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In composite construction, shearing stress v between precast and in-place
portions computed on the basis of the ordinary elastic theory,

Ve

O =

Ib

where V= the total shear in 1b applied after the in-place portion has been
cast
Q= statical moment of the cross-sectional area of in-place portion
taken about the centroidal axis of the composite section
J=moment of inertia of the composite section
b=width of the contact area between the precast and the in-place
portions
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ACI Code Method for Stirmup Design. An ultimate strength method ongi-
nally proposed for the 1963 ACI Code follows an empirical approach based
primarily on the test results of the University of Illinois.” The method indicates
that the yield strength in the stirrups extending over a distance 4 could be
considered effective in transmitting the shear of ¥, — ¥V, thus,

A fd/s=V, -V, (7-13)

where ¥, is the design ultimate load shear, and V; is the shear at the section
when the vertical flexural crack starts to develop into an inclined one. A similar
criterion is recommended for the case of web cracking initiating by itself without

flexural cracking; thus,
(7-14)

Afd/s=V,~V.,



where V., is the shear at the section when web cracking starts by itself, without
any flexural cracking.

The ACI Code determines the shear strength V., and ¥, using the equations
developed in section 7-3. We assume the nominal shear force as V, =V, /¢
where ¢=0.85 for shear strength design. This adds safety to the design in
addition to that which is introduced by the load factors used for obtaining V.
The shear force carried by stirrups, V,, is expressed as follows:

% A fd
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The ACI Code has two expressions for the minimum A  required, and the
maximum spacing of stirrups is also limited. This maximum spacing is 0.75Ak in
prestressed concrete, but not more than 24 in. Unless V., 15 less than one-half of
¢V, the minimum A, requirement applies. If it is shown by test that the required
ultimate flexural and shear capacity can be developed when shear reinforcement
is omitted, the minimum A requirement can be waived under the ACI Code.
For some standard precast concrete products this testing has been done, and the
concrete alone carries the shear stress without stirrups. |

The minimum A4, in square inches is given in the ACI Code by WO expres-

sions:
b, s
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EXAMPLE 7-5 | _ |
Design stirrups following ACI Code for the beam of examples 7-3 and 7-4. Use the plot
of shear stress, Fig. 7-16, in this solution. Assume stirrups perpendicular to the iongitudi-
nal axis with f, =50 ksi (345 N/mm?). "

Solution Try #3U stirrups—A,=0.22 in? (142 mm?) From Fig. 7-16, ¥,= f‘ -V, =
17.5 k (77.7 kN) at ends. |
A fd

S B

S (0.22)(50)(30)
oz 17.5

s=18.9 in. (480 mm) (spacing required near ends) Use s=16 in.

V‘-_-

(7-12)




From Fig. 7-16, at 15 ft. from support V,=V,_/¢— l/c-§9.é k (43.5 kN).

_ (0.22)(50)(31.1)
9.8

s=34.9in. (886 mm)>24 in. (588 mum) max. spacing |

5

Maximum spacing controls except at ends.

- 50b,s _ (50)(5.5)(24)
Check muinimum A4 --3.; = %0000

(7-16)

min. A, =0.132 in? (85 mm?) <0.22 in? (142 mm?)



Nature of Bond and Length of Transfer. When tendons are pretensioned,
their stress is often transferred to the concrete solely by bond between the two
materials. Thus there is a length of transfer at each end of the tendons to
perform the function of anchorage, when mechanical end anchorages are not
provided. The condition of bond stress existing at these ends is radically
different from that along the intermediate length of a beam. At intermediate
points, the bond stress is produced by the external shear or by the existence of
cracks. Where there are no cracks and no shear, the bond stress is zero. At
anchorage, bond stress exists immediately after transfer. The stress in the
tendons varies from zero at the exposed end to a full prestress at some distance
inside the concrete. That distance is known as the length of transfer;.and such
bond stress is termed prestress transfer bond.'? A rather complete survey of the
literature on transfer length and development bond is contained in reference 13.

The nature of prestress transfer bond is entirely different from the flexural
bond stress produced by shear or cracks. At intermediate points along a beam,
the bond stress is resisted by adhesion between steel and concrete, aided by
mechanical resistance provided by corrugations in the steel when deformed bars
are used. At end anchorages, the pre-tensioned tendons almost always slip and
sink into the concrete at the moment of transfer. This slippage destroys most of
the adhesion for the length of transfer and part of the mechanical resistance of
the corrugations, leaving the bond stress to be carned largely by friction
between steel and concrete.
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Immediately after transfer, at end A4, Fig. 7-19, the wire will have zero stress
ind its diameter will be restored to the unstressed diameter. At B, the inner end
of the length of transfer, the wire will have almost full prestress, and, owing to
Poisson’s ratio effect, its diameter will be smaller than the unstressed diameter.
Thus along the length of transfer, there is an expansion of the wire diameter
which produces radial pressure against the surrounding concrete. Frictional
force resulting from this pressure serves to transmit the stress between steel and
concrete. In other words, a sort of wedging action takes place within that length

of transfer.

. Sinking of wire
—’1.‘ ™" after transfer !
|
F; from bulkhead | |
before transfer |..__ | _J
| .
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Flg. 7-19. Prestress transfer at end of pretensioned beam.
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The transfer length for prestressing steel is affected by many parameters', the
most important of them being:

Type of steel (e.g., wire, strand). .

Steel size (diameter).

Steel stress level. o
Surface condition of steel—clean, oiled, rusted.
Concrete strength.

Type of loading (e.g., static, repeated, impact).
Type of release [e.g., gradual, sudden (flame cutting, sawing)].
Confining reinforcement around steel (e.g., helix or stirrups).
Time-dependent effect..
Consolidation and consistency of concrete around steel.
Amount of concrete coverage around steel.
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Sometimes it is necessary to design or to check the bearing areas for end
anchorage, as governed by the allowable bearing in concrete. Since the cost of
anchorage increases greatly if the allowable bearing stress is low, it has been the
practice to use as high a bearing stress as is consistent with safety, much higher
than permitted in reinforced concrete. This is true for practically all systems of
prestressing. Besides reasons of economy, such high bearing stress can be

justified on the following grounds.

1. The highest bearing stress that will ever exist at the anchorage occurs at
transfer. As loss of prestress takes place, the bearing stress gradually
diminishes.

2. The strength of concrete increases with time. Hence, if failure does not take
place immediately at transfer, there is little possibility that it will happen
later.

3. For bonded tendons with anchorages at the end of members, externally
apphed load will not increase the force on the anchorage. For unbonded
tendons, the force on the anchorage will increase with load; but the increase
is limited, hence a high factor of safety is not required.
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The allowable bearing stress depends on several factors, such as the amount

of reinforcement at the anchorage, the ratio of bearing to total area, and the
method of stress computation.

Previously used equations were found to be too comservative® for design.
Both the Post-Tensioning Institute Guide Specifications?® and the 1977 ACI

Commentary use the following equations for average bearing stress on the
concrete, f,,: -

At service load—

Jop =08V A} /4, (7-25)
but not greater than f

At transfer load—

Jop =08£\( 4} /4,) =02 (7-26)

but not greater than 1.25 1

where f.,=permissible compressive concrete stress
f!=compressive strength of concrete
J.i=compressive strength of concrete at time of initial prestress
A, =maximum area of the portion of the concrete anchorage surface
that is geometrically similar to and concentric with the area of
the anchorage
A,=bearing area of the anchorage



Determine the beanng plate area required for a tendon consisting of 12~ ! in. diameter, .
7.wire strands, Fig. 7-22. At time of posttensioning assume that S, is approximately 4000 -
psi (28 N/mm?) and at service load after losses f =5500 psi (38 N/mm?). The tendon
forces for design are: 397 k (1,766 kN) due to maximum jacking force and 297k (1321kN)
at service load after losses. Follow the Guide Specification of the Post-Tensioning

Institute (PTI) for allowable bearing stresses on the concrete.



16"
a | Ap =16 x19.2 =307 in?
' 0% - {geometrically
48" similar area
concentric with
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| 19.2"
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(af of bearing) (&)

Fig. 7-22. Example 7-6.



Solution Note that we may assume Aj;/A,>1.0 as illustrated in Fig. 7-22 and
estimate size of plate for service load requirements:

fop 0.6 -3-": = (0.6)(5500)(1)=3300 psi =33 ksi (22.75 N/mm?)  (7-25)

Bearing area required = 23 =90 in.? (58x10° mm?)
Assume an area of approximately 20 in.? (13 X 10* mm?) (5 in. diameter circular area)
is lost as a bearing area for the tendon to pass through the plate.
Gross plate area =90+20=110in.? (71X 10° mm?) Try plate 10 in. X 12 in. (4,= 120
—20=100 in.2>90 in.?) Check bearing pressure at transfer load. Assume maximum
jacking load is 397 k (1766 kN) and f;=4,000 psi. (28 N/mm?®)
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fop=(08)(4,000)\ /37 ~0.2 =5420 psi=5.42 ksi (37.4 N /mm?)

Ay= -;-% 73.2 in.2 (47 % 10° mm?) < 100 in? (65X 10> mm?) provided

Use 10 in.X 12 in. Plate (O.K. at both stages)
|



