e Ty

S CONCRETE
g 2 o 1 9 S oo Koedpe

Guide to Historical Reinforcement
In Australia

Scott Munter, Executive Director, SRIA
BE FIEAust CPEng NER APEC Engineer IntPE(Aus)

Co-author: Eric Lume, National Engineer, SRIA
BE (Civil), MIE Aust.




History shows the average life of a reinforced concrete structure or building will typically
exceed the design life by a considerable period

Australia’s first reinforced concrete (RC) structure still in service today — 124 years later




The need to maintain heritage buildings and re-purpose existing building stock
(and infrastructure) will increase in future generations

Replacing existing RC building stock prematurely is not sustainable

We are now in a period of generational change over and digital transition and at
great risk of losing the past printed form of key technical design knowledge

State Library Slender existing
of Victoria building stock,
(ca. 1913) George St Sydney




Australia has seen times of significant change in material properties over the years

Introduction | Yield Stress
(year) (MPa)

1895 200
Square twisted 1957 410 Most common
Intermediate grade deformed 1960 275 sl Rl

concerns past
Hard grade deformed 1960 345 properties and

Bar Type

Plain round

Twisted deformed (CW.60) 1963 410 interpretation of
imperial sized
Hot-rolled deformed (410Y) 1983 410 reinforcing bars

Hot-rolled deformed (400Y) 1988 400 & fabric.

Hot-rolled deformed (500N) 2000 500
Mesh Type
Plain mesh 1914 450

Deformed mesh 1995 500




Preserving the past engineering printed knowledge for future designers

- Patented systems

The Early years - development of reinforced concrete
— Limited texts

Reinforced concrete adopted in Australia

B.H.P. produces merchant bar, 1915
— Proprietary ‘printed’ information begins

A.R.C. manufactures fabric (mesh) in Australia
(Research begins)

Square twisted bar introduced
(Electronics discovered)

CW.60 bar introduced, 1970s metrification

» 1983 to 2001 -

=» 2001 to 2018




In 1867, Joseph Monier took out patents in many European and overseas countries

Monier knew little about reinforced concrete

Gustav Wayss acquires patents in Germany and Austria

He further develops the Monier System

Pioneers scientific calculations in reinforced concrete

Frank Gummow takes out patent in Australia on behalf of Wayss
Carter, Gummow & Co. builds first reinforced concrete structure
Gummow’s design Engineer is William Baltzer

Johnstons Creek Aqueduct,
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Much of the reinforcement in the early years, and in particular from 1911, was imported
into Australia from the British Reinforced Concrete Engineering Company Limited (B.R.C.)

Early reinforcement systems (generally Grade 200) were all patented by the inventors

Common systems used in Australia included the Monier, Kahn and Hennebique Systems

DIAGRAM SHOWING TRUSS ACTION

TN Y W 5N N el RS i AT
BARS AS USED IN BEAM AND FLOOR CONSTRUCTION

Hennebique System

Kahn Ribbed Bar (circa 1907)



Overseas Systems adopted in Australia included:
Monier System — predominant Australian system
Kahn System - USA
Hennebique System
Coignet System
Ransome System - USA
Thacher Bars
Johnson (or corrugated) Bars

Indented Steel Bar Reinforcement Co. of London

Habrich System (or Thomas and Steinhoff System)

Hollow Tile or Innis-Bell system

Expanded Steel System. Triangle Mesh Concrete Reinforcement




Most design was undertaken by agents for the systems in Australia.
They had access to the proprietary testing information to ensure quality/system performance.

35 Tons Load testing of completed
reinforced concrete floor of the
Sniders and Abrahams
warehouse, Melbourne, 1909

Deflection 3/16 in. Melbourne Harbour Trust




‘ Arches were gradually replaced by beam and pier construction

Hindmarsh Railway Bridge, Victor Mclsaac’s Bridge, Mitchell Shire,
Harbor, South Australia, 1907 Victoria, 1907

Test of Darraweit Guim Bridge, Macedon
Geelong Sewage Aqueduct, 1914 Ranges, Victoria, 1914

All Images Uni of
Melbourne Archives




The first Building Floors were unreinforced arches
Essentially for fire proofing

P f G
/ Image Miles Lewis




Use in Buildings in Australia — commenced from 1905 in Melbourne

Electric Light Station
™ 1 Office, Spencer Street,
Bl Melbourne, 1909

Moore’s Building, Gouger

Street, Adelaide, 1913 HISENG TanK.

SA, 1911

%2, Kither's Building,
. Adelaide, 1908

Dennys Lascelles Austin
Wool Store, Geelong, 1912
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From first use in 1895 most steel reinforcement would be mild steel.

Some wrought iron may have been used as reinforcement up until approximately 1910.

n Rolling Mills — earliest Australian Rolling Mill 1900s (possibly commencing late 1800s).

TEL. 1596, Cowrmal.  Caporams: STEELMILL, MELBOURME,

THE=--- —

| LION ROLLING MILLS Pty. Ltd.

South Melbourne, Victoria.

GOVERNMENT CONTRACTORS.

We roll only a special quality of high-class
mild steel, and a high-class wrought iron from
selected  serap.  Clients  ordering  iron  are
requested to state the purpose for which it is

required,
great vancly of Sections
in both steel and iron, inchuding -
Angles Rounds
Tees Squares
Flais Channels
and a large number of other Sections.

Spt':(‘llul Sections for the Harvester Trade,

Rolls cut for any Section il ordered in

sufficient quantity,

We stack Steel Billets of any size up to 500 lbs,




Concrete Materials

Generally hand mixed up until about 1910
Typically 1:2:4 mix of cement, sand and aggregate (14 MPa)
First readymixed concrete plant was in 1939, Sydney

Construction of Wannon Bridge, Hand-mixing concrete in
Concrete mixer, ¢.1910 Ararat, Victoria, 1917 Clarence Street, Sydney, 1924




An Australian company known as the Australian Reinforced Concrete Engineering Company
Proprietary Limited (A.R.C.) was established in 1919. In the early months of 1920, fabric
(today know as mesh) was being manufactured at their plant in Sunshine, Melbourne.

A.R.C. opened a manufacturing factory in NSW in 1928 when the first Port Kembla blast
furnace was commissioned by Australian Iron and Steel Limited.

Early prosperity was driven by supplying rolled mesh product for roads, railways, harbour
works, water supplies and sewerage.

Along with private sector demand, production reached a peak of 7,034 tons in 1929.




The importation of bar product was extremely large in 1949 & 1950, principally from the UK in
the form of hot-rolled round or square merchant bars.

Imports meet demand after the Second World War

In Australia.....

The tensile breaking strength for plain bar was 28 to 33 Tons/sq inch (433 MPa to 509 MPa)

Minimum vyield strengths of 55,000 psi (380 MPa) for cold drawn wire and fabric products and
from 1958 had a working stress of 30,000 psi and yield strength of 70,000 psi (450 MPa) .




Example of round reinforcement (Monier System)
Construction of Sydney City subway system, 1920s

on 24 March, 1925




A.R.C. introduce square twisted bars in 1957

Cold-worked square-twisted bars had a yield strength of 60,000 psi (414 MPa) — usually taken
as Grade 410.

1958 saw the introduction of the following Grades of plain and deformed bars:
Mild (30,000 psi/Grade 207)
Structural (33,500 psi/Grade 231)
Intermediate (40,000 psi/Grade 276); and
Hard (50,000 psi/Grade 345) - may be difficult to distinguish, so testing is recommended

Square twisted, 1957
(Grade 410)




Example of Square Twisted bar — Sydney Opera House, 1960s




In 1963, BHP introduced a hot rolled structural Grade 230 MPa deformed bar (known as DB Bars),
yield strength of 33,500 psi (228 MPa) to A.S. A92 (& A97 for deformations)

A.S. A83 Cold working of this deformed bar by twisting (pitch of 12 bar diameters) resulted in a

yield strength of approximately 62,000 psi (427 MPa)

Referred to as CW.60 bars (cold worked bars having design yield strength of 60,000 psi (414 MPa)
and post metrification (from 1973) as 410C or sometimes designated CW.410

Welded fabric continued to be manufactured from cold drawn high yield strength round wire with a
working stress of 30,000 psi and yield strength of 70,000 psi (450 MPa)

- NN b o




The next major advancement occurred in 1983, with the introduction of quenched and self-
tempered deformed bars (QST).

BHP’s QST product was known as ‘Tempcore’.

Smorgon steel entered the market in 1983 with an equivalent microalloy product, ‘Wellbend ™",
The yield strength was 410 MPa — known as Grade 410Y bar.
When AS 3600 was first published in 1988, the strength was downgraded to 400 MPa.

In 1995 the yield strength of mesh product was increased from 450 MPa to 500 MPa with the
introduction of a cold rolling process to produce ribbed bars from plain round wire . Later, ductility

parameters were added in AS/NZS 4671-2001.
In 2001 the yield strength of bars was also increased to 500 MPa.




Development of highly ductile microalloy reinforcement coincided with the
1983 ‘Tempcore’ introduction, when the carbon equivalence limits were
lowered significantly for weldability

Microalloy high strength is achieved from small quantities of Vanadium (V)
and Niobium (Nb) grain refining elements

Tempered Martensite

b

Ferrite - Pearlite




Bar Type Introduction Yield Stress Probable Yield Stress
(year) (MPa) (psi) 1908 Plain Round

1920’s 1963 CW.60, later 410C or CW.410
(from ‘W’ wire)

Intermediate grade 1960 to 1968 1970 Hard Grade

deformed

Hard grade deformed 1960 to 1968 1983 QST/Microalloy
Tempcore/Welbend™

Twisted deformed (CW.60) 1962 to 1983 _
1983 (MA) D500N Coils

Hot-rolled deformed (410Y) 1983

Hot-rolled deformed (400Y) 1988 400 -

Hot-rolled deformed (500N) 2000 500 -



Primary Design Standards

@
1934 CA 2 Code for Concrete in Buildings (revised in 1937, 1943, 1953, 1958, At G

1963 and 1973)
Allowed design based on permissible stresses

1963 revision allowed for ultimate strength design in Appendix A

1974 AS 1480 (amended 1975, 1976, 1978 and revised as 2" Edtn 1982)

1988 AS 3600 (revised in 1996, 2000, 2009 and 2018)

Secondary Material Standards

1920 Australian Standard Specification for Structural Steel
AS No. A.1 released 1928 (revised 1931 and 1940)

1958 A.S. No. A.81, A.82 A.83 A.84 and A.92 (with A.92 revised in 1965) |y




Provides all mechanical and dimensional properties in Australia since 1895

Guide addresses the most common question at SRIA being properties and interpretation of
imperial sized reinforcing bars & fabric

A major change in the industry occurred in 1970 with the beginning of metrication

NOTE: * The Bar Designation Number refers to the bar diameter in multiples of eights of an
inch ie No. 8 bar =8 x 1/8 in. = 1 inch diameter.
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The Guide provides designations of all reinforcement types with period drawing examples
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The Guide provides basic
principles for assessment of
historical reinforcement:

Determine year of construction.

|[dentify bar type for the period

from visual inspection, existing | |
drawing dates, symbols and ¥ b,
designations. i
Test mechanical and chemical i _I

T s

properties if in any doubt exists.




Use caution when using modern design techniques on historical projects

Capacity may be governed by anchorage detailing

Use design methods appropriate to the system and period

A Designer Checklist and sample of imperial vs metric calculations are also provided.
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La Trobe Journal, No 72,
Spring 2003 Image:

1910 Assembly of trussed bars
Radial beam of the reading

Mew Reading Room, type details of reinforced ¢ te girders & columns,
showing the proposed Maonie

which was to be set aside for ¢




Visit the SRIA Display Table to view the Author proof copy at offset printing.

You can register for the 2 Volume, Hardcover: Guide to Historic Reinforcement in Australia.




The new Guide to Historic Steel Reinforcement in Australia will:

Emphasise the importance of maintaining our past technical history.
Demonstrate the printed technical information is becoming more difficult to source.

Show the importance of bringing this knowledge into a single document and capturing
it for the benefit of assessing and preserving historical buildings and structures.

Provide all historic steel reinforcement properties in one Guide for the assessment.

Provide a roadmap of reinforced concrete materials and design over the past 124
years in Australia.




* Eric Lume: MIE Aust, National Engineer, Steel Reinforcement Institute of Australia (SRIA)

* John Woodside: BEng, MEng Sci, FIEAust, F.A.S.C.E, F.I.C.E, F.I Struc.E, NPER, Principal, J
Woodside Consulting Pty Ltd, Adelaide







