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Post-tensioned (PT) transfer girders and transfer or 
podium slabs are critical components of a building when 
required. This paper presents important considerations 
that should be made during the design, detailing, and 
construction of transfer members in buildings. The various 
considerations presented can apply to all buildings, regard-
less of location. However, this paper pertains to transfer 
members for buildings in the United States where Ameri-
can Concrete Institute (ACI), International Building Code 
(IBC), and Post-Tensioning Institute (PTI) codes and 
standards are prevalent. Transfer members require a higher 
standard of care at all stages of a project, and all project 
participants should treat it as such from the very beginning 
of a project. The use of post-tensioning, either unbonded or 
bonded, provides a very efficient and economical solution 
to support heavy transfer loads over long spans. Examples 
of significant projects such as the transfer girders at the 
George Bush Intercontinental Airport (IAH) in Houston, 
TX, with prestressing forces of 20,000 kip (89,000 kN); 
transfer girders supporting 44 levels for a high-rise in 
Philadelphia, PA; a large podium slab; and a transfer Vier-
endeel moment frame are presented. 

INTRODUCTION
This paper provides an overview of the design, detail-

ing, and construction considerations for post-tensioned 
(PT) transfer members in buildings. This paper focuses 
primarily on buildings in North America; however, the 
various considerations presented can apply to transfer 
members in any building, regardless of location. 

PT prestressed concrete in buildings has been in 
use since the 1950s, and it is estimated that more than 
5 billion ft2 (464,515,200 m2) of buildings, with at least 
50,000 buildings in the United States alone, have been 
constructed using unbonded post-tensioning. Like any 
structural framing system, buildings using post-tension-
ing as the primary floor system have continuously evolved 
with refinement in analysis and design tools, construc-
tion techniques, and significant advances in PT systems 
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using high-quality materials with enhanced corrosion 
protection characteristics. This has provided building 
owners with well-designed and durable buildings with 
overall superior performance.

The North American market is a very mature market 
for PT buildings in general. This paper presents examples 
of different transfer applications using post-tensioning 
in the North American market over the past several 
decades. Outside of the United States and Canada, PT 
concrete buildings have been used extensively in Europe, 
Latin America, Australia and New Zealand, and South-
east Asia and are becoming popular in India, China, 
South Korea, and other countries in Asia. 

The author has chosen examples of four significant 
and unique projects to highlight different types of trans-
fer members—namely, the transfer girders at the George 
Bush Intercontinental Airport (IAH) in Houston, TX, 
with prestressing forces of 20,000 kip (89,000 kN) 
using unbonded tendons; an entire floor of transfer gird-
ers supporting 44  levels of a high-rise in Philadelphia, 
PA, using bonded tendons; a large podium slab using 
unbonded tendons; and a transfer Vierendeel moment 
frame using unbonded tendons and PT columns. 

While the projects presented in this paper are unique, 
the author wants to recognize that many buildings with 
PT transfer girders have been successfully built in the 
United States over several decades. However, licensed 
design professionals (LDPs) are making the choice of 
using transfer members more frequently and with less 
fear of something going wrong as more sophisticated 
design tools and construction materials and methods are 
available. The author wishes to emphasize that “transfer 
members” require a higher standard of care at all stages 
of a project, and all project participants should treat 
them as such from the very beginning of a project. While 
there are many finer points of transfer girder design and 
construction that are beyond the scope of this paper, the 
intent of this paper is to highlight and cover many of the 
various considerations in a comprehensive manner.

BY ASIT N. BAXI



TECHNICAL PAPERS

20   Issue 1 2024 | PTI JOURNAL

TRANSFER MEMBERS
A transfer member can be defined as a structural 

member that supports loads transferred from one or 
more vertical or inclined framing elements from the 
same or different material that get interrupted and do not 
continue to the foundation. Essentially, the load from the 
vertical or inclined element (commonly called “transfer 
column” or “transfer structure”) gets diverted back to the 
columns below through the transfer member. The main 
purpose for the interruption of the structure above is to:
1. Create larger spaces between the columns below 

(Fig. 1).
2. To bridge over existing structures or infrastructure 

(Fig. 2).
3. To support another structure above that uses an alter-

nate material such as wood, light-gauge steel, struc-
tural steel, cast-in-place, precast concrete, and so on 
(Fig. 3). 
Examples of large spaces, as seen in Fig. 1, can be 

ballrooms in hotels, large amenity areas for conference 
rooms in hotels and mixed-used buildings, large spaces 
to accommodate gymnasiums, to let vehicular traffic 
pass through at a lower level, or for a porte-cochère that 
is part of the main building envelope. Another use for 
transfer members is to bridge across existing structures, 
as shown in Fig. 2, wherein massive transfer girders in 

Fig. 1—Schematic layout of PT transfer girder in high-rise 
building: (a) schematic layout; (b) example of unbonded transfer 
girders that bridge over Inter-Terminal Train (ITT) Tunnel at 
IAH, Houston, TX (courtesy Suncoast Post-Tension Ltd); and 
(c) example of bonded transfer girders that bridge over existing 
MARTA Tunnel in Atlanta, GA (courtesy Uzun+Case).

a parking garage structure were required to bridge over 
an existing rail tunnel. Most transfer members have 
the transfer columns impart the loads at the top of the 
member; however, there are cases where the loads can 
be imparted at the soffit of the member. In this case, 
the transfer columns are hung and in tension. Figure 4 
shows a building where transfer loads are occurring both 
below and above the transfer member. The figure shows 
that the fifth and sixth levels support five levels of a slab-
wall structure above and four levels of structure (park-
ing) below. The fifth/sixth transfer level consists of a PT 
Vierendeel moment frame to provide the load-carrying 
capacity and stiffness to support the extremely heavy 
loads that are present on the transfer member.

Transfer slabs, commonly called “podium slabs,” 
have become increasingly popular in the United States to 
support three- to five-story wood-framed or six- to 10-story 
steel light-gauge buildings (Fig. 3). These slabs are typi-
cally popular in high-density areas in cities where space is a 
constraint. Podium slabs typically support the superstruc-
ture, a central courtyard, a pool, and so on, and the lower 
levels typically constitute one or more levels of parking.  

PT transfer members can be of the following types:
1. Transfer girders
2. Transfer slabs (podiums)
3. Transfer frames such as Vierendeel moment frames

Transfer girders
Transfer girders are typically the best option for 

carrying transfer loads, and post-tensioning the transfer 
girders offers the most effective and economical solution 
in most cases. The girder size is a function of many factors:

Primary factors are the magnitude of the transfer 
loads, the position of the loads within the span, available 
headroom under the girder, maximum allowable deflection 
in the span, single or multiple spans, and concrete strength.

Secondary factors are anchorage placement/fitting 
of the anchors, stressing access, overall reinforcement 
congestion, stage stressing, and so on. 

The magnitude of the transfer loads will always 
govern the overall size of the girders. The position of the 
transfer column(s) will affect the member behavior, as 
in, if the design is controlled more by bending or shear. 
The most common constraint to transfer girder size is the 
headroom under the transfer girder. It is always advisable 
to bring this up with the architect/owner at the outset of 
the project. If there are limitations with the headroom, 
the girder may have to be widened or an upturn girder 
solution may have to be considered. 

PT TRANSFER GIRDER

LARGE OPEN SPACE
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b. Example of unbonded transfer girders that bridge over ITT Tunnel 
at Bush IAH Airport, Houston, TX

(Courtesy Suncoast Post-tension Ltd)

Fig. 2—Transfer girders that bridge over existing tunnel structure.

c. Example of bonded transfer girders that bridge over existing Marta Tunnel in Atlanta, GA (Courtesy Uzun+Case)

Fig. 4—Schematic layout of PT Vierendeel moment frame.Fig. 3—Schematic layout of PT transfer (podium) slab.

WOOD FRAME, 
LIGHT GAGE STEEL, 
OR CONCRETE 
STRUCTURE

PODIUM 
SLAB

HANGING TRANSFER 
COLUMNS (TENSION)

TRANSFER STRUCTURE

HANGING TRANSFER 
COLUMNS (TENSION)

LARGE OPEN SPACE

PT VIERENDEEL 
MOMENT FRAME

a. Schematic layout

STRUCTURE 
ABOVE

TRANSFER 
COLUMN

TRANSFER 
COLUMN PT TRANSFER 

GIRDER

EXISTING  
UNDERGROUND TUNNEL



TECHNICAL PAPERS

22   Issue 1 2024 | PTI JOURNAL

The magnitude of the transfer loads will affect the 
immediate and long-term deflection of the member. It 
is very critical for the LDP to determine in advance the 
acceptable deflection limits and absolute deflections for 
the transfer girder. In the case of tall high-rise buildings, 
it is very important to keep the transfer girder deflection 
as small as possible because it has the potential to affect 
floor elevations, attachment of structural and non-struc-
tural elements, building façade elements, and drainage, 
to name a few. The distinct advantage of post-tensioning 
over any other framing system is that deflections can 
be controlled by load balancing. In one of the examples 
presented in this paper, the long-term deflection of 
transfer girders supporting 44 levels was less than 1/4 in. 
(6.35 mm). 

The number of spans for transfer girders can have a 
significant influence on member sizing and overall behav-
ior. It is always desirable to consider an extension of the 
transfer girders into the adjacent spans (adjacent span 
length/3) and, if possible, to extend to the nearest column 
on either side of the transfer girder, even if all the transfer 
columns are on one span. The reason for extending the 
transfer girders to the adjacent span(s) is to get the benefit 
of the member section at the transition from a very deep 
section to a shallow section due to large negative moments 
at the column, taking advantage of span continuity, better 
deflection control, and increased load balancing because 
more tendon drape can be achieved.  

Generally, it is always efficient to use as high strength  
of concrete as possible in all transfer members. It is 
common in the United States to use 28- or 56-day 
concrete strengths for transfer girders between 6000 and 
10,000 psi (41.4 and 69 MPa), 5000 psi (34.5 MPa) being 
the minimum. The use of higher-strength concrete helps 
in many ways: it reduces member depth; reduces flexural 
stresses, total prestressing forces, and nonprestressed 
reinforcement; increases member stiffness; allows for 
early stressing; and helps in preventing anchorage zone 
and initial stress issues.

Transfer girders can be designed as Class U, T, or C 
members as allowed by the building code. The choice of 
the class used is the prerogative of the LDP, depending on 
the intended behavior and acceptable stress range for the 
transfer member under service loads. Factors that affect 
this selection are final peak deflection under the girder, 
degree of cracking (if any) under service loads, reinforce-
ment congestion, architectural limitations such as head-
room restrictions limiting member depth, reinforcement 
congestion, and anchorage fit at the ends of the member.

Transfer slabs (podiums) 
There are many instances in which loads from an 

entire or part of a building, either framed differently 
(offset columns) or framed using different materials, 
must be transferred below. In this case, portions or the 
entire floor slab serve as the transfer member. These slabs 
are called transfer or podium slabs (Fig. 3). The use of 
post-tensioning in the slabs, will, by far, provide the most 
efficient, functional, and economical structural solution 
as opposed to using an alternate framing system. Conven-
tionally (reinforcing bar only) reinforced transfer slabs 
have been used. However, the member depths are large, 
require a significant amount of reinforcement, and may 
have deflection and cracking issues. Post-tensioning the 
slabs will result in reduced member depth, an increase 
in headroom clearance, reduced overall reinforcement, 
greater deflection control, and a virtually crack-free slab 
if designed and built correctly. 

The most economical framing for PT transfer slabs 
is the use of two-way f lat plates. Flat plates keep the 
formwork cost to a minimum; allow for all mech    anical, 
electrical, and plumbing (MEP) lines to run straight 
under the slab; and provide architects with flat, exposed 
slab soffits and clean exterior lines, which are preferred. 
Punching shear is handled by using headed shear stud 
reinforcement (stud rails) at the columns. 

For very heavy transfer loads, the use of two-way slabs 
with drop caps, drop panels, or both provides an economi-
cal solution. The drop heads, as they are also called, allow 
for the elimination of punching shear reinforcement and 
provide a very stiff slab. The use of ACI (ACI 318-19)1 flex-
ural drops (L/6, where L is the centerline-to-centerline 
span length) allows for the use of the entire drop depth for 
flexural and punching shear strength. The slab between 
the drops can be much thinner than what would be 
required for just the flat-plate option. The potential down-
side of the drops is the added formwork costs. However, 
that cost can be offset if the drop is made deep enough 
so that no headed shear stud reinforcement is required, 
provided it is architecturally feasible. 

Another hybrid two-way framing option that is very 
popular in the United States is the use of “wide shallow 
beams” primarily in one direction. Wide shallow beams 
are essentially continuous drops. The wide shallow beam 
option still allows for the use of two-way behavior and 
two-way slab provisions, as long as the beams are not 
deep enough so as to force the slab to bend primarily 
in one direction. The added advantage of a PT two-way 
wide shallow beam option is that the banded tendons can 
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be placed in the wide shallow beam, allowing for more 
drape and, hence, higher load balancing. The wide shal-
low beams can be deep enough so that no headed shear 
stud reinforcement is required, or they can be designed 
with mild reinforced punching shear reinforcement or 
with headed shear stud reinforcement. 

PT transfer slabs can be framed using one-way slabs 
and beams. The choice of whether to use one-way or 
two-way framing is a function of the column layout on 
the levels below and a function of the type and distribu-
tion of loading on the transfer slab. If there are very 
heavy line loads along or close to the column lines, the 
use of beams or wide shallow beams may be beneficial. 
The one-way slab and beam framing option does require 
more reinforcement compared to the two-way slab option 
because the minimum reinforcement code provisions 
(ACI 318-19, Section 7.6)1 and skip loading provisions 
(ACI 318-19, Section 6.4)1 will kick in.

Typical podium slabs in the United States have 
spans between 27 and 36 ft (8.23 and 10.98 m). These 
spans match three to four car space widths because most 
podium slabs have one or more car parking levels below 
the podium level. The superstructure on the podium 
can be made of wood, light-gauge steel, structural steel, 
precast concrete, or cast-in-place concrete.

Transfer frames, such as Vierendeel moment frames 
Depending on structure geometry and loading, 

transfer of loads can also be accomplished with the use of 
transfer frames. The total depth of the transfer frame can 
vary from several feet to the height of an entire floor or 
even multiple floors (Fig. 4).

Most transfer frames have a rigid joint or moment 
connections with a top and bottom chord; however, 
pinned struts could be used. The top and bottom chords 
are typically post-tensioned. 

Transfer frames, especially Vierendeel moment 
frames, can serve as very stiff and high load-carrying 
capacity members with greatly reduced deflections. The 
space between the top and bottom chords can be used to 
run MEP lines and store mechanical and electrical equip-
ment or for other uses.

DESIGN CONSIDERATIONS
There are a number of considerations that should 

be made during the design of transfer members and they 
are discussed in this section. As stated earlier, transfer 
members command a higher standard of care because 
they are critical load-path-carrying elements of the 

building. The best approach for design is to have a clear 
understanding of the structural behavior of the transfer 
member and its interaction with the overall behavior 
of the building. The general goal is to design transfer 
members that perform adequately during service, possess 
the required strength and ductility, and are durable for 
the service life of the building. 

Gravity loads
It is recommended that the gravity loads acting on 

transfer members should be calculated based on an enve-
lope solution from a frame analysis of the structure and 
tributary loads acting on the transfer columns from the 
levels above. The LDP should exercise their judgment 
when making this decision. In general, the approach 
should be to determine the most realistic transfer column 
service loads anticipated on the member, considering the 
effects of span continuity (reactions due to unbalanced 
moments), secondary moments, and construction 
sequence that affect these reactions.

Transfer loads on podium slabs are imparted differ-
ently than transfer beams. Most podium slabs have the 
gravity loads transferred through a combination of bear-
ing walls and columns. Depending on the bearing wall/
column layout and the magnitude of the loads, either a 
“smeared loading” or “true reaction” approach can be 
used. In the author’s opinion and based on the design 
of millions of square feet of podium slabs, the use of a 
smeared loading approach is acceptable in most instances, 
with a second check for spans where heavy concentrated 
loads may be present. In cases where the applied loading 
is such that it is difficult to see a clear smeared loading 
pattern, the use of the true reaction approach, although 
tedious work, is more reasonable. 

Because transfer members typically have loads 
coming down from multiple levels, the question of 
whether the full live load on all levels should be consid-
ered or not is relevant. The LDP should use their judg-
ment when considering how much live load reduction 
should be used. Although building codes have provisions 
for live load reduction, it is the LDP who has the ultimate 
control over how much live load reduction (if any) they 
want to consider in their design and how it affects the 
final design of the member.

Lateral loads
The effects of lateral loads, whether seismic or wind, 

must be considered in the design of the transfer members. 
These actions can be determined from a lateral load 
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analysis of the structure for the different load combina-
tions. The various actions (upward and downward reac-
tions, in-plane reactions, and moments) must be applied 
on the transfer member, whether beam or slab, with the 
appropriate load combination factors considering both 
directions (east-west and north-south) and an envelope 
solution determined. Transfer columns in tall high-rise 
buildings can have additive upward or downward reac-
tions induced by lateral loads and should not be ignored. 
The connection design of the overturning member to the 
transfer element should also be considered. There could 
be instances with large overturning forces where the 
local connection design itself could control the transfer 
girder geometry.

Podium slabs also serve as diaphragms and should be 
designed to resist the in-plane forces due to lateral loads. 
The diaphragm elements to be designed are the chords 
and collectors. For slabs with unbonded tendons, ACI 
318-19, Section 12.5.1.41, permits the use of the slab pre-
compression present to resist the diaphragm forces as 
long as a seismic load path is provided.

For structural members not designated as a part of 
the seismic-force-resisting system in high seismic design 
categories, ACI 318-19, Section 18.141, also requires that 
the members be designed to support gravity loads when 
subjected to the design displacement.

Unbonded versus bonded post-tensioning
The choice of unbonded versus bonded post-ten-

sioning depends on a variety of factors. Unbonded post-
tensioning is the method of choice in the United States. 
More than 98% of all PT prestressed concrete buildings 
in the United States use unbonded post-tensioning. 
The primary reason for this option is the lower material 
cost and ease of installation and handling of unbonded 
tendons. Almost all the unbonded tendons used in the 
United States are 0.5 in. (12.7 mm) in diameter; hence, 
a typical-length tendon (80 to 100 ft [24.4 to 30.5 m]) 
will weigh between 50 and 60 lb (22.7  and 27.2  kg), 
which is easy to handle and install in the field. 

Bonded tendons have a slightly higher material cost; 
however, the biggest difference between the two systems 
is in the additional labor costs to install the ducts, place-
ment of the tendons inside the ducts, and grouting of the 
ducts. Members with bonded tendons require a reduced 
amount of mild reinforcement by design; a reduction 
in reinforcing bar material and labor costs should be 
included in a cost comparison. In certain instances, there 
could be efficiencies in reduced drape in members with 

bonded tendons as compared to unbonded tendons. 
However, considering all the costs, in general, bonded 
tendons will cost more than unbonded tendons. The 
degree of the difference between the two options is a 
function of the labor costs. In Western countries where 
labor costs are higher than in the rest of the world, the 
difference between the two systems is more pronounced 
versus, say, the Middle East or Asia, where bonded 
systems are more popular. 

Bonded tendons have traditionally been chosen in 
transfer members, especially in transfer girders, because 
of the inherent redundancy in being able to retain the 
prestressing force in case of tendon breakage (from 
corrosion or any other reason) and in providing slightly 
better crack control characteristics. However, due to 
significant advances in tendon encapsulation systems in 
the United States, PTI plant certification programs, and 
PTI field installation and field inspector certification 
programs, unbonded tendons, in the author’s opinion 
and experience, provide comparable or better corrosion 
protection than bonded tendons. Unbonded tendons can 
be easily replaced during the service life of a building if 
the need arises.

From a design standpoint, the design of trans-
fer members (girders and slabs), whether bonded or 
unbonded, is very similar. In most cases, the required 
PT force is the same for either option. The differences 
are in the requirements of mild reinforcement. At service 
loads, the ACI code requires minimum top steel As,min = 
0.00075Acf for both unbonded and bonded PT two-way 
slabs; however, the minimum steel As,min  = 0.004Act, 
which is required for PT one-way members with 
unbonded tendons, is not required for bonded tendons. 
Members with bonded tendons must satisfy a require-
ment wherein the member should have the capacity to 
develop 1.2 times the cracking load and should be rein-
forced accordingly with a combination of prestressed and 
nonprestressed reinforcement. For strength, members 
using bonded tendons require a lesser amount of mild 
reinforcement compared to members using unbonded 
tendons because a bonded tendon can develop a higher 
stress in the prestressing steel at nominal f lexural 
strength ( fps). 

Any transfer member—girder, slab, or frame—can 
be effectively designed and built using either unbonded 
or bonded tendons. The choice of the tendon type will 
come down to total cost, feasibility of construction, 
construction/stressing accessibility and convenience, 
quality of labor, grouting capability, and access to 
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qualified inspection personnel. An example to illustrate 
the selection process is as follows. Most large transfer 
girders are stage stressed. Say there is a transfer girder 
on the eighth floor of a 50-story high-rise building with 
bonded tendons; bringing a 1000 ton (907 tonne) jack 
on the eighth floor of a high-rise, finding the stressing 
access, and being able to perform stage stressing every 
15 floors and grouting sequentially can pose many 
challenges. They can certainly be overcome. On the 
f lip side, with the newer encapsulation systems, this 
girder can be built using unbonded tendons with the 
same or better long-term overall performance with far 
fewer issues. 

It must be mentioned that the performance of a 
bonded tendon depends directly on the quality of the 
grouting. The grout must be fully filled from end to 
end of the tendon, and all stressing pockets must be 
adequately grouted.

Average prestress
Most PT podium slabs supporting four to five levels of 

wood-framed structure will require an average slab precom-
pression between 150 and 200 psi (1.03 and 1.38 MPa). These 
prestress values will vary depending on the slab thickness, 
spans, loading, and stage stressing requirements. 

Making the slabs too thin will result in high prestress 
values and may result in over-balancing, triggering initial 
stress requirements, higher punching shear stresses, and 
excessive shortening. An upper-bound value of 300  psi 
(2.07  MPa) in slabs is strongly recommended (ACI 
423.3R-172). Higher values may be used but with appro-
priate measures to account for the effects of restraint 
to shortening. 

In certain cases, adding an inch or so of thickness 
to the slab may keep the slab precompression and load 
balancing more reasonable, reducing the initial stresses 
to an acceptable value and thereby eliminating the need 
for stage stressing. The resulting reduction in punching 
shear requirements and elimination of stage stressing 
may offset the cost of the added concrete. 

Typical prestress values in transfer girders, including 
the beam web and slab cross section, will range from 200 to 
400 psi (1.38 to 2.76 MPa). Girder sizes proportioned to 
provide prestress values in this range provide efficient 
designs, prevent reinforcement (tendon and reinforcing 
bar) congestion, and reasonable fit of the anchorages at the 
member ends. Prestress values of 500 psi (3.45 MPa) and 
higher may be used with appropriate measures to account 
for the effects of restraint to shortening and after ensuring 

that there is adequate fit of the anchorages considering the 
column and beam reinforcement at the member ends. 

Secondary moments and reactions
Secondary moments and reactions may play an 

important role when calculating the transfer column 
loads. For tall high-rise buildings with PT floors, second-
ary reactions may increase or decrease the transfer 
column loads in addition to the gravity loads. These loads 
may influence column reactions by up to 20% and, hence, 
should not be ignored. For tall high-rise buildings with 
PT f loors, the LDP should also consider the effects of 
secondary reactions on the foundation design.

Axial shortening, shrinkage, creep, temperature, 
and deflections

Similar to secondary reactions, for tall high-rise build-
ings with PT floors, factors such as axial shortening of the 
transfer and surrounding columns, shrinkage and creep of 
the concrete, creep recovery, temperature differential in 
enclosed or non-enclosed buildings, and deflections can 
cause changes in transfer column reactions and should be 
accounted for in the design of the transfer members.

Foundation settlement
Geotechnical engineers may specify a certain amount 

of foundation settlement for some sites, which can affect 
the moments and shears in transfer members in addition 
to the transfer loads and should be considered in design 
if applicable.

Restraint to shortening (RTS) and crack mitigation
All concrete slabs, whether nonprestressed or pre -

stressed, undergo shortening due to slab shrinkage and 
creep in addition to movement from temperature change. 
PT slabs have an added component, which is the elastic 
shortening of the slab due to slab compression from 
prestressing. There is a common misconception that PT 
slabs undergo most of the shortening from prestressing 
and that mild reinforced slabs do not shorten as much. In 
reality, slab shortening from elastic shortening contributes 
to only approximately 10% of the total slab shortening. 

Concrete retaining walls, concrete shear walls, 
and columns restrain slab movement. Depending on 
the amount of slab movement and the stiffness in the 
frame, restraint can cause cracking of the slab and wall 
or columns or all of them. Restraint also causes a loss of 
precompression in the slab because the prestressing force 
gets diverted to the stiff elements. In most cases, these 
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Fig. 7—Temporary slip detail at slab-wall connection— 
angle-embed option.3

areas are isolated and localized; however, they should be 
carefully evaluated to ensure that the serviceability and 
strength requirements are satisfied. The proper location 
of the walls in relation to the center of zero slab move-
ment will greatly mitigate RTS issues. 

Effects of restraint and potential cracking can be 
mitigated by using several techniques (PTI DC20.2-223 
and PTI TAB.1-234) and are listed as follows:
1. Temporary slip details

a. Using sleeves to enclose the vertical bars coming 
out of the concrete walls and then grouting them 
after a certain period of time (Fig. 5).

b. Blocking out a certain portion of the wall allowing 
temporary slab movement, and then placing it back 
after a certain period of time (Fig. 6).

c. Using angles to support the slab at the walls and 
then welding the angle to the embeds within the 
slab after a certain period of time (Fig. 7).

Fig. 6—Temporary slip detail at slab-wall connection  
(blockout option).

Fig. 5—Temporary slip detail at slab-wall connection  
(sleeve option).

2. Permanent slip details
Use piping foam or a suitable insulating material to 
wrap around the vertical bars (Fig. 8). The LDP should 
determine the degree of slip desired and should design 
the connection in a manner such that the design 
lateral loads can be transferred.

3. Crack control reinforcement
a. The use of crack control reinforcement is a very 

effective method to mitigate RTS cracking. Rein-
forcement should be added parallel to the stiff 
elements, such as walls, along with diagonal bars 
(Fig. 9). This reinforcement should extend at least 
6 ft (1.8 m) past the wall at continuous slabs or 
should terminate with hooks at discontinuous slab 
edges. The amount of reinforcement to be added is 
up to the discretion of the LDP; however, rein-
forcement of 0.15 to 0.18% of slab thickness placed 
at the top and bottom of the slab has been used 
successfully in millions of square feet of slabs. 

b. Reinforcement should be provided in columns and 
walls to resist the additional moments created due 
to slab shortening.

4. Pour strips
Pour strips are a very effective way to control RTS. 
While there are several factors that affect the decision 
to determine when and at what building length pour 
strips should be used, the rule of thumb is to use one 
or more pour strips for slabs that are between 200 and 
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350 ft (61 and 107 m). These values could be reduced 
or increased slightly depending on building geometry, 
location of shear walls and concrete columns, stress-
ing access considerations, estimated early shrinkage 
and creep values, daily temperature differential at 
the project location, whether the building is open 
or enclosed, and so on. Pour strips should generally 
remain open for 28 to 56 days. Shorter durations 
have been used; however, the LDP must make that 
determination depending on project specifics and 
project constraints. 

Pour strips across transfer girders should be avoided 
at all costs. While it is possible to thread tendons 
through pour strips in girders, it is complicated and 
needs a team of experienced engineers and contractors 
to execute successfully. The best choice is to relocate 
the pour strips so that they do not pass through the 
transfer girders or consider an alternate approach. 

Slab pour strips should be located 
at midspan as far as possible, although 
pour strips located at the inflection 
point of the span moment diagram 
have been used successfully. The 
advantage of keeping the pour strip 
at midspan is to have better control 
on the def lection of the slab at the 
edges of the pour strip compared to 
potential excessive curling if placed 
at the inf lection point. Most pour 
strip bays should always be kept 
formed and shored. Self-supporting 
cantilevers, if designed, should be 
designed very carefully and in a 
manner where the slab deflections at 
the tip of the cantilever is kept at a 
desired value to avoid excessive 
rubbing and patching once the pour 
strip is poured back.
5. Expansion joints
Expansion joints essentially create a 
complete and permanent separation 
of the building and are very effec-
tive in controlling RTS. Expansion 
joints should be used for building 
lengths greater than 350 ft (107 m), 
although this length can be reduced 
or increased slightly depending on 
several factors (refer to previous 
point on pour strips).

Expansion joints can be created by providing 
double columns with a gap or by using ledge beams 
with one side supported on the other with a neoprene 
bearing pad between the slab and the ledge. Expan-
sion joint width can range between 2 and 6 in. (50 and 
150 mm). The expansion joint should be detailed with 
a compressible material to close the gap and should be 
waterproofed. The width of the expansion joint must 
be based on the amount of long-term slab movement 
to be expected at the joint, considering shrinkage, 
elastic shortening, creep, and maximum temperature 
differential. The width of the expansion joint will 
also be affected by lateral load considerations and 
code requirements. 

Deep beam design (strut-and-tie modeling)
Transfer girders with a clear span of less than four 

times the overall height of the member must be designed 

Fig. 8—Permanent slip details at slab-wall connection.

Fig. 9—Crack mitigation reinforcement at stiff elements and slab corners.3
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as deep beams according to the ACI 318 Code. There are 
some additional requirements that may apply as well. The 
design and analysis of PT deep beams is complex. Empir-
ical methods (such as PCA5), strut-and-tie modeling 
(Schlaich et al.6), or finite element analysis can be used. 

Stage stressing
Most transfer members require stage stressing 

because the amount of prestressing force imparted at any 
stage should be in proportion to the superimposed loads 
acting on the member. Full prestressing with no super-
imposed loads will more than likely create very high 
initial stresses, which can exceed the tensile strength of 
concrete at transfer ( fci′) and cause premature cracking in 
the member. This cracking is not desirable and should be 
avoided at all costs.

Stage stressing should be carefully determined for 
each stage so that the initial stresses, the service level 
stresses, and the deflection under the member at any given 
stage do not exceed project allowable/acceptable values. 
The number of tendons stressed at a given stage should 
enable the member to have the capacity for service and 
strength to support not only the transfer loads present at 
the time of stressing but also the transfer loads expected 
to occur just prior to the next stage of stressing. 

The amount of prestressing chosen should be such as 
to avoid excessive camber in the member. Creep in the 
member due to prestressing can further exacerbate the 
initial camber if superimposed loads are not present to 
balance the uplift from the prestressing force. It is best 
to check the deflections considering all the different load 
combinations at every stage and to ensure that they are 
within the project allowable limits. 

Podium slabs with a brick exterior are sensitive to 
deflections and should be designed to limit the total 
deflection and to keep the deflection ratios within allow-
able limits. Stage stressing of podium slabs should be 
determined, keeping stressing access and deflections in 
mind. Often, tendons may have to be extended to the 
slab edge to allow for access to stressing. These tendons 
should be profiled such they do not cause overbalancing.

Shoring
Stressing operations, whether initial or staged, must 

be coordinated carefully with the removal of shoring. It 
is beneficial to keep transfer girders formed and shored 
until at least the second stage. However, there could be 
instances in which the shoring needs to be removed after 
initial stressing, and likewise, there could be instances 

in which the girder may need to remain shored past the 
second stage. Keeping the transfer girder shored for 
the initial and second stages provides additional frame 
stiffness, which is very useful in the case of transfer gird-
ers in tall, high-rise buildings where deflection control 
is important. 

For transfer girders with bonded tendons, the LDP 
should carefully evaluate the sequencing of the stage 
stressing, grouting of the ducts, and shoring require-
ments for each stage. The capacity of the member with 
the member shored and grouted is slightly higher than 
the member with the shoring removed and then grouted. 
While this difference may not be significant, it may have 
an impact on the overall girder design with all stressing 
completed and the member capacity viewed as a whole.

Podium slabs should be designed and stressed in a 
manner so that the shoring can be removed after initial 
stressing except in bays with pour strips (if present). 
In the majority of cases, the pour strip bays will need 
to remain formed and shored until the concrete in the 
pour strip has been cast and attained at least 75% of its 
design strength. Subsequent stages of stressing without 
any shoring below the podium slab allow the contractor 
to move forward with other trades without impacting 
the schedule.

DETAILING CONSIDERATIONS
Proper detailing of the transfer members—girders, 

slabs, and frames—is critical for a successful project 
outcome. Proper detailing starts with an accurate and 
clear set of structural drawings, details, notes, and speci-
fications. This enables other trades such as the reinforcing 
bar supplier, PT supplier, general contractor, installer, 
and inspector to ensure that the project has been built 
to specifications. In the author’s opinion for how impor-
tant transfer girders are in a building, it is imperative and 
strongly recommended that all transfer girders should be 
drawn in an elevation view showing the transfer girder 
supports, transfer columns, girder reinforcement, tendon 
forces and profiles, tendon bundling details, and end 
anchor views with anchorage zone details.

Flexure and shear
Transfer girders should have at least one-third of the 

total reinforcement required for service/strength to be 
continuous throughout its length. Class B laps are recom-
mended in the case of transfer girders and because they 
are typically few in number, will not add significantly to 
the project cost. Stirrups for shear should consist of open 
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ties with a cap tie to aid in the installation of the tendons. 
The cap tie should have the 135-degree hook alternated 
for every tie. If the transfer girders have a torsion control 
design, closed ties or two-piece ties with 135-degree 
hooks on both ends may be used if permitted by the 
LDP. It is strongly recommended that girder top bars be 
extended into the adjacent slab for a distance of at least a 
quarter of the adjacent span length. 

Detailing of podium slabs, whether one-way or two-
way, is straightforward. The code requirements for mini-
mum reinforcement are easy to implement and show in 
the drawings. The reinforcement required for strength, 
whether at the top or bottom of the slab, can make use of 
the minimum reinforcement provided; however, if used, 
these bars should be adequately developed in accordance 
with the code. It is strongly recommended that all podium 
slabs with unbonded tendons be detailed with a mini-
mum bottom mat. The recommended minimum amount 
of bottom reinforcement in the slab is between 0.075 and 
0.1% of slab thickness and has been used successfully 
on thousands of podium projects. For a 14 in. (356 mm) 
podium slab, which typically supports up to five levels of 
wood framing, this translates to a bottom mat of No. 5 
(200 mm2) bars at 24 in. (0.61 m) on center. Podium 
slabs, being a critical structural component in the build-
ing, should have some amount of redundancy. Construc-
tion issues such as slabs not coming up to strength in 3 to 
4 days, delays in stressing, broken tendons, elongation 
problems, accidental loss of prestress from fire, and so on 
are issues that come up from time to time, and having 
the bottom mat provides some redundancy at not much 
additional cost.

Side face reinforcement
For beams greater than 36 in. (914 mm) in depth, 

side face reinforcement is required per the ACI 318 Code. 
For transfer girders, these bars should be lapped with a 
Class B splice where required. The author recommends 
that this requirement be extended to transfer girders that 
are right at 36 in. (914 mm) in depth as well.

Slip details
RTS was discussed in an earlier section. Common 

slip and crack mitigation details are provided in Fig. 5 to 9.

Post-tensioning
The PT tendons are the most critical reinforcement 

within a transfer member. The final effective prestress-
ing force or the number of tendons with qualification of 

the minimum final effective force required per tendon 
should be called out accurately on the drawings, along 
with their profile and any other relevant information. 
The PT supplier must detail the post-tensioning infor-
mation in a manner so that the shop drawings provide 
the required tendon quantities, tendon bundling infor-
mation, stage stressing information (if any), jacking 
information, tendon length, required tendon elongation, 
tendon profiles (reverse parabolas, simple parabolas, or 
harped profile), offset low points, tendon curves includ-
ing hairpins, and end anchor details showing the anchor-
age zone reinforcement.

For bonded tendons, the anchor type, anchor compo-
nents, jack and jacking information, duct type and profile, 
grout port information and locations, grouting details 
and installation, stage stressing information, end anchor 
details showing column vertical reinforcement, anchor-
age zone reinforcement, and stressing access blockouts, 
if any, must be provided. 

In transfer girders with unbonded tendons, typical 
tendon bundles consist of six tendons or less. In members 
with very high prestressing forces, bundles of up to 12 
tendons have been successfully used; however, special 
instructions on their installation must be provided on the 
shop drawings.

In podium slabs with unbonded tendons, banded 
and distributed tendons up to five tendons per bundle 
are commonly used. In podium slabs with very high 
prestressing forces, bundles with more than five tendons 
may be used. Consideration of localized splitting between 
tendon bundles and anchorage zone areas must be 
evaluated for the high local forces. Special instructions, 
including any additional reinforcement and installation 
instructions, must be provided on the shop drawings.

Stage stressing of tendons with sequencing (if appli-
cable) must be shown on the structural and PT shop 
drawings for the benefit of the installer, inspector, and 
general contractor. The stage stressing should be typically 
shown and executed in the field in a manner such that 
the tendon stressing does not create undue horizontal or 
vertical eccentricity at the anchorages. If eccentricity in 
the stressing is expected to create horizontal stresses in 
the transfer girder, this condition should be evaluated by 
the LDP and reinforcement provided.

Structural integrity
The ACI 318 Code requires that for two-way PT slabs 

with unbonded tendons, a minimum of two tendons 
must pass in between the vertical column steel in both 
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directions. The PT shop drawings must be detailed in a 
manner so that this requirement is implemented on the 
tendon layout itself. The importance of this requirement 
cannot be understated. It provides the ability for the slab 
to remain suspended over the columns in the event of a 
punching shear failure. Where this requirement cannot 
be achieved due to an irregular column arrangement, the 
Code allows the use of mild reinforcement in accordance 
with ACI 318-19, Section 8.7.5.6.3.1

Anchorage zone
Transfer members typically have large prestress-

ing forces, which produce extremely large bearing and 
bursting forces in the anchorage zone. The anchorage 
zone regions—local and general zones of transfer gird-
ers and podium slabs with both unbonded and bonded 
tendons—should be detailed, showing backup bars 
or spiral reinforcement in the local zone and bursting 
reinforcement in the general zone. The Post-Tensioning 
Manual4 provides extensive information on the different 
methods to determine the anchorage zone reinforce-
ment. The division of design and approval responsibili-
ties between the LDP and the PT system supplier must 
be clearly assigned in the contract documents. Typically, 
the design of the anchorage device and supplemental 
local zone reinforcement is the responsibility of the PT 
system supplier. The LDP is responsible for the design 
of the general zone. It is only after the shop drawings 
have been prepared showing the placement and stressing 
sequence of the anchorage devices and local and general 
zone reinforcement that the LDP can review and accept 
the overall anchorage zone design. Further guidance is 
provided in the Post-Tensioning Manual.4

It is a good practice for the LDP to consider the fit 
of the anchorages (unbonded single-strand or bonded 
multi-strand) with respect to the column and girder 
reinforcement at the ends of the transfer girders at the 
design stage and not at the shop drawing stage or when 
the girders are being installed in the field. If architectur-
ally permissible, a slight extension of the transfer girders 
beyond the column face can greatly relieve congestion in 
the anchorage zone and should be shown on the struc-
tural drawings.

Headed shear stud reinforcement
Most two-way podium f lat plates require punch-

ing shear reinforcement. The use of headed shear stud 
reinforcement (stud rails) is very popular in the United 
States and serves as a very effective method to reinforce 

for punching shear. According to the ACI 318 Code, this 
reinforcement is required to comply with ASTM A1044, 
which ensures adequate quality of the studs and welding of 
the studs to the base plate. Headed shear stud reinforcement 
may be replaced with drop panels or drop caps under the 
columns. For very heavy podium slabs, there are scenarios 
where stud rails may be required inside of the drop panels 
to provide the required punching shear capacity.

CONSTRUCTION CONSIDERATIONS
The construction of transfer members is equally 

important as its design and detailing. All parties involved 
in its construction, starting from the LDP, architect, 
owner, contractor, subcontractors, and inspecting 
agency, should first realize the importance of this struc-
tural element and must be clear on the responsibilities for 
the execution of their portion of the work. The general 
contractor must ensure that there is proper communica-
tion and coordination between the respective trades in 
conjunction with the owner, architect, and LDP. 

Typical issues that arise in the construction of trans-
fer members are as follows:
1. Formwork and any special formwork under transfer 

girders.
2. Removal of formwork and shoring/reshoring 

sequences.
3. Access for stressing, especially on heavy transfer 

girders—bonded and unbonded tendons. 
4. Being able to fit all the anchors—bonded and 

unbonded—within the column vertical steel.
5. Leave outs for stressing, being able to get heavy jacks, 

especially for bonded tendons.
6. Leaving platform for stage stressing of transfer girders 

and podium slabs.
7. Checking and coordinating concrete mixture design, 

use of smaller aggregates to help reduce reinforcement 
congestion, and use of high-early-strength mixture 
designs to allow for accelerated or early stressing of 
concrete (within 24 to 48 hours).

8. Coordination with relevant trades, including testing 
agency for preparing concrete cylinders, ensuring 
that there are enough cylinders for concrete testing 
until all tendons have been fully stressed, testing of 
concrete cylinders prior to initial stressing, use of 
maturity meters (if applicable), testing of cylinders 
for each stage if specified by the LDP.

9. Discussion with installers to ensure that any conges-
tion issues are discussed at an early stage rather than 
later.



TECHNICAL PAPERS

PTI JOURNAL | Issue 1 2024   31

10. Coordination with electrical, mechanical, and 
plumbing trades to ensure that slab and girder 
sleeving is acceptable to the LDP. 

11. The general rule of thumb is that the location of the 
PT tendon(s) always has control over the location of 
an MEP sleeve or component. In case of conflict, the 
matter needs to be resolved with the architect and LDP.

12. If headed stud shear reinforcement (stud rails) are 
used, they should be installed first on the deck.

13. The LDP and the third-party inspector at a minimum 
must review and approve the installation prior to 
concrete placement.

14. Special care must be taken to ensure proper concrete 
vibration in and around anchorage zone areas.

15. Installation should be performed by experienced 
(minimum 5 years) and PTI Level 2 certified 
personnel or approved equivalent if possible.

16. Stressing should be performed by experienced 
(minimum 5 years) and PTI Level 2 certified 
personnel or approved equivalent if possible.

17. Third-party inspectors with minimum 5 years of 
experience in such work and PTI Level 2 certifica-
tion or approved equivalent if possible should inspect 
and be present, watching and recording elongations 
during stressing.

18. Stage-tensioned tendons should be protected from the 
elements to prevent water from entering the wedge-
cavity area of the anchor. There are several methods 
to protect the tendon tails. These should be discussed 
and approved by the LDP.

19. Grout material, grouting equipment, grouting proce-
dures, grout sampling, and grout testing should be 
coordinated with the relevant trades. Proper grouting 
is essential for the performance of bonded tendons. 
The approach should be to “get it right the first time.” 
It is nearly impossible to fix errors that result from 
improper grouting.

20. Grouting sequence, formwork removal, and stage 
stressing should be coordinated with all relevant 
trades and should be approved by the LDP.

21. Tendon elongations should be sent to the LDP as 
soon as possible, usually within 24 hours. Elongation 
discrepancies should be resolved to the satisfaction of 
the LDP.

22. Tendon finishing is a key component of preserving 
the longevity and durability of a PT tendon. Once the 
elongations have been approved, the tendons should 
be cut within 1 working day. Permanent grout caps for 
bonded tendons or encapsulation caps for unbonded 

tendons should be installed, and the stressing pocket 
recesses and grout vents for bonded tendons should 
be filled with approved grout material (if applicable) 
within one working day after cutting the tendon tails.

EXAMPLES
Examples of each type of transfer member application 

are presented in the following. The first two examples are 
transfer girders with unbonded and bonded tendons. The 
third example is of a podium slab supporting five levels 
of wood framing. The fourth example is of a Vierendeel 
moment transfer frame.

Example 1
This is an example of transfer girders using unbonded 

tendons. Transfer girders 96 (W) x 120 in. (D) (2438 x 
3048 mm) shown in Fig. 10 and 11 span approximately 

Fig. 11—Transfer girders that bridge over ITT Tunnel at IAH 
(courtesy Suncoast Post-Tension Ltd).

Fig. 10—Site plan of ITT Tunnel at IAH; transfer girders shown 
in blue.
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107 ft (32.6 m) over the ITT Tunnel supporting Terminal 
E Parking Garage at IAH in Houston, TX. The girders 
support transfer columns of an eight-level long-span 

parking garage. The final effective force in each girder is 
20,000 kip (88,964 kN) and is probably one of the few 
beams ever built for a building application with such high 
prestressing forces. The stressing of this girder was done 
in five stages. The girder consists of five-hundred twenty-
two 0.6 in. (15.24 mm) diameter unbonded encapsu-
lated tendons. The girders were originally designed to 
use bonded tendons but were switched to an unbonded 
encapsulated tendon system due to scheduling and 
constructability reasons. 

Due to the large number of tendons and lack of room 
to fit all the anchors, a dual-layer anchorage system was 
used (Fig. 12(a) and (b)). Roughly half the anchors were 
stressed on one end and the other half on the oppo-
site end. The anchorage bearing surfaces were spaced 
roughly 18 in. (457 mm) apart to provide enough room 
to enable all the anchorage zone reinforcement to be 
placed and for concrete to get around the anchors and 
reinforcement to achieve proper concrete consolida-
tion. Due to the complex nature of the anchorage zone, 
a three-dimensional finite element analysis of the end 
region was performed using eight-node brick elements 
(Fig. 13 and 14). The results from the analysis were used 
to determine reinforcing requirements in the local and 
general zones.

The girder construction was completed in 2005 and 
the building has been in service since then with no issues 
reported. It is one of the busiest portions of IAH, servicing 
the arrival of all international and a substantial portion of 
the domestic passengers. Figures 15 and 16 show photo-
graphs of the transfer girders during construction.

Example 2
This is an example of transfer girders with bonded 

tendons in a 52-story building (Westin Hotel) in down-
town Philadelphia, PA. Level 8 of this building has four 
transfer girders spanning 44 ft 3 in. (13.5 m) (Fig. 17(a) 
to (c)) with sizes from 72 x 144 in. to 84 x 144 in. (1829 x 
3658 mm to 2134 x 3658 mm) that support 44 levels of 
load. The transfer girders were provided to create ball-
room/amenity space for the lower levels. 

The transfer girder prestressing forces varied from 
4650 to 6020 kip (20,684 to 26,779 kN). The tendons 
were stressed in three stages. The girders with a force of 
6020 kip (26,779 kN) comprised both six and thirty-one 
0.6 in. (15.2 mm) diameter strand tendons. The girders 
with a force of 4650 kip (20,684 kN) comprised a combi-
nation of six, nineteen, and thirty-one 0.6 in. (15.2 mm) 
diameter strand tendons. 

Fig. 13—Three-dimensional finite element analysis to study 
anchorage zone behavior and to design anchorage zone 
reinforcement.

Fig. 12(a)—Dual-layer anchorage. 

Fig. 12(b)—Dual-layer anchorage—closeup.



TECHNICAL PAPERS

PTI JOURNAL | Issue 1 2024   33

Fig. 14—Bursting stress contours in vertical direction.

Fig. 15—Transfer girder during construction.

Fig. 16—Tendon bundling and profiles.

The girders were analyzed using different methods 
such as conventional load balancing, empirical deep beam 
design, and the strut and tie method to verify the design. 
The substantial advantage of using post-tensioning could 
be highlighted in that the calculated long-term deflection 
under this girder was less than 0.25 in. (6 mm).

The initial stressing stage was completed once Level 
8 was cast. The grouting for the first stage was completed 
before Level 11 was cast. The shoring under the transfer 
girders was removed after Level 11 was cast. Keeping the 
transfer girders shored until a few additional levels had 
been built above the transfer level provided an increase 
in the overall transfer girder frame stiffness and reduced 

deflection under the transfer girders. The second stage 
plus grouting was performed at Level 24, and the third 
stage plus grouting was performed at Level 39. Figures 18 
and 19 provide additional photographs of these girders.
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Example 3
This is an example of a very 

large podium slab that has now 
been in service for 6 years. The 
project site is in Germantown, TN, 
and is shown in Fig. 20. The proj-
ect consists of two podium levels 
with parking provided on grade 
and on an elevated garage level. 
The podium slabs covered an area 
of over 160,000 ft2 (14,865 m2), 
supporting up to four levels of a 
wood-framed structure. Due to the 
very large size of the podium slab, 
irregular building geometry, and 
presence of a perimeter retaining 
wall, RTS effects were of primary 
concern. These were mitigated by 
using several expansion joints and 

several pour strips, as shown in Fig. 21. The expansion 
joints had a 2 in. (50.8 mm) gap between them, and the 
pour strips were kept open for a minimum of 28 days. 
The expansion joints were framed using a combination 

Fig. 17(c)—Overall view of 96 x 144 in. (2438 x 3048 mm) 
transfer girder with bonded tendons.

Fig. 17—(a) and (b) Fifty-two-story Westin Hotel in Philadelphia with transfer girders 
on Level 8 supporting 44 levels (courtesy O’Donnell & Naccarato, Inc.).

Fig. 19—Fixed ends of transfer girders.

Fig. 18—Profiles of bonded tendons.
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of double columns or beams with 
ledges. The typical podium slab 
thickness was 14 in. (356 mm) in 
areas supporting four levels of wood 
framing and 12 in. (300 mm) where 
three levels were supported. The slab 
was prestressed using unbonded 
ten   dons, as shown in Fig. 22 and 23. 
Punching shear reinforcement in the 
form of headed shear stud reinforce-
ment was required at most columns, 
as seen in Fig. 23. The project site is  
in a high seismic zone; hence, the 
slab diaphragm was designed to 
account for the seismic loads. The 
slab ten  dons were stressed in two 

stages where necessary to account for initial stresses. 

Example 4
The final example is of a 12-story hotel project in 

downtown Columbus, OH, that was completed in 2003. 
This project is an example of a PT Vierendeel moment 
frame (Fig. 4). Figure 24 shows transfer members 
between the fifth and sixth levels of the building. Three 

Fig. 20—Overall view of podium building.

Fig. 24—PT Vierendeel moment frame.

Fig. 23—Close-up view of tendon installation and headed shear 
stud reinforcement in podium slab.

Fig. 22—Podium slab showing tendon installation and wood 
framing being installed.

Fig. 21—Layout of expansion joints and pour strips.
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levels of the parking structure (Levels 2, 3, and 4) hung 
from the transfer level to create space for a motor lobby 
entrance below the second level. The hung transfer 
columns on top of the motor lobby entrance level were 
in tension. These columns were prestressed with verti-
cal post-tensioning (Fig. 25) to overcome axial tension 
stresses so that there was no net tension in the columns. 
The slab above the transfer level also supported six levels 
of a hotel structure, which consisted of 6 in. (150 mm) 
reinforced concrete slabs supported on cast-in-place 
load-bearing walls. The approximate equivalent smeared 
load on the transfer frame was about 1700 psf (81.4 kPa).

SUMMARY
Transfer members are routinely required in mid-rise to 

high-rise buildings to create large spaces between columns 
or to support entire structures of different materials. The 
use of post-tensioning is a very efficient, effective, and 
economical method to support such large transfer loads 
with negligible deflections. Advances in design tools, 
construction techniques, and post-tensioning materials 
with enhanced corrosion protection systems provide supe-
rior durability during the service life of the building.

The design and construction of transfer members are 
critical elements of a building and should be done with a 
much higher standard of care. The numerous factors and 
considerations to be made for the design, detailing, and 
construction considerations of transfer members were 
presented. Examples of different types of transfer applica-
tions that have been successfully implemented in the United 

States were presented. The various considerations presented 
can be applied to all buildings regardless of location.
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Fig. 25—PT Vierendeel moment frame with PT transfer tension 
column.
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