ABSTRACT

POISEL, MATTHEW JOHNDevelopment oDraft Provisions for &oncrete Formwork
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Formwork must be capable of handlingfallcesimposed on itlue totheweight and
pressure oftte concrete as well as any other loads impbggzersonnel, materials,
equipment, or environmental load®urrently there are no mandatory language standards for
the design of @ancrete formworkvhich may bereferencd as required provision3here is a
need for aformwork design standard in mandatory language that can be referensatéty
regulations and project specificatiadiwsensure the safiesignof formwork forconstruction
of concrete structures\ review of existing standards and guides wasgoered to determine
existing provisions related to formwork. This review identified wind loads and load
combinations as areas requiring clarification in their application to formwork. Additional
wind provisions specific to formwork structuregnedevelopé. Draft provisions to address
the conflicts in load combinations between standards were deveOpednt non
mandatory guide provisions for determining the concrete lateral pressure were reformatted to
permit their use in a design specificatidndesigh method and corresponding provisions for
the bracing of formwork tanass anchors was developed for incorporation into the draft
formwork design standardé draft framework was developed to aid in the continued

developmenof a formwork design specificaio
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1. INTRODUCTION

1.1Background

Concrete is one of the most common construction materials in use in the world. One
of the major berfes of concrete is its ability to conform to any shape that can bgimad,
provided a form is designed shape itFormwork is used to support and control the shape of
fresh concreteThe complex shapes that can be produced using concrete resulfpiexom
formwork. The formwork must be capable of handling all of the loads imposed on it through
the weight and pressure of the concrete as well as any other loads iroppsesonnel,
materials, equipment, or environmental loads. It must also suppoudrbeeste structure until
the concrete has gained enough strength to support itself and all imposed loads.

The endless variations and complexities of formwork that may be required make it
difficult to develop a standard method of formwork construction.|&the majority of
concrete forming may be considered routine; quite often there are shapes, structures, or
situations that ardifficult to predict with a design standard. Even with the simplest of
structures, the available formwork materials and indwsstsyems make it difficult to specify
a universal method for each case. Of primary importance whéimdrany standard for
concretas not only to ensure the safe construction of concrete structures, bnottiso
limit, with stringent, prescriptive abdardsthe flexibility that concrete allows.

There are certain criteria that all formwork must meet to ensure the safety of

construction workers and the general public. It is in this area that a design specification is



needed. To ensure that all formkas built adequately and safely, the designer must be

aware of these design issues and the criteria for a functional and safe design.

1.2 Problem Statement

Currently there are no mandatory language standards for the desagrcodte
formwork which formwork designesmay reference as required provisions. Several guides
exist for formwork, but their language prevents their use as a mandatory standard. There is a
need for dormwork design standard in mandatory language that can be referensateby
regulations and project specificatiottsensure the safe construction of concrete structures.

The failure of concrete formwork is a significant cause of injury on construction sites.
Particularly with multistory concrete construction, the failure of forarwcan be
catastrophicSeveral majomcidentssuchas t he col |l apse at Bail eyd:
in 1972[1] and a cooling tower collapse at Willow Island, West Virginia in 1@[ghave
shown that failuref concrete formwork can lead to proge collapse situations, which
leave workers with little opportunity to escape from danger. Several existing standards and
guides try to address the problems that have occurred with concrete formwork in the past, but
there is no comprehensive, mandatdandardn theUnited StatesA design specification
that addresses the specific issues of formwork is needed to clarify problems faced by

designers.



1.3Research Objectives

Thefollowing research objectives have been identified:

1. Identify codes and dggn standards which contain provisions relevant to the design of
concrete formwork.

2. ldentify guides for formwork that contain best practices in formwork construction.

3. Review current provisions and identify areas of formwork design not covered.

4. Develop affamework for a design specification on concrete formwork so that others
may input provisions relevant to formwork.

5. Develop a draft o$electedprovisions for concrete formworks examples of possible
content.

6. Present a draft of the framework and provisitm8CI Committee 347 for review
and comment.

7. Makerevised draft available to ACldnmittee 347 for their continued development

of a new designpecificationfor concrete formwork



2.REVIEW OF LITERATURE RELATING TO STANDARDS

2.1Introduction

In orderto develop a design standard for concrete formwork, the requirements for a
design standard must first be known. A review of literature relating to standards was
performedconcurrently with the literature review of documents pertaining to formwork.
Severabf thedocuments referenced have undergone ctedgeng the process of this
study. An effort has been made to have the draft provisiecammended heregonform to

the most current information available.

2.2 The United States Standards Strategy

The United States Standards Strat@d$SS)[3] is a document published by the
American National Standards Instit{&NSI) to outline the principles and vision of
standards in the Udnd global economylheU S S Sondists of a set of strategtiatives
having broad applicability that will be applied according to their relevancerguitance to
particular sectore. The second of the twelve initiati Ve
address the environment, health, and safety in the development ofavgloonsensus
s t a n dThis stratégy set forth by ANSI is that standards be developed on a sector basis,
with individual sectors of the ecdmomy devel
sectoral approach allows interested parties to addres®teissues andevelop working

methods that fit the problems at hand, since no single standards sgsteatisfy all needs.



fiSectors must develop their own plans; the purpose of this strategyr/ide guidance,

coherence and inspiration without straining creativity oeffectivenesa[3]

2.3The International Code Council

In the construction industry, standards can be broken down into many levels. Most
states or municipalities have adoptedles which serve as standardsdonstructed
facilities These codes in turn reference standards that supplement the code witimaldditi
provisions pertaining tepecific aspestof constructionOne organization that produces
modelbuilding codes is the International Codes Council (ICQ)ereference statards
incorporated in the ICC model codmsist meet the criteria of the ICC in order to be
incorporated into ICC code. The ICC publishes the ICC Reénced Standards Guigyg
to detail the requirements standards must meet tor®dered foincorpordion into a code
by referenceBuilding codes are legal requirements for permanent structures.

The temporary nature of formworkakes it inappropriate to incorporatelesign
specification for formworknto abuilding code. hsteada design specificatiofor formwork
could beincorporatedy referencento aconstructiorsafety regulation or project
specification. While the proposed document is not intended to be referenced in a code, the
language of the document must meet the same requirements asrecegfetandard in order

to be enforceable in safety regulations or project specifications.



2.4The American Concretel nstitute

The primary industry organization focusing on easplace concreten the U.Sis
the American Concrete Institute (ACI). i§lorganization currently publishes many of the
design standards relating to tasplace concreteas well aguides to formwork design and
construction. ACI develops these documents thraaghnical committees. Thgpes of
documents produced and gh®cess of developing documents by committees is established
in the ACI Technical Committee Manu&l].

The ACI Technical Committee Manu@lCM) has undergone several major revisions
recently which will be discussed in detail in ChapteiThe 2009 TCM6] provided
requirements for nemandaory language committee repoasdfor mandatory language
requirements for building codes and construction specificatidres2010 ACI Tehnical
Committee Manud5] includes changes to the ACI document classificesigstenprovided
for mandatory language design specificationsirdft of the 2011 ACTechnicalCommittee
Manual[7] is in the final stages of review and will soon be publisiiéeé. 2011 draft of the
ACI Technical Committee Manualiminates the refereps tothe ACI Style Manual8] and
the ACI Specifications Manu@] and instead incorporatésem into theTCM documents
chaptersAn additional chapter has been drafted to provide format requireroemiCl
design standard3he evolution of the AClacument classification systemfigther

discussed in Chapter 4 of this thesis.



3. REVIEW OF LITERATURE RELATING TO FORMWORK

3.1Introduction

The primary industry organization dealing witimwork forconcrete is ACIThe
ACI guide documents ACI 341, Gui de t o Co n[0]ant ACldpeciaimwo r k 0
publicaton SP4, A For mwo r k[11f poovide @oommeandatioasdto design and
construction personnel for formwork. These documents also reference other standards, such
as SEI/ASCEY fi Mi ni muLnmo aDdess ifgonr Bui | di n¢l@larmind Ot her
SEI/ASCE3M Desi gn Loads on St r u[@g3whichecentabur i ng Con
provisions relevant to formwork design. In addition to the documents published by ACI, all
construction activities are subjdo the requirements of tl@ccupational &fety and Health

Administration(OSHA) Safety and Health Regulations for Constructictj.

3.2ACl 347

ACI347AGui de t o For mvsamgkde looumenCproducade t e 0
updated regularlipy ACI Commitee 347 with the latest published revision being ACI 347
04[10]. It contains concise recommendations for the design and construction of formwork
systems. Several important areas covered in this document include: vertical loads placed on
formwork, concret lateral pressures, lateral loads on formwhr& toeccentricity of shores
and wind loading, and safety factors to be applied to components specific to formwork

systems.



ACI 347-04 provides many useful recommendations thsdifety regulation or
projectspecificationmay widh to reference or requirepwever this is not possible due to the
nornrmandatorylanguage of the document. On the first pag@®©f 347-04, it states:
AReference to this document shall dnanghis be mad
document are desired by the Architect/Engineer to be a part of the contract documents, they
shall be restated in mandatory | angdglhisge f or
document was never intended to be a mandatory language docbaotenstead aseful
guide.

ACI Committee347 has provided equations for estimating the concrete lateral
pressure on formwork sind®63[15] andis referenced by mangtherpublicationsas a
guide for formwork pressure¥hese pressure equations angsed as new information
becomes availablén ACI 347-04 the equivalent hydrostatic pressure offla& concrete is
the general case andditional equations are provided to estimate the concrete lateral
pressure when certain conditions apply. Theselitonsare related to theoncrete mixtures
and concrete placement operations gnedequationprovide a reduced concrete lateral
pressure wén the conditions are métowever, some difficulty has been noted in
interpreting the provisions in practice antproved presentation of the methods is needed.

These pressure equations are discussed in detail in Chapter 5 of thig-thress$imatinghe
lateral pressure for concrete mixtures with lyewtroduced adhixtures which affect the
slump or set charagaistics, such as setfonsolidating concrete, ACI 34¥4 recommends

that the equivalent hydrostatic head be used until form pressures are measured by testing for



that specific mixtureACI 347-04 also provides warning for certain concrete placement
operatons and concrete mixtures where the concrete pressure may exceed the equivalent
hydrostatic head.
ACI 347-04 reference severapublishedmandatory standards which include
pertinent information relatei formwork design, including SEI/ASCE fi Mi ni mum Des
Loads for Buildi n@uSHASCEDN Desi G rlucd dis e St
Dur i ng Co,generallyreferredacas ASCE 7 and ASCE 37 respectiNely
specific version of ASCE 7 or ASCE 37 is referenced in ACI34,7but the most ctent
versions published at the time were ASGE5{12] and ASCE 3702[13].
ACI 347-04 recommends that wind loads téeterminedn accordance withSCE 7
with adjustment for shorter recurrence intervals as provid&$S®@E 37 ACI 347-04 also
provides mnimum wind loads for wall forms and elevated slab forsisimum loads were
provided in the first publication of AC347in 1963[15] and were increased to the present
values in 197816]. ACI 347-04 does not provide comentary on these recommendations
andthe SP4 section on wind loads does not provide information on how these minimum
loads were established.
ACI 347-04 provides minimum live load values for elevated slab formwork for
construction personnel and certain concrete placing equipment. A mirliveuload value is
provided to cover the use of motorized carts to transport concrete to the area of placement.
Also provided are minimum design values for the combined dead and live loads on elevated

slab formwork.



ACI 347-04 provides minimum safetydtors fa specific formwork accessoriesuch
asform ties, form anchors, and form hangérse safety factorsre stated as ratio of the
ultimate strength of the accessory to the unfactored load combination that is applied to the
accessoryThese minimm safety factors are directly applicable to Allowable Strength
Design(ASD) methods, which use unfactored loads in load combinatitmsever,
definition ofthese safety factofer Load and Resistance Factor DesigRED) methods is
not provided Developnent ofsafety factordor ASD and LRFD is discussed in Chapter

Althoughreferencas madeto ASCE 37 by ACI 34-04 for wind loads, ACI 34D4
does not reference ASCE 37 for load factors or load combinations to be used in designing

formwork. The oty mention of load combination& ACI 347-04 is in Section 2.2.1,

Vertical Loads, and SectionZ2. 3, Hori zont al Loads. Section

consi st of dead and | ive | oads. 0 Section

to resistall horizontal loads such as wind, cable tensions, inclined supports, dumping of

2.

~

£

concrete, and start i neycedasdinpledfa pSD, theggoof equi p

statements do not provide a clear picture of how a formwork designer should comége loa

imposed on formwork.

3.3ACI SP-4
ACISP4i For mwor k figamanla authoresl byeVd K. Hurd under
guidanceoACI Commi ttee 347 and is considered

formwork industry. The seventh edition was published005[11] and represents thmost

10
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resentevolution of thismanualfirst published in 196817]. ACI SR4 provides indepth
coverage of the essential aspects of formvegdtem and design.

ACI SP-4 reference&\CI 347 when providing equations for concrédgeral
pressuresACl SRP4 explainshow each factor affects the concrete lateral pressure and
provides a brief history of the development of the equatibimsconcrete lateral pressure
equationsn the 2005 edition of ACI SR are based on the recommatidns of ACI 34704.
ACI SR4 isupdated asipdates to ACI 347 are madewever it lags behind the revision of
ACI 347 by a few years.

Designers who have followeslC| SP-4srecommendations have had success in
designing safe, reliable formwork syste®wever, since it is a nemandatory language
document, its recommendations may not be referenceafety regulatiosor contract

specificatiors as an enforceable requirement.

3.4ASCE 7
ASCE 7 AMi ni mum Design Loadsoigpomariui | di ng

referenced by building codes for loads on ihalf permanent structurEor the design of

permanent structureBSCE 7 provide$asicload combinations which reflect the typical

loading conditions of a permanent structure. ThHesecload combinations are provided for

both LRFD and ASD design method$ebasic load combinations have changed through

the past three editions of ASCEASCE 795[12], ASCE #05[18], and ASCE 710[19].

ASCE 705 made changes to the ASCERY load combinatios toincrease the load factor on

11



wind forces, as well as increase the live load factor in certain combinad8a& 710
made changes to ASCEJB load combinations by decreasthg load fator for wind loads
in the basic combinationshile increasingtte wind loadtself. A detailed discussion of the
changes in wind load factors is includadChapter7.

ASCE 7contains information on wind velocities for regions in the United States,
which ae used to determine tend loads on a structure. It alsontains several methods
for determining the wind pressure on different structure shapes. Most of these methods relate
to general building shapes and not specific membersever there a few methods that can
be applied to formwork systems.

The analysisnethod for windn ASCE 710 has been changed significantly from
previous editions. In the 1995 edition of ASCE 7, the wind spesdbased othe maximum
wind threesecond gust speed at 33 feet above ground in Exposure C and associated with an
annual prohbility of 0.02 of being equaled or exceeded for gy&8r mean recurrence
interval[12]. This maximum wind speed was used to calculate a wind force on a structure,
and in turn this force was multiplied by a load factor of 1.3 in LRFD combinations amd 1.0
ASD combinations. ASCE-@5 uses the same analysis method and provides the same basic
wind speeds, but with slight differences in contour line locations and an increased the wind
load factor to 1.6 in LRFD combinations, while maintaining the 1.0 in A&@binations.

ASCE 710 has changed the analysis method for wind loads. When using LRFD,
instead of multiplying the wind force by a load factor of 1.6, the load factor is now 1.0 in the

same load combinations. When using ASD, the load factor has chaagedl.@ to 0.6 in the

12



same load combinations. An excerpt from the commentary of ASTE $hown in Figure

3.1, provides the reasoning behind the change in methodology in ASGETD provide an
equivalent factor of safety for windSCE %10 removes theniportance Factor for wind and
instead accounts for the buildings importance by establishing different wind contouiomaps
different Importance levelgach with a different return periolo accommodate the change

in the LRFD load factor for wind from @.to 1.0,thereturn period of the wind speb&ds
beenincreasedrom 50 years to 700 years for Category Il structures. This increase in the
return period results in higher basic wind spe&d$ milesperhour instead of 90 miteper
hour,and thus greatevind forces. To still allow the use of ASD, ASCEX0 now includes a
load factor of 0.6 instead of 1.0 on winédts in ASD load combinations.

Section 6.5.1@f ASCE 705 can be used tdetermine the velocity pressure due to
wind speedor structures ther than buildingswith adjustment factors to account for several
variables These adjustment factors to the velocity pressure account for wind directionality,
exposure categories, surface roughness, importance of the structure, topographical effects,
gust effects, and the height of the structure above ground level. This velocity pressure is then
used inthe appropriatanalysis methods to determine the design wind force on a specific

structure.
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(C26.5.1 Basic Wind Speed

This 2010 edition of ASCE 7 departs from prior
editions by providing wind maps that are directly
applicable for determining pressures for strength
design approaches. Rather than using a single map
with importance factors and a load factor for cach
building risk category, in this edition there are
different maps for different categories of building
occupancies. The updated maps are based on a new
and more complete analysis of hurricane characteris-
tics (Vickery et al. 2008a, 2008b and 2009) performed
over the past 10 years.

The decision to move to multiple-strength design
maps in conjunction with a wind load factor of 1.0
instead of using a single map used with an importance
and a load factor of 1.6 relied on several factors
important to an accurate wind specification:

i. A strength design wind speed map brings the
wind loading approach in linc with that used for
seismic loads in that they both essentially elimi-
nate the use of a load factor for strength design.

ii. Multiple maps remove inconsistencies in the use
of importance factors that actually should vary
with location and between hurricane-prone and
nonhurricane-prone regions for Risk Category |
structures and acknowledge that the demarcation
between hurricane and nonhurricane winds change
with the recurrence interval.

iii. The new maps establish uniformity in the return
period for the design-basis winds, and they more
clearly convey that information.

iv. The new maps, by providing the design wind
speed directly, more clearly inform owners and
their consultants about the storm intensities for
which designs are performed.

Figure 3.1i Commentary on Basic Wind Speed from ASGHEJI{19]

ASCE *05 provides analysis methods for different types and shapes of permanent

structures to determine the wind for@éhile many of the analysis methods mbt relate to

formwork, two methods can be applied to typical formwork structures. Tritefarce

analysis method describedASCE 705 section 6.5.14
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ASCE 7#05section6.5.15 fiDesi gn oMOtnhde rL cSatdrsuct ur eso, p
equation for determining the wind force simapes of structures by usingteped act@r A C
This shapéfactor is providedn ASCE7-05 for several typesf common permanent
structuressuch as solid square or round structures, lattice frameworks, open signs, and
trussed towerslhese structurshapesre often used in formwork systems and the shape
factors provided in ASCE-@5 can le applied to that component of the formwork system.

However, since ASCE-®5 is based on wind speeds corresponding to very long return
periods, it does not apply well to temporary structures that have very short periods of

exposure.

3.5ASCE 37
ASCE 3702iDesi gn Loads on St r uft3isintendedd3ur i ng
the primary document for design loads on temporary structures, such as falsework and
formwork. Figure 3.2 provides the definitions of the load types shown in ASGER2 3his
documents intended to be compatible with ASCED% load factors and load combinations,

but with additional load factors applicable to temporary loads seen in construction.
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2.1 Loads Specified

Structures within the scope of this standard shall
resist the effects of the following loads and combina-
tions thereof:

Final loads—see Section 3
D-dead load
L-live load

Construction loads—see Section 4
Weight of temporary structures
Cp—construction dead load

Material loads
Cpvp—fixed material load
Cvmy—variable material load

Construction procedure loads
Cp—personnel and equipment loads
Cy—horizontal construction loads
Cr—erection and fitting forces
Cr—equipment reactions
Cc—lateral pressure of concrete

Lateral earth pressures—see Section 5
Cgir-lateral earth pressures

Environmental loads—see Section 6
W-wind

T—thermal loads

S—snow loads

E—earthquake

R-rain

I-ice

The specified loads are nominal loads that are in-
tended to be suitable for use in either conventional al-
lowable stress design (ASD) or load and resistance fac-
tor design (LRFD), provided that appropriate load
factors and combinations are used.

Figure 3.2i Load types defined in ASCE 312[13]

Included inASCE 3702 are load comimationsfor both LRFD and ASD methods.

Load factorgor LRFD combinations and arbitrary poimitime (APT) factors for both

16



LRFD and ASD load combinations are providedt@mporary structures in construction.

These factorsan beutilized in the designfdormwork systemso ensureadequate strength
ASCE 3702 provides a general formula for combining all applicable loads multiplied

by their respective load factors as shown in FigureRdaire 3.4 shows the load factors

listed in ASCE 3702.1t also povides basic load combinations for LRFD and ASD design

methods similar to ASCE-95, but including additional construction loads. These basic load

combinatons are shown in Figure 3f&r LRFD and in Figure 8.for ASD.

2.2.1 Additive Combinations

When the effects of different loads are of the same
sense, and when structures are subjected to more than
one variable load, sufficient Joad combinations shall be
evaluated as follows. The total design load for each
combination shall be the sum of the factored dead
and/or material loads present, the variable load(s) at
their maximum values, and the other uncorrelated
loads at their arbitrary point-in-time (APT) values.
Correlated variable loads, such as vertical and horizon-
tal construction loads, shall be taken to have their max-
imum values occurring simultaneously. The general-
ized form of the load combinations (U) can be written
as:

Combined Design Load =
Dead and/or Material Loads
+ Loads at their Maximum Values
+ Loads at their APT Reduced Values.

U= couDnx+ 3 Cman, Cui + 2,0aP1 Gny (21
k i J

where cp = dead load factor, ¢ = load factor for the
maximum value of variable load, captr = load factor
for the APT value of variable load, D,, = nominal dead
or construction material load, Q,, = nominal variable
load, k = all dead and construction material loads, i =
all loads occurring at maximum value, and j = all rele-
vant simultaneously occurring variable loads at APT
values.

Figure 331 Generalized Load Gobination Equation from ASCE 372[13]
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2.2.2 Load Factors
Minimum load factors for use with strength design
are as follows:
Arbitrary
point-in
-time load
factor
Load Load factor (cmax) (capr)
D 0.9 (when counteracting wind or -
seismic loads)
1.4 (when combined with only -
construction and material loads)
1.2 (for all other combinations)
L 1.6 0.5
Co 0.9 (when counteracting wind or -
seismic loads)
1.4 (when combined with only -
construction and material loads)
1.2 (for all other combinations) -
CrmL 1.2 ~
Cyme 1.4 by analysis
Cp 1.6 0.5
Ce 1.3 (full head) -
1.5 (otherwise) -
Cen 1.6 -
Cx 1.6 0.5
Ce 20 by analysis
Cr 2.0 (unrated) 0
1.6 (rated) 0
w 1.3 0.5
T 14 -
S 1.6 0.5
E 1.0 -
R 1.6 -
I 1.6 =
Basic combinations are presented in Section 2.2.3.

Figure 3.4i Load factors for specific load types listed in ASCEGZ]13]
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2.2.3 Basic Combinations

Except where applicable codes and standards
specify otherwise, structures and their components
shall be designed so that their strength exceeds the
effects of factored loads in the following combina-
tions:

1.4D + 1.4Cp+ 1.2Cemr + 1.4Cyme (2-2)
1.2D + 1.2 Cp + 1.2Cgmr. + 1.4Cynme

2-3

+ 1.6Cp +1.6Cy + 0.5L (22

12D + 1.2 Cp + 1.2Cpy. + 1.3W 2-4)
+ 1.4Cypm + 0.5Cp + 0.5L

1.2D + 1.2 Cp+ 1.2Cpv + 1.0E 2.5

+ 1.4Cypy + 0.5Cp + 0.5L =)

0.9D + 0.9 Cp+ (1.3W or 1.0E) (2-6)

where D is the dead load in place at the stage of con-
struction being considered; L is the live load, which
may be less than or greater than the final live load; and
W is the wind load computed using the design velocity
reduction per Section 6.2.1.

The most unfavorable effects from both wind and
earthquake loads shall be considered, where appropri-
ate, but they need not be assumed to act simultane-
ously. Similarly, Cy need not be assumed to act simui-
taneously with wind or seismic loads. Lateral earth
pressure, environmental loads, and other construction
loads shall be considered if applicable; they are listed
in Section 2.2.2. Consideration of these other loads
will require the use of load combinations in addition to
the basic combinations listed above.

Figure 351 LRFD Basic Load Combinatior{from ASCE 3702) [13]

2.3.1 Additive Combinations

When using load values provided in this standard
for ASD, sufficient additive load combinations shall be
considered to obtain the maximum design load effects
for members and systems.

The following basic combinations shall be investi-
gated as a minimum:

D+ Cp+ Craz + Coane 2-7)
D+Cp+ Cr+Cup +Co+Cy + L (2-8)
D+Cp+Cru+Cu+ W+Cp+L 29
D+Cp+Cra+Cuz+0TE+Cp+L  (2-10)
D + Cp + (W or 0.7E) (2-11)

where D is the dead load in place at the stage of con-
struction being considered; L is the live load, which
may be less than or greater than the final live load; and
W is the wind load computed using the design velocity
factor where appropriate per Section 6.2.1.

The most unfavorable effects from both wind and
earthquake loads shall be considered where appropri-
ate, but they need not be considered simultaneously.
Similarly, Cy need not be assumed to act simultane-
ously with wind or seismic loads. Other construction
loads that shall be considered if applicable are defined
in Section 2.1.

Figure 361 ASD Basic Load Combinatior{from ASCE 3702) [13]
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ASCE 3702 provides apecialload factor called an Arbitrary Poumt-Time (APT)
value. This APT value is uddoreflect that while onéransienioad may be at its maximum
value, othetransientoads araunlikely to beat their maximum at the same timeRFD load
factors and APT valuassed inboth ASD and LRFDoad combinations are provided for
many types of loads that are seen in construcliba.concept of using APT load factors is
provided in the commentary of ASCE-82, Section C2.2.1:

AThe ptausiogemaximum and APT loads and corresponding load

factors is consistent with ASCEJ5. Here, in addition to the dead load,

which is assumed to be permanent, one or more of the variable loads

occurring simultaneously assume APT values (i.e., thakes measured

at any instant of time). This is consistent with the way loads actually

combine in situations in which strength |

[13]

ASCE 3702restates in mandatory language theommendations of ACI 3&F94
[20] relaing to concrete lateral pressure. ASCE@®Zprovides equations for determining
concrete | ateral pressures, which the commen
adopted from ACI (,AiAC]I198aerringtbuACIB47RE[205 ) O
andwith Hurd 1995 being the"Bedition of ACI SP4 [21]. BothACI documents referenced
by ASCE37-02 have beemevised sincehe edition listed and the recommended equations
have changeds a result, thSCE 3702 equationsio not provide adjustment factoier
concrete chemistry and unit weidhttors asoundin ACI 347-04. The factors listed iACI
347-04,but not accounted for IBEI/ASCE 3702, provide a better estimate of concrete

lateralpressure and therefore a maeurate formwork desigBy staing theconcrete

lateral pressure provisions in mandatory language, these prowsioie referenced in
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contract specifications as a requirement for desiignvever, revisions to ASCE standards
are published less often than ACI standards and often defeoénceéhe mosicurrent ACI
standard or include ACBs current recommendations, which is problematic.

ASCE 3702referencedASCE 795 for wind analysis methods. Howev&SCE 37
02 provides reduction factothat can be applieid the basic wind speed$ ASCE 795to
account for the shoexposureduraion of temporary works. ASCE 302 furtherallows
designers to ignore the effects of hurricane winds on coastal regions, providée that t
temporary structure is eithegmoved or additionally braced ihe event a hurricane is
predicted to strikelt alsoprovides for the consideration of shielding of wind load on
repetitive members, like those commonly used in the shoring of concrete formwork.

ASCE 37 is in the process of being revised. At this pthetehave been no
indications ofhow the revised ASCE 37 will address the changes in the wind analysis
method in ASCE -10. The next publication of ASCE 37 will need to be reviebeidre

incorporation by reference into the proposed design specificatidarmwork.

3.6 OSHA Safety and Health Regulations for Construction

Theformwork designer musensure that the design is in compliance with the
Occupational &fety and Health Administratigf©SHA) Safety and Health Regulations for
Construction Subpart @1 Concrete and Masonry Construction Section 1926.7(B(h)
Thisregulatorst at es fAFor mwor k shall be designed,

and maintained so that it will be capable of supporting without failure all verticahtavelll
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loads that may reasonaldye ant i ci pated t o bWhila$uppari@ d t o t
does not specify any of these loads, it does provide in Subpart Q Appendixmamaiatory
references containing information helpful in complying with the requiremantsng these
listed references a®eCl 347-78[16] andACI SR4. A specific edition of ACISR4 is not
referenced in OSHAowever the most current edition is ACI SR 7" edition [L1].

OSHA Safety and Health Regul abides BbsoCo
includes requirements that relate to formwork. The distinction of a structure being classified
as either formwork or scaffolding determines what the design requirements aee for th
system.The primary requirement that impacts formwork desigousd in §1926.451(a)(1),
AExcept as provided in paragraphs (a)(2), (a
scaffold and scaffold component shall be capable of supporting, without failure, its own
weight and at least 4 times the maximum idtend | oad appl i e l4].dlmne t r ans
OSHA definition of a scaffold is found in Al
elevated platform (supported or suspended) and its supporting structure (including points of
anchorage), used forsuppomhi g e mp | oy e e s 0[t4]. oa¢ workiplatforsns or b o
are attachetb and supported directly by the formwork systéd$HA refers to these types
of work platforms as form scaffolds and provides the following definition in §1926.450(b):
AFor m dsmean$ & sapported scaffold consisting of a platform supported by brackets
attached t[ld]. These work platférras are considered scaffolding the
differentlive load requirementgertaining to scaffolding must be considered in the design of

the formwork.OSHA also provides a definition of a large area scaffold in §1926.450(b):
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ALarge area scaffold means a pole scaffold,

fabricated frame scaffold erected over substantially the entire work aresxdfople: a

scaffold erected over the entire floor area
The classification of an elevated surface as formwork or a scaffold has a large impact

on the design of the elevated surface. The load combinations which that elevated surface

must be dsigned for change significantli detailed discussion of the OSHA requirements

and their impact on concrete formwork is found in Chaptarthis thesis.

3.7 Shapiro & Shapiro

The first edition of n CShapmogle80)R2iid Derri cks
mentioned in the commentary section C6.2.2 of ASCIB33as a source of guidance on
shielding effects of wind on open structufg&3]. The fourth editiorby Shapiro & Shapiro
[23], released in 201 klsoprovides guidance on wind shieldingy detailedmethodis
provided fordetermining the shielding of repetitive members based on the shape and spacing
of the memberdt also provides@ditional shape factofer wind loads orstructural
membersvhich arenot providedin ASCE 705. This analysis methodnd the additional
shape factors are repeated in the draft provisions for the proposed design specification and

shown in Chapte8 of this thesis.
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3.8 British Standard BS59752008

In reviewing standards for formwork, several standards from other esintere
identified. One standard in particular that provides provisions related to formwork in the U.S.
was British standard BS59750 0 8 C OR Kode @f préc8ce fiir temporary works
procedures and the permissible stress design of falsé{@#k Thisstandardgrovides an
analysismethod consistent with ASCEG5 with a shape factor that is applicable to the
typical arrangement for forming an elevated sHie provisions of BS597provide abasis
for somedraft provisions in the proposéarmwork desgn ecificationand are discussed in

Chapter6 of this thesis.

3.9 Other Source Documents

Several other source documents are referenced in this thesis for specific information
or as examples of design methods. The specific section used from eacle afdt@sents is
sufficiently small to not merit their discussion in this Chapter. The pertinent information

from each of these documents is provided in Chapterrough 8
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4. DOCUMENT FRAMEWORK

4.1Introduction
The framework of this draft specificatias intended to provide a starting point for
ACI Committee 347 to continue its efforts on developing a despeguoificationfor
formwork. The framework for the draft design specification depends on the classification of
the proposed document within ACllgications.Also, the format of the design specification
is requiredo comply with the requirements ACI. These requirements are discussed in this

chapter.

4 .2 Classification of Proposed Document

ACI Committee347requested approval frothe ACI Techntal Activities
Committeg(TAC) on November 11, 2008 begin work to develop a mandatory language
document for concrete formwarkCl Committee347 requested that the document be titled
as agmdepeci fi caftdode rreq thierre etrduoatedbyhedAd woul d
classificationsystems that existed at that tindan excerpt from the request letter is included
below:

ACI 347 notes that the present ACI document type for design

reqguirements is a Acode requirementso do
believes it would be desirable for TAC to consider an alternate name
under the same style, in particular a nd

Committee 347 believes that design requirements for formwork would
most likely be cited by regulations, construction specificet and

agreements other than building codes. T
is used for many other design standards outside of ACI and would
appear to be a better term in this application. [25]
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TAC approved the request to develofpamwork design tandard in March 2010.

Also, in response to threquest,TAC revised thepolicieswhich definethe classification of
documents published by ACI. The 208€I Technical Committee Manufs] hadseparated
documents published by ACI into two broad categofiesjla ndat ory | anguage d
requiring standardizationodo and Anonmandatory
standardi zationo. U nadtegory dodureentsocauld ek aldssifiedyintol a n g u a
many typesbut the twathatweremostrelevant to thggroposedlocumentvereas follows.

Code Requirements

ACI codes provide minimum requirements for concrete or masonry

structures to safeguard the public safety, health, and general welfare.

If the code is written in a manner that it could be adopted inrea m

general code or by a regulatory agency,

should be used in the title.

Reference specifications

Reference specifications are written to be referenced as pacbotract

between an owner and a builder and must be wardexiplicit,

mandatory language subject to only one possible interpretation.

ACI reference specifications must conform to the requirements of the

ACI Specification Manual

[6]
The ACI Specification Manug9]st at es At his ACI dgseci ficat

requirements and recommendations for preparing ACI construction specifications. ACI
construction specifications shall be prepared as either ACI Reference Specifications or ACI

Gui de Sp e AAClfspedfiaatiananemly.intended to be documémds could be

part of a construction contract. ACI guide specifications are guides on how to write particular
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construction project specifications. Thasjther is an appropriate classification fatesign
specification
Under the 2009 ACTCM system of tassifying published documents, the proposed
formwork document wouldppeartd est f it under the cl assifice
sinceit is a design documertiowever the formwork design standard is not intended to be a
building code provision sae it does not cover elements of design for permanent structures
or buildings ACI codes are not in themselves a legal requirement for design or construction,
but may become so by being incorporated by reference in a lostaitebuilding code or
inclusion in the contradpecifications for a construction project.
Several other professional and industry organizattssproduce mandatory
languagedesigndocuments and classify themdesignspecifications. Thesdesign
specifications are developég their respective organization and then made available to the
public for review and commetike ACI standards. Thethencan bencorporatedy
reference in modduilding codesor project specificationgEExamples of such documents are
the ASprecfidrn cAttr wct u [26]lpublShead by the Anerican dnstitutg of O
Steel Construction and the fiNationas/] Design
published by the American Forest and Paper Associdfilams, thee are examples of design
s andards that ar e noltthisgdiaft do@imentzere cldssifieddardd d o c u |
ttleas Acode requirementso wlagificationtsysem,phere vi ous

would be gotential to generate confusion as toititentof the documat. It was
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recommended thatéldocument be titled Bormwork design specificatioto avoid this
confusion
In 201Q theACI TechnicalCommittee Manal was revised to incorporate the new

mandatory | anguage document (9. &ahedraftfofiteat i on o
2011 ACI Technical Committee Many&l continues tanclude this new document
classification While still separating ACtlocuments into mandatory languagel a
nonmandatory documents, the ngygstem now divides mandatory languageuwshoents into
subdivisionsofidesi gn standardso and fAconstruction
requirementso as wel |l as the new classificat
Adesi gn st andahedlsas siufbidd avsi pse@ minhif cadAdesngni s p
subparagraph 4.1.1.df theDraft 2011 Technical Committee Manual.

4.1.1.4 Design Specifications

A designspecification provides minimum requirements for concrete or masonry

structures within its scope to safeguard the puddifety, health, and general

welfare. It is written to be referenced in legal documents by entities other than
building officials. Design specifications follow the code requirements format.

[7]
With the intent of the proposed document being a mandegéegence for the safe
design of formwork, it now falls wuvoddsr t he A
classification senathe purpose of aiding the formwork designer while maintaining the
mandatory language requirement so that it may terjporated by referencetaproject
specifications or safety regulations. If incorporated into project specifisatianto federal
or state safety regulations, the provisions of this design specification would then be

enforceable bgontract odaw.
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4.3 Language of Proposed Document

While the proposed design specification is not intended to be referenced by a building
code, thewriting requirements of a referenced standard for a code plly.apor all
standards referenced in ICC model codes, thed@dlishes théCC Referenced Standards
Guide[4]. This guide goes into detail on the languég®e used i@ standard.

The need for mandatory language in referenced standards should be obvious in

this context because a standard is intended to be utibzeegulatory

purposes. As a result, the standard must be presented so that the application and
intent is clear to all readers. The use of recommendations, advisory comments,

and permissive, nemandatory terms fails to provide sufficient specific

directon to all usersA potential result is nocaniform interpretation or

mi sapplication of the provisions. I n pa
6candé are particularly significant in d
undefined conditionadtatements and can confuse the application of regulations

[4]

rti
i sr

The draft of the 2011 ACTechnical Committee Manuabvers much of the same
information as the ICC Referenced Standards Guide. It siftailvord use for provisions of
standards. Regardirfge language and verb use in provisions of standards, it states:

5.21 Language

5.2.1 Verb usage

Codes use only mandatory verbs, such as

such as fAimayo are never used. Tahe verb in

future action is wusually fAshall beo The

are in present tense, wusually Aiso and Aa

| anguage should be described in Chapter 1
[4]

The language of provisions for standardmisended to be thorough, yasconciseas

possible. Oftenprovisions can benefit from having arplanatiorof the provision provided.
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The ICC Reverenced Standards Guide addresses the need of additional information on
provisions in the statement:

This is not intended to mean that informational or explanatory materials
cannot be developed to aid the reader in the use of the referenced
standard. However, such material must be limited to a location within
the document that is clearly identified as not beimgandatory part of
the standard.

[4]

To provide this additional information on provisions, ACl documemdyinclude
commentary for certa provisions. The ACI requirements for commentary are specified in
the draft of the2011 ACI Technical Committee &hual

5.1.6Commentary to the code

Commentary may provide:
(a) Basis for the code provision including pertinent references;
(b) Crossreference to related material in other standards or in other
code sections;
(c) References to address sitions outside the statéichits of a
provisions; and
(d) Discussion highlighting new code provisions.

Commentary should not:
(a) Repeat code provision;
(b) Provide general design education; or
(c) Provide design aids or examples.

Commentary must not:
(a) Provide exceptions to the code provision;

(b) Contain additional code requirements; or
(c) Use mandatory language.

[7]
The proposed design specificatignntended taonform to the requirements of the

draft of the 2011 ACI Technical Committee Manuia distinguish betweetihhe mandatory
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provisionsand the commentary, ACI design standards use &okonn format. The left

column contains theandatoryprovision, while the right column contains the commentary to
that provision.The mandatory provisions are numbeusthg the ACI style and use Arial

font. The commentaris numbeed to match the provision it appliesexcept thatts number

is proceedetty an R The commentaris writtenin Times New Roman fontAn example of

this formafromACI31808 A Bui |l ding Code Requdteraedment s
Commentarg [28] is shown in Figurd.1.

The draft provisions provided in Chapter 5 through Chapter 8 are a compilation of
provisions found in multiple standards as well as best practices reworded into mandatory
language. The provisions do not regent the entirety of draft provisions for any section.
Rather, the provisions provided in these chapters outline information found from other
sources and the changes required for use in a design specification. For the current working

draft of the proposkdesign specification, see Appendix A.
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6.17 Design of formwork

6.1.1 7 Forms shall result in a final structure
that conforms to shapes, lines, and
dimensions of the members as required by
the design drawings and specifications.

6.1.2 7 Forms shall be substantial and
sufficiently tight to prevent leakage of mortar.

6.1.3 17 Forms shall be properly braced or tied
together to maintain position and shape.

6.1.4 17 Forms and their supports shall be
designed so as not to damage previously
placed structure.

6.1.5 7 Design of formwork shall include
consideration of the following factors:

(a) Rate and method of placing concrete;

(b) Construction loads, including vertical,
horizontal, and impact loads;

(c) Special form requirements for
construction of shells, folded plates,
domes, architectural concrete, or
similar types of elements.

6.1.6 7 Forms for prestressed concrete
members shall be designed and constructed
to permit movement of the member without
damage during application of prestressing
force.

R6.17 Design of formwork

Only minimum performance requirements for
formwork, necessary to provide for public health
and safety, are prescribed in Chapter 6. Formw
for concrete, including proper design constructig
and removal, demands sound judgment and
planningto achieve adequate forms that are bot
economical and safe. Detailed information on
formwork for concrete is giveniit Gu i d e
For mwor k f orrepctedrbg r et e
Committee 346. (This provides recommendatio
for design, construction, and materials for
formwork, forms for special structures, and
formwork for special methods of construction.
Directed primarily to contractors, the suggested
criteria will aid in preparing project specification
for the contractors.)

Formwork for Concrete reported by ACI
Committee 347. (This is a hete-do-it handbook
for contractors, engineers, and architects follow
the guidelines established in ACI 347. Planning
building, and using formwork are discussed,
including tables, diagrams, and formulas for forr
design loads.

Figure 4.1i Example Language and Fornieam ACI 31808 [28]

4.4 Format of Draft Provisions for Design Specification

The draft provisions are formatted to meet the Draft 2011 ACI Technical Committee

Manuflréesqui rements of Ichrapuage 5f GiFoConche s @nan c

AACI Technical Writing Styleo. The |l eft colu
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specification, while the right column contains commentary on the provision. Text in italics is
information included to provide backgnod and to identify issues the AClI Committee 347
must address before completing the design stdndae draft provisions of the following
chaptes are provided in the U.S. ingbound units only. The final design specification will
be published in two veians, one with U.S. incpound units of measure and the other with
the International Standards metric units of measure. The draft document in Appendix A
contains both units of measure and will be separated upordéualopmenapproval of the
draft by AQ Committee 347. The followindetailedprovisions will be considered in this
thesis:

e concrete lateral pressures

e wind loads on formwork

e |oad combinations and load factors

e anchorage of form braces.
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5. DRAFT PROVISIONS FOR CONCRETE LATERAL PRE SSURE

5.1Introduction

The best available information for estimating concrete presssed on U.S.
materialss found ACI 34704. Theconcrete lateral pressueguations are updated as new
informationbecomes available and is evaluatedN@} Committee 347.The ACI 34704
equationdor concrete lateral pressurelude adjustments for different cement types,
admixtures, temperature, unit weights of congnetie of placement, height of placement,

and shape of structure being placed.

5.2 ACI| 347-04 Recommendations

ACI 347-04 recommends that unless certain conditions are met, formwork should be
designed for the full hydrostatic pressbiesed orthe unitweight ofthe concrete mixture. It
allows the formwork designer to use a lowencrete pressuralue if certain conditions are
met. These conditions includienitations onslump, placement heighdepth of internal
vibration, andheuse of admixturesThe provisiongontaining theconcrete lateral pressure
equationsare found in suisection 2.2.2f ACI 347-04 areshownin Figure 5.1.

ACI 347-04 presents the recommendations for the lateral concrete pressures in
paragraph form. This requires careful reading by the user of the document to ensure that they
use the appropriate equation for each speddgign case. There is a current movement in
ACI code requirements to change from a paragizgded format for provisions to a tabular

and equatiofbased format. Responding to this trend, the recommendations were reformatted

34



as a part of this effort, as shio in Figure 5.2. One table replaces approximately two
paragraphs of complex wording. This is done in an effort to make the standard easier and
faster to read. The designer can match the conditions of the specific design case to the

requirements of the stdard much faster with the tabular and equaktiased format.

2.2.2 Lateral pressure of concrete—Unless the conditions

designed for the lateral pressure of the newly placed concrete
given in Eq. (2.1a) or (2.1b). Minimum values given for
other pressure formulas do not apply to Eq. (2.1a) and (2.1b).

p=wh (lb/ftz) (2.1a)

p = pgh (kPa) (2.1b)

where
p = lateral pressure, 1b/ft? (kPa);
unit weight of concrete, ]b/ft3;
= density of concrete, kg/m3;
gravitational constant, 9.81 N/kg; and
= depth of fluid or plastic concrete from top of place-
ment to point of consideration in form, ft (m).
The sct characteristics of a mixturc should be understood,
and using the rate of placement, the level of fluid concrete
can be determined. For columns or other forms that can be
filled rapidly before stiffening of the concrete takes place, A
should be taken as the full height of the form or the distance
between horizontal construction joints when more than one
placement of concrete is to be made. When working with
mixtures using newly introduced admixtures that increase
set time or increase slump characteristics, such as self-
consolidating concrete, Eq. (2.1a) [(2.1b)] should be used
until the effect on formwork pressure is understood by
measurement.

= T

2.2.2.1 Inch-pound version—For concrete having a slump
of 7 in. or less and placed with normal internal vibration to a
depth of 4 ft or less, formwork can be designed for a lateral
pressure as follows, where p,, . = maximum lateral pressure,
]b/ftz; R = rate of placement, ft/h; T = temperature of concrete
during placing, °F; C,, = unit weight coefficient per Table 2.1;
and C, = chemistry coefficient per Table 2.2.>1

For columns:
Pinax = CwCel 150 + 9000R/T ] 2.2)

with a minimum of 600C,,, Ib/ft?, but in no case greater than wh.

For walls with a rate of placement of less than 7 ft/h and a
placement height not exceeding 14 ft

Prnar = CiwCol150 + 9000R/T (2.3)
with a minimum of 600C,, Ih/f2, but in no case greater than wh.
For walls with a placement rate less than 7 ft/h where
placement height exceeds 14 ft, and for all walls with a

placement rate of 7 to 15 ft/h
Pnax = C,C[150 + 43,400/T + 2800R/11] 24)

with a minimum of 600C,, Ib/f%, but in no casc greater than wh.

Figure 5.1i Concrete Lateral Pressure Recommendatfiiams ACI 347-04[10]
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7.2.2 — Lateral Pressure of Concrete
7.2.2.1 — Lateral pressure of concrete equations

The lateral pressure of concrete, pPmax (Ibs/ftz), shall be
determined in accordance with the appropriate equation
listed in Table 7.2.2.1a.

When working with mixtures using newly introduced
admixtures that increase set time or increase slump
characteristics, such as Self-Consolidating Concrete,
Equation 7.2.2.1a shall be used until the effect on
formwork pressure is understood by testing.

Table 7.2.2.1a — Applicable concrete lateral pressure

R7.2.2.1 The set characteristics of a mixture should be
understood, and using the ratc of placement, the level of fluid
concrete can be determined. For columns or other forms that
can be filled rapidly before stiffening of the concrete takes
place. h should be taken as the full height of the form of the
distance between horizontal construction joints when more than
one placement of concrete is to be made.

Pressure

Y é—« >
[ —»| =]
wh [
\ I |
[ >
’ [ >

A

equations
Internal

o (e . Rate of Pressure
Slurip V'g;:tt"? N | Elament placement | Equation
>7in Any Any Any 7.2.21a
<7in >4 ft Any Any 7.2.2.1a
Column’ Any 7.2.2.1b

T
:’X‘;{'t:” <7fhr | 7.22.1b

T
<7in | sa | JRES 1 <7mne | 72210

7to 15

Wall ftfhr 7.221¢
> 15 ft/hr 7.2.21a

* Slump for determination of lateral pressure shall be
measured after the addition of all admixtures

T Columns are defined as vertical elements with no plan
dimension exceeding 6.5 ft.

¥ Walls are defined as vertical elements with at least one plan
dimension exceeding 6.5 ft.

Tiquivalent /'
hydrostatic  ,*
head, wh ./

A

4

—

[~ —»|
[ —»|
[~ >
[ —»|
le —»|
[ —»|
[ |
[ |
e |
le —»|
[ |
[ |

[ >

Maximum concrete

/ g

Pmax = Wh

Where:

(7.2.2.1a)

w = unit weight of concrete (Ibs/ft®)
h = height of concrete placement (ft)

Pmax = CwCc[150 + 9000R/T]

(7.2.2.1b)

with a minimum of 600C,, Ib/ftz, but in no case greater

than wh

Pmax = CwCc[150 + 43,000/T + 2800R/T]

(7.2.2.1¢)

with a minimum of 600C,, Ib/ft?, but in no case greater

than wh

Where:
Cy
Ce
R
T

Unit Weight Coefficient from Table 7.2.2.1b
Chemistry Coefficient from Table 7.2.2.1¢

Rate of placement (ft/hr)
Temperature of concrete (°F)

pressure from Equation
7.2.1.1bor 7.2.1.1¢c

Figure R7.2.2.1a — Concrete Lateral Pressure on Column and
Wall Formwork

Equations 7.2.2.1a, 7.2.2.1b, and 7.2.2.1¢ along with Table
7.2.2.1band 7.2.2.1¢ are from Reference 7.1.

Figure 5.21 Draft Provisions for Concrete Lateatessure




The tabledefiningthe Chemistry Coefficient in AiG347-04 has been reformatted to
reduce the number of words needed to convey the information and also to clarify the
conditions ACI 347-04 contains the conditions for each chemistry coefficient in sentence
form, as shown iTable5.1. Two of theconditiors f or t he chemistry coef
types or bl end sréctlyintetpretedio egchudbe direadyimerntianggpes
of Type I, Type Il, and Type IIl. Also, the proportions of fly ash for each requirement are not
clearly worded. It iglifficult to tell if the two conditions are foless than 40% fly ash or
exactly 40% fly ash. To clarify these conditions, the chemistry coefficient table was

reformattedandis shown in the draffable 7.2.1.1c in Figure 4.

Table 5.1- Chemistry Coeftient Table from ACI 3404 [10]

Cement type or blend Ce
Types L, II, and IIT without retarders” 1.0
Types L, II, and IIT with a retarder 1.2
Other types or blends containing less thzm*70% slag 12
or 40% fly ash without retarders
Other types or blends containing less than 70% slag
or 40% fly ash with a retarder” L4
Blends containing more than 70% slag or 40% fly ash 14

“Retarders include any admixture, such as a retarder, retarding water reducer, retarding
midrange water-reducing admixture, or high-range water-reducing admixture (super-
plasticizer), that delays setting of concrete.
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Table 5.2 Draft Provision for Concrete Chemistry Coefficient

Cement ¢
type Slag Fly Ash | Retarders Cec
I, 11, or None 1.0
L. None None
il n Included 1.2
< 70% < 40% None 1.2
Included 1.4
A None 1.4
> [ > [¢) :
= 10% 240 Included 1.5
* Retarders include any admixture, such as a retarder,
retarding water reducer, retarding midrange water-reducing
admixture, or high-range water-reducing admixture
(superplasticizer), that delays setting of concrete.

Recommendations of ACI 3404 are written in noAmandatory language requiring
either revordingof the provision or placement in the commentairthe design specification.
An example of a recommendation requiring rewording can be fouidbeectior2.2.2.4of

ACI 347-04 shown in Figure 8. The rewordediraft of theprovision can be seen kKigure

5.4
2.2.2.4—Caution is necessary and additional allowance
for pressure should be considered when using external
vibration or concrete made with shrinkage compensating or
expansive cements. Pressures in excess of the equivalent
hydrostatic head can occur.
Figure 531 CautionaryStatemenon ExternalVibration from ACI 34704 [10]
7.2.2.4 — Externally vibrated concrete R7.2.2.4- Caution is necessary and additional allowance
for pressure should be considered when using external
When concrete is consolidated by external vibration, the vibration. Pressures in excess of the equivalent
formwork designer shall consider the additional effect of hydrostatic head can occur.
external vibration on form pressure.
7.2.2.5 — Shrinkage compensating or expansive cements R7.2.2.5 — Caution is necessary and additional allowance
for pressure should be considered when using concrete
When concrete mixtures contain shrinkage compensating mixtures made with shrinkage compensating or
or expansive cements, the formwork designer shall expansive cements. Pressures in excess of the equivalent
consider the additional effect of expansion on form hydrostatic head can occur.
pressure.

Figure 541 Draft Provision forConcreteConsolidated b¥xternalVibration
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6. WIND LOADS ON FORMWORK

6.1 Introduction

Wind loads on temporary structures pose a complex praotblento the varying
nature of windand the interaction with different structuré€| 347-04 recommends that
wall forms be designed for wind in accordance with ASCE 7 and using adjustment factors for
shorter durations from ASCE 3&XSCE 7 and ASCE 37 contain provisions for wind loads on
pemanent and temporary structures respectivegnyvfactors must be considered in
determining the wind load on a temporary structure including wind speeds, surrounding
terrain, the shape of the structure, and effects of shieliliagy of the ASCE provisian
focus on the structure as a whole rather than individual compob&awsiopment of clear

guidelines foithe application of these two documents to the design of formwork is needed.

6.2 ASCE 7 Wind Design Method

ASCE 795 and 705 use the same desigrtinod for wind loadspnly with variations
of the input variables into the design equatignslesignmethod uablefor determining
wind load on formwork is outlined here.

First, thebasic wind speetbr the locatioris determinedrom a map of maximum
wind speedsThe wind speeds are based on an anticipated design life, and therefore exposure
period, of 50 yearsThis basic wind speed is used to determine the velocity presguia, g
theobject The equation for velocity pressuse

0, = 0.00256KK K4Vl (Egn. 6.1)
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q. = velocity pressure (Ibsfy;

K, = velocity pressure exposure coefficient
Kx = topographyfactor,

Kqg = wind directionality factar

V = wind velocity (mph) and

importance factor

The factors K and Ky are used to accoufdr topography effects of the surroundings and
directionality effects of the structur€he velocity pressure exposure coefficiéfiyt,is a
factor that adjusts the wind pressure to account forelghhof theobjectand the exposure
category Theimportance factorl, is used to reduce or amplify the wind pressure depending
on the risk to human life should the structure fail.

Secondthe force F, for a specificobjectshapéas determinedFor the shapes used in

formwork, theappropriateequation is

F = gGGA;, (Eqgn. 6.2)
where:
F = wind force on object;
g = velocity pressure;
G = gust effect factor;
C: = force coefficient; and
A: = projected area normal to wind.

The gust effect factof;, accouns for thedynamic response of the structurer
formwork, the structure is assumed rigid and therefore G is 0.75 per AB&H ieforce
coefficient,C;, isused to adjust the velocity pressure to account for wind flow around the

objectshape. For large, square objects, such as signs or wall forsngdtar typically
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ranges from 1.0 to 3.0. The resulting force, F, is typically applifte center of area of the
structural shape; howeydor some shapes, such as signs and freestanding walls, a different
location for this force is specified in ASGEDS due to variation in pressure with height

For temporary structures, the exposure period is considerably less than 50 years. To
account for this, ASCE 37 adjusts the basic wind speeds, as discussed in the following
section. Also, ASCE ‘doesnot pernit the design for wind to consider shielding, the logic
being that the conditions that result in shielding cannot be predicted for a 50 year period.
However ASCE 37 does permit shielding to be considered, but a design method for

shielding is not provided shielding design method is discussed later in this chapter.

6.3Wind Speeds

ASCE 37-02 referenceASCE 7-95 forbasicwind speeds and providéactors for
reducing the ASCE-85 basic wind speed to a design wind sgfeedhorter exposure
duratiors typically seen in temporary works, such asrfeork. These reductionfactorsto

the basiavind sped can be seen in Figurel6

6.2.1 Design Velocity
The design wind speed shall be taken as the fol-
lowing factor multiplied by the basic wind speed in

ASCE 7-95:

Construction Period Factor
less than 6 weeks 0.75
6 weeks to ] year 0.8
1to 2 years 0.85
2to 5 years 0.9

Figure 6.1 Basic Wind Speed Reduction Factors from ASCE3713]
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Since the pressure is a function df the 0.75 faar, for example, reduces the
pressure to 0.7%r 0.56 of the normal pressure. ASCIBY contains some improved
methods that can be applied to formwork that were not available in ASSGEThere were
only minor changes in the wind speed maps from the &®9605 editions. Thus, it appears
the ASCE 705 can be used in combination with ASCE@7without undermining the intent
of ASCE 3702. However, thencreased wind speeds of ASCHE( are not capatible with
ASCE 3702 and will bediscussed ifurtherdetail in section 7.4 of this thesisn explicit
statement could supersede the provision of ASCEB23&nd allow the formwork designer to
use ASCE 705 provisions. To accomplish this, the draft design specification for formwork
requires in susection 7.3L.1 that the basic wind speed and force calculation methods be
taken from ASCE -05. After determining the basic wind speed,-sabtion 7.3.1.3 of the
draft states that reduction factors for shorter durations are applied per ASIZE Brese

provisions & shown in Figure 6.2.
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7.3.1.1 — Basic Wind Speed

The basic wind speed shall be determined in accordance
with ASCE 7-05 for a Risk Category II structure.

7.3.1.2 — Hurricane Prone Regions

Wind velocities for hurricane-prone regions shall comply
with the requirements of ASCE 37-02 Sub-section 6.2.1.1
Construction Period.

7.3.1.3 — Design Velocity

The basic wind speed from sub-sections 7.3.1.1 and
7.3.1.2 shall be adjusted by multiplying the basic wind
speed by the appropriate reduction factor found in ASCE
37-02 Section 6.2.1 to determine the design wind velocity
on a formwork system.

R7.3.1.1 — The Importance Factor, I, for temporary
structures in construction is 1.0 for all environmental
loads per ASCE 37-02. This corresponds to a Risk
Category 1l structure in the ASCE 7-05 classification
system.

ASCE 37-02 references ASCE 7-95 for wind
speeds; however, ASCE 7-05 represents the most recent
revision of ASCE 7 to which ASCE 37-02 reduction
factors are applicable. At the time of this draft, ASCE 37
has not been updated to reflect the changes made in
ASCE 7-10.

ASCE 7-10 recognizes that applying a blanket
factor to wind loads does not reflect the actual variability
throughout the US. ASCE 7-10 removes the Importance
Factor for wind and instead accounts for the buildings
importance by establishing different wind contour maps
for different Importance levels, each with a different
return period. Also, the wind load factor of 1.6 is
removed by increasing the return period of the wind
speeds as well. A detailed explanation of this change can
be found in the commentary of ASCE 7-10, starting on
page 508.

The ASCE 37-02 wind speed reductions and
ASCE 37-02 load factors are not applicable to the ASCE
7-10 wind speeds. Until a revision of ASCE 37 has been
published to reflect the design practice changes of ASCE
7-10, ASCE 7-05 will be the source of provisions for
wind load on temporary structures.

ASCE 7-05 includes several relevant changes versus
ASCE 7-95:
o The wind speed contour lines have been revised;
however the speeds have not.
e [tincreased the load factor on wind from 1.3 to 1.6
Jfor permanent structures.
e [t contains a more detailed approach for wind loads
on wall and Solid Signs.
Since ASCE 37-02 reduces the wind speeds to 90 mph in
hurricane regions, the changes in the wind speed
contours only apply in the event of an announced
hurricane. Also, since ASCE 37-02 provides its own set
of load factors for wind loads on temporary structures,
the changes in ASCE 7’s load factors do not apply. The
only significant change is the analysis method for wall
and solid signs, which is applicable to wall formwork.
R7.3.1.2 - ACSE 37-02 sub-section 6.2.1.1, Construction
Period, allows for the reduction of the Basic Wind Speed
to a speed of 90 mph in regions along the Gulf Coast and
Eastern Seaboard subject to hurricanes. This reduced
Basic Wind Speed corresponds to the Basic Wind Speed
for the majority of the interior of the US as shown in
referenced standard ASCE 7-95.
R7.3.1.3 - ASCE 37-02 provides reduction factors to
adjust the Basic Wind Speed for temporary work to
account for the short exposure durations of temporary
structures.

Figure 6.27 Draft Provisions for Determination ¥¥ind Speed
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6.4 Reduction of Wind Speeds to Exclud®redictable Extreme Values

In many coastal areas of the U.S., hurricane winds govern wind speeds for permanent
structures. Howeer, hurricanes are random events whose occurrence is predictable on a time
scale relevant to temporary structures. Hurricanes are spotted and tracked weeks in advance
and warning of their impact on the U.S. is provided days in advance. This allows adequat
time to either provide additional bracing or to remove the temporary structaedition to
providing wind speed reduction factors, ASCE®7allowsdesigners ofemporary
structures t@xclude hurricane windssshown in Figurés.3. The basic windgeedis
reduced to 90 mile per hour in regions of the country subject to hurricaneifrimels
structure is either removed or additional bracing is provided before onset of the huBicane.
not requiring design thurricane windspeeds, except when hwane impact is imminent,
thisreduces the maximum wind force that a temporary structure must be designed to resist,
increasing the economy of temporary structures.

It can be argued that even the 90 mile per hour basic wind speed that is the design
speed ér the majority of the U.S. is also excessive for formwork. The Council for Masonry
Wall Bracing publishes a standard for designing the bracing of masonry walls titled
AStandard Practice for Bracing Masonry Walls
addesses the issue of wind loads on wirdprogress and provides a rational for safe design
and construction. It does not require the masonry contractor to design the masonry structure
for the full wind speed of ASCE 7 or the applicable reduced wind sge®8@E 3702.

Instead it specifies working wind speeds and requires evacuation of the work area should
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wind levels exceed working wind speeds. With modern weather prediction capabilities, often
warnings of high wind speeds are provided in advance ofdbeurrence, allowing for

additional bracing to be prepared for formwork systems. Furthermore, these wind speeds
occur during major storms in which a construction site would typically be evacuated and

unoccupied, posing very little risk of injury to persehn

6.2.1.1 Construction Period, The construction period
shall be taken as the time interval from first erection to
structural completion of each independent structural
system, including installation of cladding.

For construction periods less than 6 weeks, factors

C6.2.1.1 Construction Period. The dates selected to
represent the hurricane season are not intended to in-
clude all times when hurricanes are possible. The dates
are intended to include the period when the most se-
vere hurricanes are probable.

of less than 0.75 shall be permitted if justified by a sta-
tistical analysis of local wind data for the season dur-
ing which the subject construction conditions will ex-
ist.

For construction between November 1 and July 31
(outside of the hurricane season), the unfactored basic
wind speed of 90 mph (40 m/s) shall be permitted for
structures near the Gulf Coast and Eastern Seaboard
where ASCE 7-95-specified basic wind speed exceeds
90 mph (40 m/s) (3-second gust).

Between August 1 and October 31, basic wind
speed of 90 mph (40 my/s) shall be permitted provided
additional bracing is prepared in advance and applied
in time before the onset of an announced hurricane.

Figure6.31 Reduction of Wind Speed in Hurricane Regions from ASCB3[13]

Certain construction situatiomsin pose risk to the public even when the site is
evacuated during storm conditiorexamples being formwork construction in urban assab
high-rise construction next to roadways these situations, it is reasonable to design the
formwork system to th&ull requirements of ASCE 3@2. While it would be economical for
formwork designers to be allowed to design to a lower wind speedtairc situations, there

are other factors to consider. To allow for the ready adoption of this document and to avoid
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interfering withother standardst is recommended that this desigresificationshould not

attempt to reduce the wind speed betbaserequiredin ASCE 37.

6.5 Shielding of Wind

Shielding is the situation where the @ipressure on an element is less because it is
protected by a windward obje@&SCE 705 does not allow for consideration of shielding
when determining the wind forcen @permanenstructurebecause the windward object may
be removed in the long life of the structub&SCE 3702 does allow for the consideratioh
shieldingontemporary structure3.he provisons for shielding do ngirovide arigorous
methodologybutapplies a reduction on repetitive members regardlefeofshape or
spacingand allows a reduction when protected by surroundings.

For temporary structures like formwork, the condition of the shielding structure by
surroundings can be predicted regddr the life of the system. The California Department of
Transportation Falsework Manual [30] provides a method of determining the shielding by an
obstruction. This method is proposed as the basis for provisions for shielding by other objects

in the fornwork design specification, as shown in Figure 6.4.
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7.3.3.2 — Shielding by Other Structures

Formwork shielding shall be permitted for a portion of
formwork contained within a shielding zone of an existing
structure or obstruction. The zone of shielding shall be the
projected face reduced by a rate 1 inward for 2 downwind
of the obstruction as shown in Figure 7.3.3.2. This zone of
shielding applies to both vertical and horizontal shielding.

/— OBSTRUCTION
2

S

] |

LIMITS OF
SHIELDED

WIND ——> ZONE

UNSHIELDED

PORTION
FORMWORK ="

Fig. 7.3.3.2 — Wind shielding by obstruction

R7.3.3.2 - An existing structure or obstruction is any
free-standing structure that will remain in place for the
duration of the formwork system and can withstand the
wind loads imposed on it. This can include recently
completed concrete work that has gained sufficient
strength to withstand wind loads. It can also include
excavations or soil mounds that obstruct wind flow from
a specific direction. Any mobile structure, such as
equipment, should not be used as shiclding.

This method is used by Cal. DOT Falsework Manual as
well as British Standard BS5975. Figure 7.3.3.2 is based
on Figure 3-6 in Cal. DOT Falsework Manual, 1992.

Figure 6.4i Draft Provisions for Shielding of Formwork by Obstruction

Shapiro andhapiro providexmoredetailed analysis method for determining the
shielding on repetitive memberEhe detailed angsis in Shapiro and Shapiro is used as the
basis for the draft provisions on shielding of repetitive members.nidtisod requires the
calculation of a shieldingoefficient,d, thatthat modifies the force coefficient for the
windward membefThe shieldingcoefficientis a function of the shape of the memaed the
spacing between members. The figure for determining this shielding coefficient provided in
from the 1970 standa

Shapiroand Shapiwas r eproduced

Hoi sting Applianceso by t he F@ad®@thaldlogyon Eur op

proposed for the formwork design specification is presentéajure6.5.
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7.3.3.3 — Wind Shielding on Repetitive Members

The effective area, Ay, for repetitive members shall be the
projected area of an individual member for which the
specific cumulative shielding coefficient, nm, is determined.

When different sizes, types, spacing, or rows of repetitive
members are used; a force coefficient (C¢), Nm, and A¢ shall
be determined for each scenario.

C; for repetitive members subject to shielding due to
alignment shall be:
Ct = NmCsi (7.3.3.3a)
Where: n, = cumulative shielding coefficient from Equation
7.3.3.3b

Cy; = force coefficient from ASCE 7-05 for an
individual member or from Section 7.3.4

Mm=1+n'+n’+n’+n'+ 4™V (1™
(7.3.3.3b)

Where: n = shielding coefficient from Figure 7.3.3.3
m = number of identical, equidistant objects

I [ I
s a/b =5 |
=
c
L
© —
2
=
3
© a/b=4 ]
o
£
E P
3
= a’b=3

a/b=2

a/b=1

| L1

1 0.8
Af/Ag

[ 2 =

A¢ = projected area of frame %
Ay = area bounded by frame £
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Fig. 7.3.3.3 — Shielding coefficient for repetitive members
(reprinted from Cranes & Derricks, 4" edition, Shapiro)

R7.3.3.3 - The shiclding coefficient, n,,, is applied to the
force coefficient, Cy, for an individual member in a series
of repetitive members. ASCE 7-05 provides Cyvalues for
latticed or trussed towers. When latticed or trussed
towers are used in series and shielding is considered, then
1w is applied to the C; value for one instance of the
tower. For generic shapes, Cranes and Derricks, 4"
Edition by Shapiro & Shapiro (2011) is a source of shape
factors, C,. which can be used as force coefficients. C;.

Equation 7.3.3.3a is used to combine the equation from
Cranes and Derricks 4" edition by Shapiro & Shapiro
(2011) with ASCE 7-05 Equation 6-28 by providing a
new force coefficient, Cy, that combines the individual
member force coefficient, Cg, and the cumulative
shielding coefficient, Ny

Equation 7.3.3.3b and Figure 7.3.3.4 are from Cranes
and Derricks 4" edition by Shapiro & Shapiro (2011).
Figure 7.3.3.3 is provided in Shapiro and Shapiro and
was reproduced from the 1970 standard “Rules for the
Design of Hoisting Appliances” by the Fédération
Européene de la Manutention.

Figure6.51 Draft Provisions ér Shielding Coefficient for Repetitive Members
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6.6 Detailed Analysis Methodsfor Wind Loads

ASCE 705 provides detailed methods of analysisword loads orcertainshapes of
completedstructurs. One specific analysis method that is readily apple#o formwork is
ACSE 705 Section 6.5.14Design Wind Loads on Solid Freestanding Walls and Solid Signs.
This analysis method provides force coefficients for various configurations of freestanding
walls similar towall formwork Figure6.6 shows the pravisions from ASCE 05 for
freeganding walls, using force coefficients from ASCBYFigure 620, which is shown in

Figure6.7 of this thesis

6.5.14 Design Wind Loads on Solid Freestanding Walls and
Solid Signs. The design wind force for solid freestanding walls
and solid signs shall be determined by the following formula:

F=q,GCrAs (Ib) (N) (6-27)
where

¢n = the velocity pressure evaluated at height /# (defined in
Fig. 6-20) using exposure defined in Section 6.5.6.4.1
G = gust-cffect factor from Section 6.5.8
C ¢ = net force coefficient from Fig. 6-20
Ay = the gross area of the solid freestanding wall or solid sign,
in ft* (m?)
6.5.15 Design Wind Loads on Other Structures. The design

wind force for other structures shall be determined by the follow-
ing equation:

F =g;GCypAy (Ib) (N) (6-28)
where

¢- = velocity pressure evaluated at height z of the centroid of
area A y using exposure defined in Section 6.5.6.3
G = gust-effect factor from Section 6.5.8
C ¢ = force coefficients from Figs, 6-21 through 6-23
A ¢ = projected area normal to the wind except where C ¢ is spec-
ified for the actual surface area, ft? (m2)

Figure6.61 Detailed Analysis Methods from ASCEOB [18]
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Other Structures — Method 2 All Heights
Figure 6-20 l Force Coefficients, Cy Solid Freestanding Walls
& Solid Signs
!
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Ci, CASE A & CASE B
Clearance Aspect Ratio, Bfs
Ratio, sth < 0.05 0.1 0.2 0.5 1 2 4 5 10 20 30 > 45
1 1.80 1.70 165 155 1.45 1.40 1.35 1.35 1.30 1.30 1.30 1.30
0.9 1.85 1.75 1.70 1.60 1.55 1.50 1.45 1.45 1.40 1.40 1.40 1.40
0.7 1.90 1.85 1.75 1.70 1.65 1.60 1.60 1.55 1.55 1.55 1.55 1.55
0.5 1.95 1.85 1.80 1.75 1.75 1.70 1.70 1.70 1.70 1.70 1.70 1.75
0.3 1.95 1.90 1.85 1.80 1.80 1.80 1.80 1.80 1.80 1.85 1.85 1.85
02 1.95 1.90 1.85 1.80 1.80 1.80 1.80 1.80 1.85 1.90 1.90 1.95
<0.16 1.95 1.90 1.85 1.85 1.80 1.80 1.85 1.85 1.85 1.90 1.90 1.95
Ci,CASEC
Region Region
{horizental Aspect Ratio, Bfs it Lal Aspect Ratio, Bis
distance from distance from
windward sdge) 2 3 4 5 6 7 8 9 10 pvindvard zdge 13 >45
Otos 2.25 2.60 2.90 3.10* 3.30* 3.40* 3.55* 3.65" 3.75* Otos 4.00* 4.30"
s 10 2s 1.50 1.70 1.90 2.00 2.15 2.25 2.30 2.35 2.45 sto2s 2.60 2.55
2s to 3s 1.15 1.30 1.45 1.55 1.65 1.70 1.75 1.85 2sto 3s 2.00 1.95
3s to 10s 1.10 1.05 1.05 1.05 1.05 1.00 0.95 3stods 1.50 1.85
*Values shall be MUSDIED [ 17 | Roguston Footor FLAN VILWOT WALLOR S BN $stons | 49s 18
by the following reduction [~ o 0.00 ':[ WITHA RETURN SORNER 5st010s |  0.90 1.10
oo "S“::‘e:e':““ m o 0.7 S e— >10s 0.55 055
T i H e B
z2 0.80 WING
Notes:

1. The term "signs” in notes below also applies to "freestanding walls".

2. Signs with openings comprising less than 30% of the gross area are classified as solid signs. Force coefficients for solid signs with openings
shall be permitted to be multiplied by the reduction factor (1 - (1 - &) ).
3. To allow for both normal and oblique wind directions, the following cases shall be considered:
Fors/h < 1.
CASE A: resultant force acts normal to the face of the sign through the geometric center.
CASE B: resultant force acts normal to the face of the sign at a distance from the geometric center
toward the windward edge equal to 0.2 times the average width of the sign.
For B/s = 2, CASE C must also be considered
CASE C: resultant forces act normal to the face of the sign through the geometric centers of each region.
For sth = 1:
The same cases as above except that the vertical locations of the resultant forces occur at a distance above
the geometric center equal to 0.05 times the average height of the sign.

4. For CASE C where s/h > 0.8, force coefficients shall be multiplied by the reduction factor (1.8 - sih).
5. Linear interpolation is permitted for values of s/h, B/s and L/s other than shown.

6. Notation:

B: horizontal dimension of sign, in feet (meters):

h: height of the sign, in feet (meters);

s: vertical dimension of the sign, in feet (meters);

¢: ratio of solid area to gross area;

L,: horizontal dimension of return corner, in feet (meters)

Figure6.71 ASCE %05 Force Coefficients fd8olid Freestanding Walls and Solid Sigh8]
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Section 6.5.15 oASCE 705 provides anethod for other structures or for
components of structuresshown inFigure6.6 of this thesisThis analysis method is very
similar to the method for freestandinglisathe only difference being the location of the
resulting force and the foeccoefficients used.ifures 621 through &3 of ASCE 705
provide force coefficients for selected structure components; incltrdissed towerdattice
frameworksand chimmy-like structures. Trussed towers are often used as shoring for tall
elevated structures, whitall column forms may be considered chim#igg structures.
However, ASCE 705 does not provide a comprehensive list of force coefficients for
structure compeent shapes

British Standard BS 5975:2008 uses a similar analysis method as ASBER&nd
provides force coefficients faypical configurations oélevated slab formwork. These force
coefficients adrelated provisionsshown in Figure 6.&rereproduedin the daft design
specification Shapiro and Shapif@3] provideforce coefficients for individual structural
memberavhich may be used ithe ASCE 7 method$-orce coefficients for common
structural shapes as providedShapiro and Shapirareincorporated irthe proposed

specification Figure6.9).
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7.3.4.6 — Wind Loads on Elevated Slab Formwork British Standard BS 5975:2008, section 17.5.1.14.2
provides a simplified method of allowing for shielding

C: of elevated slab formwork shall be determined from of repetitive members of elevated slab formwork
Table 7.3.4.6. This force coefficient applies to the slab systems. This method multiplies the projected area of
formwork only and acts through the mid height of the slab the formwork by a factor depending on the orientation
formwork. A separate analysis shall be performed for the of the supporting members.

shoring system supporting the slab formwork.

Table 7.3.4.6 —C; for elevated slab formwork

Arrangement Case Cs
Case 1 (Figure 7.3.3.6a) 2.0
Case 2 (Figure 7.3.3.6b) 2.2

A; of the windward face of elevated slab formwork shall
be:

As = d x length of formwork considered (7.3.4.6)
Where: d = depth of windward face depending on

applicable case shown in Figures 7.3.4.6a and
7.3.4.6b

LDecklng

)‘— Joists

@ %—Glrders

S
K \\
N
\
Y, a—\
i - Y Dzcking
Josis
- Giders

Fig. 7.3.4.6b — Case 2: wind parallel to girders

Wind
—_—

Wind force is only considered to act on one windward face
of elevated slab formwork and is not cumulative on all
secondary members of elevated slab formwork. No
shielding coefficient shall be applied to joists or girders.

Figure6.81 Draft Provisions folForce Coefficients for Elevated Slab Formw¢friom BS
5975:2008 [24]
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7.3.4.7 — Force Coefficients for Selected Shapes Table 7.3.4.7 is from Cranes and Derricks 4™ edition by
Shapiro & Shapiro (2011)
Table 7.3.4.7 provides Cs for selected structural shapes.
Table 7.3.4.7 - Force coefficients for selected
members
Profiles, Angles, & Box Sections f/b Cs
sl 50 1.9
40 1.7
30 1.65
20 1.60
10 1.35
5 1.30
d x V< 50 ft’/s
fid Cs
50 1.10
g 40 1.00
30 0.95
20 0.90
10 0.80
5 0.75
L dx V250 ft'/s
fid Cs
50 0.80
40 0.75
30 0.70
20 0.70
Where: d = diameter (ft) 10 0.65
V = wind velocity (ft/s) 5 0.60

Figure6.91 Draft Provisions of-orce Coefficients for Common Structural Shaffiesm
Shapio & Shapiro)[23]

6.7 Wind Loads for Generic Formwork Cases

In an effort to aid formwork designers, generic wind forces have been determined for
common formwork systems that meet certamting criteria.For a specific formwork shape
that meets ceria criteria, hese generic wind forces replace the detailed analysis required.
The criteria on which this generic case is developed must be stated in the mandatory section
of the design standard to prdei enforceable limitations of its use in practiegure6.10

shows the provision for theegeric case of simplewall form. A detailed derivation of this
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forcecan be found in Appendix.Bigure6.11shows the provision for the generic case of an

elevated slab form. A detailed derivation of this forcelmafound in AppendixX.

7.3.4.5a — Generic Wind Force for Walls

Equation 7.3.4.5a may be applied to determine the wind
load on wall forms provided the following conditions are
met:
a. Basic wind speed from Section 7.3.1 is < 90 mph
b. Formwork height not to exceed 20 feet from
ground level
c. Formwork duration is less than 6 weeks
d. Formwork is not placed at the top of a hill or in an
accelerated wind region
e. Formwork length does not exceed 3 times the
height
Fwan = 15h (7.3.4.5a)
Where:
Fwan = wind force along wall form (Ibs/ft), applied at
mid height of wall form
h = height of wall form (ft)

R7.3.4.5a - The generic design force is based ASCE 7-05
Equation 6-27 using on the following factors:

Basic wind speed: 90 mph

< 6 week duration: 0.75 wind speed reduction

Directionality factor, Kg4: 0.85

Terrain Factor, K;: 1.0

Exposure Category: C, Coefficient. K,, at 20ft: 0.90

Gust Factor, G: 0.85 for a rigid structure

Force Coefficient, Cy: 1.80 for a solid sign with aspect
ratio of 3

These factors result in a wind pressure of 13.6 psf applied
to a wall. The resulting force is 13.6*h and is applied at a
point 0.55h from the base of the wall per ASCE 7-05
Figure 6-20. To provide an equivalent resultant force at
the center of the wall, the wind pressure is multiplied by
1.1, resulting in a wind pressure of 15.0 psf.

A lower wind force may be used provided it complies
with Sub-section 7.3.4.4 or 7.3.4.5

Figure 6.1071 Draft Provisions folGeneric Wind Force for Wall Forms

7.3.4.6b — Generic Wind Force for Elevated Slabs

A generic wind force of 70 pounds per linear foot of
elevated slab form may be applied to determine the wind
load on elevated slab forms provided the following
conditions are met.
a. Basic wind speed from Section 7.3.1 is < 90 mph
b. Formwork height not to exceed 40 feet from
ground level
¢. Formwork duration is less than 6 weeks
d. Formwork is not placed at the top of a hill or in an
accelerated wind region
e. Depth of the slab formwork (d) shall not exceed 2
feet
f. Depth of the slab edge form (d4) shall not exceed
1 foot

This generic wind force is applied at the top edge of the
elevated slab form.

R7.3.465b - The generic design force is based ASCE 7-
05 Equation 6-28 using on the following factors:

Basic wind speed: 90 mph
< 6 week duration: 0.75 wind speed reduction
Dircctionality factor (Ky): 0.85
Terrain Factor (K,): 1.0
Exposure Category: C, Coefficient (K,) at 40ft: 1.04
Gust Factor (G): 0.85 for a rigid structurc
Force Coefficient (Cy): 2.2 from Table 7.3.4.6
Depth of Slab Formwork: <2 ft
Decpth of Slab Edge Forms: <1 ft, 2 cdge forms,

no shielding

A lower wind force may be used provided it complies
with Sub-scction 7.3.4.4 or 7.3.4.6

NOTE: This is less than ACI’s recommended minimum
Jforce of 100 pounds per linear foot, should we provide

a minimum elevation where wind should be considered
over the ACI minimum? Does ACI’s force also account
for wind load on shoring?

Figure6.117 Draft Provisions foiGeneric Wind Force for Elevated Slab Forms
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6.8 ACI 347-04 Minimum Recommendations

ACI 347-04 provides minimum valudsr horizontal loadings to ensure a minimum
level of stability is achieved regardless of the wind exposure. These minimum horizontal
loads were first provided in the original publication in 1985. In the 1978 publication of
ACI 347[16] the minimum wnd pressure on wall forms was increased from 10 pounds per
square foot to 15 pounds per square foot and this load has been continued to the 2004 edition.

The provisions of ACI 34D4 regarding wind loads are shown in Figare2

2.2.3 Horizontal loads—Braces and shores should be
designed to resist all horizontal loads such as wind, cable
tensions, inclined supports, dumping of concrete, and
starting and stopping of equipment. Wind loads on enclosures
or other wind breaks attached to the formwork should be
considered in addition to these loads.

2.2.3.1—For building construction, the assumed value
of horizontal load due to wind, dumping of concrete,
inclined placement of concrete, and equipment acting in any
direction at each floor line should be not less than 100 1b/
linear ft (1.5 kN/m) of floor edge or 2% of total dead load on
the form distributed as a uniform load per linear foot (meter)
of slab edge, whichever is greater.

2.2.3.2—Wall form bracing should be designed to meet
the minimum wind load requirements of the local building
code or ANSI/SEI/ASCE-7 with adjustment for shorter
recurrence interval as provided in SEVASCE 37. For wall
forms exposed to the elements, the minimum wind design
load should be not less than 15 Ib/ft> (0.72 kPa). Bracing for
wall forms should be designed for a horizontal load of at least
100 Ib/linear ft (1.5 kN/m) of wall length, applied at the top.

2.2.3.3—Wall forms of unusual height or exposure
should be given special consideration.

Figure 6.12° HorizontalLoads Excerpt from ACI 3404 [10]

British Standard BS5975:2008 recommends a maximum working wind speed of 18
meters per second which is approximately 40 miles per[BdirThis maximum working
wind speed corresponds to the highest wind speed in idrictwork construction

operations are likely to occuf.this maximum working wind speed of 40 miles per hour is
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used in the analysis method of ASCEBY for a freestanding wall; the resultingne

pressure is approximatelypdunds per square fodthe @lculation for this wind pressure is
shown in Figuré.13 However, this working wind speed does not correspond to a maximum
wind speed if using ASCE-G5 design methods and the reduction factors fr@CR 3702.

The ACI minimum wind pressure matches tateammended generic wind pressure for walls

shown in AppendidB and discussed in section 6.7.

Derivation of Minimum Design Wind Load Wind
on Formwork Pressure
7y — ]
Using ASCE7-05 Section 6.5 14 fADesigh gt
Wind Loads on Solid Freestanding Walls —>
. . -\ >
and Solid Signso ]
——
Wall Parameters: Fuing > =
Basic Wind Speed, V: 40 mph _ ﬁw'” >
Duration: < 6 weeks t >
Directionality Factor, Kq: 0.85 = =
Terrain Factor, Kx: 1.0
Exposure Category: C - =
Exposure Coefficient, K, at 20 ft: 0.90 8
Gust Factor, G: 0.85 (assumed rigid) o
Force Coefficient, Cs: 2.48 =
(From ASCE 7-05 Fig. 6-20 for a
wall with an aspect ratio of R
5 long to 1 high) v v e B AP

Importance Factor, I, from ASCE 37-02: 1.0
ASCE 7-05 Eq. 6-15: qz = g = 0.00256K ;K K4Vl
gn = 0.00256(0.90)(1.0)(0.85)(40)*(1.0) = 3.133 Ib/ft?

ASCE 7-05 Eq. 6-27: F = gnGCtAs = (3.133)(0.85)(2.48)As = 6.61As
(where F is applied at 0.55h per ASCE 7-05 Fig. 6-20)

If wind pressure is applied as a generic pressure, p, the resultant force, Fp, would be applied
at 0.5h instead of 0.55h. To provide an equivalent force in the brace, the generic pressure will
need to be increased so that the moment generated about the base of the wall form is the

same.
Moment due to Wind Force, F: Mg = 0.55hF
Moment due to Generic Pressure, Fp: Mg = 0.5hFp where: Fp = pAs

Mg = Mg => 0.55hF = 0.5hFp

substituting in for F and Fp: 0.55h(6.61As) = 0.5h(pAs) = p=7.27 Ibs/ft?
Figure6.137 Derivation ofa WorkWind Load on Formwork
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While no commentary exists to explain the origin of the minimum loads
recomnended in ACI 347, they can be derived from knowledge of formwork construction
practices. In wall formwork, the 100 pounds per linear (agure 6.12) is an effotb
account for overturning loads imposed on formwork by the use of ladgecsnstruction
personnel climbing on the formanda wind dfectwhile working or a design wind while not
occupied Ladders typically must be used on forms to gain access to the top of formwork for
form inspection and placement operations. Other times, personnel simgdthe framing
structure of the formwork system during construction, upwgjtioningharnesse hold
them to the formwork while tyingff elsewhereA formwork system needs to be robust
enough to allow for these typical construction activities aitHfailure.

In elevated slab formwork, the 100 pounds per linear footikad effortto account
for loads imposed by ladders used for access and the starting and stopping of devices used to
supply concrete to the slab. Two percent of total dead joplted as a horizontal load is
intended to account for erection tolerances of supporting members, includiogmumb
and eccentricity of memberas well at lateral loads imposed by the moment of concrete
placing equipmentA deviation of two inches &m plumb in a nine foot shoring member
results in a lateral force of approximately two percent of/érécal force on that member as
shown in Figurés.14. This is a noticeable tolerance in the inspection of formwork and results
in a reasonable horizontdésign force for elevated slab formwork systewdkile this

deviation from plumb results in the full tolerance, it is unlikely that all shores will be out of
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plumb in the same direction, therefore the overall lateral effect will less than two percent
from shore tolerances alone.

The recommended lateral load of 2 percent of total dead Igeditisularly important
as the eccentricity that results in this load can readily occur in theTtede minimum

loads are proposed as requirements irdtaé desgn spedication as shown in Figure 6.15

Figure 6.14 Deviation from Plum of Shores and Resulting Forces

7.2.1 — Minimum Horizontal Loads
7.2.1.1 — Minimum horizontal loads for wall forms

Bracing for wall forms shall be designed for a horizontal
load of at least 100 Ib/linear ft applied at the top of the wall
form.

7.2.1.2 — Minimum horizontal loads for elevated slab forms

The minimum horizontal load for elevated slab forms shall
be the greater of:
(a) 100 Ib/linear ft applied at the top of the form
(b) 2% of the total dead load on the form distributed as a
uniform load per linear foot of slab edge applied at
the top edge of the form

This minimum horizontal load shall be applied in two
perpendicular directions on the elevated slab form.

Figure 615 - Draft Provisions forMinimum LateralLoads
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6.9 Alternative Rational Analysis of Wind Loads

A provision is included to allow a formwork designer to use anothenodetf
analysis for wind forceprovided it is published in recognized literature. This design
specification will need to define recognized literature to make this provision enforceable.

Figure 6.16 shows this draft provision.

7.3.4.4 — Rational Analysis Similar to ASCE 7-05 paragraph 6.5.8.3 Rational
Analysis, though the ASCE section refers only to the

In lieu of the procedure defined in Sub-Section 7.3.3, gqust effect factor.

determination of the wind load on a formwork system by a

rational analysis defined in recognized literature is Recognized literature needs to be defined for this

permitted. statement to be enforceable.

Figure6.161 Draft Provisions foAlternative Rational Analysis for Wind Force
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7. LOAD COMBINATIONS AND LOAD FACTORS

7.1Introdu ction

When designing structures, it is important that the designer provide a fhstdety
for the structure. The definition of a factor of safety is the resistzagacitydivided by the
applied loadFactoss of safetyareused to account for inaccuracies in theory, material
property variances, variations in loading, and durabilithefstructure. For many structural
components, this factor of safety ranges from 1.5 to 3.0 depending on the loading condition
and failure moden order to understand the impacts of load combinations and load factors
on formwork, knowledge of both the lalvable Strength Design method and the Load and

Resistance Factor Design method is required.

7.2LRFD and ASD Design Methods

An early method directly related to a factor of safety is the Allowable Strength
Design method (ASDylsoreferred to as the Adwable Stress Design method. A newer
method is the Load and Resistance Factor Design method (LBBID)are useth the
design of permanent structures. Using the ASD method, the strengthsapghating
structural elementor resistance to appliddadsis reducedy a safety factoiThe loads are
imposed at their actual values, except tlatain ASD load combinations may reduce the
extreme value of ransientoad type when applied in conjunction with anottiansient
load The load combinations fextreme valuesf transient loadare developed to reflect

anticipated loading conditions
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TheLRFD method involves the use of load factapplied tonominalloads based on
the uncertainty associated with each load t¥ie analysis method used for pement
structures has be@mtransition from ASD to LRFDIn temporary structures, the analysis
method is often determined by the material used for the structure. The industry specifications
for various materials are typically writtém accommodatbothASD and LRFD design
methods; howevearne design method is typically favored over the otHestorically,

formwork has primarily been designed using ASD.

7.3 Application of ASCE 3702to Formwork

ASCE 3702 provides load combinations and load factorscWigian be used in
formwork design for both LRFD and ASD design methods. Load faaterprovidedor
LRFD load combinationand arbitrary pointn-time values are provided for both LRFD and
ASD load combinations.
ASCE 3702 provides two different loadgétors for lateral concrete pressukdoad
factor of 1.3 is applied ifull equivalent hydrostatic heasl used, bul.5is appliedfor lesser
concrete lateral pressstd@he commentary of ASCE3¥2 gi ves the reasonin
load factor is specifietbr conditions of @l fluid head when designing for lateral pressure of
concrete because this condition suggests less uncertainfy tha t i a | (unknown) f
[13]. Thereduceduncertainty of the loading allesthe designer to use a lower load tact

knowing that thdull liquid head load cannot be exceeded.
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7.41mpacts of ASCE 710 on ASCE 3702 Load Factors

The changes in load factdir wind from different editions oASCE 7and ASCE 37
are shown imable 7.1 ASCE 3702 ha not been updatet reflect thdoad factorchangs
in ASCE 705 or ASCE 710.The LRFD load factor of 1.3 is often still used in temporary
worksdesigned in accordance with ASCEQ@Z The changes in basic wind speed from
ASCE 705 to ASCE 710 do not allow for the appBtion of ASCE 3702 load factors to
wind combinations using ASCE IO wind force analysis methods. Using the increased non
hurricane basic wind speeds of ASCETin combination with the wind speed adjustment
factors and load factors provided in ASCE®/would result in an overlgonservative
design

A revision of ASCE 37 comgtent with ASCE 7-10 isneeded. For nowihe proposed
formwork design specificatioshouldreference ASCE 302 for load factorsAPT values,
andLRFD and ASD basic load combinais, whichare compatible with the wind load
methods oASCE 705. It is recommended that AClI Committee 347 continue to mathiéor
revision of ASCE 37 at this time.

Table 7.1- LRFD andASD Wind Load Factors

Standard LRFD ASD Basic Wind Spee_d
Load Factor | Load Factor | (Category Il, norhurricane)
ASCE 3702[13] 1.3 1.0 90 mph*
ASCE 795[12] 1.3 1.0 90 mph
ASCE 7#05[18] 1.6 1.0 90 mph
ASCE 710[19] 1.0 0.6 115 mph
* ASCE 3702 references ASCE-95 for basic wind speeds
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7.5 Impacts of OSHA Requlaions on Formwork Design

As discussedn Chapter 3, OSHA regulations require that scaffold systems be
designed to withstand four times the intended live load in addition to the dead weight of th
scaffold. As shown in Figure@® the ASCE 3702 LRFD load &ctors for formwork are 1.6
for live load and 1.2 for deddad.To comply with OSHA regulationscaffold systems must
be designed tdifferent live load requirementian formwork systems:or the design of a
formwork system, this means that work platfigrprovided for form construction or for
concrete placemeperations are subject limad factos of 4.0for live load and 1.@or dead
load This results in a additionaload combinatiorior both ASD and LRFDRhat must be
consideed by the designeridure 7.1shows an excerpt from the commentary of ASCE 37
02 that addresses this isstlibe draft of the formwork specification provides this load
combination(Figure 7.4)as a mandatory requirement for surfaces classified as saagfold

Also included is atatement to distinguidietween scaffolding and formwork.

OSHA (1977) requires that “scaffolds shall be ca-
pable of supporting, without failure, their own weight
and at least four times the maximum intended load.”
ANSI (1989) has a similar requirement. To satisfy the
OSHA criterion, the load factor for personnel and
equipment load, Cp, fixed material load, Cgpmy, and
variable material load, Cymy., should be 4.0 and the
load factor for construction dead load, Cp, should be
1.0. Also, capacity reduction factors (f factors) used
with these load factors should be 1.0. The OSHA re-
quirement may change in the future.

Figure 7.1- Commentary to ASCE 302 related to Scaffolding Desidh3]
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6.2.2 - Required strength of work platforms

Where a structure’s primary purpose is to support
personnel instead of concrete, it shall be considered
scaffolding and subject to the OSHA standards of
26CFR1926, Subpart L and subject to a factor of safety
of 4.0 for live loads.

The required strength for scaffolding, Us, for LRFD
design methods shall be determined from Equation
6.2.2.

Us = Cp + 4.0(Cp + Crw + Cymr) 6.2.2)
Where:
Cp = construction dead load

Cp = construction personnel load
CrmL = construction fixed material load
CymL = construction variable material load

NOTE: There are two interpretations of OSHA
requirements and their impact on formwork. These two
interpretations are included below.

Interpretation #1 — Load factor is increased, all
structures resisting this load must be designed
accordingly

Equation 6.2.2 applies to the entire supporting structure.

Interpretation #2 — Factor of Safety of 4.0 applies only to
load path specifically for scaffolding. When this load
path is combined with non-scaffolding loads, ASCE 37
load combinations are used in lieu of Equation 6.2.2.

Equation 6.2.2 applies to the supporting structure only
when the structure does not resist concrete loads. From
the point at which the structure supports both personnel
and concrete loads, ASCE 37 combinations shall be
used.

R6.2.2 - OSHA standard 26CFR1926, Subpart L
(Scaffolding) mandates a factor of safety of 4.0 for
scaffolding.

OSHA standard 26CFR1926, Subpart Q (Concrete and
Masonry Construction) does not provide a minimum factor
of safety for shoring or reshoring.

ANSI definitions:

Scaffolding is a temporary elevated or suspended work
unit and its supporting structure used for supporting
worker(s) or materials, or both.

SSFI provides this explanation:

The primary function of the system determines its
classification. If the surface is part of the formwork, it is
not scaffolding in spite of the fact that people are standing
on that deck.

ASCE 37-02 commentary C2.2.2 states: “To satisfy the
OSHA criterion, the load factor for personnel and
equipment load, Cyp, fixed material load, Cgy, and
variable material load, Cyyy., should be 4.0 and the load
factor for construction dead load, Cp. should be 1.0. Also,
capacity reduction factors (f factors) used with these load
factors should be 1.0. The OSHA requirement may change
in the future”

Since the OSHA loading is versus failure, it is an LRFD
combination.

Commentary to Interpretation #1 :

An example of a load path combination would be a
scaffold used on top of a large elevated slab formwork.
The scaffold would be subject to a 4:1 Factor of Safety, as
well as the elevated slab formwork supporting the scaffold.

Another example of a load path combination would be a
walkway bracket attached to a wall form. The planking,
walkway bracket and connection to the form would
require a 4:1 Factor of Safety. The wall form would also
be required to support 4 times the live load applied to the
scaffold that is attached to the form.

Commentary to Interpretation #2:

An example of a load path combination would be a
scaffold walkway beam also supporting a concrete load.
The 4:1 Factor of Safety should only apply to the decking
supporting the walkway and the formwork Safety Factor
should apply the support beam.

Another example of a load path combination would be a
walkway bracket attached to a wall form. The planking,
walkway bracket and connection to the form would
require a 4:1 Factor of Safety, whereas the load path
beyond that point would revert to the appropriate concrete

forming Factor of Safety.

Figure 7.2- Draft Provisions of SaffoldingRequirements
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In a technical bulletin published by tBeaffolding, Shang & Forming Institute
(SSFI') shoring is defined as AThe v@nNtical s
To clarify the difference, the following st a
system determines its classification. In otherdsoif the deck is part of the formwork, it is
not scaffolding in spite of tH3#] Thsct that pe
document provides a warning for temporary work platforms that are used to support workers
during the erection proceso f or mwor k; fAA shoring tower tha
support plank for erectors who are constructing a shoring system is a scaffold platform and
must comply with [BH dccarding to thestattments ia thedlSSFId s 0
technical bulktin, if the surface is intended to support concrete at any time, it is classified as
formwork and not subject to OSHA scaffolding load combinations. To provide this
distinction, the draft provision for the design specification provides the statdiwbete a
structureds primary purpose i s to support pe
scaffolding and subject to OSHA standaxds

During the development ofi¢ draft formwork specificatigrihere have been two
interpretations of the applitan of the OSHA scaffold load case to formwasistems.
These interpretations deal primaniyth work platforns attached to the side of a wall form.
This work platform is classified as a scaffold, and therefore must be designed to meet the
requirements foscaffolding, but the issugrisesvhen determining load that the scaffolding

system imparts on the wall formwork. One interpretation is that the scaffold imparts a load
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that is the dead load plus four time the live load, thereby requiring that thddtaffo

designed to resist the scaffold load combination all the way to the ground. The other
interpretations that the work platform and its associated support brackets must be designed
to the scaffold load combination, along with the connections to thexfork. However, the
formwork supporting these connections is not required to resist the scaffold load combination
containing four times the live load. If the latter interpretation is used, the loads supported by
the formwork would be determined from ASGE02, with no amplification of live load in

ASD and a load factor of 1.6 in LRFD. A clarification on these two interpretations teeed

be decided by ACI Committee 347.

7.6Incorporation of ASCI 347-04 Minimum S afety Factors into ASD and LRFD

ACI 347-04 provides minimum strength factors for structural components that are
specific to formwork. These components are retetoeas formwork accessorigslude
form ties, form anchors, and form hangers. The definition of these components can be found
in the ACI Concrete Terminology guid&2].
tie, form & a mechanical connection in tension used to prevent concrete
forms from spreading due to the fluid pressure of fresh concrete.
anchor, form 8 device used to secure formwork to previously placed
concrete of agquate strength; the device is normally embedded in the
concrete during placement.
hanger, form d device used to support formwork from a structural
framework; the dead load of forms, mass of concrete, and construction and
impact loads must be supported
The minimum safety factorprovidedfor formwork accessoriesme shown ifmable

7.2 Safety factors are based on the ultimate strength of the accessory whes netved in
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the table There is no clarification on what qualifies as the ultimate streng#teéi, the

ultimate strength is the strength at the ultimate stress. For tensile forces, this ultimate stress is

the point at which the steel ruptur@sis indicates that the safety factors are intended to be

appliedto thebreaking strengtbf the form te.

Table 7.2° Minimum Safety Factors for Formwork Accessorigem ACI 34704) [10]

Accessory

Safety factor,

Type of construction

Form tie

2.0

All applications

2:0 Formwork supporting form weight and
concrete pressures only
Form anchor
3.0 Tormwork supporting weight of forms,
concrete, construction live loads, and impact
Form hangers 2.0 All applications
Anchoring
inserts used 20 Precast-concrete panels when used as formwork
as form ties

w % ; s
Safety factors are based on the ultimate strength of the accessory when new.

These safety factorsan beusedin the ASD methodh the same manner as the safety

factors provided in thAISC 36005 [26] asshown in kgure 7.3 The safetyfac o r s
used to reduce the nominal strength of a structural component to an allowable strength. This
same methodology can be used with safety factors provided in Ad)8#¥reduce the
ultimate breaking strength of the form tie to an allowable gtreHowever, the safety

factors of ACI 34704 are not directly applicable to LRFD methods for deteingithe

design strength.
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3. Design for Strength Using Load and Resistance Factor Design
(LRFD)
Design according to the provisions for Load and Resistance Factor Design (LRFD)
satisfies the requirements of this Specification when the design strength of each
structural component equals or exceeds the required strength determined on the
basis of the LRFD load combinations. All provisions ol this Specification, except
for those in Scction B3.4, shall apply.

Design shall be performed in accordance with Equation B3-1:
R, = 0R, (B3-1)

where
R, = required strength (LRFD)
R, = nominal strength, specified in Chapters B through K
o = resistance factor, specified in Chapters B through K
OR, = design strength

4. Design for Strength Using Allowable Strength Design (ASD)

Design according to the provisions for Allowable Strength Design (ASD) satisfies
the requirements of this Specification when the allowable strength of each struc-
tural component equals or exceeds the required strength determined on the basis
of the ASD load combinations. All provisions of this Specification, except those
of Scetion B3.3, shall apply.

Design shall be performed in accordance with Equation B3-2:
R, = Ry/S2 (B3-2)

where
R, = required strength (ASD)
R, = nominal strength, specilied in Chapters B through K
€2 = safety factor, specified in Chapters B through K
R,/S2 = allowable strength

Figure 7.3 Design Requiements for LRFD and ASD Metho@fsom AISC 36G05) [26]

Table 73 provides a summary of the resistarfactos, and safety factors q ,
provided in theAlSC 36005. In the draft formwork specification, the provisions of AISC
found in B33 and B3.4 are reproduced to explain the use of resistance factors and safety
factors provided for specific formwork accesssm@ components.igure 7.4shows the draft

of these provisions.
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Table 7.3 Summary of Resistance and Safety Factors from AISG05G26]

LRFD ASD Nominal
Failure Mode| Resistance Factors| Safety Factors| Strength (R) AISC 360.05
. 4 [26] Section
(a) (9 Based On:
Tension o _ .
Yielding a = 0.9 q = 1. Yield D2
Tension - _ -
Rupture a = 0.7 q = 2. Ultimate D2
Shear - _ .
Yielding a = 1.0 q = 1., 0.6xYield J4.2
Shear _ _ 0.6 x
Rupture o = 0.7 @ = 24 Uttimate J4.2
Compression a = 0.9 q = 1. Yield* E1l
Flexural U = 0.9 q = 1. Yield" F1
* Factor is applied taominal compressive strengt®,, which is based on the yield stress of the steel
A Factor is applied taominal flexural strengthP,,, which is based on the yield stress of the steel

6.3 — Design Strength

6.3.1 — The design strength, Ry, of a material or structural
component shall be determined in accordance with an
applicable consensus standard.

6.3.2 - Methods for determining the design strength, Ry, for
certain structural components specific to formwork are
included in this Standard. When these methods are used,
the design strengths shall be determined from Equation
6.1.2a0r6.1.2b

For LRFD design methods:

For ASD design methods:
R4 = R/Q (6.1.2b)
Where:

Q
Rn

safety factor provided for specific component
nominal strength provided for specific component

Rg = ®R, (6.1.2a)
Safety factors, Q. for form ties, form anchors, and form hangers
Where: are provided in Chapter ##.
® = resistance factor provided for specific component
Rn = nominal strength provided for specific component Safety factors, Q. and nominal strengths. R, for mass anchors

R6.3.1 - Many material standards provide design strengths for
LRFD and allowable strengths for ASD design methods. When
these design strengths are calculated from an applicable design
standard, no additional resistance factor or safcty factor nced be
applicd. Design standards for common matcrials used in
formwork construction are provided in Appendix A.

ACT 347-04 Table 4.1 needs to be reproduced in Appendix A of
the draft standard.

R6.1.2 -

Resistance factors, @, for form ties, form anchors. and form
hangers arc provided in Chapter ##.

Resistance factors, ®, and nominal strengths, R, for mass
anchors are provided in Chapter 21.

are provided in Chapter 21.

Figure 7.4i Draft Provisions for the use of Resistance and Safety Factors in LRFD and ASD

Design
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While ACI 34704 provicessafety factors for use in ASD, it does not providg an
guidance for LRFD. AISC faced a similiasue when revisingISC 360to includeboth
ASD sdety factors and.RFD resistance factors. The commentary ofAHeC 36605
explains the process used to developAB® safety factors base on tresistance factors for
LRFD. Commentaryection B3.3 statesi LRFD provi sions are based
models of loads and resistance; (2) a calibration of LRFD provisions to the 1978 edition of
the ASD Specification for selected members; and (3) the evaluation of the resulting
provisions by judgment and past experience aided by comparative desigrstifies of
represent at[R6) e AsTthreu cCtoumrne st.tcee on Specificati
LRFD is calibrated to ASD at L/D = 3.0 for braced compact beams in flexure and tension
me mb e r s [26h where ledndiDrefer to the live load and diézad respectivelylhis
calibration process mathematicall\demonstratefor a basic load combination, as shown in
Figure 7.4 An interesting note is that AISCRFD resistance factors were calibrated to
previous ASD specifications, yet the current ASddety factors are calibrated to the current
LRFD resistance factors. The advantage of the calibration method provided in the
commentary of AISC 3605 is that the calibration process can work both from ASD to

LRFD o from LRFD to ASD, provided eatio ofthe deado live loads is given
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In developing appropriate values of €2 for use in this Specification, the aim was
to assure similar levels of safety and reliability for the two methods. A straight
forward approach for relating the resistance factor and the safety factor was de-
veloped. As already mentioned, the original LRFD Specification was calibrated to
the 1978 ASD Specification at a live load to dead load ratio of 3. Thus, by equating
the designs for the two methods at a ratio of live-to-dead load of 3, the relationship
between ¢ and €2 can be determined. Using the live plus dead load combinations,
with L = 3D, yields

ForLRFD: R, =12D+4+1.6L=12D+ 1.6 x3D =6D (C-B3-3)
6D
Rn = T
Rll
For ASD : - D+L=D+3D=4D (C-B3-4)
R, =4D2
Equating R, from the LRFD and ASD formulations and solving for €2 yiclds
. 6D 1 LS
L=—X—=— (C-B3-5)
o 4D o

A similar approach was used to obtain the majority of values of €2 throughout the

Specification.

Figure 7.5 Calibration of LRFD Resistance Factors to ASD Safety Fa¢fians AISC
360-05) [26]

Using this samealibration method for formworkhe LRFD resistance factors for
structural components can be derived. ldeer,theload combination used will need to
reflect hie controlling combination fazach structural componertiso, theratio of dead to
live load will need to be adjusted to reflect thading conditions of the specific formwork
component.

Form ties ee typically used tdold a two-sided wall form together and to resist the
concrete lateral pressure on the formwork, as showigird-7.6 The applicable load
combination for form ties used in this manner only contains the concrete pressure. Using
ASCE37-02 load combinations and load factors, the applicable L&HDASDIload

combinatiors are identified foform ties and shown ini§ure 7.7 Hgure 7.7alsoshows the
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calibration procesfr the LRFD resistance factor for form tiesing the AISC 3605

calibration method shown inigure 7.5

Two-Sided Wall Form

N

Form q/

Wale

Concrete

i

Pressure

(-

Tie

Form Tie

Force

| —

L~

N\

Detail: A

Figure 7.6 Typical Statics of Form Ties in :r\}vﬁided Wall Forms

Form Ties

LRFD
Using ASCE 37-02 LRFD Load
Combinations and Load Factors:

R, =1.2D + 1.5C,

Using AISC 360-05 definition of
required resistance:

RiO &R
Substituting for Ry gives:
URO 1.2D.+

From Statics:
pressures (Cc)
Therefore:

0 R 042D+ 1.5C,
FromACI347-04: q = 2
0 R, = 1.5(Rn/2.0)

Removing R, gives: a =

. 0,

ASD
Using ASCE 37-02 Load
Combinations:

Ra=D +C¢

Using AISC 360-05 definition of
allowable resistance:

RO nRq
Substituting for Ra gives:

tRRO D .+ C

No dead load supported by Form Ties, only concrete

| R/ q D®C.

anggivesubstituti

0t 75

Figure 7.7i Calibrationof LRFDR e s i

stanceoFAB8DobBaf afgrifornFact or

Ties
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The resulting LRFD resistance factor for form ties is 0.75. This matches the AISC
360-05 resistance factor for a steel member failingithertension rupturer shear rupture
shown inTable7.3. Rupturestrengthis based on the ultimate strengthlod steel used in the
componentWhenACI 347-04 provides safety factors for ultimate strengtidaes not
specify if this ultimate strength is based on the ultimate rupture strength in tensiozar
Form anchorgan be subject to botension and sla forcesand it can be assumed that the
safety factor of 2.@r 3.0is intended for both tension and shear resistance

The derivation of the LRFD resistance factor for form ties also applies to two other
accessories mentioned in Table 2.3 of ACI-B47anchoring inserts used as form ties and
for form anchors supporting form weight and concrete pressureTdmyefore, th&RFD
resistance factor for these two accessaieaildbe 0.75 as well.

The derivation of the LRFD resistance factor for the remgitwo accessories, form
hangers and form anchors subject to construction live loads, is more difficult to derive. The
load combination for these two accessories includes the dead weight of the formwork, the
construction live load, and the concrete pues3Nithout knowing the ratio of the applied
loads, determining the load resistance faaging this methods not possible. ACI
Committee 347 will need to discuss the applicable load combinations and determine the

typical ratios of the applied loads¢omplete this derivatioan a similar basis
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8. MASS ANCHORS

8.1Introduction

Formwork ongrade or close to ground levelaiien braced to previously cast
concrete foundations or slabs. When not available, various temporary anchorages may be
used.The correct design of these anchorages is essential to ensure that the formwork is stable
andwill not collapse One method is the use of mass anchors, placed on the surrounding

surface or cast into shallow excavations as temporary shallow footings.

8.2Mass Anchors on the Surface

For mass anchors placed on the surrounding surface, the capacity of the mass anchor
to resistbraceforcesis dependent orhteefailure modesuplift, overturning failureor
sliding failure. While bearing failure theoretic#ly possibletypical mass anchors have a
sufficient base area to distribute vertical loader an areavell below theallowable bearing
stress levels of soil§hefree-body diagram for mass anchors is shown in FiguteThe
draft of the provisions fathe design of mass anchors on the surface can be seen in Appendix
A, Section 21.2.1.2. Due to the length of the draft provisions for the design method, the have

not been reproduced here.
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Where:
F = force on mass anchor from the maximum LRFD or ASD

load combination
d = angle between applied force and horizontal surface

supporting mass anchor
Xg = horizontal distance between applied force and overturning

point

Wg = weight of mass anchor

Xce = horizontal distance between the center of gravity of the
mass anchor and the overturning point

vertical distance from applied force to overturning point
overturning point

Figure8.1i Statics of a MssAnchor o the Ground Sirface

A summation of moments about a tipping poinisedto determine the overturning
resistance of a mass anchor on the surfiaeen designing for overturning forces the
location of overturning poing, changes depending on the direntdf force applieds a
result of wind direction reversal§he draft provisions for the design standard illustrate the
tipping point for applied loads of both tension and compression.

For determiningthe sliding resistancequivalentcoefficiens of friction are provided
and multiplied by the normal forcéor mass anchosupported byoncrete, friction facter

based on ACI 31-88[28] friction factors forshear frictionare provided for different surface
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roughness finishes of concrek®r soils, the guivalent friction factors are provided and are

based on NAVFAC Design Manual 7[33%, AFoundat.i
The draft provisions for the formwork design specificatoa providedo give the

formwork designeamethod to design brace amechges using mass anchors. LRFD

resistance factors and ASD safety factors are provided to provide a factor of safety on the

design of mass anchors. These factors are determined in accordance with AGCE 37

section 2.3.3asseen in Figur&.2 ASCE 3702 requires that the allowable or factored

resistance for overturning or sliding be tifords of the nominal resistance. This

corresponds to a safety factor in ASD of 1.5. To calibrate the safety factor for ASD to LRFD

load combinations, a method similarthat used for form ties was usédhe load

combination for this calibration process is for a wall form subject to the maximum wind

force, witha LRFD load factor of 1.3Though theébrace may also resist force caused by live

loads, construction material lds, or concrete pressurel of these forces are multiplied by

a load factor greater than 1.3 in LRFD combinations. By calibrating the LRFD load factor to

the lowest load factor, it provides a higher factor of safety when higher load factors are used

for other loadsThis calibration can be seen in Fig&.&.
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2.3.3 Overturning and Sliding

Buildings and other structures shall be designed so
that the overturning moment caused by lateral forces
(wind or flood) acting singly or in combination does
not exceed two thirds of the dead load stabilizing mo-
ment unless the building or structure is anchored to re-
sist the excess moment. The base shear caused by lat-
eral forces (wind or flood) shall not exceed two thirds
of the total resisting force caused by friction and adhe-
sion unless the building or structure is anchored to re-
sist the excess sliding force.

Figure8.21 Overturning and Slidingvision from ASCE 3702[13]

Calibration of LRFD Resistance Factor to

ASD Safety Factor for Mass Anchors = N =
ASD Load Combination from ASCE 37-02:
E
D+Cp+Crm + Cym + W+ Cp+ L
Wind = =| Brace
LRFD Load Combination from ASCE 37-02:
1.2D + 1.2Cp + 1.2Cgy + 1.4Cy = =
+1.3W + 1.6Cp + 1.6L

P = =

Assumptions:
PR S JOPLICIPS E o RS - <
» Dead load of brace is negligible Wall Mass T
Form Anchor

* No Construction Dead Load, supported by wall form
* No Fixed Material Load, materials are not to be stored on formwork
Worst Condition: Wind only; no Variable Material Load, Construction Personnel Load, or

Live Load
ASD:B+Cp+Cru + Cu + W+ GCp+k => W
LRFD: .2D + 1.2G; + 1.2Cqy, + 1-4Cyy + 1.3W + 1.6GC, + 1.6L => 1.3W
FromASCE37-02 Section 2.3.3 AO0Ovex@3AIR,ni ng and
R.=R,/q & R.=R,/15 Therefore: q = 1.5
ASD Strength Criteria:
R/ q = W> R/15=W

LRFD Strength Criteria:
0 R, =13W substituting for W => 0 R, = 1.3(R,/1.5)
removing R, => a = 1.3/1.5 = 0.8667

LRFD Resistdnce Factor: @ = 0.86

Figure8.31 Calibration of LRFDResistancé-actors to A®D SafetyFactors forMass
Anchors
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8.31n-Ground Mass Anchors

To increase a mass anctoresistance against overturning and sliding, they may be
constructed Y excavating a hole and placing a shallow footing of concrete. This shallow
concrete footing becomes the mass anchor in the grounds#anahor in ground has the
same failure modes as a mass anchor on the surface, those being overturning and sliding.
However, the resistance to these failure modes is increased by the presence of passive earth
pressure on the sides of the mass anahdnertical friction of the mass anchor against the
surrounding soilThe draft of the provisions for the design of easground mass anchors
can be seem Appendix A, Section 21.2.1.£Due to the length of the draft provisions for the
design method, tlyehave not been reproduced here.

In the design method for castground mass anchors, the resistance is determined by
a summation of moments about a tipping point, similar to the design of mass anchors on the
surface. However, additional forces are pregethe freebody diagram for a cast-ground
mass anchor. The frdmdy diagram for a cag-ground member subject to a tensforce
can be seen in Figured8For a castn-ground mass anchor subject to a compression force,
the direction of the ap@d force is @versed from that in Figured8and the overturning point

is the opposite lower coen
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Where:
Pr = passive earth pressure
Ry = vertical resistance from active earth pressure

W = weight of mass anchor

F = force on mass anchor from the maximum LRFD or
ASD load combination

d = angle between applied force and supporting

surface of mass anchor

Yy = height of mass anchor

Xp = horizontal width of mass anchor

Xe = horizontal distance between applied force and
overturning point, o

Figure8.4- Free Body Diagram of a Cast-Ground Mass Achor Subject to Tension Forces

The draft provision for passive #apressure is based on the design of anchor beams

~

in granular and cohesive soil s, found in APTr
[34]. This provision can be seen in Section 21.2.1.3.3 of the draft design standard in

Appendix A. The draft pnasion for vertical resistance from active earth pressutiee

integral of the active earth pressure applied to the face of the mass anchor multiplied by the

equivalent coefficient of friction provided for mass anchors on the surface. This provision
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canbe seen in Section 21.2.1.3.4 of the draft design standard in Apperdizofplete

derivation of the vertical resistance from active earth pressure can be found in Appendix D.

80



9. CONCLUSIONS AND RECOMMENDATIONS

9.1 Conclusions

The following conclusins are based on the research conducted in this study.

1. A draftframework was established to aid in the developmeafaimwork design
specification consistent with the ACI document classification of design specification.

2. Areview of several existonstandardglentified windloadsand load combinations
used for formwork as areas requiring clarification by a design standard.

4. Concrete pressuregere identifiedas a design aspeappropriate for inclusion into a
design specification produced by ACbmmittee 347Draft provisions were
developedo help accomplish this

5. Wind loads wer@analyzed considering thielationshipsetween ASCE 7, ASCE 37,
and ACI 347 for application to formwork in design specifications.

6. Conflicts amondoad factors ath load combinatiogin various documentsere
identified and draft provisions were developed to address these conflicts.

7. A calibration process for developing LRFD resistance factors based on ASD safety
factors has been identified and demonstrated fon fees and mass anchors.

8. A concise design method for mass anchors was developed due to the absence of a
design method for mass anchors in existing standards.

9. The draft formwork design specification has bpezsented to AClI Committee 347

for commentand continued development.
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9.2 Recommendations

Several recommendations for future reseaskwvell as actions for ACI Committee
347were identified during this study.
1. ACI Committee 34&houldcontinue to monitor thengoingrevision of ASCE 37
and howit coordinates with ASCE-10.
2. LRFD resistance factors for form anchors and form hangesstent with ASD
safety factors should be developed.
4. ACI| Committee 34Bhouldcontinue the development of the formwork design

specification and complete tlseandardization process for this design specification.
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Appendix AT Draft of Design Specifications for Formwork

Thefollowing document is the working draft of the design specification for formwork
developed in during this research amultan@uslyunderreviewby some membersf ACI
Committee 347Several committee members have proviagulit through comments alraft
provisions forinclusion intothis design specificatiorTheprovisions provideexternallyare
notincluded in the scope ofiththesis.

Statements in ital&care comments or questions indicating issues that need further
evaluation Many of these comments are intended to provide further information on the
development of the provision and will either be removed or incorporatethie
commentary of the final document.

With this document being a working dratie formatting of provisions isot
necessarilyn the final format required by ACI. A preliminary review of provisions provided
by others has been performed to assistanipg the provisions into the appropriate chapters
Where thecommentgprovided by committee members have concerned this thesis, an attempt
has been made to address the recommendations and comments in the development of the
draft provisions provided in thdocument. All provisions of this proposed design
specification musbe reviewed by AClI Committee 347 andlmlotedby the ACI

standardization procegsior tofinalization
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Design Specification and Commentary for
Formwork for Concrete (ACI 347.X-XX)
REPORTED BY ACI COMMITTEE 347
ACI Committee 347

Formwork for Concrete

Chair Secretary

Draft Notes: This draft includes both Iinglish and SI units but will eventually be separated into two
independent documents upon publication. This draft also contains some notes in italics from the Draft ACT
Codes Writing Guide which will eventually be deleted.
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ACI design specification with commentary documents hereinafter called “Design Specification™ are published in a
side-by-side two column format, with Design Specification provisions placed in left column and the commentary text
aligned in the right column. To further distinguish the Design Specification and the commentary, the font of the Design
Specification is Arial, the same type face in which this column is set.

This paragraph is set in Times Roman, and all portions of the text exclusive to the commentary are published in this
type face. Commentary section numbers are preceded by an “R” to further distinguish them from the Design
Specification provision numbers.

Marginal Marking (Vertical lines in the margin) indicates a change from the previous edition of the Design
Specification. Strictly editorial revisions are not identified with marginal marking.
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