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This paper and a companion 
paper provide a review and 
assessment of existing 
precast concrete gravity 
load floor framing systems 
suitable for office build
ings. The companion paper 
reviews 19 precast structural 
systems. The assessment 
presented in this paper 
treats interactions between 
the structural, service, and 
architectural systems that 
comprise the building sys
tem. The assessment indi
cates the current state-of
the-art in precast concrete 
structural systems for office 
buildings and leads to con
clusions regarding oppor
tunities for the development 
of new systems and the 
improvement of existing 
systems. Work in progress is 
focusing on the most promis
ing concepts evolving from 
this study with a view towards 
developing a modern, eco
nomical, and efficient precast 
concrete floor system. 
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T
his paper and a companion 
paper ' summarize progress 
made on research conducted at 

the Center for Advanced Technology 
for Large Structural Systems (A TLSS) 
on gravity load floor systems for pre
cast concrete buildings. The research 
project evolved from a Precast/ 
Prestressed Concrete Institute (PCI) 
research project statement titled "Eco
nomical Framing Systems for Floors 
and Roofs." 

A total of 19 precast structural sys
tems that are suitable for office build
ing construction are reviewed by 
Pessiki et a!. in Ref. 1. The efficiency 
and performance of 16 of these sys
tems were assessed using criteria that 
were developed with input from indus
try professionals. This assessment led 
to the identification of opportunities 
for the development of new or im
proved systems. This paper discusses 
the criteria used in the assessment of 
the systems, presents the results of the 
assessment, and outlines the opportu
nities that were identified for the de
velopment of new systems . A report 
by Prior et aJ.2 presents more complete 
information on the review and assess
ment of systems. 

DEVELOPMENT OF 
ASSESSMENT CRITERIA 
The first stage of the assessment re

quired the identification of key assess
ment criteria to provide a consistent 
basis for evaluating the precast struc
tural systems in the survey. A criterion 
can be defined as a characteristic of 
the structural system, or of its interac
tion with other systems in the build
ing, that allows a judgment to be made 
about the effectiveness of the struc
tural system. To develop the criteria, 
interviews were conducted with pre
cast concrete designers , precast con
crete fabricators , mechanical (i.e., 
HV AC and plumbing) designers, and 
a mechanical fabricator to assess their 
views on the various factors that affect 
the suitabi lity of a precast concrete 
structural system for office building 
construction. 

The set of criteria is shown in Fig. 1. 
The criteria are divided into three pri
mary categories: Structural, Service, 
and Architectural. Criteria in the 
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NOISE CONTROL 

TIIERMALSTORAGE 

Fig. 1. Structural, Service, and Architectural assessment criteria. 

Structural category identify how effec
tively the precast system meets the 
structural needs of the building. Crite
ria in the Service category identify the 
impact of a precast structural system 
on the HVAC, plumbing, and electri
cal service systems. Criteria in the Ar
chitectural category identify the im
pact of the structural system on the 
architectural system of the building. 

As shown in Fig. 1, eac h of the 
three primary categories is divided 
into two subcategories. The first sub
category, Efficiency, pertains to the 
design, construction, and operation 
phases of the building. These criteria 
are generally measured in terms of 
time and cost. The second subcate-

gory , Performance, pertains to the 
ability of the system to meet its de
signed function and/or to adapt to a 
different function . These criteria are 
measured in qualitative terms. 

Criteria Used for Assessment 

All criteria shown in Fig. 1 have an 
impact on the efficiency and perfor
mance of the overall building system. 
However, a participant in the construc
tion process may emphasize different 
criteria depending on the role and ob
jectives of the participant. For exam
ple, if an owner's primary objective is 
to construct an office building that can 
easily accommodate different tenants, 
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(a) Building 1 

(b) Building 2 

~----------00.10 m--------------1 

7.82 m-J-7.12 m-J-7.12 m-J-7.12 m-J-7.12 m-J-7.12 m-J-7-::"' 

EDGE BEAI.I SPANDREL BEAI.I INTERIOR BEAM 

(c) Building 3 

Fig. 2. Example building layouts. 
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then the owner may consider service 
modification and architectural modifi
cation criteria to be very important. 

The assessment of existing systems 
was made using those criteria that 
were considered to have a major im
pact on the efficiency and perfor
mance of the building system and 
those criteria that help identify signifi
cant differences among precast struc
tural systems. These criteria are high
lighted with shading in Fig. 1. The 
assessment presented in this paper is 
considered preliminary because addi
tional industry input may provide 
other criteria of major importance that 
should be included in an assessment. 

It is important to note that structural 
design, service design, and architectural 
design are not included in the assess
ment. Structural design is not included 
because the efficiency of the design ef
fort will not differ significantly among 
the precast structural systems in the 
survey. Both service design and archi
tectural design efforts will change be
tween systems, but it was not possible 
to quantify these changes in the assess
ment. It is also important to note that 
strength and stability are not considered 
in the assessment, because if strength 
and stability requirements cannot be 
met, then it is useless to assess the pre
cast structural system with additional 
criteria. Therefore, it is assumed that 
each system has sufficient strength and 
stability to meet the requirements of a 
multistory office building. 

EXAMPLE BUILDINGS 
An example office building and two 

modifications of this building were se
lected to serve as bases for compar
isons of the systems . The example 
buildings were developed in sufficient 
detail to allow quantities to be calcu
lated to serve as measures for many of 
the assessment criteria. However, the 
example buildings were simplified by 
removing stairs and elevator and ser
vice shafts to reduce the complexity of 
the assessment. 

Structural Layout 

Buildings 1, 2, and 3 are four stories 
in height and 30.5 x 61 m (100 x 200 
ft) in plan. The length and/or direction 
of floor spans differs for each build-
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Fig. 3. HVAC layout, Building 1. 

ing. As shown in Fig. 2(a), Building 1 
has 7.6 m (25 ft) beam and floor 
spans, with floor members spanning in 
the longitudinal direction of the build
ing. Spandrel beams and interior 
beams support floor loads and edge 
beams are included to develop frame 
action under lateral force. In Building 
2 [Fig. 2(b)], floor spans are increased 
to 15.2 m (50 ft). Building 3 [Fig. 
2(c)] also consists of 15 .2 m (50 ft) 
floor spans, but the direction of the 
floor spans is in the transverse direc
tion of the building. 

Selection and Layout 
of HVAC System 

The three major service systems 
within a building are electrical , 
plumbing, and HY AC. While electri
cal and plumbing services are impor
tant systems, in an office building they 
are often secondary to the HY AC sys
tem in terms of space requirements 
and operation costs . To assess the im
pact of the structural system on the 
HV AC system, a typical office build
ing HV AC system was chosen and ap
proximate duct sizes were calculated 
for use in assessing the impact of the 
structural floor system on the typical 
HV AC system. 

A variable-air-volume (VA V) sys
tem was chosen because this system is 
applicable where a cooling load exists 
throughout the year, such as the inte
rior zone of office buildings. The sys-
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tern consists of a central air-handling 
unit with heating and cooling coils, a 
si ng le d uct supply system, VA V 
boxes, supply ducts with air diffusers , 
a return air duct or plenum, and a re
turn air fan . 

The size of the horizontal supply 
ducts depends on the size of the zone 
that must be supplied and also the dis
tance to the zone. A typical layout of 
horizontal ducts was chosen so ap
proximate duct sizes could be calcu
lated (see Fig. 3). The vertical service 
shaft is located in the center of the 
building with two primary supply 
ducts, one to each side of the building. 
It was assumed that a central corridor 
can be located beneath these ducts and 
that the ceiling can be dropped in 
these areas. Rather than using return 
ducts , the area above the suspended 
ceiling is used as the return air 
plenum. Req uired duct sizes for se
lected sections of the HV AC network 
are shown in Fig. 3. 

ASSESSMENT OF 
EXISTING PRECAST 

SYSTEMS 
Of the 19 systems included in Ref. 

1, 16 are inc luded in the assessment 
and are listed in Table 1. Available in
formation was not sufficient for the re
maining three systems in the survey to 
include them in the assessment. The 
following sections discuss the assess
ment criteria and present the assess-

-

HVAC 
section number 

2 

3 

4 

5 

6 

Duct dimensions 
mm x mm 
(in. x in.) 

1120 X 458 

(44 x l8) 

460 X 255 

(18 X 10) 

400 X 200 

( 16 X 8) 

250 X 150 

( 10 X 6) 

760 X 300 

(30 X 12) 

550 X 200 

(22 X 8) 

ment of the 16 systems . Because of 
space limitations, only those criteria 
shown shaded in Fig. 1 are treated 
here. A discussion of all of the criteria 
can be found in Ref. 2. 

Structural Criteria 

The structural criteria selected for 
the assessment are fabrication opera
tions , truck requirements, and erection 
operations. 

Fab r ica tio n Ope r a tions - T he 
total cost of fabrication is affected by 
the cost of labor, materials , and the 
number of components that need to be 
fabricated. The cost of both materials 
and labor may vary significantly by 
geographic location and this cost vari
ation requires consideration in evalu
ating fabrication efficiency. The tasks/ 
operations required in fabrication are 
broken down as follows: 

1. Construction of forms - From 
the interviews, it was found that the 
number of different forms and the 
complexity of the forms have a major 
impact on fabrication costs. While the 
cost of a form is small in comparison 
to tota l construction costs, cost of 
forms becomes a factor if a number of 
new forms are required for a precast 
structural system. Advantages exist for 
systems with fewer different p ieces 
because the number of forms is re
duced and the material and labor cost 
associated with additional forms is 
eliminated. 
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Table 1. Summary of various fabrication and construction requirements . 

Quantity of 
Number of 

I 
Number of Number of Shoring ReinforcemenU cast-in-place Number of 

System components forms truck trips requirements post-tensioning concrete (m') crane picks 
-

U.S. Conventional 
1053 4 219 0 0 0 L 520 with hollow-core slabs 

U.S. Conventional 
573 (337 ; 3 19) I 4 2 11 (209: 202) 0 0 377 I 573 (337: 3 19) 

with double tees 

Duotek 565 (343; 323) 4 t 0 0 377 cs~3~ 
Dycore 1053 3 270 Beam Beam 265 20 

-
Dyna-Frame 3 249 Beam Beam 76 885 

-
Filigree Wideslab 

1952_l 

788 3 t Beam, Floor Beam, Floor t 788 
- f---· -

IMS 698 3 t Beam, Aoor Beam, Floor 0 698 
----

PD2 Frame 1053 
I 4 t 0 Beam 0 I 520 

-
Prestressed Joist I 050 (596; 572) 3 90 ( 123; 120) Beam Beam, Floor I 717* 609 (383 ; 359) 

Quickfloor 11 88 
-~1 

3 280 Beam Beam 906 I 655 
--+ -- --- -

Structurapid 11 88 3 t Beam Beam t I 
655 

- - -

I 
I 

-
Swedish 1053 4 t 0 0 0 520 

f----- I Thomas 653 (377; 359) 4 253 (305; 295) Beam Beam 220 653 (377; 359) 

Tri/posite 578 l 2 t Beam, Floor Beam, Floor 803* ~578 f-----
Conti frame 12 16 5 t 0 

- -I 

Span light 1053 4 217 Beam, Floor 

University of 
1053 4 257 Beam 

Nebraska A 

University of 
1188 r I 

257 0 
Nebraska B I 

Note: I m' = 1.309 cu yd. 

Number required for Example Bui ldings 2 and 3 is shown in parenthesis. 
* Form work required. 
t Not enough information available. 
Beam - This fi eld operation is required for the beam component. 
Floor - This field operation is required for the fl oor component. 

The complexity of the form also af
fects the form construction costs. 
Complex end geometries result in 
higher form costs. However, a form 
that can be used repeatedly can spread 
the form cost over many units . The 
complexity of the form is also a func
tion of the number of minor variations 
between different precast concrete 
components. These minor variations 
may not require the construction of 
new forms but instead may use block
outs that are inserted in the form . If 
the number of blackouts are limited or 
the blackouts are modular, then the 
impact of these variations on the cost 
may be insignificant. 

2. Placement of steel plates , bars, 
and strands - Form congestion is a 
major concern in fabrication . The area 
of a precast concrete member that con
nects to an adjoining member requires 
additional reinforcing steel, embedded 
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plates, and inserts. With access only 
from the top of the form, much of this 
hardware mu st be threaded in and 
around other items, increasing fabrica
tion costs . Martin ' indicates that in 
some cases it may be economical to 
increase the size of the precast mem
ber just to accommodate the steel 
hardware. Interference with shear and 
longitudinal reinforcement may also 
limit the use of draped prestressing 
tendons. 

According to industry interviews, 
standard dimensional tolerances on the 
placement of steel plates , bars, and 
strands are not difficult to achieve in 
the precasting plant and alignment of 
steel plates for the welded connections 
between precast components is not a 
problem. Precasters also indicated that 
the required tolerances associated with 
mechanical splices can be easily 
achieved in the prefabrication plant. 

0 0 683 
- ---

Beam-
Tensioning I 

147 520 

-

Beam [ 159 _j_ 520 

0 T o I 655 

3. Concrete placement - The par
ticipants in the interviews indicated 
that, in their opinion, concrete place
ment and finishing of precast concrete 
members is an efficient operation in 
the precasting plant. 

4. Stripping and handling -A 
number of items must be considered in 
stripping the form from the precast 
concrete member. The orientation of 
the member (horizontal, vertical, or 
some angle in between) will affect the 
efficiency of stripping the form . For 
example , the inverted double tee 
members of the Tri/posite system are 
cast as double tees and then rotated. 
This operation is difficult in precasting 
plants that do not have a rotating table. 

Member geometry will affect form 
suction and will impose stresses on the 
precast component during stripping. 
The member weight and the weight of 
any additional items that must be 

PCI JOURNAL 



lifted (such as forms that remain with 
the item during stripping) must also be 
considered.• The available crane ca
pacity is a consideration in both the 
plant and the construction site, but 
most fabrication plants can accommo
date the production of very large 
members without difficulty. The size 
of members is usually limited by 
transportation requirements . 

For this assessment, the effort re
quired in fabrication is measured by 
the number of precast components re
quired for Buildings 1, 2, and 3, and 
the number of different forms required 
for each precast structural system. It is 
assumed that all systems use precast 
columns, but other structural compo
nents are cast-in-place or precast de
pending on the individual system. As 
shown in Table 1, the number of pre
cast components required for each sys
tem varies significantly. Many sys
tems are not completely precast and 
some, such as the Tri/posite, Filigree, 
and Prestressed Joist systems, are 
largely cast-in-place. The number of 
precast components is lower for these 
systems. A large percentage of the 
components required are floor mem
bers. Thus, systems with larger floor 
members require fewer components. 

A second fabrication consideration 
is the number of forms that are re
quired for each system. As shown in 
Table 1, the majority of the structural 
systems require either three or four 
forms. The exceptions to this are the 
Tri/posite (two forms) and Contiframe 
(five forms) systems. 

Truck Requirements - The size 
and weight of precast components is 
often controlled by transportation re
quirements. The common payload for 
standard trailers without special per
mits is 178 kN (20 tons) with width 
and height restricted to 3.05 m (10 ft) 
and length to 12.19 m (40ft). Low
boy trailers allow the height to be in
creased. However, low-boys cost more 
to operate and have a shorter bed 
length. If the precast components ex
ceed the weight capacity of standard 
transport equipment, then higher ca
pacity or special trailers are required. 
Information from interviews indicates 
that it may be economical to use 
higher capacity trailers in particular 
circumstances because the number of 
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truck trips is reduced and large precast 
members can reduce erection costs. 

The erection schedule will dictate 
the order or sequence of components 
transported to the site. An efficient 
precast system will optimize the truck 
capacity while meeting sequence re
quirements. Precast components that 
"fit together" allow more components 
to be transported with each truck trip. 
For example, a 98 kN (11 ton) unit 
may not be economical because only 
one unit can be shipped per load (as
suming other smaller components 
cannot be shipped with it), while two 
89 kN (10 ton) units could be shipped 
on one load.' 

For this assessment, truck require
ments were evaluated in terms of the 
number of truck trips needed to trans
port the precast elements for the ex
ample buildings. A standard truck 
with the limitations described above 
was assumed. Results are listed in 
Table 1. In all cases, the factor that 
limits the number of components on 
the truck is the weight of the compo
nents, not their height or width. For 
15.2 m (50ft) floor members and mul
tistory columns, the standard trailer 
length is disregarded with the under
standing that a larger truck could be 
used if proper permits are obtained. 
For many of the systems, insufficient 
detailed information was available to 
accurately calculate the dimensions 
and weights of the individual mem
bers; therefore, a total number of truck 
trips is not given. Systems such as the 
Prestressed Joist system that use ex
tensive cast-in-place concrete require 
fewer truck trips. 

Erection Operations - As in fab
rication, the total cost of erection is af
fected by the cost of both labor and 
materials. While the quantity of labor 
is a factor, the type of labor required is 
also important because different labor 
specialties may receive different pay 
rates. Geographic location has a sig
nificant impact on the cost of materi
als and labor, and the availability of a 
particular labor specialty also varies 
with location. Environmental condi
tions also affect the efficiency of field 
work. The erection operations required 
are broken down as follows: 

1. Handling - The number of pre
cast concrete components to be han-

died is a major consideration. Erection 
is facilitated when the orientation of 
members during transport is the same 
as their final orientation in the struc
ture. Connections should be designed 
so that the unit can be lifted, set, and 
unhooked in the shortest possible 
time. Before the hoist can be un
hooked, the precast component must 
be stable and in its final position. 
Some precast units, such as double 
tees and hollow-core slabs, are inher
ently stable and require no additional 
connections before releasing the crane. 
Others, such as columns, wall panels, 
and single tees, often require supple
mental shoring, guying, or fastening. 
Planning for the fewest, quickest, and 
safest operations to be performed be
fore releasing the hoist will improve 
the efficiency of handling.' 

Crane size must also be considered. 
The position of the crane depends on 
the site and the method of erection, 
and will determine the crane size re
quired because crane capacity is a 
function of weight and reach. Large 
cranes with a 1780 kN (200 ton) ca
pacity are readily available. 

2. Placement of reinforcement -
Several factors must be considered in 
calculating the cost of field-placed re
inforcing steel. The quantity of field
placed reinforcing steel is a major 
consideration , especially in areas 
where the labor rate for iron workers 
is high. Many systems, such as Dy
core, require only negative moment 
reinforcing steel over precast soffit 
beams. 

3. Concrete placement - The re
quirements associated with cast-in
place concrete vary from system to 
system but a major consideration is 
the need for formwork. Many precast 
systems use precast concrete elements 
as stay-in-place forms for cast-in
place concrete. Filigree construction 
uses a large quantity of cast-in-place 
concrete but eliminates the need for 
formwork . Many other systems use 
concrete for a floor finish or topping. 
Systems that do not use the precast ele
ments as stay-in-place forms have ma
terial and labor costs associated with 
temporary formwork. An additional 
consideration with cast-in-place con
crete is climate. Cold weather requires 
special provisions for placing and cur-
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Table 2. Summary of required field operations. 

System 

~ " -~ Field ope~re_qu_i~re_d 

I A I B c D E F G I H I' ~ ild 
I I I ~ I ~ I ~ I ~-

with hollow-core slabs 

~-U--.S-.C--ot-, v-e-nt-io_n_a_l ______ ~--- I I I I ------

U. S. Conventional 

with doubl_e_te_e_s _ ___ 1 
1 
--~ ~ ~ ~ _ ~ -----+- --+--~ 

~I ~ I ~ I X I ~ ~ 1-t 1 ~ -
~ ~ ~ ~ 

Duotek 

Dycore 

Dyna- Frame 

Filigree Wides lab 

!MS 

PD2 Frame 

Pres tressed Joist 

Quickfloor 
------

Structurapid 

Swedi sh 

Thomas 

Tri/pos ite 

Conti frame 
J----------

Spanlight 

Uni versity of Nebras ka A ~ I 

Uni versity of Nebras ka B I ~ I I I 

All systems require column bracing. All systems require precast member to be aligned and leveled. 
.I This fie ld operation is required. 
* Requires temporary brackets at columns. 

Key to Field Operations 
A. Erect shoring, remove shoring. F. Place reinforcement. 
B. Construct fonnwork, remove formwork. G. Place prestressing cables, tension cabl es. 
C. Bolt connections. H. Place blackouts. 
D. Weld connections. I. Place concrete, fini sh concrete. 
E. Grout connections. 

ing concrete; these provisions increase 
the erection time. 

4. Post-tensioning -- Post-tension
ing of precast building structures is not 
widely used in the United States so the 
lack of labor and equipment needed to 
efficiently use post-tensioning may be 
a problem in some areas. Systems that 
make use of post-tensioning may also 
require temporary supports during 
erection for stability. The cost of post
tensioning labor and equipment often 
determines whether post-tensioning is 
an economical alternative. 

5. Shoring and bracing -- Tempo
rary shoring and bracing is sometimes 
required for erection stability. Initial 
costs associated with shoring and 
bracing can be very expensive. A sig
nificant additional cost is the labor 
cost associated with setting up and 
breaking down the shoring. According 
to precast erectors who regularly use 
shoring, initial costs are not as much 
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of a factor as the field labor required. 
6. Welding-- Welded connections 

are common in precast concrete struc
tures . A major consideration is the 
minimization of concrete cracking 
around welded connections. A reduc
tion in the amount of heat used in 
welding results in less cracking. Weld
ing in cold temperatures requires pre
heating of the precast concrete mem
ber and increases the cost of the 
welding process. The cost of welders 
across the United States requires con
sideration when evaluating whether a 
system is cost effective to erect. 

7. Grouting-- The use of grout for 
connections is common practice. As 
with cast-in-place concrete, climate is 
the major issue. For example, in cold 
temperatures, a grouted column-to
column dowel type connection needs 
to be heated before and after grouting. 

8. Bolting -- Connecting precast 
concrete members with bolted connec-

tions is a fast procedure. This type of 
connection provides immediate erec
tion stability. 

For the assessment, erection effi
ciency is measured by the number of 
erection operations required, the need 
for shoring and field placed reinforce
ment , the quantity of cast-in-place 
concrete required, and the number of 
crane picks required for each system. 
Table 2 indicates the field operations 
required with each system. As Table 1 
shows, many systems require shoring 
for the beams. Four systems surveyed 
also require shoring of floor members. 
Several systems eliminate shoring re
quirements completely and require 
very little field work. 

Several systems require extensive 
field-placed reinforcement and cast-in
place concrete. However, the need for 
formwork is a more important consid
eration than the quantity of cast-in
place concrete. Filigree construction 
and the Quickfloor system eliminate 
the need for formwork by using pre
cast concrete members as stay-in
place forms . The Prestressed Joist sys
tem uses an efficient method to 
construct formwork for the floor sys
tem, but significant effort is required 
to construct formwork for the beams. 
The Tri/posite system uses cast-in
place beams and requires that open
ings be provided in the beams, making 
beam form work difficult to construct. 

The average number of crane picks 
for Building 1 is approximately 625 
(see Table 1). The Dyna-Frame sys
tem requires significantly more crane 
picks (885) than the other systems be
cause of the narrow floor slabs [0.6 m 
(2 ft)] and single-story columns that 
are used with the system. However, 
this number of picks can be reduced if 
wider slabs are employed. Crane re
quirements are reduced for systems 
that utilize hollow-core slabs because 
it is assumed that three slabs are lifted 
with each crane pick. While lifting 
three pieces at once reduces the num
ber of crane picks, the floor slabs are 
positioned with the aid of the crane 
and this slows erection. 

It can be seen from Table I that an 
increase in floor span from 7.62 to 
15.24 m (25 to 50 ft) results in fewer 
precast concrete components and a re
duction in the number of crane picks 
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by approximately 40 percent. Thus, 
s ignificant erection savings are 
achieved with the four systems that 
can span 15.2 m (50ft) . 

Service Criteria 

The service criteria used for the as
sessment are method of service instal
lation, coordination between structural 
and service trades , service mainte
nance, and service capacity. 

Method of Service Installation -
This criterion refers to the method em
ployed to install ducts, plumbing, and 
other equipment. The structural sys
tem affects how the service systems 
are installed. Many precast concrete 
systems allow the HV AC system to be 
assembled on the floor and raised into 
position. This is a very efficient 
method of installation. Precast systems 
with openings for horizontal service 
systems to pass through cannot em
ploy this method. These structural sys
tems often require portions of the 
HV AC and plumbing systems to be 
assembled from shorter than normal 
segments in order to accommodate the 
tight spaces that are provided. This in
creases the number of connections and 
slows the installation process. 

For the assessment, methods of in
stallation are divided into three gen
eral categories rated from A to C. 
Method A is considered the most effi
cient while Method C is considered 
the least efficient. Each category is de
scribed below. 

A. The most efficient installation 
method is considered to be placing 
ducts , pipe, or conduit on a precast 
structural surface and connecting the 
service components . This method is 
efficient because the service compo
nent is placed in its installed position 
immediately and does not require ad
ditional movement. Thus , HV AC 
equipment, ducts, plumbing, and elec
trical conduit are quick to install and 
overhead work is eliminated. 

B. Another efficient method allows 
sections of the HV AC system (e.g., 
ducts) or pipe to be assembled on the 
floor, and then raised into position . 
This allows many of the connections 
to be made in a position that is easy to 
work in. Some overhead work is nec
essary once the services are raised into 
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Table 3. Evaluation of service efficiency and performance. 

Uni vers ity of-Nebraska B 

Coordination 
between structural 
and service trades 

A to C 

Service 
maintenance 

A to F 

A 

c 

F 

A 

Note: For method of service and service maintenance, e lectrical services are not considered. 
* The Tri/posite system received an A and a C for installation because, while the floor system provides a platform 

for installation, services still need to be threaded through openings, hindering the insta llation process. 
t This precast system as described may accommodate services within the beam component. The system is 

evaluated assuming services will be housed in the beam component. 

position. This method of installation is 
possible with systems that provide 
openings in beams, but is not possible 
if openings are located in closely 
spaced ribs. 

C. The least efficient method of in
stallation requires services to be as
sembled in a position that is not easy 
to work in. Systems with horizontal 
openings in closely spaced ribs require 
that short sections of pipe and duct be 
used. Installation is slow for these sys
tems because of the increase in con
nections and the amount of overhead 
work. 

As indicated in Table 3, the majority 
of systems suspend the horizontal ser
vice systems beneath the precast struc
tural floor system and, thus, receive a 
B rating. The Nebraska A system re
ceives an A rating because the ser
vices are installed in an efficient man
ner in position on the precast concrete 
floor. The Tri/posite system receives a 
dual rating of A and C. While it is ef
ficient to place the services on the pre-

cast floor system and then connect 
components, it is much more difficult 
if services must be threaded through 
closely spaced openings, as is the case 
with the Tri/posite system. 

Coordination Between Structural 
and Service Trades - Coordination 
between the structural erection trades 
and the HV AC, plumbing, and electri
cal trades affects the efficiency of 
work in the field. Additional require
ments for coordination between struc
tural and non-structural trades typi
cally lead to schedule delays and 
inefficient use of labor. An example of 
this is electrical conduit placed in the 
cast-in-place portion of the floor slab. 
Conduit is placed by the electrician 
after the precast slab is placed and be
fore the iron worker begins to place 
reinforcing steel. For most projects , an 
efficient system is one that limits this 
type of coordination. 

The levels of coordination have 
been divided into three categories de
scribed below. Category A is consid-

77 



ered the most efficient and Category C 
is considered the least efficient. 

A. Systems in this category require 
no coordination between structural 
and service trades. At a given location, 
service trade activities are scheduled 
to occur after the structural trade ac
tivities are completed. 

B. Systems in this category require 
only coordination between structural 
and service trades if electrical conduit 
is placed in the cast-in-place portion 
of the floor system or within hollow
core slabs. 

C. Systems in this category require 
coordination between structural and 
service trades for placement of HV AC, 
plumbing, or electrical systems. 

Table 3 shows that the majority of 
systems require little or no coordina
tion between structural and service 
trades and receive an A rating. Several 
systems typically accommodate elec
trical conduit in the cast-in-place floor 
and receive a B rating. The Swedish 
system also receives a B rating for 
coordination because the cores of 
hollow-core slabs are often used for 
electrical conduit, requiring coordina
tion between the precast erector and 
the electrical contractor. 

Two systems received a C rating, in
dicating that extensive coordination is 
required. The Tri/posite system re
quires coordination because the hori
zontal service systems are placed 
within the structural floor system. The 
Nebraska A system also requires coor
dination if the beam void is used to 
house electrical or HV AC compo
nents. Both structural systems require 
coordination between service system 
installers, iron workers, and laborers 
positioning precast members and plac
ing concrete. 

Service Maintenance - The ser
vice maintenance criterion addresses 
the impact of the structural system on 
efficient maintenance of the service 
systems. The key issue in maintenance 
is the accessibility of services that was 
emphasized by the mechanical design 
professionals. The degree of accessi
bility is directly affected by the struc
tural system. A second issue in main
tenance is the efficiency of routine 
service on equipment. For example, a 
piece of equipment may be installed 
between the stems of a double tee 
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without a problem; however, the clear
ances provided to service the equip
ment may be too small, making the 
maintenance operation more costly. 

In most situations, the access of the 
service systems is ultimately a func
tion of the degree of integration with 
the structural system. In general, the 
greater the level of integration, the 
more difficult the services are to main
tain or replace. For evaluation pur
poses, accessibility is defined by six 
categories. Category A identifies a 
precast system that allows for easy ac
cess to services while Category F indi
cates a precast system that provides no 
access to services. 

A. Services are suspended beneath 
the structural floor system, making 
unrestricted access to the services 
possible. 

B. Services are free to run parallel to 
the beams with no restrictions, but 
when running perpendicular to them, 
must pass through openings provided 
in the beams at a limited number of lo
cations. This arrangement, though sim
ilar to the Category A arrangement, 
does not merit the same rating due to 
the congestion of services that may 
arise at the openings in the beams. 

C. Services are positioned between 
floor units. This arrangement applies 
to ribbed floor systems (e.g., double 
tee floor systems or joists) and con
fines lateral access. 

D. Services pass through openings 
that are provided in both the floor 
units and the beams. The degree to 
which access is restricted at these 
openings is a function of the size of 
the openings provided and the size of 
the services that are being passed 
through the openings. 

E. Services are encased within the 
structural floor system with access in 
only a limited number of places (e.g., 
access panels). 

F. Services are encased in the floor 
system with essentially no access. 

Table 3 shows that the majority of 
precast systems incorporate services in 
a manner that allows for easy access. 
Exceptions are the Tri/posite and 
Nebraska A systems, which provide 
limited access to services that are en
cased in the floor system. 

Service Capacity - The service 
capacity criterion addresses the impact 

of the structural system on the capac
ity of the HV AC system. The capacity 
of the system refers specifically to the 
supply and return ducts of the HV AC 
system, rather than the capacity of the 
equipment that drives the system. 
There are several aspects of this por
tion of the system that are affected by 
the structural system. 

One aspect is the capacity of the 
supply and return ducts. The structural 
system may limit the size of the hori
zontal and/or vertical ducts. This limi
tation will inhibit the performance of 
the HV AC system because, to achieve 
the desired rate of air exchange in the 
enclosed space, it may be necessary to 
exceed the maximum desirable air ve
locity in the ducts. An alternative is to 
reduce the air velocity and, therefore, 
reduce the rate of air exchange in the 
space. Either option has drawbacks. 

Another aspect is the capacity of the 
supply and return devices provided in 
each room. The structural system, in 
conjunction with the building layout 
desired by the owner/architect, may 
limit the size and number of diffusers 
and returns that can be placed in a 
room. For example, a structural sys
tem that employs double tees cannot 
have openings cut in the top flange 
where the stem is located. These con
straints can limit the size and number 
of distribution and return devices in 
the room. This would limit the capac
ity of the HV AC system in much the 
same way that undersized ducts 
would. 

Limits on the capacity of the HV AC 
system are possible with systems that 
use floor unit and beam openings to 
accommodate secondary ducts . The 
Duotek, Tri/posite, and Swedish sys
tems limit duct size and, thus, may 
limit the HVAC capacity. The Duo
tek system uses 712 x 356 mm (28 x 
14 in.) beam openings. As Fig. 3 indi
cates, it is not practical to pass pri
mary ducts (HV AC Section I) through 
these openings. However, the open
ings provided by the Duotek system 
accommodate the secondary HV AC 
ducts of Building 1. 

It should be noted that Building l is 
small in plan and the duct require
ments for this building are minimal. 
More serious problems arise for a 
building that is larger in plan. The 
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Tri/posite system uses 200 x 250 mm 
(8 x 10 in.) tee stem openings that 
would not accommodate the sec
ondary HV AC duct requirements of 
Building 1. With openings of this size, 
supply ducts need to be divided into 
smaller ducts to achieve the desired 
capacity. This will reduce installation 
efficiency and increase material costs. 
Information was not available on the 
size of the beam openings in the 
Swedish system. 

Architectural Criteria 

Architectural criteria address the 
impact of the structural system on the 
efficiency or performance of the archi
tectural system of the building. The ar
chitectural criteria used for the assess
ment are architectural modification, 
spatial and functional versatility, and 
building height versatility. 

Architectural Modification - The 
architectural modification criterion ad
dresses the efficiency of modifying an 
existing building to serve a different 
functional or spatial arrangement. For 
example, changing a school into office 
space may require the relocation of in
terior walls or partitions. A structural 
system that uses interior loadbearing 
walls is more difficult to modify than 
an open frame system. Changing the 
functional or spatial arrangement may 
also require moving, adding, or filling 
in large vertical openings for shafts 
and stairways. If the structural system 
does not allow new openings to be 
framed in, or old openings to be filled 
in, this type of modification may be 
very difficult. 

This criterion was evaluated by in
vestigating the ability of each system 
to accommodate a 3.66 x 2.41 m (14 x 
8 ft) vertical shaft for a stairway. It 
was found that the Prestressed Joist 
system best accommodates an opening 
of this size. Framing can be con
structed around the opening and grav
ity loads can be transferred to adjacent 
joists. With this system, stringers can 
be framed between joists. 

Filigree construction can also ac
commodate large vertical openings. 
The systems that use hollow-core 
slabs or double tees do not easily ac
commodate an opening of this size. 
Two hollow-core slabs and one double 
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tee need to be removed or cut. This is 
easier with hollow-core floor systems. 
The problem arises in framing around 
the opening. The hollow-core slabs 
and double tees surrounding the open
ing may not accommodate the addi
tional load. Therefore, vertical support 
from additional columns or loadbear
ing walls may be required. 

Some systems, such as the IMS sys
tem, would be very difficult to modify 
for an opening of this size. The post
tensioned floor units would limit the 
possible location of this opening and, 
due to the small floor units, it may not 
be possible to fit the opening within 
one unit. In the preceding discussion, 
the additional load imposed on a given 
system by the added stair framing was 
ignored. These loads may also pose a 
significant problem for some of the 
systems. 

Spatial and Functional Versatility 
- This criterion addresses the ability 
of the structural system to accommo
date varying dimensions and shapes of 
the interior spaces. This depends on 
the capacity of the structural system to 
cover a range of spans, to accommo
date large vertical openings (for shafts 
and stairs), and to accommodate non
rectilinear spaces. For example, an ar
chitectural layout may require a span 
of 11 m (36 ft). This span requirement 
eliminates many precast structural 
floor systems that are unable to effec
tively span this length. 

In addition, the structural system 
must accommodate large vertical 
openings required for service shafts, 
stairways, and other spaces. These 
openings can occur in a variety of lo
cations with respect to the column 
lines and a versatile structural system 
will easily frame around these open
ings. Finally, some structural systems 
adapt better to nonrectilinear spaces 
than others. 

The spatial and functional versatility 
criterion is measured by the range of 
beam and floor unit spans that can be 
achieved. For office loads, it is as
sumed that conventional hollow-core 
slabs have a practical span range of 4.6 
to 10.7 m (15 to 35ft) and that conven
tional double tees have a practical span 
range of 6.1 to 18.3 m (20 to 60ft). 

A typical office building require
ment is 9.1 m (30 ft) square bays. 

Table 4 shows that all but four of the 
systems can achieve this requirement. 
While Filigree construction can be 
used for long spans, it is predomi
nantly used for shorter spans, except 
for parking garage construction where 
it has been used for spans longer than 
9.1 m (30ft). The IMS, Structurapid, 
and Tri/posite systems have all been 
developed for spans of less than 9.1 m 
(30 ft) and need to be modified for 
larger spans. 

Building Height Versatility
This criterion addresses the impact of 
the structural system on the building 
height. This impact occurs in two dif
ferent ways. First, the height of the 
building is affected by the total depth 
of the floor system including both the 
structural depth and the depth allo
cated to services. That is, a deep floor 
system results in a taller building. This 
is a special concern when restrictions 
on building height are imposed by 
local building codes. When the build
ing services are placed within the 
structural floor depth, only the struc
tural floor depth affects the building 
height. When the services are placed 
below the structural floor system, the 
building height is controlled by the 
structural floor depth plus the depth 
allocated to services. 

The second impact of the structural 
system on building height is a limita
tion on the number of stories that can 
be constructed with the system be
cause of limits on dead and live load 
carrying capacity of the columns or 
foundation or because of concerns 
about stability. 

Total floor depth for each system 
for Building 1 is shown in Table 4. 
Total floor depth is based on the 
structural depth, the depth required 
for HV AC ducts, and an additional 
200 mm (8 in.) depth assumed to be 
required for electrical and plumbing 
service systems. The total floor depth 
is calculated for three regions in the 
building. The deepest floor system is 
in the central corridor region and is 
governed by the structural depth plus 
the depth required for primary HV AC 
ducts (Section 1 in Fig. 3). It is as
sumed that the ceiling can be dropped 
in this region. 

The ducts for the perimeter zones 
are positioned at the perimeter of the 
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Table 4. Summary of practical span ranges and total floor depths. 

Practical member I. 

span ra nges 
for office loading 

Structural f-----

r 
Total Ooor depth (mm) 

Floor noor depth 
System Beams (m) units (m)* (mm) Corridor Perimeter Interior 

~ r- " --+--
U.S . Conventional 

6.1 - 12.2 
with hollow-core slabs 

4.6 - 10.7 660 132 1 1067 864 
~ - 1- -" 

U.S. Conventional 
6.1 - 12.2 

I with double tees 
6.1 - 18.3 7 11 1372 1118 965 

~ - ·- ~ 1-'-'-- ~ -
Duotek 6.1 -9. 14 6. 1 - 18.3 1016 1473 12 19 12 19 

Dycore 4.6 - 10,7 
I 

4,6 - 10.7 508 1168 914 711 
)--- --- - u ---

Dyna-Frame 4.6 - 12.2 4.6 - 10.7 711 9 14 111 8 914 
---OH j l - t-

Filigree Wides lab 4.6 - 7.6 4.6 - 9. 1 t t t t 
~- -- ---

LM S t 2A - 7.2 t t t t 
- - I ~ - _,. -

PD2 Frame 6.1 - 12.2 4.6 - 10.7 650 1321 1067 I 853 
- - - -~ 

Prestressed Joist 4.6- 12.2 4.6 - 15.2 572 1232 978 914 

Quickfloor 4.5 - 10.0 4.5 - 10.0 560 1220 966 I_- 768 
-

Structurapid 3.1 - 7.6 4.6 - 7.6 t t t t 
Swedish 6.1 - 12.2 6. 1 - 12.2 711 1372 111 8 : 914 

- " 
Thomas t 6.1 - 18.3 t t t I t 

1 
-- - 1 Tri/posite t 2.5 - 6.1 4.0 - 10.7 t t t t 

- L -
Conti frame 4.6 - 9.1 4.6 - 9.1 660 132 1 1067 864 

- .., -

Span light 4.6 - 9. 1 4.6 - 9.1 584 1245 991 8 13 
- -

University of Nebraska A 5.0 - 11.0 5.0 - 10.7 

·1-' 
406 1067 8 13 609 

--

University of Nebraska B 5.0 - 11.0 5.0 - 10.7 406 
I 

1067 8 13 609 

Note: I m = 3.28 ft ; I 00 mm = 3.94 in . 
* Span lengths given are for member on ly. Bay dimensions in the noor unit direction are increased by the width of the soffi t beams or girders. 

t Informati on not avail able. 

building and it is assumed that the 
ceiling can be dropped in this region . 
Total floor depth for the perimeter re
gion is a function of structural depth 
plus the depth required for HV AC 
Section 6. It is assumed that the floor 
system in the interior region of the 
building has a constant depth and the 
floor depth for this region is a function 
of structural depth plus the depth re
quired for HVAC Section 5. 

For the 7.62 m (25ft) square bays of 
Bui lding I, Table 4 shows that the 
University of Nebraska and Dycore 
systems have a significantly shallower 
structural depth than the other sys
tems . The Duotek system is deeper 
than the other systems, with a struc
tural depth of 1016 rnm (40 in.) . How
ever, the Duotek system can span 
more than 7 .62 m (25 ft) with this 
structural depth. 

The deepest portion of most floor 
systems is the central corridor where 
primary ducts are located and where it 
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is often feasib le to drop the cei li ng. 
The Dyna-Frame system enables pri
mary ducts to pass between girders 
rather than beneath them, thus reduc
ing total floor depth. As Table 4 indi
cates, the total floor depth of the 
Dyna-Frame system is the same in the 
corridor and interior region of the 
building. For most other systems, the 
floor system in the corridor is approx
imately 380 mm (15 in.) deeper than 
the interior region of the bui lding. 

DISCUSSION OF 
OPPORTUNITIES 

FOR NEW PRECAST 
SYSTEMS 

The objective of the assessment was 
to identify opportunities for the devel
opment of new precast structural sys
tems. The opportunities are presented 
here in terms of desired phys ical at
tributes of the structural system that 

lead to improved efficiency and per
forma nce. In some cases, the desired 
physical attributes of the structural 
system are directly li nked to improved 
structural , service, and architectural 
efficiency and performance. In other 
cases, the desired physical attributes 
of the structural system are linked to 
desired physical attributes of the ser
vice or architectural systems and these 
service or architectural system at
tri bu tes lead to improved efficiency 
and performance. 

The impact of a particular physical 
attribute is presented in terms of se
lected criteria presented earlier. Many 
of the physical attributes affect more 
than one efficiency and/or perfor
mance criterion. In some cases, con
tradictions arise whereby a given 
change in a particular phys ical at
tribute may cause improved efficiency 
and/or performance in terms of some 
criteria, but reduced efficiency and/or 
performance in terms of other criteria. 
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Structural Efficiency 
and Performance 

A number of physical attributes of 
the precast structural system are linked 
direc tl y to improved structural effi
ciency and performance. The des ired 
changes in these physical attributes are 
listed in Table 5, along with the effi
ciency an d perfo rmance criteria af
fected by these attributes. 

As indicated in Table 5, reducing the 
number of precast concrete compo
nents and reducing the number of dif
ferent precast components can improve 
the efficiency of fabrication operations. 
Fabrication operations can also be im
proved by usi ng structural members 
that can be mass produced and by in
creasing modularity. The use of precast 
components that group together effi
ciently on a truck can be used to im
prove transportation efficiency. 

Redu cing th e number of precast 
components to reduce handling re
quirements , reducing the quantity of 
field-placed reinforcement, and reduc
ing the required amount of formwork 
for cast-in-place concrete can improve 
erect ion effic ie ncy. Erection effi
ciency can also be improved by reduc
ing the number of connections and by 
simplifying connections to allow for 
quick erection. An opportuni ty exists 
in developing self-aligning connec
tions that red uce labor and increase 
construction safety. 

Increasing mem ber strength and 
co nnec ti on s tre ng th ca n improve 

Table 5. Approach to improve structural efficiency and performance. 

Criteria considered I Approach (structural system) 
-------1 

Efficiency 

Fabrication operations 

Reduce number of precast components 
Reduce number of different precast components 
Use components that can be mass produced 
Increase modu larity 

~R - - ----Use components which group together efficiently 
to utili ze truck capacity 

- - ~ --
Reduce number of precast components 

Truck requirements 

Erection operations 

Performance 

Strength 

Reduce quantity of fie ld-placed reinforcement 
Reduce form work for cast- in-place concrete 
Simplify and reduce the number of connections 

-- - -----~---1 

Increase member strength 
Increase connection strength 

----------r------
Deflection of structural floor system 

structural performance. Performance 
can be further improved by developing 
shallow floor and beam members with 
high stiffness so that deflections are 
not the design limitation. 

Service Efficiency 
and Performance 

Physical attri butes of the precast 
structural system that affect service ef
f ic iency and performance are pre
sented in Table 6. Reducing structural 
depth can increase the space available 
for serv ices, thereby improving ser
vice design, installation, capacity, and 
versatility. Reducing structural depth 
can also contribute to a reducti on in 
to tal floor depth . This redu ces the 
heating, ventilating, and air condition-

Increase member stiffness 

ing volume of the building and, thus, 
improves efficiency. However, if a re
duction in stru ctu ral depth is used 
solely to reduce total floor depth and 
not to increase space for services, then 
the improvements in service design, 
installation, capacity, and versatility 
are not obtained. 

The use of large horizontal openings 
in members may improve service effi
ciency and performance. Specifically, 
large horizontal openings can con
tribute to increased space for services, 
which may improve service design, in
stallation, mai ntenance, modification, 
capacity, and versatility. For thi s im
provement to be realized, the openings 
must be sufficiently large to easily ac
commodate the main components of 
the service systems (e.g., main HV AC 

Table 6. Approach to improve service efficiency and performance. 

Approach ,, .. 
Criteria considered Service system Structural system 

- - -- - - --- - 1- --
Efficiency ' Reduce structural depth 

Service design and service installation Increase space for serv ices Avoid integration of services 
Use large horizontal openings 

-- - - ---
Increase space for services Increase space between tee stems 

Service maintenance and service modification 
--------' 

J Avoid encased or restricted access Use large horizontal openings 
A void integration of services 

- - - - - - ---

Service operation 
Reduce building volume by Reduce structural depth 
reducing total floor depth Integrate serv ices 

"· "' - - ----
~ 

[ Performance 
Reduce structura l depth 

Service capacity Increase space for services 
Use large horizontal openings 

-- - - - - -------
Service versatility Increase space for services 

Reduce structural depth 

I Use large horizontal openings 
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Table 7. Approach to improve architectural efficiency and performance. 

Criteria considered (Group A) Approach (structural system) 

Efficiency 
Architectural design Increase modularity 

t ~-- ---- - - ---
Architectural modifi cati on Accommodate large vertica l openings 

- ~··----,: -- -

Performance 

Spatial and functional versatility 
Accommodate a range of span lengths 
Accommodate non rectilinear spaces 
Accommodate large vertical openings 

Approach 

Criteria considered (Group 8) r--Arch~ect~system J - ;;::;;-ural system 

Efficiency 
Architectural construction 
materi als 

-

Reduce total floor depth 
Reduce structural depth 
Integrate services 

--------

Performance 
Building height versatility Reduce total floor depth 

Reduce structural depth 
Integrate services 

ducts) . Otherwise such openings may 
prove inefficient except, perhaps, for 
smaller services such as secondary 
ducts, plumbing, and electrical con
duit. If large openings cannot be pro
vided, integration of services through 
the openings should be avoided. 

Integration of serv ices within the 
structural floor depth is another ap
proach to reducing total floor depth 
and, thus, reducing building volume, 
again leading to an improvement in 
the efficiency of service operation. 
However, as noted above, if services 
are integrated usi ng horizontal open
ings that are too small , inefficiencies 
in service design , installation, and 
maintenance and modification may re
sult. Services should not be integrated 
by encasement within the structural 
system, unless the services require lit
tle or no maintenance. Examples of 
this include electrical conduit and a re
turn air plenum. 

In ribbed floor systems, increasing 
the space between ribs will increase 
the space for services and may, there
fore, improve the efficiency of service 
maintenance and service modification. 

Architectural Efficiency 
and Performance 

A number of physical attributes of 
the structural system can affect archi
tectural efficiency and performance, as 
shown in Table 7. The relationships 
shown in Group A involve only the 
precast structural system. For the rela-
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tionships shown in Group B, the de
sired physical attributes of the struc
tural system are linked to de sired 
physical attributes of the architectural 
system and these architectural system 
attributes lead to improved architec
tural efficiency and performance. 

Table 7 shows that an increase in 
the modularity of the precast structural 
system can improve the efficiency of 
architectural design. Further, the abil
ity to accommodate large vertical 
openings leads to efficient architec
tural modification. Precast structural 
systems need to achieve a range of 
span lengths , accommodate nonrecti
linear spaces, and accommodate large 
vertical openings in order to achieve 
spatial and functional versatility. 

The relationships shown in Group B 
indicate that reducing structural depth 
and integrating services reduce the 
total floor depth and that a reduced 
total floor depth will result in more ef
ficient use of architectural material s 
and improved performance with re
spect to versatil,ity in building height. 

CONCLUSIONS 
The major findings from the assess

ment of existing systems are as 
follows: 

1. In the Structural category, the as
sessment focused on fabrication and 
erection efficiency. The assessment 
showed that there is a large variation 
among systems in the number of pre
cast concrete components required for 

the example building . Systems with 
large units require fewer components 
and, thus, appear to be more efficient 
to fabricate and erect. However, sys
tems with large units can make effi
cient transport of components by truck 
difficult. 

There is also a large variation in the 
level of field effort required for each 
system. Some systems require shoring, 
extensive field-placed reinforcement, 
or extensive formwork for cast-in
place concrete. Thus, precast systems 
can be broadly classified as prefabri
cation-oriented syste ms or field
oriented systems. Opportunities to im
prove prefabrication-oriented systems 
include using fewer, larger compo
nents, within the constraints imposed 
by transportation requirements, and 
simplifying field connections. Oppor
tunities to improve field-oriented sys
tems include reducing the quantity of 
field-placed reinforcement and the 
quantity and complexity of field
placed formwork. 

2. In the Service category, the as
sessment focused on service installa
tion , maintenance, and capacity. A 
structural system that allows the ser
vices to be installed on a precast con
crete surface provided by the struc
tural system must also integrate the 
services within the structural system. 
As a result, structural systems of this 
type require additional coordination 
between structural and service trades 
and provide reduced access for service 
maintenance. 

Structural systems that require the 
services to be threaded through open
ing s in closely-spaced ribs of the 
structural components make service 
installation difficult and also provide 
reduced access for service mainte
nance. Structural systems with floor 
member and beam openings to accom
modate services may indirectly limit 
the service system capacity. 

The most common method of ser
vice installation is to connect the ser
vice components on the floor and raise 
them into position from below. Ser
vices placed between closely-spaced 
ribs of the structural system are Jess 
accessible for maintenance than ser
vices placed below the structural floor 
system. The placement of service sys
tems below a structural system with a 
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flat bottom appears to provide the best 
combination of easy installation, ac
cess for maintenance, and no limits on 
service system capacity. 

Precast structural systems can be 
broadly classified as integrated sys
tems or layered systems. In a layered 
system, the structural system and the 
service systems occupy separate lay
ers. Reducing the structural depth and, 
thus, reducing the total floor depth 
will have a positive impact on the effi
ciency and performance of the overall 
building system. In an integrated sys
tem, the service systems are contained 
within the structural floor depth to re
duce the total floor depth. Providing 
adequate space and sufficiently large 
horizontal openings in the structural 
system for the services will avoid neg
ative effects on service efficiency and 
performance and result in a positive 
impact on the overall building system. 

3. In the Architectural category, the 
assessment focused on architectural 
modification, spatial and functional 
versatility, and building height versa
tility. The assessment found that very 
few of the existing precast structural 
systems can easily accommodate mod
ification to the architectural system 
(i.e., adding large vertical openings in 
the floor system). Most of the struc
tural systems can achieve typical of
fice spans of 9.1 m (30 ft) , and a few 
can achieve significantly larger spans. 
There is a wide variation among the 
systems in the total floor depth re
quired for the example building. The 
total floor depth also varied signifi
cantly between locations in the exam
ple building. The existing precast 
structural systems that were designed 
to minimize the total floor depth ap
pear to have achieved this objective. 
Opportunities to improve precast con
crete floor systems for spatial and 
functional versatility include increased 
adaptability to variations in span and 
accommodation of large vertical open
ings and nonrectilinear spans. 
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RECOMMENDATIONS 
The U.S. Conventional system and 

other precast concrete floor systems 
assessed in this paper are used in vari
ous types of buildings throughout the 
United States. However, improvements 
in existing systems and the develop
ment of new systems can increase the 
frequency of use of precast concrete in 
office building construction. 

In the development of the precast 
floor systems, significant attention is 
often given to issues related to struc
tural efficiency and performance. In 
seeking further improvements in exist
ing precast systems or the development 
of new systems, design professionals, 
producers, and researchers should also 
focus on attributes of the structural 
system identified in this paper that will 
lead to improved efficiency and perfor
mance of service and architectural sys
tems in office buildings. 

FUTURE WORK 
A report by van Zyverden et al. 5 de

scribes the concepts that have been de
veloped for new systems. Work in 
progress involves the detailed develop
ment of the most promising new con
cepts. Additional work, with the benefit 
of additional industry input, is needed 
to review and verify the assessment cri
teria and to review and verify the as
sessment of existing precast structural 
systems presented in this paper. 
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