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ABSTRACT

To best understand and evaluate crac king of Steel Reinforced Concrete Pipes (SRCP),
engineers should review how SRCP is designed as a structural element, how serviceability

and ultimate capacities are measured, and the interaction of pipe and bedding necessary

to accommodate external loads. This paper will review the basis of pipe structural and
installation design, installation methods and practices, and the type and sources of load

on SRCP. Crack orientation is another important factor that evaluators need to
understand; the paper will deta il types and possible causes of each crack type

The paper will review the basic principles of pipe design, the requirements of current
AS/NZS standards, and the recommendations of the pipe industry body, CPAA, and will
presenta n evaluation tables and disc ussions that could be used as a guideline to evaluate

the possible effect of cracks on structural integrity and durability of the pipeline and to

advise when possible repairs or replacement are required.

The paper will also review the most common  SRCP cracking types in NZ and the possible
causes and will highlight necessary actions for both designers and installers to avoid pipe

cracking in future installations. An overview of s ome remedial actions used, there
applicability, and possible outcomes will concl ude the paper presentation
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1 INTRODUCTION

Most Territorial Authorities in New Zealand place great emphasis on the durability of the ir
storm water drainage infrastructure. This results in many using various post  -installation
inspection techniques for new pipe installations to evaluate condition. As more post

installation inspection data is generated and presented to owners and engineer s, their
ability to evaluate the inspectio n documents and advise any required actions becomes
critical. It is necessary to differentiate between minor acceptable defects and defects that

require remediation to maintain the design service life of the pipeli ne. Cracking, both
circumferential and longitudinal, is often identified as an area of concern.

Cracking observed in a number of installations throughout the country has highlighted

areas for improvement. In particular , the existing post -installation tech niques for crack
evaluation in  New Zealand need to be upgraded to a more precise evaluation technology.
Assessors then can use the basic pipe design, construction, and operation principles to
better evaluate any possible future consequences of pipe cracki ng, and recommend the
most feasible corrective actions.

2 STEEL REINFORCED CONCRETE PIPES 1 STRUCTURAL
CONSIDERATIONS

Steel reinforced concrete pipes (SRCP) are designed as traditional concrete elements with
the following important considerations and/or va riations that some players in the industry
may not be fully aware of. The following sections will overview these points.

2.1 STRUCTURAL DESIGN OF SRCP

2.1.1  AS/NZS 4058:2007 PRE CAST CONCRETE PIPES (PRESSURE AND NON -
PRESSURE)

The above standard (Standards Australia /Standards New Zealand AS/INZS 2007 a)

governs the structural design requirements of SRCP in New Zealand. Unlike the
Aitraditional o6 design approach where a set of presc
standard to determine the design by calculation, t he AS/NZS 4058:2007 approach is to

leave the design  approach open but the manufacturer must verify the design by type and

routine testing  (Photograph 1 ). The manufacture r establishes verified designs for all

standard SRCP by diameter ( DN) and pipe load cla ss as per AS/NZS 4058 :2007 (Table

1). Hence SRCP are supplied to a fAperformanced base
traditional Aiprescriptiveo based specification app
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Photograph 1: Design Verification by External Load Testing

Table 1: Test Loads for Load Classes 2 to 10
(AS/NZS 4058:2007 Table 4.2)

Proof or ultimate test load (see Note 1)

kN/m
Pipe
dia. Load Class (see Note 2)
Cl(a;; ? C](ays; 3 Cl(aZs)s 4 Class 6 Class 8 Class 10

DN | Proof | Ult. | Proof | Ult. | Proof | Ult. | Proof | Ult. | Proof | Ult. | Proof| Ult.

100 13 20 20 30 26 39 —_ — — —_ — —
150 13 20 20 30 26 39 = - —_ i — e
225 14 21 21 32 28 42 — — — = HE L

300 15 23 23 34 30 45 45 56 60 75 75 94
375 17 26 26 39 34 51 51 64 68 85 85 106
450 | 20 30 30 45 40 60 60 75 80 100 100 125

525 23 35 35 32 46 69 69 86 92 115 115 144
600 26 39 39 59 52 78 78 98 104 130 130 163
675 29 44 44 65 58 87 87 109 116 145 145 181
750 32 48 48 72 64 96 96 120 128 160 160 200

825 35 52 52 78 69 104 104 129 138 173 173 216
900 | 37 56 56 84 74 111 111 139 148 185 185 231
1050 [ 42 63 63 95 84 126 126 158 168 210 210 263
1200 | 46 69 69° | 104 92 138 138 173 184 230 230 288

1350 | 50 75 75 113 100 150 150 188 200 250 250 313
1500 | 54 81 81 122 108 162 162 203 216 270 270 338
1650 | 58 87 87 131 116 174 174 218 232 290 290 363

1800 | 62 93 93 139 124 186 186 233 248 310 310 388
1950 [ 66 99 99 149 132 198 198 248 264 330 330 413
2100| 70 105 105 158 140 210 210 263 280 350 350 438

2400 78 117 117 176 156 234 234 293 312 390 390 488
2700 | 86 129 129 194 172 258 258 323 344 430 430 538
3000 | 94 141 141 212 188 282 282 353 376 470 470 588

3300 | 102 153 153 230 204 306 — — — — — -
3600 | 110 165 165 248 220 330 — — — — — —
3900 | 118 177 177 266 236 354 = s - —_ — —
4200 | 126 189 189 284 252 378 =2 = — — — —

NOTES:
The test load for a particular application should be determined in accordance with AS/NZS 3725.

The corresponding traditional alphabetical classes are shown in brackets (e.g., Class 4 = Class Z). \

The proof load magnitude is proportional to the class number (e.g., Class 8 = Class 2 x 4).

E S 8

Proof loads for intermediate classes may be obtained by linear interpolation between the closest tabulated values
rounded upward to the nearest whole number, ¢.g., for a DN 300 size class pipe, the proof load for Class 7 is
(45 + 60)/2 = 53 kKN/m.

5 For pipe below Class 6, the ultimate load value is calculated to be 1.5 times the proof load and for Class 6 and
above the ultimate load value is calculated to be 1.25 times the proof load.
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2.1.2 RING ACTION

SRCP pipes are designed, tested (design verification)  and installed to carry imposed loads
by ring action only. Figure 1 below shows the testsetup for pipes made to AS/NZS 4058.
Loads are appl ied along the entire length of barrel at the top and are supported along the

entire length of the barrel at the bottom. Hence the forces developed in the pipe
(bending, shear and thrust) are those associated with ring action and are carried by the
structur al capacity of the wall as per Fig ure 2a (American Concrete Pipe Association,
ACPA 1980). As with all reinforced concrete elements the design assumes that the
section of the wall will crack at the areas of maximum bending moment ; top and bottom
inside and haunches outside. The cracked section progresses from a first visible crack to

the neutral axis depth at the defined proof load (whe n the crack width is measured)
Figure 2 b, to an ultimate limit state where the crack propagates further into the wall

thick ness, Figure 2 c. At both the proof and ultimate loads the capacity of the pipe is
determined by a compressive force in the area of the wall above the neutral axis ,
tensile force in the steel in the cracked section of the wall and the lever arm between

th ese two forces , Figures 2b and 2c

Figure 1: Load Test Arrangement Generating Ring Actions around Pipe Wall

Loading beam
Hardwood

timber bearers :
150 x 75 | Rubber packing
13 to 25 thick

Hardwood
timber bearers Rubber packing
150 x 75 13 to 25 thick

AR T XKQKRLKL

{a) Two-edge bearing method

The pipe is not designed as a beam where the cross section of the pipe would be engaged
to carry loads. Longitudinal steel in SRCP is nominal only and serves only to support the
spiral steel which carries the ring forces.
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Figure 2a:

Forces Carried by

Outside Wall
d-x N\
_o—Reinforcement 3

ACrackedo S

Inside Walli

Figure 2 b: Stress Block for Service Load Case (Proof Load)
d’ £,.,=0.003 0851
b - k—\—q_ e
o———el,f T T E=e—G=4-0851)
2#7 x ooa e C, =0.85'ab
S >
R e ! - el WO IR, I ——
d
4710
9 0 001 » T =4
PEN
(@) Cross Section  (b) Strain Diagram  (c) Stress Diagram

Figure 2c: Stress Block for Ultimate Load Case (Ultimate Load)
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2.1.3 TYPICAL REINFORCING C ONFIGURATIONS

Design for ring action in accordance with  AS/NZS 4058 :2007 results in typical cage
patterns shown in Fig ure 3 (Concrete Pipe Association of Australasia, CPAA 2013b)

Figure 3: Typical Cage Configurations to Carry Ring Forces

DIAGRAM 8 — Examples of typical cage configurations

a. Single circular cage

b. Single elliptical cage d. Double cage - inner cir-
cular, outer elliptical

Note the following;
a) Single circula r cages tend to be used in all pipes with DN < 600 mm

b) Oval cages are very efficient and are used in the mid DN ranges for spun pipes.
Steel is placed where it is required, close to the inside top and bottom and close
to the outside at the haunches

c) Double circular cages a re generally used in larger diameter pipes, for pipes

designed for jacking installation, and for pipes made by vertical processes
d) Inner circular and outer elliptical cages are typical ly used in larger DN pipes
where there is no requirement for equal strength in all directions
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2.2 IN SERVICE STRUCTURA L DESIGN OF SRCP

2.2.1  ASINZS 3725:2007 DES IGN FOR INSTALLATION OF BURIED CONCRETE
PIPES

The above standard  (AS/NZS 2007b) determines the loads that are to be applied to the
installed SRCP pipeline and pr ovides a specification for various installation options. In
combination with AS/NZS 4058 the pipeline designer is able to carry out an indirect

design for the in service loads and the selected installation, using the bedding factors
shown in Table 2 .

All b edding factors are based on providing full support to the barrel of the pipe thus
avoiding beam actions and allowing the in service loads to be carried by ring action.

Table 2: Bedding Factors (AS/NZS 3725:2007 - Table 5)

Minimum depth, mm | Minimum zone compaction, %
Bed and Side zones |Bedding
Support Type| Bedzone |72Y"M| ounch factor
X zone zones ID RD (F)
y ID
U 75 1.0
H H1 100 if D <1500; | 0.1D 50 1=5
H2 |or150if D > 1500/ 0.3D 60 2.0
HS1 100 if D < 1500- 0.1D 50 50 85 2.0
HS | HS2 or 150 if D > 150’0 0.3D 60 60 90 25
HS3 0.3D 70 70 95 4.0
The bedding factors have been semi -empirically determined over the years and provide
method of turning the test loads from AS/NZS 4058 into permissible field loads that are
higher than the test loads , Which recognize s the degree of soil structure interaction that
the selection of the bedding factor provides. This is illustrated by Fig ure 4;

Figure 4:  Applied Field Loads and Soil Structure Interaction

=5
Te = WolF + WolFq @
Where

Wo= Working load due to fill and superimposed loads
Wa= Working load due to superimposed live loads

F Bedding Factor { 1 — 4 depending on type of pipe support )
Fg=Thelesserof 1.5 and F
— -
//‘” .
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A typical bedding factor used alue ofi2H {Tablew2i)t The a

relationship between test loads and field loads can be expressed as follows;
Test | oad (T) > Working load (W)/Bedding Factor ( F)

To clarify , a DN 1200 Class 2 pipe with a test load of 46 KN/m (proof) may be used for a
field working load 92 kN/m with an H2 bedding factor. If the manufacturer has provided a

SRCP with a test load close to t he Class 2 definition and the H2 installation is designed
and installed correctly there will be a reasonable correlation between cracks observed in

the verification test and those observed in the field if the full service load is applied.

2.2.2 VERTICAL LOADSON  SRCP

Vertical loads can be broadly split into two categories, dead loads (long term) from earth
loads and live loads (short term) from construction or end use vehicles. The extracts
below (CPAA 2011a) representexample s of the typical load types.
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