Technical Note
Your Partner in Structural Concrete Design
TN388_torsion_calc_abi_100610

COMMENTS ON COMPUTATION OF TORSION IN ADAPT-ABI1
Extended: October 6, 2010

This narrative explains the background to the calculation of torsional moments in the computer program
ADAPT-ABI.
For bridges with moderate curvature on plan, ABI has the option to calculate the torsional moment
about the bridge cross-sections. The calculated torsion is due to the eccentricity of the centerline of the
bridge on plan with respect to the chord that joins the adjacent supports. The calculations are based on
the widely used procedure reproduced in appendix A.

PREAMBLE
The available literature on the subject matter does not appear to have been written such as to provide a
clear understanding of the underlying assumptions, in particular in the impact and treatment of the
effects from post-tensioning. The following is intended to crystallize the difference between the
“demand” or external actions on a “section,” and the “resistance” developed by the section to meet the
demand. The explanation and distinction help to clarify the background to the program.
Figure 1 illustrates a post-tensioned beam on rollers under uniform load w per unit length. Rollers are
distance L apart. The beam is post-tensioned with a tendon of arbitrary shape and force. The external
demand (action) moment at a section L/2 from one end is M = w*L2 /8 (Fig.1-b).
In this example, the demand moment is independent of the presence of post-tensioning.

FIGURE 1 POST-TENSIONED SIMPLY SUPPORTED BEAM
1

Copyright ADAPT Corporation October 2010

support@adaptsoft.com www.adaptsoft.com
ADAPT Corporation, Redwood City, California, USA, Tel: (650) 306-2400 Fax (650) 306 2401
ADAPT International Pvt. Ltd, Kolkata, India, Tel: 91 33 302 86580 Fax: 91 33 224 67281

Technical Note
However, in resisting the demand moment, the section will develop stresses that depend on the
presence of the post-tensioned tendon. In this example, the contribution of post-tensioning is
limited to providing resistance to the demand on the section. Its shape and force does not
change the demand. The conclusion applies to both straight and curved bridges.
In a similar manner, ADAPT-ABI determines the torsional demand on each section along the
length of a curved bridge. If a bridge is statically determinate, as in the above beam example,
the presence of post-tensioning does not impact the demand torsion. ADAPT-ABI operates in
the same manner, when it calculates the demand torsion.
For a statically indeterminate member, the demand values at a section include the contribution
of “hyperstatic” values from post-tensioning. The hyperstatic values are due to the reactions
caused by post-tensioning at the supports of a member. In the context of demand at a section,
the hyperstatic reactions are considered as externally applied loads. In summary: demand
values at a section are function of externally applied loads
The externally applied loads are: selfweight, superimposed dead load, dead load, live load,
other loads such as wind, and “values derived from the hyperstatic reactions from posttensioning.” The following indeterminate beam illustrates that the demand moment is a function
of the reaction from post-tensioning. Similar to the previous example, the demand moment M is
resisted by the entire material section, including post-tensioning tendons.
In Fig. 2, P1, P2 and P3 are the reactions from post-tensioning at the member’s support. These
are the values that enter the computation for the demand at a section along the length of a
member. Similarly, R1 through R3 are external reaction due to externally applied other loads.
Part (d) of the figure illustrates that the demand moment M includes the hyperstatic reaction P1,
while the tendon on the section will act to resist the moment M.
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FIGURE 2 Demand moment on a statically indeterminate post-tensioned member

The above procedure is the option used by ABI and in the procedure presented in Appendix A
for calculating the demand torsion on a section.
Some of the misunderstanding among the bridge engineers stems from the fact that in some
publications, such as the book by Christian Menn, the authors simultaneously treat the
“demand” torsion, and the manner in which the section “resists” the action. The information
becomes obscure, when the distribution of torsional stresses on a section, and the contribution
of prestressing in resisting that torsion, are presented together with the calculation of demand
torsion. It can readily lead to the misunderstanding of the concepts.
In summary, ABI determines and reports the demand torsion along a curved bridge. Users are
required to verify that each section can resist the demand torsion satisfactorily. The distribution
of torsional stresses on a section is not included in the current version of ABI.

EXAMPLE OF A CURVED BRIDGE WITH ECCENTRIC PRESTRESSING TENDON
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Consider the hypothetical case of a single span prestressed curved bridge on rollers as shown
in Fig. 3. There is no consideration of selfweight, nor other externally applied loads. The
member is prestressed with an arbitrary tendon profile and arbitrary force. The tendon is
eccentric with respect to the centroid of the member’s cross section.
As a result of prestressing within the member, the bridge will tend to flex and undergo a change
in its shape. However, since the supports do not impede the free change in shape, no external
(hyperstatic) forces will develop at the supports (part b of the figure). At any section along the
bridge, such as the section shown in part b, the “demand” on the section can be calculated from
the free body diagram of the severed portion. Since the forces X, Y and Z are all zero, the
demand at the cut section will also be zero. There will be no torsion at the section (T=0). The
example is intended to illustrate that the position of a tendon within a bridge cross-section with
respect to the section’s centroid, and the shape of the bridge do not necessarily lead to
“demand” torsion at bridge sections from prestressing.

FIGURE 3 SINGLE SPAN PRESTRESSED CURVED BRIDGE ON ROLLERS

Figure 4 shows the same bridge with the supports fixed in position (pinned). Prestressing in the
bridge will tend to flex the bridge resulting in a tendency of the bridge to move with respect to its
supports. This tendency is generally independent of the shape and position of the tendon.
The restraint of the supports to free movement of the member will develop reactions at the
supports (X, and Y as shown in part b). A tendon of constant force along the centroid of the
bridge will also result in the same type of reactions. The reactions from prestressing are
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referred to as “hyperstatic” actions. The non-zero reactions shown in part b of the figure will
result in a “demand” torsion at sections along the bridge.

FIGURE 4 CURVED BRIDGE ON PINNED SUPPORTS

In conclusion, it is the manner in which a curved bridge is supported, and the position of the
supports with respect to the bridge’s cross section that govern the presence and amount of
“demand” torsion in a bridge.

COMPUTATIONAL PARAMETERS
The procedure used by ABI determines the torsion T on a section (Fig. 5) from the function
(M/R + t), where
M = Sum of externally applied moments about the centroid of a section, as illustrated in
Fig. 6. It consists of moments due to dead, live, hyperstatic actions from prestressing
and other externally applied loads, such as wind or seismic actions.
R = radius of curvature of the bridge centerline on plan at the location where the torsion
is calculated
t = sum of externally applied torsions from loads at the location where the demand
torsion (T) is calculated.
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Figure 5 illustrates the above parameters in greater detail.

FIGURE 5 TORSION ON A SECTION AND PARAMETER USED FOR ITS COMPUTATION

M = Md + Ml + Mhyp
FIGURE 6 EXTERNALLY APPLIED MOMENT M
The moment M is calculated by assuming the bridge to have been developed along a straight
line in the vertical plane. When developed, each span becomes the length of the arch on the
plan view of the original shape. M is the longitudinal moment. It is calculated in the same
manner as for straight bridges. In ABI, the components of the moment M are extracted from the
solution in the “post-construction” mode of the program (post-capture). The program adds the
components for “M” and passes it on to the torsion module.
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FIGURE 5 PARTIAL PLAN OF A CURVED BRIDGE
Figure 5 shows the partial view of a bridge with curvature on plan. The applied external force P
is acting at a distance “a” from the centroid of the bridge section. The influence of the applied
force P on torsion of the bridge enters the computation through the parameter “t” as follows:
t = P *a
There is no provision in the current version of ABI to include the impact of externally applied offcenter loads. All vertical loads are assumed to act along the centerline of a bridge, be the bridge
straight or curved. Hence, the current version of the program is based on the entry parameter
M/R only.
In summary, the location of post-tensioned tendons shown on plan or on the section does not
impact the computation of demand torsion directly. Also, the fact that the post-tensioning
tendons generally provide uplift, hence their moments will enter the computation with opposite
sign to selfweight does not enter the consideration.

APPENDIX A
Excerpt from a book by Raina, V. K. “Concrete Bridge Practice: Analysis, Design and
Economics.
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