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Disclaimer 

 

This publication and its contents, including, but not limited to, textual material, graphs, tables, charts, 
calculations, statistics, photographs and/or drawings are made available by the WRI “AS IS” and as an 
informational resource only.  WRI, its officers, directors, employees, agents, contractors, volunteers, 
members and consultants DISCLAIM ANY AND ALL EXPRESS AND IMPLIED WARRANTIES, 
CONDITIONS, REPRESENTATIONS, OR OTHER TERMS (INCLUDING AS TO SATISFACTORY 
QUALITY, FITNESS FOR A PARTICULAR PURPOSE, SUITABILITY OR MERCHANTABILITY) with 
respect to the publication and its contents. To the fullest extent permitted by applicable law, WRI fully 
disclaims any and all liability or responsibility for any damages, injuries or losses to persons, property or 
business, including, but not limited to, lost profits, direct, indirect, incidental, consequential or punitive 
damages, costs and expenses, including attorneys’ fees and court costs, arising out of or related to the 
downloading and/or use of this publication and its contents. 
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1.1 Introduction 

Clarity of communication is at the heart of any successfully delivered building construction project. Owners 
and developers, jurisdictional plan reviewers and inspectors, architectural and engineering practitioners, 
construction managers and general contractors, and subcontractors and vendors: each is a project 
stakeholder occupying a distinct role characterized by a unique set of proficiencies. The effectiveness with 
which these proficiencies are respectively deployed will have a profound impact on how closely the finished 
building resembles the vision upon which the whole undertaking was originally based. Quite simply, poor 
communication breeds unfulfilled expectations. 

The Welded Wire Reinforcement Design and Detailing Guide’s target audience is two-fold. The first audience 
includes the practicing structural engineer and affiliated drafting technician. Each of these two professionals 
recognizes the need to balance well-communicated structural detailing with constructability of the detailed 
configuration through a repeatable contract document preparation and delivery routine. The second audience 
is the construction contractor. 

The Focus of this guide will be on welded deformed wire reinforcement (WWR) in building type applications 
only, deferring the specification of welded plain wire reinforcement to other texts. Our objective is to provide to 
the designer and contractor alike a comprehensive benchmark for the incorporation of WWR into contract 
documents serving as the basis for construction on site. Material and manufacture requirements for WWR are 
defined in ASTM A1064 Standard Specification for Carbon-Steel Wire and Welded Wire Reinforcement, Plain 
and Deformed, for Concrete. 

This document provides WWR knowledge without compromising the current structural detailing process 
familiarity and comfort. If there is a theme that will be repeated throughout this document, it is one predicated 
on eliminating the notion that (a) the structural Engineer-of-Record (EOR) needs proprietary-like knowledge in 
order to implement WWR into their contract drawings, and (b) the protocol-in-use for reinforced concrete 
design and detailing should somehow be overhauled in order to accommodate WWR usage.  

The Welded Wire Reinforcement Design and Detailing Guide (“The Guide”) is specifically geared towards 
detailing of cast-in-place reinforced concrete building-type structures and related appurtenances that are 
designed in accordance with the provisions of the American Concrete Institute’s ACI 318-19 “Building Code 
Requirements for Structural Concrete” Standard and ACI 318R-19 “Commentary on Building Code 
Requirements for Structural Concrete”. Note that for the sake of completeness, The Guide also includes 
ground-supported slabs designed using ACI 360-10 “Guide to Design of Slabs-on-Ground” as the primary 
reference.  

Chapter One 

Introduction and Document Usage 
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1.2 Detailing Guide Format and Presentation 

Design of cast-in-place building structures comprised of mild-reinforced structural concrete members and 
components is most commonly based on the use of individual deformed reinforcing bars (“rebar”) arranged 
manually in the field to achieve a specified pattern or configuration. There exist numerous prevailing factors 
that make the use of rebar the standard by which other structural reinforcements are judged, the details of 
which are beyond the scope of this guide, but suffice it to say that rebar is deformed reinforcement in its 
most basic and spatially intuitive form, having a longstanding default presence in engineering academia and 
practice. 

In laying the groundwork for any technically meaningful discussion centered on WWR, it is critically 
important to acknowledge the role rebar continues to play in the structural design and construction 
communities. In the case of The Guide, this acknowledgement shapes the formatting of its content. Because 
structural design professionals are historically inclined to present their design intent through the use of 
details configured using deformed reinforcing bars as a default, any comparative reinforcement solution 
utilizing WWR will, at least in principle, be based on this same detailing methodology. This is illustrated 
below in the form of a comparative example. 

Assume a structural engineer designs and subsequently details a fixed-free cantilever retaining wall. The 
detailed design intent is shown in Figure 1-1, using reinforcing bars: 

 

 

Figure 1-1: Cantilever Retaining Wall Section  
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What The Guide seeks to impress upon the structural engineering practitioner is that the leap required to go 
from a detail illustrating a rebar-based design to a detail invoking the usage of WWR is, in fact, not much of 
a leap at all, as shown in Figure 1-2 below: 

 

Figure 1-2: Cantilever Retaining Wall Section (WWR) 

When comparing the two figures, it is apparent that no “proprietary” knowledge of WWR is required on the 
part of the design professional. Geometries and alignment originally shown for rebar are maintained, and 
reinforcement call-outs are simply swapped to reflect rudimentary wire size (#4 rebar  0.20 in2  D20; #5 
rebar  0.31 in2  D31). Similarly, directions on reinforcement spacing remain unchanged. These are quite 
literally identical details from a design intent and structural performance standpoint, and from the 
perspective of the practicing engineer and affiliated detailer, the change in routine is miniscule. In Chapter 2 
we will touch on ACI 318’s acceptance of WWR that serves as the basis for the interchangeability shown 
above. 

Showing rudimentary WWR inclusion in a “familiar framework” is a fundamental goal of The Guide, whether 
it be in the form of “Direct Specification” (as shown in Figure 1-2) or as a “Pre-Approved Equal” (See 
Chapter 4 for more information), it is also critical that an illustrative light be shined on downstream WWR 
detailing efforts – carried out by highly capable WWR producers and fabricators – so that the engineering 
reader is not left feeling as if the specification of WWR on structural contract drawings puts them on an 
island without a knowledgeable counterpart. To accomplish this, The Guide will provide design and detailing 
examples comprised of both the initial design effort itself and accompanying WWR fabrication drawing and 
relevant placement information excerpts. The inclusion of fabrication and placement information is intended 
to provide educational assurance to the EOR that her/his structural information is, in fact, being fleshed out 
in WWR form - by WWR detailers – for subsequent shop drawing review and contractor placement 
purposes. 



 
Welded Wire Reinforcement Design and Detailing Guide 4 

For Figure 1-2, excerpts of its WWR shop drawing counterpart are reflected in Figure 1-3.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1-3: WWR Shop Drawing Excerpts 
by WWR Detailer 
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Using the above concept, the format and flow of Chapters 5 through 10 generally presents as follows: 

A. Project design criteria and the spotlighted reinforced concrete element 

B. Structural design of the reinforced concrete element 

C. Derivation of reinforcement areas and alignment 

D. Engineer’s WWR contract document requirements 

E. WWR fabrication drawings 

 

1.3 Catering to the Design Professional 

In its efforts to provide WWR-based educational and technical guidance in past years, the Wire 
Reinforcement Institute has placed a heavy emphasis on the manufacturing process and material 
nomenclature itself. The hope was that WWR would become an integral part of the daily vocabulary of 
designer and contractor alike by creating contrast with hand-tied individual reinforcing bars.  

These ongoing efforts have had significant success, most notably in the roadway precast, civil precast, and 
slab-on-ground markets. But in the cast-in-place concrete building structure market, the structural 
engineering community – in general – would prefer to avoid specifying “specialized” WWR criteria. While 
this information is critical to WWR manufacture, it is not relevant to conveying design intent on a set of 
detailed deliverables.  

The irony is that structural steel is the primary competition to reinforced concrete when it comes to 
construction material. 

In specifying the need for a W18x35 steel beam, structural contract drawings will indicate on the plan the 
following:  
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Now imagine a set of structural drawings with every W18x35 beam specified as follows: 

 

W18x35 (6”, 0.425”) x (0.300”, 17.7”) x 22’-4” 
 

As can be seen, the absence of certain implicit “turnkey” properties of manufacture is oftentimes preferred. 
From the designer’s perspective, applied to WWR: 

 

D31 @ 12” oc vertical, D20 @ 12” oc horizontal 
vs. 

12x12 D31/D20 60” (+12”, +24”) x 9’-10” (8,2) 
 

 

Note that most of the information in the second option, even though interpretable by the EOR (WWR mat 
style nomenclature is explained in Chapter 3), is beyond his/her responsibility to define, as it is specific to 
manufacturing capabilities and preferred production geometries that best suit fabrication, shipping, and 
placement. Expecting the EOR to embrace the definition of explicit WWR mat descriptions on structural 
drawings is analogous to demanding that the engineer build into his/her structural details all of the rebar 
lengths and bar counts. It is unreasonable and misaligned with standard practice. It is also worth noting that 
if a design professional were to attempt to specify turnkey WWR mat styles without themselves having an 
intimate familiarity of the producing manufacturer’s equipment capabilities and capacities, they could 
inadvertently create undesirable conflicts or delays when it comes time for the reinforcement to actually be 
procured, as the pre-specified, turnkey mat styles may not be feasibly manufactured.  

In addition to The Guide’s aim to keep the prospect of detailing WWR a simple and familiar affair for the 
EOR, it must also maintain focus on those structural reinforcement applications in a cast-in-place concrete 
building structure that are actually well-suited for WWR implementation, or else its usefulness is greatly 
diminished. Because WWR is produced in mat form and is comprised of deformed wires up to and including 
5/8” diameter, it does many things very well. This will be demonstrated in the details of Chapter 5 through 
Chapter 10. In contrast, WWR would likely not be the ideal option to replace, say, five (5) #11 reinforcing 
bars used as bottom flexural reinforcement in a 24” wide floor beam. This sort of application – one that 
neither the structural engineer nor WWR manufacturer would be highly motivated to pursue using WWR – 
is, therefore, not presented in The Guide. Quite simply, there are applications for which rebar is, and will 
continue to be, the most natural fit, just as there are those where WWR would provide an exceptional 
solution through the eyes of both the designer and the contractor. 

Usefulness of this document as interpreted by the design professional and construction professional is of 
paramount importance, as is the integrity of the information presented within. The interplay between WWR 
and rebar on the same project, and oftentimes in the same structural application, is candidly presented. 
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1.4  Why Welded Wire Reinforcement? 

The allure of implementing welded wire reinforcement into a cast-in-place concrete building project resides 
almost exclusively in the field. The prospect of placing large quantities of reinforcement at significantly 
higher installation rates in comparison to individual, hand-tied rebar can be enticing for contractors seeking 
to streamline labor and reduce duration of placement operations that fall on the critical path. This speaks 
directly to the ever-tightening project budgets and accelerated construction schedules that pervade today’s 
cast-in-place building structure landscape, combined with the ever-present challenge that is qualified labor 
shortage.  

As will be shown throughout subsequent detailing chapters of this guide, the directly-tangible aspect of 
WWR implementation – actually getting the WWR information on the structural contract drawings – is a 
relatively elementary undertaking for an engineer. Despite this procedural simplicity, if the engineer tasked 
with deciding whether or not to implement WWR does so in a “designer’s vacuum”, there may end up being 
little motivation to stray from rebar as the reinforcement of choice, even for those structural applications 
that are well-suited for WWR use. In contrast, if the engineer is engaged on the project in such a way that 
their proactivity is relied upon to contribute to improvement of project schedule, cost, and constructability, 
the return on investment of a decision to implement WWR can be significant. Not only do contractors hold 
in high regard a set of easily buildable contract documents, but the project owners reap obvious dividends 
as well. 

 

1.5  A Complementary Document 

The content of the Welded Wire Reinforcement Design and Detailing Guide is presented with the under-
standing that the engineering reader is already well-versed in structural design of reinforced concrete, 
structural detailing of reinforced concrete, or both, and that the contracting professional is equally proficient 
with regard to interpretation of material installation and placement drawing. The Guide is not intended to be 
a reinforced concrete design guide or code standard, nor is it intended to be a standalone resource for 
wholesale drafting methodology or construction tolerance and sequence. The Guide is best utilized as a 
complement document to design and detailing standard publications, creating value by offering detailing 
insights specific to the welded wire reinforcement product in a contract document preparation setting that is 
familiar and scalable to the reader.  
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 Structural Design Using Welded Wire Reinforcement 

The best starting point for gaining familiarity with the permitted use of welded deformed wire reinforcement as 
mild reinforcement in cast-in-place concrete building structures is Table 20.2.2.4a in ACI 318-19. An 
abbreviated version is presented below with acceptable usages noted in green. 

 Usage Application 

Maximum value of 
fy or fyt permitted 

for design 
calculations, psi 

Welded 
Deformed Wire 
Reinforcement 

Flexure; axial force; and 
shrinkage and 
temperature 

Special seismic 
systems 

Special moment frames 80,000 
(3) 

Special structural walls 100,000 

Other 100,000  

Lateral support of 
longitudinal bars; or 

concrete confinement 

Special seismic systems 100,000 (1) 
Spirals  100,000 (2) 
Other  80,000  

Shear 

Special seismic 
systems 

Special moment frames 80,000 
(1) 

Special structural walls 100,000 

Spirals  60,000 (2) 
Shear friction  60,000  

Stirrups, ties, hoops 
60,000 

 
80,000 

Torsion Longitudinal and transverse 60,000  

Anchor Reinforcement Other (non-special seismic system) 80,000  

Regions designed using 
strut-and-tie method 

Longitudinal ties 80,000  
Other  60,000  

 

(1) ASTM A1064 welded wire reinforcement is permitted in special seismic systems if the welds themselves are not 
relied upon to resist stresses in response to confinement, lateral support of longitudinal bars, shear, or other actions. 
Here the design and manufacturing solution is to have WWR mats fabricated with hooked terminations. 

(2) Equipment used to produce ASTM A1064 welded wire reinforcement mats cannot physically form spiral/helical 
geometry, so WWR use in spiral applications is a non-starter. 

Chapter Two 

Welded Wire Reinforcement in ACI 318-19 
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(3) WWR is not permitted for flexural, axial, or shrinkage/temperature use in earthquake-resistant applications in which 
large inelastic rotation capacity must be exhibited by the primary structural members in special moment frames and 
special structural walls. To ensure that the level of inelastic behavior necessary for energy absorption is exhibited by 
these members during a design seismic event, ACI 318-19 establishes minimum ductility requirements for the 
“primary” reinforcement used therein. These ductility requirements are such that acceptable reinforcement is limited 
to ASTM A706 deformed reinforcing bars and ASTM A615 deformed reinforcing bars exhibiting a minimum tensile-
yield ratio, minimum fracture and uniform elongations, and a maximum spread between actual yield strength and 
specified yield strength. In the case of WWR, the aforementioned ductility identity is not currently established in the 
ASTM A1064 material specification, and as such WWR is excluded. 

 

2.1 Pertinent Code Sections 

The reader is referred to the ACI 318-19 Quick Reference for Welded Deformed Wire Reinforcement 
(available as a free download on the WRI website) for a comprehensive summary of ACI provisions that are 
applicable to WDWR. These provisions will look very familiar to the practicing structural engineer, as they 
are also the basis for design using of reinforcing bars. 

Obviously, there is strong emphasis on the code-supported direct interchangeability of reinforcement 
(reinforcing bars ↔ WWR) in The Guide. But in addition to this, just as “prohibited” applications were 
candidly discussed in Section 2.1, The Guide would be remiss in not highlighting a unique WWR attribute 
that in certain instances can offer potential design and detailing advantages over loose rebar. That attribute 
is the ability to rely upon the presence of welded wire intersections to reduce development length and lap 
splice dimensions for non-seismic applications, as well as to eliminate altogether the hooked curtailment 
often seen in flexural and shear reinforcement applications of gravity system applications.. 

ACI 318-19 Sections 25.4.6 (development length), 25.5.3 (lap splice), and 25.7.1.4 (hook replacement in 
shear application) illustrate how this unique attribute can be implemented in design if so chosen by the 
EOR, and Chapters 5 through 10 will contain selected beneficial examples of its use.  

 

 

Figure 2-1: Stirrup in shear application using welded wire intersection in lieu of hooks (ACI 318-19 Section 25.7.1.4) 

 

Image by the American Concrete Institute 
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2.2  Common Designer Questions 

Suffice it to say that, despite extensive WWR inclusion throughout the design provisions of the ACI 318-19 
Standard, there is still a certain amount of consternation on the part of design professionals as it pertains to 
usage of WWR. The list below is intended to provide rudimentary design-related clarity that otherwise might 
not be readily apparent in the black and white of the ACI standard. 

Question Response 

1. What methods of corrosion protection are 
available for welded wire reinforcement? 

Welded wire reinforcement can by epoxy-coated, hot-
dipped galvanized, or comprised of stainless steel 
wires. The applicable material specifications are ASTM 
A1060, ASTM A884, and ASTM A1022. 

2. Can welded wire reinforcement be manually 
welded (stick welded)? 

Manual welding of welded wire reinforcement is 
permitted as noted in several ASTM Standard 
Specifications, including C1577 (precast monolithic 
concrete box sections), C478 (precast concrete 
manhole sections), C76 (reinforced concrete culvert 
for storm drain and sewer pipe), and C507 (reinforced 
concrete elliptical culvert). Other instances of manual 
welding may be permitted by the licensed design 
professional, as noted in ACI 318-19 Section 26.6.4. 

3. With wires welded in an orthogonal pattern, 
is there any design advantage derived from 
potential “two-way” interactive flexural 
behavior? 

  
ACI 318-19 does not recognize any two-way 
interaction that might exist as a result of orthogonally-
arranged WWR. In structural engineering practice, 
reinforcement for each primary direction is essentially 
analyzed separately, independent of the presence of 
welds, with the only exception being those instances in 
which perpendicular perimeter/edge welded wires are 
depended upon for development or curtailment. 
  

4. Is WWR permitted for use as flexural 
reinforcement in beams, walls, and  
structural slabs? 

ACI 318-19 Table 20.2.2.4(a) allows the use of ASTM 
A1064 WWR as flexural, axial, and/or shrinkage and 
temperature reinforcement in all conventional beam, 
wall, and structural slab applications.  

WWR is not used as flexural, axial, and/or shrinkage 
and temperature reinforcement in special seismic 
systems (special moment frames and special 
structural walls). 
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Question Response 

5. Is WWR permitted for use as transverse 
reinforcement in special seismic systems? 

  

ASTM A1064 welded wire reinforcement is permitted 
as transverse reinforcement in special moment frames 
and special structural walls per ACI 318-19 Table 
20.2.2.4(a), but the welds themselves are not 
permitted to be relied upon for resistance to any 
stresses. As such, for WWR used in seismic 
applications, bond and anchorage of the reinforcement 
must be derived from wire surface deformations and 
hooked wire curtailments only, with any potential 
contribution by welded intersections 
ignored/disregarded. 

6. How is the welding done, and how is weld 
integrity confirmed? 

Welding is carried out by automated welding machines 
using a controlled cross-wire resistance welding 
process. Unlike fusion welding characterized by the 
depositing of a consumable electrode, electrical 
resistance welding is predicated on welded parts (two 
wires) being pressed together to allow the flow of 
electricity across the contact interface, resulting in the 
material being fused together. This process is 
acknowledged in ACI 318-19 Section R26.6.4.  

Confirmation of weld integrity and strength is carried 
out as part of the material’s certification process during 
manufacture, with ASTM A1064 as the governing 
material specification, which is also referenced in ACI 
318-19. 

7. If a design is to rely on a welded intersection 
for development or curtailment purposes, 
how strong does the weld need to be to be 
considered “structural”? 

By way of the ACI 318-19 reference to ASTM A1064, 
the required weld strength shall not be less than 35 ksi 
x nominal area of the larger wire at the 
intersection. This is also referenced in ACI 318-19 
R20.2.2.4 and confirmed during manufacture. 

8. For the purposes of simplifying design, can 
the engineer ignore potential contribution 
from the welded intersections despite the 
intersections being present? 

Yes. In fact, save for instances where perimeter/edge 
welded wires might be depended upon for 
development or curtailment as a designer’s option, the 
ACI 318 standard treats welded deformed wire 
reinforcement the same as reinforcing bars or loose, 
individual deformed wires: familiar rules for straight-line 
development length, lap splice, and hook development 
are applicable. 
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Question Response 

9. Is there a size relationship requirement for 
deformed wires being welded together? 

If the structural design is relying upon welded 
intersections for the purposes of development or 
curtailment, then, yes, there exists a wire size 
relationship: the smaller wire must have a cross-
sectional area at least 40% that of the larger wire per 
ASTM A1064. This is a requisite wire size relationship 
for the “structural” weld strength provision (Item #7, 
above) to be relied upon. In this case, the deformed 
wire must not be less than a D4.0. 

If the structural design does not rely upon welded 
intersections, then there is no wire size relationship 
requirement. Per ASTM A1064, the WWR producer is 
still required to verify that welded intersections exhibit 
a weld shear strength of 800 pounds. This is typically 
for basic transport, handling, and placing purposes. 

10. ACI 301 currently requires a 12" support 
spacing for wire sizes smaller than D4.0 / W4.0. 
What are WRI's recommendations for support 
spacing of WWR?  

  

The ACI 301 mandated support spacing does not 
guarantee conformance with a project's specified 
acceptable tolerance, nor does it allow for alternative 
support patterns or methods that would achieve 
conforming results. 
 
Support spacing should be derived on a case-by-case 
basis with due consideration for attributes such as the 
reinforcement itself (type, size, and spacing), the 
intended function/performance of the reinforced 
concrete element, the selected chair/bolster type, and 
the substrate upon which the support rests, to name a 
few. 
 
Pre-established tolerances - whether through a 
combination of ACI 318 and ACI 117 requirements or 
through a design professional's project-specific 
requirement - should govern placement of welded wire 
reinforcement. Refer also to TF 702 in the WRI 
technical document library. 
 
In all instances, the Wire Reinforcement Institute 
encourages close collaboration between a project’s 
contractor and design professional of record to ensure 
appropriate placement criteria and procedures are 
established and maintained. 
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Question Response 

11. In Section 20.2.1.7.3 of ACI 318-19, the 
standard states that, for non-stirrup 
applications, a maximum spacing of 16” for 
welded intersections in the direction of 
calculated stress is applicable. What if I want 
to specify reinforcement in welded deformed 
wire reinforcement mat form, but only need 
structural wires in one direction and not the 
other? Do I still need to satisfy the spacing 
requirement for what are essentially non-
structural wires? 

 
The need for “single-direction” welded deformed wire 
reinforcement mats is very common. 

It is noteworthy that ACI 318-19 acknowledges 
treatment of welded deformed wire reinforcement in a 
manner identical to individual loose deformed bars and 
deformed wires when welded intersections are either 
absent or are not intentionally-positioned for tensile 
development or curtailment. With this treatment 
established, and in light of modern welded wire 
manufacturing capabilities, it is difficult to find a 
technical justification for a broadly-applied prescriptive 
maximum spacing of welded intersections as is done in 
Section 20.2.1.7.3  

ACI 318-19 Sections 25.4.6.4 and 25.5.3.1.1 outline 
the common scenario in which the absence of 
intentionally-positioned welded intersections in turn 
requires calculation of welded deformed wire 
reinforcement development length and lap splice 
length, respectively, to be based on the same 
equations that are used for individual (loose, non-
welded) deformed bars and deformed wires. In 
essence, these ACI 318 provisions direct the designer 
to disregard any contribution a welded intersection 
might make to bond and development, and have the 
designer instead base these attributes on the 
deformed wire surface's contribution alone.  
 
We encourage designers and contractors to continue 
to take advantage of the highly-customizable welded 
deformed wire reinforcement mat arrangements 
capable of being produced by modern automated 
welding equipment. This includes “single-direction” 
welded wire reinforcement mats characterized by 
structural deformed wires in one direction and 
perpendicular non-structural wire positioned as 
required in the other direction. 
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Question Response 

12. Is welded wire reinforcement a proprietary 
product?  

No.  welded wire reinforcement is a mild steel 
reinforcement required to conform to the ASTM A1064 
Standard Specification.  All welded wire reinforcement 
manufacturers are held to this common standard. 

While it is feasible for one welded wire reinforcement 
producer to pursue different markets or applications 
than its competitors, or for one producer to have 
slightly different internal processes and/or automated 
welding equipment than its competitors, the 
reinforcement itself must always be compliant with the 
ASTM Specification’s requirements, and this is 
confirmed through ASTM A1064 certification and 
testing measures. 

Welded wire reinforcement is a manufactured product 
in the same sense as reinforcing bars or structural 
steel sections, and as such should not be subject to 
unique proprietary-like scrutiny on the basis of its 
inherent pre-assembly. 
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3.1 Process and Nomenclature 

The definition of welded deformed wire reinforcement can be derived from content in ASTM A1064 Standard 
Specification for Carbon-Steel Wire and Welded Wire Reinforcement, Plain and Deformed, for Concrete and 
presented as follows: 

A product consisting of cold-worked, surface-deformed steel wires, assembled into orthogonal mats 
by automatic welding machines that assure accurate spacing and alignment of all wires of the 
finished product. 

Hot-rolled steel rod (from billets) is cold-worked by either cold-rolling or cold-drawing the wire to a specified 
diameter. Deformations can be indented or raised rib (protrusion) type. Wire size and wire spacing on a 
particular WWR mat can be varied to suit the requirements of the detailed structural design. Welding is 
carried out using electrical resistance welding which employs the principle of fusion combined with pressure 
to produce a weldment. 

Contrast between production of traditional reinforcing bars and WWR is shown below: 

REINFORCING BARS WELDED WIRE REINFORCEMENT 

Metal scrap in electric ARC furnace Metal scrap in electric ARC furnace 

Molten steel cast into rectangular billets Molten steel cast into rectangular billets 

Billets hot rolled to standardized, deformed 
diameters:  

• #3 to #18  
• Straight or coiled 

Billets hot rolled to standardized, smooth rod diameters: 
• AISI 1018, AISI 1020, etc. 
• Variable diameters (7/32” - 11/16”) 
• Coiled 

Finished product: ASTM A615 OR ASTM 
A706 rebar 

Hot-rolled rod is run through a series of dies or cassettes 
for reduction and deforming: 

• Specific “design” diameter achieved 
• Surface deformation achieved  

  Cold-Worked Wires Ready for Feeding to Automatic 
Welding Machine 

  Finished product: ASTM A1064 welded wire 
reinforcement 

Figure 3-1: Production Comparison Chart 

Chapter Three 

Manufacture of Welded Wire Reinforcement 
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Wire size varies from on the order of 1/8” diameter, up to 5/8” diameter, the latter which is equivalent in size 
to a #5 reinforcing bar. While larger wire sizes up to 3/4” diameter can be produced, current ACI 318 
provisions require these to be analyzed using welded plain wire reinforcement restrictions. As such, 
anything larger than 5/8” diameter is excluded from the scope of The Guide considering any demand that 
might exist for heavy plain WWR in cast-in-place building structures would be extremely low. 

For individual deformed wires, the nomenclature is quite intuitive: the cross-sectional area is built right into 
the designation: 

A wire with cross sectional area equal to 0.247 in2 → D24.7 

A wire with cross sectional area equal to 0.144 in2 → D14.4 

A wire with cross sectional area equal to 0.280 in2 → D28.0 

These wires are in turn welded together to form highly customizable geometries of orthogonal WWR mats. 
The basic nomenclature form used to describe a WWR mat configuration (or “style”) is shown below.  

 

  4x8  D14.7/D20.7  72” (+4”,+21”) x 20’-2” (18,8) 

    

AxB        C/D          F        (G,H)      x     I       (J,K) 

A:   linewire spacing (inches) 

B: crosswire spacing (inches) 

C: linewire size (in2 x 100) 

D: crosswire size (in2 x 100) 

F: WWR mat width excluding overhangs (inches) 

G: left-side overhang  (inches, positive if past  
  leftmost linewire) 

H:  right-side overhang  (inches, positive if past  
  rightmost linewire) 

I: WWR mat length including overhangs (ft-in) 

J: front end overhang (inches) 

K: back end overhang (inches) 

 

E: yield strength of WWR mat   

 (not shown here as part of mat style) 
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As was introduced in Section 1.3 of Chapter 1, there are some attributes associated with WWR 
nomenclature that are generally more relevant to manufacturing interests than they are to a structural 
engineer’s design interests. Distilling the aforementioned mat style down to information that is pertinent to a 
structural detail found on a set of contract drawings reveals the following: 

 4 x8  D14.7  /D20.7  72” (+4”,+21”) x 20’-2” (18,8) 
 

 0.147 in2 @ 4” oc (0.441 in2/foot) running in the long direction 
 
 

4x  8   D14.7/  D20.7   72” (+4”,+21”) x 20’-2” (18,8) 
 

 0.207 in2 @ 8” oc (0.331 in2/foot) running in the short direction 
 
 

4x8  D14.7/D20.7   72” (+4”,+21”) x 20’-2” (18,8)_     
 

 What the WWR detailer has to do to provide a mat geometry that satisfies the engineer’s detailed 
design intent 

 
Depending on various geometric and spatial considerations inherent to reinforcement layouts presented on 
structural contract drawings, the manufacturing nomenclature method described above might prove to be 
insufficient in capturing a design-compatible reinforcement layout.  In this case, the WWR detailer will likely 
rely on illustrative communication than trying to resolve all of the subtleties of a WWR configuration in a 
single string of numerical characters. Below is an example of a WWR mat configured to reflect stagger of 
primary reinforcement. 
 

 

Figure 3-3: Custom WWR Mat Geometry 
and Nomenclature 
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To further illustrate WWR variability captured through the combination of mat detail and designation, the 
figure below is provided. While it is unlikely that the specific arrangement shown in this figure is 
representative of a structural reinforcement layout that would be commonly encountered on a cast-in-place 
concrete building structure, it shows the customizable nature of the product and how it is documented 
internally by the manufacturer. 

 

 

A design professional would not be expected to derive the specifics of the above mat configuration and 
present it on a set of contract drawings, but would instead simply be responsible for informing the 
manufacturer/fabricator of attributes already commonly defined for rebar: steel area (size), spacing, position, 
and curtailment (hooks, etc.). Similarly, a contractor’s life is made simpler by the WWR manufacturer’s 
provision of detailed placement drawings and accompanying simplified mat nomenclature (MAT-1A, 
SHEET-1A, etc.). Examples presented in Chapter 5 through 10 illustrate this very clearly. 

 

VLxVCD14.7 x D18.4/D20.7 72” (+4”, +21”) x 20’-2” (18.8) 

Figure 3-4: Example WWR Mat with Variable 
Wire Size and Spacing 
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3.2 Notes on Manufacturing Tolerances 

The manufacture of welded deformed wire reinforcement draws guidance from ASTM A1064 Standard 
Specification for Carbon-Steel Wire and Welded Wire Reinforcement, Plain and Deformed, for Concrete. 

ASTM limitations placed on dimensional variation of flat WWR mats are presented below. For other 
manufacturing attributes, refer to ASTM A1064 directly in conjunction with the WRI Manual of Standard 
Practice – Structural Welded Wire Reinforcement (WWR-500). 

Mat Width – ASTM A1064 Article 10.1 

The width of welded wire reinforcement shall be considered to be the center-to-center distance between 
outside longitudinal wires. The permissible variation shall not exceed 0.5 in. greater or less than the 
specified width. In case the width of flat sheets are specified as the overall width (tip-to-tip length of 
transverse wires), the width shall not vary more than ±1 in. from the specified width. 

These tolerances apply to a flat sheet, as measured just prior to loading for shipment and delivery 
to the jobsite. 

 

Mat Length – ASTM A1064 Article 10.2 

The overall length of flat sheets, measured on any wire, shall not vary more than ±1 in. or 1%,  
whichever is greater. 

These tolerances apply to a flat sheet, as measured just prior to loading for shipment and delivery 
to the jobsite. 

 

Transverse Wire Overhang – ASTM A1064 Article 10.3 

Overhang of the transverse wires shall not project beyond the centerline of each longitudinal edge wire 
more than a distance of 1 in. unless otherwise specified. When transverse wires are specified to project 
a specific length beyond the center line of the longitudinal edge wire, the permissible variation shall not 
exceed 0.5 in. greater than or less than the specified length. 

 

Wire Spacing – ASTM A1064 Article 10.6 

The average spacing of wires shall be such that the total number of wires contained in a sheet or roll is 
equal to or greater than that determined by the specific spacing, but the center-to-center distance 
between individual wires shall not vary more than 0.25 in. from the specified spacing. Sheets of welded 
wire reinforcement having the specified length shall not be required to contain an identical number of 
transverse wires, and therefore, shall be permitted to have various lengths of longitudinal overhang. 

The specifying designer is encouraged to utilize Article 4.2 of ASTM A1064, where they are 
permitted to define special requirements governing the WWR material and physical properties that 
the purchasing contractor would report to the manufacturer as condition of the reinforcement 
material order 
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3.3  Bending of Welded Wire Reinforcement 

One of the greatest benefits of WWR is the 
manufacturer’s ability to fabricate it to bent 
geometries. Bending criteria for WWR are 
established in ACI 318-19, wherein Section 
25.3.1 defines standard hook geometry for 
reinforcing bar curtailment that are in turn 
adopted by WWR manufacturers in the 
fabrication of bent mats, while Section 25.3.3 
defines explicitly the bend requirements for 
WWR used as stirrups or ties. 

For a more extensive discussion of welded wire 
reinforcement bending capabilities and 
examples, refer to WRI’s Bending Welded Wire 
Reinforcement (WWR-400). 

 

 

 

 

 

Figure 3-5: Hydraulic or pneumatic machines are used to 
fabricate WWR bent mats 

Figure 3-6: An example of an application-specific bend drawing prepared by the manufacturer 
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4.1 General Requirements 

Practicing engineers are likely familiar with the steps necessary to effectively communicate a design’s 
reinforcement needs in terms of deformed reinforcing bars (rebar) on their structural contract documents. 
Generally, the delivery of this information comes in the form of “typical” and “project-specific” content. 

Information unchanged from one project to the next (“TYPICAL”):  

Figure 4-1: Typical reinforcement details 

Chapter Four 

Specifying Welded Deformed Wire Reinforcement 
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Figure 4-2: Typical splice and reinforcement schedules 
 
 
 

 
 

Figure 4-3: General notes covering reinforcement material 
 and usage requirements 

 
 

Information that varies from one project to the next (“PROJECT-SPECIFIC”): 
 

 
Figure 4-4: Project-specific reinforced concrete detail 
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Figure 4-5: Project-specific reinforced concrete details 

 
 

 
Figure 4-6 and 4-7: Project-specific reinforcement schedules  

 
 

What degree of effort, then, is expected of the design professional as it relates to effective specification of 
welded deformed wire reinforcement? Just how much change in the conventional design and detailing 
routine, if any, will a consulting engineer be willing to take on without feeling encumbered? 

There are two primary methods by which welded wire reinforcement can be incorporated into structural 
contract documents: by Direct Specification or as a Pre-Approved Equal. 
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4.2 Welded Wire Reinforcement Information by Direct Specification 

Direct Specification is exactly as it sounds - welded wire reinforcement information is specified directly and 
explicitly on the contract drawings by the design professional. 

As was discussed in Chapter 1 of The Guide, there is a threshold for welded wire information definition 
beyond which an engineer wouldn’t be expected to operate. The following basic “design” attributes would 
be the responsibility of the design professional to define: 

• Wire yield strength 
• Wire size 
• Wire spacing 
• Wire orientation (bent geometry, positioning within the concrete element, etc.) 
• Wire lap splice requirements 

In effect, all remaining manufacturing attributes related to the manufactured WWR mat width and length 
would be deferred to the downstream WWR detailer. The result, again as shown in Chapter 1, is intuitive: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-8: Cantilever Retaining Wall Section with WWR directly specified 
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Slab-on-ground reinforcement applications continue to be excellent examples of directly-specified welded 
wire reinforcement, with only very simple definitions required for effective implementation. 

 

Figure 4-9: Excerpt showing directly specified WWR 

 

Figure 4-10: Typical detail related to directly specified WWR 
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In directly specifying welded deformed wire reinforcement, it is important for the language and composition 
of typical reinforcement details, typical splice and reinforcement schedules, and general notes to be 
expanded to include appropriate reference to welded wire reinforcement. This is essentially a one-time 
adjustment that would need to be made by the design professional of record, with modification to “typical” 
information that is from that moment forward intended to remain unchanged on subsequent projects. 
Likewise, “project-specific” information would require specific acknowledgement of intended WWR usage 
as well. 

The primary benefit of Direct Specification of welded deformed wire reinforcement is realized by those 
engineers who wish to have explicit, illustrated control over very specific usages of WWR on the project. In 
taking this approach, the engineer is actually absorbing quite a bit of the detailing-related burden that 
would otherwise be expected of the downstream welded wire reinforcement detailer. 

The primary drawback of Direct Specification of welded deformed wire reinforcement, other than the 
additional time spent in preparation of WWR content and detailing by the design professional, is the 
unintentional restriction placed on the contractor for an application that might be better suited for loose, 
individual reinforcing bars. The irony here is that the same exact drawback scenario exists – and is likely 
even more prevalent in the construction industry as a whole - when a design professional of record 
explicitly defines loose individual reinforcing bars for a structural application that could very well yield 
significant favorable field placement and labor savings if it were permitted to be installed using WWR. 

It should be understood that Direct Specification will still require downstream involvement of a WWR 
detailer, as it is the detailer who will take the design professional’s specified wire sizes, spacings, and 
orientations and transform this information into mat configurations that will actually be produced on the 
equipment in the plant. As was alluded to in Section 1.3 of Chapter 1, project design professionals are 
discouraged from explicitly defining “turnkey” welded deformed wire reinforcement mat styles unless they 
themselves are intimately familiar with the producing manufacturer’s capabilities and capacities. 

 

4.3 Welded Wire Reinforcement Specified as a Pre-Approved Equal 

The creation of buildings and related structures in the built environment requires the close collaboration of 
design and construction professionals. Design and construction are two very distinct disciplines, the 
marriage of which is inextricably linked to a project’s successful completion. Nowhere is this more apparent 
than with today’s fast-based, design-build type project delivery method, where it is critical for all of the 
moving parts of the design-build team to operate in step. 

The specification of welded deformed wire reinforcement as a Pre-Approved Equal is a manifestation of the 
value of collaboration. The EOR has a very specific design intent needing to be achieved on a project, 
while the contractor seeks to deploy the optimum use of time and resources on the jobsite to transform that 
design intent into built elements. Mild reinforcement for reinforced concrete structures essentially comes in 
two forms: deformed bar and deformed wire, each of which effectively receives equal treatment in the eyes 
of the ACI 318-19 Standard as it relates to alignment with modern reinforced concrete design 
methodologies. As such, the engineer is in a unique position to deploy both types of reinforcement, while 
affording the contractor the necessary oversight related to the means and methods of executing the 
installation. 

Specifying welded deformed wire reinforcement as a Pre-Approved Equal requires very little effort on the 
part of the design professional of record. This effort comes in the form of a one-time modification to a 
project’s general notes section, wherein permissive language (and/or exclusive language) related to the 
use of WWR on the project is introduced. All other mild reinforcement content that is presented in terms of 
rebar is permitted – and encouraged - to remain unchanged. This allows for the engineer to continue on 
with longstanding, familiar design routines without compromise to productivity, while building flexibility into 
the contract documents that relates directly to constructability and construction schedule using appropriate 
mild reinforcement. 
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The following figures provide examples of “pre-approved equal” language that can be easily implemented.  

 

1. MILD STEEL REINFORCING BARS SPECIFIED ON THESE STRUCTURAL CONTRACT 
DRAWINGS ARE PERMITTED TO BE REPLACED BY ASTM A1064 WELDED DEFORMED WIRE 
REINFORCEMENT (WWR) IN ALL APPLICATIONS, WITH THE FOLLOWING EXCEPTIONS: 

A. SPECIAL MOMENT FRAME LONGITUDINAL REINFORCEMENT 
B. SPECIAL STRUCTURAL WALL VERTICAL REINFORCEMENT 
C. COUPLING BEAM DIAGONAL REINFORCEMENT 

2. WWR SUBSTITUTIONS SHALL NOT ALTER THE REINFORCEMENT UNIT CROSS-SECTIONAL 
AREA,SPACING, AND POSITIONING AS PRESENTED IN THE STRUCTURAL CONRACT 
DRAWINGS, UNLESS APPROVED IN WRITING BY THE STRUCTURAL ENGINEER OF 
RECORD. 

3. FABRICATOR DETAILING SHALL REFLECT POSITIONING OF STRUCTURAL (AND NON-
STRUCTURAL) WIRES THAT BEST MINIMIZES INTERFERENCE WITH OTHER STRUCTURAL 
COMPONENTS. 

 
Figure 4-12: WWR permissive language and specific exclusions suitable for incorporation into project 

General Notes 

REINFORCING STEEL 
REINFORCING BARS SHALL BE DEFORMED, EXCEPT AS NOTED IN ACI 301. USE OF 
EPOXY-COATED BARS IS NOT PERMITTED. 

GRADE 

ALL WELDED BARS SHALL BE GRADE 60, REFER TO ASTM STANDARD A706.  

#4 BARS OR LARGER SHALL BE GRADE 60, REFER TO ASTM STANDARD A615.  

#3 BARS OR SMALLER SHALL BE GRADE 40, REFER TO ASTM STANDARD A615.  

 SMOOTH WWR SHALL BE GRADE 65, REFER TO ASTM A1064.  

DEFORMED WWR SHALL BE GRADE 80, REFER TO ASTM A 1064.  

GRADE 80 DEFORMED WWR MAY BE USED AS AN AL TERNA TE TO REBAR. WHERE #3 
BAR IS SPECIFIED USE D8.3 WIRES. WHERE #4 BAR IS SPECIFIED USE 015 WIRES. 
WHERE #5 BAR IS SPECIFIED USE 023 WIRES. WHERE #6 BAR IS SPECIFIED USE 023 
WIRES AT 213 SPECIFIED BAR SPACING. SEE "LAP LENGTH SCHEDULE" FOR LAP 
SPLICING. 

MILD REINFORCING STEEL 

1. TYPICAL DEFORMED REINFORCING BARS (REBAR) SHALL CONFORM TO ASTM A615, GRADE 80. 
BARS SHALL BE LAPPED IN ACCORDANCE WITH THE REBAR LAP SCHEDULE UNLESS OTHERWISE 
EXPLICITLY DETAILED. 

2.  LONGITUDINAL REINFORCEMENT IN SPECIAL MOMENT FRAME BEAMS AND COLUMNS, AND 
VERTICAL AND HORIZONTAL REINFORCEMENT IN SPECIAL STRUCTURAL (SHEAR) WALLS SHALL BE 
ASTM A706 GRADE 60 OR GRADE 80 AS NOTE. TENSILE AND ELONGATION PROPERTIES SHALL BE 
CONFIRMED THROUGH MILL REPORT DOCUMENTATION PROVIDED AS PART OF THE PROJECT 
REINFORCEMENT SUBMITTAL 

3.  WELDED DEFORMED WIRE REINFORCEMENT SHALL CONFORM TO ASTM A1064 GRADE 80 AND 
SHALL BE PROVIDED IN SHEET FORM. REINFORCEMENT SHEETS SHALL BE MANUFACTURED WITH 
OVERHANG LENGTHS SUFFICIENT TO ACHIEVE A LAP SPLICE LENGTH EQUAL TO THE GREATER OF 
12 INCHES OR THE LAP SPLICE DIMENSION SHOWN IN THE REBAR LAP SCHEDULE FOR BAR OF 
EQUAL (OR GREATER) DIAMETER AND GRADE, UNLESS OTHERWISE NOTED. SHEETS AND 
ASSOCIATED LAP REGIONS SHALL BE INSTALLED COPLANAR SO AS TO NOT "STACK''. 

4. WELDED DEFORMED WIRE REINFORCEMENT OF EQUAL AREA, EQUAL OR LESSER SPACING, AND 
IDENTICAL CURTAILMENT (HOOKS AND LAP SPLICES) IS PERMITTED AS A SUBSTITUTION FOR 
DEFORMED REINFORCING BARS, EXCEPT IN THE FOLLOWING STRUCTURAL APPLICATIONS: 

A.  LONGITUDINAL STEEL IN SPECIAL MOMENT FRAMES 

B.  VERTICAL AND HORIZONTAL STEEL IN SPECIAL STRUCTURAL WALLS 

 
Figure 4-11: General Notes excerpt showing WWR permissive language and specific exclusions. Note 

that this engineer is calling for identical curtailment of WWR, which essentially disallows 
reliance on welded intersections for structural purposes. 
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Figure 4-13: WWR permissive language and expanded lap splice schedule. Note the designer’s WWR 
permission based on 80 ksi material in lieu of 60 ksi reinforcing bars 

 
 
 
 

Specifying WWR as a Pre-Approved Equal defers all manufacturing geometries and attributes to the 
WWR detailer residing downstream of the actual structural design process. This results in minimal 
disruption to the designer’s daily rebar-based structural design routines and affords the contractor the 
real-time advantage of choice between equivalent mild reinforcement solutions to best suit desired site 
installation duration and labor savings. 
 
Specifying WWR as a Pre-Approved Equal is generally considered to be a superior method of WWR 
implementation when compared to Direct Specification, and is made possible by – and maximizes the 
leveraging of - the presence of the highly qualified engineers and technical personnel who provide the 
downstream WWR detailing service itself, without compromising the original structural design intent. 

 

4.4 The Role of the Welded Wire Reinforcement Detailer 

Both of the previously described methods of specifying welded wire reinforcement require the downstream 
involvement of welded wire reinforcement detailers. These detailers are most commonly employed directly 
by the manufacturing companies, though there do exist independent welded wire reinforcement broker-
detailers who work in concert with the manufacturer to generate the reinforcement package for the project. 

Manufacturers’ WWR detailers are required to be familiar with ACI, AASHTO, and ASTM Standards and 
Specifications that are relevant to structural design, structural reinforcement layout and geometry, and 
material manufacture. As such, it is extremely common (if not implicitly required by the manufacturer) for 
the welded wire reinforcing detailer him/herself (or the detailing department’s manager) to be a licensed 
Professional Engineer (PE). 

REBAR LAP LENGTH SCHEDULE  
NORMAL-WEIGHT CONCRETEA (145 PCF) 

BAR MIN CLR 
COVER 

MIN BAR 
SPACING 

f 'c= 2500 PSI f 'c= 4000 PSI 
TOPB OTHER TOPB OTHER 

#3 1.5 4.5 20 16 16 14 
#4 1.5 4.0 26 20 20 16 
#5 1.5 3.8 32 24 26 20 
#6 2.0 3.0 46 36 38 28 
#7 2.0 3.5 68 52 54 42 
#8 2.0 3.0 102 78 82 62 
#9 2.0 3.4 116 88 92 70 

#10 2.0 3.8 130 100 102 80 
#11 2.0 4.2 144 110 114 88 

DEFORMED WIRE LAP LENGTH SCHEDULE  
NORMAL-WEIGHT CONCRETE (145 PCF) 

WIRE 
f 'c= 2500 PSI f 'c= 4000 PSI 

TOP OTHER TOP OTHER 
D8.3 21 17 17 13 
D15 29 22 23 18 
D23 36 27 28 22 

NOTES: 
A.  VALUES IN TABLE ARE IN INCHES. LENGTHS 

BASED ON 60 GRADE REINF (NOT COATED) 
WITH CLASS B LAP SPLICES 

B.  TOP REINF IS DEFINED AS HORIZ REINF WI 
MORE THAN 12' OF CONC BELOW  

C. CONG STRENGTH SELECTED IN TABLE SHALL 
NOT EXCEED DESIGN CONC STRENGTH 

D. DEFORMED WIRE LENGTHS BASED ON 00 
GRADE REINF (NOT COATED) WITH CLASS 
BlAPSPLICES 

E. DEFORMED WIRE TO MATCH ANY SPLICE 
LENGTHS SPECIFIED IN PLAN (INVERT TO 
ARCH DOWELS) 

DEFAULT SCHEDULE: FOUNDATIONS, 
BASEMENTS, CIVIL STRUCTURES 
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WWR detailers must have the ability to quickly and efficiently review full sets of structural contract 
documents for the purpose of preparing welded wire reinforcement submittal packages for review and 
approval during a project’s construction administration phase. Submittal packages are not unlike those 
commonly prepared for loose rebar, though are comparatively far more illustrative given the nature of 
prefabricated mats of reinforcement versus individual loose bars.  

Welded wire reinforcement submittals must include reinforcement material properties, layout and 
placement plans, reinforcement details, mat piece-marks, and mat quantities. For a project on which the 
design professional has deployed the Pre-Approved Equal method of specifying WWR, the submittal will 
also include reinforcement substitution information. This substitution information is necessary to show with 
full transparency the WWR solution selected to conform with the engineer’s contract documents as a 
replacement for the base design that was presented in terms of loose reinforcing bars. Refer to Figure 4-14 
for an example of substitution information submitted to show equivalent WWR used as a replacement for 
originally detailed reinforcing bars. Chapters 5 through 10 show in greater detail excerpts of the formatting 
and content of welded wire reinforcement shop drawing submittals. 

The welded wire reinforcement detailer will work closely with the contractor (and relevant subcontractors) 
to ensure timely submittal of the reinforcement package for review. It is increasingly common for the 
welded wire reinforcement package and loose rebar package to be presented as part of a common 
submittal to help streamline the review process and to ensure that the project’s full reinforcement 
requirements are duly addressed, minimizing the likelihood of unintentional omissions. 
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Figure 4-14: Substitution information for WWR as a Pre-Approved Equal. In this example, an isolated spread 
footing was defined on the structural contract documents to be reinforcement with rebar, but the 
engineer’s pre-approval language allows for the substitution indicated to be made.  The burden is 
on the welded wire reinforcement detailing professional to present proposed substitutions in a 
clear and concise manner to facilitate the design professional’s review for conformance with 
original design intent. 
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4.5 Welded Wire Reinforcement as a Non-Proprietary Finished Product 

Welded wire reinforcement is a non-proprietary, manufactured product in the same sense that a reinforcing 
bar or a hot-rolled structural steel beam is. It is required to be produced to satisfy the requirements of the 
ASTM A1064 Standard Specification, analogous to rebar’s required conformance with ASTM A615 or 
ASTM A706, or a structural steel beam’s conformance to ASTM A992. Welded deformed wire 
reinforcement is referenced explicitly and expansively throughout longstanding industry design standards 
(ACI 318, AASHTO LRFD Bridge Specification, AREMA, etc.), wherein it is defined as a mild reinforcement 
for structural concrete. There is no International Code Council Evaluation Service (ICC-ES) report for 
welded wire reinforcement, as a third-party evaluation of this type would not only be redundant, but at its 
core unnecessary given the longstanding presence of welded deformed wire reinforcement in the 
aforementioned cornerstone design standards. 

In the past there have been instances of confusion and misrepresentation on the part of jurisdictional 
authorities and plan review department entities as to what level of added certification might be required for 
use of welded wire reinforcement in lieu of reinforcing bars. The project’s design professional of record 
can allay these issues entirely by deploying one (or both) of the specification methods presented in 
this Guide. If the design professional her/himself is building welded deformed wire reinforcement into the 
project’s design vocabulary from the start, the plan approval process itself will flow seamlessly without the 
consternation and confusion that is often associated with other late-breaking “value engineering” proposals 
that are typically predicated on proprietary product replacements. 

 

4.6 Deferred Submittals 

Deferred submittals are elements or assemblies, defined and delegated by the design professional of 
record, to be designed, detailed, and submitted by a specialty designer, with the deferred submittal’s 
viability being confirmed by EOR approval after issuance of the building permit. 

With welded wire reinforcement being specified by the design professional of record as an acceptable and 
intentional reinforcement for structural concrete, either by Direct Specification or as a Pre-Approved Equal 
on the structural contract documents themselves, the material is not considered a deferred submittal, even 
if – in the case of the latter - the extent of its utilization on a project may not be fully defined until after 
permit issuance. 

It is important to understand that welded wire reinforcement is, in theory, not capable of being defined or 
deferred as a “standalone” or accessory structural element or assembly subject to independent design by 
others. It is quite literally an implicit component, the presence of which inside hardened concrete produces 
quantifiable reinforced structural concrete behavior. The EOR, by including welded deformed wire 
reinforcement as the base reinforcement or as a pre-approved equal reinforcement on the sealed structural 
contract documents, has acknowledged that the design he or she is presenting is predicated on its 
acceptability as a mild steel reinforcement, no different than an engineer allowing for either ASTM A615 or 
A706 reinforcing bars to be utilized in certain applications. 

While welded wire reinforcement detailing personnel are commonly licensed as professional engineers, it 
would be erroneous and misguided to attempt to defer to them any of the project’s structural design 
responsibility, as the detailers themselves are not responsible for deriving the project-specific reinforced 
concrete design behaviors and interactions, nor are they in a position to make engineering judgments 
related to same. In contrast to design responsibility, the responsibility for material performance and 
compliance with ASTM standards is an entirely reasonable and expected demand of the manufacturer. 
Such a demand would be satisfied through the inclusion of manufacturer-certified mill report results and 
other material-specific verifications issued as part of the welded wire reinforcement submittal package. 
Likewise, the accuracy and applicability of reinforcement geometries and layouts are solely the 
responsibility of the welded wire reinforcement detailer in conjunction with the overseeing contractor. 



 
Welded Wire Reinforcement Design and Detailing Guide 12 

4.7 WWR Specification as Presented in Guide Chapters 5 Through 10 

The Guide uses design and detailing examples as the means by which WWR implementation is best 
illustrated.  

The Direct Specification method is shown in Chapter 6 (Slab-on-Ground) and Chapter 9 (One-Way Post-
Tensioned Parking Structure), while Chapter 5 (Shallow Foundations), Chapter 7 (Tilt-Up Wall Panel), 
Chapter 8 (Cantilever Retaining Wall), and Chapter 10 (Two-Way Mildly Reinforced Slab) utilize the Pre-
Approved Equal approach to welded wire reinforcement specification. 
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EXAMPLE 5 PROBLEM STATEMENT: 
The subject structural configuration is comprised of a shallow foundation system. The system employs spread footings for support of primary 
column loading associated with the concrete frame superstructure, in combination with a perimeter continuous wall footing for support of the 
building’s first floor exterior cladding. A non-structural slab-on-ground terminates over the perimeter wall footing. 
The foundations are to be designed per the requirements of ACI 318-19.  Column size is 18” x 18” square. 
Design Criteria are as follows: 𝑓𝑓′𝑐𝑐 = 4,000 𝑝𝑝𝑝𝑝𝑝𝑝,𝛽𝛽1 = 0.85  
 𝑓𝑓𝑦𝑦 = 80,000 𝑝𝑝𝑝𝑝𝑝𝑝 
 𝑞𝑞𝑎𝑎 = 2,000 𝑝𝑝𝑝𝑝𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑎𝑎𝑝𝑝𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎 
 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑎𝑎𝐶𝐶𝑎𝑎 𝐷𝐷𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝐶𝐶𝐷𝐷 (𝑝𝑝𝑏𝑏𝐶𝐶𝑎𝑎𝑝𝑝𝑖𝑖𝑝𝑝𝑏𝑏𝑏𝑏 𝑏𝑏𝑎𝑎𝑝𝑝𝑏𝑏𝑓𝑓𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶) = 0.150 𝑘𝑘𝐶𝐶𝑓𝑓,𝑏𝑏𝑎𝑎𝑏𝑏𝑛𝑛𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝑏𝑏ℎ𝐶𝐶 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑎𝑎𝐶𝐶𝑎𝑎 𝜆𝜆 = 1.0 
  

 𝐶𝐶𝑎𝑎𝑏𝑏𝑏𝑏𝑎𝑎𝑏𝑏 𝑆𝑆𝑝𝑝𝑏𝑏𝑎𝑎𝑎𝑎𝑖𝑖 𝐹𝐹𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝐿𝐿𝑎𝑎𝑎𝑎𝑖𝑖 
 𝑃𝑃𝐷𝐷 = 84 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 𝑃𝑃𝐿𝐿 = 44 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 

 𝐼𝐼𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏𝑝𝑝𝑎𝑎𝑏𝑏 𝑆𝑆𝑝𝑝𝑏𝑏𝑎𝑎𝑎𝑎𝑖𝑖 𝐹𝐹𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝐿𝐿𝑎𝑎𝑎𝑎𝑖𝑖 
 𝑃𝑃𝐷𝐷 = 300 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 𝑃𝑃𝐿𝐿 = 150 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 

Chapter Five 

EXAMPLE: Shallow Foundations 
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 The example includes the following steps:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
  

Step 1 – Corner Spread Footing – Proportioning and Loading 

Step 2 – Corner Spread Footing – Two-Way Shear Design 

Step 3 – Corner Spread Footing – Flexural Design 

Step 4 – Corner Spread Footing – One-Way Shear Design 

Step 5 – Corner Spread Footing – WWR Detailing 

Step 6 – Interior Spread Footing – Proportioning and Loading 

Step 7 – Interior Spread Footing – Two-Way Shear Design 

Step 8 – Interior Spread Footing – Flexural Design 

Step 9 – Interior Spread Footing – One-Way Shear Design 

Step 10 – Interior Spread Footing – WWR Detailing 

Step 11 – Wall Footing - Design 

Step 12 – Wall Footing – WWR Detailing 
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Figure 1: Partial Foundation Plan 
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ACI 318-19 Calculations Description 

STEP 1: Corner Spread Footing – Proportioning and Loading 

 
 
 
 
 
 
 
13.3.1.1 
 
 
 
 
 
 
 
 
 
5.3.1(b) 
 

 
𝐶𝐶𝑎𝑎𝑏𝑏𝑏𝑏𝑎𝑎𝑏𝑏 𝑆𝑆𝑝𝑝𝑏𝑏𝑎𝑎𝑎𝑎𝑖𝑖 𝐹𝐹𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝐿𝐿𝑎𝑎𝑎𝑎𝑖𝑖 
𝑃𝑃𝐷𝐷 = 84 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
𝑃𝑃𝐿𝐿 = 44 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
𝑞𝑞𝑎𝑎 = 2,000 𝑝𝑝𝑝𝑝𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑎𝑎𝑝𝑝𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎 
 
 

𝑅𝑅𝑎𝑎𝑞𝑞𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎𝑖𝑖 𝐹𝐹𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝐴𝐴𝑏𝑏𝑎𝑎𝑎𝑎:  𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓 =  
𝑃𝑃𝐷𝐷 + 𝑃𝑃𝐿𝐿
𝑞𝑞𝑎𝑎

=
128 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝

2 𝑘𝑘𝑝𝑝𝑓𝑓
= 64 𝑓𝑓𝐶𝐶2 

 
√64 = 8 
 
∴ 𝑈𝑈𝑝𝑝𝑎𝑎 8 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 𝑥𝑥 8 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎𝑎𝑎𝑖𝑖 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏. 
 
𝑇𝑇ℎ𝑎𝑎 𝐷𝐷𝑎𝑎𝑝𝑝𝑝𝑝𝑏𝑏𝑏𝑏𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝑝𝑝 16 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 𝑎𝑎𝑝𝑝 𝐶𝐶𝑏𝑏𝑝𝑝𝑎𝑎𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑘𝑘𝑏𝑏𝑎𝑎𝑝𝑝𝑝𝑝. 
 
 
𝑈𝑈 = 1.2𝐷𝐷 + 1.6𝐿𝐿 
𝑃𝑃𝑢𝑢 = 1.2 × 84 + 1.6 × 44 = 171 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 

𝑞𝑞𝑢𝑢 =
𝑃𝑃𝑢𝑢
𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓

=
171
64

= 2.67 𝑘𝑘𝑝𝑝𝑓𝑓 → 𝑝𝑝𝐶𝐶𝑏𝑏𝑎𝑎𝑏𝑏𝑏𝑏𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝑙𝑙𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎 

 
 
 

 
Spread footing size will be based on a square geometry 
necessary to maintain service-level soil bearing pressure 
at or below the defined maximum. 
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ACI 318-19 Calculations Description 

STEP 2: Corner Spread Footing – Two-Way Shear Design 

 
13.3.3.1 
 
 
 

 
 
 
 
8.5.1.1(d) 
 
8.5.1.2 
 
22.6.1.2 
 
 
 
 
 
22.6.4.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
𝑻𝑻𝑻𝑻𝑻𝑻 𝑾𝑾𝑾𝑾𝑾𝑾 𝑺𝑺𝑺𝑺𝑺𝑺𝑾𝑾𝑺𝑺 𝑫𝑫𝑺𝑺𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 
 
𝑁𝑁𝑎𝑎𝑎𝑎𝑖𝑖 𝜑𝜑𝑙𝑙𝑛𝑛 ≥  𝑙𝑙𝑢𝑢 
 
𝜑𝜑 = 0.75 
 
𝑙𝑙𝑛𝑛 = 𝑙𝑙𝑐𝑐 
 
𝑖𝑖 = 16" − 3" − 0.5" = 12.5" 
 
 
 
𝑪𝑪𝑺𝑺𝑫𝑫𝑪𝑪𝑫𝑫𝑪𝑪𝑾𝑾𝑪𝑪 𝑺𝑺𝑺𝑺𝑪𝑪𝑪𝑪𝑫𝑫𝑻𝑻𝑫𝑫 𝑪𝑪𝑻𝑻𝑫𝑫𝑫𝑫𝑫𝑫𝑪𝑪𝑺𝑺𝑺𝑺𝑺𝑺𝑪𝑪 𝑾𝑾𝑫𝑫 𝑰𝑰𝑫𝑫𝑪𝑪𝑺𝑺𝑺𝑺𝑫𝑫𝑻𝑻𝑺𝑺 𝑪𝑪𝑻𝑻𝑪𝑪𝑪𝑪𝑪𝑪𝑫𝑫 𝑪𝑪𝑻𝑻𝑫𝑫𝑪𝑪𝑫𝑫𝑪𝑪𝑫𝑫𝑻𝑻𝑫𝑫 
𝑎𝑎𝑜𝑜 = 4 × (18" + 12.5" 2⁄ + 12.5" 2⁄ ) = 122" 
 

𝐿𝐿𝑎𝑎𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖 𝐶𝐶𝑏𝑏𝑝𝑝𝑎𝑎𝑝𝑝𝐶𝐶𝑎𝑎𝑏𝑏𝐷𝐷 𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎 = 8 𝑓𝑓𝐶𝐶 × 8 𝑓𝑓𝐶𝐶 −
30.5" × 30.5"

144
= 57.54 𝑝𝑝𝑓𝑓 

 
𝑉𝑉𝑢𝑢 = 2.67 𝑘𝑘𝑝𝑝𝑓𝑓 × 57.54 𝑝𝑝𝑓𝑓 = 182 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 

𝑙𝑙𝑢𝑢𝑢𝑢 =
𝑉𝑉𝑢𝑢
𝑎𝑎𝑜𝑜𝑖𝑖

=
182 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝

122" × 12.5"
= 0.119 𝑘𝑘𝑝𝑝𝑝𝑝 

 

 
The design and detailing of two-way isolated square 
footings shall be in accordance with 13.3.3.2 and the 
applicable provisions of Chapter 7 and Chapter 8. 
 

 
 
For two-way (punching) shear design, there will be no 
shear reinforcement. 
 
 
 
 
Assume 3” clear bottom cover. Assume an additional 
nominal one-half inch distance to average effective 
location of the reinforcing mats in both orthogonal 
directions. 
 
 
 
 
 
 
 
 
 
 
This check is based on 𝑙𝑙𝑢𝑢𝑢𝑢, the factored shear stress on 
the critical section for two-way action, without moment 
transfer given this footing is subjected to concentric axial 
gravity loading only. 
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ACI 318-19 Calculations Description 

STEP 2: Corner Spread Footing – Two-Way Shear Design (continued) 

 
22.6.5.2 
22.6.5.3 
13.2.6.2 
 
 
8.4.1.9 
 
 
 
 

 
𝑙𝑙𝑐𝑐  𝑝𝑝𝑝𝑝 𝐶𝐶ℎ𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝐶𝐶 𝑎𝑎𝑓𝑓: 
 
𝑙𝑙𝑐𝑐 = 4𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 = 4 × 1.0 × 1.0 × √4000 = 0.253 𝑘𝑘𝑝𝑝𝑝𝑝 ← 
 

𝑙𝑙𝑐𝑐 = �2 +
4
𝛽𝛽
�𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 = 6 × 1.0 × 1.0 × √4000 = 0.379 𝑘𝑘𝑝𝑝𝑝𝑝 

 
𝛽𝛽 𝑝𝑝𝑝𝑝 𝐶𝐶ℎ𝑎𝑎 𝑏𝑏𝑎𝑎𝐶𝐶𝑝𝑝𝑎𝑎 𝑎𝑎𝑓𝑓 𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏 𝑝𝑝𝑝𝑝𝑖𝑖𝑎𝑎𝑝𝑝.  𝛽𝛽 = 1 𝑓𝑓𝑎𝑎𝑏𝑏 𝑝𝑝𝑞𝑞𝑝𝑝𝑎𝑎𝑏𝑏𝑎𝑎 𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏. 
 

𝑙𝑙𝑐𝑐 = �2 +
𝛼𝛼𝑠𝑠𝑖𝑖
𝑎𝑎𝑜𝑜

� 𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 = �2 +
40 × 12.5

122
� × 1 × 1 × √4000 = 0.386 𝑘𝑘𝑝𝑝𝑝𝑝 

 
𝛼𝛼𝑠𝑠 = 40 𝑓𝑓𝑎𝑎𝑏𝑏 𝑝𝑝𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏𝑝𝑝𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏𝑝𝑝 
 
∴ 𝑙𝑙𝑐𝑐 = 0.253 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝑙𝑙𝑢𝑢𝑢𝑢 = 0.119 𝑘𝑘𝑝𝑝𝑝𝑝 < 0.75 × 0.253 = 0.190 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝜑𝜑𝑙𝑙𝑛𝑛 ≥  𝑙𝑙𝑢𝑢 𝑝𝑝𝑝𝑝 𝑝𝑝𝑎𝑎𝐶𝐶𝑝𝑝𝑝𝑝𝑓𝑓𝑝𝑝𝑎𝑎𝑖𝑖 
 
∴ 𝑻𝑻𝑻𝑻𝑻𝑻 𝑻𝑻𝑾𝑾𝑾𝑾 (𝒑𝒑𝑪𝑪𝑫𝑫𝑪𝑪𝑺𝑺𝑫𝑫𝑫𝑫𝑫𝑫)𝑫𝑫𝑺𝑺𝑺𝑺𝑾𝑾𝑺𝑺 𝑪𝑪𝑾𝑾𝒑𝒑𝑾𝑾𝑪𝑪𝑫𝑫𝑪𝑪𝑾𝑾 𝑫𝑫𝑫𝑫 𝑫𝑫𝑪𝑪𝒔𝒔𝒔𝒔𝑫𝑫𝑪𝑪𝑫𝑫𝑺𝑺𝑫𝑫𝑪𝑪. 
 
 

 
 
For two-way isolated footings it is permissible to neglect 
the size effect factor specified in 22.6. therefore, 𝜆𝜆𝑠𝑠 =
1.0. 
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ACI 318-19 Calculations Description 

STEP 3: Corner Spread Footing – Flexural Design 

 
13.2.7.1 
 
 
 
 
 
 
 
 
 
 
 
21.2.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.6.1.1 
 

 
𝐹𝐹𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑝𝑝𝐶𝐶 𝑎𝑎𝑥𝑥𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎𝐷𝐷 𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖 𝑝𝑝𝑞𝑞𝑝𝑝𝑎𝑎𝑏𝑏𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏: 
 

𝑀𝑀𝑢𝑢 = 𝑞𝑞𝑢𝑢 × 𝑎𝑎 ×
(𝑎𝑎 − 𝐶𝐶)2

8
 

 
𝑎𝑎 = 8 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑝𝑝𝑎𝑎𝑏𝑏𝑖𝑖𝑝𝑝𝐶𝐶𝑝𝑝𝑎𝑎𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝑥𝑥𝑝𝑝𝑏𝑏𝑎𝑎) 
𝑎𝑎 = 8 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐶𝐶𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝑥𝑥𝑝𝑝𝑏𝑏𝑎𝑎) 
𝐶𝐶 = 1.5 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐶𝐶𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝑥𝑥𝑝𝑝𝑏𝑏𝑎𝑎) 
 

𝑀𝑀𝑢𝑢 = 2.67 𝑘𝑘𝑝𝑝𝑓𝑓 × 8 𝑓𝑓𝐶𝐶 ×
(6.5 𝑓𝑓𝐶𝐶)2

8
= 113 𝑘𝑘 − 𝑓𝑓𝐶𝐶 

 
𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑛𝑛𝑎𝑎 𝐶𝐶𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 − 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖 𝑝𝑝𝑎𝑎𝐶𝐶𝐶𝐶𝑝𝑝𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎 𝑝𝑝𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶: 𝜑𝜑 = 0.90 
 

𝑛𝑛 =
𝑓𝑓𝑦𝑦

0.85 × 𝑓𝑓′𝑐𝑐
=

80,000
0.85 × 4,000

= 23.53 

 

𝑅𝑅𝑢𝑢 =
𝑀𝑀𝑢𝑢

𝜑𝜑𝑎𝑎𝑖𝑖2
=

113 × 12
0.9 × 8 × 12 × 12.52

= 0.101 𝑘𝑘𝑝𝑝𝑝𝑝 

 

𝜌𝜌𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =
1
𝑛𝑛

× �1−�1 −
2𝑛𝑛𝑅𝑅𝑢𝑢
𝑓𝑓𝑦𝑦

� = 0.0013 

 
 

 
𝜌𝜌𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 0.0013 
𝐴𝐴𝑠𝑠,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 0.0013 × 96" × 12.5" =  1.56 𝑝𝑝𝑏𝑏2 
 
𝐴𝐴𝑠𝑠,min𝑝𝑝𝑟𝑟𝑟𝑟𝑠𝑠𝑐𝑐𝑟𝑟𝑐𝑐𝑝𝑝𝑓𝑓𝑐𝑐𝑢𝑢𝑟𝑟 = 0.0018 × 𝐴𝐴𝑓𝑓 = 0.0018 × 96" × 16" =  2.77 𝑝𝑝𝑏𝑏2 
 
 

 
Calculate 𝑀𝑀𝑢𝑢 at the face of the column. 
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ACI 318-19 Calculations Description 

STEP 3: Corner Spread Footing – Flexural Design (continued) 
 
8.6.1.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
7.7.2.4 
 
 
 
 
 
 
 
 
 

21.2 
22.2 

 

𝐼𝐼𝑝𝑝 𝑙𝑙𝑢𝑢𝑢𝑢 = 0.119 𝑘𝑘𝑝𝑝𝑝𝑝 > 𝜑𝜑 × 2 × 𝜆𝜆𝑠𝑠 × 𝜆𝜆 × �𝑓𝑓′𝑐𝑐 ? 
 
𝜑𝜑 × 2 × 𝜆𝜆𝑠𝑠 × 𝜆𝜆 × �𝑓𝑓′𝑐𝑐 = 0.75 × 2 × 1.0 × 1.0 × �4,000 = 0.095 𝑘𝑘𝑝𝑝𝑝𝑝 
 
0.119 𝑘𝑘𝑝𝑝𝑝𝑝 > 0.095 𝑘𝑘𝑝𝑝𝑝𝑝 
 
∴ 𝑀𝑀𝑝𝑝𝑝𝑝𝐶𝐶 𝐶𝐶𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑖𝑖𝑎𝑎𝑏𝑏 𝑓𝑓𝑎𝑎𝑎𝑎𝑥𝑥𝑝𝑝𝑏𝑏𝑎𝑎 𝑖𝑖𝑏𝑏𝑝𝑝𝑙𝑙𝑎𝑎𝑏𝑏 𝑝𝑝𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑝𝑝𝑏𝑏𝑏𝑏 𝑓𝑓𝑎𝑎𝑝𝑝𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎. 
 
𝑝𝑝𝑏𝑏𝑎𝑎𝑙𝑙𝑝𝑝𝑖𝑖𝑎𝑎 𝐴𝐴𝑠𝑠,min𝐹𝐹𝐷𝐷𝐹𝐹𝐹𝐹 𝐶𝐶𝑎𝑎 𝑏𝑏𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶 𝑓𝑓𝑎𝑎𝑎𝑎𝑥𝑥𝑝𝑝𝑏𝑏𝑎𝑎 𝑖𝑖𝑏𝑏𝑝𝑝𝑙𝑙𝑎𝑎𝑏𝑏 𝑝𝑝𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑏𝑏! 
 

𝐴𝐴𝑠𝑠,min𝐹𝐹𝐷𝐷𝐹𝐹𝐹𝐹 =
5𝑙𝑙𝑢𝑢𝑢𝑢𝑎𝑎𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑎𝑎𝑜𝑜
𝜑𝜑𝛼𝛼𝑠𝑠𝑓𝑓𝑦𝑦

=
5 × 0.119 𝑘𝑘𝑝𝑝𝑝𝑝 × 96" × 122"

0.75 × 40 × 80 𝑘𝑘𝑝𝑝𝑝𝑝
= 2.90 𝑝𝑝𝑏𝑏2 ← 

 
𝑀𝑀𝑎𝑎𝑥𝑥𝑝𝑝𝑛𝑛𝑝𝑝𝑛𝑛 𝑝𝑝𝑝𝑝𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎 𝐶𝐶ℎ𝑎𝑎 𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑎𝑎𝑓𝑓: 
 

• 2ℎ = 2 × 16 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 = 32 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 
• 18 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 ← 

 
𝑻𝑻𝑺𝑺𝑺𝑺 𝑫𝑫𝑺𝑺𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 𝑷𝑷𝑺𝑺𝑻𝑻𝒔𝒔𝑺𝑺𝑫𝑫𝑫𝑫𝑫𝑫𝑻𝑻𝑫𝑫𝑾𝑾𝑪𝑪 𝑫𝑫𝑺𝑺𝑪𝑪𝑺𝑺𝑪𝑪𝑪𝑪𝑫𝑫 (𝟕𝟕) #𝟔𝟔 𝑺𝑺𝑺𝑺𝑫𝑫𝑫𝑫𝒔𝒔𝑻𝑻𝑺𝑺𝑪𝑪𝑫𝑫𝑫𝑫𝑫𝑫 𝒃𝒃𝑾𝑾𝑺𝑺𝑫𝑫. 
 
𝐴𝐴𝑠𝑠,𝑝𝑝𝑟𝑟𝑜𝑜𝑢𝑢 =  3.08 𝑝𝑝𝑏𝑏2, (7) 𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝 𝑝𝑝𝑝𝑝𝑎𝑎𝐶𝐶𝑎𝑎𝑖𝑖 @ ± 15" 𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏 𝑎𝑎𝑝𝑝𝐶𝐶ℎ 3" 𝐶𝐶𝑎𝑎𝑙𝑙𝑎𝑎𝑏𝑏 
 

𝑎𝑎 =
𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦

0.85𝑓𝑓′𝑐𝑐𝑎𝑎
=

3.08 × 80
0.85 × 4 × 96

= 0.76" 

 

𝜀𝜀𝑓𝑓 =
0.003 × 𝛽𝛽1 × 𝑖𝑖

𝑎𝑎
− 0.003 =

0.003 × 0.85 × 12.5
0.76

− 0.003 = 0.039 𝑝𝑝𝑏𝑏/𝑝𝑝𝑏𝑏 
 
𝜀𝜀𝑓𝑓 = 0.039 >> 𝜀𝜀𝑓𝑓𝑦𝑦 + 0.003 = 0.0058 ∴ 𝑇𝑇𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖 
 
𝜑𝜑𝑀𝑀𝑛𝑛 = 0.9𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦(𝑖𝑖 − 𝑎𝑎 2⁄ ) = 224 𝑘𝑘 − 𝑓𝑓𝐶𝐶 > 113 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
∴ 𝑭𝑭𝑪𝑪𝑺𝑺𝑭𝑭𝑪𝑪𝑺𝑺𝑾𝑾𝑪𝑪 𝑪𝑪𝑾𝑾𝒑𝒑𝑾𝑾𝑪𝑪𝑫𝑫𝑪𝑪𝑾𝑾 𝑫𝑫𝑫𝑫 𝑫𝑫𝑪𝑪𝒔𝒔𝒔𝒔𝑫𝑫𝑪𝑪𝑫𝑫𝑺𝑺𝑫𝑫𝑪𝑪. 
 

 
The design professional must calculate the required 
flexural steel area with due consideration for potential 
flexure-driven punching failure, and also must maintain 
prescriptive maximum bar spacing. 
 
Section 8.6.1.2 was derived in part from tests on interior 
column-to-elevated slab connections with lightly 
reinforced slabs. Because there is currently no language 
ACI 318 Chapter 13 precluding this provision from being 
applied to two-way isolated footings, we are showing it 
as a required check in this example. 
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ACI 318-19 Calculations Description 

STEP 3: Corner Spread Footing – Flexural Design (continued) 

 
13.2.8.3 
25.4.2.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

𝑎𝑎𝑟𝑟 = �
3

40
×

𝑓𝑓𝑦𝑦
𝜆𝜆�𝑓𝑓′𝑐𝑐

×
𝜓𝜓𝑓𝑓𝜓𝜓𝑟𝑟𝜓𝜓𝑠𝑠𝜓𝜓𝑓𝑓
𝐶𝐶𝑠𝑠 + 𝐾𝐾𝑓𝑓𝑟𝑟
𝑖𝑖𝑠𝑠

�× 𝑖𝑖𝑠𝑠 

 
𝑓𝑓𝑦𝑦 = 80,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝑓𝑓′𝑐𝑐 = 4,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝜆𝜆 = 1.0 (𝑏𝑏𝑎𝑎𝑏𝑏𝑛𝑛𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝑏𝑏ℎ𝐶𝐶 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑎𝑎𝐶𝐶𝑎𝑎) 
𝜓𝜓𝑓𝑓 = 1.0 (𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝑎𝑎𝑛𝑛 𝑏𝑏𝑎𝑎𝑝𝑝𝑏𝑏𝑓𝑓𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶 𝑎𝑎𝑝𝑝𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝 𝐶𝐶ℎ𝑎𝑎𝑏𝑏 12" 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑎𝑎𝐶𝐶𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎) 
𝜓𝜓𝑟𝑟 = 1.0 (𝑝𝑝𝑏𝑏𝐶𝐶𝑎𝑎𝑎𝑎𝐶𝐶𝑎𝑎𝑖𝑖 𝑏𝑏𝑎𝑎𝑝𝑝𝑏𝑏𝑓𝑓𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶) 
𝜓𝜓𝑠𝑠 = 1.0 (#6 𝑎𝑎𝑎𝑎𝑏𝑏 𝑎𝑎𝑏𝑏𝑖𝑖 𝑝𝑝𝑛𝑛𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝 𝑎𝑎𝑏𝑏𝑖𝑖 𝑖𝑖𝑎𝑎𝑓𝑓𝑎𝑎𝑏𝑏𝑛𝑛𝑎𝑎𝑖𝑖 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝) 
𝜓𝜓𝑓𝑓 = 1.15 (𝐺𝐺𝑏𝑏𝑎𝑎𝑖𝑖𝑎𝑎 80 𝑏𝑏𝑎𝑎𝑝𝑝𝑏𝑏𝑓𝑓𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶) 
𝐶𝐶𝑠𝑠 = 3 cover + half bar diameter = 3.375" 
𝐾𝐾𝑓𝑓𝑟𝑟 = 0 (𝑝𝑝𝑎𝑎𝑏𝑏𝑛𝑛𝑝𝑝𝐶𝐶𝐶𝐶𝑎𝑎𝑖𝑖 𝑎𝑎𝑝𝑝 𝑎𝑎 𝑖𝑖𝑎𝑎𝑝𝑝𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝𝑝𝑝𝑛𝑛𝑝𝑝𝑎𝑎𝑝𝑝𝑓𝑓𝑝𝑝𝐶𝐶𝑎𝑎𝐶𝐶𝑝𝑝𝑎𝑎𝑏𝑏) 
𝑖𝑖𝑠𝑠 = 0.750" 
 
𝐶𝐶𝑠𝑠 + 𝐾𝐾𝑓𝑓𝑟𝑟
𝑖𝑖𝑠𝑠

=
3.375" +  0

0.750
= 4.5 > 2.5 ∴ 𝑝𝑝𝑝𝑝𝑎𝑎 2.5 

 
 

𝑎𝑎𝑟𝑟 = �
3

40
×

80,000
1.0 × √4,000

×
1.0 × 1.0 × 1.0 × 1.15

2.5
� × 0.750 = 33" 

 
𝐵𝐵𝑎𝑎𝑏𝑏𝑝𝑝 𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎 𝑏𝑏𝑝𝑝𝑏𝑏 𝑓𝑓𝑝𝑝𝑎𝑎𝑎𝑎 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑎𝑎𝑓𝑓 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏,𝑛𝑛𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝 3" 𝐶𝐶𝑎𝑎𝑙𝑙𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝐶𝐶ℎ 𝑎𝑎𝑏𝑏𝑖𝑖. 
 

𝐵𝐵𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝑏𝑏𝑏𝑏𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝐷𝐷𝑎𝑎𝑏𝑏𝑖𝑖 𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏 𝑓𝑓𝑎𝑎𝐶𝐶𝑎𝑎 =
96"

2
−

18"
2

− 3" = 36 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 
 
36" extension > 33" required 
 
∴ 𝑭𝑭𝑪𝑪𝑺𝑺𝑭𝑭𝑪𝑪𝑺𝑺𝑾𝑾𝑪𝑪 𝑺𝑺𝑺𝑺𝑫𝑫𝑫𝑫𝒔𝒔𝑻𝑻𝑺𝑺𝑪𝑪𝑺𝑺𝑪𝑪𝑺𝑺𝑫𝑫𝑪𝑪 𝑫𝑫𝑫𝑫 𝑫𝑫𝑪𝑪𝒔𝒔𝒔𝒔𝑫𝑫𝑪𝑪𝑫𝑫𝑺𝑺𝑫𝑫𝑪𝑪𝑪𝑪𝑾𝑾 𝑪𝑪𝑺𝑺𝒅𝒅𝑺𝑺𝑪𝑪𝑻𝑻𝒑𝒑𝑺𝑺𝑪𝑪. 
 
 

 
Confirm that the reinforcement is properly developed 
past the face of the column. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This example shows the common practice of 
reinforcement design and selection based on the use of 
deformed reinforcing bars (rebar).  Refer to Figure 2 for 
permissive language in the General Notes section of the 
contract drawings that allows welded wire reinforcement 
substitutions for certain project reinforcement 
applications. This method of specifying WWR as a pre-
approved equal not only satisfies the design intent of the 
Engineer of Record but allows contractor consideration 
for and implementation of potentially beneficial 
construction and installation considerations downstream 
of the engineer’s design phase. 
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Figure 2: Excerpt from contract documents showing the design professional’s permissive WWR substitution language 
 
 
 
 

MILD REINFORCING STEEL 

1. TYPICAL DEFORMED REINFORCING BARS (REBAR) SHALL CONFORM TO ASTM A615, GRADE 80. BARS SHALL 
BE LAPPED IN ACCORDANCE WITH THE REBAR LAP SCHEDULE UNLESS OTHERWISE EXPLICITLY DETAILED. 

2.  LONGITUDINAL REINFORCEMENT IN SPECIAL MOMENT FRAME BEAMS AND COLUMNS, AND VERTICAL AND 
HORIZONTAL REINFORCEMENT IN SPECIAL STRUCTURAL (SHEAR) WALLS SHALL BE ASTM A706 GRADE 60 
OR GRADE 80 AS NOTED. TENSILE AND ELONGATION PROPERTIES SHALL BE CONFIRMED THROUGH MILL 
REPORT DOCUMENTATION PROVIDED AS PART OF THE PROJECT REINFORCEMENT SUBMITTAL 

3.  WELDED DEFORMED WIRE REINFORCEMENT SHALL CONFORM TO ASTM A1064 GRADE 80 AND SHALL BE 
PROVIDED IN SHEET FORM. REINFORCEMENT SHEETS SHALL BE MANUFACTURED WITH OVERHANG 
LENGTHS SUFFICIENT TO ACHIEVE A LAP SPLICE LENGTH EQUAL TO THE GREATER OF 12 INCHES OR THE 
LAP SPLICE DIMENSION SHOWN IN THE REBAR LAP SCHEDULE FOR BAR OF EQUAL (OR GREATER) 
DIAMETER AND GRADE, UNLESS OTHERWISE NOTED. SHEETS AND ASSOCIATED LAP REGIONS SHALL BE 
INSTALLED COPLANAR SO AS TO NOT "STACK''. 

4. WELDED DEFORMED WIRE REINFORCEMENT OF EQUAL AREA, EQUAL OR LESSER SPACING, AND IDENTICAL 
CURTAILMENT (HOOKS AND LAP SPLICES) IS PERMITTED AS A SUBSTITUTION FOR DEFORMED REINFORCING 
BARS, EXCEPT IN THE FOLLOWING STRUCTURAL APPLICATIONS: 

A. LONGITUDINAL STEEL IN SPECIAL MOMENT FRAMES 

B. VERTICAL AND HORIZONTAL STEEL IN SPECIAL STRUCTURAL WALLS 
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ACI 318-19 Calculations Description 

STEP 4: Corner Spread Footing – One-Way Shear Design 

 
 
 
7.5.1.1 
 
7.5.3.1 
 
22.5.1.1 
 
 
7.4.3.2 
 
 
 
 
 
 
 
 
 
 
 
 
22.5.5.1 
 
 
 
 
 
 
 
 
 
22.5.5.1.1 
 

 
𝑶𝑶𝑫𝑫𝑺𝑺 𝑾𝑾𝑾𝑾𝑾𝑾 𝑺𝑺𝑺𝑺𝑺𝑺𝑾𝑾𝑺𝑺 𝑫𝑫𝑺𝑺𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 
 
𝑁𝑁𝑎𝑎𝑎𝑎𝑖𝑖 𝜑𝜑𝑉𝑉𝑛𝑛 ≥ 𝑉𝑉𝑢𝑢 
 
𝑉𝑉𝑛𝑛 = 𝑉𝑉𝑐𝑐 + 𝑉𝑉𝑠𝑠;  𝑉𝑉𝑠𝑠 = 0 𝑖𝑖𝑝𝑝𝑎𝑎 𝐶𝐶𝑎𝑎 𝑏𝑏𝑎𝑎 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑏𝑏 𝑏𝑏𝑎𝑎𝑝𝑝𝑏𝑏𝑓𝑓𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶 
 
∴ 𝑉𝑉𝑛𝑛 = 𝑉𝑉𝑐𝑐 
 

𝑉𝑉𝑢𝑢 = 𝑞𝑞𝑢𝑢 × 𝑎𝑎 × ��
𝑎𝑎 − 𝐶𝐶

2
� − 𝑖𝑖� 

 
𝑎𝑎 = 8 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐶𝐶𝑎𝑎 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑏𝑏 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎) 
𝑎𝑎 = 8 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑝𝑝𝑎𝑎𝑏𝑏𝑖𝑖𝑝𝑝𝐶𝐶𝑝𝑝𝑎𝑎𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑏𝑏 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎) 
𝐶𝐶 = 1.5 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑝𝑝𝑎𝑎𝑏𝑏𝑖𝑖𝑝𝑝𝐶𝐶𝑝𝑝𝑎𝑎𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑏𝑏 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎) 
𝑖𝑖 = 12.5 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 = 1.042 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 
 

𝑉𝑉𝑢𝑢 = 2.67 𝑘𝑘𝑝𝑝𝑓𝑓 × 8 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 × ��
8− 1.5

2
� − 1.042� = 47 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 

 
 
𝐴𝐴𝑢𝑢 = 0,∴ 𝐴𝐴𝑢𝑢 < 𝐴𝐴𝑢𝑢,𝑚𝑚𝑐𝑐𝑛𝑛 
 

𝑉𝑉𝑐𝑐 = �8𝜆𝜆𝑠𝑠𝜆𝜆�𝜌𝜌𝑤𝑤1/3��𝑓𝑓′𝑐𝑐 +
𝑁𝑁𝑢𝑢

6𝐴𝐴𝑓𝑓
� × 𝑎𝑎𝑤𝑤𝑖𝑖 ≤ 5𝜆𝜆�𝑓𝑓′𝑐𝑐𝑎𝑎𝑤𝑤𝑖𝑖 

 

𝜌𝜌𝑤𝑤 =
𝐴𝐴𝑠𝑠
𝑎𝑎𝑤𝑤𝑖𝑖

=
3.08

96 × 12.5
= 0.0026 

 
𝑉𝑉𝑐𝑐 = �8 × 1.0 × 1.0 × 0.00261/3 × √4000 + 0� × 96 × 12.5 = 83.5 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 
𝑉𝑉𝑐𝑐 = 83.5 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 < 5 × 1.0 × √4000 × 96 × 12.5 = 379 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 
 

 
One-way shear design can be carried out now that the 
flexural steel reinforcement amount has been defined. 
 
 
 
 
 
Calculate required shear strength along a shear line 
located a distance “d” from the face of the column. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Slab proportioning/depth is appropriate. 
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ACI 318-19 Calculations Description 

STEP 4: Corner Spread Footing – One-Way Shear Design (continued) 

 
8.5.1.1 
 
 
 
22.5.1.2 

 
𝑁𝑁𝑎𝑎𝑎𝑎𝑖𝑖 𝜑𝜑𝑉𝑉𝑛𝑛 ≥ 𝑉𝑉𝑢𝑢 
 
0.75 × 83.5 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 = 62.6 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 > 𝑉𝑉𝑢𝑢 = 47 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 ∴ 𝑂𝑂𝐾𝐾 
 

𝐴𝐴𝑎𝑎𝑝𝑝𝑎𝑎 𝑏𝑏𝑎𝑎𝑎𝑎𝑖𝑖 𝑉𝑉𝑢𝑢 ≤ 𝜑𝜑 �𝑉𝑉𝑐𝑐 + 8�𝑓𝑓′𝑐𝑐𝑎𝑎𝑤𝑤𝑖𝑖� → 47 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 < 518 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 ∴ 𝑂𝑂𝐾𝐾 

 
∴ 𝑶𝑶𝑫𝑫𝑺𝑺 𝑻𝑻𝑾𝑾𝑾𝑾 𝑫𝑫𝑺𝑺𝑺𝑺𝑾𝑾𝑺𝑺 𝑪𝑪𝑾𝑾𝒑𝒑𝑾𝑾𝑪𝑪𝑫𝑫𝑪𝑪𝑾𝑾 𝑫𝑫𝑫𝑫 𝑫𝑫𝑪𝑪𝒔𝒔𝒔𝒔𝑫𝑫𝑪𝑪𝑫𝑫𝑺𝑺𝑫𝑫𝑪𝑪. 
 

 
 
 
 
 
Check to confirm likelihood of diagonal compression 
failure is precluded. 
 
With sectional strength calculations for flexure and 
shear completed, refer to Figure 3 and Figure 4 for a 
representation of how this information is typically 
presented on the Contract Documents. 
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Figure 3: Typical spread footing detail as presented on contract documents 
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Figure 4: Spread footing schedule as presented on contract documents 
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ACI 318-19 Calculations Description 

STEP 5: Corner Spread Footing – WWR Detailing 

 
 

 
 

 
The WWR detailer, prompted by the contractor’s 
preference and based on permissive WWR language 
presented on the contract documents by the design 
professional , generates a WWR alternative contingent 
upon his/her familiarity with WWR manufacturing and 
transport capabilities and the reinforcement’s 
compliance with the ACI 318-19 Standard.  
 
In effect, the burden is on the WWR manufacturer’s 
detailer – on behalf of the contractor and associated 
subcontractors - to confirm acceptability of the 
substitution through verifying information in the submittal 
that the design professional’s structural intent is not 
altered or compromised. While this confirmation could 
be as simple as documented acceptance through 
electronic mail correspondence, it is more often 
comprised of a formalized process by which the use of 
WWR as a substitution is confirmed first through 
Request for Information (RFI) correspondences, and 
then followed up by appropriate addendum to the 
contract drawings. Such an addendum is often in the 
form of the manufacturer’s submittal information itself.  
 
An example of a manufacturer’s submittal is shown in 
Figure 5 and would be an accompaniment to the actual 
illustrative welded wire reinforcement shop drawings 
submitted for review. 
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Figure 5: Manufacturer’s submittal information showing WWR substitution 
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ACI 318-19 Calculations Description 

STEP 5: Corner Spread Footing – WWR Detailing (continued) 

 
Table 
20.2.2.4(a) 
 
 
 
 
 
 
 
 
 
25.4.2.4 

 
𝐴𝐴𝑠𝑠,𝑝𝑝𝑟𝑟𝑜𝑜𝑢𝑢𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟 = 3.08 𝑝𝑝𝑏𝑏2 = (7)#6 𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝 @ ± 15" 𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝐷𝐷 
 
𝑊𝑊𝑊𝑊𝑅𝑅 𝑎𝑎𝑝𝑝𝐶𝐶𝑝𝑝𝑎𝑎𝑏𝑏𝑝𝑝 𝑝𝑝𝑏𝑏𝑎𝑎𝑙𝑙𝑝𝑝𝑖𝑖𝑝𝑝𝑏𝑏𝑏𝑏 3.08 𝑝𝑝𝑏𝑏2 𝑝𝑝𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎 𝑝𝑝𝑏𝑏𝐶𝐶𝑎𝑎𝑝𝑝𝑖𝑖𝑎𝑎: 
 
(10) 𝐷𝐷30.8 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝 @ ± 10" 𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝐷𝐷 
 
(11) 𝐷𝐷28.0 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝 @ ± 9" 𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝐷𝐷 ←  𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝑎𝑎𝑖𝑖 𝑎𝑎𝐷𝐷 𝑖𝑖𝑎𝑎𝐶𝐶𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎𝑏𝑏 
 
(12) 𝐷𝐷25.7 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝 @ ± 8" 𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝐷𝐷 
 
 
𝐶𝐶𝑠𝑠 + 𝐾𝐾𝑓𝑓𝑟𝑟
𝑖𝑖𝑠𝑠

=
3.299" +  0

0.597
= 5.53 > 2.5 ∴ 𝑝𝑝𝑝𝑝𝑎𝑎 2.5 

 
 

𝑎𝑎𝑟𝑟 = �
3

40
×

80,000
1.0 × √4,000

×
1.0 × 1.0 × 1.0 × 1.15

2.5
� × 0.597 = 26" 

 
𝑊𝑊𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝 𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎 𝑏𝑏𝑝𝑝𝑏𝑏 𝑓𝑓𝑝𝑝𝑎𝑎𝑎𝑎 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑎𝑎𝑓𝑓 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏,𝑛𝑛𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝 3" 𝐶𝐶𝑎𝑎𝑙𝑙𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝐶𝐶ℎ 𝑎𝑎𝑏𝑏𝑖𝑖. 
 

𝑊𝑊𝑝𝑝𝑏𝑏𝑎𝑎 𝑎𝑎𝑎𝑎𝑏𝑏𝑏𝑏𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝐷𝐷𝑎𝑎𝑏𝑏𝑖𝑖 𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏 𝑓𝑓𝑎𝑎𝐶𝐶𝑎𝑎 =
96"

2
−

18"
2

− 3" = 36 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 
 
36" extension > 26" required 
 
∴ 𝑭𝑭𝑪𝑪𝑺𝑺𝑭𝑭𝑪𝑪𝑺𝑺𝑾𝑾𝑪𝑪 𝑺𝑺𝑺𝑺𝑫𝑫𝑫𝑫𝒔𝒔𝑻𝑻𝑺𝑺𝑪𝑪𝑺𝑺𝑪𝑪𝑺𝑺𝑫𝑫𝑪𝑪 𝑫𝑫𝑫𝑫 𝑫𝑫𝑪𝑪𝒔𝒔𝒔𝒔𝑫𝑫𝑪𝑪𝑫𝑫𝑺𝑺𝑫𝑫𝑪𝑪𝑪𝑪𝑾𝑾 𝑪𝑪𝑺𝑺𝒅𝒅𝑺𝑺𝑪𝑪𝑻𝑻𝒑𝒑𝑺𝑺𝑪𝑪. 
 
 
 
 

 
Convert the Grade 80 reinforcing bar pattern used as 
part of the base design into a Grade 80 WWR 
substitution. The numerical basis for this is presented in 
Figure 5.   
 
Note that the use of smaller diameter wires at closer 
spacing is checked to confirm development 
requirements originally checked for rebar in Step 3. 
 
 
The resulting WWR mat assembly is shown in  
Figure 6. 
 
The WWR mat configurations shown here are intended 
to serve as a general representation of manufacturer 
capabilities throughout North America.  With that said, 
reinforcement arrangements presented on a submittal by 
one manufacturer’s detailer may vary slightly from those 
presented by another.  Despite this, there exists a 
common and consistent responsibility for the WWR 
detailer to ensure that detailed WWR arrangements 
conform to the reinforcement cross-sectional area, 
placement, and curtailment requirements established by 
the design professional, unless explicitly-defined 
exceptions are made by the design professional of 
record on a project by project basis. 
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Figure 6:  Representation of WWR for footing F80, as would be presented on a set of reinforcement shop/placement drawings 
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ACI 318-19 Calculations Description 

STEP 6:  Interior Spread Footing – Proportioning and Loading 

 
 
 
 
 
 
 
13.3.1.1 
 
 
 
 
 
 
 
 
 
5.3.1(b) 
 

 
𝐼𝐼𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏𝑝𝑝𝑎𝑎𝑏𝑏 𝑆𝑆𝑝𝑝𝑏𝑏𝑎𝑎𝑎𝑎𝑖𝑖 𝐹𝐹𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝐿𝐿𝑎𝑎𝑎𝑎𝑖𝑖 
𝑃𝑃𝐷𝐷 = 300 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
𝑃𝑃𝐿𝐿 = 150 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
𝑞𝑞𝑎𝑎 = 2,000 𝑝𝑝𝑝𝑝𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑎𝑎𝑝𝑝𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎 
 
 

𝑅𝑅𝑎𝑎𝑞𝑞𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎𝑖𝑖 𝐹𝐹𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝐴𝐴𝑏𝑏𝑎𝑎𝑎𝑎:  𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓 =  
𝑃𝑃𝐷𝐷 + 𝑃𝑃𝐿𝐿
𝑞𝑞𝑎𝑎

=
450 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝

2 𝑘𝑘𝑝𝑝𝑓𝑓
= 225 𝑓𝑓𝐶𝐶2 

 
√225 = 15 
 
∴ 𝑈𝑈𝑝𝑝𝑎𝑎 15 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 𝑥𝑥 15 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎𝑎𝑎𝑖𝑖 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏. 
 
𝑇𝑇ℎ𝑎𝑎 𝐷𝐷𝑎𝑎𝑝𝑝𝑝𝑝𝑏𝑏𝑏𝑏𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝑝𝑝 28 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 𝑎𝑎𝑝𝑝 𝐶𝐶𝑏𝑏𝑝𝑝𝑎𝑎𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑘𝑘𝑏𝑏𝑎𝑎𝑝𝑝𝑝𝑝. 
 
 
𝑈𝑈 = 1.2𝐷𝐷 + 1.6𝐿𝐿 
𝑃𝑃𝑢𝑢 = 1.2 × 300 + 1.6 × 150 = 600 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 

𝑞𝑞𝑢𝑢 =
𝑃𝑃𝑢𝑢
𝐴𝐴𝑓𝑓𝑓𝑓𝑓𝑓

=
600
225

= 2.67 𝑘𝑘𝑝𝑝𝑓𝑓 → 𝑝𝑝𝐶𝐶𝑏𝑏𝑎𝑎𝑏𝑏𝑏𝑏𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝑙𝑙𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎 

 
 

 
Spread footing size will be based on a square 
geometry necessary to maintain service-level soil 
bearing pressure at or below the defined 
maximum. 
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13.3.3.1 
 
 
 

 
 
 
 
8.5.1.1(d) 
 
8.5.1.2 
 
22.6.1.2 
 
 
 
 
 
22.6.4.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
𝑻𝑻𝑻𝑻𝑻𝑻 𝑾𝑾𝑾𝑾𝑾𝑾 𝑺𝑺𝑺𝑺𝑺𝑺𝑾𝑾𝑺𝑺 𝑫𝑫𝑺𝑺𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 
 
𝑁𝑁𝑎𝑎𝑎𝑎𝑖𝑖 𝜑𝜑𝑙𝑙𝑛𝑛 ≥  𝑙𝑙𝑢𝑢 
 
𝜑𝜑 = 0.75 
 
𝑙𝑙𝑛𝑛 = 𝑙𝑙𝑐𝑐 
 
𝑖𝑖 = 28" − 3" − 0.5" = 24.5" 
 
 
 
𝑪𝑪𝑺𝑺𝑫𝑫𝑪𝑪𝑫𝑫𝑪𝑪𝑾𝑾𝑪𝑪 𝑺𝑺𝑺𝑺𝑪𝑪𝑪𝑪𝑫𝑫𝑻𝑻𝑫𝑫 𝑪𝑪𝑻𝑻𝑫𝑫𝑫𝑫𝑫𝑫𝑪𝑪𝑺𝑺𝑺𝑺𝑺𝑺𝑪𝑪 𝑾𝑾𝑫𝑫 𝑰𝑰𝑫𝑫𝑪𝑪𝑺𝑺𝑺𝑺𝑫𝑫𝑻𝑻𝑺𝑺 𝑪𝑪𝑻𝑻𝑪𝑪𝑪𝑪𝑪𝑪𝑫𝑫 𝑪𝑪𝑻𝑻𝑫𝑫𝑪𝑪𝑫𝑫𝑪𝑪𝑫𝑫𝑻𝑻𝑫𝑫 
𝑎𝑎𝑜𝑜 = 4 × (18" + 24.5" 2⁄ + 24.5" 2⁄ ) = 170" 
 

𝐿𝐿𝑎𝑎𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖 𝐶𝐶𝑏𝑏𝑝𝑝𝑎𝑎𝑝𝑝𝐶𝐶𝑎𝑎𝑏𝑏𝐷𝐷 𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎 = 15 𝑓𝑓𝐶𝐶 × 15 𝑓𝑓𝐶𝐶 −
42.5" × 42.5"

144
= 212.5 𝑝𝑝𝑓𝑓 

 
𝑉𝑉𝑢𝑢 = 2.67 𝑘𝑘𝑝𝑝𝑓𝑓 × 212.5 𝑝𝑝𝑓𝑓 = 567 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 

𝑙𝑙𝑢𝑢𝑢𝑢 =
𝑉𝑉𝑢𝑢
𝑎𝑎𝑜𝑜𝑖𝑖

=
567 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝

170" × 24.5"
= 0.136 𝑘𝑘𝑝𝑝𝑝𝑝 

 

 
The design and detailing of two-way isolated square 
footings shall be in accordance with 13.3.3.2 and the 
applicable provisions of Chapter 7 and Chapter 8. 
 

 
 
For two-way (punching) shear design, there will be no 
shear reinforcement. 
 
 
 
 
Assume 3” clear bottom cover.  Assume an additional 
nominal one-half inch distance to average effective 
location of the reinforcing mats in both orthogonal 
directions. 
 
 
 
 
 
 
 
 
 
 
This check is based on 𝑙𝑙𝑢𝑢𝑢𝑢, the factored shear stress on 
the critical section for two-way action, without moment 
transfer given this footing is subjected to concentric axial 
gravity loading only. 
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22.6.5.2 
22.6.5.3 
13.2.6.2 
 
 
8.4.1.9 
 
 
 
 

 
𝑙𝑙𝑐𝑐  𝑝𝑝𝑝𝑝 𝐶𝐶ℎ𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝐶𝐶 𝑎𝑎𝑓𝑓: 
 
𝑙𝑙𝑐𝑐 = 4𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 = 4 × 1.0 × 1.0 × √4000 = 0.253 𝑘𝑘𝑝𝑝𝑝𝑝 ← 
 

𝑙𝑙𝑐𝑐 = �2 +
4
𝛽𝛽
�𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 = 6 × 1.0 × 1.0 × √4000 = 0.379 𝑘𝑘𝑝𝑝𝑝𝑝 

 
𝛽𝛽 𝑝𝑝𝑝𝑝 𝐶𝐶ℎ𝑎𝑎 𝑏𝑏𝑎𝑎𝐶𝐶𝑝𝑝𝑎𝑎 𝑎𝑎𝑓𝑓 𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏 𝑝𝑝𝑝𝑝𝑖𝑖𝑎𝑎𝑝𝑝.  𝛽𝛽 = 1 𝑓𝑓𝑎𝑎𝑏𝑏 𝑝𝑝𝑞𝑞𝑝𝑝𝑎𝑎𝑏𝑏𝑎𝑎 𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏. 
 

𝑙𝑙𝑐𝑐 = �2 +
𝛼𝛼𝑠𝑠𝑖𝑖
𝑎𝑎𝑜𝑜

� 𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 = �2 +
40 × 20.5

154
� × 1 × 1 × √4000 = 0.463 𝑘𝑘𝑝𝑝𝑝𝑝 

 
𝛼𝛼𝑠𝑠 = 40 𝑓𝑓𝑎𝑎𝑏𝑏 𝑝𝑝𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏𝑝𝑝𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏𝑝𝑝 
 
∴ 𝑙𝑙𝑐𝑐 = 0.253 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝑙𝑙𝑢𝑢𝑢𝑢 = 0.136 𝑘𝑘𝑝𝑝𝑝𝑝 < 0.75 × 0.253 = 0.190 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝜑𝜑𝑙𝑙𝑛𝑛 ≥  𝑙𝑙𝑢𝑢 𝑝𝑝𝑝𝑝 𝑝𝑝𝑎𝑎𝐶𝐶𝑝𝑝𝑝𝑝𝑓𝑓𝑝𝑝𝑎𝑎𝑖𝑖 
 
∴ 𝑻𝑻𝑻𝑻𝑻𝑻 𝑻𝑻𝑾𝑾𝑾𝑾 (𝒑𝒑𝑪𝑪𝑫𝑫𝑪𝑪𝑺𝑺𝑫𝑫𝑫𝑫𝑫𝑫)𝑫𝑫𝑺𝑺𝑺𝑺𝑾𝑾𝑺𝑺 𝑪𝑪𝑾𝑾𝒑𝒑𝑾𝑾𝑪𝑪𝑫𝑫𝑪𝑪𝑾𝑾 𝑫𝑫𝑫𝑫 𝑫𝑫𝑪𝑪𝒔𝒔𝒔𝒔𝑫𝑫𝑪𝑪𝑫𝑫𝑺𝑺𝑫𝑫𝑪𝑪. 
 
 

 
 
For two-way isolated footings it is permissible to neglect 
the size effect factor specified in 22.6.  therefore, 𝜆𝜆𝑠𝑠 =
1.0. 
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13.2.7.1 
 
 
 
 
 
 
 
 
 
 
 
21.2.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.6.1.1 
 

 
𝐹𝐹𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑝𝑝𝐶𝐶 𝑎𝑎𝑥𝑥𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎𝐷𝐷 𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖𝑎𝑎𝑖𝑖 𝑝𝑝𝑞𝑞𝑝𝑝𝑎𝑎𝑏𝑏𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏: 
 

𝑀𝑀𝑢𝑢 = 𝑞𝑞𝑢𝑢 × 𝑎𝑎 ×
(𝑎𝑎 − 𝐶𝐶)2

8
 

 
𝑎𝑎 = 15 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑝𝑝𝑎𝑎𝑏𝑏𝑖𝑖𝑝𝑝𝐶𝐶𝑝𝑝𝑎𝑎𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝑥𝑥𝑝𝑝𝑏𝑏𝑎𝑎) 
𝑎𝑎 = 15 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐶𝐶𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝑥𝑥𝑝𝑝𝑏𝑏𝑎𝑎) 
𝐶𝐶 = 1.5 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐶𝐶𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝑥𝑥𝑝𝑝𝑏𝑏𝑎𝑎) 
 

𝑀𝑀𝑢𝑢 = 2.67 𝑘𝑘𝑝𝑝𝑓𝑓 × 15 𝑓𝑓𝐶𝐶 ×
(13.5 𝑓𝑓𝐶𝐶)2

8
= 913 𝑘𝑘 − 𝑓𝑓𝐶𝐶 

 
𝐴𝐴𝑝𝑝𝑝𝑝𝑝𝑝𝑛𝑛𝑎𝑎 𝐶𝐶𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 − 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖 𝑝𝑝𝑎𝑎𝐶𝐶𝐶𝐶𝑝𝑝𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎 𝑝𝑝𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶: 𝜑𝜑 = 0.90 
 

𝑛𝑛 =
𝑓𝑓𝑦𝑦

0.85 × 𝑓𝑓′𝑐𝑐
=

80,000
0.85 × 4,000

= 23.53 

 

𝑅𝑅𝑢𝑢 =
𝑀𝑀𝑢𝑢

𝜑𝜑𝑎𝑎𝑖𝑖2
=

913 × 12
0.9 × 15 × 12 × 24.52

= 0.113 𝑘𝑘𝑝𝑝𝑝𝑝 

 

𝜌𝜌𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =
1
𝑛𝑛

× �1−�1 −
2𝑛𝑛𝑅𝑅𝑢𝑢
𝑓𝑓𝑦𝑦

� = 0.0015 

 
 

 
𝜌𝜌𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 0.0015 
𝐴𝐴𝑠𝑠,𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 0.0015 × 180" × 24.5" =  6.62 𝑝𝑝𝑏𝑏2 
 
𝐴𝐴𝑠𝑠,min𝑝𝑝𝑟𝑟𝑟𝑟𝑠𝑠𝑐𝑐𝑟𝑟𝑐𝑐𝑝𝑝𝑓𝑓𝑐𝑐𝑢𝑢𝑟𝑟 = 0.0018 × 𝐴𝐴𝑓𝑓 = 0.0018 × 180" × 28" =  9.10 𝑝𝑝𝑏𝑏2 ← 
 
 

 
Calculate 𝑀𝑀𝑢𝑢 at the face of the column. 
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8.6.1.2 
 
 
 
 
 
 
 
 
 
 

 
 
7.7.2.4 
 
 
 
 
 
 
 
 

 
21.2 
22.2 

 
𝐼𝐼𝑝𝑝 𝑙𝑙𝑢𝑢𝑢𝑢 = 0.136 𝑘𝑘𝑝𝑝𝑝𝑝 > 𝜑𝜑 × 2 × 𝜆𝜆𝑠𝑠 × 𝜆𝜆 × �𝑓𝑓′𝑐𝑐 ? 
 

𝜑𝜑 × 2 × 𝜆𝜆𝑠𝑠 × 𝜆𝜆 × �𝑓𝑓′𝑐𝑐 = 0.75 × 2 × 1.0 × 1.0 × �4,000 = 0.095 𝑘𝑘𝑝𝑝𝑝𝑝 
 
0.136 𝑘𝑘𝑝𝑝𝑝𝑝 > 0.095 𝑘𝑘𝑝𝑝𝑝𝑝 
 
∴ 𝑀𝑀𝑝𝑝𝑝𝑝𝐶𝐶 𝐶𝐶𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑖𝑖𝑎𝑎𝑏𝑏 𝑓𝑓𝑎𝑎𝑎𝑎𝑥𝑥𝑝𝑝𝑏𝑏𝑎𝑎 𝑖𝑖𝑏𝑏𝑝𝑝𝑙𝑙𝑎𝑎𝑏𝑏 𝑝𝑝𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑝𝑝𝑏𝑏𝑏𝑏 𝑓𝑓𝑎𝑎𝑝𝑝𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎. 
 
𝑝𝑝𝑏𝑏𝑎𝑎𝑙𝑙𝑝𝑝𝑖𝑖𝑎𝑎 𝐴𝐴𝑠𝑠,min𝐹𝐹𝐷𝐷𝐹𝐹𝐹𝐹 𝐶𝐶𝑎𝑎 𝑏𝑏𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶 𝑓𝑓𝑎𝑎𝑎𝑎𝑥𝑥𝑝𝑝𝑏𝑏𝑎𝑎 𝑖𝑖𝑏𝑏𝑝𝑝𝑙𝑙𝑎𝑎𝑏𝑏 𝑝𝑝𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑏𝑏! 
 

𝐴𝐴𝑠𝑠,min𝐹𝐹𝐷𝐷𝐹𝐹𝐹𝐹 =
5𝑙𝑙𝑢𝑢𝑢𝑢𝑎𝑎𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠𝑎𝑎𝑜𝑜
𝜑𝜑𝛼𝛼𝑠𝑠𝑓𝑓𝑦𝑦

=
5 × 0.136 𝑘𝑘𝑝𝑝𝑝𝑝 × 180" × 170"

0.75 × 40 × 80 𝑘𝑘𝑝𝑝𝑝𝑝
= 8.67 𝑝𝑝𝑏𝑏2 

 
𝑀𝑀𝑎𝑎𝑥𝑥𝑝𝑝𝑛𝑛𝑝𝑝𝑛𝑛 𝑝𝑝𝑝𝑝𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎 𝐶𝐶ℎ𝑎𝑎 𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑎𝑎𝑓𝑓: 
 

• 2ℎ = 2 × 16 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 = 32 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 
• 18 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 ← 

 
𝑻𝑻𝑺𝑺𝑺𝑺 𝑫𝑫𝑺𝑺𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 𝑷𝑷𝑺𝑺𝑻𝑻𝒔𝒔𝑺𝑺𝑫𝑫𝑫𝑫𝑫𝑫𝑻𝑻𝑫𝑫𝑾𝑾𝑪𝑪 𝑫𝑫𝑺𝑺𝑪𝑪𝑺𝑺𝑪𝑪𝑪𝑪𝑫𝑫 (𝟏𝟏𝟔𝟔) #𝟕𝟕 𝑺𝑺𝑺𝑺𝑫𝑫𝑫𝑫𝒔𝒔𝑻𝑻𝑺𝑺𝑪𝑪𝑫𝑫𝑫𝑫𝑫𝑫 𝒃𝒃𝑾𝑾𝑺𝑺𝑫𝑫. 
 
𝐴𝐴𝑠𝑠,𝑝𝑝𝑟𝑟𝑜𝑜𝑢𝑢 =  9.60 𝑝𝑝𝑏𝑏2, (16) 𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝 𝑝𝑝𝑝𝑝𝑎𝑎𝐶𝐶𝑎𝑎𝑖𝑖 @ ± 11.6" 𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏 𝑎𝑎𝑝𝑝𝐶𝐶ℎ 3" 𝐶𝐶𝑎𝑎𝑙𝑙𝑎𝑎𝑏𝑏 
 

𝑎𝑎 =
𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦

0.85𝑓𝑓′𝑐𝑐𝑎𝑎
=

9.60 × 80
0.85 × 4 × 180

= 1.26" 

 

𝜀𝜀𝑓𝑓 =
0.003 × 𝛽𝛽1 × 𝑖𝑖

𝑎𝑎
− 0.003 =

0.003 × 0.85 × 24.5
1.26

− 0.003 = 0.047 𝑝𝑝𝑏𝑏/𝑝𝑝𝑏𝑏 
 
𝜀𝜀𝑓𝑓 = 0.047 >> 𝜀𝜀𝑓𝑓𝑦𝑦 + 0.003 = 0.0058 ∴ 𝑇𝑇𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑖𝑖 
 
𝜑𝜑𝑀𝑀𝑛𝑛 = 0.9𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦(𝑖𝑖 − 𝑎𝑎 2⁄ ) = 1,375 𝑘𝑘 − 𝑓𝑓𝐶𝐶 > 913 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
∴ 𝑭𝑭𝑪𝑪𝑺𝑺𝑭𝑭𝑪𝑪𝑺𝑺𝑾𝑾𝑪𝑪 𝑪𝑪𝑾𝑾𝒑𝒑𝑾𝑾𝑪𝑪𝑫𝑫𝑪𝑪𝑾𝑾 𝑫𝑫𝑫𝑫 𝑫𝑫𝑪𝑪𝒔𝒔𝒔𝒔𝑫𝑫𝑪𝑪𝑫𝑫𝑺𝑺𝑫𝑫𝑪𝑪. 
 

 
Per ACI 318-19 Section 8.6.1.2, the design professional 
must calculate the required flexural steel area with due 
consideration for potential flexure-driven punching 
failure, and also must maintain prescriptive maximum 
bar spacing. 
 
Section 8.6.1.2 was derived in part from tests on interior 
column-to-elevated slab connections with lightly 
reinforced slabs.  Because there is currently no 
language ACI 318 Chapter 13 precluding this provision 
from being applied to two-way isolated footings, we are 
showing it as a required check in this example. 
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13.2.8.3 
25.4.2.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

𝑎𝑎𝑟𝑟 = �
3

40
×

𝑓𝑓𝑦𝑦
𝜆𝜆�𝑓𝑓′𝑐𝑐

×
𝜓𝜓𝑓𝑓𝜓𝜓𝑟𝑟𝜓𝜓𝑠𝑠𝜓𝜓𝑓𝑓
𝐶𝐶𝑠𝑠 + 𝐾𝐾𝑓𝑓𝑟𝑟
𝑖𝑖𝑠𝑠

�× 𝑖𝑖𝑠𝑠 

 
𝑓𝑓𝑦𝑦 = 80,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝑓𝑓′𝑐𝑐 = 4,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝜆𝜆 = 1.0 (𝑏𝑏𝑎𝑎𝑏𝑏𝑛𝑛𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝑏𝑏ℎ𝐶𝐶 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑎𝑎𝐶𝐶𝑎𝑎) 
𝜓𝜓𝑓𝑓 = 1.0 (𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝑎𝑎𝑛𝑛 𝑏𝑏𝑎𝑎𝑝𝑝𝑏𝑏𝑓𝑓𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶 𝑎𝑎𝑝𝑝𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝑝𝑝𝑝𝑝 𝐶𝐶ℎ𝑎𝑎𝑏𝑏 12" 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑎𝑎𝐶𝐶𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎) 
𝜓𝜓𝑟𝑟 = 1.0 (𝑝𝑝𝑏𝑏𝐶𝐶𝑎𝑎𝑎𝑎𝐶𝐶𝑎𝑎𝑖𝑖 𝑏𝑏𝑎𝑎𝑝𝑝𝑏𝑏𝑓𝑓𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶) 
𝜓𝜓𝑠𝑠 = 1.0 (#6 𝑎𝑎𝑎𝑎𝑏𝑏 𝑎𝑎𝑏𝑏𝑖𝑖 𝑝𝑝𝑛𝑛𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝 𝑎𝑎𝑏𝑏𝑖𝑖 𝑖𝑖𝑎𝑎𝑓𝑓𝑎𝑎𝑏𝑏𝑛𝑛𝑎𝑎𝑖𝑖 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝) 
𝜓𝜓𝑓𝑓 = 1.15 (𝐺𝐺𝑏𝑏𝑎𝑎𝑖𝑖𝑎𝑎 80 𝑏𝑏𝑎𝑎𝑝𝑝𝑏𝑏𝑓𝑓𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶) 
𝐶𝐶𝑠𝑠 = 3 cover + half bar diameter = 3.44" 
𝐾𝐾𝑓𝑓𝑟𝑟 = 0 (𝑝𝑝𝑎𝑎𝑏𝑏𝑛𝑛𝑝𝑝𝐶𝐶𝐶𝐶𝑎𝑎𝑖𝑖 𝑎𝑎𝑝𝑝 𝑎𝑎 𝑖𝑖𝑎𝑎𝑝𝑝𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝𝑝𝑝𝑛𝑛𝑝𝑝𝑎𝑎𝑝𝑝𝑓𝑓𝑝𝑝𝐶𝐶𝑎𝑎𝐶𝐶𝑝𝑝𝑎𝑎𝑏𝑏) 
𝑖𝑖𝑠𝑠 = 0.875" 
 
𝐶𝐶𝑠𝑠 + 𝐾𝐾𝑓𝑓𝑟𝑟
𝑖𝑖𝑠𝑠

=
3.44" +  0

0.875
= 3.93 > 2.5 ∴ 𝑝𝑝𝑝𝑝𝑎𝑎 2.5 

 
 

𝑎𝑎𝑟𝑟 = �
3

40
×

80,000
1.0 × √4,000

×
1.0 × 1.0 × 1.0 × 1.15

2.5
� × 0.875 = 39" 

 
𝐵𝐵𝑎𝑎𝑏𝑏𝑝𝑝 𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎 𝑏𝑏𝑝𝑝𝑏𝑏 𝑓𝑓𝑝𝑝𝑎𝑎𝑎𝑎 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑎𝑎𝑓𝑓 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏,𝑛𝑛𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝 3" 𝐶𝐶𝑎𝑎𝑙𝑙𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝐶𝐶ℎ 𝑎𝑎𝑏𝑏𝑖𝑖. 
 

𝐵𝐵𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝑏𝑏𝑏𝑏𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝐷𝐷𝑎𝑎𝑏𝑏𝑖𝑖 𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏 𝑓𝑓𝑎𝑎𝐶𝐶𝑎𝑎 =
180"

2
−

18"
2
− 3" = 78 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 

 
78" extension > 39" required 
 
∴ 𝑭𝑭𝑪𝑪𝑺𝑺𝑭𝑭𝑪𝑪𝑺𝑺𝑾𝑾𝑪𝑪 𝑺𝑺𝑺𝑺𝑫𝑫𝑫𝑫𝒔𝒔𝑻𝑻𝑺𝑺𝑪𝑪𝑺𝑺𝑪𝑪𝑺𝑺𝑫𝑫𝑪𝑪 𝑫𝑫𝑫𝑫 𝑫𝑫𝑪𝑪𝒔𝒔𝒔𝒔𝑫𝑫𝑪𝑪𝑫𝑫𝑺𝑺𝑫𝑫𝑪𝑪𝑪𝑪𝑾𝑾 𝑪𝑪𝑺𝑺𝒅𝒅𝑺𝑺𝑪𝑪𝑻𝑻𝒑𝒑𝑺𝑺𝑪𝑪. 
 
 

 
Confirm that the reinforcement is properly developed 
past the face of the column. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This example shows the common practice of 
reinforcement design and selection based on the use of 
deformed reinforcing bars (rebar).  Refer to Figure 2 for 
permissive language in the General Notes section of the 
contract drawings that allows welded wire reinforcement 
substitutions for certain project reinforcement 
applications.  This method of specifying WWR as a pre-
approved equal not only satisfies the design intent of the 
Engineer of Record but allows contractor consideration 
for and implementation of potentially beneficial 
construction and installation considerations downstream 
of the engineer’s design phase. 
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7.5.1.1 
 
7.5.3.1 
 
22.5.1.1 
 
 
7.4.3.2 
 
 
 
 
 
 
 
 
 
 
 
 
22.5.5.1 
 
 
 
 
 
 
 
 
 
22.5.5.1.1 
 

 
𝑶𝑶𝑫𝑫𝑺𝑺 𝑾𝑾𝑾𝑾𝑾𝑾 𝑺𝑺𝑺𝑺𝑺𝑺𝑾𝑾𝑺𝑺 𝑫𝑫𝑺𝑺𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫 
 
𝑁𝑁𝑎𝑎𝑎𝑎𝑖𝑖 𝜑𝜑𝑉𝑉𝑛𝑛 ≥ 𝑉𝑉𝑢𝑢 
 
𝑉𝑉𝑛𝑛 = 𝑉𝑉𝑐𝑐 + 𝑉𝑉𝑠𝑠;  𝑉𝑉𝑠𝑠 = 0 𝑖𝑖𝑝𝑝𝑎𝑎 𝐶𝐶𝑎𝑎 𝑏𝑏𝑎𝑎 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑏𝑏 𝑏𝑏𝑎𝑎𝑝𝑝𝑏𝑏𝑓𝑓𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶 
 
∴ 𝑉𝑉𝑛𝑛 = 𝑉𝑉𝑐𝑐 
 

𝑉𝑉𝑢𝑢 = 𝑞𝑞𝑢𝑢 × 𝑎𝑎 × ��
𝑎𝑎 − 𝐶𝐶

2
� − 𝑖𝑖� 

 
𝑎𝑎 = 15 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝐶𝐶𝑎𝑎 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑏𝑏 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎) 
𝑎𝑎 = 15 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑝𝑝𝑎𝑎𝑏𝑏𝑖𝑖𝑝𝑝𝐶𝐶𝑝𝑝𝑎𝑎𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑏𝑏 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎) 
𝐶𝐶 = 1.5 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 (𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑏𝑏𝑝𝑝𝑎𝑎𝑏𝑏𝑖𝑖𝑝𝑝𝐶𝐶𝑝𝑝𝑎𝑎𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎 𝑝𝑝ℎ𝑎𝑎𝑎𝑎𝑏𝑏 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎) 
𝑖𝑖 = 24.5 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 = 2.042 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 
 
 

𝑉𝑉𝑢𝑢 = 2.67 𝑘𝑘𝑝𝑝𝑓𝑓 × 15 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 × ��
15− 1.5

2
� − 2.042� = 189 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 

 
 
𝐴𝐴𝑢𝑢 = 0,∴ 𝐴𝐴𝑢𝑢 < 𝐴𝐴𝑢𝑢,𝑚𝑚𝑐𝑐𝑛𝑛 
 

𝑉𝑉𝑐𝑐 = �8𝜆𝜆𝑠𝑠𝜆𝜆�𝜌𝜌𝑤𝑤1/3��𝑓𝑓′𝑐𝑐 +
𝑁𝑁𝑢𝑢

6𝐴𝐴𝑓𝑓
� × 𝑎𝑎𝑤𝑤𝑖𝑖 ≤ 5𝜆𝜆�𝑓𝑓′𝑐𝑐𝑎𝑎𝑤𝑤𝑖𝑖 

 

𝜌𝜌𝑤𝑤 =
𝐴𝐴𝑠𝑠
𝑎𝑎𝑤𝑤𝑖𝑖

=
9.60

180 × 24.5
= 0.0022 

 
𝑉𝑉𝑐𝑐 = �8 × 1 × 1 × 0.00221/3 × √4000 + 0� × 180 × 24.5 = 290 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 
𝑉𝑉𝑐𝑐 = 290 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 < 5 × 1.0 × √4000 × 180 × 24.5 = 1,395 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 

 
One-way shear design can be carried out now that the 
flexural steel reinforcement amount has been defined. 
 
 
 
 
 
Calculate required shear strength along a shear line 
located a distance “d” from the face of the column. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Slab proportioning/depth is appropriate. 
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ACI 318-19 Calculations Description 

STEP 9:  Interior Spread Footing – One-Way Shear Design (continued) 

 
8.5.1.1 
 
 
 
22.5.1.2 

 
𝑁𝑁𝑎𝑎𝑎𝑎𝑖𝑖 𝜑𝜑𝑉𝑉𝑛𝑛 ≥ 𝑉𝑉𝑢𝑢 
 
0.75 × 290 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 = 218 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 > 𝑉𝑉𝑢𝑢 = 189 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 ∴ 𝑂𝑂𝐾𝐾 
 

𝐴𝐴𝑎𝑎𝑝𝑝𝑎𝑎 𝑏𝑏𝑎𝑎𝑎𝑎𝑖𝑖 𝑉𝑉𝑢𝑢 ≤ 𝜑𝜑 �𝑉𝑉𝑐𝑐 + 8�𝑓𝑓′𝑐𝑐𝑎𝑎𝑤𝑤𝑖𝑖� → 189 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 < 2,521 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 ∴ 𝑂𝑂𝐾𝐾 

 
∴ 𝑶𝑶𝑫𝑫𝑺𝑺 𝑻𝑻𝑾𝑾𝑾𝑾 𝑫𝑫𝑺𝑺𝑺𝑺𝑾𝑾𝑺𝑺 𝑪𝑪𝑾𝑾𝒑𝒑𝑾𝑾𝑪𝑪𝑫𝑫𝑪𝑪𝑾𝑾 𝑫𝑫𝑫𝑫 𝑫𝑫𝑪𝑪𝒔𝒔𝒔𝒔𝑫𝑫𝑪𝑪𝑫𝑫𝑺𝑺𝑫𝑫𝑪𝑪. 
 

 
 
 
 
 
Check to confirm likelihood of diagonal compression 
failure is precluded. 
 
With sectional strength calculations for flexure and 
shear completed, refer to Figure 3 and Figure 7 for a 
representation of how this information is typically 
presented on the Contract Documents. 
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Figure 7:  Spread footing schedule as presented on contract documents 
 
 
 
 



 
Welded Wire Reinforcement Design and Detailing Guide 28 
 

 

ACI 318-19 Calculations Description 

STEP 10: Corner Spread Footing – WWR Detailing 

 
 

 
 

 
Same remarks noted in Step 5 apply here.  
 
An example of a manufacturer’s submittal is shown in 
Figure 8 and would be an accompaniment to the actual 
illustrative welded wire reinforcement shop drawings 
(Figure 9, 10, and 11) submitted for review. 
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Figure 8:  Manufacturer’s submittal information showing WWR substitution 
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ACI 318-19 Calculations Description 

STEP 10: Corner Spread Footing – WWR Detailing (continued) 

 
Table 
20.2.2.4(a) 
 

 
𝐴𝐴𝑠𝑠,𝑝𝑝𝑟𝑟𝑜𝑜𝑢𝑢𝑐𝑐𝑟𝑟𝑟𝑟𝑟𝑟 = 9.60 𝑝𝑝𝑏𝑏2 = (16) #7 𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝 @ ± 11.6" 𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝐷𝐷 
 
𝑊𝑊𝑊𝑊𝑅𝑅 𝑎𝑎𝑝𝑝𝐶𝐶𝑝𝑝𝑎𝑎𝑏𝑏𝑝𝑝 𝑝𝑝𝑏𝑏𝑎𝑎𝑙𝑙𝑝𝑝𝑖𝑖𝑝𝑝𝑏𝑏𝑏𝑏 9.60 𝑝𝑝𝑏𝑏2 𝑝𝑝𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎 𝑎𝑎𝑏𝑏𝑎𝑎𝑎𝑎 𝑝𝑝𝑏𝑏𝐶𝐶𝑎𝑎𝑝𝑝𝑖𝑖𝑎𝑎: 
 
(31) 𝐷𝐷31.0 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝  
 
(32) 𝐷𝐷30.0 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝 @ ± 6" 𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝐷𝐷 ←  𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝑎𝑎𝑖𝑖 𝑎𝑎𝐷𝐷 𝑖𝑖𝑎𝑎𝐶𝐶𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎𝑏𝑏 
 
(36) 𝐷𝐷26.7 𝑎𝑎𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝  
 
(𝐷𝐷𝑎𝑎𝑙𝑙𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶 𝑎𝑎𝑎𝑎𝑏𝑏𝑏𝑏𝐶𝐶ℎ 𝑎𝑎𝑎𝑎𝐷𝐷𝑎𝑎𝑏𝑏𝑖𝑖 𝐶𝐶𝑎𝑎𝑎𝑎𝑝𝑝𝑛𝑛𝑏𝑏 𝑓𝑓𝑎𝑎𝐶𝐶𝑎𝑎 𝑝𝑝𝑝𝑝 𝑂𝑂𝐾𝐾 𝑎𝑎𝐷𝐷 𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝐶𝐶𝐶𝐶𝑝𝑝𝑎𝑎𝑏𝑏. ) 
 
 
 
 
 
 

 
Convert the Grade 80 reinforcing bar pattern used as 
part of the base design into a Grade 80 WWR 
substitution.  The numerical basis for this is presented in 
Figure 8.   
 
It will not be possible to transport a 15’-0” x 15’-0” WWR 
mat.  As such, the original reinforcing scheme will be 
converted into a WWR solution comprised of four (4) 
identical mats that, once installed as an assembly, 
provide the overall required steel area. 
 
The resulting WWR mat assembly is shown in  
Figure 9, 10, and 11. 
 
The WWR mat configurations shown here are intended 
to serve as a general representation of manufacturer 
capabilities throughout North America.  With that said, 
reinforcement arrangements presented on a submittal by 
one manufacturer’s detailer may vary slightly from those 
presented by another.  Despite this, there exists a 
common and consistent responsibility for the WWR 
detailer to ensure that detailed WWR arrangements 
conform to the reinforcement cross-sectional area, 
placement, and curtailment requirements established by 
the design professional, unless explicitly-defined 
exceptions are made by the design professional of 
record on a project by project basis. 
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Figure 9:  Representation of WWR for footing F150, as would be presented on a set of reinforcement shop/placement drawings 
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Figure 10: WWR placement information for Footing F150, showing the required four-mat assembly 
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Figure 11: WWR placement information for Footing F150, showing mat stacking. Note that the WWR detailer will arrange non-

structural holding wires such that they do not conflict with stacked structural wires that are coplanar. 
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ACI 318-19 Calculations Description 

STEP 11:  Wall Footing – Design 

 
 
 
 
 
 
 
13.3.1.1 
 
 
 
 
 
 
 
 
7.6.1.1 
7.6.4.1 
24.4.3.2 
24.4.3.3 

 
𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑝𝑝𝑏𝑏𝑝𝑝𝑎𝑎𝑝𝑝𝑝𝑝 𝑊𝑊𝑎𝑎𝑎𝑎𝑎𝑎 𝐹𝐹𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝐿𝐿𝑎𝑎𝑎𝑎𝑖𝑖 
𝑞𝑞𝐷𝐷 = 0.200 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝/𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 
𝑞𝑞𝐿𝐿 = 0 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝/𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 
𝑞𝑞𝑎𝑎 = 2,000 𝑝𝑝𝑝𝑝𝑓𝑓 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑎𝑎𝑝𝑝𝑎𝑎 𝑎𝑎𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝𝑏𝑏𝑎𝑎𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎 
 
 

𝑅𝑅𝑎𝑎𝑞𝑞𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎𝑖𝑖 𝐹𝐹𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝑊𝑊𝑝𝑝𝑖𝑖𝐶𝐶ℎ:  𝑊𝑊𝑓𝑓𝑓𝑓𝑓𝑓 =  
𝑞𝑞𝐷𝐷 + 𝑞𝑞𝐿𝐿
𝑞𝑞𝑎𝑎 × 1 𝑓𝑓𝐶𝐶

=
0.200 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝
2 𝑘𝑘𝑝𝑝𝑝𝑝/𝑓𝑓𝐶𝐶

= 0.1 𝑓𝑓𝐶𝐶 

 
𝐿𝐿𝑎𝑎𝑎𝑎𝑖𝑖𝑝𝑝𝑏𝑏𝑏𝑏 𝑖𝑖𝑎𝑎𝑎𝑎𝑝𝑝 𝑏𝑏𝑎𝑎𝐶𝐶 𝑏𝑏𝑎𝑎𝑙𝑙𝑎𝑎𝑏𝑏𝑏𝑏 𝑎𝑎𝑙𝑙𝑎𝑎𝑏𝑏 𝐶𝐶ℎ𝑎𝑎 𝑏𝑏𝑎𝑎𝑎𝑎𝑛𝑛𝑎𝑎𝐶𝐶𝑏𝑏𝐷𝐷 𝑎𝑎𝑓𝑓 𝐶𝐶ℎ𝑎𝑎 𝐶𝐶𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖𝑝𝑝𝑏𝑏𝑏𝑏 𝑝𝑝𝐶𝐶𝑝𝑝𝑎𝑎𝑎𝑎𝑓𝑓. 
 
∴ 𝑈𝑈𝑝𝑝𝑎𝑎 20" wide wall footing, resulting in 4" projection beyond cladding. 
 
𝑇𝑇ℎ𝑎𝑎 𝐷𝐷𝑎𝑎𝑝𝑝𝑝𝑝𝑏𝑏𝑏𝑏𝑎𝑎𝑏𝑏 𝑝𝑝𝑎𝑎𝑎𝑎𝑎𝑎𝐶𝐶𝐶𝐶𝑝𝑝 12 𝑝𝑝𝑏𝑏𝐶𝐶ℎ𝑎𝑎𝑝𝑝 𝑎𝑎𝑝𝑝 𝑎𝑎 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏 𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑘𝑘𝑏𝑏𝑎𝑎𝑝𝑝𝑝𝑝. 
 
𝐴𝐴𝐶𝐶𝐼𝐼 318 𝑛𝑛𝑝𝑝𝑏𝑏𝑝𝑝𝑛𝑛𝑝𝑝𝑛𝑛𝑝𝑝 𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎 𝑝𝑝𝑏𝑏𝑎𝑎𝑙𝑙𝑝𝑝𝑖𝑖𝑎𝑎𝑖𝑖 𝑓𝑓𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝑏𝑏𝑏𝑏𝑝𝑝𝐶𝐶𝑝𝑝𝑖𝑖𝑝𝑝𝑏𝑏𝑎𝑎𝑎𝑎 𝑏𝑏𝑎𝑎𝑝𝑝𝑏𝑏𝑓𝑓𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶 . 
 
𝐿𝐿𝑎𝑎𝑏𝑏𝑏𝑏𝑝𝑝𝐶𝐶𝑝𝑝𝑖𝑖𝑝𝑝𝑏𝑏𝑎𝑎𝑎𝑎:  0.0018 × 16" × 12" = 0.35 𝑝𝑝𝑏𝑏2 𝑏𝑏𝑎𝑎𝑞𝑞𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎𝑖𝑖 
 
∴ 𝑈𝑈𝑝𝑝𝑎𝑎 𝐶𝐶𝑎𝑎𝑎𝑎 (2) #4 𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝, 𝑝𝑝𝑝𝑝𝑎𝑎𝐶𝐶𝑎𝑎𝑖𝑖 𝑎𝑎𝐶𝐶 20 − 3" − 3" = 14" 
 
𝐵𝐵𝐷𝐷 𝑝𝑝𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝐶𝐶𝐶𝐶𝑝𝑝𝑎𝑎𝑏𝑏,𝑏𝑏𝑎𝑎𝑛𝑛𝑝𝑝𝑏𝑏𝑎𝑎𝑎𝑎 𝐶𝐶𝑏𝑏𝑎𝑎𝑏𝑏𝑝𝑝𝑙𝑙𝑎𝑎𝑏𝑏𝑝𝑝𝑎𝑎 𝑏𝑏𝑎𝑎𝑝𝑝𝑏𝑏𝑓𝑓𝑎𝑎𝑏𝑏𝐶𝐶𝑛𝑛𝑎𝑎𝑏𝑏𝐶𝐶 𝑎𝑎𝑝𝑝𝑎𝑎𝑎𝑎 𝑎𝑎𝑎𝑎 𝑝𝑝𝑏𝑏𝑎𝑎𝑙𝑙𝑝𝑝𝑖𝑖𝑎𝑎𝑖𝑖. 
 
∴ 𝑈𝑈𝑝𝑝𝑎𝑎 #4 𝑎𝑎𝑎𝑎𝑏𝑏𝑝𝑝 @ 14" 𝑎𝑎𝑏𝑏 𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑎𝑎𝑏𝑏 
 
 

 
The continuous wall footing located around the building 
perimeter is subjected to nominal loading due to weight 
of the first story’s exterior cladding. 
 
The cladding assembly itself is 12” in width. 
 
 
 
 
 
 
 
 
 
 
Longitudinal reinforcement is specified to satisfy ACI 318 
minimum steel requirements.  The design professional 
specifies a nominal amount of transverse reinforcement 
deemed appropriate for the intended performance of the 
wall footing in light of the compact geometry of the 
footing itself, the available soil bearing capacity, and the 
low magnitude of applied loading. 

 
 
 
 
 
 
 
 
 



 
Welded Wire Reinforcement Design and Detailing Guide 35 
 

ACI 318-19 Calculations Description 

STEP 12:  Wall Footing – WWR Detailing 

 
 

 
𝐶𝐶𝑎𝑎𝑏𝑏𝐶𝐶𝑏𝑏𝑎𝑎𝑎𝑎𝑎𝑎𝑝𝑝𝑏𝑏𝑏𝑏 𝑖𝑖𝑝𝑝𝑛𝑛𝑎𝑎𝑏𝑏𝑝𝑝𝑝𝑝𝑎𝑎𝑏𝑏 𝑎𝑎𝑎𝑎𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎𝑏𝑏 𝑝𝑝𝑝𝑝𝑏𝑏𝑎𝑎𝑎𝑎𝑖𝑖 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶𝑝𝑝𝑏𝑏𝑏𝑏𝑝𝑝: 
 
26 𝑓𝑓𝐶𝐶 − 11 𝑓𝑓𝐶𝐶 + 2 𝑓𝑓𝐶𝐶 + 2 𝑓𝑓𝐶𝐶 = 19′ 𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖𝑎𝑎𝑏𝑏𝑝𝑝 
 

26 𝑓𝑓𝐶𝐶 −
11 𝑓𝑓𝐶𝐶

2
−

8 𝑓𝑓𝐶𝐶
2

+ 2 𝑓𝑓𝐶𝐶 + 2 𝑓𝑓𝐶𝐶 = 20.5′ 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖𝑎𝑎𝑏𝑏𝑝𝑝 ← 
 
23 𝑓𝑓𝐶𝐶 − 11 𝑓𝑓𝐶𝐶 + 2 𝑓𝑓𝐶𝐶 + 2 𝑓𝑓𝐶𝐶 = 16′ 𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖𝑎𝑎𝑏𝑏𝑝𝑝 
 

23 𝑓𝑓𝐶𝐶 −
11 𝑓𝑓𝐶𝐶

2
−

8 𝑓𝑓𝐶𝐶
2

+ 2 𝑓𝑓𝐶𝐶 + 2 𝑓𝑓𝐶𝐶 = 17.5′ 𝑓𝑓𝑎𝑎𝑎𝑎𝐶𝐶 𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖𝑎𝑎𝑏𝑏𝑝𝑝 
 
∴ 𝑃𝑃𝑏𝑏𝑎𝑎𝑙𝑙𝑝𝑝𝑖𝑖𝑎𝑎 20.5′ 𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖𝑎𝑎𝑏𝑏 𝑛𝑛𝑎𝑎𝐶𝐶𝑝𝑝. 
 

 
The wall footing reinforcement will be produced by the 
WWR manufacturer as “ladders”, with length to suit the 
minimum 24” lap into spread footings per Note #5 shown 
in Figure 2. 
 
 
 
 
 
 
 
See Figure 12 for a representative WWR mat for a 
continuous wall footing. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 12: Representation of WWR for wall footing. Note the spacing indicated for the longitudinal wires is shown a total of one inch less than 
that which was specified in order to accommodate a minimum production “overhang” of one-half inch on each side (as dictated by 
the needs of the welding machines).  One alternative that many manufacturers might elect to pursue in lieu of running such a narrow 
mat is to run a wider mat with a repeating pattern of longitudinals spaced at 14” on center.  This mat would then be shop-sheared 
into several narrow mats satisfying the specified spacing of the longitudinal reinforcement and would simultaneously eliminate any 
protruding nominal overhangs. 
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EXAMPLE 6 PROBLEM STATEMENT: 
The subject building feature is a ground-supported slab system to be constructed as part of a single-story frame-type building. 
In addition to the superstructure and its structural foundation, two distinct slab-on-ground areas were considered and designed by the project’s 
structural engineer of record.  
The first slab area supports uniformly distributed light storage live load accessed by manually operated pallet jacks. The second slab area is 
subjected to vertical rack storage accessible by forklift. Both areas are to be exposed concrete surface with no applied finish material. Stored 
materials are considered to be sensitive to moisture, and in some cases may be in direct contact with the exposed slab surface. Based on available 
preliminary information related to construction sequencing, it is anticipated that the slabs will be constructed prior to a watertight roofing system 
being in place. 
The slabs-on-ground do not transmit vertical loads or lateral forces from other portions of the superstructure or shallow foundation system to the 
soil. As such, ACI 318-19 was not the appropriate standard by which the slabs were designed by the structural engineer. Instead, ACI 360-10 
“Guide to Design of Slabs-on Ground” was used by the structural engineer as a reference in formulating the slab designs. 

Design criteria are as follows: 𝑓𝑓′𝑐𝑐 = 4,000 𝑝𝑝𝑝𝑝𝑝𝑝 
 𝑓𝑓𝑦𝑦 = 70,000 𝑝𝑝𝑝𝑝𝑝𝑝 (𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑤𝑤𝑤𝑤𝑓𝑓𝑑𝑑𝑑𝑑𝑑𝑑𝑤𝑤𝑤𝑤 𝑤𝑤𝑝𝑝𝑑𝑑𝑤𝑤 𝑑𝑑𝑤𝑤𝑝𝑝𝑟𝑟𝑓𝑓𝑑𝑑𝑑𝑑𝑟𝑟𝑤𝑤𝑑𝑑𝑤𝑤𝑟𝑟𝑟𝑟 𝑦𝑦𝑝𝑝𝑤𝑤𝑤𝑤𝑤𝑤 𝑝𝑝𝑟𝑟𝑑𝑑𝑤𝑤𝑟𝑟𝑠𝑠𝑟𝑟ℎ 𝑤𝑤𝑝𝑝𝑤𝑤𝑤𝑤 𝑏𝑏𝑤𝑤 𝑢𝑢𝑝𝑝𝑤𝑤𝑤𝑤) 
 𝐶𝐶𝑑𝑑𝑟𝑟𝑟𝑟𝑑𝑑𝑤𝑤𝑟𝑟𝑤𝑤 𝐷𝐷𝑤𝑤𝑟𝑟𝑝𝑝𝑝𝑝𝑟𝑟𝑦𝑦 = 0.145 𝑘𝑘𝑟𝑟𝑓𝑓,𝑟𝑟𝑑𝑑𝑑𝑑𝑑𝑑𝑛𝑛𝑤𝑤𝑤𝑤𝑤𝑤𝑝𝑝𝑠𝑠ℎ𝑟𝑟 𝑟𝑟𝑑𝑑𝑟𝑟𝑟𝑟𝑑𝑑𝑤𝑤𝑟𝑟𝑤𝑤 𝜆𝜆 = 1.0 

𝑅𝑅𝑤𝑤𝑤𝑤𝑤𝑤𝑅𝑅𝑛𝑛𝑟𝑟𝑟𝑟 𝑆𝑆𝑑𝑑𝑝𝑝𝑤𝑤 𝐶𝐶𝑑𝑑𝑝𝑝𝑟𝑟𝑤𝑤𝑑𝑑𝑝𝑝𝑛𝑛 150 𝑝𝑝𝑑𝑑𝑢𝑢𝑟𝑟𝑤𝑤𝑝𝑝 𝑝𝑝𝑟𝑟2⁄ 𝑅𝑅𝑤𝑤𝑑𝑑𝑟𝑟𝑝𝑝𝑟𝑟𝑛𝑛𝑤𝑤 𝑝𝑝𝑟𝑟𝑟𝑟ℎ 𝑑𝑑𝑓𝑓 𝑤𝑤𝑝𝑝𝑝𝑝𝑝𝑝𝑤𝑤𝑛𝑛𝑟𝑟𝑤𝑤𝑑𝑑𝑤𝑤𝑟𝑟𝑟𝑟 (𝑝𝑝𝑢𝑢𝑏𝑏𝑠𝑠𝑑𝑑𝑛𝑛𝑤𝑤𝑤𝑤 𝑑𝑑𝑑𝑑𝑤𝑤𝑢𝑢𝑤𝑤𝑢𝑢𝑝𝑝);⁄  0.120 𝑘𝑘𝑟𝑟𝑓𝑓 𝑤𝑤𝑤𝑤𝑟𝑟𝑝𝑝𝑝𝑝𝑟𝑟𝑦𝑦 
𝐿𝐿𝐿𝐿 𝐿𝐿𝑑𝑑𝑛𝑛𝑤𝑤𝑝𝑝𝑟𝑟𝑠𝑠 = 𝑅𝑅𝑛𝑛𝑑𝑑𝑝𝑝𝑤𝑤𝑝𝑝 

The example includes the following steps: 

 
Step 1 – Engineer’s Design Methodology 

Step 2 – Comparison to WRI TF-705 Methods 

Step 3 – Reinforcement Detailing 

Chapter Six 

Ground Supported Slabs 
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Figure 1: Excerpt from contract structural drawings: foundation plan 
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Figure 2:  Excerpt from contract structural drawings: 1/S2 exterior wall section, showing integration of slab-on-ground with 
perimeter stem wall and supporting foundation. An alternative condition in which the slab-on-ground is held clear of the 
exterior wall assembly was also considered by the structural engineer but not selected. The edge restraint of the slab-
on-ground resulting from the arrangement shown here is reflected in the slab FEA modeling results.  
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Figure 3: Excerpt from contract structural drawings: 2/S2 and 5/S2 spread footings, showing isolation blockout around 
building column 
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Figure 4: Excerpt from contract structural drawings: typical details for isolation joints / blockouts at columns 
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Figure 5: Excerpt from contract structural drawings: typical detail for re-entrant crack control bars or deformed wires. These will be 
required at column isolation blockouts in the area of Slab Type 2, where there are no control joints. 
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Figure 6: Excerpt from contract structural drawings: 3/S2 typical detail for sawcut control joint 
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Figure 7: Excerpt from contract structural drawings: 4/S2 typical detail for construction joint transition between slab types. Typical detail 
shows same slab depth each side of joint, while slabs in example will require a depth transition (4” and 6”). Load transfer 
dowels will be centered in the 4” thick slab depth. 
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Figure 8: Excerpt from contract structural drawings: example of notes outlining slab joint requirements. Note that the 

requirements for joint sealant/filler align with recommendations made in ACI 360 regarding Shore A hardness 
that is appropriate for wheel traffic.  
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Figure 9: Excerpt from contract structural drawings: example of notes outlining slab-on-ground requirements 
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Author Statement: 

Per ACI 318-19 Section 1.4.8, detailed recommendations for design and construction of slabs-on-ground and floors that do not transmit vertical 
loads or lateral forces from other portions of the structure to the soil are given in ACI 360R-10. This example incorporates ACI 360 
recommendations in numerous instances as a guiding standard for the slab types in question. 

It cannot be overstated the importance of pre-design coordination between the design team and the building owner for the purposes of establishing 
not only the applicable design criteria for the slabs, but also the functional and aesthetic expectations for the building that are related to the 
performance of the slabs. It is imperative that the project’s geotechnical engineer be included in pre-design coordination discussions in order to 
have reliable recommendations for subgrade and base material preparation defined. 

It should be understood that even with the most stringently designed and constructed high performance slabs-on ground, there is the potential for 
visible cracks to form. The design professional may be doing the owner a disservice and putting themself in a position of considerable liability 
exposure by suggesting or guaranteeing that a slab will be free or nearly free of visible cracking for its entire service life. It is strongly suggested that 
candid conversations take place early and often regarding the criticality of a slab-on-ground’s performance in light of the subject building’s intended 
use, and that a commensurate discussion take place regarding the potential – often likely - presence of visible cracks not necessarily being an 
indicator that the slab was poorly designed and/or constructed.  

Geotechnical engineers, slab design engineers, contractors, and owners all play a role in how closely a constructed slab-on-ground conforms to its 
originally intended purpose. The success of the slab-on-ground component of a building project is a shared responsibility. 

For all of the extremely valuable information and insights made available to the designer in ACI 360-10, like other publications – and for a plethora 
of justified reasons - it tends to lack a formal, definitive, and quantitative correlation between acceptable slab cracking and specific steel 
reinforcement area required to achieve acceptable crack control. As a result, engineers often make the mistake of relying upon ACI 318-19 as a 
reference for establishing required amounts of reinforcement to resist shrinkage and temperature effects in slabs-on-ground. It is well documented 
that such an approach can result in unacceptably large, visually unappealing crack widths given in part that ACI 318 is based on a mobilization of 
reinforcement corresponding to high steel reinforcement stresses. This is not to say that all instances of use of ACI 318 by engineers in prescribing 
slab-on-ground reinforcement requirements have resulted in failures or unacceptable performance; rather, it is more a statement on the importance 
of an engineer’s understanding of the limitations of the ACI 318 design and prescriptive methodologies on concrete cracking not being in alignment 
with – nor specifically calibrated for – typical slab-on-ground construction. 

Beyond ACI standards, the Wire Reinforcement Institute’s own TF-705 “Innovative Ways to Reinforce Slabs-on-Ground” offers several methods for 
deriving steel areas, but there is a broad variation in the results depending on the method selected therein. This lends credence to the notion that, 
unlike design of flexural and shear reinforcement for, say, a structural beam designed per ACI 318, there really is not a “one size fits all” approach to 
slab-on-ground reinforcement design. 

For this example, prescriptions for minimum reinforcement defined in ACI 360-10 are adopted where deemed appropriate and ultimately 
supplemented by engineering judgment for the calculation and selection of other reinforcement attributes. 
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ACI 360-10 Calculations Description 

STEP 1: Engineer’s Design Methodology 

 
Chapter 4 
 
 
 
 
Section 
1.4.3 
and  

professional 

engineering 
judgment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• Geotechnical engineering report provided 
• Subsurface preparation recommendations defined 
• Modulus of subgrade reaction = 150 pounds/in2 per inch vertical 

depth 
 
 
In lieu of using simplified chart or graph-based methods by PCI, WRI, 
and/or COE, the variability of the loading magnitude and location 
incurred by the slabs in combination with perimeter slab restraint 
conditions prompted the engineer to model the slabs using FEA, 
assuming meshed plate supported by an elastic subgrade.  
 
The Subgrade is represented by linear compression-only springs, with 
control joints occurring along adjoining plate edges accounted for in the 
form of release of plate bending fixity (rotation free, translation pinned 
condition). Spring constants in terms of kips per vertical inch are 
derived directly from the modulus of subgrade reaction provided by the 
geotechnical engineer and the tributary area of slab associated with the 
springs based on the spring layout. 
 
Because of the perimeter building condition being characterized by a 
termination of the slab-on-grade over the top of the building’s 
foundation stem wall and shallow foundation system, a continuous 
restraint against vertical translation has been imposed around the 
modeled slab’s perimeter. The effects of this restraint are captured in 
the FEA model’s plate stress results. 

 
Close coordination between the structural engineer, 
geotechnical engineer, and building owner has taken 
place regarding the building’s use in conjunction with 
functional and aesthetic expectations. As part of this 
coordination, loading and location of pallets, rack 
systems, manual pallet jack travel, and forklift travel 
have been established and agreed upon. 
 
Facility use and proposed floor elevations, anticipated 
loads, environmental conditions of the building space, 
floor-levelness and flatness criteria, and floor covering 
requirements have been provided to the geotechnical 
engineer and recommendations for subgrade and base 
material preparation have been provided to the structural 
engineer. 
 
Based on function, loading, and aesthetics, the structural 
engineer, owner, and building architect have agreed 
upon the following: 
 
1. Slab Type 1 is permitted to have contraction (control) 

joints at a spacing not to exceed 15’-0”. 
2. Slab Type 2 shall be free of control joints. 
 
The structural engineer uses Finite Element Analysis 
(FEA) modeling to determine service stress levels due to 
applied loads from pallets, racks, and vehicles (hand-
operated pallet jacks and powered-forklifts). 
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ACI 360-10 Calculations Description 

STEP 1: Engineer’s Design Methodology (continued) 

 

Section 3.2.2 
Section 7.1 
Table 5.2 
 
 
Section 6.2 
Figure 6.6 
and  

professional 

engineering 
judgment 

 
 
 
 
 
 
Table 3.1 
Section 8.3 
 

 
Slabs thicknesses are derived based on uncracked section analysis, 
using the modulus of rupture of concrete with a factor of safety equal 
to 2.0 and checked against service-level bending stresses that result 
from the applied pallet, rack, and vehicle loading.  
 
The slabs will be provided with reinforcement as a crack control 
measure.  
 
For Slab Type 1, joints are relied upon as the primary method of 
managing shrinkage and curling. Joint spacing will be kept to a 
maximum of 15’-0”, and will be supplemented by a small percentage 
(0.1% of the slab cross-sectional area) of deformed reinforcement 
extended through the sawcut contraction joints to achieve enhanced 
aggregate interlock for load transfer at the joints without excessive 
restriction to activation of the joint. The field of the slab “panels” will 
then be provided with nominal reinforcement placed in the upper 
one-third of the slab depth (reinforcement area derived based on 
engineer’s judgment and anticipated maximum curling stress at mid-
panel). 
 
For Slab Type 2, no control joints will be used, and the slab will be 
designed as continuously reinforced using a reinforcement with area 
equal to 0.50% of the slab cross-sectional area (again, an ACI 360 
recommendation in combination with engineer’s judgment with due 
consideration for use of the space, durability, and shrinkage and 
curling). 
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ACI 360-10 Calculations Description 

STEP 1: Engineer’s Design Methodology (continued) 
 
Section 1.4.3 

 
Overall plan view of plate model (plate sub-meshing not shown): 

 
 

 
A representative illustration of an external applied load case: 
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ACI 360-10 Calculations Description 

STEP 1: Engineer’s Design Methodology (continued) 
 
Section 1.4.3 

 
FEA plate model - flexural contours (north-south):  

 
 

FEA plate model - flexural contours (east-west): 

  
 

 

Service-level load combinations are generated and 
summarized. 
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ACI 360-10 Calculations Description 

STEP 1: Engineer’s Design Methodology (continued) 

 
 
 
Section 5.9 
Table 5.2 
Section 7.1 
 
 
 
 
 
 
 
 
 
 
Section 5.9 
Table 5.2 
Section 7.1 

 
Slab thickness Design 
 
Slab Type 1: 4” thickness 
  

𝑓𝑓𝑏𝑏 =
𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠

𝑆𝑆𝑢𝑢𝑢𝑢𝑐𝑐𝑠𝑠𝑢𝑢𝑐𝑐𝑢𝑢𝑠𝑠𝑢𝑢
=

0.287 × 12
12 × 42

6

= 0.108 𝑘𝑘𝑝𝑝𝑝𝑝 

 

𝐹𝐹𝑏𝑏 =
𝑓𝑓𝑠𝑠
𝐹𝐹. 𝑆𝑆

=
7.5𝜆𝜆�𝑓𝑓′𝑐𝑐

2.0
=

7.5 × 1.0 × √4,000
2.0

= 0.237 𝑘𝑘𝑝𝑝𝑝𝑝 

 
 
𝑓𝑓𝑏𝑏 < 𝐹𝐹𝑏𝑏 ∴ 𝑂𝑂𝑂𝑂 
 
 
Slab Type 2: 6” thickness 
  

𝑓𝑓𝑏𝑏 =
𝑀𝑀𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐𝑠𝑠

𝑆𝑆𝑢𝑢𝑢𝑢𝑐𝑐𝑠𝑠𝑢𝑢𝑐𝑐𝑢𝑢𝑠𝑠𝑢𝑢
=

0.293 × 12
12 × 62

6

= 0.049 𝑘𝑘𝑝𝑝𝑝𝑝 

 

𝐹𝐹𝑏𝑏 =
𝑓𝑓𝑠𝑠
𝐹𝐹. 𝑆𝑆

=
7.5𝜆𝜆�𝑓𝑓′𝑐𝑐

2.0
=

7.5 × 1.0 × √4,000
2.0

= 0.237 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝑓𝑓𝑏𝑏 < 𝐹𝐹𝑏𝑏 ∴ 𝑂𝑂𝑂𝑂  
 
 

 
 
 
 
Uncracked section analysis is used for determination 
of slab thicknesses, with the maximum allowable 
flexural stress being equal to the concrete’s modulus 
of rupture “reduced by” a factor of safety. Flexural 
demand is based on service-level (unfactored) 
stresses calculated from the reported output of the 
structural model and resulting from applied external 
loading.  
 
Satisfactory slab-on-ground thicknesses are derived 
based on the premise that applied external loading 
does not impose a demand that exceeds a modulus 
of rupture with a safety factor incorporated. 
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ACI 360-10 Calculations Description 

STEP 1: Engineer’s Design Methodology (continued) 

 
 

 
Designer’s project-specific reinforcement design 
 
Slab Type 1: curling and shrinkage reinforcement 
  
Curling stresses for slabs configured with 15-foot joint spacing are assumed 
to not exceed 300 psi for this example*, with the highest magnitude occurring 
in the central “backspan” region of a slab panel, away from the slab edges 
and corners that are lifting upward. Slab curling can be idealized conceptually 
as a flexural tension force distributed near the slab’s upper surface. 
 
Assuming a worst-case scenario in which the effects of curling are cumulative 
with the effects of previously calculated stresses that result from applied pallet 
and vehicle loading, it is worthwhile to mathematically check to see if there 
remains available resistance from the uncracked section under quasi-ultimate 
loading: 
 
Check A: 
 
300 𝑝𝑝𝑝𝑝𝑝𝑝 + 108 𝑝𝑝𝑝𝑝𝑝𝑝 = 408 𝑝𝑝𝑝𝑝𝑝𝑝 < 474 𝑝𝑝𝑝𝑝𝑝𝑝 𝑑𝑑𝑑𝑑𝑤𝑤𝑢𝑢𝑤𝑤𝑢𝑢𝑝𝑝 𝑑𝑑𝑓𝑓 𝑑𝑑𝑢𝑢𝑝𝑝𝑟𝑟𝑢𝑢𝑑𝑑𝑤𝑤,𝑢𝑢𝑟𝑟𝑑𝑑𝑤𝑤𝑤𝑤𝑢𝑢𝑟𝑟𝑤𝑤𝑤𝑤 
∴ 𝑝𝑝𝑑𝑑𝑤𝑤𝑅𝑅𝑝𝑝𝑑𝑑𝑢𝑢𝑝𝑝𝑤𝑤𝑦𝑦 𝑟𝑟𝑛𝑛𝑤𝑤𝑟𝑟𝑢𝑢𝑤𝑤𝑛𝑛𝑟𝑟𝑤𝑤𝑤𝑤 4" 𝑟𝑟ℎ𝑝𝑝𝑟𝑟𝑘𝑘 𝑝𝑝𝑤𝑤𝑛𝑛𝑏𝑏 𝑝𝑝𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑𝑑𝑑𝑟𝑟𝑝𝑝𝑑𝑑𝑟𝑟𝑝𝑝𝑟𝑟𝑠𝑠 𝑛𝑛𝑟𝑟𝑟𝑟𝑤𝑤𝑝𝑝𝑟𝑟𝑛𝑛𝑏𝑏𝑤𝑤𝑤𝑤 
 
Check B: 
 
For determination of area of steel reinforcement required for this example 
slab, the engineer carries out a check predicated on an idealized linear curling 
stress distribution, the neutral axis of which is eccentric to the slab’s gross-
section’s centroid, resulting in a bending moment. This bending moment then 
serves as the basis for a nominal amount of quasi-flexural steel reinforcement 
at a maximum service-level stress of 24,000 psi. 
 

 
 
 

Determination of appropriate curling and 
shrinkage reinforcement should be carried out 
on a project-specific basis, and beyond very 
basic prescriptive reinforcing steel areas defined 
in ACI 360 will be based on methods deemed 
applicable by the design professional of record. 
 
*Reference: “The First Commandment for Floor 
Slabs: Thou Shalt Not Curl Nor Crack… 
(Hopefully)”, Walker and Holland, Concrete 
International, January 1999. 
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ACI 360-10 Calculations Description 

STEP 1: Engineer’s Design Methodology (continued) 

 
 

 
Designer’s project-specific reinforcement design (continued) 
 
Slab Type 1: curling and shrinkage reinforcement (continued) 
  
Check B (continued): 
 

 
 

𝑀𝑀 = 300
𝑤𝑤𝑏𝑏
𝑝𝑝𝑟𝑟2

× 4" × 12" ×
1
2

× �
4"

2
−

4"

3�
= 4,800 𝑤𝑤𝑏𝑏 − 𝑝𝑝𝑟𝑟,𝑝𝑝𝑤𝑤𝑑𝑑 𝑤𝑤𝑝𝑝𝑟𝑟𝑤𝑤𝑛𝑛𝑑𝑑 𝑓𝑓𝑟𝑟 

 
𝑀𝑀 = 𝑓𝑓𝑠𝑠 × 𝐴𝐴𝑠𝑠 × 𝑗𝑗𝑤𝑤 
 
𝑆𝑆𝑤𝑤𝑟𝑟 𝑓𝑓𝑠𝑠 = 24,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝑆𝑆𝑤𝑤𝑟𝑟 𝑗𝑗𝑤𝑤 = 0.75ℎ 
 

𝐴𝐴𝑠𝑠 =
4,800

24,000 × 0.75 × 4"
=   𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎 𝒊𝒊𝒊𝒊𝟐𝟐𝒑𝒑𝒑𝒑𝒑𝒑 𝒍𝒍𝒊𝒊𝒊𝒊𝒑𝒑𝒍𝒍𝒑𝒑 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇  > 0.001𝑏𝑏ℎ 

 
A lower bound steel area equal to the ACI 360 recommendation for enhanced 
aggregate interlock reinforcement is exceeded. As such, reinforcement in the 
field of the slab panels bounded by control joints will be furnished separately 
from the reinforcement ladders used for enhancing aggregate interlock. 
 
 

 
 
 
 
 
 
 
 
Theoretically, if the resistance available through 
uncracked section behavior is exceeded, 
cracking will result, at which point there is a 
fundamental change in how capacity is 
calculated. Cracked section behavior is 
predicated on a linear strain relationship and 
strain compatibility between a compressed 
concrete section and an equal but opposite 
tensile force that combine to create a resisting 
flexural couple.  
 
The simplification shown here is an approach 
intended to yield an amount of steel 
reinforcement capable of resisting flexural-type 
tension force calculated at service level and 
based on an idealized triangular stress 
distribution. Note that, not unlike other methods 
used to calculate steel reinforcement for crack 
control, no direct correlation is made between 
resulting crack size and corresponding steel 
area. 
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ACI 360-10 Calculations Description 

STEP 1: Engineer’s Design Methodology (continued) 

 
 

 
Designer’s project-specific reinforcement design (continued) 
 
Slab Type 2: curling and shrinkage reinforcement 
  
Curling stresses can be minimized if slabs are properly designed and 
constructed with continuous reinforcement and no contraction joints. At the 
same time, special attention should still be paid to the terminal edges of 
jointless slabs if these edges are located in areas subjected to load cycling 
due to vehicular / mechanized traffic. 
 
For the subject building, curling is reasonably restrained along the plan north 
and east building walls as a result of the slab’s termination being integrated 
into the vertical construction. At the south and west edges, however, curling 
may still occur due to an absence of restraint, and there is a possibility that 
occasional incidental cross-traffic between the Slab Type 1 and Slab Type 2 
regions could create exacerbating effects. 
 
A curling stress of 400 psi is assumed in the design of Slab Type 2 and is 
based on its 30-foot dimension. 
 
Assuming a worst-case scenario in which the effects of curling are cumulative 
with the effects of previously calculated stresses that result from applied pallet 
and vehicle loading, it is worthwhile to mathematically check to see if there 
remains available resistance from the uncracked section under quasi-ultimate 
loading: 
 
Check A: 
 
400 𝑝𝑝𝑝𝑝𝑝𝑝 + 49 𝑝𝑝𝑝𝑝𝑝𝑝 = 449 𝑝𝑝𝑝𝑝𝑝𝑝 < 474 𝑝𝑝𝑝𝑝𝑝𝑝 𝑑𝑑𝑑𝑑𝑤𝑤𝑢𝑢𝑤𝑤𝑢𝑢𝑝𝑝 𝑑𝑑𝑓𝑓 𝑑𝑑𝑢𝑢𝑝𝑝𝑟𝑟𝑢𝑢𝑑𝑑𝑤𝑤,𝑢𝑢𝑟𝑟𝑑𝑑𝑤𝑤𝑤𝑤𝑢𝑢𝑟𝑟𝑤𝑤𝑤𝑤 
∴ 𝑝𝑝𝑑𝑑𝑤𝑤𝑅𝑅𝑝𝑝𝑑𝑑𝑢𝑢𝑝𝑝𝑤𝑤𝑦𝑦 𝑟𝑟𝑛𝑛𝑤𝑤𝑟𝑟𝑢𝑢𝑤𝑤𝑛𝑛𝑟𝑟𝑤𝑤𝑤𝑤 6" 𝑟𝑟ℎ𝑝𝑝𝑟𝑟𝑘𝑘 𝑝𝑝𝑤𝑤𝑛𝑛𝑏𝑏 𝑝𝑝𝑑𝑑𝑑𝑑𝑝𝑝𝑑𝑑𝑑𝑑𝑟𝑟𝑝𝑝𝑑𝑑𝑟𝑟𝑝𝑝𝑟𝑟𝑠𝑠 𝑛𝑛𝑟𝑟𝑟𝑟𝑤𝑤𝑝𝑝𝑟𝑟𝑛𝑛𝑏𝑏𝑤𝑤𝑤𝑤 
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ACI 360-10 Calculations Description 

STEP 1: Engineer’s Design Methodology (continued) 

 
 

 
Designer’s project-specific reinforcement design (continued) 
 
Slab Type 2: curling and shrinkage reinforcement (continued) 
  
Check B: 
 

 
 

𝑀𝑀 = 400
𝑤𝑤𝑏𝑏
𝑝𝑝𝑟𝑟2

× 6" × 12" ×
1
2

× �
6"

2
−

6"

3�
= 14,400 𝑤𝑤𝑏𝑏 − 𝑝𝑝𝑟𝑟,𝑝𝑝𝑤𝑤𝑑𝑑 𝑤𝑤𝑝𝑝𝑟𝑟𝑤𝑤𝑛𝑛𝑑𝑑 𝑓𝑓𝑟𝑟 

 
𝑀𝑀 = 𝑓𝑓𝑠𝑠 × 𝐴𝐴𝑠𝑠 × 𝑗𝑗𝑤𝑤 
 
𝑆𝑆𝑤𝑤𝑟𝑟 𝑓𝑓𝑠𝑠 = 24,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝑆𝑆𝑤𝑤𝑟𝑟 𝑗𝑗𝑤𝑤 = 0.75ℎ 
 

𝐴𝐴𝑠𝑠 =
14,400

24,000 × 0.75 × 6"
= 0.133 𝑝𝑝𝑟𝑟2𝑝𝑝𝑤𝑤𝑑𝑑 𝑤𝑤𝑝𝑝𝑟𝑟𝑤𝑤𝑛𝑛𝑑𝑑 𝑓𝑓𝑑𝑑𝑑𝑑𝑟𝑟 < 0.005𝑏𝑏ℎ 

 
A lower bound steel area equal to the ACI 360 recommendation for 
minimum reinforcement of continuously-reinforced jointless slabs is not 
satisfied. As such, reinforcement cross-sectional area equal to   0.005 X 12 
X 6 = 0.36 in2 per linear foot width of slab shall be used.     
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ACI 360-10 Calculations Description 

STEP 2: Comparison to WRI TF-705 Methods 

 
 

 
 

Procedure  
(use 70 ksi reinforcement) 

Slab Type 1 Steel 
Area 

Slab Type 2 
Steel Area 

Design & Detailing Guide 0.067 in2 0.133 in2 

Design & Detailing Guide 
+ ACI 360 prescriptions* 

0.067 in2/ 
0.048 in2 @ joint 0.360 in2 

Subgrade Drag 0.014 in2 0.107 in2 

Confirmed Capacity 0.052 in2 0.079 in2 

Temperature** 0.096 in2 0.144 in2 

Equivalent Strength 0.173 in2 0.260 in2 

Crack Restraint 0.535 in2 0.802 in2 
 

* ACI 360 recommendations of 0.1% (enhanced aggregate interlock) 
and 0.5% minimum (continuously reinforced, jointless) incorporated. 

 
** range of temperature to which slab is subjected: use 30 oF: 
  CTE = 6 x 10-6/ oF 

 
 
 

 
 
The Wire Reinforcement Institute’s TF-705 
“Innovative Ways to Reinforce Slabs-on-Ground” 
Tech Fact contains five (5) methods for the 
determination of slab-on-ground reinforcement 
quantities. Results for these previously published 
methods are presented here as a comparison to the 
simplified and idealized method used in the WRI 
Design and Detailing Guide example. 
 
It is not the intent of the WRI Design and Detailing 
Guide to marginalize or replace the methods found 
in TF-705. In the end, the determination of slab-on-
ground reinforcement is carried out at the discretion 
of – and is the responsibility of – the slab design 
engineer, whether based on longstanding published 
methods or derived from proprietary-like procedures 
and empirical- or experience-based data. 
 
Author Note: 
The Subgrade Drag procedure was removed from 
ACI 360 starting with ACI 360-06, as there were 
indications that its use was resulting in insufficient 
slab reinforcement designs. TF-705 was published 
prior to the release of ACI 360-06, hence the 
procedure’s continued inclusion in that document. 
With this stated, designers should be aware of the 
procedure’s limited applicability and potentially 
insufficient resulting reinforcement requirements. 
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ACI 360-10 Calculations Description 

STEP 3: Reinforcement Detailing 

 
 

 

Slab Type 1 Steel Area Slab Type 2 Steel Area 

0.067 in2/ 
0.048 in2 @ joint 0.360 in2 

 
Three options are considered, two of which are comprised of welded 
deformed wire reinforcement that will be detailed herein.  
 
For field reinforcement: 
 
Option A: D4.5 @ 8” on center (8x8 D4.5/D4.5)  As = 0.068 in2 

 

Option B: D9.0 @ 16” on center (16x16 D9.0/D9.0)  As = 0.068 in2 

 

Option C: #3 rebar @ 18” on center  As = 0.073 in2 

 

For joint reinforcement (enhanced aggregate interlock): 
 
D4.8 @ 12” on center  As = 0.048 in2 

 
or 
 
#3 rebar @ 27.5” on center  As = 0.048 in2 

 
 
 
 

 
In the interest of time and labor savings on the jobsite, 
welded wire reinforcement solutions have long been 
selected as a more time-efficient option than placement 
of individual loose bars/wires. Welded wire 
reinforcement options will be detailed. 
 
Refer to Figure 10 for the engineer’s Typical WWR Lap 
Splice Detail Refer to figure 11 for related excerpt from 
the engineer’s mild reinforcement general notes. 
 
Author Note: 
It is important for the design professional / specifying 
engineer to understand that the steps shown here for 
determining overall mat geometries are most commonly 
carried out by the WWR manufacturer / detailer. As long 
as the engineer defines the basic reinforcement 
requirements (steel size/area, spacing, and 
terminations) there is no need for the designer to spend 
additional time on the matter. Mat geometries and 
layouts will be derived by the WWR detailer based on 
satisfying the engineer’s design-driven requirements in 
conjunction with the contractor’s preferred handling and 
placement criteria (means and methods). This 
information is then presented on the project’s 
reinforcement shop drawings for review. 
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Figure 10: Excerpt from contract structural drawings: Typical WWR Lap Splice Detail 

 
 

 

ACI 318-19 LAP SPLICE LENGTH: 

 

WIRE SIZE  LAP SPLICE 

 

    ≤ D7.0  12 INCHES 

    ≤ D11.0  16 INCHES 

    ≤ D16.0  18 INCHES 

    ≤ D20.0  22 INCHES 

    ≤ D31.0  30 INCHES 
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Figure 11: Excerpt from contract structural drawings: selection from mild reinforcement notes outlining lap splice requirements 
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ACI 360-10 Calculations Description 

STEP 3: Reinforcement Detailing (continued) 

 

 
 

Slab Type 1 Steel Area 

0.067 in2/ 
0.048 in2 @ joint 

 
For field reinforcement: 
 
Option A: D4.5 @ 8” on center (8x8 D4.5/D4.5)  As = 0.068 in2 

 

Option B: D9.0 @ 16” on center (16x16 D9.0/D9.0)  As = 0.068 in2 

 
 

 
Slab area, per “panel” bounded by control joints and/or slab 
terminations at building perimeter: 
 
15’-0” x 15’-0” typical slab panel area 
 
Subtract 2” around perimeter to maintain specified perimeter cover and 
to terminate mats clear of control joints: 
 
14’-8” x 14’-8” reinforcement “coverage” area 
 
See Figures 12 and 13 for slab panel reinforcement using Option A. 
 
See Figures 14 and 15 for slab panel reinforcement using Option B. 
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Figure 12:  Slab Type 1, Option A: WWR mat configuration shown. For each 15 ft x 15 ft slab “panel” there will be a “left” and “right” mat. 
Note how mat central overhangs are configured to achieve the lap splice requirement while maintaining a typical wire spacing at 
the transition from one mat to the other. 
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Figure 13: Slab Type 1, Option A: WWR mats “in panel”. Dimensions between the concrete panel boundaries (at control joints and slab 
terminations) and steel wires are illustrated.  

Notice that there is slight projection of short wire overhangs (ends) beyond the 2” offset distance that was established for definition of 
reinforcement coverage area, resulting in a modest encroachment outside of the previously defined coverage area. These short overhangs 
are inherent to manufacture of WWR mats and are a function of the welding equipment programming for traction (pulling) of wires through 
the machine itself, as well as execution of the automatic welding operation. ASTM A1064 provides for special requirements that, if 
requested by the designer and/or purchaser, would in turn allow these small overhangs to be minimized/eliminated by the manufacturer 
during fabrication, prior to shipment. 
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Figure 14:  Slab Type 1, Option B: WWR mat configuration shown. For each 15 ft x 15 ft slab “panel” there will be two identical mats, one of 
which will simply be rotated end for end in the field. 

Note how mat central overhangs are configured to achieve the lap splice requirement while maintaining a typical wire spacing at the 
transition from one mat to the other. 
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Figure 15:  Slab Type 1, Option B: WWR mats “in panel”. Dimensions between the concrete panel boundaries (at control joints 
and slab terminations) and steel wires are illustrated. See Figure 13 for additional information on small overhang 
projections around perimeter. 
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ACI 360-10 Calculations Description 

STEP 3: Reinforcement Detailing (continued) 

 

 
 

Slab Type 1 Steel Area 

0.067 in2/ 
0.048 in2 @ joint 

 
 
For joint reinforcement (enhanced aggregate interlock): 

 
D4.8 @ 12” on center  As = 0.048 in2 

 

The WWR mat detailed as the “interlock mat” noted in Figure 6 will be a 
ladder configuration. See Figure 16. 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
Enhanced aggregate interlock is achieved by introducing 
separate, purpose-specific mats that are discontinuous 
from – and in this example, of lesser cross-sectional 
area than - those used in the field of the slab panel.  
 
The steel area recommended to achieve enhanced 
aggregate interlock in conjunction with correctly-spaced 
control joints is outlined in ACI 360.  
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Figure 16 : Slab Type 1, joint reinforcement. Ladder-type mats are used across the control joints to promote enhanced aggregate 
interlock per ACI 360. The W3.0 wires are simply for supporting the “structural” D4.8 wires and are not relied upon for 
anything other than maintaining the shape of the mat and contributing to the reinforcement placement operation itself. 

These ladder mats, along with the previously detailed field mats for Slab Type 1, are easily trimmable on the jobsite to avoid 
encroachment into the column isolation blockouts. 
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ACI 360-10 Calculations Description 

STEP 3: Reinforcement Detailing (continued) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Slab Type 2 Steel Area 

0.360 in2 

 
 
For Slab Type 2 
 
As = 0.360 in2 

 

Options: 
 
D30.0 @ 10” on center  As = 0.360 in2 

D24.0 @ 8” on center  As = 0.360 in2 

D18.0 @ 6” on center  As = 0.360 in2 

 
For overall project uniformity, the 8” spacing option is selected. 
 
Use D24.0 @ 8” on center, each direction 
30” lap splice required* per structural engineer (Figure 10) 

 
 
Slab area bounded by doweled joint at interior edges and slab 
terminations at building perimeter: 
 
75’-0” x 60’-0” slab area 
 
Subtract 2” around perimeter to maintain specified perimeter cover and 
to terminate mats clear of control joints: 
 
74’-8” x 59’-8” reinforcement “coverage” area 
 
 
 

 
 
 
*A pre-defined, prescriptive range of lap splice lengths 
has been provided on the contract drawings. This type of 
simplification is a common practice when the design 
professional wants to maximize the repeatability of a 
particular detail or schedule from one project to another, 
as their design fees are often tied back to and checked 
against the accrual of chargeable hours. As such, any 
opportunities to streamline design tasks for the sake of 
efficiency are taken advantage of and implemented. In 
this case, if the WWR fabricator were to inspect more 
closely the lap splice length requirements per ACI 318-
19 (Section 25.4.2.4 in conjunction with Section 
25.5.3.1.1 and Section 25.5.2), they would find that the 
actual require Class B lap splice is just under 22”. See 
Figure 17.  
 

WWR manufacturers’ technical staff are encouraged to 
broach the subject of refined lap splicing as well as any 
other potential material and cost savings measures with 
both the contractor and engineer of record. With the 
implementation of WWR into a project itself typically 
being a value-based solution (time and labor savings), it 
is important for there to be a collaborative approach to 
striking the ideal balance between design intent, 
constructability, and installed cost. 
 

For this example, the engineer’s specified lap splice will 
be used in the WWR detailing. 
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Figure 17:  Automated calculation of Class B lap splice length using ACI 318-19 Sections 25.4.2.4, 25.5.3.1.1 and 25.5.2. Note that the 
reinforcement grade modification factor is conservatively listed as 1.15, which adopts the same value as that established in 
ACI 318-19 for 80 ksi reinforcement instead of a 1.0 value associated with 60 ksi. Future editions of ACI 318 will be expected 
to provide clarity on this matter. 
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ACI 360-10 Calculations Description 

STEP 3: Reinforcement Detailing (continued) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Slab Type 2 Steel Area 

0.360 in2 
 
74’-8” (plan east-west) x 59’-8” (plan north-south) “coverage” area 
 
Plan east-west mat width/quantity determination (896 inches coverage): 
 
→ Try ten (10) intermediate 8” spaces between mats (80 inches) 
→ Remaining width for eleven (11) mats: 896 – 80 = 816 inches 
→ 816” is divisible by 8”; therefore, a solution exists without atypical spaces 

(i.e., atypical = wire spaces not equal to 8”) 
→ 816 ÷ 11 = eleven mats, each 74.18 inch wide. But avoid atypical spaces. 

→ Option EW-1: (10) mats @ 72” + (1) mat @ 96”  
→ Option EW-2: (10) mats @ 80” + (1) mat @ 16” 

 

→ Try eleven (11) intermediate 8” spaces between mats (88 inches) 
→ Remaining width for twelve (12) mats: 896 – 88 = 808 inches 
→ 808” is divisible by 8”; therefore, a solution exists without atypical spaces 

(i.e., atypical = wire spaces not equal to 8”) 
→ 808 ÷ 12 = twelve mats, each 67.33 inch wide. But avoid atypical spaces. 

→ Option EW-3: (11) mats @ 72” + (1) mat @ 16”  
→ Option EW-4: (11) mats @ 64” + (1) mat @ 104” 

 
→ Try twelve (12) intermediate 8” spaces between mats (96 inches) 
→ Remaining width for thirteen (13) mats: 896 – 96 = 800 inches 
→ 800” is divisible by 8”; therefore, a solution exists without atypical spaces 

(i.e., atypical = wire spaces not equal to 8”) 
→ 800 ÷ 13 = thirteen mats, each 61.50 inch wide. But avoid atypical 

spaces. 
→ Option EW-5: (12) mats @ 64” + (1) mat @ 32”  
→ Option EW-6: (12) mats @ 56” + (1) mat @ 128” 
 

 

 
 
Coverage areas must be subdivided into WWR mat 
arrangements. WWR detailers have expedited 
methodologies for deriving the most appropriate 
“roster” of WWR mats types to suit project-
specified coverage areas. A detailed view of one 
such method is shown here, presented in longhand 
form for clarity. 
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ACI 360-10 Calculations Description 

STEP 3: Reinforcement Detailing (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Slab Type 2 Steel Area 

0.360 in2 

 
74’-8” (plan east-west) x 59’-8” (plan north-south) “coverage” area 
 
Plan north-south mat width/quantity determination (716 inches 
coverage): 
 
→ Try one (1) intermediate 8” space between mats (8 inches) 
→ Remaining length for two (2) mats: 716– 8 = 708 inches 
→ 708” is not divisible by 8”; therefore, mats would be configured 

with an atypical space – not exceeding 8” increments – to provide 
the required coverage 

→ 708 ÷ 2 = two mats, each 354 inch long 
→ Option NS-1: (2) mats @ 354” (each with a 5” space each 

end, with remaining spaces at 8”) 
 

→ Try two (2) intermediate 8” spaces between mats (16 inches) 
→ Remaining length for three (3) mats: 716– 16 = 700 inches 
→ 700” is not divisible by 8”; therefore, mats would be configured 

with an atypical space – not exceeding 8” increments – to provide 
the required coverage 

→ 700 ÷ 3 = three mats, each 233.33-inch-long (avoid fractional 
spaces) 

→ Option NS-2: (2) mats @ 240” + (1) mat @ 220” (6” space 
each end, with remaining spaces at 8”) 

 
 
 

 
 
 
 
 
The WWR detailer, with guidance from the contractor on 
installation preferences, means, and methods, will select 
the mat geometries and proposed plan placement and in 
turn presents this information on the shop drawing 
submittal that will ultimately be reviewed by the engineer 
for general conformance with the design intent. Shop 
drawing submittals must always first pass through the 
contractor, however, to ensure the proposed reinforcement 
attributes align with the contractor’s means, methods, and 
constructability considerations. 
 
Refer to the following figures for the culmination of the 
WWR detailing effort: 
 
• Figure 18 – WWR detailer’s mat plan nomenclature 
• Figure 19 – WWR Solution: Option A 
• Figure 20, 21 – WWR Solution: Option A Detailing 
• Figure 22 – WWR Solution: Option B 
• Figure 23 – WWR Solution: Option B Detailing 

 
WWR Option A is a combination of EW-5 and NS-2. 
WWR Option B is a combination of EW-1 and NS-1. 
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Figure 18:  WWR detailing nomenclature – For this example, the WWR detailer utilizes a compass-type system that helps the reviewer 
quickly identify on the placement plan the presence and general extent of wire overhangs.  

The presence of overhangs is represented by an arrow. Where overhangs extend past the first wire of the adjacently-placed 
WWR mat, the arrow is shown in the symbol to be beyond a representative crossing line. Where overhangs extend to and 
terminate at the first wire of the adjacently-placed WWR mat, the arrow is shown in the symbol to abut the crossing line.  

The absence of overhangs on a given mat is simply represented by the absence of a directional arrow. If the mat has no 
overhangs on any of its four sides (i.e., wires project beyond the mat’s perimeter wire centerlines by no more than one inch), 
the symbol is a rectangle with an inscribed “X”.  
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Figure 19:  WWR Solution: Option A 

Note that overhang dimensions are presented on the individual WWR mat details in Figures 20 and 21. Overhang 
lengths are configured in conjunction with the typical 8” space between mats to ensure the specified Class B lap 
splice is achieved. 
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Figure 20: 
WWR Solution: Option A 
Mat configurations 1-3 
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Figure 21:  
WWR Solution: 
Option A 
Mat configurations 4-6 
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Figure 22: WWR Solution: Option B 

Note that overhang dimensions are presented on the individual WWR mat details in Figure 23. Overhang lengths are 
configured in conjunction with the typical 8” space between mats to ensure the specified Class B lap splice is achieved. 
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Figure 23:  
WWR Solution: Option B 
Mat configurations 1-3 
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ACI 360-10 Calculations Description 

STEP 3: Reinforcement Detailing (continued) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Slab Type 2 Steel Area 

0.360 in2 

 
The following is a comparison of Option A and B, outlining considerations 
relevant to the contractor’s handling and placement operations. 
 
Attribute Option A Option B 

Coverage area  ~4,455 ft2 ~4,455 ft2 

Total number of mats 39 22 

Average coverage per mat ~144.2 ft2 202.5 ft2 

Unique mat types 6 3 

Mat weight range 173 – 373 lbs 575 – 658 lbs 

Mechanized installation1 No Yes 

Total steel weight 13,937.50 lbs 13,247.50 

Standard freight2? Yes No 

 
1. Mechanized assistance during installation likely required due to 

weight of individual WWR mats, typically through use of telehandler 
and spreader beam. 

2. Standard width includes material that is 8’-6” in width. Wider loads 
require oversize considerations and additional permit. 

 

 
 

Two viable WWR configurations are presented here 
for the Slab Type 2 area, each of which satisfies the 
engineer’s design intent. Ultimately, the selection of 
the option used for this project will depend heavily 
on the contractor’s transport, handling, and 
placement operations.  
 
On many projects, mechanized equipment is on site 
by default due to the plethora of other construction 
activities that benefit from its availability, so the 
need for a telehandler or comparable means of 
mechanized installation is not necessarily a 
construction cost that is specific to WWR alone. 
 
Contractors are encouraged to work closely with a 
WWR manufacturer’s technical staff to identify and 
maximize efficiencies of the WWR package specific 
to a project’s needs. All major manufacturers 
employ engineering and detailing professionals who 
are well-versed in the manufacture, submittal, and 
installation of welded wire reinforcement, and these 
services are inherently a value-added aspect of the 
reinforcement product. 
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EXAMPLE 5 PROBLEM STATEMENT: 
 
The subject structural wall panel configurations are excerpts from a set of construction drawings for a large-volume, single-story distribution center. 
Two reinforced concrete tilt-up wall panels are selected for evaluation as part of this example.  
 
The wall panels serve as the primary structural support for the roof structure as well as comprising the building’s cladding system. The roof system 
is comprised of open web steel joists and joist girders, both of which derive direct support from the panels (i.e., there is no structural steel framing 
line of beams and columns directly adjacent to the wall panels). In addition to providing direct support for gravity loading, the panels are also relied 
upon for lateral stability under wind or seismic loading. A continuous reinforced concrete shallow footing system is constructed to support the wall 
panels. 
 
The wall panels are designed by the Engineer of Record per the requirements of ACI 318-19. Walls are considered ordinary reinforced concrete 
shear walls in accordance with ASCE 7-16, and as such are not categorized as special structural walls noted in Table 20.2.2.4(a) of ACI 318-19. 
 
Design Criteria are as follows: 𝑓𝑓′𝑐𝑐 = 4,000 𝑝𝑝𝑝𝑝𝑝𝑝,𝛽𝛽1 = 0.85  

 𝑓𝑓𝑦𝑦 = 60,000 𝑝𝑝𝑝𝑝𝑝𝑝 (𝑟𝑟𝑟𝑟𝑝𝑝𝑟𝑟𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟𝑝𝑝𝑟𝑟𝑟𝑟 𝑏𝑏𝑏𝑏𝑟𝑟 𝑦𝑦𝑝𝑝𝑟𝑟𝑦𝑦𝑦𝑦 𝑝𝑝𝑠𝑠𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑠𝑠ℎ) 
𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑠𝑠𝑟𝑟 𝐷𝐷𝑟𝑟𝑟𝑟𝑝𝑝𝑝𝑝𝑠𝑠𝑦𝑦 = 0.145 𝑘𝑘𝑟𝑟𝑓𝑓,𝑟𝑟𝑟𝑟𝑟𝑟𝑛𝑛𝑏𝑏𝑦𝑦𝑛𝑛𝑟𝑟𝑝𝑝𝑟𝑟ℎ𝑠𝑠 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑠𝑠𝑟𝑟 𝜆𝜆 = 1.0 
𝐶𝐶𝑦𝑦𝑟𝑟𝑏𝑏𝑟𝑟 𝑟𝑟𝑟𝑟𝑐𝑐𝑟𝑟𝑟𝑟: 1.5" interior face, 2.25" exterior face (1.5" clear +0.75" reveal depth) 

 

Chapter Seven 

EXAMPLE: Tilt-up Panels 
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Figure 1: Excerpt from contract structural drawings to be used for construction 
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The example includes the following steps: 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Step 1 – Summary of Engineer’s Structural Design Routine and Typical Details 

Step 2 – WWR Detailer: Determination of WWR Inclusions and Exclusions 

Step 3 – WWR Detailer: Reinforcement Conversion Routine for WP-1 

Step 4 – WWR Detailing for WP-1 

Step 5 – WWR Detailer: Reinforcement Conversion Routine for WP-2 

Step 6 – WWR Detailing for WP-2 
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ACI 318-19 Calculations Description 

STEP 1: Summary of Structural Design Routine and Typical Details 

 
 
 
 
 

 
 

 
The Structural Engineer of Record’s design routine 
requires reconciliation of both gravity and lateral loading. 
 
Due consideration is made by the engineer for the 
eccentric alignment of roof loading relative to the wall 
panel centerline, which introduces additional flexure in 
the wall section. Panel out-of-plane mid-height 
displacement due to thermal bowing is also 
acknowledged in the form of additional eccentricity 
applied to the concentrated forces due to roof joists 
incurred by the panel. 
 
The panel is restrained at three levels: the roof 
diaphragm, the slab-on-ground, and the foundation. 
 
The following figures illustrate design attributes, as well 
as the resulting content that would be presented on the 
contract structural drawings. 
 
Figure 2: 
Designer’s Basic Wall Panel Model with Fixities 
 
Figure 3 through 6: 
Designer’s “Typical” Details 
 
Figure 7: 
Designer’s Project-Specific Reinforcement Schedule 
 
Figure 8: 
Designer’s Project-Specific Panel Elevations 
 
Figure 9: 
Designer’s General Notes Excerpt 
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Figure 2: Excerpt from the engineer’s design model showing panel proportions and fixities 
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Figure 3: Engineer’s reference panel elevations, showing typical reinforcement call-outs (continued on next page) 
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Figure 3 (continued): Engineer’s reference panel elevations, showing typical reinforcement call-outs. Note that these elevations are 
illustrative only and are not necessarily project-specific. Their inclusion in the contract drawings is not only worthwhile to give 
the contractor clarification on general positioning of the various numbered reinforcement “categories”, but is required as it 
relates to the trim (9 and 10) and corner (11) reinforcement that will be present in all wall panels. 
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Figure 4:  Engineer’s typical detail showing wall panel base anchorage to the foundation level and to the slab. It is important to note 
that not all wall panels require physical anchorage to the foundation. Generally, foundation connection is limited to those 
panels that are subjected to overturning forces not capable of being resisted by the weight of the panel itself.  

 
Both the foundation and the slab connections indicated are notable from the WWR detailer’s standpoint because they 
represent reinforcement components that (a) can potentially be furnished in WWR form and (b) must be spatially addressed 
and resolved as they relate to avoidance of interruption/conflict with other “primary” wall reinforcement mats. 
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Figure 5:  Engineer’s typical detail showing roof framing attachment. This information is notable for the WWR detailer in order to 
identify embedded anchorage features that could result in spatial conflict with intended positioning of the wall reinforcement. 
The presence of embedded components requires special attention when WWR mat configurations are being derived to ensure 
compatible alignment. (continued on next page) 

 



 
Welded Wire Reinforcement Design and Detailing Guide 10 
  

 
 

Figure 5 (continued):  Engineer’s typical detail showing roof framing attachment. This version of the detail shows a formed pocket into 
which connection hardware and roof framing are ultimately positioned. Again, from the WWR detailer’s point-of-view, these cast-
in and embedded components are items that must be acknowledged in the geometry of the WWR mats to be used on the project. 
(Note that this version of the detail ultimately does not apply to this example.) 
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Figure 6:  Engineer’s typical detail showing panel reinforcing arrangement, used in conjunction with project-specific 
information in Figure 7 and 8. 
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Figure 7:  Engineer’s project-specific wall panel reinforcement schedule, used in conjunction with Figure 6 and 8. 
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Figure 8: Engineer’s project-specific wall panel reinforcement elevations. Use in conjunction with Figure 6 and 7.  
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Figure 9: Excerpt from contract documents showing the design professional’s permissive WWR substitution language 
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ACI 318-19 Calculations Description 

STEP 2: Determination of WWR Inclusions and Exclusions 

 
20.2.1.7 
 
 
20.2.2.4 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
1. The EOR allows for WWR substitution per the Mild Reinforcing 

Steel General Notes (Figure 9). 
2. Individual corner bars (Figure 3) will be excluded from the WWR 

portion of the reinforcement submittal and will remain reinforcing 
bars. 

3. Panel and opening trim bars will be included in the WWR portion of 
the reinforcement submittal (bars will be converted to wires). 

4. The tilt-up wall panel schedule (Figure 7) indicates that neither wall 
panel WP-1 nor WP-2 require mechanical hold-down assemblies as 
detailed in Figure 4. As such, the reinforcement components of 
these assemblies will not need to be considered for (a) WWR 
conversion or (b) spatial conflict resolution. 

5. The presence of embed plates noted in the first illustration of figure 
5 must be coordinated when WWR mat configurations are derived 
for WP-1 and WP-2. 

6. The presence of panel openings in WP-1, resulting in somewhat 
irregular reinforcement layouts, must be coordinated when WWR 
mat configurations are derived for WP-1. 

 
Deformed wire sizes between D4 and D31 are 
permitted. 
 
Welded wire reinforcement is permitted for the tilt-up wall 
panel application (walls are not “special structural 
walls”). 
 

 
 
The WWR Detailer reviews the structural drawings and 
identifies notable benchmarks for carrying out the 
detailing of welded wire reinforcement. 
 
As is commonly deployed for numerous other cast-in-
place concrete structures requiring reinforcement layout 
flexibility to achieve the intended design, the WWR 
detailer for this tilt-up wall panel project will rely heavily 
on single-direction mats (structural wires in one direction 
with non-structural “holding” wires in the other direction) 
to resolve the specified configurations of vertical bars 
and horizontal bars independent of each other. The use 
of one-directional WWR mats is prevalent throughout the 
Welded Wire Reinforcement Design and Detailing Guide 
and can be seen in several other example chapters. 
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ACI 318-19 Calculations Description 

STEP 3: WWR Detailer: Reinforcement Conversion Routine for WP-1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
R25.5.2.1 
 
 
 

 
 

 
The following figures illustrate the WWR Detailer’s 
allocation of panel reinforcement areas into generalized 
WWR mat regions.  
 
Worth noting is the fact that WWR mat lap splices are 
not being introduced anywhere in the panel. There exist 
geometric width limitations related to both transport and 
manufacture of WWR, with 8’-6” being a maximum 
width requiring consideration to avoid the extra expense 
of wide load transport, and 12’-0” being the generally 
accepted maximum manufactured width of a WWR mat 
coming off the welding machine at the plant. 
 
From a WWR detailing standpoint, one might be 
tempted to offset the aforementioned geometric 
limitations by utilizing multiple mats “laced” together by 
lap splicing, however, this approach could result in the 
positioning of lap splices in proximity to points of high 
tensile stress within the panel, a practice that is 
discouraged in ACI 318-19 and all but prohibited by 
practicing engineers in the prevailing detailing 
methodology used on contract structural drawings. 
While there may be exceptions, it is advisable for lap 
splices to be avoided unless explicitly detailed and 
permitted by the Engineer of Record in the original tilt-
up wall panel design. 
 
 
 

 
 
 
 
 



 
Welded Wire Reinforcement Design and Detailing Guide 17 
  

ACI 318-19 Calculations Description 

STEP 3: WWR Detailer: Reinforcement Conversion Routine for WP-1 (continued) 

 
 

 

 
 
 

 
A. EDGE JAMB MATS - CONTINUOUS VERTICALS. 

HORIZONTALS SPACED PER DESIGNER 
REQUIREMENTS DIRECTLY ADJACENT TO 
OPENING. HORIZONTALS SPACED AS "HOLDING 
WIRES" OUTSIDE OF THE EXTENTS OF THE 
OPENING HEIGHT. 

 
B. CENTER JAMB MAT - CONTINUOUS VERTICALS. 

HORIZONTALS SPACED PER DESIGNER 
REQUIREMENTS DIRECTLY ADJACENT TO 
OPENING. HORIZONTALS SPACED AS "HOLDING 
WIRES" OUTSIDE OF THE EXTENTS OF THE 
OPENING HEIGHT. 
 

C. OVER-OPENING VERTICAL MATS - 
CONTINUOUS VERTICALS BETWEEN TOP OF 
PANEL AND TOP OF OPENING. WIDELY-SPACED 
HORIZONTAL "HOLDING WIRES" THROUGHOUT. 
 

D. BASE HORIZONTAL MAT - CONTINUOUS 
HORIZONTALS, FULL PANEL WIDTH. VERTICALS 
SPACED PER DESIGNER REQUIREMENTS 
BELOW OPENINGS. VERTICALS OMITTED 
OUTSIDE OF THE EXTENTS OF THE WIDTHS OF 
THE OPENINGS. 

 
E. OVER OPENING HORIZONTAL MATS - 

CONTINUOUS HORIZONTALS, FULL PANEL 
WIDTH. WIDELY-SPACED VERTICAL "HOLDING 
WIRES".  
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ACI 318-19 Calculations Description 

STEP 3: WWR Detailer: Reinforcement Conversion Routine for WP-1 (continued) 

 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Jamb mats A and B are configured predominantly with 
single directional structural vertical reinforcement in, 
kept “in shape” by widely-spaced horizontal holding 
wires. The exception occurs in the regions directly 
adjacent to the panel openings, where the mats include 
horizontal wires as required to match the engineer’s 
specified horizontal reinforcement. 
 
Mats A and B will include the vertical trim bars illustrated 
in Figure 3, located at the vertical edges of the wall 
panel and at the vertical edges of the openings. 
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ACI 318-19 Calculations Description 

STEP 3: WWR Detailer: Reinforcement Conversion Routine for WP-1 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Over-opening vertical mat C is configured with single 
directional structural vertical reinforcement kept “in 
shape” by widely-spaced horizontal holding wires. The 
vertical wires will be duly positioned to suit the alignment 
of the adjacent vertical trim bars along the vertical edges 
of the openings, which will be built into previously-
described Mats A and B. 
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ACI 318-19 Calculations Description 

STEP 3: WWR Detailer: Reinforcement Conversion Routine for WP-1 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Base horizontal Mat D has continuous horizontals 
running the full width of the wall panel. In the wall 
regions directly below the two openings, welded vertical 
wires match the engineer’s specified requirements. In 
the wall regions that align with the previously defined A 
and B jamb regions, vertical wires are omitted from Mat 
D. 
 
Mat D will include the horizontal trim bars illustrated in 
Figure 3, located at the horizontal bottom edge of the 
wall panel and at the horizontal bottom edge of the 
openings. 
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ACI 318-19 Calculations Description 

STEP 3: WWR Detailer: Reinforcement Conversion Routine for WP-1 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Over-opening horizontal mats E have continuous 
horizontals running the full width of the wall panel, with 
widely-spaced vertical holding wires throughout.  
 
E-Mats will include the horizontal trim bars illustrated in 
Figure 3, located at the horizontal top edge of the wall 
panel and at the top edge of the openings. 
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ACI 318-19 Calculations Description 

STEP 4: WWR Detailer: WWR Detailing for WP-1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
With the allocation process done, it is time to actually 
generate the physical WWR mat configurations to 
populate the allocated regions. 
 
Mats A and B are shown here. Notice how both mat 
configurations contain “design” horizontal wire in the 
regions directly adjacent to the openings, while the 
remainder of the lengths of the mats contain only widely-
spaced non-structural holding wires to maintain shape. 
Also note that the WWR detailer has kept the lower 
extent of the A- and B-Mat free of horizontals, which will 
help avoid potential wire collision at its interface with the 
D-Mat. Of equal importance is the exclusion of 
horizontals in the upper extent of the mat, affording the 
placers some flexibility to slightly shift the verticals for 
the purpose of avoidance of embedded anchorage items 
at the roof framing level. 
 
Both A-Mat and B-Mat contain vertical trim bars. A-Mat 
was scheduled in Figure 6 to have (4) #5. With two (2) 
trim bars “built in”, it has a total of six (6) verticals. For 
the B-Mat, scheduled bars (5) plus trim bars (2) bring the 
total verticals to seven (7). Half-inch dimensions noted 
are nominal overhangs required for manufacture. 
 
A-MAT: 
4 X V2 D31/D20  20” (+0.5”,+0.5”) X 29’-8” (34, 34) 
V2= 34” OH, 68”, 60”, 64”, 6 @ 14”, 46” OH 
 
B-MAT: 
V1 X V2 D31/D20  32” (+0.5”,+0.5”) X 29’-8” (34, 34) 
V1= 0.5” OH, 4”, 4 @ 6”, 4”, 0.5” OH 
V2= 34” OH, 68”, 60”, 64”, 6 @ 14”, 46” OH 
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ACI 318-19 Calculations Description 

STEP 4: WWR Detailer: WWR Detailing for WP-1 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
For the C-Mats, vertical reinforcement is originally 
defined for this region to be #5 @ 14” on center (each 
face of wall panel). 
 

#5 @ 14" 𝑂𝑂𝐶𝐶 =  0.266 
𝑝𝑝𝑟𝑟2

𝑓𝑓𝑠𝑠
 

 

0.266 
𝑝𝑝𝑟𝑟2

𝑓𝑓𝑠𝑠
× 9 𝑓𝑓𝑟𝑟𝑟𝑟𝑠𝑠 𝑛𝑛𝑝𝑝𝑦𝑦𝑠𝑠ℎ = 2.394 𝑝𝑝𝑟𝑟2 

 
𝑈𝑈𝑝𝑝𝑟𝑟 (8) 𝐷𝐷31 𝑛𝑛𝑝𝑝𝑟𝑟𝑟𝑟𝑝𝑝 (𝐴𝐴𝑠𝑠 = 2.48 𝑝𝑝𝑟𝑟2) 
 
Eight (8) vertical wires are spaced at 14” on center. 
 
Since the WWR detailer is not capturing any of the 
horizontal structural reinforcement on this particular mat 
configuration, the only horizontals used will be non-
structural holding wires, and their size will be reduced to 
suit the manufacturer’s requirements for maintaining 
shape during handling, transport, and placement.  
 
Finally, note that the overall mat width is still less than 
the maximum that would require oversize load transport, 
resulting in a monetary savings. 
 
C-MAT: 
14 X V2 D31/D12  98” (+0.5”,+0.5”) X 17’-8” (34, 50) 
V2 = 34” OH, 68”, 60”, 50” OH 
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ACI 318-19 Calculations Description 

STEP 4: WWR Detailer: WWR Detailing for WP-1 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

 
So far, Mats A, B, and C have been configured and 
positioned. The figure to the left shows this 
arrangement. Note the placement of the C-Mats (blue) 
symmetrically above the wall panel openings, resulting 
in a 7-inch offset from the A- and B- jamb mats (red). 
Also noteworthy is the alignment of the non-structural 
holding wires; the C-Mats were configured such that 
holding wire position matched that which was previously 
established for the A-mat and B-mat.  
 
Roof structure embedment plates are represented by 
the five (5) rectangles positioned at varying elevations 
towards the top of the wall panel. Verticals are capable 
of slight shifting if necessary to avoid conflict with the 
embedded headed studs associated with the plates. 
 
Non-structural holding wires are not intended to 
contribute in any way to the structural performance of 
the reinforced concrete element. As such, once the 
WWR mats are being positioned in the forms and 
chaired/bolstered, holding wires can themselves be field 
cut to allow for added localized adjustment of the 
structural wire alignment if conflicts with embedded 
items remain. The permission to field cut non-structural 
holding wires would be explicitly defined and illustrated 
by the WWR Detailer on the reinforcement submittal 
and placement drawings to ensure no confusion. 
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ACI 318-19 Calculations Description 

STEP 4: WWR Detailer: WWR Detailing for WP-1 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

 
For the D-Mat, vertical reinforcement is originally defined 
for this region to be #5 @ 14” on center and horizontals 
defined to be #4 @ 14” on center. The pattern of vertical 
wires to replace the vertical bars will match that used in 
the C-Mats above the openings. The horizontal wires are 
determined as follows (each face of wall panel): 
 

#4 @ 14" 𝑂𝑂𝐶𝐶 =  0.171 
𝑝𝑝𝑟𝑟2

𝑓𝑓𝑠𝑠
 

 

0.171 
𝑝𝑝𝑟𝑟2

𝑓𝑓𝑠𝑠
× 3 𝑓𝑓𝑟𝑟𝑟𝑟𝑠𝑠 ℎ𝑟𝑟𝑝𝑝𝑟𝑟ℎ𝑠𝑠 = 0.513 𝑝𝑝𝑟𝑟2 

 
𝑇𝑇ℎ𝑟𝑟𝑟𝑟𝑟𝑟 (3) 𝐷𝐷20 = 0.60 𝑝𝑝𝑟𝑟2 … 
 

𝐵𝐵𝐵𝐵𝑠𝑠 𝑝𝑝𝑝𝑝𝑏𝑏𝑟𝑟𝑝𝑝𝑟𝑟𝑟𝑟 𝑛𝑛𝑟𝑟𝐵𝐵𝑦𝑦𝑦𝑦 𝑏𝑏𝑟𝑟 
36 − 2" − 2"

2 𝑝𝑝𝑝𝑝𝑏𝑏𝑟𝑟𝑟𝑟𝑝𝑝
= 16" 

 
𝑈𝑈𝑝𝑝𝑟𝑟 (4)  𝐷𝐷20.  𝑅𝑅𝑟𝑟𝑝𝑝𝐵𝐵𝑦𝑦𝑠𝑠𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝑝𝑝𝑏𝑏𝑟𝑟𝑝𝑝𝑟𝑟𝑟𝑟 𝑝𝑝𝑝𝑝 10",12", 10". 
 
Note that panel trim bars are “built in” to the WWR mat 
configuration. 
 
V1 X V2  D20/D31  32” (+0.5”,+0.5”) X 24’-8” (27,27) 
V1 = 0.5” OH, 10”, 12”, 10”, 0.5” OH 
V2 = 27” OH, 7 @ 14”, 46”, 7 @ 14”, 27” OH 
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ACI 318-19 Calculations Description 

STEP 4:  WWR Detailer: WWR Detailing for WP-1 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 

 
A composite of Mats A, B, C, and D is shown at left. 
 
While not explicitly noted during the previous 
configuration exercise for A-Mat and B-Mat, the 
positioning of the horizontal structural wires on these 
mats, adjacent to openings, was done in a manner that 
anticipated the presence of other WWR mats containing 
the horizontal trim wires at the bottom (shown) and top 
(subsequent, on E-Mat) of the wall panel openings. 
 
As can be seen, the placement of D-Mat is such that, not 
only are horizontal trim wires captured thereon, but the 
engineer’s prescribed 14” spacing is maintained at the 
“transition” from D-Mat horizontals upward to A-Mat and 
B-Mat horizontals. 
 
This is where the use of WWR mats can prove to be far 
superior to placement of individual loose bars. The tilt-up 
wall panel site fabrication process itself is innately 
modular, and when coupled with WWR assemblies the 
labor and time expenditure, as well as the tolerance 
control, results in an extremely efficient and streamlined 
construction operation.  
 
One of the keys for both the design professional and 
contractor is the ever-increasing contributions of highly-
skilled and knowledgeable WWR detailers throughout 
the welded wire reinforcement manufacturing industry. 
Without the WWR detailing professional, the 
implementation of WWR into structural projects would be 
a considerably more arduous undertaking. 
 



 
Welded Wire Reinforcement Design and Detailing Guide 27 
  

ACI 318-19 Calculations Description 

STEP 4: WWR Detailer: WWR Detailing for WP-1 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 

 

 
The E-Mat configuration is shown in the figure at the left. 
Two E-Mats will be used over the openings to complete 
the panel’s primary structural reinforcement 
arrangement. 
 
E-Mat contains structural horizontal wires to replace 
horizontal #4 @ 14” on center, with non-structural 
vertical holding wires positioned to avoid conflict with the 
structural wires of other mats as well as embedded wall 
panel items. 
 
Notice that E-Mat contains trim reinforcement, as is 
readily apparent in subsequent illustrations. 
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ACI 318-19 Calculations Description 

STEP 4: WWR Detailer: WWR Detailing for WP-1 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
The full WWR reinforcement assembly is shown at left, 
with non-structural holding wires of A-, B-, and C-Mats 
represented by hidden (dashed) lines. 
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ACI 318-19 Calculations Description 

STEP 4: WWR Detailer: WWR Detailing for WP-1 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
The full WWR reinforcement assembly is shown at left, 
with all non-structural holding wires represented by 
hidden (dashed) lines. 
 
Layout of non-structural holding wires is a critical 
component of the WWR mat detailing process, as it is 
the WWR detailer’s responsibility to provide “workable” 
sheets of reinforcement for the crew in the field without 
compromise to the engineer’s structural design intent 
nor disruption of intended geometric tolerances. In this 
regard, not only is the WWR detailing professional 
required to have a good technical grasp of the structural 
requirements themselves, but they must also have 
intimate familiarity with manufacturing capabilities and 
an artistic yet concise methodology of presenting the 
detailed information to project stakeholders. 
 
Note that within the thickness of the wall, holding wires 
physically occupy the same plane as structural wires, 
hence all of the attention paid to their arrangement. The 
result is that positioning of structural vertical and 
horizontal reinforcement shown in Figure 6 is 
maintained. Structural vertical wires are positioned 
outermost in the panel (nearest the surface), and the 
horizontal holding wires that are welded to them will 
occupy the same plane as the structural horizontal wires 
from the other mats placed in direct contact with said 
outermost mats. This then leaves the non-structural 
vertical wires associated with the structural horizontal 
mats. These non-structural vertical wires simply align to 
the inside of the structural horizontals and occur in a 
plane where no other reinforcement is positioned. 
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ACI 318-19 Calculations Description 

STEP 4: WWR Detailer: WWR Detailing for WP-1 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
The full WP-1 WWR reinforcement assembly is shown at 
left, with all non-structural holding wires removed from 
view, and color-coding turned off. 
 
The configuration shown would be placed in each face 
of the wall panel, and the contractor would be 
responsible for adding the individual diagonal corner 
bars noted previously in Figure 3. 
 
In the end, for WP-1, the comparison is as follows 
(excluding aforementioned diagonal corner bars): 
 
Reinforcing Bar Solution: 
 
• Placement and tying of 184 loose reinforcing bars 

(51 verticals and 41 horizontals, each face) 
 
Welded Wire Reinforcement Solution: 
 
• Placement of 16 prefabricated WWR mats 
 
For clarification and transparency, the WWR 
shop/placement drawings for a tilt-up wall panel project 
will typically include submittal documentation that 
quantitatively supports the conversion of reinforcing bars 
over to welded wire reinforcement mats. For an example 
of this support documentation, refer to the Shallow 
Foundations example chapter of this guide. 
 

 



 
Welded Wire Reinforcement Design and Detailing Guide 31 
  

ACI 318-19 Calculations Description 

STEP 5: WWR Detailer: Reinforcement Conversion Routine for WP-2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

 
The following figures illustrate the WWR Detailer’s 
allocation of panel reinforcement areas into generalized 
WWR mat regions.  
 
Both WP-1 and WP-2 derive the entirety of their 
structural restraint from attachment to horizontally-
oriented external “planes” (roof diaphragm level and slab 
level). As such, an individual wall panel, buffered on 
each of its vertical edges by a flexible control joints that 
creates physical separation (structural discontinuity) 
between itself and abutting wall panels, can only reliably 
span vertically to external supports; it has no quantifiable 
ability to span horizontally because no such external 
supports exist along the vertical panel edges. In this 
regard, the wall panels in this example are truly one-way 
spanning elements: resolution of the effects of out-of-
plane flexural loading is achieved entirely through 
spanning in the vertical direction.  
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Heavy lines represent external “horizontal” planes 
(roof and slab) providing restraint to the wall 
panels. 
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ACI 318-19 Calculations Description 

STEP 5: WWR Detailer: Reinforcement Conversion Routine for WP-2 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

 
Because of the presence of openings within the field of 
Wall Panel WP-1, there is invariably some internal 
resolution of out-of-plane flexure by way of “spandrel” 
portions of the wall (above/below openings) spanning 
horizontally between the full height vertical jambs/piers. 
While the jambs/piers do receive this force by way of 
horizontal redistribution, in the end they still depend 
entirely on their own vertical spanning ability to seek out 
restraint from external horizontal planes. 
 
WP-2, on the other hand, has no internal discontinuities 
that create the need for horizontal redistribution of out-
of-plane flexural effects; the internal flexural load path, 
then, is entirely vertically-spanning.  
 
The offshoot of this WP-2 behavior is that the horizontal 
reinforcement is essentially relegated to shrinkage and 
temperature effects (and in extreme instances, in-plane 
shear resistance). This shift in responsibility of the 
horizontal reinforcement may allow for the WWR mats 
themselves to be spliced in the horizontal direction. With 
that said, lap splices other than those explicitly illustrated 
and/or defined by the design professional or record 
would of course require the designer’s approval, so for 
this example a solution comprised of mats with lap 
spliced horizontal wires is not illustrated. 
 
 
 
 
 
 
 
 
 

WP-1 relies on vertically 
continuous portions of 
the wall to deliver effects 
of out-of-plane flexural 
loading to the roof and 
floor diaphragm. 
Spandrel portions of the 
wall rely on horizontal 
distribution of out-of-
plane flexure to the 
continuous portions of 
wall, especially in closer 
proximity to the tops of 
the wall panel openings. 

WP-1 is entirely 
vertically-spanning.  
There is no expectation 
for the wall panel to have 
any internal horizontal 
redistribution of out-of-
plane flexural effects. 
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ACI 318-19 Calculations Description 

STEP 5: WWR Detailer: Reinforcement Conversion Routine for WP-2 (continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
A. VERTICAL MATS - CONTINUOUS VERTICALS. 

WIDELY-SPACED, NON STRUCTURAL 
HORIZONTAL "HOLDING WIRES". 
 

B. HORIZONTAL MATS - CONTINUOUS 
HORIZONTALS. WIDELY-SPACED, NON 
STRUCTURAL VERTICAL "HOLDING WIRES". 
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ACI 318-19 Calculations Description 

STEP 5: WWR Detailer: Reinforcement Conversion Routine for WP-2 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
A-Mats are configured as single directional structural 
vertical reinforcement kept “in shape” by widely-spaced 
horizontal holding wires.  
 
Panel vertical trim bars will be configured as part of the 
mats. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
Welded Wire Reinforcement Design and Detailing Guide 35 
  

ACI 318-19 Calculations Description 

STEP 5: WWR Detailer: Reinforcement Conversion Routine for WP-2 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
B-Mats are configured as single directional structural 
horizontal reinforcement kept “in shape” by widely-
spaced vertical holding wires.  
 
Panel horizontal trim bars will be configured as part of 
the mats. 
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ACI 318-19 Calculations Description 

STEP 6: WWR Detailer: WWR Detailing for WP-2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
For the A-Mats, vertical reinforcement is originally 
defined to be #5 @ 14” on center (each face of wall 
panel). 
 

#5 @ 14" 𝑂𝑂𝐶𝐶 =  0.266 
𝑝𝑝𝑟𝑟2

𝑓𝑓𝑠𝑠
 

 

0.266 
𝑝𝑝𝑟𝑟2

𝑓𝑓𝑠𝑠
× 25 𝑓𝑓𝑟𝑟𝑟𝑟𝑠𝑠 𝑛𝑛𝑝𝑝𝑦𝑦𝑠𝑠ℎ = 6.65 𝑝𝑝𝑟𝑟2 

 
(22) 𝐷𝐷31 𝑛𝑛𝑝𝑝𝑟𝑟𝑟𝑟𝑝𝑝 (𝐴𝐴𝑠𝑠 = 6.82 𝑝𝑝𝑟𝑟2), 𝑟𝑟𝑟𝑟𝑟𝑟𝐵𝐵𝑝𝑝𝑟𝑟𝑟𝑟𝑦𝑦,𝑛𝑛𝑝𝑝𝑟𝑟. 
 
In configuring the mats, based on the overall wall panel 
width, it is clear that three mats will be necessary in 
order to avoid monetary ramifications of oversize 
transport widths. The solution comes in the form of a 
three-mat arrangement comprised of one (1) A1 mat 
with seven D31 wires and two (2) A2 mats, each with 
eight D31 wires. This results in a total of (23) D31 wires. 
 
Horizontal wires are non-structural, sized as D14 to 
maintain shape of the WWR and spaced to avoid conflict 
with the structural horizontal wires on the B-mats. 
 
A1-MAT: 
V1 X V2 D31/D14 72” (+0.5”,+0.5”) X 29’-8” (56, 62) 
V1 = 0.5” OH, 14”, 4 @ 11”, 14”, 0.5” OH 
V2 = 56” OH, 70”, 2 @ 84”, 62” OH 
 
A2-MAT: 
14 X V2 D31/D14  98” (+0.5”,+0.5”) X 29’-8” (56, 62) 
V2 = 56” OH, 70”, 2 @ 84”, 62” OH 
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ACI 318-19 Calculations Description 

STEP 6: WWR Detailer: WWR Detailing for WP-2 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
The A-Mat layout within the wall panel is shown at left. 
A single A1-Mat is centered in the panel and flanked on 
each side by an A2-Mat. The symmetrical arrangement 
of vertical wires minimizes guesswork in the field as the 
workers place the mats in the forms.  
 
Non-structural holding wire offset from the top of the 
panel allows for localized flexibility in the event that 
slight shifting of the verticals is required to avoid spatial 
conflict with embedded elements. 
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ACI 318-19 Calculations Description 

STEP 6: WWR Detailer: WWR Detailing for WP-2 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 

 
For the B-Mats, horizontal reinforcement is originally 
defined to be #4 @ 14” on center (each face of wall 
panel). 

#4 @ 14" 𝑂𝑂𝐶𝐶 =  0.172 
𝑝𝑝𝑟𝑟2

𝑓𝑓𝑠𝑠
 

 

0.172 
𝑝𝑝𝑟𝑟2

𝑓𝑓𝑠𝑠
× 30 𝑓𝑓𝑟𝑟𝑟𝑟𝑠𝑠 ℎ𝑟𝑟𝑝𝑝𝑟𝑟ℎ𝑠𝑠 = 5.15 𝑝𝑝𝑟𝑟2 

 
(26) 𝐷𝐷20 𝑛𝑛𝑝𝑝𝑟𝑟𝑟𝑟𝑝𝑝 (𝐴𝐴𝑠𝑠 = 5.20 𝑝𝑝𝑟𝑟2), 𝑟𝑟𝑟𝑟𝑟𝑟𝐵𝐵𝑝𝑝𝑟𝑟𝑟𝑟𝑦𝑦,𝑛𝑛𝑝𝑝𝑟𝑟. 
 
In configuring the mats, based on the overall wall panel 
width, it is clear that four mats will be necessary in 
order to avoid monetary ramifications of oversize 
transport widths. The solution comes in the form of a 
four-mat arrangement comprised of one (1) B1 mat with 
six D20 wires and three (3) B2 mats, each with seven 
D20 wires. This results in a total of (27) D20 wires. 
 
vertical wires are non-structural, sized as D14 to 
maintain shape of the WWR and spaced to avoid 
conflict with structural vertical wires on the A-mats. 
 

B1-MAT: 
V1 X V2 D20/D14  62” (+0.5”,+0.5”) X 24’-8” (50, 50) 
V1 = 0.5” OH, 14”, 12”, 10”, 12”, 14”, 0.5” OH 
V2 = 50” OH, 68”, 60”, 68”, 50” OH 
 
B2-MAT: 
14 X V2 D20/D14  84” (+0.5”,+0.5”) X 24’-8” (56, 62) 
V2 = 50” OH, 68”, 60”, 68”, 50” OH 
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ACI 318-19 Calculations Description 

STEP 6: WWR Detailer: WWR Detailing for WP-2 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

 
The B-Mat layout within the wall panel is shown at left. A 
single B1-Mat aligns at the top of the wall panel, with the 
balance of the panel covered by three (3) B2-Mats. The 
symmetrical arrangement of wires on each mat 
minimizes guesswork in the field as the workers place 
the mats in each face of the form. 
 
Non-structural holding wires offset from the embedded 
item positions allow for localized flexibility in the event 
that slight shifting of the horizontals is required to avoid 
spatial conflict with embedded elements. 
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ACI 318-19 Calculations Description 

STEP 6: WWR Detailer: WWR Detailing for WP-2 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 

 
The full WP-2 WWR reinforcement assembly is shown at 
left, with all non-structural holding wires represented by 
hidden (dashed) lines. 
 
Layout of non-structural holding wires is a critical 
component of the WWR mat detailing process, as 
previously noted for WP-1. 
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ACI 318-19 Calculations Description 

STEP 6: WWR Detailer: WWR Detailing for WP-2 (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
The full WWR reinforcement assembly is shown at left, 
with all non-structural holding wires removed from view, 
and color-coding turned off. 
 
The configuration shown would be placed in each face 
of the wall panel. 
 
In the end, for WP-1, the comparison is as follows: 
 
Reinforcing Bar Solution: 
 
• Placement and tying of 100 loose reinforcing bars 

(23 verticals and 27 horizontals, each face) 
 
Welded Wire Reinforcement Solution: 
 
• Placement of 14 prefabricated WWR mats 
 
For clarification and transparency, the WWR 
shop/placement drawings for a tilt-up wall panel project 
will typically include submittal documentation that 
quantitatively supports the conversion of reinforcing bars 
over to welded wire reinforcement mats. For an example 
of this support documentation, refer to the Shallow 
Foundations example chapter of this guide. 
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 EXAMPLE 8 PROBLEM STATEMENT: 

The subject structure is a reinforced concrete site retaining wall that provides separation between an upper on-grade parking lot and a switch-back 
concrete ramp providing access to the ground level of a reinforced concrete parking structure. The cantilever-type retaining wall structure is kept 
separate from components of the parking structure by way of a weakened plane control joint, resulting in the wall’s behavior being that of a purely 
fixed-base, free-top element. The wall is properly drained so as to eliminate the accumulation of hydrostatic pressure and is designed by the 
Engineer of Record to develop active soil pressure. Rotation of the top of the wall is deemed to be not detrimental to the structure considering the 
wall itself is not relied upon to support elevated building structure above. 
The structural contract drawings provide retaining wall designs that utilize grade 60 deformed reinforcing bars, but also include permissive language 
for the use of welded wire reinforcement as a replacement to specified loose reinforcing bars (Pre-Approved Equal Method). The structure is 
designed by the Engineer of Record per the requirements of ACI 318-19. 
For this example, both wall and footing reinforcement will be presented in the form of deformed welded wire reinforcement solutions. 

Design criteria are as follows: 𝑓𝑓′𝑐𝑐 = 4,000 𝑝𝑝𝑝𝑝𝑝𝑝,𝛽𝛽1 = 0.85 (𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓 𝑎𝑎𝑓𝑓𝑎𝑎 𝑤𝑤𝑎𝑎𝑤𝑤𝑤𝑤)  
 𝑓𝑓𝑦𝑦 = 60,000 𝑝𝑝𝑝𝑝𝑝𝑝 (𝑟𝑟𝑟𝑟𝑝𝑝𝑓𝑓𝑓𝑓𝑓𝑓𝑟𝑟𝑟𝑟𝑝𝑝𝑓𝑓𝑓𝑓 𝑏𝑏𝑎𝑎𝑟𝑟 𝑦𝑦𝑝𝑝𝑟𝑟𝑤𝑤𝑎𝑎 𝑝𝑝𝑓𝑓𝑟𝑟𝑟𝑟𝑓𝑓𝑓𝑓𝑓𝑓ℎ) 

 𝐶𝐶𝑓𝑓𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟𝑓𝑓𝑟𝑟 𝐷𝐷𝑟𝑟𝑓𝑓𝑝𝑝𝑝𝑝𝑓𝑓𝑦𝑦 = 0.145 𝑘𝑘𝑟𝑟𝑓𝑓,𝑓𝑓𝑓𝑓𝑟𝑟𝑛𝑛𝑎𝑎𝑤𝑤𝑤𝑤𝑟𝑟𝑝𝑝𝑓𝑓ℎ𝑓𝑓 𝑟𝑟𝑓𝑓𝑓𝑓𝑟𝑟𝑟𝑟𝑟𝑟𝑓𝑓𝑟𝑟 𝜆𝜆 = 1.0 
 𝐶𝐶𝑤𝑤𝑟𝑟𝑎𝑎𝑟𝑟 𝑟𝑟𝑓𝑓𝑐𝑐𝑟𝑟𝑟𝑟: 2" to flexural reinforcement, typ., 3" clear at footing bottom and sides 
 𝑆𝑆𝑓𝑓𝑝𝑝𝑤𝑤 𝐶𝐶𝑟𝑟𝑝𝑝𝑓𝑓𝑟𝑟𝑟𝑟𝑝𝑝𝑎𝑎 = 3 𝑘𝑘𝑝𝑝𝑓𝑓 𝑓𝑓𝑟𝑟𝑓𝑓 𝑎𝑎𝑤𝑤𝑤𝑤𝑓𝑓𝑤𝑤𝑎𝑎𝑏𝑏𝑤𝑤𝑟𝑟 𝑏𝑏𝑟𝑟𝑎𝑎𝑟𝑟𝑝𝑝𝑓𝑓𝑓𝑓, 0.120 𝑘𝑘𝑟𝑟𝑓𝑓 𝑎𝑎𝑟𝑟𝑓𝑓𝑝𝑝𝑝𝑝𝑓𝑓𝑦𝑦,𝜑𝜑 = 30°,𝑘𝑘𝑎𝑎 = 0.33,𝑘𝑘𝑝𝑝 = 3.0,𝑏𝑏𝑎𝑎𝑝𝑝𝑟𝑟 𝑓𝑓𝑟𝑟𝑝𝑝𝑟𝑟𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓 𝑟𝑟𝑓𝑓𝑟𝑟𝑓𝑓𝑓𝑓𝑝𝑝𝑟𝑟𝑝𝑝𝑟𝑟𝑓𝑓𝑓𝑓 = 0.35 

 𝐿𝐿𝐿𝐿 𝑆𝑆𝑆𝑆𝑟𝑟𝑟𝑟ℎ𝑎𝑎𝑟𝑟𝑓𝑓𝑟𝑟 = 50 𝑝𝑝𝑝𝑝𝑓𝑓 

Chapter Eight 

EXAMPLE: Cantilever-Type Site Retaining Wall  
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The example includes the following steps: 
 
 
 
 
 
 
 
 

 
 

 
Figure 1: Excerpt from contract structural drawings: wall plan and elevation 

 

Step 1 – Retaining Wall and Footing: Summary of Engineer’s Relevant Design and Details 

Step 2 – WWR Detailing Procedure – Wall Type 1 

Step 3 – Closing Notes – Other Wall Types 
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Figure 2: Excerpt from contract 
structural drawings: typical 
retaining wall section 
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ACI 318-19 Calculations Description 

STEP 1: Retaining Wall and Footing: Summary of Engineer’s Relevant Design and Details 

 
 
 
11.1.4 
 
 
13.3.6.1 
 
 
13.3.6.3 
 
 
7.6.1.1 
 
 
22.5 
 
 
 
 
 
 
 
13.2.6.2 
 
13.2.7.1 
 
13.2.7.2 
7.4.3 
 
13.3.2.1 

 
Stem 
 
Design of cantilever retaining walls shall be in accordance with  
Chapter 13. 
 
The stem of a cantilever retaining wall shall be designed as a one-way slab 
in accordance with the applicable provisions of Chapter 7. 
 
For walls of uniform thickness, the critical section for shear and flexure 
shall be at the interface between the stem and the footing. 
 
Minimum flexural steel threshold is based on that required for one-way 
slabs and not on requirements for beams due to its explicit definition as 
the former in Section 13.3.6.1. 
 
One-way shear strength is calculated per Section 22.5 via reference from 
Section 7.5.3. 
 
Footing 

 
Retaining wall footing is designed for both one-way shallow foundation 
requirements and beam previsions. 
 
Neglect size effect factor 
 
Calculate flexural demand at the face of the stem intersection. 
 
Calculate shear demand at a horizontal distance d from the  
face of the stem. 
 
The design and detailing of shall be in accordance with provisions of 
Chapter 7 and Chapter 9. Shear will be per Section 22.5, while the designer 
elects to invoke minimum flexural steel requirements for beams per 
Section 9.6. 

 

 
The Structural Engineer of Record has specified grade 
60 deformed reinforcing bars, but the structural contract 
documents include permissive language for welded wire 
reinforcement substitution (Figure 3).  
 
The WWR detailer, prompted by the contractor’s 
preference and based on permissive WWR language 
presented on the contract documents by the design 
professional , generates a WWR alternative contingent 
upon his/her familiarity with WWR manufacturing and 
transport capabilities and the reinforcement’s 
compliance with the ACI 318-19 Standard.  
 
In effect, the burden is on the WWR manufacturer’s 
detailer – on behalf of the contractor and associated 
subcontractors - to confirm acceptability of the 
substitution through verifying information in the submittal 
that the design professional’s structural intent is not 
altered or compromised. While this confirmation could 
be as simple as documented acceptance through 
electronic mail correspondence, it is more often 
comprised of a formalized process by which the use of 
WWR as a substitution is confirmed first through 
Request for Information (RFI) correspondences, and 
then followed up by appropriate addendum to the 
contract drawings. Such an addendum is often in the 
form of the manufacturer’s submittal information itself.  
 
Refer to Chapter 5 for an example of a manufacturer’s 
submittal that would be an accompaniment to the actual 
illustrative welded wire reinforcement shop drawings 
submitted for review. 
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Figure 3: Excerpt from contract structural drawings: WWR permissive language in General Notes section 
 
 



 
Welded Wire Reinforcement Design and Detailing Guide 6 
  

ACI 318-19 Calculations Description 

STEP 1: Retaining Wall and Footing: Summary of Engineer’s Relevant Design and Details (continued) 

 
 

 

 
 
 

 
 
 
 

 

 
Design results for Wall Type 1 are presented here. 
 

• Design parameters 
• Wall and soil geometric parameters 
• Applied loading 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Welded Wire Reinforcement Design and Detailing Guide 7 
  

ACI 318-19 Calculations Description 

STEP 1: Retaining Wall and Footing: Summary of Engineer’s Relevant Design and Details (continued) 

 
 

 

 
 
 

 
 
 

 
 

 
Design results for Wall Type 1 are presented here. 
 

• Retaining wall stability results 
• Bearing pressure envelope magnitudes 
• Footing heel factored internal forces 
• Footing heel moment and shear checks 

 
Note that the cladding acknowledged as a potential 
feature “by others” in the typical detail presented in 
Figure 2 has been duly coordinated and had been 
confirmed by the engineer to be lightweight material 
having negligible impact on retaining wall stability and 
strength calculations. 
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ACI 318-19 Calculations Description 

STEP 1: Retaining Wall and Footing: Summary of Engineer’s Relevant Design and Details (continued) 

 
 

 

 
 

 

 
 

 
 

 

 
Design results for Wall Type 1 are presented here. 
 

• Wall stem factored internal forces 
• Wall stem moment and shear checks 
• Footing toe factored internal forces 
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ACI 318-19 Calculations Description 

STEP 1: Retaining Wall and Footing: Summary of Engineer’s Relevant Design and Details (continued) 

 
 

 
 
 
 
 
 

 
Using the same automated approach, Wall Designs 2 
through 4 are also carried out. The engineer’s wall 
design information is compiled in the schedule shown in 
Figure 4 and used in conjunction with lap splice 
information in Figure 5 and footing step requirements 
illustrated in Figure 6. 
 

 

 
 
 

Figure 4: Excerpt from contract structural drawings: retaining wall schedule 

Note that the transition between wall dowels (D) and high side verticals (V1) was confirmed in a separate calculation, with the extension of 
dowels into the wall conservatively matching the dimension indicated in the lap splice schedule shown in Figure 5 (satisfying development 
length requirements beyond maximum flexure occurring at the footing-to-wall interface), and the high side verticals themselves designed to 
resist the flexural demand corresponding to the location of the dowel’s terminated upper end (with sufficient development length measured 
downward from that point towards the top of the footing).  
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Figure 5: Excerpt from contract structural drawings: lap splice schedule 
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Figure 6: Excerpt from contract structural drawings: typical stepped footing detail 
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Figure 6 (continued): Excerpt from contract structural drawings: typical stepped footing detail 
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ACI 318-19 Calculations Description 

STEP 2: WWR Detailing Procedure – Wall Type 1 

 
20.2.2.4 

 

 
 

 
With the necessary structural design and detailing 
information – including permissive WWR language – 
available on the structural contract drawings, the WWR 
detailer confirms suitability of a WWR option per 
Chapter 20 of ACI 318-19. The retaining wall in 
question is neither a special moment frame nor is it a 
special structural wall relied upon by the adjacent 
parking structure for lateral stability, therefore a WWR 
conversion is appropriate. 
 
The first step for the fabricator detailer is to generate a 
triage grouping of WWR mat types. There are 
essentially three mat types to configure: 
 

1. Footing (yellow): mat will be configured to 
capture transverse and longitudinal 
reinforcement requirements for the footing. Mats 
to be identified using general form WWR-F-XX. 

2. Wall dowels (green): mat will be configured to 
contain the vertical dowels as well as the 
longitudinal bottom reinforcement that is 
allocated to the toe region of the footing. Mats to 
be identified using general form WWR-D-XX. 

3. Wall Stem (blue): mat will be configured to 
capture horizontal and vertical reinforcement for 
the wall. Mats to be identified using general form 
WWR-W-XX. 

 

 



 
Welded Wire Reinforcement Design and Detailing Guide 14 
  

ACI 318-19 Calculations Description 

STEP 2: WWR Detailing Procedure – Wall Type 1 (continued) 

 
20.2.2.4 

 
Location Specified As,spec WWR As,WWR prov’d 
1 – FTG TRANS #6 @ 8” 0.66 in2/ft D22 @ 4” 0.66 in2/ft 

1 – FTG LONG #6 @ 10” 0.528 in2/ft D22 @ 5” 0.528 in2/ft 

1 – DOWEL #6 @ 10” 0.528 in2/ft D22 @ 5” 0.528 in2/ft 

1 – DOWEL LONG (3) #4 0.60 in2 (3) D20 0.60 in2 

1 – STEM VERT #5 @ 10” 0.372 in2/ft D31 @ 10” 0.372 in2/ft 

1 – STEM HORIZ #4 @ 9” 0.267 in2/ft D20 @ 9” 0.267 in2/ft 

2 – FTG TRANS #6 @ 10” 0.528 in2/ft D22 @ 5” 0.528 in2/ft 

2 – FTG LONG #5 @ 12” 0.31 in2/ft D31 @ 12” 0.31 in2/ft 

2 – DOWEL #6 @ 12” 0.44 in2/ft D22 @ 6” 0.44in2/ft 

2 – DOWEL LONG (3) #4 0.60 in2 (3) D20 0.60 in2 

2 – STEM VERT #5 @ 12” 0.31 in2/ft D31 @ 12” 0.31 in2/ft 

2 – STEM HORIZ #4 @ 9” 0.267 in2/ft D20 @ 9” 0.267 in2/ft 

3 – FTG TRANS #5 @ 12” 0.31 in2/ft D31 @ 12” 0.31 in2/ft 

3 – FTG LONG #5 @ 12” 0.31 in2/ft D31 @ 12” 0.31 in2/ft 

3 – DOWEL #6 @ 12” 0.44 in2/ft D22 @ 6” 0.44in2/ft 

3 – DOWEL LONG (3) #4 0.60 in2 (3) D20 0.60 in2 

3 – STEM VERT #5 @ 12” 0.31 in2/ft D31 @ 12” 0.31 in2/ft 

3 – STEM HORIZ #4 @ 9” 0.267 in2/ft D20 @ 9” 0.267 in2/ft 

4 – FTG TRANS #5 @ 12” 0.31 in2/ft D31 @ 12” 0.31 in2/ft 

4 – FTG LONG #5 @ 12” 0.31 in2/ft D31 @ 12” 0.31 in2/ft 

4 – DOWEL #5 @ 12” 0.31 in2/ft D31 @ 12” 0.31 in2/ft 

4 – DOWEL LONG (3) #4 0.60 in2 (3) D20 0.60 in2 

4 – STEM VERT #5 @ 12” 0.31 in2/ft D31 @ 12” 0.31 in2/ft 

4 – STEM HORIZ #4 @ 9” 0.267 in2/ft D20 @ 9” 0.267 in2/ft 

 
 
 

 
The fabricator detailer will create a conversion or 
correlation chart to track basic welded wire 
reinforcement size and spacing combinations that will be 
used. This information typically comprises a portion of 
the manufacturer’s submittal documentation that 
accompanies the reinforcing steel shop drawings 
presented for the design professional’s review. 
 
The reinforcing bar arrangements can be managed 
comfortably with only three wire size variations (D20, 
D22, and D31) with spacing adjusted to satisfy required 
steel area per unit linear foot of coverage defined by the 
engineer. By providing WWR with identical unit steel 
areas, equal or lesser spacing, and identical curtailment 
(hooks and laps) to that of the originally-specified 
reinforcing bar solution, the detailer is complying with the 
engineer’s permissive language that is highlighted in 
Figure 3. 
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ACI 318-19 Calculations Description 

STEP 2: WWR Detailing Procedure – Wall Type 1 (continued) 

 
20.2.2.4 

 
Wall Type 1 
 
Footing longitudinal reinforcement extents 

 
320.375"

2
= 160.1875 per "panel" (each side of control joint) 

 
Accounting for clear cover, and conservatively applying 3” cover at step 
location (in lieu of the 2” dimension defined): 

 
160.1875"− 3" 𝑓𝑓𝑟𝑟𝑓𝑓𝑛𝑛 𝑟𝑟𝑓𝑓𝑎𝑎 − 3" 𝑓𝑓𝑟𝑟𝑓𝑓𝑛𝑛 𝑝𝑝𝑓𝑓𝑟𝑟𝑝𝑝 =  154.1875" 

 
∴ 𝟏𝟏𝟏𝟏′ − 𝟏𝟏𝟏𝟏  𝟑𝟑 𝟏𝟏𝟏𝟏⁄ ",𝒑𝒑𝒑𝒑𝒑𝒑 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 

 
Wall longitudinal reinforcement extents 
 
160.1875 per "panel" 
 
160.1875"− 2" − 2" =  156.1875" 
 
∴ 𝟏𝟏𝟑𝟑′ − 𝟏𝟏  𝟑𝟑 𝟏𝟏𝟏𝟏⁄ ",𝒑𝒑𝒑𝒑𝒑𝒑 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 
 

 
With WWR steel area conversions established, the 
geometric requirements of the WWR mats will now be 
established. For this example, Wall Type 1 will be the 
focus of the exercise. 
 
An important consideration for the detailer is continuity 
and transition of the reinforcement.  
 
For the walls, the presence of vertical control joints and 
expansion joints represents intentional discontinuities in 
the horizontal reinforcing steel in order to achieve 
weakened plane behavior for serviceability and durability 
requirements. This will require the detailer to configure 
mats such that horizontal wire terminated to each side of 
each joint locations (the engineer’s joint details are not 
presented herein, but for detailing purposes reinforcing 
steel shall be held 2” clear from the vertical joints). 
 
For the footings, there is no reinforcement discontinuity, 
but the steel must transition through elevation and 
configuration change at the footing step locations. This 
is most commonly handled by the detailer through the 
provision of individual loose transitional bent wires/bars 
that accompany the welded wire reinforcement package. 
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ACI 318-19 Calculations Description 

STEP 2: WWR Detailing Procedure – Wall Type 1 (continued) 
 

20.2.2.4 
 
 
 
 
 
 

 
25.4.2.1 
25.4.2.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
25.5.2.1 
25.5.3.1.1 

 

Wall Type 1 (continued) 
 
WWR-F-1 @ footing 

• D22 @ 4” oc transverse 
• D22 @ 5” oc longitudinal 
• Per the engineer’s lap schedule, refinement of the lap length is 

permitted provided the fabricator’s lap splice length calculations 
are included in the reinforcement submittal. 

 

Longitudinal wires in footing must lap with Class B lap splice per 
engineer’s typical retaining wall detail: 
 
 

𝑤𝑤𝑑𝑑 = �
3 × 𝑓𝑓𝑦𝑦 ×𝜓𝜓𝑡𝑡 × 𝜓𝜓𝑒𝑒 × 𝜓𝜓𝑠𝑠 × 𝜓𝜓𝑔𝑔

40 × 𝜆𝜆 × �𝑓𝑓′𝑐𝑐 × �𝑟𝑟𝑏𝑏 + 𝐾𝐾𝑡𝑡𝑡𝑡
𝑎𝑎𝑏𝑏

�
�×= 𝟏𝟏𝟏𝟏.𝟕𝟕 𝒊𝒊𝒑𝒑𝒊𝒊𝒊𝒊𝒑𝒑𝒊𝒊 > 12 𝑝𝑝𝑓𝑓𝑟𝑟ℎ𝑟𝑟𝑝𝑝 

 

𝑓𝑓𝑦𝑦 = 60,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝜓𝜓𝑡𝑡 = 1.3 
𝜓𝜓𝑒𝑒 = 1.0 
𝜓𝜓𝑠𝑠 = 0.8 
𝜓𝜓𝑔𝑔 = 1.0 (𝑝𝑝𝑓𝑓𝑟𝑟𝑟𝑟𝑤𝑤 𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎 𝑏𝑏𝑟𝑟𝑝𝑝𝑓𝑓𝑓𝑓 𝑆𝑆𝑝𝑝𝑟𝑟𝑎𝑎 𝑝𝑝𝑝𝑝 𝑏𝑏𝑎𝑎𝑝𝑝𝑟𝑟𝑎𝑎 𝑓𝑓𝑓𝑓 60 𝑘𝑘𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑏𝑏𝑎𝑎𝑟𝑟) 
𝜆𝜆 = 1.0 
�𝑓𝑓′𝑐𝑐 = 63.245 
𝑟𝑟𝑏𝑏 = 2.5" 
𝐾𝐾𝑡𝑡𝑡𝑡 = 0 𝑎𝑎𝑝𝑝 𝑎𝑎 𝑎𝑎𝑟𝑟𝑝𝑝𝑝𝑝𝑓𝑓𝑓𝑓 𝑝𝑝𝑝𝑝𝑛𝑛𝑝𝑝𝑤𝑤𝑝𝑝𝑓𝑓𝑝𝑝𝑟𝑟𝑎𝑎𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓 𝑝𝑝𝑟𝑟𝑟𝑟𝑛𝑛𝑝𝑝𝑓𝑓𝑓𝑓𝑟𝑟𝑎𝑎 𝑏𝑏𝑦𝑦 𝐴𝐴𝐶𝐶𝐴𝐴 318 
𝑎𝑎𝑏𝑏 = 0.530" 
 
�
𝑟𝑟𝑏𝑏 + 𝐾𝐾𝑡𝑡𝑡𝑡
𝑎𝑎𝑏𝑏

� = 𝑆𝑆𝑝𝑝𝑟𝑟 2.5 𝑛𝑛𝑎𝑎𝑚𝑚 

 
1.3 × 15.7 𝑝𝑝𝑓𝑓𝑟𝑟ℎ𝑟𝑟𝑝𝑝 = 𝟏𝟏𝟏𝟏 𝒊𝒊𝒑𝒑𝒊𝒊𝒊𝒊 𝑪𝑪𝒑𝒑𝒑𝒑𝒊𝒊𝒊𝒊 𝑩𝑩 𝒑𝒑𝒑𝒑𝒑𝒑 𝒊𝒊𝒑𝒑𝒑𝒑𝒊𝒊𝒊𝒊𝒑𝒑 
 
(Compare this to the “unrefined” lap splice of 41 inches in the schedule.) 
 

 
 
 
 
 
 
 
 
Contract structural drawings often include prescriptive 
requirements for reinforcement lap splices based on 
development length equations set forth in Table 
25.4.2.3, which typically result in lap splice requirements 
significantly larger than those that can be derived from 
development lengths calculated in accordance with 
Section 25.4.2.4. for this example, the engineer provides 
permissive language for the refinement of lap splice 
lengths noted in the table. 
 
The WWR detailer carries out the development length 
and lap splice length calculations noted here based on 
the engineer’s above described permitted refinement. 
Note that the detailer is not relying on welded 
intersections to contribute to the tension development of 
wires, so the calculation of development length and lap 
splice length is based entirely on the deformed wire 
surface itself, no different than what is done for loose 
deformed wires and bars. 
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ACI 318-19 Calculations Description 

STEP 2: WWR Detailing Procedure – Wall Type 1 (continued) 

 
20.2.2.4 
 
 
 
 
 
 

 
Wall Type 1 (continued) 
 
WWR-F-1 
 
Reinforcement for each “panel” of Wall Type 1’s footing is to be 
resolved in the form of two (2) WWR mats, (a) and (b). 

 
 
 
 
 
Refer to Figure 7 for the WWR mat configurations. Refer 
to Figures 8 and 9 for the combined mat coverage. 
 

    

 
 

Figure 7: Wall Type 1−Footing Mat WWR-F-1(a) and WWR-F-1(b) 
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Figure 8: Wall Type 1−Footing Mat coverage. Two mats per footing elevation, resulting in four (4) total mats for Wall Type 1 footing. 
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Figure 9: Wall Type 1−Superimposed placement of footing mats 
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ACI 318-19 Calculations Description 

STEP 2: WWR Detailing Procedure – Wall Type 1 (continued) 
 
20.2.2.4 
 
 
 
 
 
 
 
 
 
 
25.4.2.1 
25.4.2.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
25.5.2.1 

 
Wall Type 1 (continued) 
 
WWR-D-1 @ dowels 

• D22 @ 5” oc vertical dowels 
• (3) D20 longitudinal (bottom bars in footing) 
• Per the engineer’s lap schedule, refinement of the lap length is 

permitted provided the fabricator’s lap splice length calculations 
are included in the reinforcement submittal. 

 
Vertical extension of dowels into footing must be Class B lap 
splice per engineer’s typical retaining wall detail: 
 

𝑤𝑤𝑑𝑑 = �
3 × 𝑓𝑓𝑦𝑦 ×𝜓𝜓𝑡𝑡 × 𝜓𝜓𝑒𝑒 × 𝜓𝜓𝑠𝑠 × 𝜓𝜓𝑔𝑔

40 × 𝜆𝜆 × �𝑓𝑓′𝑐𝑐 × �𝑟𝑟𝑏𝑏 + 𝐾𝐾𝑡𝑡𝑡𝑡
𝑎𝑎𝑏𝑏

�
�×= 𝟏𝟏𝟏𝟏.𝟏𝟏 𝒊𝒊𝒑𝒑𝒊𝒊𝒊𝒊𝒑𝒑𝒊𝒊 > 12 𝑝𝑝𝑓𝑓𝑟𝑟ℎ𝑟𝑟𝑝𝑝 

 
𝑓𝑓𝑦𝑦 = 60,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝜓𝜓𝑡𝑡 = 1.0 
𝜓𝜓𝑒𝑒 = 1.0 
𝜓𝜓𝑠𝑠 = 0.8 
𝜓𝜓𝑔𝑔 = 1.0 (𝑝𝑝𝑓𝑓𝑟𝑟𝑟𝑟𝑤𝑤 𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎 𝑏𝑏𝑟𝑟𝑝𝑝𝑓𝑓𝑓𝑓 𝑆𝑆𝑝𝑝𝑟𝑟𝑎𝑎 𝑝𝑝𝑝𝑝 𝑏𝑏𝑎𝑎𝑝𝑝𝑟𝑟𝑎𝑎 𝑓𝑓𝑓𝑓 60 𝑘𝑘𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑏𝑏𝑎𝑎𝑟𝑟) 
𝜆𝜆 = 1.0 
�𝑓𝑓′𝑐𝑐 = 63.245 
𝑟𝑟𝑏𝑏 = 2.5" 
𝐾𝐾𝑡𝑡𝑡𝑡 = 0 𝑎𝑎𝑝𝑝 𝑎𝑎 𝑎𝑎𝑟𝑟𝑝𝑝𝑝𝑝𝑓𝑓𝑓𝑓 𝑝𝑝𝑝𝑝𝑛𝑛𝑝𝑝𝑤𝑤𝑝𝑝𝑓𝑓𝑝𝑝𝑟𝑟𝑎𝑎𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓 𝑝𝑝𝑟𝑟𝑟𝑟𝑛𝑛𝑝𝑝𝑓𝑓𝑓𝑓𝑟𝑟𝑎𝑎 𝑏𝑏𝑦𝑦 𝐴𝐴𝐶𝐶𝐴𝐴 318 
𝑎𝑎𝑏𝑏 = 0.530" 
 
�
𝑟𝑟𝑏𝑏 + 𝐾𝐾𝑡𝑡𝑡𝑡
𝑎𝑎𝑏𝑏

� = 𝑆𝑆𝑝𝑝𝑟𝑟 2.5 𝑛𝑛𝑎𝑎𝑚𝑚 

 
1.3 × 12.1 𝑝𝑝𝑓𝑓𝑟𝑟ℎ𝑟𝑟𝑝𝑝 = 𝟏𝟏𝟏𝟏 𝒊𝒊𝒑𝒑𝒊𝒊𝒊𝒊 𝑪𝑪𝒑𝒑𝒑𝒑𝒊𝒊𝒊𝒊 𝑩𝑩 𝒑𝒑𝒑𝒑𝒑𝒑 𝒊𝒊𝒑𝒑𝒑𝒑𝒊𝒊𝒊𝒊𝒑𝒑 
 
 

 
 
 
 
 
 
 
 
 
 
Calculate the required lap splice length of vertical dowel 
leg above the top of the footing, into the wall stem. 
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ACI 318-19 Calculations Description 

STEP 2: WWR Detailing Procedure – Wall Type 1 (continued) 
 
20.2.2.4 
 
 
 
 
 
 
 
 
 
 
25.4.2.1 
25.4.2.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
25.5.2.1 

 
Wall Type 1 (continued) 
 
WWR-D-1 @ dowels 

• D22 @ 5” oc vertical dowels 
• (3) D20 longitudinal (bottom bars in footing) 
• Per the engineer’s lap schedule, refinement of the lap length is 

permitted provided the fabricator’s lap splice length calculations 
are included in the reinforcement submittal. 

 
Required lap splice length of bottom footing reinforcement: 
 
 

𝑤𝑤𝑑𝑑 = �
3 × 𝑓𝑓𝑦𝑦 ×𝜓𝜓𝑡𝑡 × 𝜓𝜓𝑒𝑒 × 𝜓𝜓𝑠𝑠 × 𝜓𝜓𝑔𝑔

40 × 𝜆𝜆 × �𝑓𝑓′𝑐𝑐 × �𝑟𝑟𝑏𝑏 + 𝐾𝐾𝑡𝑡𝑡𝑡
𝑎𝑎𝑏𝑏

�
�×= 𝟏𝟏𝟏𝟏.𝟏𝟏 𝒊𝒊𝒑𝒑𝒊𝒊𝒊𝒊𝒑𝒑𝒊𝒊 < 12 𝑝𝑝𝑓𝑓𝑟𝑟ℎ𝑟𝑟𝑝𝑝 

 
𝑓𝑓𝑦𝑦 = 60,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝜓𝜓𝑡𝑡 = 1.0 
𝜓𝜓𝑒𝑒 = 1.0 
𝜓𝜓𝑠𝑠 = 0.8 
𝜓𝜓𝑔𝑔 = 1.0 (𝑝𝑝𝑓𝑓𝑟𝑟𝑟𝑟𝑤𝑤 𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎 𝑏𝑏𝑟𝑟𝑝𝑝𝑓𝑓𝑓𝑓 𝑆𝑆𝑝𝑝𝑟𝑟𝑎𝑎 𝑝𝑝𝑝𝑝 𝑏𝑏𝑎𝑎𝑝𝑝𝑟𝑟𝑎𝑎 𝑓𝑓𝑓𝑓 60 𝑘𝑘𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑏𝑏𝑎𝑎𝑟𝑟) 
𝜆𝜆 = 1.0 
�𝑓𝑓′𝑐𝑐 = 63.245 
𝑟𝑟𝑏𝑏 = 3.25" 
𝐾𝐾𝑡𝑡𝑡𝑡 = 0 𝑎𝑎𝑝𝑝 𝑎𝑎 𝑎𝑎𝑟𝑟𝑝𝑝𝑝𝑝𝑓𝑓𝑓𝑓 𝑝𝑝𝑝𝑝𝑛𝑛𝑝𝑝𝑤𝑤𝑝𝑝𝑓𝑓𝑝𝑝𝑟𝑟𝑎𝑎𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓 𝑝𝑝𝑟𝑟𝑟𝑟𝑛𝑛𝑝𝑝𝑓𝑓𝑓𝑓𝑟𝑟𝑎𝑎 𝑏𝑏𝑦𝑦 𝐴𝐴𝐶𝐶𝐴𝐴 318 
𝑎𝑎𝑏𝑏 = 0.505" 
 
�
𝑟𝑟𝑏𝑏 + 𝐾𝐾𝑡𝑡𝑡𝑡
𝑎𝑎𝑏𝑏

� = 𝑆𝑆𝑝𝑝𝑟𝑟 2.5 𝑛𝑛𝑎𝑎𝑚𝑚 

 
1.3 × 11.5 𝑝𝑝𝑓𝑓𝑟𝑟ℎ𝑟𝑟𝑝𝑝 = 𝟏𝟏𝟏𝟏 𝒊𝒊𝒑𝒑𝒊𝒊𝒊𝒊𝒑𝒑𝒊𝒊 > 12𝑝𝑝𝑓𝑓𝑟𝑟ℎ 𝑪𝑪𝒑𝒑𝒑𝒑𝒊𝒊𝒊𝒊 𝑩𝑩 𝒑𝒑𝒑𝒑𝒑𝒑 𝒊𝒊𝒑𝒑𝒑𝒑𝒊𝒊𝒊𝒊𝒑𝒑 
 

 
 
 
 
 
 
 
 
 
 
 
 
Calculate the required lap splice length of the 
longitudinal wires to be located at the bottom of 
the footing. 
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ACI 318-19 Calculations Description 

STEP 2: WWR Detailing Procedure – Wall Type 1 (continued) 

 
20.2.2.4 
 
 
 
 
 
 

 
Wall Type 1 (continued) 
 
WWR-D-1 @ dowels 
 
Reinforcement for each “panel” of Wall Type 1’s wall dowels is to be 
resolved in the form of two (2) WWR mats, (a) and (b). 

 
 
 
 
 
Refer to Figure 10 for the WWR mat configurations. 
Refer to Figures 11 and 12 for the combined mat 
coverage. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10:  Wall Type 1−Wall Dowel Mat WWR-D-1(a) and WWR-D-1(b) 

Note the non-structural holding wire added to assist in maintaining the shape of the bent WWR mat during installation. The WWR detailer 
can actually configure this mat such that the non-structural holding wire is positioned to serve as a bolster line for support of the 
previously configured footing mats (WWR-F-1). 
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Figure 11:  Wall Type 1 − Dowel Mat coverage. Two mats per footing elevation, resulting in four (4) total mats for Wall Type 1. 

Note the 4” space between the two mats that, when cumulative with the two mats wire-to-wire coverage, results in the overall 
required coverage for the “panel” in question. 
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Figure 12: Wall Type 1 − Superimposed placement of dowel mats 
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ACI 318-19 Calculations Description 

STEP 2: WWR Detailing Procedure – Wall Type 1 (continued) 

 
20.2.2.4 
 
 
 
 
 
 
 
 
 
 
25.4.2.1 
25.4.2.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
25.5.2.1 

 
Wall Type 1 (continued) 
 
WWR-W-1 @ wall stem 

• D31 @ 10” oc vertical dowels 
• D20 @ 9” oc horizontal 
• Per the engineer’s lap schedule, refinement of the lap length is 

permitted provided the fabricator’s lap splice length calculations 
are included in the reinforcement submittal. 

 
Horizontal wires in wall stem must lap with Class B lap splice per 
engineer’s typical retaining wall detail: 
 

𝑤𝑤𝑑𝑑 = �
3 × 𝑓𝑓𝑦𝑦 ×𝜓𝜓𝑡𝑡 × 𝜓𝜓𝑒𝑒 × 𝜓𝜓𝑠𝑠 × 𝜓𝜓𝑔𝑔

40 × 𝜆𝜆 × �𝑓𝑓′𝑐𝑐 × �𝑟𝑟𝑏𝑏 + 𝐾𝐾𝑡𝑡𝑡𝑡
𝑎𝑎𝑏𝑏

�
�×= 𝟏𝟏𝟏𝟏.𝟕𝟕 𝒊𝒊𝒑𝒑𝒊𝒊𝒊𝒊𝒑𝒑𝒊𝒊 > 12 𝑝𝑝𝑓𝑓𝑟𝑟ℎ𝑟𝑟𝑝𝑝 

 
𝑓𝑓𝑦𝑦 = 60,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝜓𝜓𝑡𝑡 = 1.3 
𝜓𝜓𝑒𝑒 = 1.0 
𝜓𝜓𝑠𝑠 = 0.8 
𝜓𝜓𝑔𝑔 = 1.0 (𝑝𝑝𝑓𝑓𝑟𝑟𝑟𝑟𝑤𝑤 𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎 𝑏𝑏𝑟𝑟𝑝𝑝𝑓𝑓𝑓𝑓 𝑆𝑆𝑝𝑝𝑟𝑟𝑎𝑎 𝑝𝑝𝑝𝑝 𝑏𝑏𝑎𝑎𝑝𝑝𝑟𝑟𝑎𝑎 𝑓𝑓𝑓𝑓 60 𝑘𝑘𝑝𝑝𝑝𝑝 𝑟𝑟𝑟𝑟𝑏𝑏𝑎𝑎𝑟𝑟) 
𝜆𝜆 = 1.0 
�𝑓𝑓′𝑐𝑐 = 63.245 
𝑟𝑟𝑏𝑏 = ±2.75" 
𝐾𝐾𝑡𝑡𝑡𝑡 = 0 𝑎𝑎𝑝𝑝 𝑎𝑎 𝑎𝑎𝑟𝑟𝑝𝑝𝑝𝑝𝑓𝑓𝑓𝑓 𝑝𝑝𝑝𝑝𝑛𝑛𝑝𝑝𝑤𝑤𝑝𝑝𝑓𝑓𝑝𝑝𝑟𝑟𝑎𝑎𝑓𝑓𝑝𝑝𝑓𝑓𝑓𝑓 𝑝𝑝𝑟𝑟𝑟𝑟𝑛𝑛𝑝𝑝𝑓𝑓𝑓𝑓𝑟𝑟𝑎𝑎 𝑏𝑏𝑦𝑦 𝐴𝐴𝐶𝐶𝐴𝐴 318 
𝑎𝑎𝑏𝑏 = 0.505" 
 
�
𝑟𝑟𝑏𝑏 + 𝐾𝐾𝑡𝑡𝑡𝑡
𝑎𝑎𝑏𝑏

� = 𝑆𝑆𝑝𝑝𝑟𝑟 2.5 𝑛𝑛𝑎𝑎𝑚𝑚 

 
1.3 × 18.7 𝑝𝑝𝑓𝑓𝑟𝑟ℎ𝑟𝑟𝑝𝑝 = 𝟏𝟏𝟏𝟏 𝒊𝒊𝒑𝒑𝒊𝒊𝒊𝒊 𝑪𝑪𝒑𝒑𝒑𝒑𝒊𝒊𝒊𝒊 𝑩𝑩 𝒑𝒑𝒑𝒑𝒑𝒑 𝒊𝒊𝒑𝒑𝒑𝒑𝒊𝒊𝒊𝒊𝒑𝒑 
 

 
 
 
 
 
 
 
 
 
 
Calculate the required lap splice length of 
horizontal wires. 
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ACI 318-19 Calculations Description 

STEP 2: WWR Detailing Procedure – Wall Type 1 (continued) 

 
20.2.2.4 
 
 
 
 
 
 

 
Wall Type 1 (continued) 
 
WWR-W-1 @ wall stem 
 
Reinforcement for each “panel” of Wall Type 1’s wall stem is to be 
resolved in the form of two (2) WWR mats, (a) and (b). 
 
Note that the horizontal coverage and arrangement of wires for the wall 
stem mats is kept identical to that which was previously calculated for 
the wall dowel mats to assist with alignment during placement in the 
field.  
 

 
 
 
 
 
 
 
 
Refer to Figure 13 and 14 for the WWR mat 
configurations. Refer to Figures 15 and 16 for the 
combined mat coverage. 
 
 

 
 
 
The arrangements of wires presented here, for all three 
mat regions (footing, dowel, and wall stem), are only one 
sampling of the numerous wire size and spacing 
combinations that could be utilized to satisfy the 
engineer’s permissive language noted in Figure 3.  
 
This is where the experience of the manufacturer’s 
detailer and affiliated technical staff is so critical to the 
success of the project. Configuring welded wire 
reinforcement solutions for projects that utilize the 
“specification by pre-approval” method as opposed to 
the “direct specification” method requires a keen 
awareness of maintaining steel area equivalencies, 
curtailment requirements, and maximum and minimum 
spacing criteria, all while deriving an arrangement of 
wires that is well-suited for the WWR production 
equipment and is as intuitive as possible for the project’s 
engineer and contractor alike. 
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Figure 13: Wall Type 1−Wall Stem Mat WWR-W-1(a) and WWR-W-1(b) @ 12’-10” tall wall 
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Figure 14: Wall Type 1−Wall Stem Mat WWR-W-1(c) and WWR-W-1(d) @ 12’-2” tall wall 
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Figure 15: Wall Type 1−Wall Stem Mat coverage. Two mats per footing elevation, resulting in four (4) total mats for Wall Type 1. 
Mats WWR-W-1(a) and WWR-W-1(b) @ 12’-10” tall wall shown here. 

 



 
Welded Wire Reinforcement Design and Detailing Guide 30 
  

 
 
 

 
 
 

Figure 16: Wall Type 1−Superimposed placement of wall stem mats 
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ACI 318-19 Calculations Description 

STEP 3: Closing Notes – Other Wall Types 

 
 
 
 
 
 
 

 
Wall Type 2 and 4 
 
The WWR takeoff and detailing procedure for these two wall type will 
be identical to that presented for Wall Type 1, with the resulting mat 
geometries of course varied slightly to suit the specific wall and footing 
configurations for the specific regions. 
 
Wall Type 3 
 

The left panel (when viewed in plan) will be handled in the same 
manner as has been presented for Wall Type 1. 
 

The right panel has a geometric variation in that it contains a wall 
intersection, with the wall (and associated footing) “kinked” at a 150-
degree interior angle to suit the site layout. 
 

Footing mats will be interrupted at the wall turn, with individual 
transverse wires/bars oriented in a radial pattern within the resulting 
triangular gap. Individual longitudinal wires, bent to suit the wall/footing 
turn angle, would then be placed to lap with the mat longitudinals on 
each side of the gap. 
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ACI 318-19 Calculations Description 

STEP 3: Closing Notes – Other Wall Types (continued) 

 
 
 
 
 
 
 

 
Wall Type 3 (continued) 
 
The dowel mat extents would be similar to those described for the 
footing mats, with loose bars/wire introduced in the gap region to 
ensure steel areas and maximum spacings per unit foot are maintained. 
 
The wall stem mats would be configured to capture the wall turn angle 
by way of bent horizontal wires to achieve lap through the turn. No 
additional loose bars/wires would be required. 
 
 
 

 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Welded wire reinforcement combined with localized 
transitional steel bars/wires positioned at footing steps 
and turns provides an efficient turnkey solution to 
retaining wall and foundation retaining wall 
configurations. 
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EXAMPLE 9 PROBLEM STATEMENT: 

The subject structure is a parking garage with floor elements constructed primarily of post-tensioned reinforced concrete. The structure is 
characterized by one-way slab spanning perpendicular to long-spanning gravity beam members. The beam spans are oriented as required to 
traverse over both parking and drive aisles, while the spacing of the beams is selected as an interval of the parking spaces.  
Lateral stability of the structure is achieved through the use of special moment frames, the columns and beams/girders of which are reinforced 
primarily with mild reinforcing bars. Moment frame beams/girders contain a nominal amount of post-tensioning positioned at the centroid of the 
member for the sole purpose of providing a magnitude of pre-compression that will promote improved durability and cracking control. 
The structural contract drawings include both directly specified welded wire reinforcement configurations (Direct Specification Method) as well as 
permissive language for the use of welded wire reinforcement as a replacement to specified loose reinforcing bars (Pre-Approved Equal Method).  
The structure is designed by the Engineer of Record per the requirements of ACI 318-19 with due consideration for longstanding benchmark post-
tensioning design procedures and guidelines disseminated by the Post Tensioning Institute. 
For this example, transverse reinforcement of gravity beams is directly specified by the Engineer of Record and will be subsequently detailed 
herein. Likewise, the Engineer of Record has directly noted a specific wire size option to be considered for the mild reinforcement of the one-way 
slab, and it too will be illustrated. Finally, this example will also show the welded wire reinforcement detailer’s proposed alternative for transverse 
reinforcement of a moment frame beam member. 

Chapter Nine 

EXAMPLE: Mild Reinforcement in a Post-tensioned System 
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The example includes the following steps: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

Step 1 – Gravity Beam Transverse Reinforcement: Summary of Relevant Details 

Step 2 – Gravity Beam Transverse Reinforcement: Determination of WWR Acceptance 

Step 3 – Gravity Beam Transverse Reinforcement: WWR Detailing 

Step 4 – One-Way Slab Mild Reinforcement: Summary of Relevant Details 

Step 5 – One-Way Slab Mild Reinforcement: Determination of WWR Acceptance 

Step 6 – One-Way Slab Mild Reinforcement: WWR Detailing  

Step 7 – Moment Frame Beam Transverse Reinforcement: Summary of Relevant Details  

Step 8 – Moment Frame Beam Transverse Reinforcement: Determination of WWR Acceptance 

Step 9 – Moment Frame Beam Transverse Reinforcement: WWR Detailing  
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Figure 1: Excerpt from contract structural drawings to be used for construction 
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Placing crew setting beam stirrup cages in post-tensioned beam. Notice the slab reinforcement mats already in position,  
comprised of prefabricated WWR mats containing staggered wires per the design professional’s detailed requirements. 
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ACI 318-19 Calculations Description 

STEP 1: Gravity Beam Transverse Reinforcement: Summary of Relevant Details 

 
25.7.1.1 
25.7.1.4 
 
 
 

 
Anchorage of each leg of welded wire reinforcement forming a single U-
stirrup shall be in accordance with (a) or (b): 
 

(a) Two longitudinal wires spaced at a 2-inch spacing along the 
member at the top of the U. 

 

 
 

(b) One longitudinal wire located not more than d/4 from the 
compression face and a second wire closer to the compression 
face and spaced not less than 2 inches from the first wire. 

 

 

 
The Structural Engineer of Record has directly specified 
the use of welded wire reinforcement for shear stirrups 
located in the gravity beams. The basis for this 
application is found in ACI 318. For this project, the 
engineer has detailed the stirrup per provision (b). 
 
The premise for the WWR U-stirrup used in a gravity 
beam is the anchorage of the stirrup’s vertical shear legs 
via machine-welded horizontal “anchor” wires positioned 
at the upper extents of the stirrup. This configuration 
effectively eliminates the need for hooks. Provided the 
engineer’s design intent is satisfied on a case-by-case 
basis, this elimination of hooks can also manifest in a 
spatial advantage that helps to make the placement of 
post-tensioning tendons and PT support bars a less 
cumbersome operation. 
 
Figure 2 and Figure 3 show the geometric requirements 
for the stirrups, as well as the arrangement of stirrups 
along the beam length required to satisfy shear demand. 
 
Figure 4 is an excerpt from the contract documents 
showing both prescriptive and permissive language for 
WWR. 
 
 
 
 
 
 
 
 
 
 

 

Image Credit: American 
Concrete Institute 
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Figure 2: Engineer’s typical detail of gravity beam cross-section, showing stirrup geometry and anchor wires 
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Figure 3: Engineer’s beam elevation detail showing post-tensioning and mild steel reinforcement 
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Figure 4: Excerpt from contract documents showing the design professional’s permissive WWR substitution language 
(Note #4, red rectangle) and prescriptive language (Note #3). 
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ACI 318-19 Calculations Description 

STEP 2: Gravity Beam Transverse Reinforcement: Determination of WWR Acceptance 

 
20.2.1.7 
20.2.2.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

 
Deformed wire sizes between D4 and D31 are 
permitted, and WWR is permitted for use in stirrup 
applications as previously illustrated.  
 
This combined with the fact that the Engineer of Record 
has explicitly defined acceptable WWR sizing and 
configuration represents a compliant condition. The 
WWR detailer would proceed accordingly. 
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ACI 318-19 Calculations Description 

STEP 3: Gravity Beam Transverse Reinforcement: WWR Detailing 
 

20.2.1.7 
20.2.2.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

Based on the engineer’s defined geometry and 
reinforcement extents, the WWR Detailer generates two 
layout options as shown in Figure 5. 
 

As can be seen in Option #1, bent WWR mats are 
configured with strict adherence to the engineer’s 
specified spacing of 5 ½” in the end regions and 14” in 
the central region. The extents of the end region stirrups 
are identical to that defined by the engineer, leaving the 
balance of the beam length to be populated with stirrups 
spaced not to exceed 14”. As such, and because the 
balance of the beam length is not an even increment of 
14”, the WWR detailer configures the central mats 
(WWR-2) to be offset from the end region mats (WWR-
1) by an intermediate space equal to 11 ½”. The 
engineer’s requirements are satisfied (intermediate 
space dimension does not exceed 14”), but the 
reinforcement placement crew will need to ensure that 
the atypical intermediate field spacing is maintained. 
 

Option #2 represents the WWR Detailer’s effort to 
minimize placement crew bookkeeping. End region mat 
(WWR-1) stirrup spacing and extents are identical to 
Option #1, but the configuration of the central mats 
(WWR-2) is adjusted so that all intermediate field 
spacings between WWR mats are maintained at 14”. 
This is achieved by configuring WWR-2 with a variable 
wire spacing comprised predominantly of 14” wire 
spacing, with 8 ½” closing spacings at each end of the 
mat. 
 

We will proceed with Option #2. 
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Figure 5: WWR Detailer develops and considers two stirrup layout options based on contract drawing information. 
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ACI 318-19 Calculations Description 

STEP 3: Gravity Beam Transverse Reinforcement: WWR Detailing (continued) 

 
25.3.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

 
Resulting fabrication information for Option #2 mats 
WWR-1 and WWR-2 are illustrated here. Note that the 
ACI requirement dictating a minimum bend diameter 
equal to 4db is satisfied. Also observe that that there are 
no welded wire intersections within 4db of the bent 
portion of the wire. 
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ACI 318-19 Calculations Description 

STEP 4: One-Way Slab Mild Reinforcement: Summary of Relevant Details 

 
7.6.2.3 
 
 
 

 
𝐴𝐴𝑠𝑠,𝑚𝑚𝑚𝑚𝑚𝑚 ≥ 0.004𝐴𝐴𝑐𝑐𝑐𝑐 

 

𝐹𝐹𝐹𝐹𝐹𝐹 𝑎𝑎 5" 𝑡𝑡ℎ𝑖𝑖𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑎𝑎𝑠𝑠,𝐴𝐴𝑐𝑐𝑐𝑐 = 2.5 × 12 = 30 𝑖𝑖𝑖𝑖2 𝑝𝑝𝑝𝑝𝐹𝐹 𝑢𝑢𝑖𝑖𝑖𝑖𝑡𝑡 𝑓𝑓𝐹𝐹𝐹𝐹𝑡𝑡 𝑤𝑤𝑖𝑖𝑤𝑤𝑡𝑡ℎ 
 

∴  𝐴𝐴𝑠𝑠,𝑚𝑚𝑚𝑚𝑚𝑚 = 0.004 × 30 = 0.12 𝑖𝑖𝑖𝑖2 𝑝𝑝𝑝𝑝𝐹𝐹 𝑢𝑢𝑖𝑖𝑖𝑖𝑡𝑡 𝑓𝑓𝐹𝐹𝐹𝐹𝑡𝑡 𝑤𝑤𝑖𝑖𝑤𝑤𝑡𝑡ℎ 

 
∴ #𝟒𝟒 𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃 @ 𝟐𝟐𝟐𝟐 on center or D20 bars at 20" on center. 

 
 

 
The Structural Engineer of Record has indicated on the 
contract documents that mild reinforcement of the one-
way slab is permitted to be either reinforcing bars or 
wires, and the size and spacing is defined explicitly. 
 
For slabs with unbonded tendons, there is a 
prescriptive minimum area of bonded deformed 
longitudinal reinforcement defined by ACI 318-19.  
 
Refer to Figure 6 for the engineer’s slab reinforcement 
detail to be used by the WWR Detailer as the basis for 
takeoff. 
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ACI 318-19 Calculations Description 

STEP 5: One-Way Slab Mild Reinforcement: Determination of WWR Acceptance 

 
20.2.1.7 
20.2.2.4 
 
 
 
 
 
 
 

 
 

 
Deformed wire sizes between D4 and D31 are 
permitted. 
 
This combined with the fact that the Engineer of Record 
has explicitly defined a WWR option for the slab’s 
bonded mild reinforcement represents a compliant 
condition. The WWR detailer would proceed accordingly. 
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Figure 6: Engineer’s slab section view showing typical reinforcement requirements, with projected partial plan view of top and bottom 
mild reinforcement 
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ACI 318-19 Calculations Description 

STEP 6: One-Way Slab Mild Reinforcement: WWR Detailing 

 
20.2.1.7 
20.2.2.4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Based on the engineer’s defined geometry and 
reinforcement extents, the WWR Detailer will generate 
mat configurations for the slab top and bottom mild 
bonded steel. 
It is important to note that post-tensioned reinforced 
concrete systems require the WWR Detailer’s close 
attention to avoidance of the engineer’s defined PT 
tendon profile (drape) and positioning. A change in 
vertical profile not only results in an altered flexural 
design strength but can have significant detrimental 
effects on balance load magnitude and service stresses. 
These detrimental effects are magnified in relatively thin 
post-tensioned elements such as the 5-inch slab used in 
this particular design.  
Typical construction sequence is for slab bottom 
reinforcing to be placed before the flexural post-
tensioning tendons, with shrinkage/temperature tendons 
(at mid-depth of slab) then being installed prior to the 
slab top reinforcing. 
It is critical that the WWR mats be configured so that 
holding wires oriented perpendicular to the flexural post-
tensioning tendons do not create spatial obstruction to 
the tendon drape itself. While there is always a 
possibility that the non-structural holding wires could be 
field-cut in order to keep the path of post-tensioning 
tendons clear, it is still the WWR Detailer’s responsibility 
during takeoff to recognize the priority placed on post-
tensioning tendon profile, and this acknowledgement 
must manifest in WWR mat configurations that are 
spatially compatible. See Figure 7 through Figure 10. 
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Figure 7: Shown in red are potential trouble spots where conflict between WWR non-structural holding wire and post-tensioning tendon 
could occur. The structural wires themselves are parallel to the flexural post-tensioning tendons and are not a concern. Non-
structural holding wires, however, are oriented perpendicular to the flexural post-tensioning tendons, so it is important that they 
be positioned to avoid causing an abrupt jump or drop in tendon profile. 
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Figure 8: Information prepared by the WWR Detailer for the slab top reinforcement is shown here. On the left is the manufacturing information 
necessary for production, while the illustration on the right is a distilled figure that presents reinforcement size and geometry that is 
relevant to the Engineer of Record’s submittal review. Oftentimes both sets of information are compiled on the submittal as a 
manner of streamlining, and the submittal document itself can then in turn double as the fabrication drawing. 
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Figure 9: Information prepared by the WWR Detailer for the slab bottom reinforcement is shown here. On the left is the manufacturing 
information necessary for production, while the illustration on the right is a distilled figure that presents reinforcement size and 
geometry that is relevant to the Engineer of Record’s submittal review. Oftentimes both sets of information are compiled on the 
submittal as a manner of streamlining, and the submittal document itself can then in turn double as the fabrication drawing. Note 
the permissive language to field cut non-structural holding wires to avoid conflict with prioritized post-tensioning drape. This 
would be a consideration depending on the sequencing placement of mats versus post-tensioning. 
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Figure 10: Shown in red are the locations of non-structural holding wires, superimposed on an enlarged excerpt of the previous 
slab reinforcement drawing from Figure 6 and 7. The WWR Detailer has configured the mats such that these non-
structural holding wires do not conflict with the engineer’s defined post-tensioning tendon profile. 
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ACI 318-19 Calculations Description 

STEP 7: Moment Frame Beam Transverse Reinforcement: Summary of Relevant Details 

 
 
 
 

 
 

 
 
 

 

 
The Structural Engineer of Record is showing reinforcing 
bars for the moment frame beam transverse 
reinforcement along Gridline 1. The moment frame 
beam detail is shown in Figure 11. 
 
As designed, the engineer does not show welded wire 
reinforcement as an option. However, as reflected in the 
previously illustrated Figure 4, the engineer has 
permissive language for welded wire reinforcement 
substitutions provided the reinforcing bars being 
replaced are not serving as (a) longitudinal 
reinforcement in special moment frames or (b) 
reinforcement in special structural walls. 
 
With this in mind, there is a potential value substitution 
that could be proposed by the contractor for the moment 
frame beam transverse reinforcement. Steps 8 and 9 will 
show this effort. 
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Figure 11: Contract Document section through typical moment frame, showing longitudinal and horizontal mild reinforcement. 
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ACI 318-19 Calculations Description 

STEP 8: Moment Frame Beam Transverse Reinforcement: Determination of WWR Acceptance 
 
20.2.1.7 
20.2.2.4 
 
25.3.3 
25.3.4 
 
18.6.4.4 
18.6.4.5 
 
18.7.5 
 
 
 
 
 

 
 

 
Deformed wire sizes between D4 and D31 are 
permitted. 
 
Welded wire reinforcement is permitted for use in special 
moment frames (special seismic systems) as lateral 
support of longitudinal bars, concrete confinement, and 
shear, and torsion. This permission is predicated on the 
requirement that the welds are not relied upon for 
resistance to stresses. In other words, while the welds 
themselves can be present within the member, they 
must not be considered structural in nature or relied 
upon for development or curtailment. 
 
The most notable offshoot of this requirement is that the 
straight-leg welded “anchorage” wire solution shown in 
Steps 1 through 3 is prohibited. Hooked curtailment of 
transverse reinforcement in special moment frames must 
be utilized. With this in mind, there are three potential 
WWR substitutions that could be made for the moment 
frame beams represented in Figure 11: 
 
(a) U-stirrups with 135-degree hooks 
(b) Top crosstie with 135- and 90-degree hooks 
(c) Vertical crosstie with 135- and 90-degree hooks 
 
It is possible to manufacture all three configurations. The 
U-stirrups will be fully detailed herein. For (b) and (c), the 
bending operation itself will be highlighted to show how 
the alternated hook pattern can be achieved on a WWR 
mat. 
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ACI 318-19 Calculations Description 

STEP 9: Moment Frame Beam Transverse Reinforcement: WWR Detailing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
Figures 12 through 14 show information relevant to the 
WWR detailing of the potential substitutions. 
Note that for contract documents such as those 
referenced in this example that contain permissive WWR 
language (i.e., language that constitutes WWR as a 
“pre-approved equal” in certain applications), the 
submittal of a request For Information (RFI) to the 
design professional seeking permission to substitute 
WWR for reinforcing bars is typically not necessary as 
long as the WWR submittal itself is thorough and the 
proposed substitutions are presented and illustrated in a 
transparent manner. A method of maximizing this 
transparency is through substitution documentation that 
would accompany the reinforcement submittal issued for 
designer review. An example of substitution 
documentation is shown in Chapter 5, Figure 5 and 
Figure 8. 
Because the engineer in Example 9 includes both 
permissive language and explicitly-detailed WWR 
applications, however, as a courtesy it would be 
appropriate to issue an RFI for proposed substitutions 
that have not been explicitly-detailed. 
In all “pre-approved equal” cases, prior to 
communications with the design professional, the WWR 
manufacturer and the contractor must be in full 
agreement on those reinforcement applications that are 
to be pursued as WWR. 
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Figure 12: WWR Detailer’s bend drawing for the moment frame stirrup is shown here. Notice that there is a subtle adjustment to the endmost 
stirrup spaces of the WWR cage in order to provide cage “modules” that populate the moment frame beam length without the field 
workers needing to keep track of odd spaces between cages. See also Figure 13. 
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Figure 13: WWR Detailer’s stirrup layout view for the typical moment frame beam is shown here. Two WWR-3 stirrup cages are 
required per beam length, with a field space equal to 6 inches between the cages. 
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ACI 318-19 Calculations Description 

STEP 9: Moment Frame Beam Transverse Reinforcement: WWR Detailing (continued) 

 
18.7.5.2(c) 
25.3.3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

 
Providing crosstie runs with alternating hooks is a 
requirement specific to beams of special moment frames 
in earthquake-resistant structure design, and represents 
an attribute requiring the WWR Detailer’s close attention 
from a fabrication standpoint more so than from the 
actual detailing standpoint. 
 
Figure 14 provides a schematic representation of how 
WWR mats with alternating hooks can be achieved on a 
WWR line bending machine. 
 
The finished WWR product will satisfy the alternating 
hooks requirement, and the crosstie wires will be spaced 
to match the previously configured stirrup wires on the 
WWR-3 cage.  
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Figure 14: Schematic of sequential bending on a WWR line bender to achieve alternating hooks. 
1. The bending crew starts with the flat WWR mat, straight from the WWR welding machine. 
2. The hydraulic (or pneumatic) line bender is configured such that its mandrels (bending pins) are spaced at twice the typical 

crosstie spacing. Crossties aligning with the mandrels along the right side are then bent to 135-degree hooks, resulting in every 
other crosstie wire being bent.  

3. The bending crew then shifts the entire mat down the line bender a distance equal to that of the typical stirrup spacing, resulting 
in the unbent right-side wires now being aligned and saddled into the mandrels. These wires are then bent to 90-degrees, 
completing the bending operation for the right side. 

4. The WWR mat is removed from the bender, rotated end for end, and re-inserted into the line bender. The process noted in Step #2 
is then carried out for the left side. 

5. The process noted in Step #3 is carried out for the left side, completing the bending operation for the WWR crosstie mat. 
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EXAMPLE 10 PROBLEM STATEMENT: 
 
The subject structural configuration is comprised of a two-way slab with non-prestressed (mild) reinforcement. The system is a flat plate, absent of 
exterior and interior beams between supports. The lateral forces resisting system is comprised of reinforced concrete shear walls, collector, and 
chords, the designs of which are beyond the scope of this example. 
The slab is to be designed using the Direct Design Method (DDM). While the DDM procedure is no longer explicitly presented in ACI 318-19, it can 
be found in ACI 318-14 Section 8.10 amongst numerous other reinforced concrete design texts. As such this example contains references to ACI 
318-14 where applicable. 
The slab is to be characterized by a flat soffit with no drop panels or shear caps. The designer is tasked with gravity design of the reinforced 
concrete slab. The designer elects to waive the requirements of ACI 318-19 Section 20.2.1.7.3 (see “Common Designer Questions” in Chapter Two 
of this guide). 
Design Criteria are as follows: 

𝑓𝑓′𝑐𝑐 = 5,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝑓𝑓𝑦𝑦 = 80,000 𝑝𝑝𝑝𝑝𝑝𝑝 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐷𝐷𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐷𝐷 (𝑝𝑝𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝐶𝐶𝑖𝑖 𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶) = 0.150 𝑘𝑘𝐶𝐶𝑓𝑓 
𝑆𝑆𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶𝑖𝑖 𝑈𝑈𝐶𝐶𝑝𝑝𝑓𝑓𝐶𝐶𝐶𝐶𝑟𝑟 𝐷𝐷𝐶𝐶𝐷𝐷𝑖𝑖 𝐿𝐿𝐶𝐶𝐷𝐷𝑖𝑖, 𝑞𝑞𝐷𝐷𝐷𝐷 = 0.010 𝑘𝑘𝑝𝑝𝑓𝑓 
𝑆𝑆𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶𝑖𝑖 𝑈𝑈𝐶𝐶𝑝𝑝𝑓𝑓𝐶𝐶𝐶𝐶𝑟𝑟 𝐿𝐿𝑝𝑝𝐿𝐿𝐶𝐶 𝐿𝐿𝐶𝐶𝐷𝐷𝑖𝑖, 𝑞𝑞𝐷𝐷𝐷𝐷 = 0.080 𝑘𝑘𝑝𝑝𝑓𝑓 (𝐷𝐷𝑝𝑝𝑝𝑝𝑖𝑖𝑟𝑟𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶𝑝𝑝𝑛𝑛𝑖𝑖𝐶𝐶) 

  

Chapter Ten 

EXAMPLE: Conventional Two-Way Mild Reinforced Slab 
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The example includes the following steps: 
 
 

Step 1 – Suitability of the Direct Design Method 

Step 2 – Slab Thickness Determination 

Step 3 – Applied Loading 

Step 4 – Defining Design Strips  

Step 5 – Preliminary Two-Way (Punching) Shear 

Step 6a – DDM – Gridline G Total Factored Static Moments 

Step 6b – DDM – Gridline G Moment Distribution to CS and MS 

Step 6c – DDM – Gridline G Slab Negative Moment Transfer 

Step 7 – Two-Way (Punching) Shear - Revisited 

Step 8 – Two-Way Shear Reinforcement Design / Strength Check 

Step 9 – One-Way Shear Check 

Step 10 –Gridline G Labeled Moments 

Step 11 (1C-5C) – Gridline G Column Strip Reinforcement 

Step 12 – Gridline G Middle Strip Reinforcement 

Step 13 – WWR Detailing for Gridline G Reinforcement 
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Figure 1: Partial Floor Plan 
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ACI 318-19 Calculations Description 

STEP 1: Suitability of Direct Design Method 

8.2.1 
 
8.10.2.1 
(ACI 318-14) 
 
8.10.2.2 
(ACI 318-14) 
 
 
8.10.2.3 
(ACI 318-14) 
 
 
8.10.2.4 
(ACI 318-14) 
 
8.10.2.5 
(ACI 318-14) 
 
8.10.2.6 
(ACI 318-14) 
 
8.10.2.7 
(ACI 318-14) 
 
 

 

 
 
 
 
 
 
 
 
26 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶
23 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶

= 1.13 < 2.0 

 
 
 
 
 
 
 
 
0.080 𝑘𝑘𝑝𝑝𝑓𝑓 < 2 × (0.125 𝑘𝑘𝑝𝑝𝑓𝑓 + 0.010 𝑘𝑘𝑝𝑝𝑓𝑓) 𝐷𝐷𝑝𝑝𝑝𝑝𝑖𝑖𝑟𝑟𝑝𝑝𝐶𝐶𝑖𝑖 10" 𝑝𝑝𝑖𝑖𝐷𝐷𝑛𝑛 
0.080 𝑘𝑘𝑝𝑝𝑓𝑓 < 0.270 𝑘𝑘𝑝𝑝𝑓𝑓 → 𝑂𝑂𝑂𝑂  
 
 
 
 
∴ 𝐷𝐷𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐷𝐷𝐶𝐶𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝑀𝑀𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑖𝑖 𝑝𝑝𝑝𝑝 𝑝𝑝𝑖𝑖𝑝𝑝𝐶𝐶𝐷𝐷𝑛𝑛𝑖𝑖𝐶𝐶 𝑓𝑓𝐶𝐶𝐶𝐶 𝑖𝑖𝑝𝑝𝐶𝐶. 
 

Direct Design Method (DDM) is permitted. 
 
There are at least three spans in each direction. 
 
 
Successive span lengths measured center-to-center of 
supports do not differ by more than one-third the 
longer span. 
 
Panels are rectangular, with ratio of longer to shorter 
panel dimensions, measured center-to-center of 
support, not exceeding 2.0. 
 
Per ACI, column offsets shall not exceed 10%. Here, 
we have no column offsets. 
 
All loads are due to gravity only and distributed over an 
entire panel. 
 
Unfactored live load does not exceed two times the 
unfactored dead load. 
 
There are no beam supports. 
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ACI 318-19 Calculations Description 

STEP 2: Slab Thickness Determination 

8.3.1 
8.3.1.1 
Table 
8.3.1.1 
 
 
 
 
 
 
 
 
 
8.3.1.1(a) 
 

• 𝑓𝑓𝑦𝑦 = 80,000 𝑝𝑝𝑝𝑝𝑝𝑝 
• 𝑁𝑁𝐶𝐶 𝑖𝑖𝐶𝐶𝐶𝐶𝑝𝑝 𝑝𝑝𝐷𝐷𝐶𝐶𝐶𝐶𝑖𝑖𝑝𝑝 
• 𝑖𝑖𝑛𝑛 𝑝𝑝𝑝𝑝 𝐶𝐶ℎ𝐶𝐶 𝐶𝐶𝑖𝑖𝐶𝐶𝐷𝐷𝐶𝐶 𝑝𝑝𝑝𝑝𝐷𝐷𝐶𝐶 𝑝𝑝𝐶𝐶 𝐶𝐶ℎ𝐶𝐶 𝑖𝑖𝐶𝐶𝐶𝐶𝑖𝑖 𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶,𝑓𝑓𝐷𝐷𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 𝑓𝑓𝐷𝐷𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 
 
𝑖𝑖𝑛𝑛 = 312"− 9" − 9" = 294" = 24.50 𝑓𝑓𝐶𝐶 
 
𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑃𝑃𝐷𝐷𝐶𝐶𝐶𝐶𝑖𝑖 𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝑝𝑝𝑖𝑖𝐷𝐷𝑛𝑛 𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑘𝑘𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝,𝑤𝑤𝑝𝑝𝐶𝐶ℎ𝐶𝐶𝑖𝑖𝐶𝐶 𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶 𝑛𝑛𝐶𝐶𝐷𝐷𝑟𝑟𝑝𝑝: 
𝑖𝑖𝑛𝑛 27⁄ = (24.50 × 12) 27⁄ = 10.88 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 ← 
 
𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑃𝑃𝐷𝐷𝐶𝐶𝐶𝐶𝑖𝑖 𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝑝𝑝𝑖𝑖𝐷𝐷𝑛𝑛 𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑘𝑘𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝,𝑤𝑤𝑝𝑝𝐶𝐶ℎ𝐶𝐶𝑖𝑖𝐶𝐶 𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶 𝑛𝑛𝐶𝐶𝐷𝐷𝑟𝑟𝑝𝑝: 
𝑖𝑖𝑛𝑛 30⁄ = (24.50 × 12) 30⁄ = 9.8 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
 
𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑘𝑘𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 𝐶𝐶𝑓𝑓 𝑝𝑝𝑖𝑖𝐷𝐷𝑛𝑛 𝑤𝑤𝑝𝑝𝐶𝐶ℎ𝐶𝐶𝑖𝑖𝐶𝐶 𝑖𝑖𝐶𝐶𝐶𝐶𝑝𝑝 𝑝𝑝𝐷𝐷𝐶𝐶𝐶𝐶𝑖𝑖𝑝𝑝 = 5 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
 
∴ 𝑖𝑖𝑝𝑝𝐶𝐶 𝑝𝑝𝑖𝑖𝐷𝐷𝑛𝑛 𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑘𝑘𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 𝐶𝐶𝑞𝑞𝑖𝑖𝐷𝐷𝑖𝑖 𝐶𝐶𝐶𝐶 11 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
 

We will use ACI minimum slab thickness provisions. 
Design will be based on selection of a slab thickness 
that, based on prescriptive tabulated minimum 
thicknesses that have been developed through the 
years, will preclude the need for detailed deflection 
calculations. 
 
Note that there is no floor finish being placed 
monolithically with the structural slab thickness, as such 
Section 8.3.1.3 does not apply. 

 

 
 
 

ACI 318-19 Calculations Description 

STEP 3: Applied Loading 

5.3.1 
Table 5.3.1 
 
 
 
 
8.4.1.9 
 
 
 
 

𝑈𝑈 = 1.2𝐷𝐷 + 1.6𝐿𝐿 
 
𝑞𝑞𝑢𝑢 = 1.2(0.148) + 1.6(0.080) = 0.306 𝑘𝑘𝑝𝑝𝑓𝑓 
 

The governing load combination is 1.2D + 1.6L. Dead 
and live loads are applied uniformly on all slab panels as 
established in 8.10.2.6 (ACI 318-14). With 8.10.2.6 (ACI 
318-14) satisfied, there will be no patterned live loads.  
All building lateral loading is resisted by shear walls; 
therefore, the slab does not contribute to the out-of-
plane flexural resistance of the building structure and is 
assumed to only participate as a diaphragm. 
Consideration for additional slab reinforcement related to 
chord and collector requirements is beyond the scope of 
this example. 
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ACI 318-19 Calculations Description 

STEP 4: Defining Design Strips 

8.4.1.7 
 
 
 
 
 
 
 
8.4.1.5 
8.4.1.6 
 
 
 
 
 

 

 
 
 
 
 
 
 
𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑮𝑮 𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 
𝑖𝑖1 = 26.00 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶 
𝑖𝑖2 = 23.00 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶 
 
𝐶𝐶𝑆𝑆 𝑤𝑤𝑝𝑝𝑖𝑖𝐶𝐶ℎ 𝐶𝐶𝐶𝐶 𝐶𝐶𝐷𝐷𝐶𝐶ℎ 𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝐶𝐶𝑓𝑓 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶 = 0.25(𝑖𝑖𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 𝑖𝑖1 𝐷𝐷𝐶𝐶𝑖𝑖 𝑖𝑖2) 
𝐶𝐶𝑆𝑆 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖 𝑤𝑤𝑝𝑝𝑖𝑖𝐶𝐶ℎ = 2 × (0.25 × 23.00′) = 11.50 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶 
𝑀𝑀𝑆𝑆 ℎ𝐷𝐷𝑖𝑖𝑓𝑓 𝑤𝑤𝑝𝑝𝑖𝑖𝐶𝐶ℎ 𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶ℎ = (23.00′ − 5.75′ − 5.75′) 2⁄ = 5.75 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶  
𝑀𝑀𝑆𝑆 ℎ𝐷𝐷𝑖𝑖𝑓𝑓 𝑤𝑤𝑝𝑝𝑖𝑖𝐶𝐶ℎ 𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶𝑖𝑖𝐶𝐶ℎ = (23.00′ − 5.75′ − 5.75′) 2⁄ = 5.75 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶 
 
∴ 𝑅𝑅𝐶𝐶𝑓𝑓𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 𝐹𝐹𝑝𝑝𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶 2 𝑓𝑓𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶  
    𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 𝑖𝑖𝐶𝐶𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 𝐺𝐺 
 
 
𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝟐𝟐 𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 
𝑖𝑖1 = 23.00 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶 
𝑖𝑖2 = 26.00 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶 
 
𝐶𝐶𝑆𝑆 𝑤𝑤𝑝𝑝𝑖𝑖𝐶𝐶ℎ 𝐶𝐶𝐶𝐶 𝐶𝐶𝐷𝐷𝐶𝐶ℎ 𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝐶𝐶𝑓𝑓 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶 = 0.25(𝑖𝑖𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 𝑖𝑖1 𝐷𝐷𝐶𝐶𝑖𝑖 𝑖𝑖2) 
𝐶𝐶𝑆𝑆 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖 𝑤𝑤𝑝𝑝𝑖𝑖𝐶𝐶ℎ = 2 × (0.25 × 23.00′) = 11.50 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶 
𝑀𝑀𝑆𝑆 ℎ𝐷𝐷𝑖𝑖𝑓𝑓 𝑤𝑤𝑝𝑝𝑖𝑖𝐶𝐶ℎ 𝐶𝐶𝐶𝐶 𝑤𝑤𝐶𝐶𝑝𝑝𝐶𝐶 = (26.00′ − 5.75′ − 5.75′) 2⁄ = 7.25 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶  
𝑀𝑀𝑆𝑆 ℎ𝐷𝐷𝑖𝑖𝑓𝑓 𝑤𝑤𝑝𝑝𝑖𝑖𝐶𝐶ℎ 𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶𝑖𝑖𝐶𝐶ℎ = (26.00′ − 5.75′ − 5.75′) 2⁄ = 7.25 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶 
 
∴ 𝑅𝑅𝐶𝐶𝑓𝑓𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 𝐹𝐹𝑝𝑝𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶 3 𝑓𝑓𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶  
    𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 𝑖𝑖𝐶𝐶𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 2 
 
 
 

A slab panel is bounded by column, beam, or wall 
centerlines on all sides. 
 
Flexural demand will ultimately be distributed to the 
slab in both directions depending on the aspect ratio of 
the panel, with further distribution contingent upon 
proximity to the analytical column lines. 
 
Column strips are sub-design strips with a prescriptive 
width on each side of a column centerline, while 
middle strips are sub-design strips bounded by two 
column strips. For the purposes of the example, then, 
an interior design strip is comprised of a column strip 
plus two half-middle strips, while a perimeter design 
strip consists of a column strip plus one half-middle 
strip. 
 
 
 
 
 
The design and detailing of Gridline 2, while similar to 
that shown in subsequent steps of this example for 
Gridline G, is not carried out here. 
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Figure 2: Design Strip G 
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Figure 3: Design Strip 2 
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ACI 318-19 Calculations Description 

STEP 5: Preliminary Two-Way (Punching) Shear 

8.5.3.1.2 
22.6 
22.6.2.1 
22.6.4.1 

𝐿𝐿𝑢𝑢𝑢𝑢 =
𝑉𝑉𝑢𝑢
𝑛𝑛𝑜𝑜𝑖𝑖

 

 
• 𝐴𝐴𝑝𝑝𝑝𝑝𝑖𝑖𝑟𝑟𝐶𝐶 1" clear cover and two (2) 5/8" 𝑖𝑖𝑝𝑝𝐷𝐷𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑛𝑛𝐷𝐷𝐶𝐶 "𝑟𝑟𝐷𝐷𝐶𝐶𝑝𝑝" 
• 𝐴𝐴𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝐸𝐸. 𝐶𝐶𝑓𝑓𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶 𝑖𝑖𝐶𝐶𝑝𝑝𝐶𝐶ℎ 𝑖𝑖 = 11" −  1" cover - 0.625" =  9.375" 

 
 

 
𝑰𝑰𝑮𝑮𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
𝑛𝑛𝑜𝑜 = 4 × (18" + 9.375 2⁄ + 9.375 2⁄ ) = 109.5" 
 

𝐿𝐿𝐶𝐶𝐷𝐷𝑖𝑖𝐶𝐶𝑖𝑖 𝐶𝐶𝐶𝐶𝑝𝑝𝑛𝑛𝑖𝑖𝐶𝐶𝐷𝐷𝐶𝐶𝐷𝐷 𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷 = 23 𝑓𝑓𝐶𝐶 × 26 𝑓𝑓𝐶𝐶 −
27.375" × 27.375"

144
= 593 𝑝𝑝𝑓𝑓 

 
𝑉𝑉𝑢𝑢 = 0.306 𝑘𝑘𝑝𝑝𝑓𝑓 × 593 𝑝𝑝𝑓𝑓 = 182 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 

 
 
𝑬𝑬𝑬𝑬𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
𝑛𝑛𝑜𝑜 =  (18"+ 9.375" 2⁄ + 9.375" 2⁄ ) + 2 × (18" + 9.375" 2)⁄ = 72.75" 
 

𝐿𝐿𝐶𝐶𝐷𝐷𝑖𝑖𝐶𝐶𝑖𝑖 𝐶𝐶𝐶𝐶𝑝𝑝𝑛𝑛𝑖𝑖𝐶𝐶𝐷𝐷𝐶𝐶𝐷𝐷 𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷 = 23 𝑓𝑓𝐶𝐶 × 13 𝑓𝑓𝐶𝐶 −
27.375" × 22.688"

144
= 295 𝑝𝑝𝑓𝑓 

 
𝑉𝑉𝑢𝑢 = 0.306 𝑘𝑘𝑝𝑝𝑓𝑓 × 295 𝑝𝑝𝑓𝑓 = 91 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 

 
 
𝑪𝑪𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
𝑛𝑛𝑜𝑜 = 2 × (18" + 9.375" 2)⁄ = 45.375" 
 

𝐿𝐿𝐶𝐶𝐷𝐷𝑖𝑖𝐶𝐶𝑖𝑖 𝐶𝐶𝐶𝐶𝑝𝑝𝑛𝑛𝑖𝑖𝐶𝐶𝐷𝐷𝐶𝐶𝐷𝐷 𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷 = 11.5 𝑓𝑓𝐶𝐶 × 13 𝑓𝑓𝐶𝐶 −
22.688" × 22.688"

144
= 146 𝑝𝑝𝑓𝑓 

 
𝑉𝑉𝑢𝑢 = 0.306 𝑘𝑘𝑝𝑝𝑓𝑓 × 146 𝑝𝑝𝑓𝑓 = 45  𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 

Carry out a preliminary check of punching shear to 
ensure slab depth proportioning is appropriate for the 
loading.  
 
This check is based solely on 𝐿𝐿𝑢𝑢𝑢𝑢, the factored shear 
stress on the slab critical section for two-way action, 
from the 1.2D + 1.6L load combination, without 
moment transfer. The cumulative effect of moment 
transfer will be fully quantified in a subsequent 
calculation step. 
 
While a favorable result here does not guarantee that 
the slab alone, without shear reinforcement, will be 
satisfactory to resist punching shear, it would serve as 
reasonable confirmation that the introduction of drop 
panels or a thickening of the slab will be unnecessary. 
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ACI 318-19 Calculations Description 

STEP 5: Preliminary Two-Way (Punching) Shear - continued 

22.6.1.2 
 
 
22.5.5.1.3 
 
 
 
22.6.5.2 
22.6.5.3 
 
 
 
 

𝐿𝐿𝑛𝑛 = 𝐿𝐿𝑐𝑐 
 

𝜆𝜆𝑠𝑠 = �
2

1 + 9.375"
10

= 1.016 > 1.0 ∴ 𝑖𝑖𝑝𝑝𝐶𝐶 1.0 

 
 
𝐿𝐿𝑐𝑐  𝑝𝑝𝑝𝑝 𝐶𝐶ℎ𝐶𝐶 𝑖𝑖𝐶𝐶𝐷𝐷𝑝𝑝𝐶𝐶 𝐶𝐶𝑓𝑓: 
 
𝐿𝐿𝑐𝑐 = 4𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 
 
𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 𝐿𝐿𝑐𝑐 = 0.283 𝑘𝑘𝑝𝑝𝑝𝑝  ← 𝑖𝑖𝐶𝐶𝐿𝐿𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 
𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 𝐿𝐿𝑐𝑐 = 0.283 𝑘𝑘𝑝𝑝𝑝𝑝  ← 𝑖𝑖𝐶𝐶𝐿𝐿𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 𝐿𝐿𝑐𝑐 = 0.283 𝑘𝑘𝑝𝑝𝑝𝑝  ← 𝑖𝑖𝐶𝐶𝐿𝐿𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 
 

𝐿𝐿𝑐𝑐 = �2 +
4
𝛽𝛽
�𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 

 
𝛽𝛽 𝑝𝑝𝑝𝑝 𝐶𝐶ℎ𝐶𝐶 𝐶𝐶𝐷𝐷𝐶𝐶𝑝𝑝𝐶𝐶 𝐶𝐶𝑓𝑓 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶 𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶𝑝𝑝.  𝛽𝛽 = 1 𝑓𝑓𝐶𝐶𝐶𝐶 𝑝𝑝𝑞𝑞𝑖𝑖𝐷𝐷𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶. 
 
𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 𝐿𝐿𝑐𝑐 = 0.424 𝑘𝑘𝑝𝑝𝑝𝑝 
𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 𝐿𝐿𝑐𝑐 = 0.424 𝑘𝑘𝑝𝑝𝑝𝑝 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 𝐿𝐿𝑐𝑐 = 0.424 𝑘𝑘𝑝𝑝𝑝𝑝 
 

𝐿𝐿𝑐𝑐 = �2 +
𝛼𝛼𝑠𝑠𝑖𝑖
𝑛𝑛𝑜𝑜

� 𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 

 
𝛼𝛼𝑠𝑠 = 40 𝑓𝑓𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶𝑝𝑝, 30 𝑓𝑓𝐶𝐶𝐶𝐶 𝐶𝐶𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶𝑝𝑝, 
𝐷𝐷𝐶𝐶𝑖𝑖 20 𝑓𝑓𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶𝑝𝑝 
 
𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 𝐿𝐿𝑐𝑐 = 0.384 𝑘𝑘𝑝𝑝𝑝𝑝 
𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 𝐿𝐿𝑐𝑐 = 0.415 𝑘𝑘𝑝𝑝𝑝𝑝 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 𝐿𝐿𝑐𝑐 = 0.434 𝑘𝑘𝑝𝑝𝑝𝑝 
 
 

Preliminarily assume no shear reinforcement in 
determination of nominal shear strength. 
 
 
Determine size effect modification factor. 
 
 
 
Refer to table 22.6.5.2 for 𝐿𝐿𝑐𝑐 for two-way members 
without shear reinforcement. 
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ACI 318-19 Calculations Description 

STEP 5: Preliminary Two-Way (Punching) Shear - continued 

 
22.6.1.2 
22.6.1.3 
21.2.1 
 
 
 
 
 
 
 

 

𝐿𝐿𝑢𝑢𝑢𝑢 =
𝑉𝑉𝑢𝑢
𝑛𝑛𝑜𝑜𝑖𝑖

 

 
𝑰𝑰𝑮𝑮𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
 

𝐿𝐿𝑢𝑢𝑢𝑢 =
182 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝

109.5" × 9.375"
= 0.177 𝑘𝑘𝑝𝑝𝑝𝑝 

 
𝜑𝜑𝐿𝐿𝑛𝑛 = 0.75 × 0.283 𝑘𝑘𝑝𝑝𝑝𝑝 = 0.212 𝑘𝑘𝑝𝑝𝑝𝑝 → 𝑂𝑂𝑂𝑂 
 
 
𝑬𝑬𝑬𝑬𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
 

𝐿𝐿𝑢𝑢𝑢𝑢 =
91 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝

72.75" × 9.375"
= 0.134 𝑘𝑘𝑝𝑝𝑝𝑝 

 
𝜑𝜑𝐿𝐿𝑛𝑛 = 0.75 × 0.283 𝑘𝑘𝑝𝑝𝑝𝑝 = 0.212 𝑘𝑘𝑝𝑝𝑝𝑝 → 𝑂𝑂𝑂𝑂 
 
 
𝑪𝑪𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
 

𝐿𝐿𝑢𝑢𝑢𝑢 =
45 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝

45.375" × 9.375"
= 0.106 𝑘𝑘𝑝𝑝𝑝𝑝 

 
𝜑𝜑𝐿𝐿𝑛𝑛 = 0.75 × 0.283 𝑘𝑘𝑝𝑝𝑝𝑝 = 0.212 𝑘𝑘𝑝𝑝𝑝𝑝 → 𝑂𝑂𝑂𝑂 
 
 
∴ 𝑃𝑃𝐶𝐶𝐶𝐶𝑖𝑖𝑝𝑝𝑟𝑟𝑝𝑝𝐶𝐶𝐷𝐷𝐶𝐶𝐷𝐷 𝑝𝑝𝑖𝑖𝐶𝐶𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑖𝑖 𝑝𝑝ℎ𝐶𝐶𝐷𝐷𝐶𝐶 𝐶𝐶ℎ𝐶𝐶𝐶𝐶𝑘𝑘 𝑂𝑂𝑂𝑂.   
    𝑃𝑃𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 𝑤𝑤𝑝𝑝𝐶𝐶ℎ 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐷𝐷𝑖𝑖 𝑖𝑖𝐶𝐶𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶. 
 
 
 

 
 
 
 
 
 
 
 
 
The strength reduction (𝜑𝜑) factor for shear is 0.75. 
 
Based on “direct” shear only, the results look 
favorable. We will proceed with original assumptions 
for a flat plate slab. 
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ACI 318-19 Calculations Description 
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8.10.3.1 
(ACI 318-14) 
 
 
 
8.10.3.2 
(ACI 318-14) 
 
 
 
 
 
Table 
8.10.4.2 
(ACI 318-14) 
 
 
 
 
 
 
 
8.10.3.2 
(ACI 318-14) 
 
8.10.4.1 
(ACI 318-14) 
 

 
 
 
𝑬𝑬𝑮𝑮𝑮𝑮 𝑺𝑺𝑺𝑺𝑺𝑺𝑮𝑮 − 𝑭𝑭𝑪𝑪𝑮𝑮𝑮𝑮 𝑾𝑾𝑮𝑮𝑮𝑮𝑫𝑫𝑾𝑾 𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝑺𝑺𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 𝑴𝑴𝑫𝑫𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫𝑫𝑫 
 

𝑀𝑀𝑜𝑜,𝐺𝐺 𝐸𝐸𝑛𝑛𝐸𝐸 =
𝑞𝑞𝑢𝑢𝑖𝑖2𝑖𝑖𝑛𝑛

2

8
=

0.306 × 23 𝑓𝑓𝐶𝐶 × (24.52)
8

= 529 𝑘𝑘𝑝𝑝𝑝𝑝 − 𝑓𝑓𝐶𝐶 
 
𝐷𝐷𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑛𝑛𝑖𝑖𝐶𝐶𝐶𝐶 𝑀𝑀𝑜𝑜 𝐷𝐷𝑝𝑝 𝑓𝑓𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶𝑤𝑤𝑝𝑝: 
 

 Slabs without beams between interior 
supports, without edge beams 

Interior Negative 0.70 
Positive 0.52 

Exterior Negative 0.26 
 
𝑀𝑀𝑢𝑢,𝑒𝑒𝑒𝑒𝑒𝑒 (−) = 0.26 × 529 = 138 𝑘𝑘𝑝𝑝𝑝𝑝 − 𝑓𝑓𝐶𝐶 
𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) = 0.70 × 529 = 371 𝑘𝑘𝑝𝑝𝑝𝑝 − 𝑓𝑓𝐶𝐶 ← 𝑖𝑖𝐶𝐶𝐿𝐿𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 𝐶𝐶𝐿𝐿𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑝𝑝𝑝𝑝𝐷𝐷𝐶𝐶 
𝑀𝑀 𝑢𝑢 (+) = 0.52 × 529 = 275 𝑘𝑘𝑝𝑝𝑝𝑝 − 𝑓𝑓𝐶𝐶 
 
𝑰𝑰𝑮𝑮𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑺𝑺𝑺𝑺𝑺𝑺𝑮𝑮 − 𝑭𝑭𝑪𝑪𝑮𝑮𝑮𝑮 𝑾𝑾𝑮𝑮𝑮𝑮𝑫𝑫𝑾𝑾 𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝑺𝑺𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 𝑴𝑴𝑫𝑫𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫𝑫𝑫 
 

𝑀𝑀𝑜𝑜,𝐺𝐺 𝐼𝐼𝑛𝑛𝑒𝑒 =
𝑞𝑞𝑢𝑢𝑖𝑖2𝑖𝑖𝑛𝑛

2

8
=

0.306 × 23 𝑓𝑓𝐶𝐶 × (24.52)
8

= 529 𝑘𝑘𝑝𝑝𝑝𝑝 − 𝑓𝑓𝐶𝐶 
 
𝐷𝐷𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑛𝑛𝑖𝑖𝐶𝐶𝐶𝐶 𝑀𝑀𝑜𝑜 𝐷𝐷𝑝𝑝 𝑓𝑓𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶𝑤𝑤𝑝𝑝: 
 
𝑀𝑀𝑢𝑢 (−) = 0.65 × 529 = 344 𝑘𝑘𝑝𝑝𝑝𝑝 − 𝑓𝑓𝐶𝐶 
𝑀𝑀 𝑢𝑢 (+) = 0.35 × 529 = 186 𝑘𝑘𝑝𝑝𝑝𝑝 − 𝑓𝑓𝐶𝐶 
 
𝑅𝑅𝐶𝐶𝑓𝑓𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 𝐹𝐹𝑝𝑝𝑖𝑖. 4 𝑓𝑓𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶𝐶𝐶𝑖𝑖 𝐺𝐺𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶 𝐺𝐺 𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝐶𝐶𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 𝑟𝑟𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝. 
 
 

Calculate the total factored static moment for a span 
with strip bounded laterally by the panel centerline on 
each side of the centerline of supports. Once 
calculated, distribute accordingly. 
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8.10.5.1 
(ACI 318-14) 
 
 
 
 
8.10.6 
(ACI 318-14) 
 
 
 
 
8.10.5.2 
(ACI 318-14) 
 
 
 
 
 
 
 
8.10.5.5 
(ACI 318-14) 
 
 
8.10.6 
(ACI 318-14) 
 

 
𝑖𝑖1 = 26 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶 (𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶 𝑤𝑤ℎ𝑝𝑝𝐶𝐶ℎ 𝑟𝑟𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶 𝑝𝑝𝑝𝑝 𝑛𝑛𝐶𝐶𝑝𝑝𝐶𝐶𝑖𝑖 𝑖𝑖𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑝𝑝𝐶𝐶𝐶𝐶𝑖𝑖) 
𝑖𝑖2 = 23 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶 
𝛼𝛼𝑓𝑓1 = 0 (𝐶𝐶𝐶𝐶 𝑛𝑛𝐶𝐶𝐷𝐷𝑟𝑟 𝐶𝐶𝐸𝐸𝑝𝑝𝑝𝑝𝐶𝐶𝑝𝑝, 𝑝𝑝𝐶𝐶 𝐶𝐶𝐶𝐶 𝑛𝑛𝐶𝐶𝐷𝐷𝑟𝑟 𝑝𝑝𝑖𝑖𝐷𝐷𝑛𝑛⁄ 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐷𝐷𝑖𝑖 𝑝𝑝𝐶𝐶𝑝𝑝𝑓𝑓𝑓𝑓𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 𝐶𝐶𝐷𝐷𝐶𝐶𝑝𝑝𝐶𝐶) 
 
 
 𝑷𝑷𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝑫𝑫𝒐𝒐 𝑴𝑴𝑪𝑪,𝑮𝑮𝑮𝑮𝑫𝑫 (−) 𝑫𝑫𝑫𝑫 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 𝑺𝑺𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 
𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) 𝐶𝐶𝐶𝐶 = 0.75 × 371 = 279 𝑘𝑘 − 𝑓𝑓𝐶𝐶 (𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶 @ 𝐸𝐸𝐶𝐶𝑖𝑖 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶) 
𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) 𝐶𝐶𝐶𝐶 = 0.75 × 344 = 258 𝑘𝑘 − 𝑓𝑓𝐶𝐶 (𝐷𝐷𝑖𝑖𝑖𝑖 𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝) 
 
 
𝑷𝑷𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝑫𝑫𝒐𝒐 𝑴𝑴𝑪𝑪,𝑮𝑮𝑮𝑮𝑫𝑫 (−) 𝑫𝑫𝑫𝑫 𝑴𝑴𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑺𝑺𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 
𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) 𝑀𝑀𝐶𝐶 = (1 − 0.75) × 371 = 93 𝑘𝑘 − 𝑓𝑓𝐶𝐶 (𝑝𝑝𝐶𝐶𝐶𝐶. 𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶 @ 𝐸𝐸𝐶𝐶𝑖𝑖 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶) 
𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) 𝑀𝑀𝐶𝐶 = (1 − 0.75) × 344 = 86 𝑘𝑘 − 𝑓𝑓𝐶𝐶 (𝐷𝐷𝑖𝑖𝑖𝑖 𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶. 𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝) 
 

 
 
𝑷𝑷𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝑫𝑫𝒐𝒐 𝑴𝑴𝑪𝑪,𝑮𝑮𝑬𝑬𝑫𝑫 (−) 𝑫𝑫𝑫𝑫 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 𝑺𝑺𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 
𝑀𝑀𝑢𝑢,𝑒𝑒𝑒𝑒𝑒𝑒 (−) 𝐶𝐶𝐶𝐶 = 138 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
𝑷𝑷𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝑫𝑫𝒐𝒐 𝑴𝑴𝑪𝑪,𝑮𝑮𝑬𝑬𝑫𝑫 (−) 𝑫𝑫𝑫𝑫 𝑴𝑴𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑺𝑺𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 
𝑀𝑀𝑢𝑢,𝑒𝑒𝑒𝑒𝑒𝑒 (−) 𝑀𝑀𝐶𝐶 = 0 
 

 
 

𝑷𝑷𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝑫𝑫𝒐𝒐 𝑴𝑴𝑪𝑪 (+) 𝑫𝑫𝑫𝑫 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 𝑺𝑺𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 
𝑀𝑀𝑢𝑢 (+) 𝐶𝐶𝐶𝐶 = 0.60 × 275 = 165 𝑘𝑘 − 𝑓𝑓𝐶𝐶 @ 𝐸𝐸𝐶𝐶𝑖𝑖 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶 
𝑀𝑀𝑢𝑢 (+) 𝐶𝐶𝐶𝐶 = 0.60 × 186 = 112 𝑘𝑘 − 𝑓𝑓𝐶𝐶 @ 𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶 
 
𝑷𝑷𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝑫𝑫𝒐𝒐 𝑴𝑴𝑪𝑪 (+) 𝑫𝑫𝑫𝑫 𝑴𝑴𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑺𝑺𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 
𝑀𝑀𝑢𝑢 (+) 𝑀𝑀𝐶𝐶 = (1 − 0.60) × 275 = 110 𝑘𝑘 − 𝑓𝑓𝐶𝐶 @ 𝐸𝐸𝐶𝐶𝑖𝑖 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶 
𝑀𝑀𝑢𝑢 (+) 𝑀𝑀𝐶𝐶 = (1 − 0.60) × 186 = 75 𝑘𝑘 − 𝑓𝑓𝐶𝐶 @ 𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶 
 

𝑅𝑅𝐶𝐶𝑓𝑓𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 𝐹𝐹𝑝𝑝𝑖𝑖. 5 𝑓𝑓𝐶𝐶𝐶𝐶 𝑓𝑓𝑝𝑝𝐶𝐶𝐷𝐷𝑖𝑖 𝑟𝑟𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶 𝑖𝑖𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑛𝑛𝑖𝑖𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐷𝐷𝑖𝑖𝐶𝐶𝐶𝐶𝑖𝑖 𝐺𝐺𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶 𝐺𝐺. 

The DDM is now used to further distribute moments to 
columns strips, beams (not applicable here), middle 
strips, columns, and walls (not applicable here). 
 
 
Determine portion of 𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) in column strip. In the 
absence of an integral beam, 75% of the moment is 
assigned to the column strip per Table 8.10.5.1 (ACI 
318-14) regardless of the 𝑖𝑖2 𝑖𝑖1⁄  ratio. 
 
Determine portion of 𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) in middle strip. This 
magnitude will be divided equally between each of two 
(2) half middle strips flanking the column strip. 
 
 
Determine portion of 𝑀𝑀𝑢𝑢,𝑒𝑒𝑒𝑒𝑒𝑒 (−) in column strip. 
Because there are no torsionally-stiff walls or beams at 
the exterior building edge perpendicular to the design 
strip, there is no means by which moment can be 
reliably distributed along the width of the design strip. 
As such, 100% of the moment is assigned to the 
column strip. 
 
Determine portion of 𝑀𝑀𝑢𝑢 (+) in column strip. In the 
absence of an integral beam, 60% of the moment is 
assigned to the column strip per Table 8.10.5.1 (ACI 
318-14) regardless of the 𝑖𝑖2 𝑖𝑖1⁄  ratio. 
 
Determine portion of 𝑀𝑀𝑢𝑢 (+) in middle strip. This 
magnitude will be divided equally between each of two 
(2) half middle strips flanking the column strip. 
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Figure 5 – Gridline G Column Strip and Middle Strip Moments 
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ACI 318-19 Calculations Description 

STEP 6c: Direct Design Method – Gridline G Slab Negative Moment Transfer to Column 

 
 
 
 
 
 
 
 
8.10.7.2 
(ACI 318-14) 
 
 
 
 
 
 
8.10.7.3 
(ACI 318-14) 
 
 
 
8.4.2.2.1 
8.4.2.2.2 

 
 
 
 
 
 
 
 
𝑨𝑨𝑫𝑫 𝑰𝑰𝑮𝑮𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
 
𝑀𝑀𝑠𝑠𝑐𝑐 = 0.07�(𝑞𝑞𝐷𝐷𝑢𝑢 + 0.5𝑞𝑞𝐷𝐷𝑢𝑢)𝑖𝑖2𝑖𝑖𝑛𝑛

2 − 𝑞𝑞′𝐷𝐷𝑢𝑢𝑖𝑖′2�𝑖𝑖′𝑛𝑛
2�� 

 
𝑀𝑀𝑠𝑠𝑐𝑐 = 0.07[(0.178 + 0.5 × 0.128)(23)(24.52)− 0.178(23)(24.52)] 
 
𝑀𝑀𝑠𝑠𝑐𝑐 = 62 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
𝑨𝑨𝑫𝑫 𝑬𝑬𝑬𝑬𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
 
𝑀𝑀𝑠𝑠𝑐𝑐 = 0.3𝑀𝑀𝑜𝑜 = 0.3 × 529 = 159 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
 

𝛾𝛾𝑓𝑓 =
1

1 + �2
3��

𝑛𝑛1
𝑛𝑛2

= 0.60,    (𝑛𝑛1 = 𝑛𝑛2 = 18") 

 
 
𝑺𝑺𝑮𝑮𝑺𝑺𝑺𝑺 𝑴𝑴𝑫𝑫𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫 𝑫𝑫𝑫𝑫 𝑰𝑰𝑮𝑮𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 𝒗𝒗𝑮𝑮𝑺𝑺 𝑭𝑭𝑮𝑮𝑮𝑮𝑬𝑬𝑪𝑪𝑮𝑮𝑮𝑮 
𝛾𝛾𝑓𝑓𝑀𝑀𝑠𝑠𝑐𝑐 = 0.60 × 62 = 37.2 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
 
𝑺𝑺𝑮𝑮𝑺𝑺𝑺𝑺 𝑴𝑴𝑫𝑫𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫 𝑫𝑫𝑫𝑫 𝑬𝑬𝑬𝑬𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 𝒗𝒗𝑮𝑮𝑺𝑺 𝑭𝑭𝑮𝑮𝑮𝑮𝑬𝑬𝑪𝑪𝑮𝑮𝑮𝑮 
𝛾𝛾𝑓𝑓𝑀𝑀𝑠𝑠𝑐𝑐 = 0.60 × 159 = 96 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
 
 
 

When there are slab negative moments at a column 
that are of unequal magnitude (or in the case of an 
exterior column, a single “unopposed” slab negative 
moment) the net difference in slab moments – or 
unbalanced moment - must be transferred into the 
column. The mechanism by which this transfer occurs 
is through a combination of flexure and shear. 
 
In this step, our focus is on the flexural component (the 
shear component will be addressed in Step 8). 
Calculate this factored slab moment, 𝑀𝑀𝑠𝑠𝑐𝑐, resisted by 
the column at a joint. 
 
 
  
 
 
 
 
 
 
Second, determine the fraction of slab moment 
resisted by the column, transferred by flexure, using 
the multiplier 𝛾𝛾𝑓𝑓. 
 
 
Note that these ultimate moments are not 
mathematically cumulative with the previously 
calculated 𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) 𝐶𝐶𝐶𝐶 and 𝑀𝑀𝑢𝑢,𝑒𝑒𝑒𝑒𝑒𝑒 (−) 𝐶𝐶𝐶𝐶 column strip 
ultimate moments. Rather, they will be part of a 
subsequent check in Steps 6C and 7C to ensure that 
an appropriate portion of the overall negative moment 
reinforcement is aligned within a prescribed width 
proximate to the column itself to ensure the flexural 
transfer mechanism is achieved. 
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ACI 318-19 Calculations Description 

STEP 7: Two-Way (Punching) Shear – Revisited  

 
 
 
 
See Step 5 
 
 
 
8.4.4.2.2 
 
 
 
8.4.4.2.3 

𝑰𝑰𝑮𝑮𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
𝐿𝐿𝑢𝑢𝑢𝑢 = 0.177 𝑘𝑘𝑝𝑝𝑝𝑝 
𝜑𝜑𝐿𝐿𝑛𝑛 = 0.212 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝑬𝑬𝑬𝑬𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
𝐿𝐿𝑢𝑢𝑢𝑢 = 0.134 𝑘𝑘𝑝𝑝𝑝𝑝 
𝜑𝜑𝐿𝐿𝑛𝑛 = 0.212 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝛾𝛾𝑢𝑢 = 1 − 𝛾𝛾𝑓𝑓  (𝛾𝛾𝑓𝑓 = 0.60,𝑓𝑓𝐶𝐶𝐶𝐶𝑟𝑟 𝑆𝑆𝐶𝐶𝐶𝐶𝑝𝑝 6𝐶𝐶 𝐷𝐷𝐶𝐶𝑖𝑖 7𝐶𝐶) 
∴ 𝛾𝛾𝑢𝑢 = 1 − 0.60 = 0.40 
 
 

𝐿𝐿𝑢𝑢𝑢𝑢,𝐴𝐴𝐴𝐴 = 𝐿𝐿𝑢𝑢𝑢𝑢 +
𝛾𝛾𝑢𝑢𝑀𝑀𝑠𝑠𝑐𝑐𝐶𝐶𝐴𝐴𝐴𝐴

𝐽𝐽𝑐𝑐
 

 
 
𝑰𝑰𝑮𝑮𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
𝐿𝐿𝑢𝑢𝑢𝑢 = 0.177 𝑘𝑘𝑝𝑝𝑝𝑝 
𝛾𝛾𝑢𝑢 = 0.40 
𝑀𝑀𝑠𝑠𝑐𝑐 = 62 𝑘𝑘 − 𝑓𝑓𝐶𝐶 (𝐺𝐺𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶 𝐺𝐺 𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝐿𝐿𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 𝐶𝐶𝐿𝐿𝐶𝐶𝐶𝐶 𝐺𝐺𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶 2)  
𝐶𝐶𝐴𝐴𝐴𝐴 = (18" + 9.375") 2⁄ = 13.69" 
𝐽𝐽𝑐𝑐 = 131,975 𝑝𝑝𝐶𝐶4 
  

𝐿𝐿𝑢𝑢𝑢𝑢,𝐴𝐴𝐴𝐴 = 0.177 +
0.40 × 62 × 12 × 13.69"

131,975
= 0.208 𝑘𝑘𝑝𝑝𝑝𝑝 < 0.212 𝑘𝑘𝑝𝑝𝑝𝑝 𝑶𝑶𝑶𝑶 

 

𝑬𝑬𝑬𝑬𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 
𝐿𝐿𝑢𝑢𝑢𝑢 = 0.134 𝑘𝑘𝑝𝑝𝑝𝑝 
𝛾𝛾𝑢𝑢 = 0.40 
𝑀𝑀𝑠𝑠𝑐𝑐 = 159 𝑘𝑘 − 𝑓𝑓𝐶𝐶 (𝐺𝐺𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶 𝐺𝐺 𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝐿𝐿𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 𝐶𝐶𝐿𝐿𝐶𝐶𝐶𝐶 𝐺𝐺𝐶𝐶𝑝𝑝𝑖𝑖𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶 2)  
𝐶𝐶𝐴𝐴𝐴𝐴 = 7.075" 
𝐽𝐽𝑐𝑐 = 41,960 𝑝𝑝𝐶𝐶4 
  

𝐿𝐿𝑢𝑢,𝐴𝐴𝐴𝐴 = 0.134 +
0.40 × 159 × 12 × 7.075"

41,960
= 0.263 𝑘𝑘𝑝𝑝𝑝𝑝 > 0.212 𝑘𝑘𝑝𝑝𝑝𝑝 𝑵𝑵𝑮𝑮 

 

In Step 5 we calculated 𝐿𝐿𝑢𝑢𝑢𝑢, the factored shear stress 
on the slab critical section for two-way action without 
moment transfer. We also calculated the two-way 
shear design strength, 𝜑𝜑𝐿𝐿𝑛𝑛, based on 𝐿𝐿𝑛𝑛 = 𝐿𝐿𝑐𝑐 (no 
shear reinforcement). 
 
In Steps 6c we showed that a portion of slab moment 
is transferred to the supporting column through flexure. 
In this step, we illustrate how the remainder of slab 
moment is transferred by eccentricity of shear. The 
fraction of 𝑀𝑀𝑠𝑠𝑐𝑐 transferred by eccentricity of shear is 
shown. 
 
The magnitude of direct shear and maximum eccentric 
shear must be combined. Subscript AB refers to the 
edge of the linearly-varying shear stress distribution 
with the highest magnitude, per Fig. R8.4.4.2.3. 
 
 
 
 
 
Judgment might suggest that shear reinforcement is 
still appropriate at interior columns given the narrow 
margin of adequacy, but such an effort will not be 
covered in this example. 
 
 
Results clearly indicate that punching shear demand at 
an exterior column will exceed the two-way shear 
strength provided by concrete without shear 
reinforcement.  
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ACI 318-19 Calculations Description 

STEP 8: Two-Way (Punching) Shear Reinforcement Design and Strength Check 

22.6.4.1 
 
 
 
 
 
Table  
22.6.6.1 
 
 
22.6.1.3 
22.6.6.3 
 
8.5.1.1 
 
 
 
 
 
 
 
 
22.6.8.2 
8.7.7.1.2 
 
 
 
 
22.8.6.3 

𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮𝑫𝑫𝑺𝑺𝑮𝑮 𝑺𝑺𝑮𝑮𝑫𝑫𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟏𝟏 − 𝑨𝑨𝑫𝑫 𝑪𝑪𝑫𝑫𝑮𝑮𝑪𝑪𝑪𝑪𝑮𝑮 𝑶𝑶𝒐𝒐𝒐𝒐𝑫𝑫𝑮𝑮𝑫𝑫 
 
 
 
 
 
𝐿𝐿𝑐𝑐 = 3𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 = 3 × 1.0 × 1.0 × 70.71 = 0.212 𝑘𝑘𝑝𝑝𝑝𝑝 
 
 
 
𝜑𝜑𝐿𝐿𝑛𝑛 = 0.75(𝐿𝐿𝑐𝑐 + 𝐿𝐿𝑠𝑠) 
𝐿𝐿𝑢𝑢 = 0.263 𝑘𝑘𝑝𝑝𝑝𝑝 < 𝜑𝜑 × 8 × �𝑓𝑓′𝑐𝑐 = .424 𝑘𝑘𝑝𝑝𝑝𝑝 ∴ 𝑝𝑝𝑖𝑖𝐷𝐷𝑛𝑛 𝑖𝑖𝐶𝐶𝑝𝑝𝐶𝐶ℎ 𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑝𝑝𝐶𝐶𝑟𝑟𝐶𝐶𝑖𝑖 𝑂𝑂𝑂𝑂   
 
𝑁𝑁𝐶𝐶𝐶𝐶𝑖𝑖 𝜑𝜑𝐿𝐿𝑛𝑛 ≥  𝐿𝐿𝑢𝑢 
 
 
0.75(0.212) + 0.75𝐿𝐿𝑠𝑠,𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.263 
𝐿𝐿𝑠𝑠,𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.139 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝑇𝑇𝐶𝐶𝑝𝑝𝐷𝐷𝑖𝑖: 𝑝𝑝𝑝𝑝𝐸𝐸 (6) 𝐶𝐶𝐶𝐶𝑤𝑤𝑝𝑝 𝐶𝐶𝑓𝑓 1/2" ∅ ℎ𝐶𝐶𝐷𝐷𝑖𝑖𝐶𝐶𝑖𝑖 𝐷𝐷𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝐶𝐶𝑝𝑝,𝑓𝑓𝑦𝑦𝑒𝑒 = 51 𝑘𝑘𝑝𝑝𝑝𝑝. 
 

𝐿𝐿𝑠𝑠 =
𝐴𝐴𝑢𝑢𝑓𝑓𝑦𝑦𝑒𝑒
𝑛𝑛𝑜𝑜1𝑝𝑝

=
6 × 0.196 × 51

72.75" ×  4"
= 0.206 𝑘𝑘𝑝𝑝𝑝𝑝 

 
𝜑𝜑𝐿𝐿𝑛𝑛 = 0.75(0.212 + 0.206) = 0.314 𝑘𝑘𝑝𝑝𝑝𝑝 > 0.263 𝑘𝑘𝑝𝑝𝑝𝑝 
 

 

𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑝𝑝𝐶𝐶𝑟𝑟 
𝐴𝐴𝑢𝑢
𝑝𝑝
≥ 2�𝑓𝑓′𝑐𝑐 ×

𝑛𝑛𝑜𝑜
𝑓𝑓𝑦𝑦𝑒𝑒

 

 
6 × 0.196

4
= 0.294 > 2 × 70.71 ×

72.75
51

= 0.202  
 
∴ 𝑇𝑇𝐶𝐶𝑝𝑝𝐷𝐷𝑖𝑖 ℎ𝐶𝐶𝐷𝐷𝑖𝑖𝐶𝐶𝑖𝑖 𝑝𝑝ℎ𝐶𝐶𝐷𝐷𝐶𝐶 𝑝𝑝𝐶𝐶𝑖𝑖𝑖𝑖 𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶 𝑝𝑝𝑝𝑝 𝐷𝐷𝑖𝑖𝐶𝐶𝑞𝑞𝑖𝑖𝐷𝐷𝐶𝐶𝐶𝐶. 
 
 

Headed shear reinforcement will be used at exterior 
columns. Two critical sections must be checked per 
Figure 8. For this example, a trial arrangement of stud 
rails is presented. First check the critical section at the 
column offset. 
 
Note that upon introduction of shear reinforcement, the 
two-way shear strength provided by concrete is no 
longer defined by Section 22.6.5.2 but is instead 
calculated per Section 22.6.6.1 
 
 
 
 
 
 
 
 
 
Align stud rails at each corner of each column. Stud 
rails are 1.25” wide. Note that as shown in figure 8, the 
first peripheral line of shear studs is 3 inches from the 
column face, and the constant spacing of the 
remaining peripheral lines of shear studs is 4 inches. 
This arrangement complies with the requirements 
outlined in Table 8.7.7.1.2. 
 
 
 
 
 
Two-way shear capacity at Critical Section 1 is 
satisfactory. Height of shear stud assemblies shall 
conform to Section 8.7.7.1.1 
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ACI 318-19 Calculations Description 

STEP 8: Two-Way (Punching) Shear Reinforcement Design and Strength Check - continued 

22.6.4.2 
 
 
Table 
22.6.6.1 
 
 
 
 
 
 

𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮𝑫𝑫𝑺𝑺𝑮𝑮 𝑺𝑺𝑮𝑮𝑫𝑫𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟐𝟐 − 𝑨𝑨𝑫𝑫 𝑺𝑺𝑾𝑾𝑮𝑮𝑺𝑺𝑮𝑮 𝑹𝑹𝑮𝑮𝑮𝑮𝑮𝑮𝒐𝒐𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫 𝑩𝑩𝑫𝑫𝑪𝑪𝑮𝑮𝑮𝑮𝑺𝑺𝑮𝑮𝑩𝑩 
 
 
𝐿𝐿𝑐𝑐 = 2𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 = 2 × 1.0 × 1.0 × 70.71 = 0.141 𝑘𝑘𝑝𝑝𝑝𝑝 
 
 
 
 
 
𝑛𝑛𝑜𝑜2 =  122.54" 
 

𝐿𝐿𝐶𝐶𝐷𝐷𝑖𝑖𝐶𝐶𝑖𝑖 𝐶𝐶𝐶𝐶𝑝𝑝𝑛𝑛𝑖𝑖𝐶𝐶𝐷𝐷𝐶𝐶𝐷𝐷 𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷 = 23 𝑓𝑓𝐶𝐶 × 13 𝑓𝑓𝐶𝐶 −
2,224
144

= 283.6 𝑝𝑝𝑓𝑓 
 
𝑉𝑉𝑢𝑢 = 0.306 𝑘𝑘𝑝𝑝𝑓𝑓 × 283.6 𝑝𝑝𝑓𝑓 = 87 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 
𝑁𝑁𝐶𝐶𝐶𝐶𝑖𝑖 𝜑𝜑𝐿𝐿𝑛𝑛 ≥  𝐿𝐿𝑢𝑢 
 

𝐿𝐿𝑢𝑢 =
87 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝

122.54" × 9.375"
= 0.076 𝑘𝑘𝑝𝑝𝑝𝑝 

 
 
𝜑𝜑𝐿𝐿𝑛𝑛 = 𝜑𝜑𝐿𝐿𝑐𝑐 = 0.75 × 0.141 𝑘𝑘𝑝𝑝𝑝𝑝 = 0.106 𝑘𝑘𝑝𝑝𝑝𝑝 → 𝑂𝑂𝑂𝑂 
 
 

Now check two-way shear at the shear reinforcement 
boundary. 
 
Note that upon introduction of shear reinforcement, the 
two-way shear strength provided by concrete is no 
longer defined by Section 22.6.5.2 but is instead 
calculated per Section 22.6.6.1 
 
 
Critical Section 2 is per Figure 6. Area of the critical 
section is 2,224 in2. Note that there is no shear 
reinforcement contribution to the two-way shear 
strength at this critical section. 
 
 
 
 
 
 
 
Two-way shear capacity at Critical Section 2 is 
satisfactory. 
 
 
Headed shear stud reinforcement will be provided per 
Figure 6 and shall comply with Section 8.7.7. 
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Figure 6:  Exterior Column Two-Way Shear Critical Sections and Shear Stud Reinforcement 
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ACI 318-19 Calculations Description 

STEP 9:  One Way Shear Check 

8.4.3.1 
 
Table 
6.5.4 
 
 
 
 
 
22.5.5.1 
22.5.5.1.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.5.1.1 
 
 
22.5.1.2 

𝐶𝐶𝐷𝐷𝑖𝑖𝐶𝐶𝑖𝑖𝑖𝑖𝐷𝐷𝐶𝐶𝐶𝐶 𝑓𝑓𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 𝐶𝐶𝐶𝐶𝐶𝐶 𝑤𝑤𝐷𝐷𝐷𝐷 𝑝𝑝ℎ𝐶𝐶𝐷𝐷𝐶𝐶 𝐷𝐷𝐶𝐶 𝐶𝐶ℎ𝐶𝐶 𝑓𝑓𝐷𝐷𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 𝐶𝐶ℎ𝐶𝐶 𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶. 
 

𝑉𝑉𝑢𝑢 = 1.15 × 𝑤𝑤𝑢𝑢 ×
𝑖𝑖𝑛𝑛
2

 
 

𝑉𝑉𝑢𝑢 = 1.15 × 0.306 𝑘𝑘𝑝𝑝𝑓𝑓 × 23 𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶 ×
24.5 𝑓𝑓𝐶𝐶

2
= 100 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 

 
 
𝑆𝑆𝐶𝐶𝐷𝐷𝐶𝐶𝐶𝐶 𝑤𝑤𝑝𝑝𝐶𝐶ℎ 𝐴𝐴𝑢𝑢 = 0,∴ 𝐴𝐴𝑢𝑢 < 𝐴𝐴𝑢𝑢,𝑚𝑚𝑖𝑖𝑛𝑛 
 

𝑉𝑉𝑐𝑐 = �8𝜆𝜆𝑠𝑠𝜆𝜆�𝜌𝜌𝑤𝑤1/3��𝑓𝑓′𝑐𝑐 +
𝑁𝑁𝑢𝑢

6𝐴𝐴𝑔𝑔
� × 𝑛𝑛𝑤𝑤𝑖𝑖 ≤ 5𝜆𝜆�𝑓𝑓′𝑐𝑐𝑛𝑛𝑤𝑤𝑖𝑖 

 

𝜌𝜌𝑤𝑤 =
𝐴𝐴𝑠𝑠
𝑛𝑛𝑤𝑤𝑖𝑖

 

 
𝐹𝐹𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐷𝐷𝑖𝑖 𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶 ℎ𝐷𝐷𝑝𝑝 𝐶𝐶𝐶𝐶𝐶𝐶 𝐷𝐷𝐶𝐶𝐶𝐶 𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑝𝑝𝐶𝐶𝐶𝐶𝑖𝑖. 
𝐴𝐴𝑝𝑝𝑝𝑝𝑖𝑖𝑟𝑟𝐶𝐶 (10) #5 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 𝐶𝐶𝐶𝐶 𝐷𝐷31 𝑤𝑤𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝 = 𝐴𝐴𝑠𝑠 = 3.10 𝑝𝑝𝐶𝐶2. 
 
 

𝜌𝜌𝑤𝑤 =
3.10

23 × 12 × 9.375
= 0.0012 

 
𝑉𝑉𝑐𝑐 = �8 × 1.0 × 1.0 × 0.00121 3⁄ × √5000 + 0�× 23 × 12 × 9.375 
𝑉𝑉𝑐𝑐 = 155 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 < 5 × 1.0 × √5000 × 23 × 12 × 9.375 = 914 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 
 
 
𝑁𝑁𝐶𝐶𝐶𝐶𝑖𝑖 𝜑𝜑𝑉𝑉𝑛𝑛 ≥ 𝑉𝑉𝑢𝑢 
0.75 × 155 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 = 116 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 > 𝑉𝑉𝑢𝑢 = 100 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 ∴ 𝑂𝑂𝑂𝑂 
 

𝐴𝐴𝑖𝑖𝑝𝑝𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖 𝑉𝑉𝑢𝑢 ≤ 𝜑𝜑 �𝑉𝑉𝑐𝑐 + 8�𝑓𝑓′𝑐𝑐𝑛𝑛𝑤𝑤𝑖𝑖� → 100 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 < 226 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 ∴ 𝑂𝑂𝑂𝑂 

 

 
 
In this example we will use an approximate value for 
one-way shear. Generally speaking, one-way shear 
will rarely govern over two-way shear for a two-way 
slab, but the check is carried out nonetheless. 
 
 
 
 
 
 
 
 
 
 
 
We have not yet carried out flexural design, so we will 
assume a flexural steel amount for this check. Steel 
amounts finalized in Steps 11 and 12 confirm that the 
assumption here is satisfactory. 
 
 
 
 
 
 
 
Even with what is likely a conservative assumption for 
flexural steel area, one-way shear is satisfactory. 
 
Slab proportioning/depth is appropriate. 
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ACI 318-19 Calculations Description 

STEP 10: Gridline G – Labeled Moments 

 
 
 
 
 
 
 
 
 
 

 
𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑮𝑮 
 
 
 

𝑖𝑖 = 11 − 1" −
5/8"

2
=  𝑖𝑖𝑝𝑝𝐶𝐶 9.5 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 

 
 
 
𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶 𝑆𝑆𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 𝑁𝑁𝐶𝐶𝑖𝑖𝐷𝐷𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶 𝑀𝑀𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 
 
1𝐶𝐶:  𝑀𝑀𝑢𝑢,𝑒𝑒𝑒𝑒𝑒𝑒 (−) 𝐶𝐶𝐶𝐶 = 138 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 �𝛾𝛾𝑓𝑓𝑀𝑀𝑠𝑠𝑐𝑐 = 96 𝑘𝑘 − 𝑓𝑓𝐶𝐶� 
 
2𝐶𝐶:  𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) 𝐶𝐶𝐶𝐶 = 279 𝑘𝑘 − 𝑓𝑓𝐶𝐶 (𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶 @ 𝐸𝐸𝐶𝐶𝑖𝑖 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶) 
3𝐶𝐶:  𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) 𝐶𝐶𝐶𝐶 = 258 𝑘𝑘 − 𝑓𝑓𝐶𝐶 (𝐷𝐷𝑖𝑖𝑖𝑖 𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝) 
 �𝛾𝛾𝑓𝑓𝑀𝑀𝑠𝑠𝑐𝑐 = 37.2 𝑘𝑘 − 𝑓𝑓𝐶𝐶� 
  
𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶 𝑆𝑆𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 𝑃𝑃𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶 𝑀𝑀𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 
 
4𝐶𝐶:  𝑀𝑀𝑢𝑢 (+) 𝐶𝐶𝐶𝐶 = 165 𝑘𝑘 − 𝑓𝑓𝐶𝐶 @ 𝐸𝐸𝐶𝐶𝑖𝑖 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶 
5𝐶𝐶:  𝑀𝑀𝑢𝑢 (+) 𝐶𝐶𝐶𝐶 = 112 𝑘𝑘 − 𝑓𝑓𝐶𝐶 @ 𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶 
 
𝑀𝑀𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝐶𝐶 𝑆𝑆𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 𝑁𝑁𝐶𝐶𝑖𝑖𝐷𝐷𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶 𝑀𝑀𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 
 
1𝑀𝑀:  𝑀𝑀𝑢𝑢,𝑒𝑒𝑒𝑒𝑒𝑒 (−) 𝑀𝑀𝐶𝐶 = 0 
2𝑀𝑀:  𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) 𝑀𝑀𝐶𝐶 = 93 𝑘𝑘 − 𝑓𝑓𝐶𝐶 (𝑝𝑝𝐶𝐶𝐶𝐶. 𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶 @ 𝐸𝐸𝐶𝐶𝑖𝑖 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶) 
3𝑀𝑀:  𝑀𝑀𝑢𝑢,𝑖𝑖𝑛𝑛𝑒𝑒 (−) 𝑀𝑀𝐶𝐶 = 86 𝑘𝑘 − 𝑓𝑓𝐶𝐶 (𝐷𝐷𝑖𝑖𝑖𝑖 𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶. 𝑝𝑝𝑖𝑖𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝) 
 
𝑀𝑀𝑝𝑝𝑖𝑖𝑖𝑖𝑖𝑖𝐶𝐶 𝑆𝑆𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 𝑃𝑃𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶 𝑀𝑀𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝 
 
4𝑀𝑀:  𝑀𝑀𝑢𝑢 (+) 𝑀𝑀𝐶𝐶 = 110 𝑘𝑘 − 𝑓𝑓𝐶𝐶 @ 𝐸𝐸𝐶𝐶𝑖𝑖 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶 
5𝑀𝑀:  𝑀𝑀𝑢𝑢 (+) 𝑀𝑀𝐶𝐶 = 75 𝑘𝑘 − 𝑓𝑓𝐶𝐶 @ 𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶 
 
 

Flexural steel reinforcement areas will now be 
calculated for Gridline G. 
 
we will assign the Gridline G reinforcement to outside 
mats to maximize the effective depth. 
 
 
 
 
See Step 6b and Figure 5 for previously calculated 
ultimate moments. See Step 6c for previously 
calculated factored slab negative moments (𝛾𝛾𝑓𝑓𝑀𝑀𝑠𝑠𝑐𝑐) to 
be transferred to columns. To ensure this transfer, ACI 
318 dictates reinforcement be positioned proximate to 
the column to resist the slab moment, as outlined in 
this step. 
 
See Figure 7 for labeled moments. Labels used here 
are for bookkeeping of the respective flexural 
calculations and are also reflected in the subsequent 
detailing of WWR mats. 
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Figure 7: Gridline G – Labeled Moments for subsequent flexural design and WWR mat detailing 
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ACI 318-19 Calculations Description 

STEP 11-1C: Required Flexural Reinforcement – Gridline G – Location 1C 

 
 
 
 
21.2.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.6.1.1 
 
 
 
 
8.4.2.2.3 
8.4.2.2.5 

 
𝑳𝑳𝑫𝑫𝑫𝑫𝑺𝑺𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟏𝟏𝑪𝑪:  𝑴𝑴𝑪𝑪,𝑮𝑮𝑬𝑬𝑫𝑫 (−) 𝑪𝑪𝑺𝑺 = 𝟏𝟏𝟏𝟏𝟏𝟏 𝒌𝒌 − 𝒐𝒐𝑫𝑫 
  �𝜸𝜸𝒐𝒐𝑴𝑴𝑫𝑫𝑫𝑫 = 𝟗𝟗𝟗𝟗 𝒌𝒌 − 𝒐𝒐𝑫𝑫� 
 
𝐴𝐴𝑝𝑝𝑝𝑝𝑖𝑖𝑟𝑟𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶𝑖𝑖 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶𝐷𝐷𝐶𝐶𝐶𝐶: 𝜑𝜑 = 0.90 
 

𝑟𝑟 =
𝑓𝑓𝑦𝑦

0.85 × 𝑓𝑓′𝑐𝑐
= 18.82 

 

𝑅𝑅𝑢𝑢 =
𝑀𝑀𝑢𝑢

𝜑𝜑𝑛𝑛𝑖𝑖2
 

 

𝜌𝜌𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 =
1
𝑟𝑟

× �1−�1 −
2𝑟𝑟𝑅𝑅𝑢𝑢
𝑓𝑓𝑦𝑦

� 

 
 

 

𝑀𝑀𝑢𝑢 = 138 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
𝑛𝑛𝑐𝑐𝑜𝑜𝑐𝑐 𝑠𝑠𝑒𝑒𝑟𝑟𝑖𝑖𝑠𝑠 = 138 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
𝑅𝑅𝑢𝑢 = 0.148 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝜌𝜌𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.0019 
𝐴𝐴𝑠𝑠,𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.0019 × 138" × 9.5" =  2.49 𝑝𝑝𝐶𝐶2 
𝐴𝐴𝑠𝑠,𝑚𝑚𝑖𝑖𝑛𝑛 = 0.0018 × 𝐴𝐴𝑔𝑔 = 0.0018 × 138" × 11" =  2.74 𝑝𝑝𝐶𝐶2 ← 
𝑨𝑨𝑫𝑫,𝑮𝑮𝑮𝑮𝒓𝒓𝑮𝑮−𝑫𝑫𝑫𝑫𝑫𝑫𝑺𝑺𝑮𝑮 =  𝟐𝟐.𝟕𝟕𝟕𝟕 𝑮𝑮𝑮𝑮𝟐𝟐 

 
 

𝑀𝑀𝑢𝑢 = 96 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
𝑛𝑛𝑒𝑒𝑟𝑟𝑡𝑡𝑛𝑛𝑠𝑠𝑓𝑓𝑒𝑒𝑟𝑟 = 18" + 1.5(11") + 1.5(11") = 51 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
𝑅𝑅𝑢𝑢 = 0.278 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝜌𝜌𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.0036 
𝑨𝑨𝑫𝑫,𝑮𝑮𝑮𝑮𝒓𝒓𝑮𝑮−𝑫𝑫𝑮𝑮𝑺𝑺𝑮𝑮𝑫𝑫𝒐𝒐𝑮𝑮𝑮𝑮 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟏𝟏𝟗𝟗× 𝟓𝟓𝟏𝟏" × 9.5" =  𝟏𝟏.𝟕𝟕𝟓𝟓 𝑮𝑮𝑮𝑮𝟐𝟐 
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ACI 318-19 Calculations Description 

STEP 11-1C: Required Flexural Reinforcement – Gridline G – Location 1C (continued) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.6.1.2 
 
 
 
 
 
 
 
 
 
 
8.7.2.2 
 

 
𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑝𝑝𝐶𝐶𝐶𝐶 𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖 𝐶𝐶𝑖𝑖𝑟𝑟𝑛𝑛𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 #5 𝐶𝐶𝐶𝐶𝑝𝑝 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 𝑝𝑝𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝. 
 
 
2.74 𝑝𝑝𝐶𝐶2

0.31 𝑝𝑝𝐶𝐶2
= 8.83 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 → 𝑪𝑪𝑫𝑫𝑮𝑮 𝑫𝑫𝑮𝑮𝑮𝑮 (𝟏𝟏𝟎𝟎) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 

 
𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑝𝑝𝐶𝐶𝐶𝐶 𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖 𝐶𝐶𝑖𝑖𝑟𝑟𝑛𝑛𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 #5 𝐶𝐶𝐶𝐶𝑝𝑝 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 𝑝𝑝𝐶𝐶 𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶𝑝𝑝𝑓𝑓𝐶𝐶𝐶𝐶 𝑤𝑤𝑝𝑝𝑖𝑖𝐶𝐶ℎ. 
 
1.75 𝑝𝑝𝐶𝐶2

0.31 𝑝𝑝𝐶𝐶2
= 5.65 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 → 𝑪𝑪𝑫𝑫𝑮𝑮 𝑫𝑫𝑮𝑮𝑬𝑬 (𝟗𝟗) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 ∗∗ 

 
𝑊𝑊𝐶𝐶 𝑟𝑟𝑖𝑖𝑝𝑝𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑝𝑝𝐶𝐶𝑟𝑟 𝐶𝐶ℎ𝐶𝐶 𝐷𝐷𝑛𝑛𝐶𝐶𝐿𝐿𝐶𝐶 𝐶𝐶𝐶𝐶 𝑛𝑛𝐶𝐶 𝑝𝑝𝐷𝐷𝐶𝐶𝑝𝑝𝑝𝑝𝑓𝑓𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷. 
 
 
∗∗ 𝐶𝐶ℎ𝐶𝐶𝐶𝐶𝑘𝑘 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐷𝐷𝑖𝑖 𝑓𝑓𝐶𝐶𝐶𝐶 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝐶𝐶𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑖𝑖 𝑓𝑓𝐷𝐷𝑝𝑝𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶. 
 
𝐴𝐴𝐶𝐶 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 
𝐶𝐶ℎ𝐶𝐶𝐶𝐶𝑘𝑘 𝐿𝐿𝑢𝑢𝑢𝑢  𝐷𝐷𝑖𝑖𝐷𝐷𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶 𝜑𝜑2𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐  . 
 
𝐿𝐿𝑢𝑢𝑢𝑢 = 0.134 𝑘𝑘𝑝𝑝𝑝𝑝 < 2𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 = 2 × 1.0 × 1.0 × 70.71 = 0.141 𝑘𝑘𝑝𝑝𝑝𝑝 
 
∴  𝐶𝐶𝐶𝐶 𝐶𝐶ℎ𝐶𝐶𝐶𝐶𝑘𝑘 𝑓𝑓𝐶𝐶𝐶𝐶 𝐴𝐴𝑠𝑠,𝑚𝑚𝑖𝑖𝑛𝑛 𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝐶𝐶𝑖𝑖 𝑓𝑓𝐶𝐶𝐶𝐶 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝐶𝐶𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑖𝑖 𝑝𝑝ℎ𝐶𝐶𝐷𝐷𝐶𝐶.  
 
 
𝑀𝑀𝐷𝐷𝐸𝐸𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶𝑝𝑝𝐶𝐶𝑖𝑖 (𝑝𝑝) = 𝑖𝑖𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 2ℎ 𝐷𝐷𝐶𝐶𝑖𝑖 18 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
2ℎ = 2 × 11=22,∴ 𝑖𝑖𝑝𝑝𝐶𝐶 18" 
 
𝑅𝑅𝐶𝐶𝑓𝑓𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 𝐹𝐹𝑝𝑝𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶 8 𝑓𝑓𝐶𝐶𝐶𝐶 𝐷𝐷 𝑝𝑝𝐷𝐷𝐶𝐶𝑝𝑝𝑝𝑝𝑓𝑓𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷 𝑖𝑖𝐷𝐷𝐷𝐷𝐶𝐶𝑖𝑖𝐶𝐶 𝐶𝐶𝑓𝑓 𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶. 
 
 

 
 
 
 
 
 
 
 
 
The design professional must calculate the required 
steel area with due consideration for potential flexure-
driven punching failure, and also must maintain 
prescriptive maximum bar spacing. 
 
Flexure-driven punching shear confirmed to not be a 
limit state. Proceed with prescriptive spacing check. 
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Figure 8: Gridline G – Exterior Column Top Reinforcement “1C” 
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ACI 318-19 Calculations Description 

STEP 11-1C: Required Flexural Reinforcement – Gridline G – Location 1C (continued) 

 
 
 
 

 
While perhaps unlikely that the design professional will explicitly detail 
transfer widths and the precise distribution of each reinforcing bar as 
shown in Figure 8, it is still the designer’s responsibility to provide 
direction to the contractor ensuring such a distribution is satisfied (see 
Figure 10 for engineer’s description of transfer width requirements). 
The burden of ensuring correct detailing and fabrication of bar 
quantities, lengths, and curtailments ultimately resides with the 
reinforcement fabricator/detailer, based on information provided by the 
design professional. The reinforcement placing contractor is then 
tasked with ensuring that spacing and distribution requirements are in 
conformance with language presented on the design professional’s 
contract drawings and reflected on the fabrication/placement drawings. 
 
For welded wire reinforcement manufacture, the responsibilities of the 
detailer and placer are, to a large extent, combined into one as they 
relate to how the reinforcement is to be laid out on the job. The WWR 
manufacturer’s detailer must take the design professional’s 
requirements and derive WWR mat configurations consisting of 
predetermined arrangements of structural wires that are suitable for 
placement with due consideration for spatial constraints and 
obstructions, all while satisfying the design professional’s intent. In 
effect, the level of detail related to reinforcement layout in Figure 9 must 
be built into the WWR submittal drawings, as it is the WWR detailer 
who is tasked with taking most – if not all – of the burden off of the 
reinforcement placing contractor as it relates to layout. This of course 
helps the placing contractor greatly expedite his efforts in the field. 
 
With that said, and though perhaps not always in explicit detailed form, 
it is the design professional’s responsibility to define expectations 
related to attributes such as column and middle strip widths, transfer 
widths, maximum reinforcement spacing, minimum bars through a 
column core, etc. Figures 9, 10, and 11 are representative of common 
formats of design information as presented on contract drawing. 
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Figure 9: Representative Two-Way Slab Reinforcing Details on Contract Drawings 

 

 



 
Welded Wire Reinforcement Design and Detailing Guide 29 
 

 
 
 
 
 
 
 

 
 

 

 

 

Figure 9 (continued): Representative Two-Way Slab Reinforcing Details on Contract Drawings 
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Figure 10: Representative Two-Way Mild-Reinforced Concrete Slab Notes on Contract Drawings 
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Figure 11: Representative Excerpt of Reinforcement Information as Presented on Floor Plan in Contract Drawings – Location 1C 
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ACI 318-19 Calculations Description 

STEP 11-1C: Required Flexural Reinforcement – Gridline G – Location 1C (continued) 

 
 
 
 
 
 
21.2 
22.2 
 
 
 
 
 
 
 
 
 
 
 
 
21.2 
22.2 
 

 
𝑻𝑻𝑫𝑫𝑫𝑫𝑺𝑺𝑮𝑮 𝑻𝑻𝑫𝑫𝑺𝑺 𝑹𝑹𝑮𝑮𝑮𝑮𝑮𝑮𝒐𝒐𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫 = (10) #5 
𝑛𝑛 = 138" 
𝑖𝑖 = 9.5" 
𝐴𝐴𝑠𝑠 = 3.10 𝑝𝑝𝐶𝐶2 
 

𝐷𝐷 =
𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦

0.85𝑓𝑓′𝑐𝑐𝑛𝑛
=

3.10 × 80
0.85 × 5 × 138

= 0.423" 

 

𝜀𝜀𝑒𝑒 =
0.003 × 𝛽𝛽1 × 𝑖𝑖

𝐷𝐷
− 0.003 =

0.003 × 0.80 × 9.5
0.423

− 0.003 = 0.051 
 
𝜀𝜀𝑒𝑒 = 0.051 >> 𝜀𝜀𝑒𝑒𝑦𝑦 + 0.003 = 0.0058 ∴ 𝑇𝑇𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶𝑖𝑖 
 
𝜑𝜑𝑀𝑀𝑛𝑛 = 0.9𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦(𝑖𝑖 − 𝐷𝐷 2⁄ ) = 173 𝑘𝑘 − 𝑓𝑓𝐶𝐶 > 138 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
𝑻𝑻𝑮𝑮𝑺𝑺𝑮𝑮𝑫𝑫𝒐𝒐𝑮𝑮𝑮𝑮 𝑻𝑻𝑫𝑫𝑺𝑺 𝑹𝑹𝑮𝑮𝑮𝑮𝑮𝑮𝒐𝒐𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫 = < 6 > #5 
𝑛𝑛 = 51" 
𝑖𝑖 = 9.5" 
𝐴𝐴𝑠𝑠 = 1.86 𝑝𝑝𝐶𝐶2 
 

𝐷𝐷 =
𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦

0.85𝑓𝑓′𝑐𝑐𝑛𝑛
=

1.86 × 80
0.85 × 5 × 51

= 0.687" 

 

𝜀𝜀𝑒𝑒 =
0.003 × 𝛽𝛽1 × 𝑖𝑖

𝐷𝐷
− 0.003 =

0.003 × 0.80 × 9.5
0.687

− 0.003 = 0.03 
 
𝜀𝜀𝑒𝑒 = 0.030 > 𝜀𝜀𝑒𝑒𝑦𝑦 + 0.003 = 0.0058 ∴ 𝑇𝑇𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶𝑖𝑖 
 
𝜑𝜑𝑀𝑀𝑛𝑛 = 0.9𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦(𝑖𝑖 − 𝐷𝐷 2⁄ ) = 102 𝑘𝑘 − 𝑓𝑓𝐶𝐶 > 96 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
∴ 𝐷𝐷𝐶𝐶𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐷𝐷𝑖𝑖 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝐶𝐶ℎ𝑝𝑝 𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑝𝑝𝐶𝐶𝑟𝑟𝐶𝐶𝑖𝑖.  𝐵𝐵𝐷𝐷𝐶𝐶 𝑞𝑞𝑖𝑖𝐷𝐷𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶𝑝𝑝 𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐷𝐷𝑛𝑛𝑖𝑖𝐶𝐶. 
 
 
 

 
Close the loop on the design flexural strength check 
for Location 1C. Note that any potential contribution by 
compression reinforcement is ignored. 
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𝐴𝐴 𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶𝑛𝑛𝐷𝐷𝐶𝐶 𝐶𝐶𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 𝐶𝐶ℎ𝐶𝐶𝐶𝐶𝑘𝑘: 
 
𝜌𝜌𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸,𝑒𝑒𝑟𝑟𝑡𝑡𝑛𝑛𝑠𝑠𝑓𝑓𝑒𝑒𝑟𝑟 = 0.0036 
 
𝐴𝐴𝑠𝑠,𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸−𝑐𝑐𝑜𝑜𝑛𝑛𝑠𝑠𝑒𝑒𝑟𝑟𝑢𝑢𝑡𝑡𝑒𝑒𝑖𝑖𝑢𝑢𝑒𝑒 = 0.0036 × 138 × 9.5 = 4.72 𝑝𝑝𝐶𝐶2 
 
4.72 𝑝𝑝𝐶𝐶2

0.31 𝑝𝑝𝐶𝐶2
= 15.22 → 𝑖𝑖𝑝𝑝𝐶𝐶 (16) #5 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 

 
𝐴𝐴𝑠𝑠 = 4.96 𝑝𝑝𝐶𝐶2 
 

𝐷𝐷 =
𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦

0.85𝑓𝑓′𝑐𝑐𝑛𝑛
=

4.96 × 80
0.85 × 5 × 138

= 0.677" 

 

𝜀𝜀𝑒𝑒 =
0.003 × 𝛽𝛽1 × 𝑖𝑖

𝐷𝐷
− 0.003 =

0.003 × 0.80 × 9.5
0.677

− 0.003 = 0.031 
 
𝜀𝜀𝑒𝑒 = 0.031 > 𝜀𝜀𝑒𝑒𝑦𝑦 + 0.003 = 0.0058 ∴ 𝑇𝑇𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶𝑖𝑖 
 
𝜑𝜑𝑀𝑀𝑛𝑛 = 0.9𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦(𝑖𝑖 − 𝐷𝐷 2⁄ ) = 273 𝑘𝑘 − 𝑓𝑓𝐶𝐶 > 138 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
∴ 𝐷𝐷𝐶𝐶𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐷𝐷𝑖𝑖 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝐶𝐶ℎ𝑝𝑝 𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑝𝑝𝐶𝐶𝑟𝑟𝐶𝐶𝑖𝑖.  𝐵𝐵𝐷𝐷𝐶𝐶 𝑞𝑞𝑖𝑖𝐷𝐷𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶𝑝𝑝 𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐷𝐷𝑛𝑛𝑖𝑖𝐶𝐶. 

 
 
 

 
The design professional might be tempted to simplify 
the reinforcement requirements by using the required 
reinforcement ratio within the transfer width and 
applying it across the entire column strip, satisfying 
implicitly the transfer reinforcement requirement but 
substantially increasing the overall reinforcement in the 
column strip. Such an approach is shown here to be 
acceptable from a design perspective (tension-
controlled behavior is still maintained), but there is a 
fairly significant penalty in the form of additional steel 
beyond that which is required by ACI.  
 
While it is certainly the design professional’s 
prerogative to invoke such simplifications during 
design, cost and benefit as it relates to overall project 
cost and schedule should also be a consideration. 
 
For this example, the sidebar option checked here will 
be ignored. 
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21.2.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.6.1.1 
 
 
 
 
8.4.2.2.3 
8.4.2.2.5 

 
𝑳𝑳𝑫𝑫𝑫𝑫𝑺𝑺𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟐𝟐𝑪𝑪:  𝑴𝑴𝑪𝑪,𝑮𝑮𝑮𝑮𝑫𝑫 (−) 𝑪𝑪𝑺𝑺 = 𝟐𝟐𝟕𝟕𝟗𝟗 𝒌𝒌 − 𝒐𝒐𝑫𝑫 
  �𝜸𝜸𝒐𝒐𝑴𝑴𝑫𝑫𝑫𝑫 = 𝟏𝟏𝟕𝟕.𝟐𝟐 𝒌𝒌 − 𝒐𝒐𝑫𝑫� 
 
𝐴𝐴𝑝𝑝𝑝𝑝𝑖𝑖𝑟𝑟𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶𝑖𝑖 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶𝐷𝐷𝐶𝐶𝐶𝐶: 𝜑𝜑 = 0.90 
 

𝑟𝑟 =
𝑓𝑓𝑦𝑦

0.85 × 𝑓𝑓′𝑐𝑐
= 18.82 

 

𝑅𝑅𝑢𝑢 =
𝑀𝑀𝑢𝑢

𝜑𝜑𝑛𝑛𝑖𝑖2
 

 

𝜌𝜌𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 =
1
𝑟𝑟

× �1−�1 −
2𝑟𝑟𝑅𝑅𝑢𝑢
𝑓𝑓𝑦𝑦

� 

 
 

 

𝑀𝑀𝑢𝑢 = 279 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
𝑛𝑛𝑐𝑐𝑜𝑜𝑐𝑐 𝑠𝑠𝑒𝑒𝑟𝑟𝑖𝑖𝑠𝑠 = 138 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
𝑅𝑅𝑢𝑢 = 0.299 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝜌𝜌𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.0039 
𝐴𝐴𝑠𝑠,𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.0039 × 138" × 9.5" =  5.12 𝑝𝑝𝐶𝐶2 ← 
𝐴𝐴𝑠𝑠,𝑚𝑚𝑖𝑖𝑛𝑛 = 0.0018 × 𝐴𝐴𝑔𝑔 = 0.0018 × 138" × 11" =  2.74 𝑝𝑝𝐶𝐶2 
𝑨𝑨𝑫𝑫,𝑮𝑮𝑮𝑮𝒓𝒓𝑮𝑮−𝑫𝑫𝑫𝑫𝑫𝑫𝑺𝑺𝑮𝑮 =  𝟓𝟓.𝟏𝟏𝟐𝟐 𝑮𝑮𝑮𝑮𝟐𝟐 

 
 

𝑀𝑀𝑢𝑢 = 37.2 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
𝑛𝑛𝑒𝑒𝑟𝑟𝑡𝑡𝑛𝑛𝑠𝑠𝑓𝑓𝑒𝑒𝑟𝑟 = 18" + 1.5(11") + 1.5(11") = 51 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
𝑅𝑅𝑢𝑢 = 0.108 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝜌𝜌𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.0014 < 𝜌𝜌𝑚𝑚𝑖𝑖𝑛𝑛 = 0.0018 ← 𝑖𝑖𝑝𝑝𝐶𝐶 𝜌𝜌𝑚𝑚𝑖𝑖𝑛𝑛 𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷. 
𝑨𝑨𝑫𝑫,𝑮𝑮𝑮𝑮𝒓𝒓𝑮𝑮−𝑫𝑫𝑮𝑮𝑺𝑺𝑮𝑮𝑫𝑫𝒐𝒐𝑮𝑮𝑮𝑮 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟏𝟏𝟏𝟏× 𝟓𝟓𝟏𝟏" × 11" =  𝟏𝟏.𝟎𝟎𝟏𝟏 𝑮𝑮𝑮𝑮𝟐𝟐 
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8.6.1.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.7.2.2 
 

 
 
𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑝𝑝𝐶𝐶𝐶𝐶 𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖 𝐶𝐶𝑖𝑖𝑟𝑟𝑛𝑛𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 #5 𝐶𝐶𝐶𝐶𝑝𝑝 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 𝑝𝑝𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝. 
 
5.12 𝑝𝑝𝐶𝐶2

0.31 𝑝𝑝𝐶𝐶2
= 16.51 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 → 𝑪𝑪𝑫𝑫𝑮𝑮 𝑮𝑮𝑮𝑮𝑫𝑫𝑾𝑾𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮 (𝟏𝟏𝟏𝟏) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 

 
𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑝𝑝𝐶𝐶𝐶𝐶 𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖 𝐶𝐶𝑖𝑖𝑟𝑟𝑛𝑛𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 #5 𝐶𝐶𝐶𝐶𝑝𝑝 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 𝑝𝑝𝐶𝐶 𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶𝑝𝑝𝑓𝑓𝐶𝐶𝐶𝐶 𝑤𝑤𝑝𝑝𝑖𝑖𝐶𝐶ℎ. 
 
1.01 𝑝𝑝𝐶𝐶2

0.31 𝑝𝑝𝐶𝐶2
= 3.26 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 → 𝑪𝑪𝑫𝑫𝑮𝑮 𝒐𝒐𝑫𝑫𝑪𝑪𝑮𝑮 (𝟕𝟕)#𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 ∗∗ 

 
 
∗∗ 𝐶𝐶ℎ𝐶𝐶𝐶𝐶𝑘𝑘 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐷𝐷𝑖𝑖 𝑓𝑓𝐶𝐶𝐶𝐶 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝐶𝐶𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑖𝑖 𝑓𝑓𝐷𝐷𝑝𝑝𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶. 
 
𝐴𝐴𝐶𝐶 𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 
𝐶𝐶ℎ𝐶𝐶𝐶𝐶𝑘𝑘 𝐿𝐿𝑢𝑢𝑢𝑢  𝐷𝐷𝑖𝑖𝐷𝐷𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶 𝜑𝜑2𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐  . 
 
𝐿𝐿𝑢𝑢𝑢𝑢 = 0.177 𝑘𝑘𝑝𝑝𝑝𝑝 > 2𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 = 2 × 1.0 × 1.0 × 70.71 = 0.141 𝑘𝑘𝑝𝑝𝑝𝑝 
 
∴  𝑀𝑀𝑖𝑖𝑝𝑝𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝐿𝐿𝑝𝑝𝑖𝑖𝐶𝐶 𝐴𝐴𝑠𝑠,𝑚𝑚𝑖𝑖𝑛𝑛 𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝐶𝐶𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑖𝑖 𝑝𝑝ℎ𝐶𝐶𝐷𝐷𝐶𝐶! 
 

𝐴𝐴𝑠𝑠,𝑚𝑚𝑖𝑖𝑛𝑛 =
5𝐿𝐿𝑢𝑢𝑢𝑢𝑛𝑛𝑠𝑠𝑐𝑐𝑡𝑡𝑠𝑠𝑛𝑛𝑜𝑜
𝜑𝜑𝛼𝛼𝑠𝑠𝑓𝑓𝑦𝑦

=
5 × 0.177 𝑘𝑘𝑝𝑝𝑝𝑝 × 51" × 109.5"

0.75 × 40 × 80 𝑘𝑘𝑝𝑝𝑝𝑝
= 2.06 𝑝𝑝𝐶𝐶2 

 
2.06 𝑝𝑝𝐶𝐶2

0.31 𝑝𝑝𝐶𝐶2
= 6.65 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 → 𝑪𝑪𝑫𝑫𝑮𝑮 𝑮𝑮𝑮𝑮𝑫𝑫𝑾𝑾𝑫𝑫 (𝟏𝟏) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 𝑮𝑮𝑮𝑮 𝑮𝑮𝑮𝑮𝑮𝑮𝑪𝑪 𝑫𝑫𝒐𝒐 𝒐𝒐𝑫𝑫𝑪𝑪𝑮𝑮. 

 
 
 
𝑀𝑀𝐷𝐷𝐸𝐸𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶𝑝𝑝𝐶𝐶𝑖𝑖 (𝑝𝑝) = 𝑖𝑖𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 2ℎ 𝐷𝐷𝐶𝐶𝑖𝑖 18 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
2ℎ = 2 × 11=22,∴ 𝑖𝑖𝑝𝑝𝐶𝐶 18" 
 
 

 
 
 
 
 
 
 
The design professional must calculate the required 
steel area with due consideration for potential flexure-
driven punching failure, and also must maintain 
prescriptive maximum bar spacing. 
 
Flexure-driven punching shear is confirmed to be a 
limit state.  
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21.2 
22.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
21.2 
22.2 
 

 
𝑻𝑻𝑫𝑫𝑫𝑫𝑺𝑺𝑮𝑮 𝑻𝑻𝑫𝑫𝑺𝑺 𝑹𝑹𝑮𝑮𝑮𝑮𝑮𝑮𝒐𝒐𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫 = (18) #5 
𝑛𝑛 = 138" 
𝑖𝑖 = 9.5" 
𝐴𝐴𝑠𝑠 = 5.58 𝑝𝑝𝐶𝐶2 
 

𝐷𝐷 =
𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦

0.85𝑓𝑓′𝑐𝑐𝑛𝑛
=

5.58 × 80
0.85 × 5 × 138

= 0.761" 

 

𝜀𝜀𝑒𝑒 =
0.003 × 𝛽𝛽1 × 𝑖𝑖

𝐷𝐷
− 0.003 =

0.003 × 0.80 × 9.5
0.761

− 0.003 = 0.027 
 
𝜀𝜀𝑒𝑒 = 0.027 >> 𝜀𝜀𝑒𝑒𝑦𝑦 + 0.003 = 0.0058 ∴ 𝑇𝑇𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶𝑖𝑖 
 
𝜑𝜑𝑀𝑀𝑛𝑛 = 0.9𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦(𝑖𝑖 − 𝐷𝐷 2⁄ ) = 305 𝑘𝑘 − 𝑓𝑓𝐶𝐶 > 279 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
𝑻𝑻𝑮𝑮𝑺𝑺𝑮𝑮𝑫𝑫𝒐𝒐𝑮𝑮𝑮𝑮 𝑻𝑻𝑫𝑫𝑺𝑺 𝑹𝑹𝑮𝑮𝑮𝑮𝑮𝑮𝒐𝒐𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫 = < 8 > #5 
𝑛𝑛 = 51" 
𝑖𝑖 = 9.5" 
𝐴𝐴𝑠𝑠 = 2.48 𝑝𝑝𝐶𝐶2 
 

𝐷𝐷 =
𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦

0.85𝑓𝑓′𝑐𝑐𝑛𝑛
=

2.48 × 80
0.85 × 5 × 51

= 0.915" 

 

𝜀𝜀𝑒𝑒 =
0.003 × 𝛽𝛽1 × 𝑖𝑖

𝐷𝐷
− 0.003 =

0.003 × 0.80 × 9.5
0.915

− 0.003 = 0.022 
 
𝜀𝜀𝑒𝑒 = 0.022 > 𝜀𝜀𝑒𝑒𝑦𝑦 + 0.003 = 0.0058 ∴ 𝑇𝑇𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶𝑖𝑖 
 
𝜑𝜑𝑀𝑀𝑛𝑛 = 0.9𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦(𝑖𝑖 − 𝐷𝐷 2⁄ ) = 135 𝑘𝑘 − 𝑓𝑓𝐶𝐶 > 37.2 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
∴ 𝐷𝐷𝐶𝐶𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐷𝐷𝑖𝑖 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝐶𝐶ℎ𝑝𝑝 𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑝𝑝𝐶𝐶𝑟𝑟𝐶𝐶𝑖𝑖.  𝐵𝐵𝐷𝐷𝐶𝐶 𝑞𝑞𝑖𝑖𝐷𝐷𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶𝑝𝑝 𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐷𝐷𝑛𝑛𝑖𝑖𝐶𝐶. 
𝑆𝑆𝐶𝐶𝐶𝐶 𝐹𝐹𝑝𝑝𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶 12 𝑓𝑓𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑞𝑞𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶 𝑝𝑝ℎ𝐶𝐶𝑤𝑤𝐶𝐶 𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝐷𝐷𝑤𝑤𝑝𝑝𝐶𝐶𝑖𝑖. 
 
 

 
Close the loop on the design flexural strength check 
for Location 2C. Note that any potential contribution by 
compression reinforcement is ignored. 
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Figure 12: Representative Excerpt of Reinforcement Information as Presented on Floor Plan in Contract Drawings – Location 2C 
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21.2.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.6.1.1 
 
 
 
 
8.4.2.2.3 
8.4.2.2.5 

 
𝑳𝑳𝑫𝑫𝑫𝑫𝑺𝑺𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟏𝟏𝑪𝑪:  𝑴𝑴𝑪𝑪,𝑮𝑮𝑮𝑮𝑫𝑫 (−) 𝑪𝑪𝑺𝑺 = 𝟐𝟐𝟓𝟓𝟏𝟏 𝒌𝒌 − 𝒐𝒐𝑫𝑫 
  �𝜸𝜸𝒐𝒐𝑴𝑴𝑫𝑫𝑫𝑫 = 𝟏𝟏𝟕𝟕.𝟐𝟐 𝒌𝒌 − 𝒐𝒐𝑫𝑫� 
 
𝐴𝐴𝑝𝑝𝑝𝑝𝑖𝑖𝑟𝑟𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝐶𝐶𝑖𝑖 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 𝑝𝑝𝐶𝐶𝐷𝐷𝐶𝐶𝐶𝐶: 𝜑𝜑 = 0.90 
 

𝑟𝑟 =
𝑓𝑓𝑦𝑦

0.85 × 𝑓𝑓′𝑐𝑐
= 18.82 

 

𝑅𝑅𝑢𝑢 =
𝑀𝑀𝑢𝑢

𝜑𝜑𝑛𝑛𝑖𝑖2
 

 

𝜌𝜌𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 =
1
𝑟𝑟

× �1−�1 −
2𝑟𝑟𝑅𝑅𝑢𝑢
𝑓𝑓𝑦𝑦

� 

 
 

 

𝑀𝑀𝑢𝑢 = 258 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
𝑛𝑛𝑐𝑐𝑜𝑜𝑐𝑐 𝑠𝑠𝑒𝑒𝑟𝑟𝑖𝑖𝑠𝑠 = 138 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
𝑅𝑅𝑢𝑢 = 0.277 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝜌𝜌𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.0036 
𝐴𝐴𝑠𝑠,𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.0036 × 138" × 9.5" =  4.72 𝑝𝑝𝐶𝐶2 ← 
𝐴𝐴𝑠𝑠,𝑚𝑚𝑖𝑖𝑛𝑛 = 0.0018 × 𝐴𝐴𝑔𝑔 = 0.0018 × 138" × 11" =  2.74 𝑝𝑝𝐶𝐶2 
𝑨𝑨𝑫𝑫,𝑮𝑮𝑮𝑮𝒓𝒓𝑮𝑮−𝑫𝑫𝑫𝑫𝑫𝑫𝑺𝑺𝑮𝑮 =  𝟕𝟕.𝟕𝟕𝟐𝟐 𝑮𝑮𝑮𝑮𝟐𝟐 

 
 

𝑀𝑀𝑢𝑢 = 37.2 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
𝑛𝑛𝑒𝑒𝑟𝑟𝑡𝑡𝑛𝑛𝑠𝑠𝑓𝑓𝑒𝑒𝑟𝑟 = 18" + 1.5(11") + 1.5(11") = 51 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
𝑅𝑅𝑢𝑢 = 0.108 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝜌𝜌𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.0014 < 𝜌𝜌𝑚𝑚𝑖𝑖𝑛𝑛 = 0.0018 ← 𝑖𝑖𝑝𝑝𝐶𝐶 𝜌𝜌𝑚𝑚𝑖𝑖𝑛𝑛 𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝 𝐷𝐷𝐶𝐶𝐶𝐶𝐷𝐷. 
𝑨𝑨𝑫𝑫,𝑮𝑮𝑮𝑮𝒓𝒓𝑮𝑮−𝑫𝑫𝑮𝑮𝑺𝑺𝑮𝑮𝑫𝑫𝒐𝒐𝑮𝑮𝑮𝑮 = 𝟎𝟎.𝟎𝟎𝟎𝟎𝟏𝟏𝟏𝟏× 𝟓𝟓𝟏𝟏" × 11" =  𝟏𝟏.𝟎𝟎𝟏𝟏 𝑮𝑮𝑮𝑮𝟐𝟐 
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8.6.1.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.7.2.2 
 

 
 
𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑝𝑝𝐶𝐶𝐶𝐶 𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖 𝐶𝐶𝑖𝑖𝑟𝑟𝑛𝑛𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 #5 𝐶𝐶𝐶𝐶𝑝𝑝 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 𝑝𝑝𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝. 
 
4.72 𝑝𝑝𝐶𝐶2

0.31 𝑝𝑝𝐶𝐶2
= 15.23 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 → 𝑪𝑪𝑫𝑫𝑮𝑮 𝑫𝑫𝑮𝑮𝑬𝑬𝑫𝑫𝑮𝑮𝑮𝑮𝑮𝑮 (𝟏𝟏𝟗𝟗) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 

 
𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑝𝑝𝐶𝐶𝐶𝐶 𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖 𝐶𝐶𝑖𝑖𝑟𝑟𝑛𝑛𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 #5 𝐶𝐶𝐶𝐶𝑝𝑝 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 𝑝𝑝𝐶𝐶 𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶𝑝𝑝𝑓𝑓𝐶𝐶𝐶𝐶 𝑤𝑤𝑝𝑝𝑖𝑖𝐶𝐶ℎ. 
 
1.01 𝑝𝑝𝐶𝐶2

0.31 𝑝𝑝𝐶𝐶2
= 3.26 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 → 𝑪𝑪𝑫𝑫𝑮𝑮 𝒐𝒐𝑫𝑫𝑪𝑪𝑮𝑮 (𝟕𝟕)#𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 ∗∗ 

 
 
∗∗ 𝐶𝐶ℎ𝐶𝐶𝐶𝐶𝑘𝑘 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐷𝐷𝑖𝑖 𝑓𝑓𝐶𝐶𝐶𝐶 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝐶𝐶𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑖𝑖 𝑓𝑓𝐷𝐷𝑝𝑝𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶. 
 
𝐴𝐴𝐶𝐶 𝐼𝐼𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶: 
𝐶𝐶ℎ𝐶𝐶𝐶𝐶𝑘𝑘 𝐿𝐿𝑢𝑢𝑢𝑢  𝐷𝐷𝑖𝑖𝐷𝐷𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶 𝜑𝜑2𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐  . 
 
𝐿𝐿𝑢𝑢𝑢𝑢 = 0.177 𝑘𝑘𝑝𝑝𝑝𝑝 > 2𝜆𝜆𝑠𝑠𝜆𝜆�𝑓𝑓′𝑐𝑐 = 2 × 1.0 × 1.0 × 70.71 = 0.141 𝑘𝑘𝑝𝑝𝑝𝑝 
 
∴  𝑀𝑀𝑖𝑖𝑝𝑝𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝐿𝐿𝑝𝑝𝑖𝑖𝐶𝐶 𝐴𝐴𝑠𝑠,𝑚𝑚𝑖𝑖𝑛𝑛 𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝐶𝐶 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶𝐶𝐶 𝑝𝑝𝑖𝑖𝐶𝐶𝐶𝐶ℎ𝑝𝑝𝐶𝐶𝑖𝑖 𝑝𝑝ℎ𝐶𝐶𝐷𝐷𝐶𝐶! 
 

𝐴𝐴𝑠𝑠,𝑚𝑚𝑖𝑖𝑛𝑛 =
5𝐿𝐿𝑢𝑢𝑢𝑢𝑛𝑛𝑠𝑠𝑐𝑐𝑡𝑡𝑠𝑠𝑛𝑛𝑜𝑜
𝜑𝜑𝛼𝛼𝑠𝑠𝑓𝑓𝑦𝑦

=
5 × 0.177 𝑘𝑘𝑝𝑝𝑝𝑝 × 51" × 109.5"

0.75 × 40 × 80 𝑘𝑘𝑝𝑝𝑝𝑝
= 2.06 𝑝𝑝𝐶𝐶2 

 
2.06 𝑝𝑝𝐶𝐶2

0.31 𝑝𝑝𝐶𝐶2
= 6.65 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 → 𝑪𝑪𝑫𝑫𝑮𝑮 𝑮𝑮𝑮𝑮𝑫𝑫𝑾𝑾𝑫𝑫 (𝟏𝟏) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 𝑮𝑮𝑮𝑮 𝑮𝑮𝑮𝑮𝑮𝑮𝑪𝑪 𝑫𝑫𝒐𝒐 𝒐𝒐𝑫𝑫𝑪𝑪𝑮𝑮. 

 
 
 
𝑀𝑀𝐷𝐷𝐸𝐸𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶𝑝𝑝𝐶𝐶𝑖𝑖 (𝑝𝑝) = 𝑖𝑖𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 2ℎ 𝐷𝐷𝐶𝐶𝑖𝑖 18 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
2ℎ = 2 × 11=22,∴ 𝑖𝑖𝑝𝑝𝐶𝐶 18" 
 
 

 
 
 
 
 
 
 
The design professional must calculate the required 
steel area with due consideration for potential flexure-
driven punching failure, and also must maintain 
prescriptive maximum bar spacing. 
 
Flexure-driven punching shear confirmed be a limit 
state.  
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ACI 318-19 Calculations Description 

STEP 11-3C: Required Flexural Reinforcement – Gridline G – Location 3C (continued) 

 
 
 
 
21.2 
22.2 
 
 
21.2 
22.2 
 

 
𝑻𝑻𝑫𝑫𝑫𝑫𝑺𝑺𝑮𝑮 𝑻𝑻𝑫𝑫𝑺𝑺 𝑹𝑹𝑮𝑮𝑮𝑮𝑮𝑮𝒐𝒐𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫 = (16) #5 
𝑛𝑛 = 138" 
𝑖𝑖 = 9.5" 
𝜑𝜑𝑀𝑀𝑛𝑛 = 0.9𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦(𝑖𝑖 − 𝐷𝐷 2⁄ ) = 305 𝑘𝑘 − 𝑓𝑓𝐶𝐶 > 279 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
𝑻𝑻𝑮𝑮𝑺𝑺𝑮𝑮𝑫𝑫𝒐𝒐𝑮𝑮𝑮𝑮 𝑻𝑻𝑫𝑫𝑺𝑺 𝑹𝑹𝑮𝑮𝑮𝑮𝑮𝑮𝒐𝒐𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫 = < 8 > #5 
𝑛𝑛 = 51" 
𝑖𝑖 = 9.5" 
𝜑𝜑𝑀𝑀𝑛𝑛 = 0.9𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦(𝑖𝑖 − 𝐷𝐷 2⁄ ) = 135 𝑘𝑘 − 𝑓𝑓𝐶𝐶 > 37.2 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
∴ 𝐷𝐷𝐶𝐶𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝑓𝑓𝑖𝑖𝐶𝐶𝐸𝐸𝑖𝑖𝐶𝐶𝐷𝐷𝑖𝑖 𝑝𝑝𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑖𝑖𝐶𝐶ℎ𝑝𝑝 𝐶𝐶𝐶𝐶𝐶𝐶𝑓𝑓𝑝𝑝𝐶𝐶𝑟𝑟𝐶𝐶𝑖𝑖.  𝐵𝐵𝐷𝐷𝐶𝐶 𝑞𝑞𝑖𝑖𝐷𝐷𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝑝𝑝𝐶𝐶𝑝𝑝 𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐶𝐶𝐷𝐷𝑛𝑛𝑖𝑖𝐶𝐶. 
𝑆𝑆𝐶𝐶𝐶𝐶 𝐹𝐹𝑝𝑝𝑖𝑖𝑖𝑖𝐶𝐶𝐶𝐶 13 𝑓𝑓𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝑞𝑞𝑖𝑖𝑝𝑝𝐶𝐶𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶 𝑝𝑝ℎ𝐶𝐶𝑤𝑤𝐶𝐶 𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶𝐶𝐶 𝑖𝑖𝐶𝐶𝐷𝐷𝑤𝑤𝑝𝑝𝐶𝐶𝑖𝑖. 
 
 
 

 
Close the loop on the design flexural strength check 
for Location 3C. Note that any potential contribution by 
compression reinforcement is ignored. 
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Figure 13: Representative Excerpt of Reinforcement Information as Presented on Floor Plan in Contract Drawings – Location 3C 
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ACI 318-19 Calculations Description 

STEP 11-4C: Required Flexural Reinforcement – Gridline G – Location 4C 

 
 
 
 
 
 
 
21.1.2 
21.2.2 
8.6.1.1 
 
 
 
 
 
 
 
 
 
 
 
 
8.7.2.2 
 
 
8.7.4.2.2 

 
𝑳𝑳𝑫𝑫𝑫𝑫𝑺𝑺𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟕𝟕𝑪𝑪:  𝑴𝑴𝑪𝑪 (+) 𝑪𝑪𝑺𝑺 = 𝟏𝟏𝟗𝟗𝟓𝟓 𝒌𝒌 − 𝒐𝒐𝑫𝑫 
  
𝑛𝑛𝑐𝑐𝑜𝑜𝑐𝑐 𝑠𝑠𝑒𝑒𝑟𝑟𝑖𝑖𝑠𝑠 = 138 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
𝑟𝑟 = 18.82 
𝑅𝑅𝑢𝑢 = 0.177 𝑘𝑘𝑝𝑝𝑝𝑝 
 
𝜌𝜌𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.0023 
𝐴𝐴𝑠𝑠,𝑟𝑟𝑒𝑒𝑟𝑟𝐸𝐸 = 0.0023 × 138" × 9.5" =  3.02 𝑝𝑝𝐶𝐶2 ← 
𝐴𝐴𝑠𝑠,𝑚𝑚𝑖𝑖𝑛𝑛 = 0.0018 × 𝐴𝐴𝑔𝑔 = 0.0018 × 138" × 11" =  2.74 𝑝𝑝𝐶𝐶2 
𝑨𝑨𝑫𝑫,𝑮𝑮𝑮𝑮𝒓𝒓𝑮𝑮−𝑫𝑫𝑫𝑫𝑫𝑫𝑺𝑺𝑮𝑮 =  𝟏𝟏.𝟎𝟎𝟐𝟐 𝑮𝑮𝑮𝑮𝟐𝟐 
 
𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟𝑝𝑝𝐶𝐶𝐶𝐶 𝑟𝑟𝑝𝑝𝐶𝐶𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖 𝐶𝐶𝑖𝑖𝑟𝑟𝑛𝑛𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 #5 𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑟𝑟 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 𝑝𝑝𝐶𝐶 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶 𝑝𝑝𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝. 
 
3.02 𝑝𝑝𝐶𝐶2

0.31 𝑝𝑝𝐶𝐶2
= 9.74 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 → 𝑖𝑖𝑝𝑝𝐶𝐶 𝐶𝐶𝐶𝐶𝐶𝐶 (10) #5 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 →  𝐴𝐴𝑠𝑠,𝑠𝑠𝑟𝑟𝑜𝑜𝑢𝑢 = 3.10 𝑝𝑝𝐶𝐶2 

 
𝑻𝑻𝑫𝑫𝑫𝑫𝑺𝑺𝑮𝑮 𝑩𝑩𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑫𝑪𝑪 𝑹𝑹𝑮𝑮𝑮𝑮𝑮𝑮𝒐𝒐𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫 = (10) #5,𝑛𝑛 = 138",𝑖𝑖 = 9.5" 
 
𝜑𝜑𝑀𝑀𝑛𝑛 = 0.9𝐴𝐴𝑠𝑠𝑓𝑓𝑦𝑦(𝑖𝑖 − 𝐷𝐷 2⁄ ) = 173 𝑘𝑘 − 𝑓𝑓𝐶𝐶 > 165 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
 
𝑀𝑀𝐷𝐷𝐸𝐸𝑝𝑝𝑟𝑟𝑖𝑖𝑟𝑟 𝑆𝑆𝑝𝑝𝐷𝐷𝐶𝐶𝑝𝑝𝐶𝐶𝑖𝑖 (𝑝𝑝) = 𝑖𝑖𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 𝐶𝐶𝑓𝑓 2ℎ 𝐷𝐷𝐶𝐶𝑖𝑖 18 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
2ℎ = 2 × 11=22,∴ 𝑖𝑖𝑝𝑝𝐶𝐶 18" 
 
 
138" − 18"− 4" − 4"

2
= 56 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 𝐶𝐶𝐶𝐶 𝐶𝐶𝐷𝐷𝐶𝐶ℎ 𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝐶𝐶𝑓𝑓 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶 𝐶𝐶𝐶𝐶 𝑖𝑖𝐷𝐷𝑝𝑝𝐶𝐶 𝑛𝑛𝐷𝐷𝐶𝐶 

 
10 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷𝑖𝑖 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 − 2 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝

2
= 4 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 𝐶𝐶𝐷𝐷𝐶𝐶ℎ 𝑝𝑝𝑝𝑝𝑖𝑖𝐶𝐶 𝐶𝐶𝑓𝑓 𝐶𝐶𝐶𝐶𝑖𝑖𝑖𝑖𝑟𝑟𝐶𝐶 

 
56"

3 𝑝𝑝𝑝𝑝𝐷𝐷𝐶𝐶𝐶𝐶𝑝𝑝
= ~18.67" 𝑝𝑝𝑝𝑝𝐷𝐷𝐶𝐶𝑝𝑝𝐶𝐶𝑖𝑖 

 

∴ 𝑼𝑼𝑫𝑫𝑮𝑮 𝑫𝑫𝒕𝒕𝑮𝑮𝑮𝑮𝒗𝒗𝑮𝑮 (𝟏𝟏𝟐𝟐) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 →  𝑨𝑨𝑫𝑫,𝑺𝑺𝑮𝑮𝑫𝑫𝒗𝒗 = 𝟏𝟏.𝟕𝟕𝟐𝟐 𝑮𝑮𝑮𝑮𝟐𝟐.   𝑺𝑺𝑮𝑮𝑮𝑮 𝑭𝑭𝑮𝑮𝑫𝑫𝑪𝑪𝑮𝑮𝑮𝑮 𝟏𝟏𝟕𝟕. 
 

 

 
For column strip bottom bars, the process of design is 
simplified considerably given there is no distribution of 
reinforcement required within a transfer width. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ACI 318 requires a minimum of two (2) column strip 
bottom bars to pass through the core of the column. 
Carry out a cursory check to ensure that the number of 
bars selected will facilitate these core bars without 
exceeding the prescriptive maximum spacing. 
 
A quick check shows that the provision of ten (10) bars 
will be cutting it close. Increase to twelve (12) #5 bars 
to reduce spacing. Tensile strain in bars is still 0.042 
in/in (calculation not shown), confirming tension-
controlled behavior still applies. 
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ACI 318-19 Calculations Description 

STEP 11-5C: Required Flexural Reinforcement – Gridline G – Location 5C 

 
 
 
 
 
 
 
 

 
𝑳𝑳𝑫𝑫𝑫𝑫𝑺𝑺𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟓𝟓𝑪𝑪:  𝑴𝑴𝑪𝑪 (+) 𝑪𝑪𝑺𝑺 = 𝟏𝟏𝟏𝟏𝟐𝟐 𝒌𝒌 − 𝒐𝒐𝑫𝑫 
  
 
 
 
∴ 𝑼𝑼𝑫𝑫𝑮𝑮 𝑫𝑫𝒕𝒕𝑮𝑮𝑮𝑮𝒗𝒗𝑮𝑮 (𝟏𝟏𝟐𝟐) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 →  𝑨𝑨𝑫𝑫,𝑺𝑺𝑮𝑮𝑫𝑫𝒗𝒗 = 𝟏𝟏.𝟕𝟕𝟐𝟐 𝑮𝑮𝑮𝑮𝟐𝟐.   𝑺𝑺𝑮𝑮𝑮𝑮 𝑭𝑭𝑮𝑮𝑫𝑫𝑪𝑪𝑮𝑮𝑮𝑮 𝟏𝟏𝟕𝟕. 
 
 

 
For column strip bottom bars at location 5C, the 
flexural demand is lower than what was previously 
determined to be necessary at location 4C. Moreover, 
it was shown at 4C that a bar quantity driven by 
prescriptive maximum spacing was the governing 
consideration. As such, at 5C, we will use the same 
reinforcement as previously defined for 4C. 
 

 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14: Representative Excerpt of Reinforcement Information as Presented on Floor Plan in Contract Drawings – Location 4C and 5C 
included. Note the “T” and “B” designations for top and bottom, respectively. Also note the angle brackets <…> as indication 
of the portion of total top bars positioned within the transfer width, and square brackets […] indicating portion of total bottom 
bars running through the column core. 
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ACI 318-19 Calculations Description 

STEP 12: Required Flexural Reinforcement – Gridline G – Middle Strip 

 
 
 
 
 
 
 
8.6.1.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8.6.1.1 

 
𝑳𝑳𝑫𝑫𝑫𝑫𝑺𝑺𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟐𝟐𝑴𝑴:  𝑴𝑴𝑪𝑪,𝑮𝑮𝑮𝑮𝑫𝑫 (−) 𝑴𝑴𝑺𝑺 = 𝟗𝟗𝟏𝟏 𝒌𝒌 − 𝒐𝒐𝑫𝑫 
𝑀𝑀𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 ℎ𝐷𝐷𝑖𝑖𝑓𝑓 𝑀𝑀𝑆𝑆: 46.5 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
𝐻𝐻𝐷𝐷𝑖𝑖𝑓𝑓 𝑀𝑀𝑆𝑆 𝑖𝑖𝑝𝑝𝑟𝑟𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 = 69 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
𝐸𝐸𝑓𝑓𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶 𝑖𝑖𝐶𝐶𝑝𝑝𝐶𝐶ℎ 𝑖𝑖 = 9.5 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
𝑟𝑟 = 18.82 
𝐴𝐴𝑠𝑠,𝑐𝑐𝑡𝑡𝑐𝑐𝑐𝑐 = 0.0013 × 69 × 9.5 = 0.852 𝑝𝑝𝐶𝐶2 
𝐴𝐴𝑠𝑠,𝑚𝑚𝑖𝑖𝑛𝑛 = 0.0018 × 69 × 11 = 1.37 𝑝𝑝𝐶𝐶2 ← 
 
1.37 𝑝𝑝𝐶𝐶2

0.31 𝑝𝑝𝐶𝐶2
= 4.41 → 𝑖𝑖𝑝𝑝𝐶𝐶 𝑓𝑓𝑝𝑝𝐿𝐿𝐶𝐶 (5) #5 𝑛𝑛𝐷𝐷𝐶𝐶𝑝𝑝 

 

𝑄𝑄𝑖𝑖𝑝𝑝𝐶𝐶𝑘𝑘 𝑝𝑝𝑝𝑝𝐷𝐷𝐶𝐶𝑝𝑝𝐶𝐶𝑖𝑖 𝐶𝐶ℎ𝐶𝐶𝐶𝐶𝑘𝑘: 
69" − 4" − 4"

4 𝑝𝑝𝑝𝑝𝐷𝐷𝐶𝐶𝐶𝐶𝑝𝑝
= 15.25 < 18" ok 

 
𝑼𝑼𝑫𝑫𝑮𝑮 𝒐𝒐𝑮𝑮𝒗𝒗𝑮𝑮 (𝟓𝟓) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 𝑺𝑺𝑮𝑮𝑮𝑮 𝑾𝑾𝑺𝑺𝑮𝑮𝒐𝒐 𝑪𝑪𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑫𝑫𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 
 
𝑳𝑳𝑫𝑫𝑫𝑫𝑺𝑺𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟏𝟏𝑴𝑴:  𝑴𝑴𝑪𝑪 ,𝑮𝑮𝑮𝑮𝑫𝑫 (−) 𝑴𝑴𝑺𝑺 = 𝟏𝟏𝟗𝟗 𝒌𝒌 − 𝒐𝒐𝑫𝑫 
𝑼𝑼𝑫𝑫𝑮𝑮 𝒐𝒐𝑮𝑮𝒗𝒗𝑮𝑮 (𝟓𝟓) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 𝑺𝑺𝑮𝑮𝑮𝑮 𝑾𝑾𝑺𝑺𝑮𝑮𝒐𝒐 𝑪𝑪𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑫𝑫𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 
 
𝑳𝑳𝑫𝑫𝑫𝑫𝑺𝑺𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟕𝟕𝑴𝑴:  𝑴𝑴𝑪𝑪 (+) 𝑴𝑴𝑺𝑺 = 𝟏𝟏𝟏𝟏𝟎𝟎 𝒌𝒌 − 𝒐𝒐𝑫𝑫 
𝑀𝑀𝐶𝐶𝑟𝑟𝐶𝐶𝐶𝐶𝐶𝐶 𝐶𝐶𝐶𝐶 ℎ𝐷𝐷𝑖𝑖𝑓𝑓 𝑀𝑀𝑆𝑆: 55 𝑘𝑘 − 𝑓𝑓𝐶𝐶 
𝐻𝐻𝐷𝐷𝑖𝑖𝑓𝑓 𝑀𝑀𝑆𝑆 𝑖𝑖𝑝𝑝𝑟𝑟𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝐶𝐶𝐶𝐶 = 69 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
𝐸𝐸𝑓𝑓𝑓𝑓𝐶𝐶𝐶𝐶𝐶𝐶𝑝𝑝𝐿𝐿𝐶𝐶 𝑖𝑖𝐶𝐶𝑝𝑝𝐶𝐶ℎ 𝑖𝑖 = 9.5 𝑝𝑝𝐶𝐶𝐶𝐶ℎ𝐶𝐶𝑝𝑝 
𝐴𝐴𝑠𝑠,𝑐𝑐𝑡𝑡𝑐𝑐𝑐𝑐 = 0.0015 × 69 × 9.5 = 0.983 𝑝𝑝𝐶𝐶2 
𝐴𝐴𝑠𝑠,𝑚𝑚𝑖𝑖𝑛𝑛 = 0.0018 × 69 × 11 = 1.37 𝑝𝑝𝐶𝐶2 ← 
𝑼𝑼𝑫𝑫𝑮𝑮 𝒐𝒐𝑮𝑮𝒗𝒗𝑮𝑮 (𝟓𝟓) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 𝑺𝑺𝑮𝑮𝑮𝑮 𝑾𝑾𝑺𝑺𝑮𝑮𝒐𝒐 𝑪𝑪𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑫𝑫𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 
 
𝑳𝑳𝑫𝑫𝑫𝑫𝑺𝑺𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟓𝟓𝑴𝑴:  𝑴𝑴𝑪𝑪 (+) 𝑴𝑴𝑺𝑺 = 𝟕𝟕𝟓𝟓 𝒌𝒌 − 𝒐𝒐𝑫𝑫 
𝑼𝑼𝑫𝑫𝑮𝑮 𝒐𝒐𝑮𝑮𝒗𝒗𝑮𝑮 (𝟓𝟓) #𝟓𝟓 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 𝑺𝑺𝑮𝑮𝑮𝑮 𝑾𝑾𝑺𝑺𝑮𝑮𝒐𝒐 𝑪𝑪𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑫𝑫𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 
 
𝑳𝑳𝑫𝑫𝑫𝑫𝑺𝑺𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮 𝟏𝟏𝑴𝑴:  𝑴𝑴𝑪𝑪,𝑮𝑮𝑬𝑬𝑫𝑫 (−) 𝑴𝑴𝑺𝑺 = 𝟎𝟎 𝒌𝒌 − 𝒐𝒐𝑫𝑫 
𝑼𝑼𝑫𝑫𝑮𝑮 𝒐𝒐𝑮𝑮𝒗𝒗𝑮𝑮 (𝟓𝟓) #𝟕𝟕 𝑺𝑺𝑺𝑺𝑮𝑮𝑫𝑫 𝑺𝑺𝑮𝑮𝑮𝑮 𝑾𝑾𝑺𝑺𝑮𝑮𝒐𝒐 𝑪𝑪𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑫𝑫𝑫𝑫𝑮𝑮𝑮𝑮𝑺𝑺 
 
𝑺𝑺𝑮𝑮𝑮𝑮 𝑭𝑭𝑮𝑮𝑫𝑫𝑪𝑪𝑮𝑮𝑮𝑮 𝟏𝟏𝟓𝟓 𝒐𝒐𝑫𝑫𝑮𝑮 𝑫𝑫𝑫𝑫𝑪𝑪𝑺𝑺𝑮𝑮𝑮𝑮𝑫𝑫𝑮𝑮𝑮𝑮 𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝒐𝒐𝑫𝑫𝑮𝑮𝑫𝑫𝑮𝑮𝑪𝑪𝑮𝑮𝑮𝑮𝑫𝑫 𝑮𝑮𝑺𝑺𝑩𝑩𝑫𝑫𝑪𝑪𝑫𝑫. 
 

 
For middle strip reinforcement design, it is important to 
remember that the moments indicated are to be 
distributed between half middle strips to each side of 
the column strip. 
 
Positioning of bars/wires in middle strips is 
considerably more straightforward than for column 
strips; limitations such as minimum steel within a 
transfer width and minimum bars through a column 
core are not applicable. 
 
Note that maximum spacing requirements in Section 
8.7.2.2 and minimum steel requirements in Section 
8.6.1.1 are still applicable. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
While DDM analysis indicates no flexural demand at 
exterior middle strip locations, we will still provide a 
nominal amount of reinforcement for slab edge 
durability. 
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Figure 15: Representative Excerpt of Reinforcement Information as Presented on Floor Plan in Contract Drawings – CS and MS shown. 
Note that MS bar quantities are doubled that derived from calculations for half middle strips. 

 
 
 
 



 
Welded Wire Reinforcement Design and Detailing Guide 46 
 

ACI 318-19 Calculations Description 

STEP 13: WWR Detailing for Gridline G Reinforcement 

 
 
 
 
 

 
 

 
For the preparation of a WWR submittal, the WWR 
detailer will require access to the structural contract 
drawings, drawing files, and specifications, no different 
than what would be expected of a conventional loose 
deformed bar detailer. As it relates to this example, 
representative contract drawing information was 
presented as follows: 
 
Figure 6: Headed Shear Stud Information 
Figure 9: Typical Two-Way Slab Reinforcing Details 
Figure 10: Two-Way Slab Notes 
Figure 15: Two-Way Slab Plan Information 

 
The WWR mat configurations shown here are intended 
to serve as a general representation of manufacturer 
capabilities throughout North America.  With that said, 
reinforcement arrangements presented on a submittal 
by one manufacturer’s detailer may vary slightly from 
those presented by another. Despite this, there exists 
a common and consistent responsibility for the WWR 
detailer to ensure that detailed WWR arrangements 
conform to the reinforcement cross-sectional area, 
placement, and curtailment requirements established 
by the design professional, unless explicitly-defined 
exceptions are made by the design professional of 
record on a project by project basis. 
 
Refer to Figure 16 through 25 for WWR mat 
configurations, prepared as a representation of equal 
reinforcement to that originally specified as deformed 
reinforcing bars by the design professional. 
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Figure 16: Reinforcement for location 1C is shown here as a two-mat assembly. Modern WWR welding machines can produce mats in 

widths up to 12’-0”, so it would be possible for the configuration shown to be combined into a single mat. This option is not 
used, however, due to the transport ramifications: 8’-6” is the default maximum width that can be shipped on a flatbed without 
additional cost associated with “oversize” load. 
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Figure 17: Reinforcement for location 2C is shown here. Two (2) WWR-2C mats are required at each location, one of which would 

be rotated end-for-end by the placing crew to ensure presence of a minimum of eight <8> wires within the column 
strip transfer width. 
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Figure 18: Reinforcement for location 3C is shown here. Two (2) WWR-3C mats are required at each location, one of which would 

be rotated end-for-end by the placing crew to ensure presence of a minimum of eight <8> wires within the column strip 
transfer width. 
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Figure 19: Reinforcement for location 4C is shown here. Two (2) WWR-4C mats are required at each location. Positioning of mats is 

such that a minimum of two wires pass through the column cores. Mat is hooked at one end to suit slab edge termination, 
while the overall mat length is such that it achieves a minimum 32” Class B lap splice with the adjoining 5C mats over the 
first interior column. 
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Figure 20: Reinforcement for location 5C is shown here. Two (2) WWR-4C mats are required at each location. Positioning of mats is such 
that a minimum of two wires pass through the column cores. Overall mat length is such that it achieves a minimum 32” Class B 
lap splice at each end over columns. 
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Figure 21: Reinforcement for location 1M is shown here. Because of the relatively short length of the reinforcement specified by the 
design professional, the WWR detailer can have the mat configured as a single component. 
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Figure 22: Reinforcement for location 2M AND 3M is shown here. 
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Figure 23: Reinforcement for location 4M AND 5M is shown here. Theoretically, the length shown corresponds to that required for the 

4M location (26 feet plus 7” extension past column centerline at slab edge plus 3” extension over interior column centerline). 
This same length is appropriate for the 5M location (26 feet plus 3” extension past column centerline at each end) as well, so 
a single length will be used for both, resulting in economy of repetition. 

 
 
 
 



 
Welded Wire Reinforcement Design and Detailing Guide 55 
 

 
 
 

 
 
 
 
 

Figure 24: Typical detail of relative positioning of WWR mats. This example included design and detailing of Gridline G reinforcement only. 
These mats would have their structural wires nearest the top and bottom surfaces of the slab, with the non-structural holding 
wires towards the slab center. Positioning of reinforcement perpendicular to Gridline G (i.e., along Gridline 2 and those gridlines 
parallel to Gridline 2), would be nested to the inside of the Gridline G mats, again with their structural wires towards the slab top 
and bottom surfaces and non-structural wires towards the slab center. The WWR detailer is responsible for ensuring that 
positioning of non-structural holding wires – occurring co-planar with structural wires in the orthogonal direction – does not 
interfere with said structural wires. 
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Figure 25: WWR mats are presented on the layout/placement drawing submitted for review by the design professional and contractor during 
the construction administration phase. The illustrated plan representations (intentionally not to scale to avoid clutter and confusion) 
combined with the individual WWR mat piece-mark drawings provide an intuitive reinforcement solution for specifier and field 
personnel alike. The WWR is made possible by the design professional’s inclusive contract drawing language (Figure 10), allowing 
for a WWR solution to be presented as an option to that which is shown in the reinforcing bar-based design of Figure 15. For 
clarification and transparency, the WWR shop/placement drawings will typically include submittal documentation that quantitatively 
supports the conversion of reinforcing bars over to welded wire reinforcement mats.  For an example of this support 
documentation, refer to the Shallow Foundations example chapter of this guide. 
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