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Anchorage zones in prestressed concrete /-beams 
are designed to accommodate anchorage 
hardware and to provide adequate space for the 
reinforcement needed to distribute the highly 
concentrated post-tensioning force. Based on 
ana lytica l and fu ll-scale experimental studies, 
optimized anchorage zone detai ls have been 
developed. The proposed standardized anchorage 
zone is suitab le for use with a post-tensioning 
tendon size up to 7 5 - 0.6 in. (7 5 mm) diameter 
strands. It has a width of 28.5 in. (725 mm), which 
tapers for a distance of 39.4 in . (7 000 mm) to the 
standard /-beam web width. Standard welded wire 

reinforcement is proposed for post-tensioning of 
up to three 7 5 - 0.6 in. (7 5 mm) diameter strand 
tendons. The use of a reduced b lock size can 
result in a weight reduction of as much as 80 
percent compared to the common l y used 
anchorage block. A detailed example is included 
to demonstrate app lication of the strut-and-tie 
model to the design of the anchorage zone. 

T
he span limit of precast, pretensioned 1-beam bridges 
is often controlled by handling and shipping limita
tions. ' In many regions of the United States, the 

maximum span and weight ranges are 120 to 150 ft (36 to 
46 m) and 60 to 90 tons (54 to 82 t) , respectively. Post-ten
sioning is an efficient method of field splicing of precast 
concrete 1-beam segments to reach spans up to 300 ft (90 
m). This can improve bridge economy by providing a struc
tural concrete alternative to span levels that have been in 
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the exclusive domain of structural 
steel plate girders. 

Despite the enormous potential of 
post-tensioning in increasing the span 
length of 1-beam bridges, several is
sues need to be resolved before post
tensioning can be implemented more 
widely. One of these issues is the lack 
of guidelines for the design and detail
ing of the post-tensioning anchorage 
zones. 

The 15th Edition of the AASHTO 
Standard Specifications2 required that 
the width of the anchorage zone be as 
wide as the narrower flanges of the 
1-beam and as long as three-quarters 
of the member depth. However, in the 
current 16th Edition of the AASHTO 
Standard Specifications3 and 2nd Edi
tion of the AASHTO LRFD Specifica
tions,4 the size of the anchorage zone 
dimensions is not specified. Instead, a 
somewhat vague statement is given: 
" ... the transverse dimensions (of the 
anchorage zone) may be taken as the 
depth and width of the section." This 
gives the designer little guidance in 
determining the minimum required an
chorage zone dimensions. 

This Jack of guidance has led de
signers to over-size the anchorage 
zone. It should be emphasized that 
larger concrete dimensions in the an
chorage zone do not necessarily pro
duce smaller stresses. They should not 
be viewed as structurally more conser
vative. In this paper, the proposed an
chorage zone dimensions are com
pared to the more specific dimensions 
given in the 15th Edition of the 
AASHTO Standard Specifications. 

Anchorage zones that are unneces
sarily bulky and over-reinforced are 
uneconomical. More importantly, they 
may cause the precast, prestressed 
member to be too heavy to transport, 
thus defeating one of the primary pur
poses of beam splicing by post-ten
sioning. The authors have had experi
ence with recently designed bridges 
where the anchorage zone weight 
alone was as much as 10 tons (9 t). 
When weight is critical, it can be a de
termining factor in the feasibility of 
the precast concrete alternate. 

In the early stages of this investiga
tion,5 the finite element analysis indi
cated that increasing the concrete di
mensions at the post-tensioning 
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anchorage locations was not a struc
tural design requirement. In other 
words , if the post-tensioning anchor
age hardware were small enough to be 
fully housed in the web and flanges of 
the member, the reinforcement could 
be designed to satisfy the structural 
requirements. 

The reality is that there is no special 
anchorage hardware and tensioning 
equipment on the market today that 
can fit in the 6.9 in. (175 mm) web of 
an !-beam. Therefore, it was decided 
to develop an anchorage zone with the 
smallest possible size that could allow 
housing of commercially available an
chorage hardware. 

The most critical stresses in the an
chorage zones occur at the time of ten
don jacking. Optimizing and standard
izing the post-tensioning anchorage 
zone was based on this condition. Be
yond the time of post-tensioning, con
crete continues to gain strength and 
prestress continues to decrease. The 
study was limited to !-beams with up 
to three tendons consisting of 15 - 0.6 
in. (15 mm) strands per tendon. 

This is a relatively large level of 
post-tensioning and is not expected to 
be exceeded in most practical applica
tions. Based on the analysis and exper
imental work, standard concrete di
mensions and welded wire rein
forcement details are presented in this 
paper. A detailed example is included 

in Appendix B to illustrate the design 
of the anchorage zone using the strut
and-tie model. The method can be 
used in applications that are not con
sistent with the assumptions used to 
develop the standard details. 

FLOW OF FORCES 
IN ANCHORAGE ZONE 

The analysis and design of the an
chorage zone in post-tensioned mem
bers have been studied since the early 
days of the prestressed concrete indus
try. In the 1950s and 1960s, extensive 
research was performed on anchorage 
zones using a theory of elasticity anal
ysis and small-scale anchor zone 
tests. 6

·
7 Later, Gergely and Sozen pre

sented a method of analysis dealing 
with the effect of transverse reinforce
ment based on the equilibrium condi
tions of the cracked anchorage zone.' 

These studies gave a basic under
standing of the flow of forces in sim
ple anchorage zone configurations. 
However, engineers have had diffi
culty in extrapolating these results to 
more complicated anchorage zone 
configurations . Therefore, the Na
tional Cooperative Highway Research 
Program (NCHRP) initiated a research 
project in which one of the main re
search results from that study was the 
division of the anchorage zone into a 
local zone and a general zone.9 It was 
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Fig. 2. Detail 1 -Optimized rectangular anchorage zone. 

also concluded from that study that the 
design of the general zone can be 
based on a strut-and-tie model. 

The strut-and-tie model is a gen
eral term used to represent the truss 
model , which was introduced by 
Ritter in 1899. 10 The model has been 
used as a conceptual tool in the de
sign of reinforced concrete struc
tures for the last 100 years. Over the 
years, the model has been modified 
by several investigators. ''·'• 

It has been well understood that 
cracked reinforced concrete carries 
load mainly by developing a truss sys
tem represented by compressive 
stresses in the concrete and tensile 
stresses in the reinforcement. Further
more, upon the occurrence of signifi
cant cracking, the originally curved 
principal stress trajectories in concrete 
tend toward straight lines. It is then 
appropriate to regard the resulting 
compressive forces as being carried by 
straight compressive struts. Therefore, 
the strut-and-tie model is capable of 
representing such stress flows after the 
concrete has cracked, and hence indi
cates a plausible force path for the 
concentrated post-tensioning force to 
flow from the anchorage hardware 
into the member. 

Fig. 1 shows a simple strut-and-tie 
model that represents the force flow in 
a simple anchorage zone. In the figure, 
the truss member "AB" represents the 

58 

compressive strut in the local zone and 
member "CD" represents the tension 
tie to resist the bursting force in the 
general zone. By using the simple 
strut-and-tie model , considerable in
sight into the flow of forces in the an
chorage zones can be gained. How
ever, the following points need to be 
emphasized when applying this model 
to the design of the anchorage zones: 

First, it is apparent that if the loca
tion of the tension tie member is 
changed, the bursting force in the tie 
will be changed. Therefore, one of the 
keys in using the strut-and-tie model is 
to locate the tension tie member. Stud
ies6·9 have shown that a reasonable lo
cation of the tension tie is about half 
of the member height away from the 
anchorage face for simple rectangular 
anchorage configurations. 

For complex I-beams with flanges , 
however, a greater degree of disper
sion is required because a large per
centage of the compressive force must 
find its way into the top and bottom 
flanges . It is considered conservative 
to take the bursting distance as half of 
the member height minus the eccen
tricity of the tendon group for this type 
of anchorage zone. 

Secondly , the complicated local 
zone behavior, such as the compres
sive stress check of member "AB" in 
Fig. 1, can be separated from the gen
eral zone. In general, there are only a 
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limited number of practical configura
tions of the local zone. Their behavior 
and design can be handled by a stan
dard acceptance test procedure.9 In de
sign practice, an engineer who uses an 
anchorage device type that has passed 
the acceptance test does not need to 
check the bearing capacity, node com
pression capacity, and the node-strut 
interface capacity in the local zone. 
This separation makes it acceptable to 
apply the strut-and-tie model only to 
the design of the general zone. 

Finally, the strut-and-tie model is an 
equilibrium-based model. It does not 
accurately model the forces that are 
needed to satisfy compatibility condi
tions. Thus, although the strut-and-tie 
method does not give a unique solution, 
its use generally produces conservative 
results. A detailed numerical example 
is given in Appendix B to demonstrate 
the design of the anchorage zone using 
the strut-and-tie model. 

OPTIMIZING THE 
ANCHORAGE ZONE 

During the early stages of this inves
tigation, the study focused on the pos
sibility of completely eliminating the 
increase of the web width at the post
tensioning anchorage locations. Based 
on a finite element analysis and simple 
rectangular anchorage zone testing, it 
was concluded that increasing the con-
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Fig. 3. Strut-and-tie model in beam height direction. 

crete dimensions at the post-tensioning 
anchorage locations was not a struc
tural design requirement5 

The problem, however, is that there 
is no special anchorage hardware in the 
market today that can fit in a 6.9 in. 
(175 mm) web of an 1-beam. Also the 
production of new anchorage hardware, 
which can fit in the thin web, will re
quire producing special jacking equip
ment to be used with it This will add 
an initial cost to the system that might 
make it an unfavorable alternative. 
Therefore, it was considered a better al
ternative to develop an anchorage zone 
with the smallest possible size that 
would allow housing of commercially 
available anchorage hardware. 

Detail 1 - Optimized Rectangular 
Anchorage Zone 

In developing the Detail 1 anchor
age zone, optimization was focused on 
minimizing the weight of the anchor
age zone. Therefore, the minimum di
mensions that can enclo se all the 
available anchorage hardware in the 
market pi us a reasonable concrete 
cover were chosen. 

The 6.9 in. (175 mm) Nebraska Uni
versity !-beam ' s web can accommo
date a duct with a maximum diameter 
of 3.5 in. (88 mm). The duct can hold 
a 15 - 0.6 in. (15 mm) strand tendon. 
The anchorage hardware with this ten-
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don was then used to estimate the 
boundaries of the anchorage zone. The 
resulting anchorage zone has a width 
of 17.7 in. (450 mm) that is uniform 
for a distance of 19.7 in. (500 mm) 
and then tapers for a distance of 11.8 in. 
(300 mm) to the standard NU 1-beam 
web thickness of 6.9 in. (175 mm), as 
shown in Fig. 2. 

The height of the anchorage zone can 
vary with the height of the NU 1-beam. 
As an example, the Detail 1 anchorage 
zone for the NU 2000 1-beam weighs 
about 2 tons (1.8 t). If this anchorage 
zone was designed according to the 15th 
Edition of the AASHTO Specifications/ 
it would weigh about 10 tons (9 t). By 
comparison, the proposed Detail 1 an
chorage zone can reduce the weight of 
the conventional anchorage zone by as 
much as 80 percent 

With the chosen concrete dimen
sions of the Detail 1 anchorage zone, 
reinforcement for the general zone 
under the three concentrated post-ten
sioning forces was designed using the 
strut-and-tie model. The web of the 1-
beam provides for the vertical distri
bution of the three concentrated jack
ing forces. The factored app lied 
jacking forces were divided into four 
concentrated forces in the model with 
two forces flowing into flanges and 
two into the web, as shown in Fig. 3. 

These four forces at the jacking end 
balance the resulting elastic force re-

+ 

sultants at the other end (boundary 
section) of the anchorage zone. It 
should be noted that the stress distri
bution at the boundary section follows 
the conventional beam theory. 

The length of the general zone was 
taken as one times the depth of the 
loaded beam, i.e ., 3.6 ft (1100 mm). 
The eccentricity of the three tendons 
was found to be 2 in. (50 mm). There
fore, the location of the bursting ten
sion tie was chosen as half of the 
beam depth minus the eccentricity, 
i.e., 19.7 in. (500 mm) away from the 
jacking end. 

From Fig. 3, the maximum bursting 
force was calculated to be equal to 401 
kips (1784 kN) from Node A and 
400.9 kips (1782 kN) from Node B. 
The required area of reinforcement for 
the bursting force had been calculated 
as 6.68 sq in. ( 4312 mm2

). This rein
forcement was then distributed over a 
length of approximately 3.6 ft (1100 
mm). The actual reinforcement pro
vided in the anchorage zone was 0.5 
in. (12.7 mm) diameter (#4) reinforc
ing bar at a spacing of 2.0 in. (50 
mm). The resulting area of reinforce
ment was 8.0 sq in. (5162 mm2) . 

Then, the reinforcement in the top 
flange, bottom flange, and web was 
designed to allow for the transverse 
distribution of the three concentrated 
tendon forces. Strut-and-tie models are 
shown for the top flange, bottom 
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Fig. 4. Strut-and-tie models in transverse direction (Deta ill ). 

flange, and web in Figs. 4a, 4b, and 
4c, respectively. 

The required steel in the top flange 
was found to be 0.5 in. (12.7 mm) di
ameter (#4) reinforcing bar at a spac
ing of 6.1 in. (156 mm), which was 
smaller than the steel provided to resist 
the loading during deck placement. 
The steel required in the bottom flange 
was 0.5 in . (12.7 mm) diameter rein
forcing bar at a spacing of 4.3 in. (110 
mm), which was more than that nor
mally provided for strand confinement. 
The actual steel provided for the top 
and bottom flange was the same, i.e., 
0.5 in. (12.7 mm) diameter reinforcing 
bar at a spacing of 2.0 in. (50 mm). 

Based on calculations, the required 
steel in the web was equal to 0.63 in. 
(16 mm) diameter (#5) reinforcing bar 
at a spacing of 2.5 in. (64 mm). Be
cause there was not enough length in 
this direction to develop the 0.63 in. 
(16 mm) diameter reinforcement, 
threaded rods of 0.63 in. (16 mm) di
ameter with anchoring plates at the 
ends were used. The actual spacing of 
the rod was 2.0 in. (50 mm). Fig. 5 
shows the completed general zone re
inforcing cage. 
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Detail 2 -Optimized Tapered 
Anchorage Zone 

During the optimization process of 
the Detail 2 anchorage zone, several 
other factors were considered besides 
the minimum weight requirement. 
First, the tapered part of the Detail 1 
anchorage zone was extended to the 
end of the beam to allow for more 
space for the concrete consolidation in 
this area. Fig. 6 shows the comparison 

between the Detail 2 anchorage zone 
and Detail 1 anchorage zone. 

The slope of the tapered anchorage 
zone was calculated based on the fol
lowing conditions: (1) the width at the 
section 19.7 in. (500 mm) away from 
the jacking end was at least 17.7 in. 
(450 mm) to accommodate the avail
able anchorage hardware; and (2) the 
chosen slope would result in minimum 
weight of the anchorage zone. 

Fig. 5. 
The general zone 
reinforcing cage 
(Detaill ). 
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Fig. 6. Comparison between two details in transverse direction. 

As a result, the Detail 2 anchorage 
zone has a width of 28.5 in. (725 rnm) 
that tapers for a distance of 39.4 in. 
(1 000 mm) to the standard NU beam 
web thickness of 6.9 in. (175 mm). 
The height of the anchorage zone can 
vary with the height of the I-beam. 

Once the concrete dimensions of the 
Detail 2 anchorage zone were chosen, 
reinforcement was designed based on 
the strut-and-tie model similar to the de
sign of the Detail 1 anchorage zone. 
However, the decision was made to 
change the threaded rod details to a pre-

r- -
/ 

r 13 X 2 
Plate 

§ V"l g (weld N 
r--

\0 to the 
I 
1 25 mrn 

J 
Fig. 7. Welded bar cage deta il. 
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fabricated reinforcing bar welded cage 
to save production time. This cage has 
the same shape as the tapered anchorage 
zone in the transverse direction for easy 
placement, as shown in Fig. 7. The final 
design results are shown in Fig. 8. 

INTEGRAL VS. SEPARATE 
ANCHORAGE ZONE 

In applying the post-tens ioning 
splicing technique, producers might be 
concerned about the poss ible modifi
cation of available standard prismatic 

/ First two vertical wires of the WWF 
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---------~R 
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::::-----....__ 
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____t_S 

l __....----- ' 45CLR #5- A706 (Typ.) 

Weld Detail A 

17 SPA@ 50= 850 .I 25 _._ 
welded cage 

I 

steel forms. One of the objectives of 
this testing program was to explore 
how to minimize modifying the cur
rent constant section steel forms. Con
sidering the fact that the current pris
matic steel fo rm s have a stand ard 
length of about 40 ft (12 m), there are 
two poss ible alternatives to produce 
post-tensioned concrete I-beams. 

The first alternative is to cast both 
anchorage zones simultaneously with 
a prismatic 1-beam piece. In this case, 
producers need not only to add steel 
forms for anchorage zones, but also to 
cut the standard 40ft (12m) long pris
matic form to fit the designed length 
of the precast beams. 

The other alternative is to cast one 
anchorage zone with the pri smatic 
beam component. In this second alter
native, producers only need to add a 
small stee l form for the anchorage 
zone to the avail able standard pris
matic steel forms. The other anchor
age zone can be cast separately or 
using a longer beam segment with an 
anchorage segment cast integrally 
with it. The separately-cast precast 
components can th en be post-ten 
sioned together by match-casting or by 
a wet joint. 

FULL-SCALE TEST 
In contrast to the conventional labo

ratory testing in which specimens are 
loaded proportionally until failure, the 

#5 - A706 

~ -~E70 \W 8 25 

Weld Detail A 
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Fig. 8. Reinforcement details (Detail 2). 

full-scale experimental program 15 in 
this research project was designed to 
simulate the field post-tensioning pro
cess. Before the full-scale specimens 
were produced , anchorage hardware 
available in the market was installed 
in the specimens. The post-tensioning 
technicians from that particular hard
ware supplier were invited to do the 
actual post-tensioning work. 

The main objectives of the program 
were to study the behavior of the pro
posed anchorage zones under factored 
post-tensioning forces, to verify the 
adequacy of the design based on the 
strut-and-tie model and the overall 
performance of the local zone as well 
as the general zone, and to investigate 
casting the anchorage zone separately 
from the prismatic beam. 

First Test Series 

The first series of tests consists of 
two Detail 1 specimens (B l and B2). 
Each specimen is 20 ft (6.1 m) long 
with two Detail 1 anchorage zones at 
the ends. Of the 20 ft (6.1 m) long 
specimen, each anchorage zone is 2.6 
ft (0.8 m) in length and the remainder 
is 14.8 ft (4.5 m) long standard pris
matic NUIIOO 1-beam segment. The 
anchorage hardware was provided by 
Dywidag Systems International. 

The special steel form to produce 
the Detail 1 anchorage zone shape 
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was first ordered. This form has the 
same length as the anchorage zone, 
i.e., 2.6 ft (0.8 m) . Then , it was at
tached to the standard NUll 00 pris
matic steel form to make one end of 
the anchorage zone plus the 14.8 ft 
(4.5 m) prismatic 1-beam segment. Fi
nally , the other end of the 2.6 ft (0.8 
m) anchorage zone was match-cast, as 
shown in Fig. 9. 

Once the two pieces of the same 
specimen were ready to receive the 
post-tensioning force , the match-cast 
faces were lubricated with epoxy to 

Fig. 9. Match-cast joint surface. 
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reduce poss ible local stress concen
tration. This procedure proved to be 
satisfactory. 

To account for the load factor of 
1.2 in the actual post-tensioning 
stage, it was found that the tendon 
with 19 - 0.6 in. (15 mm) low-relax
ation strands should be used. These 
tendon s can give a load factor of 
19/15 = 1.27 for the tendon with 15-
0.6 in. (15 mm) strands used in the 
design of the optimized anchorage 
zone dimen sion s based on the 
AASHTO LRFD Specifications.' 
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Fig. 10. Middle tendon during post-tensioning. 

A specified concrete strength of 6000 
psi (41.4 MPa) at the stage of post-ten
sioning and a 28-day strength of 8000 
psi (55 .2 MPa) were chosen for design 
calculations. The actual cylinder 
strength at the time of the post-tension
ing , which was applied about two 
months after the specimens were pro
duced, was 9600 psi (66.2 MPa) for 
Specimen B 1 and 10,500 psi (72.4 
MPa) for Specimen B2, respectively. 

The reinforcement of the web, top 
flange and bottom flange in the center 
of the predicted bursting zone was in
strumented to evaluate the behavior of 
the design model. 

During the post-tensioning process, 
the actual post-tensioning sequence in 
the field was followed: 

Step 1 - The middle tendon of the 
three designed tendons was post-ten
sioned to 0.85Aps/pu = 946.2 kip s 
(4205 kN). This was equivalent to 
(0.85/0.81) (1.27) = 1.33 times the de
signed post-tensioning force level. 
Then, the possible concrete cracking 
in the anchorage zone was observed 
and marked. Fig. 10 shows the middle 
tendon during post-tensioning. No 
cracking was found. 

Step 2 - The bottom tendon was 
post-tensioned to the same force level 
as the middle tendon. 

tensioned after the deck was cast, was 
post-tensioned to the same force level. 
To keep the testing simple, the last 
tendon was post-tensioned on the non
composite specimen. This procedure 
was believed to be on the safe side, as 
compared to the procedure in which 
the third tendon was post-tensioned 
after the deck was cast. 

According to this testing procedure, 
the non-composite specimen had actu
ally received 1.33 times the designed 
maximum jacking force. This was be
lieved to be s imilar to ultimate 

strength testing. For ultimate strength 
testing , only minor hairline cracks 
were found in the anchorage zone, as 
shown in Fig. 11. No signs of other 
distress were noticed . According to 
the s train gauge readings after the 
three tendons had been post-tensioned, 
all the reinforcement stress in the pre
dicted bursting zone reached about the 
yield stress level. The performance 
of the specimens was believed to be 
satisfactory. 

Second Test Series 

The second series consists of two 
Detail 2 anchorage zone specimens 
(B3 and B4). Each specimen is again 
about 20 ft (6.1 m) long with two opti
mized tapered anchorage zones at the 
ends . The anchorage hardware was 
provided by CCS Special Structures. 

The special stee l form of 3 .3 ft 
(1.0 m) in length to produce the Detail 
2 anchorage zone shape was ordered. 
Fig. 12 shows the form and its attach
ment to the standard NUllOO pris
matic steel form to make half of the 
20 ft (6.1 m) long specimen. Once the 
other half was produced , the two 
pieces were connected together by a 
wet joint about 4 in. (102 mm) long at 
the middle of the specimen instead 
of the match-cast joint in the Detail 1 
anchorage zone. 

This change was made based on the 
fact that some producers may prefer 
the wet joint option. To make the wet 

Step 3 - The last top tendon close 
to the centroid of the composite sec
tion , which was designed to be post- Fig. 1 1. Hai rline cracks after post-tension ing (Detail 1 ). 
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Fig. 12. Steel form for tapered anchorage zone. 

joint, the following procedure was 
used: 

1. Prepare a rough joint surface. In 
the testing program, the "panel pad" 
(see Fig. 13A) was attached to the 
steel end plate to make the rough sur
face. Fig. 13B shows the roughened 
joint surface using the "panel pad." 

2. Align two pieces of the same 

beam together. Care has to be taken to 
make the two pieces straight. The gap 
between the two pieces is recom
mended to be about 4.0 in. (102 mm). 

3. Use a non-shrink high perfor
mance grout to pour the wet joint. 
The "Sure-Grip High Performance 
Grout" from the market was used in 
the testing program. A mechanical 

mixer with rotating blades was used. 
Up to 45 percent of washed pea 
gravel in a maximum size of 3/s in . 
(9.5 mm) was added to the grout mix. 
Testing has shown that this procedure 
works well. 

For the transverse bursting force, ta
pered welded bar cages were used and 
produced by welding the bars to flat 

Fig. 13. The "panel pad" used to roughen the joint surface. 
(A) The "panel pad"; (B) Roughened wet joint surface. 

Fig. 14. Anchorage zone reinforcement details (Deta il 2). 
(A) Tapered welded bar cage; (B) Reinforcement detail. 
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plates (see Fig. 14A). Two such cages 
were used in the anchorage zone, as 
shown in Fig. 14B. 

To account for the load factor of 1.2 
in the actual post-tensioning stage, the 
tendon with 19 - 0 .6 in. (15 mm) 
low-relaxation strands was again used, 
as in the first series. 

A specified concrete strength of 
6000 psi (41.4 MPa) at the stage of 
post-tensioning and a 28-day strength 
of 8000 psi (55 .2 MPa) were again 
chosen for the design calculations . 
However, the actual cylinder strength 
at the time of the post-tensioning was 
10,170 psi (70.1 MPa) for Specimen 
B3 and 10,050 psi (69.3 MPa) for 
Specimen B4, respectively. Again, 
the reinforcement of the web , top 
flange and bottom flange in the cen
ter of the predicted bursting zone 
was instrumented. 

As in the first test series, the actual 
post-tensioning sequence in the field 
was followed. However, the following 
changes were made as compared to 
the first series: 

1. The tendon was only post-ten
sioned to 0.81APJP" = 901.7 kips 
(4010 kN). This is equivalent to 1.27 
times the designed post-tensioning 
force level, which is smaller than the 
load level used in the first series but 
still larger than the ultimate load fac
tor specified in the AASHTO LRFD 
Specifications.4 

2. After the middle tendon, the top 
tendon was post-tensioned before the 
bottom tendon. This sequence was dif
ferent from the first test series. 

Not even minor cracks were found 
after the middle tendon was tensioned 
to the maximum load level in this test 
series. After the top tendon was post
tensioned to the load level, small 
minor cracks were found and no fur
ther cracking was found at the post
tensioning of the third tendon . As 
shown in Fig. 15 , the minor cracks 
were limited within a much smaller 
range than the crack found in the first 
test series. No signs of other distress 
were observed. 

It should be emphasized that minor 
cracking in the anchorage zone is 
quite normal and to be expected.'6 It 
has nothing to do with the onset of an
chorage zone failure. In adequately re
inforced tendon anchorage zones, such 
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Fig. 15. Hairline cracks for Spec imen B4 . 

cracking is not necessarily critical, and 
there often is significant strength be
yond the first appearance of cracks. 

According to the strain gauge read
ings, after the three tendons were post
tensioned, the maximum reinforcement 
stress in the predicted bursting zone 
had reached about 35 ksi (241.3 MPa), 
which is smaller than the stress level in 
the first test series. Based on the test 
results of this test series, the concrete 
dimensions of the Detail 2 anchorage 
zone, the reinforcing details used, the 
wet joint detail, and the local zone per
formance all proved to be adequate. 

STANDARD ANCHORAGE 
ZONE DETAILS 

Based on the full-scale NU1100 spec
imen test results, the two optimized an
chorage zones have been proven to per
form well. It is important to point out 
that the test results were based on speci
mens with a limited height of 43 .3 in. 
(1100 mm). It is impractical to test all 
the specimens with different sizes . 
However , the tests on the NU 1100 
specimens have shown that the strut
and-tie model can give a good predic
tion on the bursting reinforcement re
quirement. Therefore, it was used as a 
design tool for the other I-beam sizes. 

Although both Detail 1 and Detail 2 
performed well in the full-scale tests , 
the optimized Detail 2 anchorage 
zone design was chosen as the stan
dard concrete dimensions based on 
the following: 

1. Minor cracks were limited to a 
smaller range in Detail 2 than in Detail 
1 during the full-scale tests . 

2. It is easier to consolidate the con
crete near the anchorage hardware in 
Detail 2 than in Detail 1. 

3. The smooth transition shape of 
Detail 2 makes the placement of trans
verse bursting reinforcement more 
convenient. 

4. Detail 2 is slightly more aestheti
cally pleasing than Detail 1. 

In the design, attention was focused 
on adopting standard anchorage de
tails for different I-beam sections 
varying from NU1100 to NU2000. To 
this end, three 15 - 0.6 in. (15 mm) di
ameter low-relaxation strand tendons 
were chosen for all the sections. The 
different force flow at the anchorage 
zone due to the changing of the sec
tion height was adjusted by extending 
the vertical bursting reinforcement. 

Table 1 summarizes the bursting re
inforcement required in the anchorage 
zone for different NU I-beam sections. 
Based on the strut-and-tie model de
sign, the following conclusions can be 
made: 

1. The standard tapered anchorage 
zone (Detail 2) with the same concrete 
dimensions can be used for all the 
!-beam sections, as shown in Fig. 16. 

2. As shown in Fig. 17, the same re
inforcement details in the top flange, 
web, and bottom flange with the ex
ception of the vertical web reinforce
ment can be used for all sizes of 
!-beams. 
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3. In the vertical direction, the rein
forcement size, D18, and spacing of 2 
in. (50 mm) can be used for all beam 
sizes in the NU 1-beam series, which 
ranges from 43.3 to 78.7 in. (1100 to 
2000 mm) deep. However, the extent 
of this reinforcement size and spacing 
into the beam depends on the beam 
depth, as shown in Table 1. 

IMPACT OF SHEAR 
One important issue may be that the 

anchorage zone might need more rein
forcement to resist the high shear 
force at the member ends. Considering 
the possible reinforcement congestion 
in this zone, it is very important to in
vestigate the impact the high shear 
force would have on this region. Be
cause the NU2000 1-beam section has 
the longest anchorage zone, the impact 
of shear was studied for this section 
using the following two examples. 

Example 1 

The first example is a single span of 
155 ft (47.2 m). NU2000 1-beams are 
spaced at 8.0 ft (2.4 m) . Concrete 
strength is 8000 psi (55.2 MPa) at ser
vice and 6000 psi (41.4 MPa) at the 
time of post-tensioning. HS-25 truck 
loading is used. Deck thjckness is 7.5 
in. (191 mm) with a concrete strength 
of 5000 psi (34.5 MPa). Based on the 
AASHTO Standard Specifications / 
the required shear reinforcement at the 
critical section is 0.42 sq in./ft (0.89 
mm2/mm). 

From Table 1, the required trans
verse reinforcement at the section to 
resist the bursting post-tensioning 
force is 11.48 sq in. (7406.4 mm2)/72 
in. (1828 .8 mm) = 1.91 sq in./ft (4.05 
mm2/mm). If the prestress loss of the 
post-tensioning tendons is assumed to 
be 20 percent, then the actual required 
bursting reinforcement at service is 
1.91 sq in./ft (4.05 mm2/mm) (1 - 0.2) 
= 1.53 sq in./ft (3.24 mm2/mm). 

The actual reinforcement provided 
at this section is 14.17 sq in./ft (9141.9 
mm 2/mm)/78.7 in. (2000.0 mm) = 
2.16 sq in./ft (4.57 mm2/mm), which is 
greater than 0.42 sq in./ft (0.89 
mm 2/mm) + 1.53 sq in./ft (3.24 
mm 2/mm) = 1.95 sq in./ft (4.13 
mm2/mm). Therefore, the reinforce
ment provided at the anchorage zone 
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Fig. 16. Standard NU 1-beam post-tensioning anchorage (concrete dimension). 
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is sufficient to resist the bursting force 
due to post-tensioning as well as the 
shear force at ultimate. 

Example 2 

The second example is a two-span 
bridge of 165 ft (50.3 m) spans. 
NU2000 I-beams are spaced at 8.0 ft 
(2.4 m). Concrete strength is 8000 psi 
(55.2 MPa) at service and 6000 psi 
(41.4 MPa) at the time of post-tension
ing. HS-25 truck loading is used. Deck 
thickness is 7.5 in. (191 mm) with a 
concrete strength of 5000 psi (34.5 
MPa). Again, based on the AASHTO 
Specifications,3 the required shear re
inforcement at the critical section is 
0.55 sq in./ft (1.16 mm2/mm). 

From Table 1, the required trans
verse reinforcement at the section to 
resist the bursting post-tensioning 
force is 11.48 sq in. (7406.4 mm2)/72 
in. (1828.8 mm) = 1.91 sq in./ft (4.05 
mm2/mm). If the prestress loss of the 
post-tensioning tendons is assumed to 
be 20 percent, then the actual required 
bursting reinforcement at service is 
1.91 sq in./ft (4.05 mm2/mm) (1 - 0.2) 
= 1.53 sq in./ft (3.24 mm2/mm). 

The actual provided reinforcement 
at this section is 14.17 sq in./ft (9141.9 
mm 2/mm)/78. 7 in. (2000.0 mm) = 
2.16 sq in./ft (4.57 mm2/mm). It is 
greater than 0. 55 sq in ./ft ( 1.16 
mm 2/mm) + 1.53 sq in ./ft (3.24 
mm 2/mm) = 2.08 sq in./ft (4.40 
mm2/mm), which is required at the 
section. 

Based on the two examples dis
cussed, it is concluded that the rein
forcement provided at the anchorage 
zone is enough to resist the bursting 
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force due to post-tensioning in combi
nation with vertical shear. 

CONCLUSIONS 
1. Although it would be theoreti

cally possible to eliminate the change 
in concrete dimensions at the anchor
age zone and to use a constant I-beam 
cross section, there is no anchorage 
hardware on the market today that 
would fit into a 7 to 8 in. ( 178 to 203 
mm) web of anI-beam. 

2. For the currently available post
tensioning hardware systems, an opti
mized tapered anchorage zone detail 
was developed. Based on the full-scale 
specimen testing, it was found to per
form well for a maximum of three ten
dons, each consisting of 15 - 0.6 in. 
(15 mm) diameter low-relaxation 
strands. The optimized tapered an
chorage zone dimensions are applica
ble for all currently existing I-beam 
shapes and sizes. 

3. All reinforcement details in the 
top flange, web, and bottom flange 
with the exception of the vertical web 
reinforcement can be used for all sizes 
of I-beams. In the vertical direction, 
the reinforcement size, Dl8, and spac
ing of 2 in. (50 mm) can be used for 
all beam sizes in the NU I-beam se
ries, which ranges from 43 .3 to 78.7 
in. (1100 to 2000 mm) deep. However, 
the distance over which this reinforce
ment is used in the beam ends depends 
on the beam depth, as illustrated in 
this paper. 

4. Reinforcement in the anchorage 
zone was designed to satisfy both 
post-tensioning and vertical shear 
requirements. 

5. Design of the anchorage zone 
based on the strut-and-tie model is 
conservative. It gave reasonable rein
forcement quantities for the I-beams 
considered in this study. 
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APPENDIX A- NOTATION 

a = width of anchorage plate 
A = area of noncomposite gross section 

Aps = total area of strands per tendon 
b = width of transverse direction 

F; = node force in ith node 
fci =specified concrete strength at time of post-tension

ing 
/pu = specified tensile strength of prestressing strands 

h = overall depth of beam 
hb = equivalent bottom flange height 
h1 = equivalent top flange height 

hw = equivalent web height 
I = moment of inertia of noncomposite gross section 

P = maximum jacking force per tendon 
PT = total factored tendon force in horizontal direction 
Pu = factored tendon force per tendon 
R = reaction force 

March-April 1999 

Sb =noncomposite section modulus for extreme fiber of 
section where tensile stress is caused by externally 
applied loads 

S1 = noncomposite section modulus for extreme fiber of 
section where compressive stress is caused by ex
ternally applied loads 

V = shear force 
w 1 = beam self-weight 
w2 = deck weight 
Yb = distance from neutral axis to extreme tension fiber 

Ybottom = location of resultant tendon force in bottom flange 
y1 = distance from neutral axis to extreme compression 

fiber 
Yrop = location of resultant tendon force in top flange 

Y web = location of resultant tendon force in web 
a= angle of tendon relative to longitudinal axis 
¢ = resistance factor 
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APPENDIX B - DESIGN OF POST-TENSIONED ANCHORAGE ZONE 

Design of the post-tensioned an
chorage zone based on the AASHTO 
LRFD Specifications• by the strut
and-tie model is illustrated using the 
following example. The example is 
for a two-span continuous bridge con
structed with AASHTO Type IV 1-
beams. The spans are each 122 ft 
(37.2 m) long. The beams are spaced 
at 10.7 ft (3.25 m) and have 28 - 1/2 in. 
(12.7 mm) low-relaxation pretension
ing strands and three post-tensioning 
tendon s of 12 - 0 .6 in. (15 mm) 
strands. 

In this example, the anchorage zone 
will be designed to resist three post
tensioning tendons of 15 - 0.6 in. ( 15 
mm) strands. The effect of the preten
sioning strands is ignored . Fig. B 1 
shows the beam details near the an
chorage zone . All post-ten sioning 
forces are assumed to be applied to the 
non-composite precast beams. The 

Fig. Bl . 

gross section properties at Section B-B 
in Fig. Blare as follows: 

A = 789 sq in. (0.509 m2
) 

Yb = 24.73 in. (0.63 m) 

Y1 = 29.27 in. (0.74 m) 
l = 260,741 in.4 (0.109 m 4

) 

sb = 10,543 cu in. (0.173 m3) 

sf= 8908 cu in. (0.146 m3) 

In this example, the DSI Multiplane 
Anchorage (MA) is used. The anchor
age size is 15 - 0.6 in. (15 mm) which 
can accommodate 15 - 0.6 in. (15 mm) 
GR 270 strands. The maximum jack
ing force is P = 0.9 APJPY = 0.81Aps/pu 
= 712 kip s (3164 kN) (AASHTO 
LRFD Article 5.9.3), where Aps is the 
total area of strands per tendon, /py is 
the yield strength of pre stress ing 
strands, and fru is the specified tensile 
strength of prestressing strands. 

According to AASHTO LRFD Arti
cle 3.4.3, the design force for post-ten-

sioning anchorage zones is taken as 
1.2 times the maximum jacking force. 
The resistance factor ¢is taken as 0.80 
for compression in anchorage zones 
and 1.00 for tension in steel in anchor
age zones (AASHTO LRFD Article 
5 .5.4. 2. 1). Hence, the tendon force 
used in design is P u = 1.2P = 854 kips 
(3797 kN). The uniform dead load 
from the deck and the beam bearing 
reaction tend to reduce the bursting 
force. For this reason, a load factor of 
1.0 is used for these loads. 

The anchor plate size is taken ap
proximately as the spiral size plus the 
concrete cover. According to the hard
ware supplier (DSI), the outside diam
eter of the spiral is 12.5 in. (318 mm). 
Since the spiral is round, it is easier to 
convert the spiral into an equivalent 
square to compare it with rectangular 
struts. Therefore, the width of plate 
can be taken as a = 12.0 in. (305 mm). 

Example anchorage 
zone. r A f 78.7 : 62 1 

-r----- -~r--------------------,------------~i 
B~ 
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Determine Extent 
of General Zone 

There are two types of discontinu
ities in the end region of the beam, 
which disturb the stress distribution 
based on the beam theory: (1) loading 
discontinuities, such as post-tension
ing force and reaction force; and (2) 
geometric discontinuity. 

According to AASHTO LRFD Ar
ticle 5 .10.9.1 , the longitudinal extent 
of the anchorage zone in the direc 
tion of the tendon is to be not less 
than the greater of the transverse di
mensions of the anchorage zone and 

not more than one and one-half times 
that dimension. 

In this example, the height of the 
noncomposite beam is 54 in. (1.4 m). 
Therefore, the length of the general 
zone is not to exceed 1.5 x 54 in. (1.5 
x 1.4 m) = 81 in. (2.1 m) . However, 
considering the geometrical disconti
nuity , the boundary of the general 
zone will be assumed to be located 
one web width ahead of the end of the 
change in web geometry. As a result, 
the extent of the general zone is taken 
as 11.8 in. (0.3 m) + 78.7 in. (2.0 m) + 
8.0 in. (0.2 m) = 98.5 in. (2.5 m) as 
shown in Fig. B 1. 

3.525 ksi 

- 763.8k 

3.419 ksi 

- 798.4k 

3.125 ksi 

--- 996.0k 

3.004 ksi 

(a) Stress distribution and resultant forces at the boundary 

1.822 k/ft 

' ' ' ' . ' . ' ' ' ' ' . ' ' . ' 15.0 k 

Determine Stress Distribution 
at End of General Zone 

The locations of the three tendons 
are shown in Fig. B 1. From this fig
ure, the calculated angles of the three 
tendons relative to the longitudinal 
axis are a 1 = 3.94°, a 2 = 3.19°, and a 3 

= 2.44°. At the end of the general 
zone, the center of gravity of the three 
tendons is 22.5 in. (572 mm), and the 
eccentricity is 2.23 in. (56.6 mm). 

The total factored design tendon 
force in the horizontal direction is 
PT = Pu (cosa 1 + cosa2 + cosa3) = 
2559 kips (11372 kN) . Thus, the bot-

Fig. B2. 
Strut-and-tie model. 
(a) Stress 
distribution and 
resultant forces at 
boundary; 
(b) Strut-and-tie 
model . 
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tom fiber and top fiber stresses at the 
end of the general zone due to this ten
don force are 3. 784 and 2. 602 ksi 
(26 .1 and 17.9 MPa) respectively. 

After calculating the stresses due to 
beam self-weight (w1 = 0.822 kip/ft or 
12.0 kN/m) and deck weight (w2 = 
1.000 kip/ft or 14.6 kN/m) , the total 
bottom fiber and top fiber stresses at 
the end of the general zone are 3.004 
and 3.525 ksi (20.7 and 24.30 MPa) 
respectively , as shown in Fig. B2 (a). 

The reaction force at the support 
near the jacking end is 50.1 kips (222.8 
kN) due to beam self-weight. The reac
tion force due to deck weight on the 
two-span continuous beams is 45.8 
kips (203 .3 kN). Thus, the total reac
tion force at the support near the jack
ing end is R = 95.9 kips (426.1 kN). 

Draw Strut-and-Tie Model and 
Determine Member Forces 

Step 1 - Calculate force resultant 
at end of general zone 

When considering possible strut
and-tie model of the general zone, it is 
easier to start at the end of the general 
zone. The top and bottom flanges of 
the beam are transferred into equiva
lent rectangular shapes: 

Equivalent top flange height: 

h = 8 + 2x(0.5x6x6) 
t 20-8 

= 11.0 in. (279.4 mm) 

Equivalent bottom flange height: 

h = 8 + 2x(0.5x9x9) 
b 26-8 

= 12.5 in. (317 .5 mrn) 

The height of the web: · 

hw = 54.0- h1 - hb = 30.5 in. (774.7 mrn) 

The stress at the bottom of the 
equivalent top flange is: 

3.004 + (3.525- 3.004)(12.5 + 30.5)/54 
= 3.419 ksi (23.57 MPa) 

The stress at the top of the equiva
lent bottom flange is: 

3.004 + (3.525- 3.004)(12.5)/54 
= 3.125 ksi (21.55 MPa) 

Resultant forces at the end of the 
general zone are as follows: 

At top flange= 0.5 (3.525 + 3.419) 
(11) (20) = 763.8 kips (3395 kN) 
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Table Bl. Member forces in the strut-and-tie model. 

Member Force, kips (kN) By which node balance? 

l 765.6 (3403) Known 

2 788.6 (3505) Node 8 

3 763.9 (3395) NodeC 

4 763 .8 (3395) Known 

5 799.6 (3554) Known 

6 800.8 (3559) NodeD 

7 800.5 (3558) NodeF 

8 996.9 (443 1) Known 

9 1040.5 (4624) Node H 

10 996.0 (4427) Known 

II 248.7 (1105) Node A 

12 354.7 (1576) NodeG 

13 95.9 (426) Known 

14 15.0 (67) Known 

15 -181.1 ( -805)(Tension) Node B 

16 -301.2 (-1339)(Tension) NodeH 

At web= 0.5 (3.419 + 3.125) (30.5) 
(8) = 798.4 kips (3548 kN) 

At bottom flange= 0.5 (3.125 + 3.004) 
(12.5) (26) = 996.0 kips (4427 kN) 

The location of the resultant forces 
are as following: 

Ywp = 12.5 + 30.5 + 5.53 
= 48.53 in. (1233 mrn) 

Yweb = 12.5 + 15.48 = 27.98 in. (711 mrn) 

Ybotrom = 6.29 in. (160 mm) 

The calculated resultant forces are 
shown in Fig. B2(a). Once all the re
sultants and their locations on the 
boundary of the general zone are de
termined, the final "destinations" of 
the post-tensioning force paths are 
determined. The force resultants in 
the top flange, web, and bottom 
flange are balanced by the top ten
don, middle tendon, and the bottom 
tendon, respectively. 

If the compressive stress directly 
under the anchor plate, whose size is 
the diameter of the spiral plus the 
cover in this example, is assumed to 
be uniformly distributed, the three ten
don forces can be re-calculated to 
maintain equilibrium. 

The top tendon force: 

P' = Force in top flange = 763 
" cosa1 cos3.94a 

= 765.6 kips (3403 kN) 

The middle tendon force: 

pZ = Force in web = 798.4 
u cosa2 cos 3.19° 

= 799.6 kips (3554 kN) 

The bottom tendon force: 

p3 = Force in bottom flange = 996.0 
" cosa3 cos2.44° 

= 996.0 kips (4431 kN) 

Resultant shear force could be as
signed based on the shear stress distri
bution , but it is simp ler and suffi
ciently accurate to assign all of the 
shear force to the web. That is: 
Shear force: 

V PI · p 2 · 
= u sma1 + u sma2 + 

(98.5 I 12)(w1 + w2 ) - R 

= 58.6 kips (260.0 kN) 

where, w 1 and w2 are beam self-weight 
and deck weight, respectively. 

Step 2 - Select location of 
local zone node 

As discussed earlier, the width of 
the anchor plate a = 12.0 in. (305 
mm). The closer to the anchors the 
local zone nodes are located, the 
smaller the bursting force. In this ex
ample, the local zone nodes are se
lected at: (a/2) = 6.0 in. (152 mm) 
ahead of the anchor bearing plates. 
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Step 3 - Select location of 
bursting tie 

For the bursting reinforcement, a 
uniform arrangement in the general 
zone is envisioned. To be on the con
servative side, however, the calcula
tion will be based on the uniformly 
distributed reinforcement for a dis
tance of beam height. 

Assume the right edge of the bearing 
plate to the end face of the beam is 9 in. 
(229 mm). The beam height is 
54 in. (1372 mrn). Then, the location of 
the bursting tie is taken as 9 + (54- 9)/2 
= 31.5 in. (800 mrn) away from the end 
face of the beam. The final calculated 
reinforcement spacing within the range 
of (54- 9) = 45 in. (1143 mrn) will be 
used for the entire general zone. 

Step 4 - Draw strut-and-tie model 
and calculate member force 

Based on the above steps, the strut
and-tie model can be built as shown in 
Fig. B2(b). As shown in Fig. B2(b) , 
there are eight named nodes (i.e. , A 
through H) and sixteen members (i.e., 
1 through 16) in the strut-and-tie 
model. The forces in members 1, 4, 5, 
8, 10, 13, and 14 can be observed from 
the model directly. The other member 
forces can be calculated from node 
force equilibrium condition. 

IfF; is the force in the ith member, 
then for example: F 1 = 766 kips 
(3403 kN). 

From Node C equilibrium condition: 

115 kips (67 kN) .Y 
T C 763.8 kips l___!. 
/~ (3395kN) 

F3 

F3x = 763.8 kips (3395 kN) 

F3y = 15.0 kips (67 kN) 

F3 = ~( F3: + F3~ ) = 764 kips (3395 kN) 

Note that at Node C, the 15 kips (67 
kN) load represents the beam self
weight and deck weight for the gen
eral zone. The slope of the Member 3 
can also be determined from Node C's 
force equi librium condition. 

Similarly, all member forces can be 
determined as shown in Table B 1. 

From Table B 1, it can be found that 
all nodes are used to calculate member 
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forces except Node E. Therefore, this 
node can be checked to verify the 
model accuracy. 

LFx = F6x -F7x = 0 (ok) 
l_Fy = F6y +F7y +Fj6 = 0 

Similar steps can be used to draw a 
strut-and-tie model in the transverse 
direction. Then the transverse bursting 
forces can also be calculated. 

Check Compression Stresses 
Compression stresses may be criti

cal immediately ahead of the anchor 
plates (bearing pressure) , immediately 
outside the locally confined region 
(i .e., local zone - general zone inter
face), and the node compression strut 
capacity perpendicular to the tendon 
path. However, the bearing pressure 
and node compression strut capacity 
are considered the local zone check. 
They are guaranteed by the anchorage 
device supplier through standard ac
ceptance test procedures. 

From Fig. B2, the maximum com
pression stress at the boundary is 
3.525 ksi (24.30 MPa). Therefore, the 
minimum required concrete strength at 
the time of post-tensioning is 
(AASHTO LRFD Article 5.10.9.3.1): 

J;; = 
3

·
525 

= 6.295 ksi (43.4 MPa) 
0.7¢ 

For the local zone - general zone in
terface capacity, the following simpli
fied method is used. From Fig. B1 , the 
anchor plate size is 12 x 12 in. (305 x 
305 mm). From hardware supplier 
(DSI), the depth of the local zone is 
14.75 in. (375 mrn) . The physical width 
at the end of the local zone is therefore: 

8 + (20 - 8) 78.7- (14.75 -11.8) 
78.7 

= 19.55 in. (497 mm) 

S"uppose the slope of the compres
sive strut is one transverse to three 

Table B2. Genera l zone reinforcement. 

longitudin al, then the width of the 
bearing area at the local zone - gen
eral zone interface is: 

12 + 2
14

·
75 

= 21.8 in.> 19.55 in. 
3 (554 mm > 497 mm) 

Therefore, the width of the bearing 
area at the interface is 19.55 in. (497 
mm). 

The height of the bearing area as
suming one to three distribution is: 

(6 + 2 X 14 + 6) + 2 
14

·
75 

3 

= 49.83 in. (1266 mm) 

The bearing stress at the local zone -
general zone interface is, therefore: 

Pr 2.627 ksi (18 .11 MPa) 
19.55x49.83 

which should be less than (AASHTO 
LRFD Article 5.10.9.3.1): 

0.6¢/,; and¢= 0.8 

Thus, the required concrete strength 
at the time of post-tensioning/;; : 

f l 2.627 4 3 . (3 
ci ~ = 5. 7 ks1 7.7 MPa) 

0.6x0.8 

In conclusion, the concrete strength 
u:i) at time of post-tensioning must 
be greater than 6.295 ksi (43.4 MPa). 

Select Bursting Reinforcement 
Table B2 lists the tensile bursting 

forces in the anchorage zone, the corre
sponding reinforcement requirements, 
and the reinforcing bars selected. 

When selecting the reinforcement 
required, the following data were 
used: the yield strength = 60 ksi (414 
MPa); the strength reduction factor ¢ 
= 1.0; transverse bursting length = 
2(31.5) = 63 .0 in . (1600 mm) ; web 
bursting length in thin direction = 
2(10) = 20 in. (508 mm); flange burst
ing length in thin direction = 2(13) = 
26 in. (660 mrn). 

Force Reinforcement, sq in. (mm2
) 

f-----

[-
Action 

Transverse bursting 

Burst ing in thin 
direction of web 

Flange bursting 
I 

kips (kN) Required Selected 
- +--

30 1.2 ( 1339) 5.02 (3239) 9.30 (6000)(#5@ 4 in. ) 

214.8 (9~ 3.58 (23 10) 1 3.72 (2400)(#5@ 4 in. ) 

11 2.2 (499) 1.87 ( 1206) 1 2. 17 ( 1400)(#5 @ 4 in .) 
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