H
©.253 ©.140 ©.025 =-@.10@¢ -2.232 -9,371 -0.511 -0,E47
o'iea G.ie7? ©.044 -0.035 ~-0.136 =~-0.263 <0.403 -0.588
B PES  ©.078 ©.e44 ©.008 -0.048 -9.172 =-0.319 -0,483
6 0% ©.042 ©.838 - 6.021 -0.023 =-98.106 -0.241  -0.437
6 016, ©.023 0.633 ©.031 ©.005 -8.86f -0.185 -08.388
-6 611" ©.0es 0.020 ©0.931 0.030 -0.905. -8.j01 -0.278
T 611 -0.008 @.0i ©.023 °£.035 .0.021 .-0.019 -0.2¢E
To 60 —0.003 0.003 ©.417 ©.031 ©,833 -0.014 -9.151
2663 -2.062 ©.000 ©.207 ©.022 ©.034 -, 0.805 -0.105
0.060 -6.801 -0.001 ©.003 - 0.018 ©0.029 . ©0.013 -0.08G
STRESS-OUTSIDE; AVERAGE CHANGE _
TOP 8.1H 0.2H ©.3H  ©.4H  ©.5H ®.6H e.7H
0.253 ©0.143 ©.057 =-0.042 -0.156 =-0,295 .-0.451 <-0.663
0.180 ©.117 ©.878 . 6.831 ~@.040 -8.145 -8.300 -2.514
o 888 ©.078 0.070 -9.055 0,042 ~@.054 -~@.139 -G.-01
o637 ©.046 ©.056 " ©.653 ©0.053 9.004 -0.18u -¢.315
0.0le @.685 6.243 ©.a59 0.0863 e.024 , -@.057 =5.244
-5 611 ©.005 ©.824 9.841 ©.958 9.057 - ©.087 -8,146
6'0ii -0.002 ©0.062 @.023 0.043 9,953  9.641 -2.078
~G b0 —b.o603 0.603 ©.ei1 0.031 0,053 ' @.0f83 =—-0.027
3,003 -0.002 ©.000 ©.207 ©.822 0,046 98.00°5 ,@.003
@.000 -6.e91 =-0.091 ©.003 0,012 0.001 - @.91E

8.e35 -

0.8H

1.164
1.247

9.8H

a.9H

-0,777
-3.774
-B.7?70@
-B,763

- -B.?756

-0,742
-0.726
-0.787
-G.82S5

-0.662

9.9

-1.113
-1.064
~1.228
-0.921
~0.8486
-0.280
-¢.g22
-0,768
-8.727
-3,698

Rt

BTM
i1.728 .

1,74y

1,752
1.782%
1,742
1.76¢6.
1,784 .
1.773 .
1.764
1.747

BTH

-@.689
-2.86¥7
-9 .6¢5
-0.5%4

-0.CRel
-0.GuZ -

- - — e b e e 8 s
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PIXEO-BRSE CONDITION

HOOP THERMAL STRESS~INSIDE,DIFFERENTIAL CHANGE ) _

SFACT . TOP @.4H  B.2BH  ©.3H - 0.4H . @.5H  .@.6H . @.7H  ©.84 - G.S8H  BTM
2:000 @.308 ©6.635 0.89% 1.0?7 1.282  '1.279 1.3i8 1,331 1.327 ° 1.313  1.295 |
3.090 .@.368 ©.699 ©0.983 1.168 ' 1.273 ~ 1.321 1.331 1i320- 1,889 1.2%7 1.@%6 .
4,800 8.308 G.2?250 1.650 t.2285 1.208 1.331 1.3214 1.297 1.271 1.249 1.233
5.890. @.307 Q.792 1.101 1.283 1.324 .1.3228 1.30% 1.276 1.258 (1,833 1.p22
6.000 .38 a,8289 1.142 1.889 1.331 i.318 1,258 .1.258 1.2386 1.223 i.217
8.000 ©.268 _O.891 1.203. 1.318 1.322. 1.295 t.260 1.235 1.221 -1.216 1.21S

10,0060 ©.308 * 6.941 1.244° 1.329 .1.314 1.874 1.241 1.g22 1.216 1.215 1.e1?
12,000 ©.308 ©0.983 1.273 1,331 1,299 1.256. 1.228 {.217 1.815 1.2i7 1.219
14,008 @.303 1.019 1.294 1,387 1.284 1.243 1.221 i.215 1.2186 i1.218 - 1.2390
16.00¢ ©.3e8 1.050 1.308 1.321 : 1.2?1 1.833 1.218 , 1.815 . 1.21? 1.219 1.220

HOOP THERMAL STRESS-OUTSIDE,DIFFERENTIAL CHANGE ° ..
SFACT Top 6.1H - 8.2H Q.3H o.4H 9.5H

2.690 =-1.683 ~1.391 -1.194 ~-1.079 ~1.026 -1.0615
L0006 -1.693 -1,338 =-1.433 ~1.0638 =-1.015 =-1.633
B0 ~1.6893 -1.257 -1.894 -—-1.02¢ 1,023 -1.061
.00 ~-1.693 ~-1.265 =-1.067 ~-1.015 -1.038 ~1.6388
.890 =-1.893 -1.237 -1.848 =1.016 -1.056 ~-1.115
L0006 =-1.693 ~1.,193 -4.026 -1.€30 -1.0%3 -1.1S86
18.9990 ~1.893 -1.166¢ -1.817 ~1.049 -1.124 -1.1%84
12.600 =-1.693 -1.,133  =~-1.81§ =-1.86706 =-1.150:.~1.203

o m AW

14,00¢ =-1.693 -1.11i -1.8017 -1,891 =-1.171 - -1.215 -1.2
167000 -1.693 -1.094. -1.023 -1,108 - -1.1i87 ~1.28282 -1.230
PIED-BASE CONDITION e
VERTICAL .THERMAL STRESS-TOTAL EFFECTS - o ' _
SFACT- - TOP _ ©.1H . ©.2H . ©.34 .0@.4H . .9.5H 2.6H  ©.7H .84 ° ©.SH BTH
2.000 ©.000° ©.¢23 ©.873 ©.137 -©.211 . 0.300. ©.411 9,563 €.782- 1.076 1.429
3.0080 0.000 .0.837 ©.113 ©.192 © ©.265 . ©.327 , . 0.427 .523 . 0.71% 1.0353 1.5eE
4,660 ©.000 ©.655 0.152 6.261 ©.333 - ©.380 ° ©.417 0.497° ~0.666 ©.984 1.sv?
S.e00 © ©.006 .0.672 ©.003 ©.328 ©.398  ©.425- ©.435 ©.4?8 ©,615. 0©.834 1.se2
£.000 -0.000 ©.eE§5 0.2849 ©.284 .. 0,457 ' 0.472 - ©.454 ©.463 0,571 0.887° 1.459
8.000 ©0.000 6.116 ©.3i2 - ©.468 ©.544 . ©.535 ' .'9.427 ©.443 0,508 - 6.857  1.494
16,600 . 0.006 ©0.138 ©.367 ©.525 ©.596 . ©.58% 0.508 ©.444 0,450 ©.743 1.91
12.600 ©.000 6.168 ©.398 ©.564 0.623 . ©.607 ° 0.528. ©.446 . 0.453 0.696  1.494
14.000 ©.000° ©.179 ©.431 ~ ©.580 . ©.631  0.618 . ©.539 -9.463 ©.434 0,668 1.491
15,000 ' ©.00@ 6.198 2,458 2.597 O.Gﬁs a.6821, B.SSE. 0.497 Q.417 8.657 1.423
HDOP THERMAL STRESS-INSIDE,TOTAL EFFECTS = = e T
SFACT TOP @.4H @.2H .34  ©.4H @.5H @.6H ©,7H ©.84 0.9H BT
2.000 ©.280 0.3¥7 @.458 ©.480 ©0.455 ©,454 ©0.493 ©0.342 ©.82y2 ©.268 ©.363
3.600 0.234 0,403 @.513 &.566 @.568 8.529 . 462 6.376 - ©.258 G.251 B.2ES
4,e0@ @.1596 ¢.410 B.547 @.613 9.£30 e,.580 2.581 9,402 6.302 a,240 e.ev4
5.600 ©.172 ©.417 ©0.57¢ ©0.842 ©.651 ©.611 ©.532 © ¢.424 ©.311 0,235 0.IfS3
§.000 ©.159 ©6.426 ©.S33 ©.660 ©.688 ©.529 0.552 ©.445 ©.322 0,233 0,265
8.608 ©.142 ~0.348 ©0.811 ©.674 ©.679 - 0.645 ©0.580 ©.478 ©.349 9,237 0.267
16,000 0,148 0,489 0.628 @.6786 0.674 0.647 0.556 0.508 . 8,375 B.244 0.267
12.000 9.151 0,490 9.638 @.674 ©.8665 0.644 0.6e7 ©.533 . 0.485 0.255 0.2C9
14,000 9,152 8,508 2,64 @.6a67 9.653 @,638 @.613 @.E585 .©,429 0,267 G.2£9
16.806 ©.154 0.524 ©.653  @.662 ©.645 ©.631 9.618B '©.574. '8.449 0.279 ©.267
HOOP THERMAL STRESS-OUTSIDE,TOTAL EFFECTS o
SFACT TOP e.1H 0.eH 8.3  @.4H e.5H , B.8R8 8,7H - 9.8H 0.59H BTM

2.000 " -@.720¢ -0.82* -0.569 =-0.561 -0.591 -@,655 -8,745 '-@.B861 -0,5%9 ~-1.120 -1.&2
3.000 =-0.767 -06.611 -0.528 -0.583 -0.S27 -90.589 =-©.685 "-¢,813 =-2.963 ~-1.122 -1.2%
4,000 =~0.804 =-0,610 =-0.512 -0.481 =~9.49¢ =-0,558 =-@.G49 -0.??7 -9©.938 ~-1.115 ~l1.¢E
5.2060 -0.828 -0.603 -0.506 -0.476.- -0.423 ~2.543- -0.825.-9.748 -~0.911 -l1.1@28 ~-1.%%
6.000 =-0.8B42 -0:605- -0.502. -0.479 .-Q.497 =-@.541 -~-0.512 -0©.722 --@.884 -1.88? -1.g7
£.000 -0.852 -0.594 «0.501 ~@.434 ~0.518 —9.549 -2.555. -0.684 . -0.834 -1.054 -1.27
i0.000 -0.25¢ -G.SB1 -0.564 -8,513 -0.541 —9d.E82 -0.5328 =-@.€52 -C.791 ~-1.824 ~-1.27
12,000 =-2.850 -0G.S68 -0,50& ~-@.528 -@.f6@ ~-0.573 =-Q.5¥2 -B.S52B .-@.?59 -~@.99€ -i.z%v
14.008 -6,548 -0.55? =-0.509 ~@.E42 =-0.574 -08.584 =-@.551 =-6.6812 .-0.728 -0.974 -1.26G
16.600 -@.847 -0.547? -@.512 .-@.553 -0.588 ' ~2.553 -0.584 -9.B665 . -0.7€X. -0,958 -1l.Z¢

R AN S TR LR
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et

SLIDING~BASE CONDITIONS

ERTICAL THERMAL STRESS ~ AVERAGE TEMPERATURE CHANGE IR . o -
FACT TOP . ©O.1H 0. 2H .34 - 0.4H 8,5H
,008 0.660 0.000 0,000

e

3.600 ©.000 0.0060 0.000
;.@06 6.209 G.o00 " 0.000
=
g

&
-4
o
o

0.800 0.00%
. Q80 ©.000 @.000
. o0 0.008 2.000
. 000 0.030 B.60d

@
0
o o
Nclci 6.000 0.0d 0.0800 g °
.000 &.000 2.000 3.006, 0.600 9.000 0.000 2:600
- g g
4 [
0

L0008 Q2,000 0.009 ®.0600

[

[

o
DO0QDOOOES

(600  ©.006 6.008 B 066 . 0.000 . 0.000

¢ : : . : 20 ©.000 B. )

;288 $18¢ sigEs EiSs Si8%s Siea oigss st Sidhe gide £.838 siens

14.6000 0.0006 0.000 .0.000 026 0.000 ©6.060° 6. oos  3:9%2 g1
0. . . ) o00

16.00e  ©.960 6.000 ©.000 J038 ©0.800.0 0.000 cae g.ggg g'ggg g.ggg giggg

FERTICAL THERMAL.STRESS-DIFFERENTIAL TEMP. CHANGE

FACT ToP @.1H. "0,2H  ©.3H ° ©.4H ©.5H 9.6 0.7  ©.8H ° 0.9  BTM
2.000 '©.032 ©.062 ° 0.176 ©.292 0.377 ©.407 0,3
2. . . . 377 .e2s2 176 -
SR DfE. s b bEM osum IR LR DE ta R tn
£.000 ©.027 ° 0.188 ©.515 ©6.819 1.v32 1.093 . e o a1a ‘388 8-t
. B.000 ©.616 0.212 ©.571 @.899 1.113 1.1i88 1.9858  3.E53 . §:838 e 195 §.382
. . B9G . 1.113  0.:93 . 0. :
S8 obm @ Do L LB L Ll dem b b
i2 060 -0.062 6.3i18 . ©.800 1.13¢ 1.283  1.325 . 112 2.734 2873 2-Lhk
f4.006 -0.081 0.355 . ©.861 1.168 1.293 1,318 i.esa 1432 o8 8318 3.3
- . . . . 23 . . -
{g.e08 -9.081 0.354 ©.5i4 1,197 1.288 '1.3e3- 1. esg i.igg g.gfi 0.335 C8:¢at

SLIDING-BASE CONDITIOHS

106P THERMAL STRESS-INSIDE,AVERASE CHANGE - ST

IFACT TOP 9.1H @.2H 0.3H o.44 . @.5H @.6H. ©.7H L
2.000 @,000 0.600 @8.00v0 0.000 0.800 5.008° ©.000 . ©.008 | ©.000 ©.200 ©.0092
3.0009 0,000 8,000 Q.008 0, e00 0.200 8.000 0.020° 0.900. ©.009 0,000 8.0C0.
4,060 9. 00 @.000 Q.e00 .00 ©.000 6.090 9.020 ©8.800 8,080 6.000 .o
5.660 ~@.00V0 0,000 a.600 6.020 ©.000 0.080 -6.000 @.e600 0.009 e.pee 2,009
6.000 | 0.000 0,000 @.000 ¢.090Q e.000 6,000 @.000 . 0.000 0.000 0,000 Q. 020
8,000 6,000 0,000 0,090 8.008 8,600 8,000 0,020 ©.000 ¢.0e0 o.960 0.000
18.5600 ©.300 8.0808 2.0 Q.008 2,089 - 9.000 0.200 2,009 2. 000 g.eed [V <
12.000 Q.00 f8.%00 ©.000 3.900 @.0090 Lone | 9.600 8.000 Q.0060 @.0e0 0,000
14,000 ©.000 6.300 @.000 0.000 ©.000 e Qoo e, w0 ©.000 ©.000 @.060 9,000
16.000 @.280 - 0.000 8.009 ¢,000 8.089 8.0020 Q.260 o.000 9.000 5.e00 B.900

HOOP THERMAL STRESS-OUTSIDE; AVERAGE CHANGE
SFACT TOP 0.1H ®.2H
2.000 0.000 . 000 0.000

3.000 Q.000 o0 0,800
4,000 @, 000 . 000 9.890

@.SH  ©.€H ¢.74  @.8H ®.9H  BTH

-1-1c} 2.000 @,090 0,060 8,200 6,209 2,000
go0 G.000 @, ash 6.0006 ©.000 0,009 Q.Gue
.90 2,800 0.000 6.00e .000 B,.ee Q.0¢0
")

W
o)
X
X

PEOEOECIODEE &
G 5 D
S o6
oo
SOROEH® O

0
g' @

ciode ©.000 @.808 ©,000 @02 ‘906 0 .o6e ©.990 ©.908 0.900  0.803 9. 802
S o060 ©.000 2.000 0.¢0D ‘036 6 660 ©.030 ©0.000 ©0.092 ©.000  0.0900
2 000 ©.000 ©.000 ©.008 ) oes  e.066 ©.090 @.oue ©.008  0.903  0.908
(0.e00 ©.000 0.0600 0.000 L@00 fes  5.0e6 ©.008 ©.00@ ©0.020 0.000 8,009
12 000 ©.000. 6,080 0.000 So6  ©.008 . @.008 ©.600 ©,c00 ©.000 0.000 0.000°
14.008 u.oe g e & 606 ©0.602 -@.000 ©.000 ©.080 ©.000  0.899 2.000 ©.uUC0-
iG. 000 ‘e00 @.000 ©.000 ‘060 ©.00¢ ©.008 ©. aee 6.000 ©.008 ©.008 0.020

PO

. g

—



<l
i
ﬂHDBE-EEE_G%mITﬂNL
HOOP THERMAL STRESS-INSIDE,DIFFEIENTIAL CHANGE ' -
i SFACT TOP a.1H e.2H 8.3H . 8.4 . @.5H ' 9.9H4 BTH
| 2.000 ©.383 ©.729 ©.997 . 1.1B8 1. % 3
! 3 000 0.344 0.755 1,862 1.268 1.%31 - i::gg g'ggg o 324
Z06s ©0.3214 a.775 1.1@f 1,302 1.409  1.442 6.779 3'354
S 606 ©.368 - 0.805 1.132 1,319 1.409  1.43% G.805 0. o8
2 0 o304 0.B32 1.158 1.327 1.399  1.417 9-293  2:3:3
2°000 © 363 6.337 - 1.204 - 1.332° 1.387 . 1.371 ° e.857 ©0.392
1602 9.308 61938 1.240 1.332  1.335 1.327 o-8%1 vk
iz 008 ©6.306 0.938 1.268 1.328 1,398  §.282 5. 988 0.2
14.0086 ©.307 1.0z 1,290 1.323 1.288 . 1.2€8 - .3ie1?  @.30
' 15 0606 ©.308 . 1.046 1.305 1.316 1,269 1.245 1:8%3 6.3
| .
; HOOP THERMAL STRESS- OUTSIDE;DIFF;REHTIRL CHANGE .° .
SFACT TP e.1H @.2H ©.3H 0. 4H 0.5H §.9H BTH
2.000 -1.629. -1.297° -1.067 -9.918 -0.836 -0 - :
3.600 ~-1.676 -1.299 ~-1.064 -0.930 -9.865 ~o. 848 - 1
$" 4l0bd0 -1.695 -1.287 -1.081 <-0.954° -0.512 .-0.92% I17237 TT1léss
S e00 -i.781 -i.867 -1.055 -@.5977 -0.95@ -8.958 -1.267 it o4
2 o238 -1.702 -1.245 ~-1.048 -@.997 -1.803 -1.011 TiiE98 11733
8 000 -1.6939 -1.292 =-1.034 -1.831  -1.672 =-1,092 -1.2e02 - eag
} 10,000 -1.695, <1.165 -1.025 -1.057 -i.i21 -1.149 TR Iyl
: 12,000 -1.694° 21136 -1.e21 =~1.¢?9 ~1.1S5 -1.186 ~1l1ze Ti.as
}g,ggg —} 833 :1.313 —1 821 -1.098 =-1.179 -1.299 -1.112 -i'gga
1008, -1, 1,894 -1le25 -1.115 -1.198 -1.223 -1.054 C43
SLIDING-BASE CONDITION
VERTICAL THERNMAL STRESS-TOTAL "EFSECTS T
SFACT Top 0.1H 9.2H 0.3H =~ ©.4H 9.SH 9 e.7H 2 Q9K BTH
. 2.000 0.016 @.034 ©.028 0.146 6.188 0,204 6.146 ©.0B% .024 ©.01E
. 3.008 ©.026 o074 9.173 373 ©.345 0.371 ) @.273 @. 0.074 ©0.025
4.802 @.021 le90  9.203 554 ©.445 ©.477 . 0.354 ©O. ‘eg8 0,931
5.000 ©.013 959 . 0.258 {08 ©.511  0.547 . o.409. d. 5.693 ©8.013
g.006 ©.008 106 @.285 ‘456 ©.556 ©.593 . @.458 0. 6.166 ©.008
g.eat  ©0.001 124 8.329 ce3 @.603 ©.642 . @.503 O. a.121 ©.001
10,008 =-0,001 140 0.367 ‘833 8.632 ©.660 6.538 @ ‘14p -0.9901
i2.668 =-0.00L 159  ©.400 "S65  ©.542 _ ©.662 @.565 ©. 1ig9 ~-9.%0%
14.000 =0.00 178 ©.431 ‘Eg4 ©.645 ".0.669 0.E24 © 1178 -0.e01
. 16.z00 -0.00% 197 9.45% 208 ©.644 ©.651 6.598 0. 1197 -6.8%51
HOOP THERMAL STRESS-INSIDE;TOTAL EFFECTS o -
SFACT ToP 6.1H  @.2H 0.3 ~ 0.4H 0.5H ©.9H BTH
2.000 - @.191 ©.364 ©.493 ©.594 0.650 0,889
3.000 @.172 1378  @.531 "634 0.862 ., ©.711 2:353 o ive
3'006 G6.166 ©0.396 ©0.559 @.651 ©.7e5 ' @.721 0.350 @.159
2'065 6.156 0.402 @.555- '@0.659 -0.705 0,718 2.462 ©.155
B.e00 ©.152 0,416 @.573 ‘654 ©.699 0,709 0.4168 0.1%E
8. 606 0.151 0.443 0.ge2 €56 ©0.583 @.B685 6.443 ©.151
10.000 0.152 9.488 629 ‘656 ©.667 . ©.CB4 8.468 0.152
$2.000 ©.153  0.490 1634 ‘664 ©.654 ©.E46 0.4%0 ©.153
14.802 e 154 ©.502 645 861 ©.643 ©.633 $.508 ©.154
16.200 ‘iS4 ©.524 €.653 €S8 ©®.834 ©.623 6.524 ©.154
HOOP THERMAL STRESG-OUTSIDE;TOTAL EFFECTS
sFACT TOP 0.1 @.2H 0.3H @.4H @.SH =) BTM
2.000 -0.815S 648 -0.523 459 -0.418 ~@.405 -
3.608 -0.333 643 -©.532 AGS -0.432 -8, 433 S:g '—g'iig
4.008 =-6.348 643 -@.530 477 -9.456 -0.451 643 -D.Zap
5.000 -0.851 £33 -0.527 488 ~0.4%@ -0.479 633 -0.%51
6.000 ~-0.851 622 -98.524 499 -0.501 =-8.505 622 -0.us:
B.000 -0.519 §01 -90.517 £15 ~%.536 ,-9.546 EH1 -0.243
12.000 -2.848 €83 -0.513 E20 -B.568 -0.574 €23 -08.543
12.600 -0.847 Z63 -0.51d 26 -0.578 ,-2.593 —0.568B -0.E47
14.000 -0.847 SSE .-0.511 E49 -6.598 -0.605 -0.556 ~-@.547
i16.000 -B.B46 =-8.547 =-0.512 558 -2.593 -9.547 . -0.546
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DZ 3106
(CPT KMcI 6)

1

APPENDIX B -
FUNDAMENTAL PERIOD OF VIBRATION OF THE INSRTIA COMPONENT
OF A RECTANGULAR TANK (Tjg)

Ty for an at-grade rectangular tank can be roughly estimated
using a lumped mass/hypothetical column type model.

i 2l

| I
Jf

e

(a) Rectangular tank of width B (b) Hypothetical' column model.
FIGURE Bl: TANK/MODEL SYSTEM

The fundamental period T; is given by:

i 27%)M/k

where M = My' + Mp°

My' = mass of water per unit width (kg/m)

= Htf, ( f.= density of wall)
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DZ 3106
(CPT RKMcI 6)

-

M;' = half of fhe impulsive mass of contained liquid per
unit width (kg/m)

: (5'7_5) Bé1, ( Py = density of liquid)
W

W can be cobtained from figure 2.2

~
H

flexural stiffness of a unit width cantilever

= E (3)3 (8/m)
' 4\h '

h = effective height of M

|

hyMy® + hyMs'
s

hy "= centre of gravity of wall = H/2
hy = height-of impulsive mass

‘P_;[_ can be obtained from figure 2.2)

H
WORKED“%XAMPLE
liquid = water §£; = 1000 kg/m3
concrete tank Pc = 2400 kg/m3

2f = 20 m H=6.0m t =300m Ec = 25 Gpa
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DZ 3106
(CPT EKMcI 6)

Ht fc = 6 % .3 x 2400 = 4300 ky/m
(Wp) HEPy = 0.36 x 6 x 10 x 1000 = 21 600 kg/m
¢ Wy » -

Wy = 0.36 for € = 1.67 in figure 2.2)
W - H

“My' + Mp = 25 900 kg/m

0.385H (from figure 2.2 for £ = 1.67)

H . ‘ ' i
0.385 x 6 = 2.31 '
0.5H = 3.0 m
hy My' + hy Mrv = 3 x 4300 + 2.31 x 21 600"
M "25 900 =2.42 m
E.(_f;)? 25:_:109‘(’.3 \3 R
4 \n/ = 4 2.42/ = 11.9 » 106 N/m

278 = 27 /__25 900 = 0.29 seconds
—N k 11.9 x 106 '
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REGISTRANTS FOR SEMINAR "DESIGN OF CONCRETE STRUCTURES"

TO BE HELD AT THE UNIVERSITY OF CANTERBURY 9-11 JULY 1986

M.J. Abernethy
W.R. Andrew

S. Ashby

M. Bloxham

H. Brookie

G. Bycroit
P. Charlton
5. Clark
I. Connor
G. Dempsey
F. Dennis
M.A. Gordon
I.W. Goss

L. Greenfield
P. Greenway
R. Gross

S. Guillemin
D. Harding
G.M. Hughson
R.S5. Jarrat
D. Kirkland
B.S. Lobb

S. Macdonald
M. Marinan

L. McGaughran
N.R. Melhop
R. Modgill
N.J. Morgan
A. Mortimer

C. Mundy

2.F.N. Nightingale

W. Page

D. Preston
J. Smialowski
M.H. Smith
D.C. Stewart
T.B. Steven
R.D. Sullivan
P. Thompson

R.J. Twiname
N.M. favlor
C. Welling

J. Wemyss

MWD, Wellington

Worseldine & Wells, Nelson

Firth Stresscrete, Panmure, Auckland
Murray Worth & Partners, Hamilton

Brickell Moss Raines & Stevens, Wellington
Lzmont Bycroft & Partners, Wangamui

Beca Carter Hollings & Ferner, Auckland
Murray North & Partners, Rotorua

Morrison Cooper & Partners, Christchurch
Frederick Sheppard & Partners, Wellington
R.W. Morris, Christchurch

Waimairi District Council, Christchurch
R.W. Morris & Assoc., Christchurch
Christchurch City Council

Frederick Sheppard & Partners, Christchurch
Auckland City Council

Blewett Waite Jeffs and Carter, Auckland
Alan Reay Consultants, Christchurch
wellington City Council (Works Department)
smith Leuchars Ltd, Wellington

Holmes Wood Poole & Johnstone, New Plymouth
Milward Fougere Finlay & Lobb, Timaru
Macdonald & Asscociates, Blenheim

Spencer Holmes Miller Partners-Ltd, Wellingten
Timaru City Council

Consulting Engineer, Christchurch

New Plymouth City Council

Structon Group, Wellington

Brickell Moss Raines & Stevens, Auckland
MWD, Ballantrae Place, Wellington
Ceonsulting Engineer, Lower Hutt

Sanders kane & Page, Nelson

Royds Garden, Christchurch

Bruce Henderson Consultants, Tauranga
F.R. Smith & Associates, Christchurch.
MWD, Auckland

Murray North & Partners, Auckland
Consulting Engineer, Christchurch
Civil Engineer, Lower Hutt

D.C. Alrey & Pariners, Takapuna, Auckland
Royds Garden, Christchurch

Hutt Valley Drainage Board, Lower Hutt

Sanders Lane & Page, Nelson
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New Zealand

Heavy Engineering Research Association

TamemETTEL.
4 .
[EepE————

e b e

SULLETL

HERA INFORMATION
CENTRE

+ NEW RELEASE
New Zealand Heavy Engineering In-
dustry Achievements in Recent New
Zealand Major Development Projects.
This publication reflects the develop-
ment of heavy engineering since 1981
and illustrates industry accomplish-
ments during recent major projects. A
complementary publication ‘‘Heavy En-
gineering Facitities in New Zealand™
provides information of company capa-
bilities and main products, manufactur-
ing resources and contact in formation.
Both publications are now available
FREE from HERA. Ref, 2

PERSONAL COMPUTER
SOFTWARE

FOR STRUCTURAL
ENGINEERS

HERA is currently negotiating with two
Californian programmers involved in the
development of structural software

Publications from Australian Institute of
Steel Construction.

Safe load tables for structural steel —
metric units 5th ed. $36.

The tables cover the range of structural sec-
tions generally available and commonly
used taken from the Australian Stan-
dards:—

AS1131: Dimensions of hot-rolled struc-
turat sections.

AS1163: Steel hollow sections. Ref. 3

Source book for the Australian steel
structures code AS1250 by M.C. Lay. 3rd
ed. $18.

The purpose of this book is to provide
back-ground data, explanations and refer-
ence sources for those Rules of the Austra-
lian Steel Structures Code, AS1250, whose
origins and reasons for inclusion are not
immediately apparent. Ref. 4

procedures and recommendations for
braced frames are largely based on U.S,
recommendations. Thus a programme
writien for braced frame member design to
U.S. codes and design practice, as well as
for ductile rigid frame member design, is
likely to be adaptable to New Zeatand
codes and design practice without too
much difficultly.

packages. The intentionis to adapt existing -

programmes for use in New Zealand and a
major announcement on this subject can be
expected shortly.

BACKGROUND

A designer in California has access to
software for individual steel member
design, to the relevant U.S. codes. This
software includes capacity design methods
for high ductility demand structure (e.g.
ductile moment resisting frames).
Furthermore the strong column weak beam
philosophy is generally adhered to, with
emphasis placed on fiexural type inelastic
structural systems rather than shear type.
Thus their seismic design philosophy is
similar'to ours, with differences in detail
only.

Also researchers in the United States are at
the forefront in development of seismic
design procedures and recommendations
for braced frames. Therefore design

Spacteal acceisiaton 5 Ig)

U.S. DEVELOPMENTS

Computers and Structures Iinc. of Berkeley,
California are regarded as market leaders
pertaining to state-of-the-art structural
analysis and design software for personal
computers.

They have developed SAP80 a general
purpose static and dynamic finite element
analysis programme, and ETABS, a special
purpose static and dynamic building
analysis programme.

Along with the recent advances in
microprocessor technology there has been
a dramatic increase in the use of the SAP80
and ETABS programmes. These software
packages are now routinely used on
personal computers for the analysis of a
wide variety of small and large systems,
having anywhere from 10 to 10,000
equations.

Part of the ETABS System is a steel design
postprocessor programme called

Response Specinim Ancalysis

Standarized structural connections. 3rd
ed. $52.50

The object of this manual is to provide a
rationalized approach to the design, detail-
ing and fabrication at structural steelwork
connections. Ref. 5

Design of structural connections by T.J.
Hogan and I.R. Thomas. 2nd ed. $40
This manual sets out a design basis for a
range of commonly used structural stee! -
connections. Ref. 6

Bolting of steel structures by A. Firkins,
and T.J. Hogan. 2nd ed. $9

This publication is intended to provide a |
state-of-the-art summary of the use of bolis
in stee! structures. Ref. 7

STEELER. The programme performs a
member design analysis based upon AISC
recommendations and incorporates current
United States seismic design philosophy in
the calcutations. I can be used on a very
wide variety of structures, inciuding con-
centrically and eccentrically braced frames,
ductile moment resisting frames and would
have immediate application to ali types of
steel structures cirrently designed in New
Zealand.

The programme operaies by taking the
output files from ETABS. 1t then petforms
the design process, based on the user
specified member properties used in the
analysis of the frame. The output is a stress
check of all members, plus any stiffener,
doubler and continuity plate requirements.
The user can then change members if de-
sired and re-run STEELER without having
to re-run the ETABS programme.

The hardware requirements to operate the
system are as follows:—

OPERATING SYSTEM MS/DOS 2.0 or
later by Microsoft

COMPUTER {Minimum requirements for
CSl programmes)iBM, PC/AT, IBMPC/XT
or IBM PC with one 360k floppy disk drive
and one 10,20 or 30 megabyte hard disk; or
IBM compatibie machine.

RAM (Random Access Memory) — 640K
Math coprocessor chip — 8087 for 1BM
PC/XT,80287 for PC/AT

PRINTER

Programme ouiput can be printed on any
printer which is compatible with your com-
puter. A hard copy of the screen graphics
produced by the graphics programme may
be obtained on dot matrix printers which are
“IBM graphics compatible”. Ref. 8

HERRA vz~
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O m p U m O d Pty. Ltd. 10th Floor Box 4833

20 Martin Place GPO
Sydney 2000 Sydney 2001
COMPUTER MODELLING IN ENGINEERING Tel: (02} 277405 Telexw: AAT0537

Release of MSC/pal 2

MSC announces MSC/pal 2, a three-dimensiongl finite element analysis software peckage for
engineering applications that runs on IBM PC XTs, ATs, and compatible, HMSC/pal 2 is an advancecd
version of MSC/pal, tne popular Pl-pased finite element analysis software released by MSC in the

Tacter half of 1984,

MSC/pal 2 performs static and dynamic analysis for models with up to 1000 grid points. Its
eiement library includes: quadrilateral and triangular plate elements; several types of straignt
and curved beams; discrete springs, masses, and dampers; shear panels; and plane-stress and plane-
strain two-dimensional plate elements. {ts solution capabilities include statics, normal modes,
transient response, and frequency response analysis. A bandwidth minimizer is integrated into
MSC/pal 2 to reduce memory requirements and to increase execution speed, Double-precision

arithmetic in a1l cperations ensures numerical accuracy.

Interactive post-prusassing capabilities include: stress and displacement gutput for all solution
types; structure geometry plots with.rotation, scaling, and element shrink features; deformed
structyre plots with stress and displacement contours and animation; and XY plots for dynamic

displacements, velocities, accelerations, and response ratios.

Advanced features with the MSC/p2l 2 package allow the user to graphically sort static stress
output for easy visual identification of highly-stressed e]emen;s. as well as file input/output
features to allow transferring MSC/pal 2 data to/from external programs, The ability to convert a
model file from MSC/pal Z to MSC/NASTRAN format is included to allow running a model on larger

computers; all static and dynamic load files may be translsted as well. The entire MSC/NASTRAN
data file is generated, including the Executive Control, Case Control, ang Bulk Data decks, making
MsC/pal 2 an ideal educatiomal tool for learning MSC/NASTRAN.

Machine requirements include an IBM (or IBM-compatible) PC XT or AT {a hard disk is required), PC
QOS 2.0 {or higher), 512K memory, and an B087 (8D287 for the AT} numeric coprocessor chip. An iBM
(or compatitle} color graphics card is required for graphical output, and an Epson (or compatible}
grephics printer is required for hard-copy of graphics., Any dot matrix, letter quality, or laser
printer is acceptable for hard-copy of tabutar output.

.~
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Choice of
disk units

Our disk-based systems
now offer you a much broader
range of choices when it comes
to disk drive configuration. With
floppy disk systems you can
choose either the estdblished
5.25 inch (130mm) disk format,
or the new 3.5 inch (90mm)
format. In either format you can
also choose between a single
disk drive, for economy, or dual
drives for greater operating
speed and convenience.

All disk systems come with
the widely-used CP/M operating
system, enhanced with
Microbee’s unigue icon-menu
shells and operating utilities.
‘This makes them particularly
easy to use, even for those with
no previous computer
experience.

Four different
video monitors

With the 1986 Microbees
you have a choice of no less than
four different video monitors.
Qur two ESE monochrome
monitors provide excellent
performance at an economy
price, with either green or
amber display as desired. For
more demanding applications
we offer 2 higher resolution
monochrome (green) monitor,
and a high resolution RGB
colour monitor with 18 MHz
bandwidth and 0.38 mm
pitch CRT.

Built-in serial &
parallel ports

All Microbee models
feature built-in serial
communications and parallel
data interface ports as standard —
unlike many other computers
where these facilities are
expensive “optional extras”. This
means that basic peripherals like
printers and data modems plug
direcdy in.

The Microbee serial port is
fully software controlled, and
operates over a wide range of
data communication rates.

VIDEO MONITOR

Four different monitots are
avallable: monochrome in green
or amber, high resolution green
monochrome, and high
reselution RGB colour.

_NLO PRINTER

Microbee's optional low cost DP-
100 printer offers both 100 cps
draft quality printing and multi-pass
NLQ (near letter quality)

printing, making it ideal for most
applications.

Optional NLQ
printer

Microbee’s optional low
cost DP-100 printer offers the
speed of dot-matrix draft quality
printing at 100 cps, coupled with
the ability to produce multi-pass
NLQ (near letter quality) output
forword processing. It makes an
excellent choice for most home
and office applications,

% microhos KGN

Data modem
with 'phone

Another important option
available with all 1986
Microbees is our Bee Modern,
for communication with other
computers and data services via
the telephone network. Data
communications extends the
uses and power of your
computer system enormously,

w bee

giving you access to a vast range
of databases and message
handling resources.

The Bee Modem is a highly
reliable direct connect, full
duplex unit operating at both
commonly used data rates: 300/
300 bps and 1200/75 bps. It
comes complete with a push-
button electronic telephone, and
plugs directly into 2 standard
telephone socket. It is fully-
authorised by Telecom
(C83-37-1090).

Micrpbee's optional low cost
Bee Modem lets you access data
services like Videotex and
Infosination Express, plus
Telemeno dnd other message
handling services.

units arg available in |
n.or 3.5-in formats,
Er mm:.m_h‘ or dual

hin SOOK

¥ drive for backup. .

You have achoice of five: .*
Premiurh Gt Standard 32K ROM- .
.based models; Premium or’
- Standard. 128K Aoppy disk based

h it the 128K Prémium

,ﬂ._.v -

Entry level
ROM models

For those wishing to
become familiar with computers
at low cost, Microhee offers
ROM-based models (both
Standard and Premium). These
feature 32K of user RAM plus
88K of ROM containing a suite
of built-in programs: a word
processor, a spreadsheet, a
database manager, our Telcom
communications package, a desk
calculator program, business
graphics and the MicroWorld
BASIC programming language.

These models feature
battery backup to preserve your
files in memory, but programs
and data may also be stored
using a normal cassette tape
recorder.

‘Top of the
line’ 20M

... hard disk model

Our Premium Series 128K
Hard Disk System is designed for
applications which need much
more storage capacity than is
available with floppy disks. It
comes with 20 megabytes of
formatted storage, together with
a high-density 5.25 inch floppy
disk drive for data input and
backing up.

Unlike many other hard disk
systems, the Microbee Hard Disk
System is exceptionally casy to
use. The operating system and
utilities feature the same friendly
icon-menu shells used on the
floppy disk system, making the
system very suitable for use by
non-technical people.

Bmicrobee
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to be adopted in order to comply with the Standard, while the
word ®"should® indicates a recommended practice.

1.2.2

Cross-referances to other clauses or subdivisions within this
standard quote the number only, for example: "... as required by
6.4.1"%.

1.2.3 , )

The full titles of reference documents cited in this Standard are
given in the "List of related documents™ immediately preceding
the Foreword.

1.3 .
Support structures

1.3.1

Support structures for elevated tanks shall be designed to the
nmﬂ:»nnamanm of NZS 4203 together with an appropriate design code
for the material to be ubed.

1.4
Roofsd

1.4.1

¥iory structure containing wzter intended for potable water
supply without further treatment shall have a rocof designed to
prevent contamination of its contents.

1.5
Notation

1.5.1 . .
In this Standard, symbols shall have the following meanings, pro-
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The horizontal component of E.
Modulus of elasticity of prestressed reinforcement, MPa.

The vertical component of E,

The loads, or their related moments and forces, resulting
from backfilled earth pressure,

Speclfied compresaive strength of concrete or cement mortar,
MPa.

The square root of the specified compressive strength of
concrete or cement mortar, MPa,

The ﬁ»anm atress m: the inside face of a tank wall or roof
resulting from a temperature gradiant through the wall or
roof, MPa.

The fibre stress on the outside face of & tank wall or roof
resulting from a temperature gradient through the wall or

roof, MPa,

The speciiied yleld strength of ncx [restressed reinfor-
cement, MPa.

Liquid load, the internal static force exerted by the stored
contents when filled to overflow level or its related
moments and forces.

A reduction factor modifying temperature stresses for Bec=-
tion rigidity (see C2.2.8.1}.

ﬂsm‘:mmosn‘rvo<m the base Om-nsm wall of .the centre of gra-
vity of the combined (convective plus implusive) horizontal
seismic force exerted by the contained liquid, m.
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The hydrodynamic seismic pressure of the contained liguid at
the bottom of the tank wall, MPa.

The hydrodynamic seismic pressure of the contained liquid at
the top of the tank wall, MPa.

The prestressing load, or its related moments and forces,
provided to counteract forces and deformations induced by
other loads. .

The radius of a dome roof, m.

Risk factor as defined in N2S 4203.

Loads, or their related moments and forces, resulting from
shrinkage.

Loads, or their related moments and forces, resulting from
swelling.

The thickness of the wall or roof, m.

Loads or their related moments and forces resulting from
variations ain .¢mperature.

The natural period of the first mode of slosairj, 5.
Pundamental period of oscillation of a tank, s.
The convective component of VH, N.

The total horizoantal seismic force per unit length exerted
on the wall of a tank, N. * )
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ADMIXTURE. A material other than portland cement, aggregate, or
water, added to concrete to modify its properties.

ACGREGATE. Inert material which is mixed with portland cement
and water to produce concrete.

ANCHORAGE. See Section 5 of NZ§ 310l. Also, the means by which
the prestress force is permanently transferred to the concrete. |

BONDED TENDON. Prestressing tendon that is bonded to concrete
either directly or through grouting.

CEMENT MORTAR. A mixture of portland cement or any other
hydraulic cement, sand and water.

CONCRETE. A mixture of portland cement or any other hydraulic
cement, sand, coarse aggregate and water.

CONSTRUCTION JOINT. An intentional joint in concrete work
detailed to ensure adeqguate strength and servicability.

DUCTILITY. The ability to a structure or member to undergo
repeated and reversing inelastic deflections beyond the point of
first yield while maintaining a substantial proportion of its
initial maximum load carrying capacity.

ELASTIC ANALYSIS. Analysls based on the assumption of linear
relationships between stress and strain for relnforcement and
conecrete.

ELEVATED TANK. A liquid retaining structure which is elevated
above grade by a support structure.

ENGINEER. The Local Authority's principal Engineer who shall be
registered under the Engineers -Registration Act 1924 and who ls
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REINFORCEMENT, MESH. Welded mesh formed of hard~drawn round
steel bars, welded at intersections, conforming to Nis 3422,

REINFORCEMENT, PLAIN. Round, smooth relnforcing steel conforming
to N25 3402P.

SHRINKAGE. Time dependent compressive strain of concrete,
resulting from loss of moisture to the surrounding environment.

SPECIFIED COMPRESSIVE STRENGTH OF CONCRETE. A singular value of
strength normally at age 28 days unless stated otherwise, denoted

by the symbl £'n yhich classifles a concrete as to ite strength
class for purposes of design and construction. It is that level

of compressive strength which meets the production standards
required by Section 6 of NZ§ 3109. )

SUPPORT STRUCTURE. A structure supporting a liguid retaining
structure at a regquired height above grade.

SWELLING. Tensile astrain of concrete resulting from absorption
of moisture.

TARK. Structure designed for the containment and storage of
liquids-

TENDON. Stee! elements such as wire, cable, bar, rod, or strand
used to impart prestresas to concrete when the element is
tengioned,

UNEONDED TENDONS. Tendons which are not bonded to the concrete
ejther directly or through grouting.

WATERSTOP. Continuous impervious membrane placed across a
construction joint to inhibit moisture flow through the Joint.
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2.2

9469.54°

ovmm»m= locads .
Mﬂ:mnn are two broad types of ioading: that regulting from the
Mchpwnun»o= of forces and that resulting from the application of
Sdeformation (strain). In a tank the force loading 1is
MTxmaqunpmn by contained fluid pressurej the atrain induced loads
are temperature and shrinkage.
c2.2.1
Dead load
pead load definitlion differs from that given in WIS 4203 whlich
includes such things as earth pressure, temperature effects and
conatruction loads. This code deals with these aspects
geparately.

c2.2.3

packfill loading

Earth pressures ghould take into account the distribution and
characteristics of the packfill (symmetrical or asymmetrical) and
should be determined u&.unnwosmw methods of soll mechanice based
on foundations and soil investigations.

€2.2.4
.ho=mnn=nnpo= loads ,

Examples of no:unncmnpom loads are the atacking, Yifting and
propping of precast panels.

C2.2.5

Liquid load

Overflow systema usually require a surcharge to initlate opera=
tion. In most cases, the surcharge is small and can safely be
ignored, that is, the overflow leve) 1ls taken 28 the inlet level
of the overflow pipe. Where the surcharge is 1ikely to be large,
the additional head should be included as & clags B design load.

2.2

peslgn loads
A number of loadings and load combinations need to be considered .

in the design of a tank. In general, the nature of the loads and
their intensity ghould be as prescribed by NZS 4203. This Sec-
tion deals with speclial conslderations peculiar to tanks.

2.2.1

Dead load (D)

Dead load is the self weight of the structure including that of
equipment and appurtenancgs.

2.2.2

Live load (L) ’

Live loads are the superimposed loads such as Snow, people,
vehiclen, plant etec. and shall conform to the requirements of
NzZS 4203,

2.2.3 .
packfill loading (EP)

Backfill loading is the external pressure exerted by backfill,
including the effects of surcharge and water table.

"2.3.4 . .

. . construction loads (C)

Construction loads are temporary loads resulting 2o equipment,
ma-erials and methods to bea used during construction.

2.2.5

Liguid load {F)

Liguid load is the internal static pressure exerted by the stored
contents when Filled to the overflow level.

a
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owhere C is a coefficient dependent on the shape factor H2/pt,
%gm:wo: up the wall, the degree of base restraint, and type of
mnmavmnmnsno effect 34@259 differential or combined)., The

o> tables are in terms of surface stresses assuming uncracked sec-
anoa stiffness. If the tank is designed on the basis of a

a

AMnnnwnxmm gection, then these stresses should be modified by a
—reduction factor F

35 T to account for the reduced section rigidity
mthat accompanies eracking. The amount of reduction depends on
the extent of tension stiffening in the concrete, the reinforcing

content and the degree of inplane force.

A method of evaluating Py for reinforced concrete design is
deseribed in Section 5 and the implications for partially

prestressed design discussed in Section 6. There la no reduction

Fy =1.0) for fully prestressed design as the concrete is
assumed to remain uncracked.

Temperature moments and axial forces are given by:

Mp = Petfi - f£ol.2
2 6 (RSN RSN N NN ﬁﬂﬂ- anNu

n.H = rtvad + fol.t
2 ssguesesnas (Eg. C2-3)

FIGURE CZ.1+ THERMAL STRESSES

L0

l.—.u.N-.Jﬂv. ’ Terre. Tarnp.
wall * Il _ * _1:._._0._ _
mo'c mb.nﬁ oo . g
Inhea wall we
U dzrep | Wall

oulede Inade Oulsde mJo_.nru Outsde hade Culasde lnadke

“Tamk Full Tanlk m_.j}

thcﬂh Z.1: TEHMPERATURE DISTRLBUTIONS IN TANK WALLS
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Consideration should also be given to the horizontal acceleration

of surrounding backfill. The effects of this can be mhmnwmwnuan. .
having been the apparent cause of a number of tank failures. For
example, a large underground reinforced concrete tank {part of

the Balboa water treatment plant) suffered mevere damage in the

1971 San Fernando earthquake, the damage apparently caused by

movement of the surrounding ground. Earthquake earth pressures

for which tanks are to be designed are given in reference {2.2).

€2.2.9.2 2.2.9.2 .
Horizontal earthquake force , Horizontal earthquake force
For horizontal convective and inertia earthquake coefficients Cg ‘Unless calculated on the basis of a more rigorous analysis, the
and Cy regpectively, see 2.2.9.3. total horizontal earthquake force, Vy, axerted on the tank, shall
. be calculated in accordance with 2.2.9.4 by a combination of two
WC and Wi are the weights of the convective and impulsive con- , components) a convective component Vg and an inertla component VI
tents respectively and are given in figure C2.2 for both circular where: .
and rectangular tanks. .
. <n. = CCWC seresenss (BEQ. 2=1)
Ws is the welght of the tank shell (including roof if connected
to walls), and ,
_ VI = cxtuz + ws) cessssnes (Eg. 2-2)
€2.2.9.3 , 2.2.9.3
Horizontal seidric coefficient . Horizontal seismlic coefficlent
{a} General . {a) General. Unless a more rigorous analysis is undertaken, the
basic horizontal earthquake coefficients for the tank and
Note to Commentators - It was orjiginally envisaged that the its contents shall be determined in accordance with
latest revision of NZS 4203 would be completed before this 2.3.9.3(b) and {(a)

draft was circulated for comment. Unfortunately this has =
not happened and it has been necegsgsary to include interim

data to facilitate the calculation of earthquake coef-
ficients.
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(b)

()

(1ii) Elastlc response.

Convective and inertia earthguake coefficlentas should be
determined from the revised baaic acceleration response
spectra given in NZS 4203, taking into account peak ground
acceleration, period of vibration, geographical location and
the appropriate ductility and damping factora. (In the
absence of the loadings code revisions, data recommended by
the NZNSEE Study Group on Seismic Design of Storage Tanks(2-3)
has been asubstituted). .

Alternatively, the earthqguake coefficients may be determined
from response spectra established for the specific tank site
taking Into account the dynamic characteristics of the tank.

Convective coefficient Cq '

Equation 2-3 has been derived from the NZNSEE recommended

response spectra (2.3} yging the following assumptions:

i Te > 1.0 second.

(ii) v viscous damping.

The neriod of <wumnnno= of the convective mode, Te can be

determined from figure C2.3 for both nmnﬂw:aswun and cir-
cular tanks.

Peak ground acceleration .
The peak ground acceleration is a function of the intensity

of the design earthquake (earthguake For which the tank ias g
to remain functional). This intensity varies with

geographical location and is generally ldentified in terms

of an annual probability of exceedance. To be consistent

with NZ8 4203, the intensity of the design earthguake wu

scaled in accordance with the appropriate seismic risk fac- ’

P,

(CPT EMcI 6)

(b) Convective coefficient C;, rhe convective earthquake coef-
ficlent shall be determined as a function of peak ground
acceleration A, apng patural period of the first mode of
sloshing, Te, in accordance with:

nﬂ, = 3Ag
.._..In_l.u.ll

{¢) Peak ground acceleration. .

. Peak ground acceleration shall be as given in table 2.1.

Table 2.1

PEAK GROUND ACCELERATION ) +

_ ! !
| zone+ } Peak Ground Acceleration |
| 1 ) J
_ _ . _
{ A ) 0.4R |
_ B 1 0.3R . o]
| c | 0.2R f
_ | ]

* asz defined in figure 4 of NIZS 4203.

.

evsnsnaes (EQ. 2-3)
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(d)

Inertia coefficient Cjg (d)
Equation 2-4 states that the inertia earthquake coefficient

is equal to the peak ground acceleration, which is also the

This assump—

tion is realistic for a circular concrete tank which because

zero period ordinate on the response spectrum.

of its stiffness, has a very low pericd of oacillation.
Rectangular tanks are generally more flexible than circular
tanks which in some instances may lead to structural ampli-
cation effects. In lieu of the revised NZS5 4203 response
spectrum, the inertia coefficient for elastically responding
flexible tanks may be calculated from the following
expreasions:

For 0.05 £ Tr ¢ 0.13 seconds
CI « Ao (1 + 13TI) ceseasessee {Eq. C2~4)

For 0.13 < Ty ¢ 0.60 seconds

CI m 2.7 Ao sesssnssses {Eg. C2=5) :

For 0.6 £ T1 ¢ 10 seconds .

L 1.6 Ap : . : ‘
-H.H sebvaanenn” Amno C2-6)

Equationg C2-4 ta C2-¢ have been derived from the NZNSEE

recommended response spectriumd using the following assump~—
tionas '

(1) Elastic response .\_l I).

¢1i) 2 % viscous damping. .

Where the tank is supported by a ductile supporting system
detajiled for ductility in accordance with the appropriate

material code, Cr ghould be taken as the-basic coefficiant,

€4, applicable for the structural typa and material of the
support in accordance with NZ5 4203.

Inertia coefficient €y, por rigid tanks with fundamental

period of oscillation, Tr legs than 0.05 seconds, CI is
given by:

CI = 2o (Eq.2-4)

semsannead

For flexible tanks (Tr » 0,05 seconds) CIi values shall be in
accordance with the basic coefficient glven in NZS 4203

taking into account the period.of vibration, geographical
location and appropslate values of damping and ductility of
the tank and its support structure.
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_ D& 35Ub

{CPT KMcl 6}
_I.F!la._
IMPULSIVE
CONVECTIVE
EXACT
A
/ h
LINEAR
/ / * APEROXIMATION
- B |
L}
9} CIRCUMFERENTIAL (&) verTicaL

' Figure C2.4r EARTHQUARE PRESSURE DISTRIBUTION IN

CIRCULAR TANKS

In figure C2.4(b) h is the height above the base of the centre of
gravity of the combined {(convective plus inertia) horizontal
earthquaks forne and is given byt ’

3 = <ﬂ ?O.T.QH nr i B
<ﬂ+¢H . I EXEYE R RN XN E. c2~1)

C2.2.9.6
Overturning moment

[

{a). Wall. The o<mnn:n=m=n moment acting at the base of the wall
is conveniently expressed in terms of an equivalent welight

nzH-.Enﬁ Ws) and an equivalent height (hI, hC, hS) where

and

Ppb =  VH (4H ~ 6h)
FHZ

where 3is a constant whose value depends on
shape of the tank;j

for a circular tank p = [ a.
for rectangular tank g =  2b.

2.2.9.6
Overturning moment

tevesussess (Eq. 2-8)

the cross-gectional

(a) The overturning moment acting at the base of the wall shall

"be determined byt
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¢ = 0.8 Vy ceseenness (Eg. €2.12)

To transmit this shear Q, a shear flow q is reguired at the
wall/footing interface where:

g = Qsing
Ta ceresaanss (Eg. C2-13)

The distribution is jllustrated In figure C2.6.

The maximum shear occurs at 90 degrees to the earthquake direc~-
tion and is given by:

 Imax Q = 0.8B vy

Ta TTa asenssens (BEg., C2-147)
In general the wall/footing interface has sufficilent reinfor-
cement through the joint to transmit this shear. However, for
precast tank construction the wall panels may be located in a
preformed slot in the ring beam footing. Friction between the
wall base and footing will generally be insufficient to resist
the earthquake shear, thereby requlring some form of mechanical
restraint such as galvanized steel dowels.

Failure to provide a means for shear transfer around the circum-
ference will cause clrecumferential sliding of the wall. The
shear resistance is transferred to the principal &.mmo__uw.
inducing high membrane stresses at the wall junction, balanced by
high radial reactions as shown in figure C2.7.

The roof to wall joint is subject to earthgquake shear from the
horizontal acceleration of the roof. Where dowels are provided
to transfer this shear, the distribution will be the same as
shown in figure C2.6 with maximum shear given by:

DIRECTION OF |
EARTHQUAKE

Figure C2.6: MEMBRANE SHEAR DISTRIBUTION

{s) WALL BASE HOOP FORCES

Crax.* Trox, = B Prcic., = ..nolp

b} WALL BASE REACTIONS

DZ 3106
(CPT KMcI &)

FIGURE C2.7: FORCES IRDUCED BY BASE SHEAR TRANSPER FOR A
WALL FREE TO SLIDE CIRCUMFERENTIALLY, BUT

RESTRAINED RADIALLY

o
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scouring of the foundation materials or cause damage to plpes
and/or roof, then provisiona ahould be made by:

i) freeboard allowance, and/or

(i1} designing the roof structure to resist the resulting
uplift pressures,

€2.2.10
Shrinkage and swelling

C2.2.10.1 .

Walis

The shrinkage and awelling strains given in table 2.3 were
derived using the CEB-FIP (1978) Model Code, except that pre-
dicted shrinkages were doubled in accordance with the recommen-
dations of reference (2.7).

The following mssumptions were made:

am-msuwnwmumnoaamnnmwwaamnwnnmw%nmnmnnmnnhuu
{b) Shrinkage regain is 100 % and occurs immediately the tank is
: filled

(¢) Precast wall panels are subject to free shrinkzge until they
are erected, 5 3avs after castling. Shrink~ge continues
untll the tank is filled, a further 30 days after erection

{d) For cast in-situ tanks, filling occurs 100 days after the
walls are cast
&
(e} Shrinkage strains are reduced by a creep reductlon factor
given by:

Shrinkage (Sy) and swelling (Sw) '

2.2.10

2.2.10.1
Walls .
In the nu»m:no.on a rational analysis to determine mrnpsxmnﬁ and
swelling strains appropriate to the expected construction/loading
history, the tank walls shall be designed for the uwnwzxnmmdw=n
swelling strains given in table 3.3. ’
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data are available relating to the extent of the dilfferential and
to the distribution through the wall thickness, It appears
however that the gradient is low for much of the wall thickness
with most of the differential occurring in the outer 15 %. This
results in erazing of the outer surface which, while umpmm¢pno.
the shrinkage stresses, has :mawmmmﬁwm effect on the ser-
viceability of the tank. Consequently differential shrinkage
gradients between the inside and outside faces of sectiona of the
walls do not require specific design.

The stressea caused by volumetriec changes in concrete are charac-
teristically simllar to those caused by thermal effects.
Shrinkage is directly analogous to an average temperature
decrease while swelling correaponds to an average temperature
increase. The similarity of thermal and shrinkage effects means
that the method of analysls developed for temperature stresses
can also be used for calculating shrinkage stresses. The thermal
equivalent is derived by dividing the shrinkage (or swelling)
strain by the coefflcient of thermal expansion for concrete:

T - Eg

e ceseeseses (EqQ. C2-19)
€2.2.10.2
Roof

Shrinkage (or swelling) of the roof will not produce significant
stresses unles the shrinkage (or awelling) asov:ment is

restrained, for example, where the roof ls cast monolithically
with the walls.

c2.2.11

Non-symmetric loads for circular tanks

Ambient thermal loads and hydrodynamic seismic pressures are not
rotationally symmetrie¢, but wvary continually arcund the tank's

. VL JLVO

(CPT Kyl ]

2.2.11

Non-aymmetric loads for circular tanks

For thin walled circular tanks (t/a < 0.03) pon-symmetric loads
may be considered to be rotationally uwssmfnhn and equal to- the
value at the gsection under consideration.
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mmm limits correspond to those specified by BS 5337 for concrete

mm 20 mm maximum aggregate size. Wote that cement conteats
vanomn:wsn the upper limit For prestressed concrete should only
aw adopted for very high strength concrete {50-60 MPa). Concrete
m%Omw are specifically included, because condensation will mean
the inside surface will be continuously wet. This conforms with
mwm approach taken by BS 5337.

@

Ci.2.5

Air entrainment reduces water demand and therefore reduces
shrinkage. It also changes the nature of the voids between the

particles in the concrete matrix from interconnected tubular

voids to discrete spherical voids, thereby decreasing per- ’

smmwpwpnw. Pending further experience, waterproofing additives
are :on recommended for use in water retaining structures.

C3.2.6

Stresses induced in storage tanks by thermal loading and creep
and shrinkage effects are directly proportional to the value of
the modulus of elastlcity, E, pertaining at the time the action
is applied. Consequently it is important that realistic values
should be adopted, Wherever possible, locally based test data
should be used to assist in anssessing the design value of E;, apg
recognitic. . .Ae of the fact that the insitu compresaion strength
£'s will normally exceed the specified strength by 20 % or more.
This will result i increased values of Eg (hen using the
following equationa, which are duplicated from HZS 3101

Sectlon 3.3.4.

NQ - Q-OhUSOHom M-O MPR covsevsssnsene ﬁma. C3-1)

where 1400 ¢ We ¢ 2500 is the concrete density in kg/md

DZ 3106
(CPT RKMcI 6)

ninimum cement content, reinforced or
prestressed CONCrete 3 ..cesescsncrrsseron-sasres 300 kg/m3l
maximum cement content, reinforced concrets

£ vosssannsensassessnvn-cas 400 kg/m3
maximum cement content prestressed concrete

£ coossmessescsnsensansescs 550 kg/m3

3.2.5 -
Admixtures. Air entrainment in accordance with the requirements

of NZS 3104 shall be used wherever practical for all concrete
gubject to continuous or frequent water contact, or condensation.

uoulm

Modulus of Elasticity. The design value of the modulus of
elasticity of concrete shall be determined in accordance with
provisions of NZ8 3101, unless otherwise agstablished by testing.
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In the absence of information on the aggregate type to be used in
construction of the tank, a reasonably conservative value of
e = 11 x 10-6 ghould be used.

C3.3

Cement mortar

Modulus of elasticity and coefficient of thermal expansion of
cement mortars should be assessed on the behaviour of represen-
tatives testing wherever possible. Where characteristics of
constituents are not known at the time of testing, E; apng
should be assessed as for equivalent strength concrete. It
should, however, be recognised that because of high cement-
aggregate ratios required for cement mortar structures, values
for «_will tend to be higher than for equivalent concretes. It
is recommended that values listed in table C3.1 should all be
increased by 1 x 10-6 for cement mortar as a conseguence.

‘DT 3106
{CPT RMcl 6)

3.3
Cement mortar

3.3.1
Pneumatically placed mortar,

3.3.1.1

The aggregate for penumatically placed mortar shall, unless
otherwise approved comply with the requirements of NZS 3121 for
sand, and in addition shall have a fineness modulus lying between
the limits of 2.50 and 3.30.

3.3.1.2

Except for specisl works requiring other mixes, the proportions
for pneumatic mortar shall be one part of cement to not more than
four parts of moist sand (3 % to 5 % moisture content) volumetri-
cally batched, or weigh-batched to equivalent proportions.

3.3.1.3 .

Compressive strength. The specified ccmmressive strength of
nominal 100 mm x 50 mm diameter cores ' taken from representative
work panels shall n.t be leas than:

{a) for relnforced concrete elementS; sesscsncence £'o u 25 MPa

(b} for prestressed.concrete elements,; eecsssevses £'c w 35 MPa
The panels shall be fabricated, cured and cored as described in
3.3.1.4 and testing of cores shall be in accordance with N2§
312, Part 2, Section 9. Test results shall meet the require-
ments of NZS5 3109,

42
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DZ 3106
(CPT EMcl 6)

3.3.2.2

The proportlons of hand-placed and mechanically placed mortar
ghall bes two parts of cement tc not more than five parts of moist
gand {3 % to 5 % moisture content) volumetrically batched, or

weight-batched to equivalent proportions. .

3.3.2.3

Compressive strength. The specified compressive strength of
nominal 100 mm x 50 mm diameter cylinders moulded, cured and
tested in accordance with NZ§ 3112 shall be not less than

f'c = 25 MPa., Test results shall meet the requirements of NS

3109.

3.3.2.4 : :

Modulus of elasticity. The design value of the modulus of
elasticity of hand-placed or mechanically placed mortar shall be
determined in accordance with provisions of Nzs 3101 for concrete
of equivalent strength and density, unless otherwis established
by testing.

3.3.2.5 .
CaoeEficient of thermal expansion. The design value of the coef-
ficient of thermal expansion shall be determined with due regazd
for the constitueat materials to be uged for the construction.
3.4

Nou~prestressed reinforcement

3.4.1 .

All hot rolled reinforcing steel and welded wire fabric shall
comply with requirements of NZS 3402P, or NZ5 3422 as
appropriate.



BUI.MAD249.0469.81

Sv

*fuy3sey 9TTBU8] Agq paysTIqelIse

3q ITVYF JUBWaLIOJUTal poseaalssad jo AJ[Oy38eld JO SNINPOM

’ Z°5°¢

*60TE SZN Fo 9938 Huyssaazsead

a0z sjuawaijrbal ay3y yiTa ATdwod TTRYE JUDWIOIOJUTRI PIESIIFEa1g
TT'sE

JUBWRDIOFUTSL pesEIIjHIL]
S°E

*butisel Aq POYETIQwIS® ISTMISYI0 ESaTUN fudd (00T SW
vayey 9q IIVYS JUDWSDIOFUTSI PITTOI~30Y JO AJTOTASRI® JO SNINPOY
£°%°E

*ojwiadoxdde &w ‘ZOTy sa 20 S8YT SH YIfs A1duos TIwYys 2I1Ta 19938
poXuIT AT9500T I0 PUIBTM} pPuw BUTIISU PajRod JUTZ I0 PIzTuRAaTwd)
Al A

*6L6T T3ady ‘ur13PIDO0BSY YOIWISaY 933I0UDY. PURTRIZ

SN 'STHTO FI0dey f,s3910U03 O BSTIXSdoz4 TREIIaYL, *3*g “‘3Tnog
. (1°%)

B SIONE¥EJUH

Bui3say juopuadaput wolay s3Incad

uo I0 ‘B3NEVI 3823 (BIIANJORIOURW UC pPIERY IQ PINOYUS By o
S9NTEA "BdD (ST B% M0T SR 2 Avw puw ‘JuUsawaIdIOFUTSX ;mmnouum TEW
~30U 107 posn ATUOWWOD ®JD (0Z JO SNT¥A Y3 URYI IamoT ATTrRIIusb
87 ¥y juowsoiojuyjead pessaalsaad Jo AJTOTISRID JO SNINPOW

. JUAWIDIOJUTRI DPISBIAYEIAG

S°ED



bZ 3106
i (CPT KMcI 6)

mw_ SECTION 4

o> COMMENTARY

©

<

o

o Cd.l

2

m“e:m requirements set out in this Section are those which are

< additional to the requirements of NZS 3109:1980¢ Specification for

mwno=nnmnm Construction. The additional requirements are related

2 : : -
o to the unusual service conditons of reservoirs and other water
retaining structures and the need to provide watertight construc-

tion and durabllity.

C4.2.2

Construction joints

A construction joint is a joint in the concrete w:nroonnma for
.0=:m=wm=no in construction st which measures are taken to
achieve subsequent no:nracwn% with no’ provision for further rela=
tive movement. Joints prepared in accordance with all of the
requirements of NZS 3109 and with sufficient reinforcement
through them to prevent all relative movement should perform
satisfactorily. If complete continuity cannot be obtained the
joint should be treated as a movement joint and taken into
account 'in the design (See 2.1).

DZ 3106 °°

(CPT KMcI 6)

SECTION 4
CONSTRUCTION REQUIREMENTS

4.1
General .

4.1.1

This section mvuwpmm to the construction of all reinforced m:n
prestressed concrete liquid retaining structures covered by this
Standard, The reguirements for the construction of cement mortar
gtructures are covered in Section 7. '

4.1.2
Except where otherwise specified the nmncwnmsmznu of WIS 3109
also apply.

4.2
Cancrete placing

4.2.1

The placing of concrete for water retaining structures shall be
carried out with particular care but generally in accordance with
the regquirements of N2Z5 3109.

I-IAN hd
Construction jointse
Constuuution joints shall be prepa-=d zs specified in RZS 310°.
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Contraction

o

oint. This ls a movement joint which has &
deliberate discontinuity but no initial gap between the
concrete on both sides of the joint. The joint is intended
to permit contraction of the concrete.

A distinction should be made between a complete contraction :

BUI.MAD249.0469.84¢

joint, in which both the concrete and reinforcement are

interrupted, and a partial contraction joint, in which only

the concrete is interrupted while the reinforcement is con- _

tinued through the joint. I ) '

A water stop and/or sealing compound should be provided at |
contractlon joints. .

(b} Expansion joint. Thls is a movement joint which has
complete discontinuity in both reforcement and concrete and
_is intended to accommodate either expansion or contraction
of the structure. Water atops, a joint sealing noavo:wm and
joint filler are essential at expansion joints. - .

(c) Sliding joint. This is a movement joint which has noaummﬂm
discontinuity in both reinforcment and concrete. Special
provision is made to facilitate relative movement in the
plane of the joint.

(d) sliding memn. ‘A ’'sliding layer is a sp.cial category of f
sliding joint intended to permit sliding over a congiderable
area, for example, between a floor and a subfloor or
blinding layer.

The effectiveness of movement jointe in controlling cracking

depends on their correct location, which may be characterized as .
the place where cracks would otherwise develop, for example, at
changes of section. Movement joints in walls should preferably




BUIL.LMAD249.0469.85

Ny

*gjuyol uoraONaAzsUOD se pajwell °q prnoys butusdo

ay3 3o EIPIF IYY 3no paxoq usey swy bujuado uw uayy *jufof w
Yiim op7ourod jou prnoys adid sy3 jo uorirsod ayj jey3l ITqeIsap
] 3} 96D IDY3ITP UI *3INe Xoq ©3 XIRESDDU IQ TITA IT 2TqeT3
-owad j0u ] SJY3 I "PoISIOoUCD ET 3T usym Teued ayjz ojuy'sadyd
ay3 38W0 0] aTquadjzeid BT 3¥ I007F 10 TleA ® ybnoxyy ssed o3
odjd w Jo3 Kawsseoau ST T USYM *SI00TJ puv s[IwM YbNoay3 sadid

"LEES S8 Ul pIqIaoEap

‘na STTeA PRUTRAIESIUN PUR PwTTIIRRIT J0] a3135v1d UOTINNIFEUOD
pur ubBTEaQ °*svTTEM O3 JO anotjaeiysq :o«uOduucou‘uﬁnunOHQ

ay3 o3 uaalh ag pinoys 10uumuﬁvmntnh Tnjaaw) .nﬁwn:.nc s3UIOL

*odi3 uorjowajuod Twrlawd

ay3 Jo =q pInoys ‘papracad JT ‘3nq AIesse09U 99 JOU PINOYS UOTI
=2VI3U0D I0J MOTIV ©F SB3IuUYoL ‘*a3aa0ouod Butpuylq a4l 03 U0 3dIITP
96ED 8q PINOYSE 3] “UOTIDEIJUGD TRWIIYY pue 2HeuyIys Jsuiebe
pouiwaisal ATIng sv paubyssp oq Lww J0073 ay3z ‘ATsaTIvuasiyy

*papjacad juyof uoysuedxs ue puv uoysuedxs 10J FpYw 67 SouRmOTTR
azaym 3daoxe sjutol woTlzoRAjUCD 939TdWODd Iq vﬁzm:m s3UfOL

‘w [ pseoxe jou prnoys deb BTYL “s7Iued jusoe(pw uzamzaq deb v
YaTha 30 AT9ATINOSBUOD JEeD aq Lew sTIURg rbuyaeeys auaTAuzsditod
AOTY3 JO Iakel w ‘fordwuwxe 103 '93a1duod BuTpuIlq Pu¥ qRIE I00TJ
oYy ussmlaq pepiacad 9q prnoys zodey buyievaedss ¥ *juswasow 03
B3UTRIISII PuyZjwTuTw AQ UOTIDRIIUOD TrWISYF puw IHWAUTIYS JTwasd
03 poubjsep 2q AvW ITOAI@ESX ® FJO IOOTF IYL “S5I00T3F UF BJIUTOL

rghumelp 2yl UC pOIRDTPU] 9q puw adasuibus a3

&q poproep °q pInoys sjuTof jususAcw IIe JO uofIwoel syl "jujof
Y3 FO Fuswsaow ‘juanbassqns 2y3z buTanp pIUTEIUTRM S TITH ES3U
=3yb673I93wA 9yl Uyl OF POIONIJEUOCD puR pIUbYEIP ¥q pTuoys sjujof
JuamaAcu IV "Hujyloog TIRM 40 300TF 9yl uy s3uyof yijya ubjyIw



mewawwun material and water stops. The performance of joints is

owvery dependent on the performance of the jointing materials used
©
Man care should be taken in selecting appropriate materials for

Mﬁmunwncwmn conditions. See reference {(4.1}).
N

Mvvﬂmsmwu D of BS 5337 discusses the problem and solution.
-]

MRecent experience has shown that polysulphide rubber compounds
are attacked by chlorine and are not suitable for use in reser-
An initial filling with a higher
than usual chlorine content for sterilisation hastens the attack.

voira containing treated water.

C4.3.1

Unhonded tendons

Unbunded tendons are not allowed because sufficiently reliable -
protective systems for the environment have not been developed
for reservoirs in New Zealand.

C4.3.2

Wound tanks

Tanks constructed with wound tendons which are stressed by
drawing the tendon through a die are subject to variable .
prestress due to variations in wire diameter as supplied and to
waar of the die, Such a method will not consistently meet this
requirement {See ACI 344R-~70),.

The nuonmnnhom of the prestressing wires {s c¢rucial to the gacipg~
factory long term performance of the tank. Poorly placed
shotcrete coatinga can have voids along the wires dua to a shadow
effect. Such voids can collect and transmit water leading to

corrosion and early fallure of the tank.

Good construction practice for the application .of shorcrete 1s
described in ACI 344R-70. )

REFERENCES

4.1 '

e, . s e, .

Dz 3106
(CPT KMcI 6}

4.3
Pretressing, Stressing and grouting.

4.3.1
Unbonded tendons
Unbonded tendons shall not be used in water retaining atructures.

4.3.2

Wound tanks

Cylindrical tanks constructed using wound pretressing tendons
shall he constructed using eguipment capable of mwnmmmmjm and
measuring the applied tendon force to within +7.5 % of the nomi-
nal force required.

Syatems not consistently meeting this reguirament may be used if
a possible. ariation of initial prestress force of +20 % is
treated as an additional load case ln the design.

Protection of the tendons shall include the proper application
and curing of a shotcrete cover of not less than 25 ma.
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MGHunnmmmhsm temperature or shrinkage subject the concrete to
@ increasing stresses until the cracking strength of the section is

(©2}

Mwnmmnsma. Further increase in stress is accompanied by a decrease

me: section rigidity as the crack propagates. A point is even-—
mmwzmppw reached where the crack propagation stops because the seg-
Mnios reaches a rigidity capable of resisting the stress without
=further deformation. This stress is somewhat less than that
Mnmwnnwmwmn assuming an uncracked section and can be assessed
simply, and with sufficient accuracy, by factoring the uncracked
section moments and axial forces by a reduction coefficient Fe
representing the reduction in stiffness with cracking. This
reduction factor is given by the ratio of the cracked moment of
inertia Icr to the uncracked moment of inertia Ig adjusted for
tension stiffening in the concrete. Values of Ft are plotted in

figure C5.1 for a range of wall thlckness and steel ratios.

The Icr yalues used in tabulating Ft ignore the presence of axial
forces, This omission is necessary to maintain simpliecity,
however the resulting errors are expected to be small and on the
conservative side. Specifically, axial tension would further :
reduce saction stiffness with a corresponding decrwase in tharmal
and/or shrinkage stresses. Axial compression on the other hand
increases section stiffness with a corresponding increase in
ﬂ:mnsmp\msum:xmam.wnnnmmmm. However, unless allowable
compressive streases are exceeded in the concrete, this .uad case

1s unlikely to result in an adverse service condition.

The Hnn\Ha ratio depends on wall thickness and reinforcement
content. Because these parameters, the latter in particular, may

vary with wall height, it may be necessary to calculate Fr values
for each critical section of the wall, that is, where there is a
change of wall thickness or steel content.

Tension mnwmmmﬁwam significantly increases the atiffness above
that calculated at a crack. Limited experimental and theoretical

DZ 3106
{CPT EMcI 6)

lysis of the cracked section stiffness everywhere in the wall may
be used.

-~
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®C5.3.2

MWZOHm to Commentators - In the previous Code (NZS 3106P

Mwmmnn 1:1978) the design philosophy adopted was that cracking was
mmno be prevented by limiting steel and concrete tensile stresses,

Mme:cm it was necessary to calculate concrete tengile stresses

ADnUmama on_a transformed section.
=

MWH: this Code the mmmwns philosophy adopted is to recognise that

cracks will ipevitable occur and to limit their width by limiting

steel stresses and more rigorously calculating stresses due to
transient loads and secondary effects. Thus it is not necegsary
to calculate concrete tensile stresses and limits are not given

in table 5.1 as cracking is assumed to_occur.

C5.4.1

The permissible steel stresses given in table 5.2 are varied to
suit the degree of exposure. For walls less than 225 mm thick
the exposure on one face is deemed to affect the reinforcement on
both faces. This is consistent with the provisions of BS
5337:1976. *"The structural use of concrete for retaining agueous
liquids™. Huw.v-- it is not as conservative as the provisiona of
ACI 350R - 77 "Concrete Sanitary Engineering Struccures®, -which
'is intended for use .ith more aggressive wmmmnnu. .

DZ 3106
(CPT KMcI 6)

5.3.2 ,
In stress calculationa the tensile strength of concrete shall b

ignored, except that, in respect of provisions of shear in
flexural memebers, the concrete may be assumed to take diagonal
tension for the purposes of Appendix B of NiS 310l.

5.4
Reinforcing steel stresses

5.4.1

Maximum permissible stresses for plain bars, deformed bars, and
hard drawn steel mesh conforming to NZS 3422 shall be as given In
table 5.2.

5.5
Hinimum reinforcement

5.5.1
The minimum reinforcement in each of two directions at right
angles, in those parts of the structure not restrained from move=-
ment, shall have an area of not ,Jless than 0.3 percent of the
gross concrete section normal to that direction for plain round
bars, ‘0.25 ﬂmnnnrn for deformed bars, and 0.2 percent for welded
hard drawn steel mesh.

.
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fmcn a design separating the floor slab from the ring beam by a
qumam:n joint, the only restraint to shrinkage will be from
ictional restraint to sliding.

Fimilar restraint of slab shrinkage will occur in rectangular
mw=xu where floor slab and walls are monolithic. To avoid
groblems, it is adviseable for the floor slab to be cast at the
mwam time, or bafore, the walls are cast. Occasionally corner
pours in floors and restrained roof slabs are delayed to minimlise
shrinkage.

9.0489

C5.5.3

All structures are subject to the effects of temperature change,
creep and shrinkage. The contraction which results from
shrinkage, from the dissipation of the heat of hydration of the
cement, and from seasonal variations in temperature can produce
excesgsive tension in lightly reinforced restrained members. Thin
sections such as walls and slabs for example, are particularly
susceptible to drying shrinkage, and must therefore contaln cer~
tzin minimum quantity of steel in any direction in which they are
restrained if they are not to be rendered unserviceable by the
formation of wide cracks.

711l concrete mxwwsmu after placing, due to the heat of hydration
of the cement. This mxumnuwos is followed by a contra.cion as
tre roncrete cools to the nmanmﬂmﬂcum of its surroundings. This
contraction can produce tension in a restrained plain concrc.e
membar which exceeds the tensile strength of the concrete and
thus produces a single wide crack. B5uch cracking can be
controlled by the provision of a-relatively small amount of rein-
forcement in the form of small-diameter bars or fabric.

va 3ive

. (CPT KMcl 6)

5.5.3 !
When hard drawn steel mesh is used, welded intersections shall
not be further apart than 200 mm.

5.5.4
In concrete sections of thickness 200 mm or greater, the steel
shall be distributed between two layers, one near each face of
the seotion.
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cs.8
Floor alabs

Leaks in floor slabs can be undetected for a considerable perlod
and in certain ground conditions even small flows can lead to’
severe damage, When designing floor systems the special con-
ditions of the site should be considered. If risks and con-
Begquences warrant, then consideration should be given to
providing a umnO:&nnw collection system under floor slabs to
give early warning of leakage. Drainage layers on a flexlble
membrane might provide such a collection system at a low cost,

. C5.8.1

Site concrete shall not be considered as paic of the structural
thickness,

C5.8.2

Slabs should not be considered as unrestrained unless they are on
a low friction surface and are not connected into perimeter beams
or other footings. Restrained slabs should be provided with
additional reinforcement to carry the retraining forces as set
out in 5.5. .

wa A

{CPT KMcl 6)

(c¢) Por structures containlng or surrounded by sewage, sewage
aludge or seawater the minimum cover to any reinforcement
shall be 50 mm

{d} For other liguids having a detrimental effect on the struc-
ture, approved procautions or protectlve coating shall be
applied “

{e} Where epoxy coated reinforcement 1s used covers may be
reduced but shall be the subject of a special study.

5.8

Floor slabs

5.8.1 "
The minimum thickresa ~f floor slabs shall he 125 mm which shall
be placed in one layer. ' _

5.8,2

Minimum reinforcement for unrestrained slabs shall be as set out
in 5.5 and such reinforcement shall pass through all joints not
specifically designed for movement.
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C5.9.4

Equation 5~1 is based on the ACI 344 recommendations (ref} to
avold the. possibility of buckling of the shell. It is valid for
domes with rise to span ratios between 116 and 1:10 and z/t less
than 800. A factor of safety against buckling of 5 has been
adopted in formulating Egn. 5-1.

Dz 3106
(CPT KMcI 6)

5.9.4

The ring beam for a dome roof shall be prestressed or reinforced
with sufficient tension capacity to carry the full horizontal
component of the dome reaction without a contribution from hoop
steel in the walls or roof.
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6.3 6.1

Allowable stresses ! Allowabla stresses

Table 6.1 requires residval compression under long duration '

loads, but allows siginficant tension streases under atraln- m.w.w ’

induced load combinations or seismic loading., No distinction is ’ mnm%nmuumn reinforcement

made between inside and outside surfaces, as molsture levels in Temporary and working stresses in prestressing steel ahall comply
the concrete will be similar, except for very thick walls. Shear with the requlrements of NZS 3101, Section 13. .

stresses are unlikely to govern design, However, shear aaso-

ciated with bending in the vertical direction should be checked
by calculating the principal tension stress existing under the -
combined effects of vertical prestress, and shear through the TABLE 6.1 = vm:znmw«urm CONCRETE STRESSES

wall thickness.

* - Stresses In MPa
Figure C6.1 {lluatrates the procedure for a typical tank wall

subjected to axial compression force P, moment M, »n4 ghear v,

s . Tenslon in Tension acroas Principal
per unit length of wall. The shear force V may be found from the ) Load Combinations  Compression monolithic  construction tension streas
slope of the vertical bending moment diagram, and will be a maxi- ‘ concrete Jolnts 1nucw”"MMMioa
mur at the wall base, The axial load and bending moment combine
to give a linear distribution of direct stress, (£ig. C6.1b) . . . j
given by: Croup A combinations O.H nm ~0,7 MPa® -0.7 HPa a.u\wm

’ Group B combinations  0.55 f} 0.5/r o 0.5/} .
£f=P + 12Mv.y “
t 3 ] cerenenss {EQ.CE~1) *" {.s. reaidua) compreasion of 0,7 MPa required
: : an refer 6.3.13.
The distribution of ahear stress will be parabolic, "(fig. C6.lc) .
and may be expressed as:
I. - — - v—— — e - - -
v = 1.5V ﬁp..ANMVN . 6.3.2
. t t serneeese(Bg.CE-2) Concrete and pneumatically placed mortar

Maximum stresses in prestreased concrete and prestressed pneuma-
tically placed concrete shall not exceed the limits specified in
table 6.1, except as allowed by 6.6.

JUR—
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F1G. C6.2 - SIMULATION OF PRESTRESS AS RADIALLY INWARD 1wmmwcmm

C6.4

Secondary prestress stresses

This clause refers in particular to the distribution of streas
induced in walls of circular prestressed storage tanks by circum=-
ferential prestress, Vertical bending moments will be induced

by circumferential prestress with the magnitude and diastribution
depending on the dagree of base restralat, -= well as the level
of distribution of applied circumferential prestreas force. The

‘instantanecus vertical bending moments (seconda.y wcmenta)

induced by circumferential prestress can be modelled by con-
sidering the prestress to be an equivalent radially inward
pressure, as shown in fig. C6.2. For tendon forces of Fy,, spaced
8 apart, the equivalent pressure per unit height of wall will beg

mmv - m.m.w\u-nunnnnvnn-no---'o-on-no-oo-AHQ-ﬂGIM-

Dz 3106
(CPT KMcI 6}

6.3.3
Group B load configurations
Cracking at construction joints under Group B load combinations

ig permitted provided:

(a) non-prestressed reinforcement 1s provided across the
construction jolnt in the tension zone to carry the entlre
calculated tension force, based on uncracked-section analy-
sls, with tension stress In the reinforcement satisfying the
limits of table 5.2 or

{b) the construction joint is protected against meisture lngress
by an approved jolnt sealant, u:m.noavnmmmwo: atresses at
the joint are calculated on the basls of a cracked-sectlon
analysis, assuming zero concrete tension capacity.

al.
Secondary prestress stresses

6.4.1 .

Liquid retaining structures shall) be designed for the full
effects of prestressing, including secondary stresses, and time-
dependent creep redistribution of prestress.
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where Cy is the part of the creep function relatlive to time of
applying circumferential prestress, still remaining at time of
pinning the base. A typical walue of C¢ for a tank stressed at
age = 3 months and pinned one week after stressing is Cy = g,9,
This results in an estimate that 40 % of the prestress may be
congidered to act in the inltial (sliding) condition; and 60 % of
the prestress may be considered to act in the final (plrned, or
fixed) condition.

C6.6

Partial prestressing

This clause permits the use of partial prestressing as an alter-
native to full mnmmnnmuunpu for the design of concrfete elements,
providing stresses in non-prestressed reinforcement, and crack
widths satisfy limiting values. Concrete compression and shear
stresses must still satisfy table 6.1.

In adopting a partially prestressed approach however, con-
siderable care is needed in calculating crack widths because of
the effects of creep and shrinkage. Prior to cracking, the non-

Dz 3106
{CPT RMcI &)

6.5 .

Non-tensioned relnforcement '

Non-tensioned reinforcement shall be provided in prestressed ele-
ments int

. .

(a) end anchorage zonos, as shear and burating relnforcement

‘{b) between end anchoraged, where prestress is calculated to be
inadequate to sustain applied forces

{c) in other regions, such as constructlon joints, shown by ana-
lysis to require crack control.

6.6
Partial prestressing

" A partially prestressed design approach, permltting cracking of

concrete may be used, provided non~prestressed reinforcement is
provided in the tension zone, and stresses in this reinforcment,
taking full account of creep and shrinkage effects, wnnpmmw the
limits of table 5.2.
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It should be noted that cracking of a partially prestressed tank
will cause reduction of stiffness and hence a reduction of
atrain-induced forces, such as those resulting from thermal load.
However, the reduction factor given in fig.” C5.1 applies only to
non-prestressed elements, and a rational analysis, taking tension
stiffening effects into account must be adopted for partially
prestregssed elements. At the time of drafting the code, specific
information on the tension stiffening characteristics of par-
tially prestressed walls was not avalilable, but It is felt that
tension stiffening would be considerable., In this absence of
such specific information the reduction factor Fi ghould be taken
as 1.0.

DZ 3106
(CPT XMcI 6)
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C7.3
Pneumatically~placed mortar

It is difficnlt to codity good practice in this area. An account
of American practice is described in Ref. MNo. (ACI 344).

BUI.MAD249.0469.106)

DZ 3106
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7.3
Pneumatically~placed mortar

7.3.1
The aggregate and cement shall be mixed and nuuwnca using special
purpose equipment operated by skilled operators.

7.3.2 . .
The veloeclty of the material leaving the nozsla shall be main-
tained uniform and such as &0 produce minimum rebound of sand.

7.3.3

Care shall be taken to attaln uniform application behind rein-
forcing and other obstructifons,

7.3.4

Immediately after the pneumatfic mortar has been placed it shall
ba protected againat premature drying by shading from strong
sunshine and shielding from the wind,

7.3.5 o

As soon as pneumatic mortar has hardened just sufificiently to
avoid damage, it should be thoroughly wetted and thereafter kept
continuously wet for at least saven days, or alternatively pro-
tected by an approved curing compound. ‘ .

7.3.6

Adequate HHOﬁmunmon by shading and shielding shall be given
against fluctuations in temperature.

‘.
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C7.7.1
An essentlal characteristic of cement mortar elements ls a high
density of closely spaced small diameter relnforcement.

C7.7.2

Convential wire netting 1s not regarded aa a good engineering
material and therefore its working strength has been downgraded
in the Code to 0.1 om m%.
C7.7.3

Other small diameter fabric such asa woven or welded mesh and
chain netting are considered to be satisfactory and the allowable
working stress for them is given as 0.55 of mw.

Small diameter wirea and bars (less than 6 mm) are also useful
for increa~ing the percentage of reinforcement in one directlon
and the allowalle working stress for them is the same as for
fabric. )

C7.7.4

Barg of 6 mm or greater are considered to behave as relnfotrcement
in conventional reinforced concrete and corresponding limitations
on working levels are appropriate,

Plain bars of 6 pm and greater should not be used in water
retaining structures where the improved bond characteristics of
deformed bars will provide better control of cracking.

pzZ 3106
(CPT RHol &)

{c) Por tanks exceeding 40 ml or wlth walls exceeding 3 m in
heights 75 mn,

7.7
Reinforcement

7.7.1

Plailn or galvanized natting, loosely linked ateel wire mesh
{chain netting), hard drawn steel wire and mesh, and plain and
deformed bar may be used as reinforcement of mortar tanka,

7.7.2

Where netting is used the working strength shall be limited to
0.1 of the breaking strength of the effective area of the netting
resolved in the Qdirection of stress.

q.q.w . .
For loosely linked steel wire mesh and hard drawn ateel wire and
mesh the working strength shall be:

200 MPa for Group A Hcmahma combinations, and ‘
300 MPa for Group B loading combinations

but in no case mnra than 0.55 mu

7.7.4
For plain and deformed reinforcing bar 6 mm or more in diameter
the permissible stresses given in table 5.2 shall apply.
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T.8.6
For other liquids having a detrimental effect on the structure,

approved precautions shall be taken or a protective coating shall
be applied.

7.9
Cement mortar roofs

7.9.1

Tanks may be covered with conical or domed shell roofs of cement
mortar designed in accordance with established principals of )
structural deaign and adequately tied into the top of the wall.

7.9.2 .

The minimum thickness of a cement mortar sheel roof shall be the
greater of 40 mm and the figure given by Egn. 5-1 gsubject to the
provisions of minimum steel coverages, as specified in 7.8,
except that the thickness at the springing of the shell shall be
not less than the thickneas of the wall at that point,

For factory made portable tanks up to 40 m3 with galanized rein-
forcement the minimum thickness of a shell roof shall be 33 mm,
subject to the provislons of minimun steal cover.

7.9.3

A cement mortar roof may be constructed in one layer provided
thats

(a) the minimum thickness and the cover to reinforcment shall be
as required for a roof construction in several layers

(b} s8pecial care shall be taken to ensure the accurate location
and secure fixing of the reinforcment and

{c} special care shal) be taken to prevent premature drying and
to ensure adeguate curing conditions. :






