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ABSTRACT
The purpose of this standard is to provide minimum design load re-
quirements during construction for buildings and other structures.
This standard addresses partially completed structures, and tempo-
rary structures used during construction. The loads specified herein
are suitable for use either with strength design (such as USD and
LRFD) or with allowable stress design (ASD) criteria. The loads
are equally applicable to all conventional construction materials.
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FOREWORD

v

The material presented in this publication has been
prepared in accordance with recognized engineering
principles. This Standard and Commentary should not
be used without first securing competent advice with
respect to their suitability for any given application.
The publication of the material contained herein is not
intended as a representation or warranty on the part of
the American Society of Civil Engineers, or of any
person named herein, that this information is suitable
for any general or particular use or promises freedom
from infringement of any patent or patents. Anyone
making use of this information assumes all liability
from such use.

Earlier drafts of the proposed standard were re-
viewed and balloted several times by the full Standards
Committee. The votes and comments returned by the
members were reviewed, and their proposed resolu-
tions developed by the appropriate subcommittees. The
resulting approved changes in the text are included in
this volume.

Some of the provisions were adopted from other
codes, standards, regulations and specifications; some
reflect prevailing industry design and construction

practices; some grew out of the experiences, practices
and opinions of members of the Committee; and some
others were developed through research conducted
specifically for this Standard by members of the Com-
mittee.

Preparation of a standard for Design Loads on
Structures During Construction and its outline were pro-
posed to ASCE by Robert T. Ratay in early 1987. Work
on the proposed Standard was approved by ASCE’s
Board of Directors in October 1987. A meeting of
twenty-five construction industry officials was convened
in May 1988 to outline the general direction of the pro-
posed Standard. Seven key ASCE participants met in
September 1988 to begin the organization of the Stan-
dards Committee, and issue a Call for Members. The re-
sponse by members and non-members of ASCE was
overwhelming. The Committee, through its subcommit-
tees, has been working on the development of this pro-
posed Standard since the fall of 1988. Prior to this vol-
ume, drafts of the proposed standard had been issued for
committee balloting in 1996, 1997, 1998, early 1999,
late 1999; for public comments in October 2000; and for
a final committee balloting in 2001.
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1

STANDARD COMMENTARY

Design Loads on Structures During Construction

1.0 GENERAL

1.1 Purpose
The purpose of this standard is to provide mini-

mum design load requirements during construction for
buildings and other structures.

1.2 Scope
This standard addresses partially completed struc-

tures, as well as temporary structures used during con-
struction. The loads specified herein are suitable for
use either with strength design (such as USD and
LRFD) or with allowable stress design (ASD) criteria.
The loads are equally applicable to all conventional
construction materials.

1.3 Basic Requirements
1.3.1 Safety

The design loads shall provide for a level of safety
of partially completed structures, as well as temporary
structures used in construction, that is comparable to
the level of safety of completed structures.

1.3.2 Structural Integrity
Partially completed structures and temporary

structures shall have sufficient structural integrity, in
all stages of construction, to remain stable and resist
the loads specified herein.

Stability of the incomplete structure and the possi-
bility of progressive collapse shall be considered.

C1.0 GENERAL

C1.1 Purpose
The construction loads, load combinations, and

load factors contained herein account for the often
short duration of loading and for the variability of tem-
porary loads. Many elements of the completed struc-
ture that are relied upon implicitly to provide strength,
stiffness, stability, or continuity may not be present at
certain times during construction.

The requirements in this standard complement
those in ASCE 7-95.

This standard does not specify who the responsi-
ble party is for the design of temporary structures or
temporary supports or for the temporary use of incom-
plete structures.

C1.2 Scope
This standard is intended for use by engineers

knowledgable in the performance of structures.
The requirements contained herein are not in-

tended to adversely affect the selection of a particular
construction material or type of construction.

C1.3.1 Safety
This standard is not intended to account for loads

caused by gross negligence or error.

C1.3.2 Structural Integrity
Structural integrity shall be provided by sequenc-

ing the construction in order to avoid creating vulnera-
ble partially completed portions of the structure; by
completing the system to support lateral loads as the
dependent portion of the structure is erected or by pro-
viding suitable temporary lateral bracing; by avoiding
conditions that result in loads that exceed the capacity
of structural elements; and by promptly completing
connections for all installed elements.

During erection of a structure, the structural sys-
tem that will provide stability and structural integrity
for the finished structure generally is not complete. In
this interim state, elements of the structural system that
are essential to the overall performance of the structure
may not be in place or may be only partially secured.
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1.3.3 Serviceability
The effects of construction loads or conditions

shall not adversely affect the serviceability or perfor-
mance of the completed structure.

1.3.4 Types of Loads
Loads considered in this standard are dead, live,

construction, environmental, and lateral earth pres-
sure. In addition, forces resulting from the interaction
between the partially completed structure and tempo-
rary supporting or bracing structures shall be ac-
counted for.

1.3.5 Construction Methods
The effects on the loads created by the methods

and sequencing (scheduling) of construction during
the progressive stages of the work shall be consid-
ered.

As such, the structure may be vulnerable to severe and
widespread damage if a single local failure or mishap
occurs. An example of catastrophic failure caused by a
localized initial failure is the collapse of L’Ambiance
Plaza in Bridgeport, Connecticut. Both wings of this
16-story lift-slab apartment building totally collapsed
while under construction when a failure occurred at
one location.

Consideration of construction sequence, loadings
on partially completed elements and systems, bracing,
and connection requirements is essential to minimize
the risk of general collapse and disproportionate dam-
age. The structural system(s) designed to carry lateral
loads should be installed at the same time the rest of
the structure that is dependent on these systems is
erected. If this is not practical, suitable temporary brac-
ing with adequate stiffness to control drift must be in-
stalled.

For some configurations, the loads on a structure
during construction may exceed the loads on the fin-
ished structure and hence will govern the design of the
structure. Due consideration must be given to the abil-
ity of the structure as a whole to remain stable and sup-
port these higher construction loads without damage.
As soon as practical after erection of each element, all
of its connections should be fully completed to provide
full strength and performance.

C1.3.3 Serviceability
An example of adverse effect on serviceability is

excessive permanent deformation.

C1.3.4 Types of Loads
The loads in this standard may be different from

those used in the design of the completed structures.
Although this standard is limited to the determina-

tion of the types of loads listed in 1.3.4, the considera-
tion of other loads, effects, and hazards may also be
appropriate in specific conditions or when specified by
the authority having jurisdiction.
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1.3.6 Analysis
Load effects on incomplete structures, on tempo-

rary structures, and on their respective individual com-
ponents shall be determined by accepted methods of
structural and, where appropriate, geotechnical analy-
sis, taking into account equilibrium, stability, geomet-
ric compatibility, and material properties.

REFERENCE

ASCE 7-95, “Minimum design loads for buildings
and other structures,” American Society of Civil Engi-
neers, 1995, Reston, Va.
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2.0 LOADS AND LOAD COMBINATIONS

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
CD–construction dead load

Material loads
CFML–fixed material load
CVML–variable material load

Construction procedure loads
CP–personnel and equipment loads
CH–horizontal construction loads
CF–erection and fitting forces
CR–equipment reactions
CC–lateral pressure of concrete

Lateral earth pressures–see Section 5
CEH–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.

2.2 Load Combinations and Load Factors for
Strength Design

Specified loads shall be combined according to the
principles in this section to obtain the maximum design
load effects for members and systems.

C2.0 LOADS AND LOAD COMBINATIONS

C2.1 Loads Specified
The loads are only defined by name and symbol in

this section. The complete definition and specification
of each load is in the referenced section.

Additional construction and environmental loads
may include (and be accounted for in the load combi-
nations) such items as differential settlement, prestress-
ing, shrinkage, rib shortening, stream flow pressure,
buoyancy, and other items as appropriate.

C2.2 Load Combinations and Load Factors for
Strength Design

The selection of load factors is intended to be
compatible with ASCE 7-95. Because little indepen-
dent research has been done, the load factor 2.0 is sug-
gested for those loads that may vary substantially or
about which we have little information. AASHTO
(1996) and FHWA (1993) provide additional guidance
for load combinations and factors for use with bridge
temporary works.

STANDARD COMMENTARY
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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 load 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 � ∑
k

cD,k Dn,k � ∑
i

cmax, Qn,i � ∑
j

cAPTj Qn,j (2-1)

where cD � dead load factor, cmax � load factor for the
maximum value of variable load, cAPT � load factor
for the APT value of variable load, Dn � nominal dead
or construction material load, Qn � 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.

Whenever different variable loads are correlated,
such as horizontal and vertical loads from the same
source or operation, the same load factor, cMAX or
cAPT, should be used in Equation 2-1 for these loads.

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) (cAPT)

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

C2.2.1 Additive Combinations
The loads suggested herein for consideration in

load combinations are not all inclusive; therefore, their
selection will require judgment in many situations. De-
sign should be based on the load combination causing
the most unfavorable effect. In some cases, this may
occur when more than one load is not applied simulta-
neously. Furthermore, the critical load effect may re-
sult from the application of one or more loads on only
part of the structure. Finally, concentrated loads may
be applied in place of or in addition to the assumed
uniformly distributed loads.

Load combinations should be considered based on
the specific type of construction and procedures. Con-
sideration should be given to construction loads that
may be mutually exclusive, may be strongly correlated,
or may occur with such a low probability that they may
effectively be neglected.

The unfactored loads to be used in the combina-
tions herein are the nominal loads in Sections 3
through 6 of this standard. The concept of using maxi-
mum and APT loads and corresponding load factors is
consistent with ASCE 7-95. Here, in addition to the
dead load, which is assumed to be permanent, one or
more of the variable loads takes on its maximum value
while the other variable loads occurring simultane-
ously assume APT values (i.e., those values measured
at any instant of time). This is consistent with the way
loads actually combine in situations in which strength
limit states are approached. The nominal loads in Sec-
tions 3 through 6 are substantially in excess of the APT
values. Rather than providing both a maximum and an
APT nominal load value for each load type, load fac-
tors of less than 1.0 are provided for APT loads.

C2.2.2 Load Factors
The load factors provided herein are intended to

reflect the relative uncertainty in the particular action.
This uncertainty can arise from (1) inherent or natural
variability, (2) range of applications, and (3) possibili-
ties for misuse or error. It may therefore be reasonable
to make certain modifications to load factors in the
presence or absence of additional information.

For example, a lower load factor is specified for
conditions of full fluid head when designing for lateral
pressure of concrete because this condition suggests
less uncertainty than partial (unknown) fluid head.

Factors on heavy equipment reactions are for max-
imum load values only. Because this is considered only
in combinations when it is actually present, no APT

STANDARD COMMENTARY
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CD 0.9 (when counteracting wind or –
seismic loads)

1.4 (when combined with only –
construction and material loads)

1.2 (for all other combinations) –
CFML 1.2 –
CVML 1.4 by analysis
CP 1.6 0.5
CC 1.3 (full head) –

1.5 (otherwise) –
CEH 1.6 –
CH 1.6 0.5
CF 2.0 by analysis
CR 2.0 (unrated) 0

1.6 (rated) 0
W 1.3 0.5
T 1.4 –
S 1.6 0.5
E 1.0 –
R 1.6 –
I 1.6 –

Basic combinations are presented in Section 2.2.3.

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 � 1.4CD� 1.2CFML � 1.4CVML (2-2)

1.2D � 1.2 CD � 1.2CFML � 1.4CVML

� 1.6CP �1.6CH � 0.5L
(2-3)

factor is provided. Further, the load factor is much
lower (1.6) when the equipment is rated such that the
reactions are specified by the manufacturer or are oth-
erwise known. Also, if any equipment is used that gen-
erates dynamic loads (i.e., pumps, unbalanced rotors),
the load effect must be determined separately first and
then multiplied by a factor of 1.3.

Environmental loads are considered in a similar
way as those in ASCE 7-95. However, the following
differences for environmental loads during construc-
tion must be kept in mind: (1) modifications to the de-
sign load values for the possibility of a reduced expo-
sure period is appropriate, (2) certain loads may be
disregarded for most practical purposes because of the
generally very short reference period associated with
typical construction projects, and (3) certain loads in
combinations may effectively be ignored because of
the practice of shutting down work sites during these
events (e.g., snow and wind, snow and certain equip-
ment forces, extreme winds and personnel loads). Re-
gional and project-specific conditions should be con-
sidered when deciding which combinations of
environmental and structural loads to use.

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, CFML, and
variable material load, CVML, should be 4.0 and the
load factor for construction dead load, CD, 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.

The designer should be aware that temporary
structures used repeatedly are subject to abuse and loss
of capacity and that f factors may need to be lower
than those used for ordinary strength design to com-
pensate for this loss of capacity.

STANDARD COMMENTARY
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1.2D � 1.2 CD � 1.2CFML � 1.3W
� 1.4CVML � 0.5CP � 0.5L

(2-4)

1.2D � 1.2 CD� 1.2CFML � 1.0E
� 1.4CVML � 0.5CP � 0.5L

(2-5)

0.9D � 0.9 CD� (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, CH need not be assumed to act simul-
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.

2.2.4 Counteracting Combinations
Where the effect of one load is partially or wholly

resisted by another load, the factor on the resisting load
shall be taken as zero for variable loads and 0.85 for
permanent and controlled loads.

2.3 Allowable Stress Design
Specified loads shall be combined according to the

principles in this section to obtain the maximum design
load effects for members and systems.

The factors for APT loads shall also be used for
allowable stress design; however, traditional increases
in allowable stresses, except those due to load dura-
tion, shall not be used in combination with such fac-
tors.

C2.2.4 Counteracting Combinations
A controlled load is a material that is placed in a

specific location to counteract the effect of a specific
load.

C2.3 Allowable Stress Design
Designers are cautioned against mixing allowable

stress design (ASD) and load and resistance factor de-
sign (LRFD) load combinations. However, if the
nominal design loads provided in this document are
used in an ASD format, the following commentary is
provided.

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. Allowable
stress design ordinarily provides for safety factors
somewhat less than 2. Thus, to satisfy OSHA criteria,
the superimposed design loads effectively must be
close to doubled. The OSHA requirement may change
in the future.

The designer should be aware that temporary
structures used repeatedly are subject to abuse and loss
of capacity and that safety factors may need to be
higher than those used for ordinary allowable stress de-
sign to compensate for this loss of capacity.

STANDARD COMMENTARY
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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 � CD � CFML � CVML (2-7)

D � CD � CFML � CVML � CP � CH � L (2-8)

D � CD � CFML � CVML � W � CP � L (2-9)

D � CD � CFML � CVML � 0.7E � CP � L (2-10)

D � CD � (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, CH 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.

2.3.2 Load Reduction
When structural effects due to two or more vari-

able loads in combination with dead load are investi-
gated in load combinations of Section 2.3.1, the com-
bined effects shall comply with both of the following
requirements: (1) the combined effects of the two or
more variable loads multiplied by 0.75 plus effects of
dead loads shall not be less than the effects of the com-
bination of the dead load plus the load producing the
largest effects; and (2) the allowable stress shall not be
increased to account for these combinations.

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-

C2.3.1 Additive Combinations
As with the strength provisions described previ-

ously, the possible loads shown in this document are
not all inclusive, and designers must exercise judgment
in selecting the appropriate loads to be considered in
combination for the given construction situation. De-
sign should be based on the load combination causing
the most unfavorable effect. In some cases, this may
occur when one or more loads are not acting. In other
cases, the governing load effect may result from loads
not applied over the entire element being designed. As
described previously, designers also need to be aware
of construction loads that may be mutually exclusive,
may be strongly correlated, or occur with such a low
probability that they may be neglected.

Most loads, other than dead loads, vary signifi-
cantly with time. Although these loads are combined
with dead loads in the design load combination, it may
be highly unlikely that multiple (independent) variable
loads will reach maximum values at the same time.
Accordingly, some reduction in the total combined
load effect may be justified. However, the designer is
cautioned that when correlated variable loads are con-
sidered in a combination, no increase in the allowable
stresses should be used.

STANDARD COMMENTARY



SEI/ASCE 37-02

9

sion unless the building or structure is anchored to re-
sist the excess sliding force.

2.3.4 Counteracting Loads
Stress reversals shall be accounted for when the

effects of design loads counteract one another in a
structural member or joint.

2.4 Bridges
Load combinations for design loads on bridges

during construction shall be in accordance with the
AASHTO (AASHTO 1995) AREA or other applicable
specifications.

REFERENCES

American Association of State Highway and Trans-
portation Officials (AASHTO). “Standard specifications
for highway bridges,” 16th Ed., 1996, Washington, D.C.

AASHTO. “Guide design specifications for bridge
temporary works,” 1995, Washington, D.C.

American National Standards Institute (ANSI).
“Scaffolding—safety requirements for construction
and demolition operations,” 1989, ANSI A10.8-1988,
New York.

ASCE 7-95. “Minimum design loads for buildings
and other structures,” American Society of Civil Engi-
neers, 1995, Reston, Va.

Federal Highway Administration (FHWA).
“Guide design specification for bridge temporary
works,” 1993, FHWA-RD-93-032, McLean, Va.

Occupational Safety and Health Administration
(OSHA). Code of Federal Regulations, Title 29, Chap-
ter 17, Department of Labor, Part 1926, “Safety and
health regulations for construction, subpart L,” 1977,
Washington, D.C.

C2.4 Bridges
See FHWA (1993) for further information.
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3.0 DEAD AND LIVE LOADS

3.1 Dead Loads
For the purposes of this standard, dead load, D, is

the weight of the permanent construction in place at
the particular time in the construction sequence that is
under consideration. The dead load includes all con-
struction in place that is temporarily shored or braced.
It includes construction for which the primary struc-
tural system is complete, but which is being used to
support construction materials and construction equip-
ment. The weights of scaffolding, shoring, concrete
forms, runways for construction equipment, temporary
bridges, and other temporary structures are not in-
cluded; these loads are considered construction dead
load, CD, as defined in Section 4.1.1.

The weight of the permanent construction that is
in place includes all nonstructural loads such as
cladding, partitions, ceilings, railings, and so on that
are expected to be in place at the particular time being
considered.

3.2 Live Loads
The live load, L, is the load produced by the use or

occupancy of a structure that is under construction.
These loads may be imposed on construction in place,
on partially demolished structures, or on temporary
structures. The live load, L, may vary at different
stages of construction.

For bridge structures and other transportation
structures, live load shall include impact, longitudinal
forces from vehicles, centrifugal forces from vehicles,
and wind loads on vehicles, as applicable.

C3.0 DEAD AND LIVE LOADS

C3.1 Dead Loads
The contractor usually controls the sequence of

construction and thus controls what loads will be on
the structure at the various construction stages. The de-
sign of temporary shoring and bracing must include
these dead loads as well as the temporary loads de-
scribed in Sections 3, 4, 5, and 6, as applicable.

Tables of common construction dead loads are
provided in ASCE 7-95, in building codes, and in vari-
ous engineering handbooks.

C3.2 Live Loads
Live load may be present in a structure that is be-

ing remodeled, underpinned, or otherwise repaired, re-
placed, or demolished in stages.

The live loads during construction may be differ-
ent than the live loads applied on the completed struc-
ture. For example, during reconstruction of a bridge
designed for trucks, a lane may be restricted to cars, re-
sulting in a lower live load. On the other hand, tempo-
rary overcrowding of a completed section of a building
would warrant an increase in live load. Reduction of
the live load from the final design value shall not be
made unless the use of the facility is strictly monitored
and enforced.

The partially completed structure, or partially de-
molished structure, should expose the occupants or
users to no greater risk than inherent in the codes and
standards of practice that pertain to the completed
structure.

Ideally, the design drawings will identify live
loads to be applied during construction, if applicable.

STANDARD COMMENTARY
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4.0 CONSTRUCTION LOADS

4.1 General Requirements
The provisions of this section shall be used to de-

fine the construction loads for the design of both tem-
porary structures and permanent structures subject to
loads during construction. These loads are to be com-
bined with other applicable loads per the requirements
of Section 2.

When a construction loading is covered in another
document that is acceptable to the authority having ju-
risdiction and written to address a specific material or
method of construction, the more applicable document
shall be permitted to be followed.

Stairs, ladders, and elevators are not addressed in
this standard.

4.1.1 Definitions
Construction loads: those loads imposed on a

partially completed or temporary structure during and
as a result of the construction process. Construction
loads include, but are not limited to, materials, person-
nel, and equipment imposed on the temporary or per-
manent structure during the construction process.

Construction dead load, CD: the dead load of
temporary structures that are in place at the stage of
construction being considered. The dead load of the
permanent structure, either partially complete or com-
plete, is not included in CD; the dead load of the per-
manent structure is defined as dead load, D, in Section
3.1.

Individual personnel load: a concentrated load of
250 lb (1.1 kN) that includes the weight of one person
plus equipment carried by the person or equipment that
can be readily picked up by a single person without as-
sistance.

Working surfaces: floors, decks, or platforms of
temporary or partially completed structures which are
or are expected to be subjected to construction loads
during construction.

4.2. Material Loads
The material dead loads consist of two categories:

1. fixed material loads (FML)
2. variable material loads (VML)

The FML is the load from materials that is fixed in
magnitude. The VML is the load from materials that
varies in magnitude during the construction process. If
the local magnitude of a material load varies during the

C4.0 CONSTRUCTION LOADS

C4.1 General Requirements
The loads for some temporary structures, such as

those that retain lateral pressures of earth, are not de-
fined in Section 4; refer to Section 5 for lateral pres-
sures of earth.

Standards and other documents applicable to spe-
cific materials or methods of construction have been
developed and are recognized and used extensively.

C4.2. Material Loads
This section separates material dead loads into two

categories: FML and VML, which are separated to per-
mit the use of an appropriate load factor for each cate-
gory in strength design. This approach recognizes the
difference in the variability of the load between the
two categories.

This section addresses the loads from materials
and is not intended to apply to equipment loads. Per-
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construction process, then that load must be considered
a VML.

4.2.1 Concrete Load
The weight of concrete placed in a form for the

permanent structure is a material load. When the con-
crete gains sufficient strength so that the formwork,

sonnel and equipment loads are considered separately
in Section 4.3.

Material loads may be either distributed or con-
centrated loads. The designer must consider the pattern
of uniformly distributed loads and the location of con-
centrated loads that create the most severe strength
and/or serviceability condition.

The designer must determine whether the superim-
posed material load during the construction process is
essentially fixed in magnitude, is variable, or can be
adjusted during the construction process. For example,
the load from formwork becomes a FML once it is in-
stalled, and the load created by the concrete during
fresh concrete placement is considered a VML. The
load caused by concrete placement is considered a
VML because fresh concrete can be piled higher than
the finished thickness of the slab.

The distinction between a FML and a VML is not
location or position on the structure; rather, it is the
variability of the loading magnitude.

The stockpiling of any material is considered a
VML (scaffold, forms, rebar, metal deck, barrels, dry-
wall, ceiling tile, roofing materials, and so on). Some
materials, such as scaffold or forms, are considered
VMLs when they are stockpiled but may be considered
FMLs when they are placed in their final end use posi-
tion. Engineering judgment must be used to determine
whether the stockpiled material should be considered a
uniformly distributed or a concentrated load.

Stockpiled materials should be positioned on the
structure to minimize the effects of early loading on
the serviceability or performance of the completed
structure.

Careful consideration should be given to the
placement of stockpiled materials on early-age con-
crete structures. Early loading of low-strength concrete
has been shown to increase long-term deflection (Fu
and Gardner 1986; Sbarounis 1984; Yamamoto 1982).
It is recommended that materials be stockpiled at
columns, avoiding placement in the middle of long
spans. This practice serves to decrease long-term de-
flections of reinforced concrete beams and to deter lat-
eral buckling of unsupported steel beams.

For a list of the proper weights for different build-
ing materials, the designer should consult ASCE 7-95
or other specified or recognized sources.
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shoring, and reshoring are not required for its support,
the concrete becomes a dead load.

4.2.2 Materials Contained in Equipment
Materials being lifted by or contained in equip-

ment are part of the equipment load, not a material
load. Once such materials have been discharged from
the equipment, they become a material load.

4.3 Personnel and Equipment Load, CP

4.3.1 General
Personnel and equipment loads shall be considered

in the analysis or design of a partially completed or
temporary structure. The design or analysis of the
structure shall be governed by either a uniformly dis-
tributed or a concentrated personnel and equipment
load, whichever creates the most severe strength and/or
serviceability condition. The governing load shall be
assumed to be placed in the pattern or location that cre-
ates the most severe strength and/or serviceability con-
dition.

The personnel and equipment loads used in the de-
sign or analysis of a partially completed or temporary
structure shall be the maximum loads that are likely to
be created during the sequence of construction.

4.3.2 Uniformly Distributed Loads
Uniform loads shall be selected to result in forces

and moments that envelope the forces and moments
that would result from the application of concentrated
loads that could occur and are not separately consid-
ered.

4.3.3 Concentrated Loads
The personnel and equipment concentrated loads

shall be the actual maximum loads expected in the con-
struction process but shall be no less than those given
in Table 1. The concentrated load shall be located to
produce the maximum strength and/or serviceability
conditions in the structural members. The designer
shall consider each category of minimum concentrated
personnel and equipment load that is likely to occur
during the construction process.

Concentrated loads from equipment shall be deter-
mined in accordance with Section 4.6.

For temporary structures that are used for public
traffic, the structure shall be designed in accordance

C4.2.2 Materials Contained in Equipment
The equipment reactions should include the effects

of the material being lifted or contained therein (see
Section 4.6).

C4.3.2 Uniformly Distributed Loads
Construction loads, except for material loads, will

rarely be distributed uniformly. However, design for
equivalent uniformly distributed loads is a long-stand-
ing practice that has stood the test of time. The de-
signer must select a uniform load that will adequately
capture the effects of real construction loads. Section
4.8.1.1 presents a tabulation of traditional minimum
uniformly distributed loads that include personnel,
equipment, and material in transit or staging.

C4.3.3 Concentrated Loads
The designer must make an important decision in

choosing the concentrated load category that properly
fits the construction process for the project.

Concentrated loads from equipment are a serious
concern. The type of equipment to be used for each
construction operation, its location (on or off the struc-
ture), and its loading must be considered. Loads for
different types of construction equipment have been
tabulated (Caterpillar 1987; Jahren 1996). See also
Sections C4.6.1 and C4.6.2 for precautions in using
tabulated data.

Individual personnel load, defined in Section
4.1.1, is defined differently in ANSI’s A10.8 (1989) as
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with the AASHTO bridge design specifications
(AASHTO 1996, AASHTO 1998) or designed for the
construction equipment which will use the structure in
accordance with the requirements of Section 4.6,
whichever gives the more critical effects.

4.3.4 Impact Loads
The concentrated loads specified in Table 1 in-

clude adequate allowance for ordinary impact condi-
tions. Provision shall be made in the structural design

200 lb (0.89 kN) per person plus 50 lb (0.22 kN) of
equipment per person; however the totals of the loads
are the same.

Wheeled vehicles, both manually operated and
powered, may require a more rigorous analysis similar
to AASHTO. The factors that may have to be investi-
gated include the following:

• Pneumatic tire pressure,
• Spacing of adjacent tires,
• Axle load,
• Number of axles,
• Spacing of axles, and
• Gross vehicle weight.

In some instances, the authority with jurisdiction
may require that provisions be made for specified con-
centrated load. Examples of materials that might be
covered are piles of unspecified debris and pallets of
material. When these materials can be specified or
identified, the design should be based on the specific
materials.

Many specifications require that temporary or per-
manent structures be designed for a uniform load
and/or a concentrated load. If the source of the concen-
trated load can be clearly identified, such as wheel
loads, axle loads, pallet loads, or equipment reactions,
that specific load should be distributed as determined
by its source.

Problems arise in determining the distribution ar-
eas of unidentified, but specified, loads. To determine
the distribution area for an unidentified concentrated
load, assume that the load will be generated by the
densest material normally available on a construction
site. That material is arbitrarily chosen to be concrete
at 150 pcf (23.6 kN), and of a cubic shape. This
should provide the smallest distribution area for a pal-
let load or a pile of material generating the concen-
trated load.

The specified concentrated load in Table 1 is as-
sumed to be the total load, including dynamic forces.

The concentrated loads required herein are not in-
tended for protection against an accident involving
falling objects, such as when a beam, a length of rein-
forcing steel, or a piece of equipment falls several sto-
ries.

C4.3.4 Impact Loads
The designer is not expected to anticipate the ef-

fects of poor workmanship such as concrete being dis-
charged from a bucket from excessive heights above

STANDARD COMMENTARY

Table 1 Minimum Concentrated Personnel and
Equipment Loads

Area of Load 
Minimum Application

Loada in. � in.
Action lb(kN) (mm � mm)

Each person 250 (1.11) 12 � 12 (300 � 300) b

Wheel of manually 500 (2.22) Load divided by 
powered vehicle tire pressurec

Wheel of powered 2000 (8.90) Load divided by 
equipment tire pressure c

a Use actual loads when they are larger than tabulated here.
b Need not be less than 18 in. (457 mm) c. to c.
c For hard rubber tires, distribute load over an area 1 in. (25 mm) by
the width of the tire.
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for loads that involve predictable unusual vibration and
impact forces.

4.4 Horizontal Construction Load, CH

One of the following horizontal load criteria,
where appropriate, shall be applied to temporary or
partially complete structures as a minimum horizontal
loading, whichever gives the greatest structural effects
in the direction under consideration.

1. For wheeled vehicles transporting materials, 20%
for a single vehicle or 10% for two or more vehicles
of the fully loaded vehicle weight. Said force shall
be applied in any direction of possible travel, at the
running surface.

2. For equipment reactions as described in Section 4.6,
the calculated or rated horizontal loads, whichever
are the greater.

3. 50 lb per person (0.22 kN/person), applied at the
level of the platform in any direction.

4. 2% of the total vertical load. This load shall be ap-
plied in any direction and shall be spatially dis-
tributed in proportion to the mass. This load need
not be applied concurrently with wind or seismic
load.

This provision shall not be considered a substitute
for the analysis of environmental loads.

4.5 Erection and Fitting Forces, CF

Forces caused by erection (alignment, fitting, bolt-
ing, bracing, guying,and so on) shall be considered.

the formwork. A concrete bucket that hits the forms is
an impact load that would be considered accidental and
not fall within the scope of this provision.

C4.4 Horizontal Construction Load, CH

Forces necessary for member stability are deter-
mined during analysis of the structure, and as such are
not specified by this standard.

The intent of this provision is to provide a mini-
mum lateral load resistance mechanism and a mini-
mum lateral stiffness in all temporary or partially com-
plete structures. Due to unavoidable eccentricities,
vertical superimposed loads may produce some hori-
zontal loading. Also, horizontal loads can be created
from personnel and equipment operations.

The designer should be aware that the actual hori-
zontal loads may exceed the minimum specified in this
section, particularly if more than one construction ac-
tivity is being conducted at the same time.

The 50 lb/person (0.22 kN/person) load in crite-
rion 3 represents a conservative estimate of the lateral
force that could be generated from the activities of per-
sonnel.

Criterion 4 is intended to provide a minimum lat-
eral load resistance and to assure lateral stability for
the structure as a whole during construction. Generally,
it is not expected that this criterion will result in forces
during construction that exceed the capacity of the per-
manent lateral load resisting system of a structure be-
low the level where the permanent lateral load resisting
system has been completed; however, the permanent
lateral load resisting system needs to be checked for
this criterion.

Wind and other phenomena that produce horizon-
tal loads must be considered separately from the re-
quirements of this section, except as permitted for cri-
terion 4.

C4.5 Erection and Fitting Forces, CF

This provision applies to all types of structures but
more specifically to the erection of components typical
of steel, metal, timber, and precast structures (see this
section’s Bibliography)

On May 15, 1994, the State of California issued an
amendment to the “Falsework Manual” (Office of
Structure Construction 1988) (Memo No. C-10: Inter-
nal Cable Bracing Systems). This revision to their pre-
viously issued document appears to address many of
the erection forces normally encountered, such as fit-
ting, aligning, and bracing operations, that are nor-
mally performed with the help of guys.
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4.6 Equipment Reactions, CR

The reactions from equipment, with due consider-
ation to all loading conditions, shall be used in the de-
sign of the temporary or partially completed structure.
The equipment reactions shall include the full weight
of the equipment operating at its maximum rated load
in conjunction with any applicable environmental
loads, unless the use is restricted and revised reactions
are developed.

4.6.1 General
The structure shall be designed to safely support

the full weight of the equipment and associated worst-
case load effects caused by its operation. The design
shall include the consideration of support deflections
or movements, out-of-level supports, vertical misalign-
ment, and environmental loads on the equipment.

4.6.2 Rated Equipment
The minimum equipment loads for design shall be

those provided by the equipment manufacturer or sup-
plier.

Unless loaders, such as front end loaders or fork-
lifts, are intentionally restricted from tipping on one
axle, the loader selfweight plus tipping load shall be
applied to the front axle.

The designer shall verify the basis of the rating
and the rated reactions given by the equipment sup-
plier. If the basis of the rating is different than the con-
ditions under which the equipment will be used, the
more severe reactions shall be used in design.

4.6.3 Nonrated Equipment
The equipment loads for nonrated equipment shall

be determined by analysis.

C4.6 Equipment Reactions, CR

Rated equipment is that for which reactions are
given by the equipment manufacturer or supplier. For
nonrated equipment, the designer is to determine the
reactions by analysis. Examples of calculations for re-
actions from lifting or hoisting equipment that include
assessments of environmental loads are provided in
Shapiro et al. (1991).

C4.6.1 General
In addition to using a piece of equipment at less

than its maximum operating capacity, there may be hy-
brid situations such as the use of a crane with rear out-
riggers placed over a major support member of the
structure. At this point, the crane may reach out to its
maximum operating radius to make a pick and then
boom in, thus substantially reducing the outrigger reac-
tions when the crane swings to a new position to de-
posit or pick up the load. In this case, maximum out-
rigger loads are apparently developed over the rear of
the crane and lesser loads are developed over the other
outrigger pads, which could be placed on lighter struc-
tural members. This is a common practice when the
outrigger support members are not adequate to sustain
the full or maximum rated capacity outrigger reactions.

Because of a shift of the center of gravity, vehicle
axle loads and crane outrigger or support reactions
may be greatest in the absence of payload or pick. The
worst case condition controls (loaded or unloaded).

C4.6.2 Rated Equipment
Care should be exercised when the tabulated val-

ues for equipment, such as loaders, from references or
from any manufacturer’s data are used. Axle load dis-
tributions at maximum load do assume that all of the
axles are touching the ground and with a certain load
distribution. Unless special precautions are taken, such
as limiting bucket size and floor or deck obstacles, it is
a quite frequent occurrence that the loaders, in attempt-
ing to pick materials for transport, will either catch an
element of the deck or try to pick more than their rated
load. In this instance, the entire vehicle picks up and
pivots about its front axle. This load could create axle
and wheel loads more than 30% greater than the manu-
facturer’s rated wheel load.
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4.6.4 Impact
The reaction of equipment shall be increased by

30% to allow for impact, unless other values (either
larger or smaller) are recommended by the manufac-
turer, are required by the authority having jurisdiction,
or are justified by analysis.

4.7 Form Pressure
4.7.1 Form Pressure

Unless the conditions of Section 4.7.1.1 or 4.7.1.2
are met, formwork shall be designed for the lateral
pressure of the newly placed concrete given by Equa-
tion 4-1. Maximum and minimum values given for
other pressure formulas do not apply to Equation 4-1.

CC � w � h (4-1)

CC SI � 23.5 h SI (4-1 SI)

where CC (CCSI ) is lateral pressure, psf (kPa); w is the
unit weight of fresh concrete, pcf; and h (hSI ) is the
depth of fluid or plastic concrete, ft (m).

For columns or other forms that may be filled
rapidly before any stiffening of the concrete takes
place, h shall 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.

4.7.1.1 For concrete made with Type I cement, weigh-
ing 150 pcf (23.6 kN/m3), containing no pozzolans or
admixtures, having a slump of 4 in. (100 mm) or less,
and normal internal vibration to a depth of 4 ft (1.22
m) or less, formwork may be designed for a lateral
pressure as follows.

For columns:

CC � (150 � 9,000 R/T) (4-2)

CC SI � 7.2 � �
TS
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I

8
�

5 R
1

S

7
I

.8
� (4-2 SI)

with a maximum of 3,000 psf (144 kPa), a minimum of
600 psf (28.8 kPa), but in no case greater than 150 h
(23.5 hSI).

For walls:
rate of placement less than 7 ft (2 m) per h

CC � (150 � 9,000 R/T) (4-3)

CC SI � 7.2 � �
TS

7

I

8
�

5 R
1

S

7
I

.8
� (4-3 SI)

with a maximum of 2,000 psf (95.8 kPa ), a minimum
of 600 psf (28.8 kPa), but in no case greater than 150 h
(23.5 hSI).

C4.7.1 Form Pressure
The lateral pressure formulas are adopted from

ACI (ACI 1994; Hurd 1995). Equation 4-1 assumes a
fully liquid head and normally can be applied without
restriction. However, there are exceptions. Caution
must be taken when using external vibration or con-
crete made with shrinkage-compensating cement. In
these situations, pressures in excess of equivalent hy-
drostatic may occur.

The designer must consider the uplift caused by
the vertical component of the normal pressure of
freshly placed concrete on inward sloping forms.

The SI version of the lateral pressure formula is
adopted from ACI 347R-94 (ACI 1994; Hurd 1995)
and from the Appendix of ACI 347R-94. An alternate
presentation of these formulas is in FHWA’s 93-032
(1993).

C4.7.1.1 Under the limitations listed, the formwork
may be designed for a maximum lateral pressure, as
provided in Equations 4-2, 4-3, and 4-4, that is less
than the full hydrostatic head.

Where any of the limitations are not met, the lat-
eral pressure must be taken as provided in Equation 4-
1. Equations 4-2, 4-3, and 4-4 are applicable for con-
crete with unit weights up to 150 pcf (23.5 kN/m3).
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For walls: rate of placement of 7 to 10 ft (2 to 3
m) per hour

CC � 150 � 43,400/T � 2,800 R/T (4-4)

CC SI � 7.2 � �
TS

2

I

4
�

4 R
1

S

7
I

.8
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TSI

1
�
15

1
6
7.8

� (4-4 SI)

where R (RSI ) is the rate of placement, ft/h (m/h); andT
(TSI) is the temperature of concrete in the form, °F
(°C).

4.7.1.2 Alternatively, a method based on appropriate
experimental data may be used to determine the lateral
pressure used for form design.

4.7.1.3 If concrete is pumped from the base of the
form, the form shall be designed for full hydrostatic
head of concrete, CC � w � h, plus a minimum al-
lowance of 25% for pump surge pressure. In certain in-
stances, pressures may be as high as the face pressure
of the pump piston.

4.7.2 Slipform Pressure
For a slipform concreting operation, the lateral

pressure of fresh concrete to be used in designing the
forms, bracing, and wales shall be calculated as

CC � c � 6,000 R/T (4-5)

CC SI � cSI � �
TS
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7
I

.8
� (4-5 SI)

where c (cSI) is 100 psf (4.79 kPa ) for concrete placed
in 6 to 10-in. (150 to 250-mm) lifts with slight vibra-
tion or no revibration and 150 psf (7.19 kPa) for con-
crete that requires additional vibration, such as gastight
or containment structures; CC (CC SI) is lateral pressure,
psf (kPa); R (R SI) is the rate of concrete placement,
ft/h (m/h); andT (TSI) is the temperature of concrete in
the forms, °F (°C).

4.7.3 Shoring Loads
When shores are required to support the load of

newly placed concrete, these shores shall be main-
tained until the concrete has gained enough strength to
be self-supporting. When shoring is continuous over
several floors, the calculated loads on these shores
shall be cumulative unless and until the shores have
been released and reset to allow the slab in question to
carry its own dead weight. Such release should not oc-
cur until the concrete is capable of carrying its own
dead load.
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4.8 Application of Loads

4.8.1 Combined Loads
The design construction load shall include the crit-

ical combination of personnel, equipment, and material
loads.

4.8.1.1 Working Surfaces. Structures supporting work-
ing surfaces as defined in Section 4.1 shall be designed
for the combined material, personnel, equipment, and
other applicable construction loads.

When the construction operation fits the definition
in Table 2, the designer is permitted to design for the
tabulated uniform loads as the vertical load from the
combination of personnel, equipment, and material in
transit or staging. When the construction operation
does not fit the definitions in Table 2, the design shall
be for the actual loads. Concentrated loads shall be
considered separately.

C4.8 Application of Loads
Construction loads depend very much on the spe-

cific planning and processes of construction. This sec-
tion includes rules for applying and combining the var-
ious loads, as well as traditional minimums for several
common construction processes.

C4.8.1 Combined Loads
The combination of the various forms of construc-

tion loads, materials, personnel, and equipment is an
important step in engineering for construction, requir-
ing careful application of professional judgment.

C4.8.1.1 Working Surfaces. It is traditional to design
many working surfaces for a uniformly distributed load
that is meant to include all construction loads, except
for materials in their final position.

Temporary structures have often been designed,
advertised, and specified by the light, medium, and
heavy duty ratings given in Table 2. This standard also
applies to partially completed structures, and the same
terminology is adopted. Different styles of construction
and different segments of the construction industry
have different traditions for design loads on partially
completed structures during construction, and this sec-
tion of the standard is an attempt to unify the industry
on a common basis.

Examples of construction operations that have tra-
ditionally been designed for the loads given in the table
are

Very light duty:
Roofing, reroofing, excepting situations with stock-

piles of ballast
Access catwalks
Painting, caulking
Maintenance using hand tools

Light duty:
Light frame construction
Concrete transport and placement by hose and concrete

finishing with hand tools

Medium duty:
Concrete transport and placement by buckets, chutes,

or handcarts
Concrete finishing using motorized screeds
Masonry construction with tile or hollow lightweight

concrete units
Structural steel erection or concrete reinforcing steel

placement
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Table 2 Classes of Working Surfaces for Combined
Uniformly Distributed Loads

Uniform Loada

Operational Class psf (kN/m2)

Very light duty: sparsely populated 20 (0.96)
with personnel; hand tools; 
very small amounts of 
construction materials

Light duty: sparsely populated 25 (1.20)
with personnel; hand operated 
equipment; staging of materials 
for lightweight construction

Medium duty: concentrations of personnel; 50 (2.40)
staging of materials 
for average construction

Heavy duty: material placement 75 (3.59)
by motorized buggies; 
staging of materials for 
heavy construction

a Loads do not include dead load, D; construction dead load, CD; or
fixed material loads, CFML.
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4.8.1.2 Specification of Temporary Structures. When
temporary structures are specified by load name, the
names of the load class and the magnitude of design
loads shall be as given in Table 2.

4.8.2 Partial Loading
The full intensity of the construction load applied

only to a portion of the length of a structure or member
shall be considered if it produces a more unfavorable
effect than the same intensity applied over the full
length of the structure or member.

4.8.3 Reduction in Construction Loads
4.8.3.1 Material Loads. No reduction is allowed for
fixed or variable material loads, except to the extent
that small amounts of material in transit or staging are
included in uniformly distributed personnel, equip-
ment, and material loads, such as those in Table 2.

4.8.3.2 Personnel and Equipment Loads. When justi-
fied by an analysis of the construction operations,
members having an influence area of 400 ft2

(37.16 m2) or more may be designed for a reduced uni-
formly distributed personnel and equipment load deter-
mined by applying the following formula:

CP � Lo (0.25 � 15/�A�I�) (4-6)

CP SI � Lo (0.25 � 4.57/�A�I�) (4-6 SI)

Heavy duty:
Concrete transport and placement using motorized

buggies
Masonry of brick or heavy-weight concrete units
Material storage

Conflicts between provisions of this section and
those in ASCE 3-91 and ASCE 9-91 are acknowledged.

Following are examples of working surfaces that
do not fall under Table 2:

Roofs for which design is controlled by building
code live load or snow loads that are less than values in
Table 2.

Attics or hung ceilings that provide access for
maintenance, installation of utilities, and emergency
services such as firefighters.

These working surfaces must be addressed in ac-
cordance with Sections 4.8.1.1 and 4.8.4.

C4.8.1.2 Specification of Temporary Structures. This
requirement will encourage uniformity in terminology
for capacity of scaffolds and similar structures.

C4.8.2 Partial Loading
Partial-length loads on a beam or truss may pro-

duce higher shear on a portion of the span than a full-
length load. Checkerboard loadings on floors and mul-
tistory frames produce the highest positive and
negative moments. Cantilevers cannot rely on a possi-
ble construction load on the anchor span for equilib-
rium. ASCE 7-95 describes other possible conditions
of designing members or floors for partial loading.

C4.8.3.2 Personnel and Equipment Loads. Uniformly
distributed loads are a convenient substitute for com-
puting the combined effect of several concentrated
loads. As such they are generally calibrated to a partic-
ular area. For smaller areas, the concentrated loads
control structural design. The nature of transient con-
centrated loads, such as personnel and equipment, is
that their spacing is not uniform, thus, for areas larger
than the calibration area, the uniform load may be un-
necessarily conservative.
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where CP (CP SI)is the reduced design uniformly dis-
tributed personnel and equipment load per ft2 (m2) of
area supported by the member; Lo is the unreduced
uniformly distributed personnel and equipment design
load per ft2 (m2) of area supported by the member; and
AI is the influence area, ft2 (m2). The influence area AI

is normally four times the tributary area for a column,
two times the tributary area for a beam, and equal to
the panel area for a two-way slab.

The reduced uniformly distributed personnel and
equipment design load, regardless of influence area,
shall not be less than 50% of the unreduced design
load for members supporting one level or 40% of the
unreduced design load for members supporting more
than one level, except that where the uniformly dis-
tributed personnel and equipment load is 25 psf (1.2
kN/m2)or less, the reduced load shall not be less than
60% of the unreduced design load, unless justified by
an analysis of the construction operations.

4.8.3.3 Personnel and Equipment Loads on Sloping
Roofs. A reduction in gravity construction loads for per-
sonnel and equipment on a roof is also permitted based
upon the slope of the roof. The reduction factor R is:

R � 1.2 � 0.05F

where F is the slope of the roof expressed in inches per
foot (in SI system, F � 0.12 � slope of the roof ex-
pressed in percentage points). R need not exceed 1.0
and shall not be less than 0.6. This reduction may be
combined by multiplication with the reduction based
on area, but the reduced load shall not be less than
60% of the basic unreduced load.

4.8.4 Restriction of Loads
The following working surfaces shall have their

use and access restricted by posting of the permitted
loads and load conditions or by operational control by
the entity that has jurisdiction over their use.

1. Scaffolds with working surfaces of 40 ft2 (3.72 m2) or
less shall be rated for the number of individual per-
sonnel loads that they can support, and the working
surfaces shall be restricted accordingly. When design-
ing, the individual personnel loads shall be placed in
such locations as to maximize their effects on the
structural members of the scaffold; however, they
need not be spaced closer than 2 ft (0.61 m) on center.

A construction load reduction based on influence
is reasonable. There is a lack of data from construc-
tion projects. Without specific information, the
derivation of a new reduction equation was not war-
ranted. Therefore, a commonly used live load reduc-
tion procedure (ASCE 1995) has been used for this
document.

Care shall be exercised, since many construction
loads are actual not statistical loads. If actual loads are
anticipated over the entire area, no reduction should be
taken.

For load restrictions see commentary in Section
4.8.4.

ASCE 7-95 allows for reduced live loads of 12
lb/ft2 (0.57 kN/m2). Model building codes have the
same roof loading. On the surface, this is a violation of
OSHA (1977) minimum loading of 25 psf (1.2 kN/m2);
however, the OSHA requirement is for temporary plat-
forms and traditionally has not been applied to com-
pleted or partially completed roof structures (see Sec-
tion 4.8.4).

C4.8.3.3 Personnel and Equipment Loads on Sloping
Roofs. For consistency, the reduction in roof personnel
and equipment loads also follows ASCE 7-95. The de-
tail of application is somewhat different, but the limits
are essentially the same.

C4.8.4 Restriction of Loads
Posting, restricting, or otherwise limiting

construction loads is consistent with building codes,
AASHTO, OSHA, scaffolding industry, and ANSI re-
quirements. This issue should not be confused with
reduction of design live load based on contributory
area. Load reduction, based on influence area, is
addressed in Section 4.8.3.2.

The posting or load restriction can be accom-
plished by physical barriers that direct the traffic on a
bridge deck or parking structure, or barriers on a floor
system to restrict access to wheeled vehicles, storage
of materials, or personnel.
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2. Working surfaces designed for superimposed uni-
form loads of 25 psf (1.20 kN/m2) or less shall be
rated for both their superimposed uniform load ca-
pacity and the number and location of the individual
personnel loads that they can support. These work-
ing surfaces shall be restricted accordingly.

3. Working surfaces designed for loads less than what
could reasonably be expected to be placed thereon
shall be restricted to the design loads.
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It is not uncommon to have relatively large work
platforms or scaffolds, for example 100 � 100 ft
(30.48 � 30.48 m) work platform for renovation of
the structural steel roof of a building or members of a
bridge. As a platform for personnel and equipment,
the heavy duty 75 lb/ft2 (3.59 kN/m2) rating is appro-
priate to design the deck system. However, recogniz-
ing that the work crew may consist of several person-
nel working in a localized area using the 75 lb/ft2

(3.59 kN/m2) is inappropriate simultaneously on the
entire platform and does not reflect the true operating
use of the scaffold or platform. The hanger or support
system for the platform could be designed for the
maximum load developed by the limited number of
personnel on the platform clustering around one sup-
port to create the greatest load at that support point.
The platform would be clearly posted or rated, as
with scaffolds in accordance with the ANSI maxi-
mum number of occupants. Failure to do this could
result in a loading on the structure from which the
scaffold is hanging or supported, substantially exceed-
ing the design load of that structure.

There are many lightweight platforms and scaf-
folds that are intended to support only one to three per-
sons, their small tools, and incidental materials. An ex-
ample is small hanging platforms below steel beams
(“floats”) used extensively in structural steel erection.
The capacities of these scaffolds are controlled by the
number of individual personnel loads for which they
are designed. Restriction of use is necessary to prevent
overloading.
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5.0 LATERAL EARTH PRESSURE

5.1 Definition
For the purpose of this standard, lateral earth pres-

sure, CEH, is defined as the horizontal or nearly hori-
zontal resultant of forces per unit area created by soil
and water on a vertical or nearly vertical plane of a
structure.

5.2 Determination of Lateral Earth Pressure
Design values of lateral earth pressures and their

distribution shall be determined by the use of credible
and reliable methods in accordance with accepted engi-
neering practice. One test of credibility of a method of
earth pressure determination shall be its publication in
one or more generally accepted references on geotech-
nical engineering.

Site-specific conditions shall be considered in the
selection of method(s) of calculation, and site-specific
data shall be used for the critical factors in the calcula-
tions.

Distinction shall be made among active, at-rest,
and passive earth pressures as influenced by the direc-
tion and magnitude of movement or deformation of the
structure under load.

Laboratory or field instrumentation, observations,
and measurements shall be permissible bases for deter-
mination of earth pressures.
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C5.0 LATERAL EARTH PRESSURE

C5.2 Determination of Lateral Earth Pressure
The magnitude and distribution of soil pressures

on both permanent and temporary structures during
construction depend on a multitude of factors. Their
determination for design should be performed by an
engineer with adequate knowledge of soil mechanics,
understanding of structural behavior, and familiarity
with the construction procedures at hand.

Innovative methods of temporary excavation sup-
ports are continually developing. The application of
existing methods of earth pressure analyses should be
done with caution and should, when possible, rely on
recorded field performance.
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6.0 ENVIRONMENTAL LOADS

The basic reference for computation of environ-
mental loads is the 1995 edition of ASCE 7. The re-
quirements of ASCE 7-95 shall be applied except as
modified herein.

When an environmental loading is contained in
another document acceptable to the authority having
jurisdiction, written to address a specific material or
method of construction, the more applicable document
shall be permitted to be followed.

6.1 Importance Factor
During construction, the importance factor, I, shall

be 1.0 for all environmental loads, regardless of what
the importance factor is for the completed structure.

6.2 Wind
Except as modified herein, wind loads shall be

calculated in accordance with procedures in ASCE 7-
95.

Design wind pressures shall be based on design
velocities calculated in accordance with Section 6.2.1,
without increases to meet minimum design wind load-
ing requirements of ASCE 7-95.

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 1 year 0.8
1 to 2 years 0.85
2 to 5 years 0.9

C6.0 ENVIRONMENTAL LOADS

This section deals with special issues of construc-
tion and temporary structures for which the basic pro-
cedures of ASCE 7-95 are to be modified.

The objective of this standard is to provide a level
of safety during construction that is comparable to that
of the completed structure. To achieve this, the proba-
bility of a load exceeding the factored nominal con-
struction load during the construction period should be
roughly the same as that of a load exceeding the fac-
tored nominal design load during the projected life of
the completed structure.

Standards and other documents applicable to spe-
cific materials or methods of construction have been de-
veloped and are recognized and used extensively (e.g.,
AASHTO 1996; CALTRANS 1989; MCAA 2001).

C6.1 Importance Factor
The importance factor is 1.0 for all environmental

loads during construction, regardless of the occupancy
after construction. During construction, the primary oc-
cupancy of a building is by construction personnel. As
such, the risk to loss of human life is comparable to that
for Category II buildings as defined in ASCE 7-95.

C6.2 Wind
Structures shall be stabilized during construction

to resist the wind loads specified in this section with
full regard to all intermediate stages of construction.

Information and guidance have been lacking in the
United States on the selection of wind speeds and force
coefficients on structures during construction (Ratay
1987). Limited research and development have been
performed for the purpose of this standard (Boggs and
Peterka 1992; Rosowsky 1995).

If local conditions so dictate, and for certain haz-
ardous construction operations, it might be appropriate
to apply a minimum wind pressure, such as 10 psf
(0.48 kN/m2), to design.

C6.2.1 Design Velocity
Wind provisions are established such that (1.4)0.5

� the construction design wind velocity should have
the same likelihood of being exceeded in the construc-
tion period (say 1 to 2 years) as (1.4)0.5 � the 50-year
mean recurrence interval design wind does in a 50-year
period. The reduced construction period velocity fac-
tors have been developed to achieve this objective
(Boggs and Peterka 1992; Rosowsky 1995).

STANDARD COMMENTARY
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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
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 m/s) shall be permitted provided
additional bracing is prepared in advance and applied
in time before the onset of an announced hurricane.

6.2.1.2 Continuous Work Period. For continuous work
periods, it shall be permissible to use wind speeds
lower than those specified in Section 6.2. For continu-
ous work periods, the basic wind speed shall be not
less than the predicted speed, adjusted to the 3-second
gust speed, as reported by the National Weather Ser-
vice or another reliable source acceptable to the au-
thority having jurisdiction, for the day of construction.

Continuous work periods shall be those periods of
continuous rigging, erection, or demolition that last for
1 work day or less. Continuous work periods end at the
end of the work day, at which time the structure shall
be made inherently stable, or appropriately secured, to
meet the requirements for the construction period as
defined in Section 6.2.1.1.

Factors for construction periods less than 1 year
are developed based on judgment because statistical
analyses of seasonal wind variations have not been
performed for all regions. Local wind speed data
should be consulted when using these 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.

C6.2.1.2 Continuous Work Period. During erection,
many structural components, including columns, gird-
ers, trusses, formwork, and facade panels cannot be
made to meet the requirements for the construction pe-
riod because they are being lifted or they have not been
fully incorporated into braced and secured structures.
Under such circumstances that last for 1 work day or
less, it is permissible to use reduced wind speeds that
are based on weather conditions predicted for the site.
Temporary guys, struts, minimum number of fasteners,
and so on should be employed as necessary for contin-
uous work periods. At no time should wind speeds
used for continuous work periods exceed those recom-
mended by manufacturers of equipment used in the
erection or demolition operation.

Weather forecasters sometimes publish predicted
wind speeds based on different sampling periods. The
sampling period must be known, and the predicted
wind speed must be adjusted to be consistent with pro-
visions of ASCE 7-95. For the purposes of this Stan-
dard, to obtain 3-second gust speeds multiply fastest-
mile or 1-minute average speeds by 1.25 and
mean-hourly speeds by 1.55.

At the end of continuous work periods, when the
duration of the operation exceeds the time period

STANDARD COMMENTARY
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6.2.2 Frameworks without Cladding
Structures shall resist the effect of wind acting

upon successive unenclosed components.
Treatment of staging, shoring, and falsework with

regular rectangular plan as trussed towers in accor-
dance with ASCE 7-95 shall be permissible. Unless de-
tailed analyses are performed to show that lower loads
may be used, no allowance shall be given for shielding
of successive rows or towers.

For unenclosed frames and structural elements,
wind loads shall be calculated for each element. Unless
detailed analyses are performed, load reductions
caused by shielding of elements in such structures with
repetitive patterns of elements shall be as follows:

1. The loads on the first three rows of elements along
the direction parallel to the wind shall not be re-
duced for shielding.

2. The loads on the fourth and subsequent rows shall
be permitted to be reduced by 15%. Wind load al-
lowances shall be calculated for all exposed interior
partitions, walls, temporary enclosures, signs, con-
struction materials, and equipment on or supported
by the structure. These loads shall be added to the
loads on structural elements.

Calculations shall be performed for each primary
axis of the structure. For each calculation, 50% of the
wind load calculated for the perpendicular direction
shall be assumed to act simultaneously.

6.2.3 Accelerated Wind Region
Structures placed in regions of accelerated wind

speed (near building edges and corners) shall resist the
higher pressures and suctions that will exist in such re-
gions. The design velocity shall be factored upward
from the basic velocity by the square root of the suc-
tion coefficient for cladding as given in ASCE 7-95.
The calculated wind velocity shall be used with appro-

within which the wind speed can be reasonably pre-
dicted, or when wind speeds exceed those used for the
continuous work period, the structure or element
should be stabilized to resist the design speeds speci-
fied in Section 6.2.1.1.

Certain rigging operations may, by their very na-
ture, pose hazards, and may require more restrictive
measures to conform to ordinance of the authority hav-
ing jurisdiction, or to good practice. An example is to
provide free-fall areas for the materials being handled,
which may result in closure of streets or sidewalks, or
evacuation of buildings.

C6.2.2 Frameworks without Cladding
Although the design wind speed during construc-

tion may be lower than that for the completed struc-
ture, the total wind load may actually be higher be-
cause of the cumulative effect of wind acting on many
more surfaces and often with higher drag coefficients
than in the fully enclosed structure. For common ar-
rangements of elements in typical open frames and
temporary structures, shielding effects are small. Con-
sidering the changing nature of the building silhouette
and the arrangement of construction materials on the
structure, it is prudent to assume that loads will not be
reduced because of shielding, except in certain specific
cases.

For open structures with regular patterns of ele-
ments, the direction of maximum force on the structure
usually is not parallel to the principal axis of the struc-
ture. Shielding effects are minimized, and therefore
loads are at their highest, when the direction of the
wind is not parallel to the column lines. For this rea-
son, the most severe loads on an open structure include
components of load in both principal directions of the
structure.

Shapiro et al. (1980), Nix et al. (1975), Vickery et
al. (1981), and MBMA (1986) provide guidance on
shielding effects and loads on open structures.

C6.2.3 Accelerated Wind Region
Near building corners, at edges of completed

building enclosures, and at other discontinuities in
building geometry, the prevailing wind speeds are in-
creased and wind directions are altered. In general,
pressure and suction coefficients will be higher than at
locations away from discontinuities. Also, there may
be substantial side and uplift loads on nearby adjacent

STANDARD COMMENTARY
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priate drag factors to calculate loads on structures. At
building corners, the resulting pressures shall be as-
sumed to act on adjacent staging structures in horizon-
tal directions parallel to and perpendicular to the enclo-
sure surface. At top edges of enclosures, pressures
shall be assumed to act upward as well as horizontally.

6.3 Thermal Loads
Provisions shall be made for thermal distortions of

the structure and architectural components when struc-
tures are erected during the following conditions:

1. When the product of the following quantities ex-
ceeds 7000 ft-°F (1185 m-°C):
a) the largest horizontal dimension between expan-

sion joints of the erected structures and
b) the largest of the differences between the fol-

lowing temperatures for the months when the
portion of the structure is erected and exposed
temporarily to ambient temperatures
i) the highest mean daily maximum tempera-

ture and the lowest mean daily minimum
temperature, or

ii) the expected average temperature of the
structure when it is in its end use and the
highest mean daily maximum temperature,
or

iii) the expected average temperature of the
structure when it is in its end use and the
lowest mean daily minimum temperature

2. When portions of the structure that will be shielded
when the structure is completed are subjected to di-
rect solar radiation during hot weather, or

3. When temperature changes create distortions that
could damage structural or architectural compo-
nents.

structures (such as scaffolding) in these locations. Spe-
cial attention should be given to the loads on staging
structures near the edges of enclosed and partially en-
closed structures.

Guidance for pressures on edge regions of sur-
faces of enclosed structures is available (ASCE 1995;
MBMA 1986), but there is little information on loads
on structures such as staging constructed adjacent to
and in the stream of air flowing around enclosed struc-
tures.

C6.3 Thermal Loads
Thermal distortions can be significant when

frames of structures under construction are exposed to
daily or seasonal ambient temperature variations and
when frames are erected at temperatures that differ sig-
nificantly from the temperature of the structure in its
end-use condition.

The provisions of this section limit theoretical
structural distortion between expansion joints to ap-
proximately 0.5 inch (13 mm). Thermal lag of struc-
tural elements is considered by specifying that calcula-
tions be based on highest mean daily maximum and
lowest mean daily minimum temperatures for the
months when the structure is exposed to ambient tem-
peratures.

Mean daily maximum and minimum temperatures
suitable for use in thermal load evaluations are avail-
able (National Climatic Data Center 2002). Additional
temperature data are also available (NAS 1974; Na-
tional Climatic Data Center 2002).

When the attachment of structural elements to
foundations and adjacent structures is flexible, ther-
mal distortions can result in movement that causes
forces in those components and attachments without
serious consequences. However, if the attachments are
rigid, extremely large forces may develop because of
the restraint of movement. Damage occurs when
stressed elements are incapable of supporting the re-
sulting forces.

Although damage is possible in almost any build-
ing, buildings that are most susceptible are those that
have relatively unrestrained frames supporting rigid el-
ements, such as precast panels or masonry infilling
walls, that are not a part of the primary structural sys-
tem (Martin 1971). Long buildings, in which the cu-
mulative dimensional changes can be large, and build-
ings erected during the extremes of the construction
season, when ambient temperatures can be very differ-
ent from end-use temperature, are particularly suscepti-
ble. Also, structures with braced bays or shear walls in
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6.4 Snow Loads
When snowfall is expected during the construction

period, as defined in Section 6.2.1.1, snow loads shall
be determined for surfaces on which snow could accu-
mulate in accordance with ASCE 7-95, except as mod-
ified herein. If construction will not occur during win-
ter months when snow is to be expected, snow loads
need not be considered, provided that the design is re-
viewed and modified, as appropriate, to account for
snow loads if the construction period shifts to include
winter months.

Design for snow loads that are lower than those
described in this section shall be permissible, provided
adequate procedures and means are employed to re-
move snow before it accumulates to levels that exceed
the loads used for design.

6.4.1 Ground Snow Loads
The ground snow loads, pg, given in ASCE 7-95,

shall be modified by the following factors:

Construction Period Factor
5 years or less 0.8
more than 5 years 1.0

line but spaced far apart can generate substantial forces
as the intermediate framing attempts to move with
temperature changes.

Multistory buildings usually show the most dam-
age in the lowest stories, where the foundation pro-
vides the greatest restraint to free movement (ACI
1985).

Solar radiation on a large surface during construc-
tion sometimes causes substantial flexural distortion
and/or forces (Chrest et al. 1989; Ho and Liu 1989;
Martin 1971; PCICPS 1992). This can overstress a
component that is designed to be shielded in the fin-
ished structure.

Thermal distortions are often impossible to re-
strain because the forces that are generated exceed the
capacities of practical restraining elements. Therefore,
it is advisable to accommodate distortions by se-
quencing the erection so as to avoid making rigid
connections between portions of the structure that
may undergo differential movement until the tempera-
ture of the frame can be stabilized, or by installing
structural and architectural details that will tolerate
movement.

C6.4.1 Ground Snow Loads
In recognition of the relatively short duration of

most construction projects, the ground snow load is
reduced for durations of 5 years or less to reflect the
low probability that the 50-year mean recurrence in-
terval value, which forms the basis for ASCE 7-95
loads, will occur during the construction period. How-
ever, it should also be realized that loads in excess of
statistically determined design loads may occur.

STANDARD COMMENTARY
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6.4.2 Thermal, Exposure, and Slope Factors
The thermal factor, Ct, and the exposure factor,

Ce, shall be for the conditions that will exist during
construction. If a range of conditions will exist during
construction, a series of load calculations shall be
made to cover the range of thermal and exposure fac-
tors to be expected. The slope factor, Cs, shall be deter-
mined based on the construction-phase values of Ct

and Ce.

6.4.3 Drainage
Where drainage provisions may become blocked

during construction (e.g., by freezing), the extra loads
created by such blockages shall be included.

6.4.4 Loads in Excess of the Design Value
Surfaces on which snow and ice accumulate shall

be monitored and any loads in excess of construction-
phase design loads shall be removed before construc-
tion proceeds.

6.5 Earthquake
Where required by the governmental authority

having jurisdiction, or by the owner, or by the design
engineer of record, seismic design of temporary struc-
tures and supports shall be performed. If so required,
earthquake loads shall be calculated in accordance with
procedures in the 1995 edition of ASCE 7-95. All
structures shall be treated as Category II, per Table 1-1
of ASCE 7-95, regardless of the group classification of
the completed structure.

6.5.1 Applicability
Earthquake loads need not be considered unless

the acceleration coefficient, Aa, read from Map 9-1 of
ASCE 7-95, exceeds 0.15. If Aa exceeds 0.15, earth-
quake loads need not be considered if the horizontal
design loads from wind or other causes (nominal load

C6.4.2 Thermal, Exposure, and Slope Factors
The values of the thermal factor, Ct, are deter-

mined for the conditions that will exist during con-
struction. These conditions may be quite different from
those that will exist once the building is occupied.
Since the value of Ct depends on whether heat is pro-
vided in a building, and most buildings under construc-
tion are unheated, snow loads may be higher during
construction than when the building is completed and
occupied.

In most circumstances the exposure factor, Ce, for
a roof during construction will be the same as the ex-
posure factor for that roof during the life of the build-
ing. When the thermal factor changes, the slope factor,
Cs, may also change.

C6.4.3 Drainage
Drainage provisions, which often rely on building

heat to function properly, may become blocked with
ice during construction in cold weather if the building
is unheated. When this occurs, excess loads may accu-
mulate on roofs. Ponding instability may result. It may
be appropriate to install temporary heaters in drains to
avoid such problems during construction.

C6.4.4 Loads in Excess of the Design Value
If loads in excess of construction-phase design

values are encountered during construction, work
within the building should be halted until the overload
is eliminated. Snow removal procedures must be
planned to avoid overloading the structure with piles of
snow or by the use of equipment too heavy for the
structure.

C6.5 Earthquake
The earthquake provisions of ASCE 7-95 are

modeled on FEMA (1994).

C6.5.1 Applicability
The 0.15 threshold for Aa is derived as follows:

1. The design acceleration for a 6-month duration (Aa*)
is approximately 20% of the Aa mapped as having a
10% chance of being exceeded in a 50-year period
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level) exceed 0.2Aa times the weight to be braced by
the temporary bracing system.

Construction of detached one- and two-family
lightly framed dwellings not exceeding two stories in
height is exempt from these earthquake requirements.

This section applies to all construction except
those specifically covered in Section 6.5.3.

6.5.2 Use of ASCE 7-95
For use of the earthquake load provisions of

ASCE 7-95, the following modifications should be
made:

1. The mapped values for Aa and Av may be multi-
plied by a factor less than one to represent the re-
duced exposure period, but the factor shall not be
less than 0.2. Note: for regions inside the 0.4 con-
tour on the map, the minimum factor should in-
crease to a value of 0.4 along major faults.

2. The restrictions on types of structural systems in
seismic performance categories D and E do not ap-
ply, as long as the height of the temporary bracing
system above the final seismic resisting system
does not exceed 100 feet (30 m).

3. The R factor used for temporary bracing systems
shall not exceed 2.5 unless the system is detailed in
accordance with the provisions of ASCE 7-95.

4. Only the requirements dealing with the strength of
the seismic resisting structural system need be satis-
fied.

6.5.3 Other Standards for Earthquake-Resistant
Design

Partially complete structures of a type that are ex-
cluded by the earthquake load provisions of ASCE 7-
95 and for which specifically applicable standards for
earthquake-resistant design exist, such as vehicular
bridges, shall be designed and evaluated according to
the specifically applicable standard. Earthquake loads

(a mean recurrence interval of about 475 years).
2. The inelastic response modification factor, R, for

temporary bracing systems common in construction
projects is assumed to be 2.5, consistent with a low
level of ductility and redundancy. Therefore, the re-
sponse acceleration for short-period structures (also
characteristic of temporary bracing) is

Ca � �
2.5

R
Aa

*

� � 1.0 Aa
* � 0.2 Aa

3. The strength required for horizontal construction
loads represents a lower bound strength for lateral
resistance. It is specified herein to be 2% of the
weight at allowable stress, which would be approxi-
mately 3% at strength levels.

4. The equivalent threshold acceleration is therefore

0.2 Aa � 0.03

Aa � 0.15

C6.5.2 Use of ASCE 7-95
The higher factor with the 0.4 contour is caused by

the truncation of the probabilistic maps at the 0.4g ac-
celeration level. It is generally accepted that such trun-
cation results in reasonable design for permanent struc-
tures; however, the logic may not be applicable for the
much shorter construction periods pertinent during
construction.

The drift limitations and the nonstructural provi-
sions are not required for temporary structures and for
structures during their construction phases.

Specific provisions for design of masonry structures
to resist seismic loads are contained in ASCE 5-92.

C6.5.3 Other Standards for Earthquake-Resistant
Design

ASCE 7-95 excludes certain types of structures
for various reasons: unique characteristics of response
to ground shaking, exceptionally high risk associated
with poor performance, and the existence of other
standards for design. The provisions of Section 6.5.2
are intended to make ASCE 7-95 usable for most
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for temporary structures associated with such construc-
tion shall be determined in accordance with Section
6.5.2 unless the specifically applicable standard in-
cludes provisions for temporary construction.

6.6 Rain
Except as modified herein, rain loads shall be cal-

culated in accordance with procedures in ASCE 7-95.
For temporary conditions that exist for one month

or less, rain loads need not be considered for construc-
tion during months with historical rainfall averages of
less than 1 inch (25 mm) per month.

6.7 Ice
Except as modified herein, ice loads shall be cal-

culated in accordance with procedures in ASCE 7-95.
For construction during seasons when structures

are not susceptible to accumulation of ice, ice loads
need not be considered.

Structures that will be enclosed when construc-
tion is complete and that are designed for live loads
of 20 psf (0.96 kN/m2 ) or more need not be consid-
ered as ice-sensitive structures while open during 
construction.

temporary structures; however, it is beyond the 
scope of this document to repeat complete sets of
seismic design provisions for structures already cov-
ered by existing standards. For vehicular bridges, the
user is referred to Section 3.2 of AASHTO (1996)
and CALTRANS (1989). Also, CALTRANS has is-
sued a “Memo to Designers 20-2” recommending ac-
celeration levels, to use for temporary situations in-
volving bridges carrying traffic or positioned over
traffic, that are higher than the values specified in
Section 6.5.2 for near fault locations (CALTRANS
1989).

C6.6 Rain
In some regions of the country, seasonal rainfall

is very low. For construction in these regions during
low-rainfall seasons, it is not essential to consider rain
loads. Nevertheless, water should be removed when it
accumulates in or on structures to a sufficient depth
to exceed 25% of the live, rain, or snow loads on any
supported structural element as specified in this stan-
dard.

Many structures drain better while under construc-
tion than when they are finished. However, there are
circumstances when drainage potential is reduced. An
example is an unfinished parking deck, which relies on
a sloped topping slab for drainage. In this case, perma-
nent drains might be above the level of finished con-
struction and the surface of the slab might be essen-
tially level. Also, drainage systems can become
blocked with ice during freezing conditions (see Sec-
tion 6.4.3) and construction debris.

Care must be taken to keep drains clear and to pro-
vide for unobstructed paths for rain water to flow from
structures. Water that accumulates in unfinished struc-
tures should be removed.

C6.7 Ice
Enclosed structures that are designed for signifi-

cant live loads on floor areas need not be considered
for ice loads solely because they have an open configu-
ration during construction. However, should ice accu-
mulate on these structures, it should be removed or the
construction and live loads applied to the structure
should be reduced by an amount corresponding to the
weight of the accumulated ice.

STANDARD COMMENTARY



SEI/ASCE 37-02

33

REFERENCES

American Association of State Highway and
Transportation Officials (AASHTO). “Standard speci-
fications for highway bridges,” 16th Ed., 1996, Wash-
ington, D.C.

American Concrete Institute (ACI). “State-of-the-
art report on temperature-induced deflections of rein-
forced concrete members,” 435.7R-85, 1985, Detroit.

ACI 530-92/ASCE 5-92/TMS 402-92 “Building
code requirements for masonry structures,” American
Society of Civil Engineers, 1992, New York.

ASCE 7-95, “Minimum design loads for buildings
and other structures,” American Society of Civil Engi-
neers, 1995, Reston, Va.

Boggs, D.W., and Peterka J.A. “Wind speeds for
design of temporary structures,” Proceedings of the
ASCE 10th Structures Congress, San Antonio, Texas,
April 13–15, 1992, pp. 800–803, ASCE, 1993, New
York.

California Department of Transportation (CAL-
TRANS). “Memo to designers, November 1989, 20-2,
seismic requirements for staged construction,” 1989,
Sacramento, Calif.

Chrest, A.P., Smith, M.S., and Bhuyan, S. “Park-
ing structures: planning, design, construction, mainte-
nance, and repair,” Van Nostran Reinhold, 1989, New
York.

Federal Emergency Management Agency
(FEMA). “NEHRP recommended provisions for the
development of seismic regulations for buildings,”
FEMA22/1994, prepared by the Building Seismic
Safety Council, 1994, Washington, D.C.

Ho, D., and Liu, C-H. “Extreme thermal loadings
in highway bridges,” J. Struct. Engrg. 115:7, 1989.

Martin, I. “Effects of environmental conditions on
thermal variations and shrinkage of concrete structures
in the United States,” Designing for Effects of Creep,
Shrinkage, and Temperature in Concrete Structures,

American Concrete Institute, SP-27, 1971, pp.
289–299, Detroit, Mich.

Masonry Contractors Association of America
(MCAA). “Standard practice for bracing concrete ma-
sonry walls under construction,” 2001, Lombard, Ill.

Metal Building Manufacturers Association
(MBMA). “Low rise building systems manual,” 1986,
Cleveland, Ohio.

National Academy of Sciences (NAS). “Expan-
sion joints in buildings, building research advisory
board,” Federal Construction Council Technical Re-
port No. 65, 1974, Washington, D.C.

National Climatic Data Center (NCDC). “Monthly
normals of temperature, precipitation, heating and
cooling degree days,” 2002, Asheville, N.C.

NCDC. “Climatological summary of the U.S.,”
2002, Asheville, N.C.

Nix, H.D., Bridges, C.P., and Powers, M.G.
“Wind loading on falsework, Part I,” CALTRANS
publication, June 1975, Sacramento, Calif.

Prestressed Concrete Institute Committee on Park-
ing Structures. Precast Prestressed Concrete Parking
Structures: Recommended Practice for Design and
Construction, 1992.

Ratay, R.T. “To mitigate wind damage during
construction: Codification?” Proceedings of the
NSF/Wind Engineering Research Council Symposium
on High Winds and Building Codes, November 2–4,
1987, Kansas City, Mo.

Rosowsky, D.V. “Estimation of design loads for
reduced reference periods,” Struct. Safety, 17:17–32,
1995, Amsterdam.

Shapiro, H.I., Shapiro, J.P., and Shapiro, L.K.
Crane and Derricks, McGraw-Hill, 1980, pp. 117–124,
New York.

Vickery, B.J., Georgiou, P.N., and Church, R.
“Wind loading on open framed structures,” Third
Canadian Workshop on Wind Engineering, Vancouver
and Toronto, Canada, 1981.

STANDARD COMMENTARY



This page intentionally left blank 



AASHTO. See American Association of State
Highway and Transportation Officials (AASHTO)

accelerated coefficient 30–31
accelerated wind region 27–28
ACI (American Concrete Institute) 17
additive combinations: allowable stress design 8;

strength design 5
allowable stress design (ASD) 7–9; loads specified 4;

scope of standard 1
American Association of State Highway and

Transportation Officials (AASHTO): concentrated
loads 14; earthquake 32; load combinations and
factors 4

American Concrete Institute (ACI) 17
American National Standards Institute (ANSI):

concentrated loads 13–14; load factors 6
American Society of Engineers (ASCE) 7-95. See

ASCE 7-95
analysis 3
ANSI. See American National Standards Institute

(ANSI)
arbitrary point-in-time values 5, 6
ASCE 7-95: construction dead loads 10; earthquake

30, 31; environmental loads 6, 25; frameworks
without cladding 27; ice 32; importance factor 25;
load factors 4; material loads 12; partial loading 20;
rain 32; reduction in construction loads 21; reference
3; snow 29; standard as complement to 1; suction
coefficient for cladding 27; wind 25, 26

ASD. See allowable stress design (ASD)

base shear 8–9
basic combinations 6–7
basic requirements 1–3
Bridgeport, Conn. 2
bridges 9; concentrated loads 13–14; earthquake 31,

32; live loads 10; temporary works 4

California: Department of Transportation 32;
“Falsework Manual” 15

cantilevers 20
capacity reduction factors 6
CD (construction dead load) 10, 11
cement, Type 1 17
CF (erection and fitting forces) 15
checkerboard loadings 20
CH (horizontal construction load) 15
cladding, frameworks without 27
columns 17
combined loads 19
concentrated loads 13–14; minimum personnel and

equipment 14(table)

concrete load 12–13
construction dead load (CD) 10, 11
construction loads: application of loads 19–22; basic

combinations 7; definition 11; equipment reactions
16–17; erection and fitting load 15; form pressure
17–18; general requirements 11; horizontal
construction load 15; material loads 11–13;
personnel and equipment load 13–15; reduction in
20–21; references 22–23

construction methods 2
construction period 26
continuous work period 26–27
controlled load 7
counteracting combinations 7
counteracting loads 9
CP (personnel and equipment load) 13–15; reduction in

construction loads 20–21

dead loads 10, 11
definitions: construction dead load 11; construction

loads 11; individual personnel load 11; lateral earth
pressure 24; working surfaces 11

deformation, excessive permanent 2
design velocity 25–26
drainage: rain 32; snow 30
duty ratings 19–20
dynamic loads 6

earthquake: additive combinations 8; applicability
30–31; basic combinations 7; standards 31–32; use
of ASCE 7-95 31

enclosed structures: accelerated wind region 28; ice
32

environmental loads: basic combinations 7; earthquake
30–32; general 25; ice 32; importance factor 25;
load factors 6; rain 32; references 33; snow loads
29–30; thermal loads 28–29; wind 25–28

equations: accelerated coefficient 30–31(equation);
additive combinations 5(equation), 8(equation);
basic combinations 6–7(equation); form pressure
17(equation); personnel and equipment loads on
sloping roofs 21(equation); response acceleration for
short-period structures 31(equation); slipform
pressure 18(equation)

equipment: materials contained in 13; nonrated 16;
rated 16

equipment reactions, CR 16–17; horizontal loads 15
erection and fitting forces (CF) 15
exposure factor 30

“Falsework Manual” 15
Federal Emergency Management Agency (FEMA) 30

INDEX

35



Federal Highway Administration (FHWA): bridge
temporary works 4; form pressure 17

fixed material loads (FML) 11, 12
“floats” 22
form pressure 17–18
frameworks without cladding 27

ground snow loads 29

heavy duty 20
horizontal construction load (CH) 15
hurricane season 26

ice 32
impact: equipment reactions 17
impact loads 14–15
importance factor 25
individual personnel load 11

L’Ambiance Plaza (Bridgeport, Conn.) 2
lateral earth pressure: basic combinations 7; definition

24; determination of 24; temporary structures 11
lateral forces 8–9
light duty 19
live loads 10
load and resistance factor design (LRFD) 4
loaders 16
load factors 5–6
load reduction 8
loads: application of 19–22; in excess of the design

value 30; restriction of 21–22; specified 4; types of 2

material loads 11–13; construction load reduction 20
materials contained in equipment 13
medium duty 19
multistory buildings 29

negligence, gross 1
nominal loads 5
nonrated equipment 16

Occupational Health and Safety Administration
(OSHA): allowable stress design 7; load factors 6;
personnel and equipment loads 21

outrigger reactions 16
overturning 8–9

partial loading 20
personnel and equipment load (CP) 13–15; reduction in

construction loads 20–21
platforms: load restriction 22
pump surge pressure 18
purpose of standard 1

rain 32
rated equipment 16
references: construction loads 22–23; dead and live

loads 10; environmental loads 33; general 3; lateral
earth pressure 24; loads and load combinations 9

rigging operations, and wind 27
roofs, sloping 21

safety 1
scaffolds: accelerated wind region 27–28; load factors

6; load restriction 21, 22
scope of standard 1
serviceability 2
shielding effects 27
shoring loads 18
sliding 8–9
slipform pressure 18
slope factor 30
snow loads 29–30
staging structures 28
stockpiling 12
strength design: load combinations 4–5, 6–7; load

factors 5–6; scope of standard 1
stress reversals 9
superimposed uniform loads 22

tables: minimum concentrated personnel and
equipment loads 14(table); working surfaces for
combined loads 19(table)

temporary platforms, and roof loading 21
temporary structures: allowable stress design 7; basic

requirements 1; concentrated loads 14; construction
dead load 10; construction loads 11; duty ratings
19–20; earthquake 31–32; lateral earth pressure 24;
personnel and equipment loads 13; response
acceleration for 31(equation); specification of 20;
traffic use of 13–14

thermal factor 30
thermal loads 28–29
transportation structures, and live loads 10
Type 1 cement 17

uniformly distributed loads 13

variable material loads (VML) 11–12
very light duty 19

walls 17–18
wheeled vehicles: concentrated loads 14; horizontal

construction load 15
wind 25–28; additive combinations 8; basic

combinations 7; horizontal construction load 15
working surfaces 19–20; combined loads 19(table);

definition 11
work period, continuous 26–27

INDEX

36


	Contents
	1.0 General
	1.1 Purpose
	1.2 Scope
	1.3 Basic Requirements
	1.3.1 Safety
	1.3.2 Structural Integrity
	1.3.3 Serviceability
	1.3.4 Types of Loads
	1.3.5 Construction Methods
	1.3.6 Analysis


	2.0 Loads and Load Combinations
	2.1 Loads Specified
	2.2 Load Combinations and Load Factors for Strength Design
	2.2.1 Additive Combinations
	2.2.2 Load Factors
	2.2.3 Basic Combinations
	2.2.4 Counteracting Combinations

	2.3 Allowable Stress Design
	2.3.1 Additive Combinations
	2.3.2 Load Reduction
	2.3.3 Overturning and Sliding
	2.3.4 Counteracting Loads

	2.4 Bridges

	3.0 Dead and Live Loads
	3.1 Dead Loads
	3.2 Live Loads

	4.0 Construction Loads
	4.1 General Requirements
	4.1.1 Definitions

	4.2 Material Loads
	4.2.1 Concrete Load
	4.2.2 Materials Contained in Equipment

	4.3 Personnel and Equipment Load, C[sub(P)]
	4.3.1 General
	4.3.2 Uniformly Distributed Loads
	4.3.3 Concentrated Loads
	4.3.4 Impact Loads

	4.4 Horizontal Construction Load, C[sub(H)]
	4.5 Erection and Fitting Forces, C[sub(F)]
	4.6 Equipment Reactions, C[sub(R)]
	4.6.1 General
	4.6.2 Rated Equipment
	4.6.3 Nonrated Equipment
	4.6.4 Impact

	4.7 Form Pressure
	4.7.1 Form Pressure
	4.7.2 Slipform Pressure
	4.7.3 Shoring Loads

	4.8 Application of Loads
	4.8.1 Combined Loads
	4.8.2 Partial Loading
	4.8.3 Reduction in Construction Loads
	4.8.4 Restriction of Loads


	5.0 Lateral Earth Pressure
	5.1 Definition
	5.2 Determination of Lateral Earth Pressure

	6.0 Environmental Loads
	6.1 Importance Factor
	6.2 Wind
	6.2.1 Design Velocity
	6.2.2 Frameworks Without Cladding
	6.2.3 Accelerated Wind Regions

	6.3 Thermal Loads
	6.4 Snow Loads
	6.4.1 Ground Snow Loads
	6.4.2 Thermal, Exposure, and Slope Factors
	6.4.3 Drainage
	6.4.4 Loads in Excess of the Design Value

	6.5 Earthquake
	6.5.1 Applicability
	6.5.2 Use of ASCE 7
	6.5.3 Other Standards for Earthquake-Resistant Design

	6.6 Rain
	6.7 Ice

	Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	L
	M
	N
	O
	P
	R
	S
	T
	U
	V
	W


