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Chapter 1    Introduction  
 
Why This Book ? 
 
My interest in reinforced concrete began during the 
construction of Winterholm, a solar heated house-greenhouse 
complex of my own design, built into a steep south-facing 
hillside near Montreal, Canada. Winterholm is partially earth-
sheltered, its different levels following the hillside upward 
stepwise. Its total footprint is 4900 ft2. The outer shell of 
the building and most interior components are constructed of 
reinforced concrete. Winterholm contains examples of all of the 
structural members described in this book. 
 
I had originally engaged a structural engineer to “detail” the 
Winterholm rebar but, after consulting literature on the 
subject, I realized that for a project of this size the design 
process was not “rocket science” and took over the task myself, 
with the help and encouragement of Prof. David Selby, P. Eng. 
of McGill University. In so doing, I also recognized that 
someone lacking a technical background and timely expert advice 
would have found the same task very difficult. I reasoned that 
I could use this experience for the benefit of other builders 
by making available the knowledge I have gathered in designing 
the various structural units of Winterholm. As Winterholm nears 
completion, Mathieu Roberge, P. Eng., who holds degrees in both 
mechanical and civil engineering, has been a valuable addition 
to the project. 
 
As a building material, reinforced concrete offers many 
advantages but its use in small projects has been restricted by 
several factors, the high fees of structural engineers being 
one. The worst case scenario is the one where a concrete house 
or an internal component such as a concrete beam is built with 
rebar that has been sized and positioned by intuition. It is 
the aim of this book to make building with reinforced concrete 
more accessible to the do-it-yourself and small project builder 
and reduce or (hopefully) eliminate rebar designs based upon 
guesswork. In any situation where concrete is not uniformly 
supported and is subjected to loads, including its own 
considerable weight, the location and size of the reinforcement 
are critical. Chapter 3, which deals with the analysis of loads 
(stresses), provides information leading to the correct 
placement of steel reinforcement. In Chapter 5 this teaching is 
combined with the bending formulas developed in Chapter 4 to 
produce a complete rebar size/placement plan. 
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With the exception of footings and slabs-on-grade, the time 
spent on form construction will greatly exceed that required 
for assembling rebar cages or grids. Accordingly, a large 
portion of this book is devoted to forming and forming 
problems. The methods described (the “Winterholm” designs) were 
specifically developed for reinforced concrete projects with 
reusable forming materials. 
 
 
Sources of Design Information 
 
One might reasonably ask from what other sources would 
information be available for small-scale reinforced concrete 
construction? Unfortunately current engineering textbooks, 
including the introductory ones, are intended for students 
whose educational path will lead toward the design of bridges 
and skyscrapers – not one or two storey residential houses. 
Also, a better understanding of the factors affecting the 
strength and stability of concrete structures has led to an 
ever-increasing complexity of the design process, usually with 
the assistance of sophisticated computer programs. To find 
design literature suitable for small-scale projects we must 
turn to older publications. In 1943, Prof. Harry Parker 
published a book entitled “Simplified Design of Reinforced 
Concrete” (Wiley & Sons). This textbook, specifically intended 
for builders and architects (i.e. non-engineers), was re-
published in several editions and as sections of larger 
volumes, continuing long after Prof. Parker’s passing. 
 
Although the early-edition Parker books provided design 
information suitable for small reinforced concrete projects, 
their focus was on structures which were larger and more 
complex than those considered here. We must also examine the 
basic objectives of a design engineer, which may not coincide 
with our own. For the engineer, a reduction in the quantity of 
rebar or concrete results in financial savings, and the larger 
the project the greater the savings. Thus it becomes the 
engineer’s objective to minimize the quantity of materials used 
without rendering the structure unsafe. As material costs 
escalate, this issue becomes increasingly important. 
Unfortunately, there is a price to be paid for this fine-
tuning, which is increasing complexity of design. Even the 
Parker books contain sections dealing with the reduction of 
rebar in certain structural members. Although the design 
information may be clearly presented, every rebar reduction 
scheme involves decisions and calculations, increasing the 
opportunity for error. In this book, simplicity of design and 
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the safety of the structure take precedence over economic 
concerns. For a non-engineer working with reinforced concrete 
probably for the first time, a simple conservative design 
system is optimal. In a small project, a few more dollars spent 
on steel should not be significant, and extra steel in concrete 
is never entirely wasted. 
 
 
Design Systems 
 
Until the early 1960’s, reinforced concrete structures were 
designed according to a system known as Working Stress Design 
(WSD) which, in theory, is based upon the elastic properties of 
concrete under compression and steel rebar under tension within 
certain limits. In the latter half of the twentieth century, 
WSD was superseded by the more sophisticated Ultimate Strength 
Design (USD) system, which can accommodate multiple stresses 
acting upon a single structural member and loads requiring 
different safety factors. USD-type design systems are now used 
by all structural engineers. Unlike USD, WSD does not 
distinguish between different types of loads, such as the 
weight of a bridge (static load) and the weight of the traffic 
it may carry (live load). Using WSD, one must determine the 
maximum possible combined load and design accordingly. However, 
for the assumed users of this book, USD offers few advantages 
and some important disadvantages. If we consider, for example, 
an earth-sheltered house, the maximum loads from concrete, 
earth and snow are predictable, and design calculations can 
easily be made by WSD. Even in their simplest form, USD 
calculations are more complex than those of WSD, increasing the 
chances of error. Most USD beams are smaller in cross section 
than those designed by WSD. Materials (and, of course, money) 
are saved, but the increased allowable stresses in the concrete 
may permit creep, the slow deformation of concrete by 
compressive stress, to become a problem. Unlike beams designed 
using WSD, concrete beams designed by USD may show significant 
deflection (bending) which, in engineering texts, is discussed 
under the heading of serviceability. The later editions of the 
Parker textbooks, which teach the use of the USD design system, 
contain a chapter on serviceability as do modern engineering 
textbooks. The subject is not mentioned in the early Parker 
WSD-oriented editions. 
 
All of Winterholm was built using WSD, which is the design 
system taught in this book. The ceiling above the living and 
dining rooms, supported by a central concrete beam, weighs 
about 23 tons. There has been no noticeable deflection or 
creeping within this or any other structural unit. The project 
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has been visited by several engineers and I have yet to hear a 
negative comment concerning its structural integrity. 
 
The two storey sections of Winterholm supported by the mat 
foundations described in Chapter 5 represent the approximate 
height limit for structures which should be undertaken by the 
users of this book. Large structures may be subject to stresses 
other than those produced by the simple loads described in 
Chapter 3. If there is a question concerning the applicability 
of the information within this book to any part of a 
construction project the user should seek the advice of a 
structural engineer. However, such advice should be confined to 
design issues and exclude economy of construction. 
 
 
Forming 
 
The most important reference for concrete structural formwork 
is the American Concrete Institute publication “Formwork for 
Concrete” edited by M. K. Hurd. This is the premier reference 
book of the formwork industry, and one of its many editions 
should be available in most major libraries. As one might 
expect, much of this publication is devoted to major projects, 
but a large quantity of generally useful information is 
included. Of greatest importance to the small project builder 
is the book’s excellent data on the strength and properties of 
the lumber used to contain wet concrete in forms together with 
very useful form design tables. The problems which can arise 
from poor form construction or support and improper concrete 
pouring procedures are discussed and illustrated by example. 
While the failure of wall forms will usually result in an 
incredible mess, form failure during the pouring of an elevated 
slab can result in injury or death. Concrete forming 
information is also available in some issues of “Fine 
Homebuilding” magazine, which also contains other concrete-
related articles, such as concrete placement, finishing and 
curing. Back issues are conveniently available from The Taunton 
Press on DVD-ROM. In designing the Winterholm forming systems I 
have used information from the above sources and taken 
particular care to insure that the elevated slab safety issues 
described by Hurd were properly addressed. Standard wall form 
plans have been modified to allow both forms and rebar to be 
assembled in a logical stepwise manner. Winterholm-design form 
walls have excellent wind stability and overall rigidity. 
 
For small-scale reinforced concrete work, there are few 
alternatives to site-built forms. Rental basement wall forms, 
designed for rapid assembly and quick turnover, are totally 
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unsuited for reinforced concrete projects. Insulated concrete 
(ICF) forms may allow both horizontal and vertical rebar to be 
added during assembly. However, use of the ICF system is 
limited to exterior walls. 
 
The Winterholm forming systems described in this book are 
designed to be used where a reinforced concrete building is to 
be built in sections (increments), with forming materials 
recycled between the different stages. One should begin by 
dividing the entire project into “construction units” – parts 
that logically should be poured at the same time. Using large 
construction units will accelerate the job but require more 
materials. The building layout should suggest obvious sizes for 
these. In Winterholm, the largest construction unit was the 
“wing” – two adjacent rooms totalling 15 x ~35’, divided by a 
concrete wall. An accurate estimate of the largest construction 
unit allows the required forming materials to be estimated, but 
a generous excess should be included. The forming requirements 
for walls and elevated slabs are, of course, quite different. 
 
Hurd estimates the cost of forming to be 35 – 60% of the cost 
of a concrete structure. Much of this will be for labour and 
single-use forming materials. After the initial materials have 
been assembled, I would estimate the cost of non-reusable 
forming materials under the Winterholm system as less than 2% 
of the total cost of a completed construction unit. I am not 
including plywood losses, as plywood which has deteriorated to 
the point where it is no longer suitable for forming walls or 
elevated slab bottoms can be recycled as coverings for 
platforms and walkways, wall insert and slab-edge forms, soffit 
form supports and, finally, wall-form alignment tabs. Almost no 
large sheet plywood is discarded. 
 
A list of Winterholm forming materials is presented in Appendix 
2. In planning a project, one should foresee what structural 
materials other than concrete will be required, and consider 
purchasing these in advance if they could be useful during 
forming. The Winterholm plans included a garage attic floor and 
an upper level deck, both built of wood. Early purchase of 
their 2x8 floor joists allowed these to be used as walers 
(sometimes called wales), the horizontal members of wall forms, 
and as beams supporting elevated slab forms. The tempered glass 
sheets which make up the Winterholm roof are supported by 
sections of 3x2” angle iron, 1/4" thick, which is sold in 40’ 
lengths. Some of these were cut to serve as one-piece walers or 
roof beam supports. Others were cut to frame doorway forms. In 
the overall construction scheme these were zero-cost forming 
materials. 
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Labour and Execution 
 
Building reinforced concrete structures is the domain of large 
contractors. Unless business is “slack” most of these will not 
be inclined to divert resources from their major projects to a 
small client and their minimum fee might well exceed one’s 
total construction budget. People look at Winterholm, assume I 
had it built, and conclude that I must be a multi-millionaire. 
Not true. Winterholm was built in increments – one construction 
unit at a time and by rarely more than two workers. The 
assembly of plywood wall forms and long walers requires two 
workers, as does the placement of support beams under elevated 
slabs and the installation of heavy rebar beam cages. More than 
four people on one job tend to get in each other’s way and 
everyone wants to use the same tools. However, a “gofer” is 
always a useful addition. Novice workers are assigned 
interesting tasks, such as cleaning plywood panels and coating 
these with form-release agent. During concrete pours, workers 
of all abilities are welcomed. In addition to the concrete pump 
operator a six-person placement crew is often needed for slab 
pours. The cost of the concrete pump is an item which requires 
attention during the pour-planning stage. These are rented with 
a four-hour minimum charge, which costs about the same as 5 m3 
(6.5 yd3) of concrete. The pump will also “waste” about 1/3 m3 
(~1/2 yd3) of concrete which cannot be recovered from the pump 
bucket by pumping. One should always plan to make maximum use 
of every visit by a concrete pump. 
 
Building incrementally imposes a limit on the rate at which 
money can be spent, and this can make even a fairly large 
project affordable. However, it is essential to secure the 
approval of the appropriate municipal authorities when the 
project is still in the planning stage. Building permits are 
normally valid for short periods only, such as six months. 
Otherwise, special arrangements must be negotiated. Our 
Winterholm project agreement requires that written progress 
reports be submitted at regular intervals. If a building 
exceeds a certain size or value, one may be required to have an 
architect and/or a structural engineer “sign off” on the plans. 
This can be a major expense. 
 
This book should still be of value to someone intending to 
employ a structural engineer, as it can provide an independent 
overview of the design process. Even with the design plans set, 
during construction questions can arise concerning the 
stability of incomplete structures. In Winterholm, my 
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calculations alerted me to the need for extra rebar to 
stabilize an elevated slab which could only be partially 
completed. Also, on small projects lacking cost control 
supervision, engineers have been known to protect their 
position by over-designing – at the client’s expense, 
naturally. One should also be aware that most engineers lack 
hands-on building experience which can be reflected in their 
designs. The original Winterholm structural engineer designed 
exterior walls which would have been entirely satisfactory if 
completed but were impossible to pour. Also, concrete was 
“saved” by designing the outer wall of the indoor swimming pool 
with vertical ribs – a forming nightmare. Hurd also provides an 
example of this type of false economy in a large project.  
 
The stability of reinforced concrete structures is dependent 
upon the accurate placement of steel rebar within the concrete. 
On major projects, rebar sections are assembled by experienced 
workers who are trained to carefully follow engineering 
diagrams. The work of less competent crews must be closely 
supervised. The knowledge contained within this book is 
essential in this regard. 
 
 
Math Tutorial 
 
Rebar “detailing” requires an ability to apply algebraic 
formulas. However, I cannot agree that knowledge of algebra 
should be a prerequisite for the use of this book. Not every 
builder has studied algebra, or familiarity with the subject 
may have been lost through lack of use. The Appendix 1 Math 
Tutorial should enable someone with a good understanding of 
basic arithmetic, and the patience to study the explanations 
and examples provided, to have full access to the knowledge 
contained in this book. The objective is to provide the reader 
with the math tools needed to handle all of the essential 
design and analytical calculations.  
 
The tutorial is not an algebra course, and it does not prepare 
the user to fully comprehend the math used in the development 
of the Working Stress Design theory described in Chapter 4. For 
this reason, a detailed explanation is given of each step taken 
in its development. It is far more important to understand the 
explanatory text than the accompanying math. In order to safely 
and intelligently apply WSD (or engineering data of any kind), 
it is absolutely essential that the theory upon which it is 
based be fully understood. The correct and safe execution of a 
reinforced concrete project will require the entire combined 
knowledge contained within this book. Although nothing need be 
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committed to memory, a thorough understanding of the entire 
text will allow quick access to needed information.  
 
If, after studying the math tutorial, the reader still does not 
feel entirely comfortable in applying the essential (numbered) 
algebraic formulas found in Chapter 4 or elsewhere within this 
book, then he or she would be well advised to proceed no 
further without seeking assistance. It would also be prudent 
for anyone who felt the need to use the tutorial to have his or 
her initial set of calculations examined by someone familiar 
with the application of algebraic equations. Important 
calculations should always be repeated before a design is 
finalized. Numerical errors are best avoided by repeating 
design calculations in reverse. As an example, I have included 
a set of reverse design calculations for the Winter Garden slab 
in Chapter 5. Errors in reinforced concrete construction may be 
almost impossible to correct and, because of the large weights 
involved, could be very dangerous.   
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Chapter 2 
Properties of Steel 

and Concrete 
 
 
We can begin by considering the types of loads {stresses} to 
which building materials can be subjected and examine how 
concrete and steel react to these stresses, which are 
illustrated in Fig. 2–1. Fig. 2–1(a) shows a standard-size 
concrete cylinder being compressed by a hydraulic press, which 
is how the compressive strength of concrete, measured in psi 
(lb/in2) or MPa (Mega Pascals), is determined. Tensile stress 
acts in the opposite direction, with objects being pulled apart 
or stretched, as is the steel wire in Fig. 2–1(b). In later 
discussions, it will be shown that shear in concrete is much 
more complex than the simple scissoring action in Fig. 2–1(c). 
Table 2–1 lists the abilities of concrete and steel to resist 
the different stresses. The most important item is the weakness 
of concrete in tension (under tensile stress). As one might 
suppose, in reinforced concrete design, steel (rebar) rods are 
cast into concrete in areas where tensile stresses are 
predicted to develop. The identification of zones of tensile 
stress within concrete structures and the sizing of the 
required steel reinforcement are major parts of the design 
process. 
 
Concrete contains a large number of minute cracks which have 
little effect upon its ability to resist compressive stresses 
but greatly decrease its tensile strength. Although in small 
samples, the tensile strength of concrete is about 10% of its 
compressive strength, the contribution of concrete to the 
tensile resistance of larger structural members is small and 
inconsistent. The tensile strength of wood (lengthwise) is much 
superior to that of concrete. In this book, the tensile 
strength of concrete is assumed to be zero, and does not enter 
into our calculations.  
 
 
Plain Concrete – Use and Limitations 
 
Unreinforced concrete (plain concrete in engineering terms) is 
the material most frequently used in the construction of 
residential basements and foundations. In the vast majority of  
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