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TITLE: EFFECT OF BEAM — COLUMN INTERACTION ON AXIAL COMPRESSIVE
FORCE IN POST-TENSIONED CONTINUOUS CONCRETE BEAM

MAJOR PROFESSOR: Dr. J. Kent Hsiao

This research seeks to investigate the instantaneous effect of beam — column interaction on
the axial compressive force in post-tensioned continuous concrete beam. Hypothetically, if a
prestressed beam is connected to columns, the axial compressive force in the concrete of the beam
caused by the prestressed force will be reduced due to the interaction between the beam and the
columns during post-tensioning.

Finite Element Approach usually has been considered the most accurate approach for
structural analysis. However, Load Balancing Approach has commonly been used by structural
engineers to analyze prestressed concrete structures. Load Balancing Approach converts the post-
tensioned force to uniform distributed loads to be applied to models of concrete frames.

The scope of work in this research involved making out two concrete frames as research
subjects, developing frame models for SAP2000 prestressing approach and the Load Balancing
Method. Static linear analysis was performed on both approaches to verify the hypothesis

mentioned above.
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CHAPTER 1

INTRODUCTION

A major 21% century alternative in concrete construction schemes is the usage of the
concept of prestressing. Most notable of such construction evolution is the employment of post-
tensioning technique in reinforced concrete structural systems. This affords engineers the ability
to achieve feats such as meeting the aesthetic appeal of their clientele, highly competitive initial
cost saving compared to construction by other methods, low maintenance cost and the obvious

speed of construction (Feyermuth, 2005).

Coupled with post-tensioning, is the utilization of continuous beams in the design of
reinforced concrete and other structural systems. Continuity affords the designers desirable
features like lowering the stresses and moments at midspans. This results in concrete beams that
are shallower and stiffer as compared to simply supported beams. Therefore, reduced cost of
materials and construction result from the merit of designing lighter structures with lighter

foundations.

However, these advantages do not come without set-backs. Post-tensioned concrete
beams connected to columns may cause a reduction in the axial compressive forces in the
concrete of the beam. It is commonplace to ignore losses due to restraints in the analysis of the
post-tensioned concrete beams. American Concrete Institute (ACI-318) proposes that losses due
to restraining effects, which could be fairly significant, should be accounted for in designs in
order for structural systems to possess the desired behavior. The development of lateral forces

and moments in the supporting columns also warrants additional reinforcements at these



supports. Lastly, continuity in post-tensioned concrete beams does come with the disadvantage

of developing degrees of frictional losses depending on the complexity of the tendon profile.

Research and experience have continuously contributed to safe and economical ways of
addressing these concerns. Moreover, through appropriate design and construction of the final

structural system, these set-backs could be fairly alleviated.

1.1 Research Goals

The goals of this research are to:

1. Determine the axial compressive forces in the post-tensioned continuous concrete
beams of two two — bay, one — storey concrete frames at the time of initial prestress
transfer.

2. Determine the adequacy of Load Balancing Method in estimating the net axial
compressive forces in the post-tensioned continuous concrete beams of both frames at
the time of initial prestress transfer.

3. Compute the extreme concrete fiber stresses of the post-tensioned continuous

concrete beams of both frames at the time of initial prestress transfer.



CHAPTER 2

LITERATURE REVIEW

2.1 Effects Due to Restraints

For simply supported beam, the effect of prestressing is the axial force equal to the
prestressing force. However, a concrete beam rigidly restrained by adjoining columns leads to

compressive force deficits in the concrete of the beam.

If a concrete beam is not allowed to deform freely under compressive force, part of the
compressive force is lost to the adjoining columns. The reactions generated at the support
location of the adjoining columns are evidence of these deficits. Subsequent temperature

differentials also leads to further transfer of the force to the restraining columns (Kelley, 2000).

2.2 Tendon Discretization Method

Tendon Discretization is one of three modeling techniques that models the effect of the
tendon as a loading component of the hosting element resisting any external applied loading
(Alami, 2000). The other two techniques are load balancing and modeling through primary

moments.

Tendon Discretization technique offers a more accurate estimation of the effect of
immediate prestressing force application on the concrete beam taking into account the level of

complexity of the tendon profile. It utilizes an iterative procedure in which the immediate



prestress losses are computed based on the current prestressing force. The procedure is continued
until convergence is reached. Hence, wobble and curvature friction losses arising from the bends
in parabolic tendon profiles and seating losses at jacking ends are incorporated in the analysis

results.

With this technique, the parabolic tendon profile is transformed into a continuous series
of straight sloping segments. The force in each segment is transformed into equivalent horizontal
and vertical component forces. The component forces are then transferred to the fibers of the
hosting element in addition to a moment equal to the horizontal component times the eccentricity
from the centroid of the hosting element. It is with this technique that SAP2000 prestressing

approach was based on.

23 Load Balancing Method

Load Balancing Method (LBM) is a technique based on utilizing the vertical force of the
draped or harped prestressing tendon to counteract or balance the imposed loading, either

uniformly distributed loads or point loads, to which a concrete structural member is subjected to.

Load Balancing Method introduced by T. Y. Lin (Lin, 1963) is one of the three methods
of prestressed concrete design and analysis. The other two techniques are the stress — concept
which analyses prestressed concrete with respect to its elastic stresses and the strength — concept

which deals with its ultimate strength.

LBM offers the simplest approach to prestressed concrete design and analysis. For

statically determinate structures, the advantage of the LBM is not significant. However, when



dealing with statically indeterminate structures, LBM offers tremendous advantages over the

other two methods in terms of visualization and calculations.

The concept behind load balancing is illustrated in the simply supported beam diagram

shown.

Uniform Load, Wy

A A A N NN N A 2N A

0 E A—-—-—A—C'g'c Transverse component, Wy A ﬁ 0

Fig. 2-1 Balancing of a Uniform Imposed Load

Where,

Wp = Imposed gravity loading, kip/in.

W, = Balancing uniformly distributed load, kip/in.

P = Prestressing force, kip

L = Length of parabolic section, in.

a = Tendon’s drape, in.



0 = Jacking angle, degrees
c.g.c. = Center of gravity of the concrete
c.g.s. = Prestressing tendon profile

Given the prestressing force (P), length of the parabolic section (L) and tendon’s drape

(a), the balancing uniformly distributed load (Wy) is computed by Equation 1 (Lin, 1963).
wy=5Fa/ (1

After load balancing, the analysis of prestressed simply supported beam is reduced to a

non-prestressed beam as illustrated in Figure 2-2.

Fig. 2-2 Simply Supported Non-prestressed Beam

Research conducted have shown that neglecting the axial prestressing force during frame
analysis has a substantial effect on the resultant axial forces and moments induced in the

concrete columns (Mohammed, 2012). Further deformation and axial force are introduced to the



supporting columns. Therefore, it is of prime importance to apply the horizontal (axial)

component of the prestressing force in the analysis of prestressed concrete frame structures.

If the external applied load, including the dead load of the concrete beam, is exactly
balanced by the transverse component of the prestressing force, there is no bending in the beam.

Hence, the beam is considered to be under a uniform compressive force (F).

Given the axial compressive force (F) which is equal to the prestressing force (P) and
cross-sectional area (Ac), the concrete fiber stresses due to the axial compressive force (f) is

computed by Equation 2.
_P
£="/a, 2)

However, if the external load is not completely balanced by the prestressing force,

bending or flexural stresses results.

Referring to Figure 2-2, the unbalanced bending moment due to prestressing force (Mup)

is computed by Equation 3.

My, =Mp - M, (3)
Where,

Mp = Moment due to the self-weight of the beam, kip-in. (positive moment)

My = Balancing moment provided by the prestressing force, kip-in. (negative moment)

Hence, the bending stress (f) due to the unbalanced bending moment (Mub) is computed

by Equation 4.



= My @
Where,
y = Distance to top or bottom of the cross-section from the center of gravity, in.

4

I = Moment of inertia of the cross-section of the beam, in”.

Therefore, the effective stress is computed by Equation 5 with the negative sign

indicating stresses in compression and the positive sign indicating stresses in tension.

=P 2 Mg ©)

Where, S = Sectional modulus of the concrete section, in’.

s=1/y (6)

2.4  ACI - 318 Flexural Requirements

ACI-318 makes the following serviceability requirements for flexural members at time of

initial prestress transfer:

1. Extreme concrete fiber stresses in compression shall not exceed 0.6f
2. Extreme concrete fiber stresses in tension shall not exceed 3 ’f 'Ci
Where,

f'.i, = Specified compressive strength of concrete at time of initial prestressing, psi



The initial compressive stress, 'ci, of concrete can be computed with Equation 7 (Nawy,

2009).

Fa= (/41 0.850 7
Where,
f, = Specified compressive strength of concrete at 28 days, psi

t = Time of post-tensioning, days, which is commonly 7 days
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CHAPTER 3

METHODOLOGY

Step-by-step approach for the modeling of the post-tensioned continuous concrete frames

using SAP2000 prestressing approach and Load Balancing Method are presented as follows.

3.1 Boundary Conditions

The excitation forces for the Load Balancing Method (LBM) was the prestressing force at
anchorage (initial prestressing force). Therefore, friction, elastic shortening and anchorage slip

were inherently accounted for in the estimation of the prestressing force.

However, the initial prestressing force computed for the LBM was used as the jacking
force for the SAP2000 prestressing approach. This aided in ascertaining whether the change in
stress along the tendon length could have a significant effect in the analysis results of the Load
Balancing Method. Long — term prestress losses including creep stress, shrinkage stress and steel

relaxation were not considered when modeling the tendons.

The continuous concrete beams of the frames were prismatic with no change to their
centroidal axis. The three supporting columns were also prismatic having constant material and

geometric properties.

Monolithic beam-column connections were assumed for both models and hence, were

modeled as such. The support conditions at the base of the columns were modeled fixed.



3.2 Models

Two documented numerical examples were found and researched on. These examples

consisted of a prismatic concrete continuous beam over three concrete supporting columns.

11

The first design example (Hurst, 1998) with some modification to the support conditions

will henceforth be referred to as Model 1.

Figures 3-1 and 3-2 show the tendon layout, and geometric and sectional properties

respectively for Model 1.

Parabolic Tendon

Pi=260 kips

305"

305" | 305"

A

\4
A

Fig. 3-1 Tendon Layout of Model 1

\4
A

Y
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Fig. 3-2 Geometric and Sectional Properties of Model 1

The point of inflection (IP) is typically 10% of the respective spans. Hence, considering

the left span of the continuous concrete beam of Model 1:
[P=0.1L=0.1 x610"=61"

The second design example (Alami, 2000) with some modification to the support

conditions will henceforth be referred to as Model 2.

Figures 3-3 and 3-4 show the tendon layout, and geometric and sectional properties

respectively for Model 2.
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Pi = 376 kips Inflection Point (IP) IP 3.2"
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Fig. 3-3 Tendon Layout of Model 2
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Fig. 3-4 Geometric and Sectional Properties of Model 2
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The clear column heights for Model 1 and Model 2 were 177" and 176" respectively.
Detailed sectional properties of both continuous beams for Models 1 and 2 are tabulated in the

appendix.

The specified tensile strength, (f,u), of the low-relaxation seven — wire strand used for both
models was 270,000 psi (ASTM A416Gr270). The initial prestressing forces were computed

according to ACI-318 standards.
For Model 1, 29 - /2 -dia-seven-wire-strand was used.

Hence, area of prestressing steel (Aps) =9 x(.153=1.377 in’.
Initial prestress before losses (f;,;) = 0.7 x f,,, = 0.7 x 270,000
= 189,000 psi
Initial prestressing force before losses (P;) = A, xf,; = 1.377 x 189,000
=260,253 Ib = 260 kips
For Model 2, a 13- 1 /2” - dia-seven-wire-strand was used.
Hence, area of prestressing steel (Aps) =13 x 0.153 = 1.989 in’.
Initial prestress before losses (f;,;) = 0.7 x f,, = 0.7 x 270,000
= 189,000 psi
Initial prestressing force before losses (P;) = Ay x f; = 1.989 < 189,000

=375,921 Ib = 376 kips
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The elastic modulus (E¢) for high — strength concrete for the post-tensioned concrete beams

and columns for both models was computed by Equation 8.

B = (40,000ﬁ #1095 (We/p4) (Nawy. 2009) (®)
Where,
W. = Unit weight of concrete only = 145 Ib/ft’
f . = Specified compressive strength at 28 days = 6,000 psi (Alami, 2000).
The elastic modulus for the high — strength concrete, E.=4,098,387 psi.

The Poisson’s ratio of the concrete used for both models was 0.2 (Nawy, 2009).

33 SAP2000 Prestressing Approach

The tendon was specified as a type of line object connected to the exterior joints of the two
span continuous concrete beams. The tendons were modeled as loads acting internally in the

beams.

The tendons were jacked simultaneously at both ends of the continuous concrete beams

with jacking forces equal to the initial prestressing forces computed in sub-chapter 3.2.

Figures 3-5 and 3-6 show Model 1A and Model 2A respectively under the application of

jacking force only using SAP2000 prestressing approach.
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Fig. 3-5 Model 1A

[

Fig. 3-6 Model 2A

3.4  Load Balancing Approach

Model 1B and Model 2B were modeled and assigned the same geometric, sectional and
material properties as Model 1A and Model 2A respectively. The applied loads for these models
were the balancing loads due to initial prestressing force and the horizontal (axial) component of
the initial prestressing force. The balancing loads included vertical uniformly distributed loads

acting along the length of the continuous concrete beams and vertical component of the initial



17

prestressing force acting perpendicularly to the center of gravity of the continuous concrete beams

at the jacking points.

Figures 3-7 and 3-8 illustrate the geometric properties of the tendon layout of Model 1B

for the computations of the balancing forces for the Load Balancing Method.

Parabolic Tendon \ IP a3

I I ;L i

A
Y
A
A4

A

\ 4

A

\ 4

A
A

Segment 1 S2 S3  S3 S2 S1

Fig. 3-7 Tendon Layout and Drapes of Model 1B

Parabolic Tendon

I \ | /] |
| 192 \ "~ |
X NG 12"

.; ...................... __;;;;,¢<T ..... F

305" 244" 61" 61" 244" 305"

& \‘4 N
< r“ >

A

L 4
A
v
A
v
A
R

Fig. 3-8 Segment Lengths and Tendon’s Drapes of Model 1B
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Figures 3-9 and 3-10 illustrate the geometric properties of the tendon layout of Model 2B

for the computations of the balancing forces for the Load Balancing Method.

1 Z2 13

A
\ 4
A
\ 4
\
A
Y
y
\ 4

A
)
A
A
A
A

Segment 1 S2 S3  S4 S5 S6

Fig. 3-9 Tendon Layout and Drapes of Model 2B

IP 528" IP 3 1"

' N | i

401" 320.8" 80.2" | 49" 196" 245"
- "‘ Zal Y

A
\ 4
A
\ 4
\
A
\

Fig. 3-10 Segment lengths and Tendon’s Drapes of Model 2B
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Given the initial prestressing force (P;), tendon’s drape (a), parabolic section length (L)
for each segment, the balancing uniformly distributed load due initial prestressing force (Wpi) is

given by Equation 1.

Therefore, the balancing uniformly distributed load for segment 1 of Model 1B was

computed as follows:

8 x 260 x 12 o
Wi = T =0.0671 kip/in. (1)

The vertical component of the initial prestressing forces (Piv) were applied at the jacking
ends of the parabolic tendon to balance out the uniformly distributed loads due to initial

prestressing force relating to ends A and C.

The vertical component of the initial prestressing force (Piv) of Model 1B were computed

as follows:
P, @ end A =W;; x1; =0.0671 x 305 =20.47 kips (])
P;y, @ end C = Wy x [5=10.0671 x 305 =20.47 kips (])

Similarly, the balancing uniformly distributed load for segment 1 of Model 2B was
computed as follows:

8 x 376 x 13.6

o =0.0636 kip/in. (1)

Wi =

The vertical component of the initial prestressing force (Piv) for Model 2B were also

computed as follows:

P, @ end A=Wy, x [, =0.0636 x 401 = 25.50 kips (|)



P, @ end C = Wy * [5 = 0.0376 x 245 = 9.21kips (|)

20

Table 3-1 shows the parabolic section length (L), tendon’s drape (a), initial prestressing

force (P1) and the corresponding balancing uniformly distributed loads (Wbi) for Model 1B.

Table 3-1 Balancing Loads for Model 1B

Segment Length Parabolic Section ) ) .
S t . Pi, k i, k .
egmen (). in. Length, L. in, a, in ips | Wai, kip/in
1 305 610 12 260 0.0671 (1)
2 244 488 19.2 260 0.1677 (1)
3 61 122 4.8 260 0.6708 (|)

The rest of the balancing uniformly distributed loads, i.e. Wiz and Wy;3, cancel out for Model

1B:

Wi X 1, =0.1677 x 244 = Wy ;3 x [3=0.6708 x 61 =40.92 kips

Table 3-2 shows the parabolic section length (L), tendon’s drape (a), initial prestressing

force (Pj) and the corresponding balancing uniformly distributed loads (Wyi) for Model 2B.

Table 3-2 Balancing Loads for Model 2B

Segment Segm(elitiiength Pa}iiz;}i ?jigon a, in. P;, kips Wi, kip/in.
1 401 802 13.6 376 0.0636 (1)
2 320.8 641.6 21.12 376 0.1543 (1)
3 80.2 160.4 5.28 376 0.6173 (})
4 49 98 3.16 376 0.9897 (})
5 196 392 12.64 376 0.2474 (1)
6 245 490 3 376 0.0376 (1)
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The rest of the balancing uniformly distributed loads, i.e. Wpi2 and Whis cancel out Whis

and Whyis respectively for Model 2B:

Wyp X 1 = 0.1543 x 320.8 =Wy,;3x1;=0.6173x80.2 = 49.50 kips

Whis XI5 =0.2474x196 = W4 <1, = 0.9897x49 = 48.49 kips

Figure 3-11 and Figure 3-12 illustrate both Model 1B and Model 2B respectively under
balancing uniformly distributed loads (kip/in), and vertical and axial (horizontal) components

(kips) of the initial prestressing force using SAP2000.
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Moreover, imposed dead load due to the self-weight of the beams (Wp) were computed
for Models 1 and 2. Models 1C and 2C were created and assigned the same geometric, sectional

and material properties as Model 1A and Model 2A.

Models 1C and 2C were under the action of horizontal (axial) and vertical component of
the initial prestressing force, and the unbalanced uniformly distributed load due to initial
prestressing force. These models were created for the computations of the extreme concrete fiber

stresses at the time of initial prestress transfer.

Given the unit weight of concrete to be 150 Ib/ft>, the self-weight of the continuous

concrete beam for Model 1C was computed as follows:

600 x 150

Wp = 10001738 =0.0521 kip/in. (|)

Hence, the unbalanced uniformly distributed load due to initial prestressing force (Wubi)

for segment 1 of Model 1C was computed as follows:

Wi = Wp(]) + Wei(1)

Wi =0.0521(]) +0.0671(1) = 0.0150 kip/in. (1)
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Table 3-3 show the imposed dead load (Wp), balancing uniformly distributed loads (Wpi)

and the unbalanced uniformly distributed loads due to initial prestressing force (Wubi) for each

segment of Model 1C.

Table 3-3 Unbalanced Loads of Model 1C.

Segment Imposed Dead Load Balancing Load (Wyi), Unbalanced Load (Wubi),
(W), kip/in. kip/in. kip/in.
1 0.0521 (}) 0.0671 (1) 0.0150 (1)
2 0.0521 (}) 0.1677 (1) 0.1156 (1)
3 0.0521 (}) 0.6708 ({) 0.7229 ({)

Similarly, the self-weight for the continuous beam for Model 2C was computed as

follows:

640 x 150

Wb =100 % 1728

=0.0556 kip/in. (])

The unbalanced uniformly distributed load due to initial prestressing force (Wubi) for

segment 1 of Model 2C was computed as follows:

Wi = Wp (1) + Whi(1)

W = 0.0556(]) +0.0636(1) = 0.0080 kip/in. (1)
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Table 3-4 shows the imposed dead load (Wp), balancing uniformly distributed loads

(Whi) and the unbalanced uniformly distributed loads due to initial prestressing force (Wubi) for

each segment of Model 2C.

Table 3-4 Unbalanced Loads of Model 2C.

Segment Imposed Dead Load Balancing Load (Whi), Unbalanced Load (Wubi),
(W), kip/in. kip/in. kip/in.
1 0.0556 (]) 0.0636 (1) 0.0080 (1)
2 0.0556 (]) 0.1543 (1) 0.0988 (1)
3 0.0556 (]) 0.6173 () 0.6729 ({)
4 0.0556 (]) 0.9897 (]) 1.0453 (])
5 0.0556 (]) 0.2474 (1) 0.1919 (1)
6 0.0556 (1) 0.0376 (1) 0.0180 (})

Figure 3-13 and Figure 3-14 illustrate both Model 1C and Model 2C under horizontal

(axial) and vertical component of the initial prestressing force (kips), and unbalanced uniformly

distributed loads (kip/in.) due to initial prestressing force using SAP2000.
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CHAPTER 4
RESULTS

The support reactions, axial compressive forces and their corresponding absolute
discrepancies at the time of initial prestress transfer from both SAP2000 prestressing approach
and Load Balancing Approach are presented for both models. The extreme concrete fiber stresses
at the time of initial prestress transfer were also computed using Load Balancing Approach for
both models. Both approaches were subjected to static linear analysis in order to achieve the

goals of this research.

Figures 4-1 and 4-2 show the deformed shapes for Model 1A and Model 2A respectively

under balancing prestress loads after SAP2000 static linear analysis.

X

Fig. 4-1 Deformed Shape under Balancing Load of Model 1A
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Fig. 4-2 Deformed Shape under Balancing Load of Model 2A

Figure 4-3 and Figure 4-4 show the support reactions of Models 1A and 1B.

~.6.14

16.99 B 5.249E-05 B _ ~. 16.99

3.07
3.07 ~

Fig. 4-3 Support Reactions (kips) of Model 1A
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6.16

3.08 ~

Fig. 4-4 Support Reactions (kips) of Model 1B

Model 1A maintained an average axial compressive force of 243.55 kips representing

6.33% deficit along the post-tensioned continuous concrete beam between the centerlines of the

exterior columns A and C.



Figure 4-5 is the graphical representation of the axial compressive force distribution

along the post-tensioned continuous concrete beam of Model 1A.
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Fig. 4-5 Concrete Beam Compressive Force Distribution for Model 1A
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Figure 4-6 shows the stations of interest along the post-tensioned continuous concrete

beam, where the SAP2000 results of the axial compressive forces of both approaches were taken

and tabulated for Model 1.

!
R e
_____.I._________

Station 20

Station 600

_____r________
!
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i

— — . — — _!_ _—— ] —
1

Fig. 4-6 Model 1 Result Stations

Table 4-1 shows the axial compressive forces, absolute discrepancies and their

percentage discrepancies at the stations of interest along the post-tensioned continuous concrete

beams of Model 1A and Model 1B.

Table 4-1 Axial Compressive Forces along Continuous Beams of Model 1A and Model 1B.

Stati
?rion, Axial Compressive Force (F), kips Discrepancy, kips | Discrepancy%
Stations of Interest

Model 1A -242.300

20 0.672 0.277
Model 1B -242.972
Model 1A -242.778

600 0.194 0.080
Model 1B -242.972
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Figure 4-7 and Figure 4-8 show support reactions of Models 2A and 2B.
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Fig. 4-8 Support Reactions (kips) of Model 2B
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The distribution of the axial compressive forces along the post-tensioned continuous
concrete beam of Model 2A showed a significant variation with reference to both spans. The left
span and the right span had average compressive force of 350.00 kips and 362.64 kips
respectively between the centerlines of the exterior columns A and C. These represent average

percentage deficits of 6.91% and 3.55% respectively.

Figure 4-9 is the graphical representation of the axial compressive force distribution

along both spans of the post-tensioned continuous concrete beam of Model 2A.

Axial Compressive Force along Beam Length
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Fig. 4-9 Concrete Beam Compressive Force Distribution of Model 2A
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Figure 4-10 shows the stations of interest along the post-tensioned continuous concrete
beam where the SAP2000 results of the axial compressive forces of both approaches were taken

and tabulated for Model 2.

!
St Sl ot
SERPRPY TRS S

Station 20 Station 792 Station 812 Station 1272

Fig. 4-10 Model 2 Result Stations
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Table 4-2 shows the axial compressive forces, absolute discrepancies and their
percentage discrepancies at the stations of interest along the post-tensioned continuous concrete

beams of Model 2A and Model 2B.

Table 4-2 Axial Compressive Forces along Continuous Beams of Model 2A and Model 2B.

Stati
ail Iion, Axial Compressive Force (F), kips Discrepancy, kips | Discrepancy%
Stations of Interest
Model 2A -348.422
20 0.746 0.214
Model 2B -349.168
Model 2A -349.069
792 0.099 0.028
Model 2B -349.168
Model 2A -361.608
812 0.295 0.082
Model 2B -361.903
Model 2A -361.827
1272 0.076 0.021
Model 2B -361.903

Figures 4-11 and 4-12 show the balancing bending moment diagrams (on the tension

side) due to initial prestressing force for Model 1A and Model 1B respectively.

Fig. 4-11 Balancing Bending Moment Diagram (kip-in.) of Model 1A
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Fig. 4-12 Balancing Bending Moment Diagram (kip-in.) of Model 1B

Figures 4-13 and 4-14 show the balancing bending moment diagrams (on the tension

side) due to initial prestressing force for Model 2A and Model 2B respectively.

Fig. 4-14 Balancing Bending Moment Diagram (kip-in.) of Model 2B
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The specified compressive strength of concrete at time of the initial prestress transfer
f'..) of the post-tensioned continuous concrete beams of Model 1 and Model 2 was computed as
ci p p

follows:

f’'. = 6,000 psi

t="7 days

f .= ! f

i (Toss)

f . =(—————)%6,000
« ~(Trossxn) <O

' =4,221.106 psi =~ 4,221 psi
Therefore, according to the ACI-318:

Maximum allowable fiber stress in compression = 0.6f 'Ci

=0.6 x 4221 =2,532.60 psi
Maximum allowable fiber stress in tension = 3 /f 'Ci

=3v4221 =194.91 psi
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Figure 4-15 shows the unbalanced bending moment diagram (on the tension side) due to

initial prestressing force for Model 1C.

Fig. 4-15 Unbalanced Bending Moment Diagram (kip-in.) of Model 1C

The following is a stepwise computation of the extreme concrete fiber stress due to initial
prestressing force at the station of maximum unbalanced bending moment, which is 24" to the
left and right of the centerline of the interior column (Stations 586 and 634), along the post-

tensioned continuous concrete beam of Model 1C.

Given,
Cross-sectional area, A.= 600 in’.
Section modulus relating to the top fibers, S' = 3,000 in’.

Section modulus relating to the bottom fibers , S = 3,000 in’.

Compressive force, F =-242,972 Ib (C) < Initial prestressing force, P, =-260,000 Ib

Moment due to imposed gravity load, M;; =-1,506,460 in.-Ib (Negative moment)



Balancing moment, My; = 3,161,301 in.-Ib (Positive moment)

Unbalanced moment, M,; =-1,506,460 + 3,161,301 = 1,654,841 in.-Ib

F My
Top fiber stress, f' = - v Slibl

242,972 1,654,841
" 600 3000

ft=

f'=-956.57 psi (C)
Checking the ACI code serviceability requirement:

f'=956.57 psi < 0.6f .;=2,532.60 psi

F M
Ac Sb

Bottom fiber stress, f =-

f__2429724_L654£41
7600 3000

f,=146.66 psi (T)

Checking the ACI code serviceability requirement:

&=14666pﬁ<3/fd=ﬂM9lpﬁ

The procedure outlined for the computation of extreme concrete fiber stresses due to
initial prestressing force along the post-tensioned continuous concrete beam of Model 1C is

exactly followed for the post-tensioned continuous concrete beam of Model 2C.

39
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Figure 4-16 shows the unbalanced bending moment diagram (on the tension side) due to

initial prestressing force of Model 2C.

Fig. 4-16 Unbalanced Bending Moment Diagram (kip-in.) of Model 2C

The cross-sectional area and section modulus of the post-tensioned continuous concrete

beam of Model 2 are as follows:
Cross-sectional area, A= 640 in’.
Section modulus relating to the top fibers, S' = 3,413.33 in’.

Section modulus relating to the bottom fibers , S ,=3,413.33 in’.

The extreme concrete fiber stresses due to initial prestressing before stress losses at the
station of maximum unbalanced bending moment, which is 48" to the left of the centerline of the

interior column (Station 754), along the post-tensioned continuous concrete beam of Model 2C is

tllustrated in Table 4-3.
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Table 4-3 Extreme Concrete Fiber Stresses along Continuous Beam of Model 2C

Stress Parameter Model 2C
F, kips -349.168
Mb, kip-in. -2,012.343
Mo, Kip-in. 4274339
Mubi, kip-in. 2,261.996
. -1,208.27 (C)
t ’
£ psi 1,208.27 < 2,532.60
. 117.12 (T)
fi, psi 117.12 < 194.91

Hence, for the computation of the concrete fiber stresses for a continuous concrete beam
rigidly connected to columns, the horizontal (axial) component of the initial prestressing force is
replaced by the concrete axial compressive forces (F). This modification is as a result of
restraining effect of the columns taking part of the prestressing force being transferred to the

concrete of the beam during post-tensioning.
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CHAPTER 5

CONCLUSION

Two two — bay, one — storey concrete frames with post-tensioned continuous concrete
beams were modelled and underwent static linear analysis using SAP2000. Two approaches of
force application were utilized. The first approach was the application of prestressing through the
use of parabolic internal tendons and the second approach was the application of Load Balancing

Method (LBM).

This research reinforces the claim that if a prestressed concrete beam is rigidly connected
to concrete columns, part of the compressive force in the concrete of the beam is lost to the

columns. The losses are translated to the shear reactions at the supports.

Correlation studies between the net axial compressive forces results of both models from
both approaches were carried out. The discrepancies were within acceptable limits which depict
the accuracy of the balancing loads methodology used. From these concurrence checks, it can be

inferred that LBM can be applied to the static frame analysis of post-tensioned concrete beams.

The extreme concrete fiber stresses for both models under LBM were computed. The
values obtained were then used to verify their compliance with the ACI-318 serviceability

requirement for flexural members.

Lastly, it is common practice to equate the prestressing force to the axial compressive

force in computing the axial compressive stress in the concrete beam. However, this research has



proven that the concrete axial compressive force, not the prestressing force, should be used to

compute the axial compressive stress of post-tensioned concrete beams in frame analysis.
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Table A-1 Sectional Properties of Post-tensioned Continuous Beams for Models 1 and 2

Geometric Properties

Post-tensioned Beam Model 1

Post-tensioned Beam Model 2

Cross-sectional Area, in°. 600 640
Moment of Inertia (I), in*. 45000 54613.33
Section Modulus (S), in’. 3000 3413.33




46

VITA

Graduate School
Southern Illinois University

Kojo Amponsah Nkuako
kankuako@gmail.com

Institute of Commercial Management, Bournemouth, England
Advanced Diploma, Project Management, November, 2010

Kwame Nkrumah University of Science and Technology, Kumasi, Ghana
Bachelor of Science, Civil Engineering, June 2009

Thesis Title:
Effect of Beam — Column Interaction on Axial Compressive Force in Post-tensioned
Continuous Concrete Beam

Major Professor: Dr. J. Kent Hsiao




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




