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Introduction 

The refurbishment or „adaptive re-use‟ of existing buildings currently forms a significant part of the workload for 
many architects and engineers.  The structural engineer will be required to make an appraisal of the existing 
steelwork in these buildings.  This article provides sources of information for identifying the properties and 
making an assessment of the historical structural steelwork.   
 
Steel Section Sizes, Dimensions and Properties 
Up until the mid 1960s a lot of structural steel used in New Zealand was sourced from the United Kingdom (UK). 
A small amount of structural steelwork was sourced from United States of America (USA).  For steel from the UK 
a very useful publication is the Historical Structural Steelwork Handbook  (Bates, 1984). This publication is 
available to view on the British Constructional Steelwork Association website, www.steelconstruction.org .  The 
handbook contains numerous extremely useful tables for properties of steel beams and other sections dating 
from 1972 back to 1887.  
 
Properties for British Standard steel beams produced to BS 4 – 1932 is provided in Figure 4. For steel from USA 
the AISC Design Guide 15 (Brockenbrough, 2002) provides properties of beams and columns steel sections from 
1887 to 2000. 

Typical Pre-1976 Steel Building Systems Used in New Zealand  

Use of Iron and Steel in Existing Buildings 

A good summary of the use of iron and steel in structures from 1780 to the present day is given in (Bussell, 
1997).  For a New Zealand context the relevant period is from 1900.  Figure 1 shows the main period of use of 
various materials.  Existing New Zealand building with ferrous material will mostly be steel.  This was the 
preferred material for structural members in buildings from 1880 onwards.    The exception is columns, 
especially gravity columns functioning as vertical props for the floor.  Cast iron was used for these through to 
just after 1900 and cast iron columns are found in some of the oldest New Zealand buildings (NZSEE, 2006).  
They are typically “chunky” with thick sections, often ornate or complex profile fluted or plain hollow circular or 
cruciform columns.  Their surface is typically pitted with small blowholes.  More detailed visual characteristics 
are given in Table 7.1 of (Bussell, 1997).  
 

Moment-resisting Frames 

Details for typical moment resisting frames are described in (NZSEE, 2006). Beams were typically rolled steel 
joist (RSJ) sections.  These are I-sections in which the inside face of the flanges are tapered relative to the 
outside face, at a slope of around 15%.  This makes the flanges thicker at the root radius than at the tips.  The 
flange slenderness ratios of RSJ sections are always compact when assessed to NZS 3404:1997 (SNZ, 1997).  
These beams were typically encased in concrete for fire resistance and appearance, with this concrete 
containing nominal reinforcement made of plain round bars or, sometimes, chicken wire.  
 

http://www.steelconstruction.org/
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Figure 1: Main periods of the Structural use of Cast Iron, Wrought Iron and Steel (Bussell, 1997) 

Columns formed from hot-rolled sections used either hot-rolled steel columns (RSC) or box columns formed by 
connecting two channels, toes out, with a plate to each flange.  The columns were encased in lightly reinforced 
concrete containing nominal reinforcement made of plain round bars.  Compound box columns were also formed 
from plates, joined by riveted or bolted angles into a box section and encased in concrete.   
 
Beam to column connections in the earlier moment frames typically comprised semi-rigid riveted or bolted 
connections.  The RSJ beam flanges were bolted to Tee-stubs or angles bolted to the column flanges or to 
lengths of RSJ bolted to side extensions of the column plate.    The RSJ beam web was connected by a double 
clip angle connection to the column flanges.  These joints generally involved the use of rivets up to 1950 and 
high strength friction grip (HSFG) bolts after 1960, with a changeover from rivets to bolts from 1950 to 1960.  
Beam to column connections from about 1940 onwards were also arc welded.   
 
Splices in columns typically involved rivet (pre 1950) or bolted (post 1950) steel sections.   
 
Braced frames are very briefly discussed in (NZSEE, 2006) and the publication covers only concentrically braced 
framing (CBF), either x-braced CBFs or V-braced CBFs. 
 
Expected Yield and Tensile Strengths of Steels. Fasteners and Weld Metals 
The expected yield and tensile strengths of historical steel are provided in Figures 2 and 3.    Figure 2 contains 
information on UK steelwork.  Figure 3 contains information on American steelwork. For further information on 
American steelwork refer to (Brockenbrough, 2002).     
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Figure 2: Typical Properties of Structural Steel from the UK 1906 - 1968 (Bussell, 1997) 

 

 
Figure 3: Minimum Material Properties for Steels and Rivets Manufactured in the USA (NZSEE, 2006) 
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Assessment of Tensile Strength by Hardness Test 
Older steels have an inherently greater variability than modern steels.  Simple in-situ non-destructive test testing 
such as hardness tests may be used to provide an approximate tensile strength but will not give an indication of 
fracture toughness.  There is a relationship between material hardness and tensile flow stress, which is the 
average of the yield and UTS. A hardness test on its own should not be relied on as a direct measure of 
strength.  (NZSEE, 2006) gives an approximate relationship between the Vickers Hardness Test and tensile 
strength as: 

  2.21H09.3f vu  

 where vH = Vickers Hardness from test 

This expression is valid for 100 ≤ Hv ≤ 300, corresponding to 330 ≤ fu ≤ 950 MPa.  Any materials with Hv > 135 
should be investigated more thoroughly by tensile sampling.   
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Figure 4: British Standard Steel Beams BS 4 - 1932 (Unknown Source) 


