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Abstract

An attempt has heen made to study bond strength history in Prestressed Concrete Reactor Vessels
(PCRV) which house the Advanced Gas-cooled Reactors. Three-dimensional non-linear analyticat model
has been developed in which the etfect ot bond is included. A finite element computer program is written
in which solid, membrane, line and hond-linkage elements have been used to represent vessel concrete,
steel liner, prestressing tendons and bond (between steel and concrete) respectively. Two experiments
have been carried out in ordet to determine bond coefticients. A typical multi-cavity PCPV has been

analysed tor bond strength under gas increasing pressure at suitable intervals ot its 30 years life

1. Introduction

Gas increasing pressure, load history and a cracking condition assume important roles in the vessel's
short and long-term pertormance. Where the vessels have been bonded (grouted tendons), the ultimate
load carrying capacity is intluenced by the complex three-dimensional bond-slip phenomenon. This is
the theme of the current research. in the tension zone within the vessel concrete, hond-slip takes place
at the steel-concrete intertace prior to cracking. It contributes to further cracking under loads and conse-
quently affects the ultimate load capacity. Bond-slip hehaviour is non-linear in nature and is intluenced
by many tactors such as the strength of the concrete, roughness of the steel surface and diameter of the
steel. As soon as bond breaks, the steel and concrete separates and wider cracks appear, producing
greater slip. During and atter the crack formation pre-stressing tendons carry most of the load and may

detorm plastically, thereby atfecting the integrity ot the vessel.

The bonded vessels under such conditions need to be investigated by sophisticated numerical techniques.
In the present research, the finite element method is adopted in order to model the bond strength history

of the vessels under increasing loads.

The scope of this paper is to analyse bonded and perfectly bonded prestressed concrete reactor vessels
For comparative study, an unbonded vessel is also analysed. The vessel chosen tor the analyses is of
multicavity type, in which boilers and circulators are housed within the vessel wall and cap thickness (1,

2). ltis intended to house the High Temperature Gas-Cooled Reactor .

The main investigation is based on bond between the prestressing tendons and the vessel concrete. An
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attempt has been made to carry out analytical study on bonded vessels. In order to corroborate results,
experimental tests have been performed on an octagonal prestressed concrete slab and pull-out specimens.
Using parameters obtained trom bond tests, the analyses have been carried out on the slab which repre-
sents the top cap of the concrete vessel tor an advanced gas-cooled reactor (AGR). Realistic material
models with regard to progressive cracking and compression of concrete, steel yielding and bond stress
distribution have been developed for analysis, with and without the influence of temperature and creep

eftects.

2. Theoretical Model

A brief outline is given tor the non=linear bond strength history of the vessel. The non-linearity consid-
ered are that of concrete, steel and hond-slip. Apply a load of Efn where n is the load increment.
Accumulate total load Pn = Pn 1 + AP” and R = AP where R is the residual load vector. Solve

U = K™ R wherei is the interation number and K is the stiffness matrix of the vessel. The Initial
Stress Method is used as a non-linear solution technique. The incremental slip for the nodal displace-
ments is given by

88; = Loy, ea. (1)

where T is the transformation matrix and ﬁ,ui are the element nodal displacements. The total slip at "i"

iteration is given by

S. = S. . +aS. eq. (2)

~l Si-1 ~
Total stress is computed as

Sbi = Shi-1 "t M e @

= +
Shi-1 ,Eb (gbl )~|
Here the state of the bond is checked, if the bond is broken, the stress is zero, i.e. Spi™ 0.0 and
T

Smax is obtained. If |Si |<smax bond stress is computed. Ifgb be the bond stress compatible with

the slip S;, the correct is computed as

Shi T Shi T %D eq. (4)
Total internal equivalent loads and residuals are calculated as
- T _ T e
Pigp = mdbL gy = ndL T B, TaU
= KE A'ge eq. (5)
R =P -P
~  ~Nh ~int
where Kb is the bond stiffness matrix given in Tabhle 1.

b6x6

The values of E are indicated in Fig.1.

3. Comparative Study of Results

Figure 2 shows the finite element mesh scheme tor the multicavity vessel (2) treating The Vessel as

perfectly bonded. Figure 3 shows finite element meshes at ditferent levels. Using the ahove mentioned
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analysis, many plots for deformation at various ages have been obtained. Here only results for 10 and
30 years are shown in Figures 4 and 5. Similatly the same vessel has been analysed for unbonded con-
dition. Coefficients for bond were obtained (1) using pullout-tests and trom the slab test. At various
stages the crack pattern was well disposed in case of a bonded vessel. In brief the ultimate load carrying

capacity in case of a bonded tendon was enhanced by 18%.

4. Conclusion

Tests have been carried out for bonded and unbonded slabs. Results have been incorporated into bonded
and unbonded vessels as parameters. Both types of vessels have been analysed for up to 30 years using
Ahmlink and rigid bonded schemes. It has been found that where no cable defects exist, the bonded
vessel can easily carry additional ultimate foad of 18% of the design pressure.
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Table 1 - Stiffness Matrix and Load Vector for Bond-Linkage Element.

i

foo +p bo, + Yac

A

PE+ | AEpt | #Ent | -#En- | ~AmEh- | ~4Ep-
p2E, + pq E, + Yt E, p® E, - pg Ey - vt Ey
Yv2E, vs E4 Y2E4 Y Eg
maEh+ mnEh -4m Ep - -m? Eh- -mn Ey
92 Ev + +StE2 pq Ev - 92 Ev - -stE4
s?Ex Ys Ex s2Ex
h"‘Eh -inEp, - -mn Eh -n2 Eh
+t2Ev | YMtE, ~stEL | -t?E,
[Kp] =mdl
6x6
AP Eh+ m Eh+ l'nEh+
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Y2EL Ys E 4
m2Ep+ mn Ep,
SYMMETRICAL q2 Ev + +stE4
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s2E
nEEh+
t? E,
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‘ “Mboy = Gag, TSk, l
p¢ _ | -npey -t \
o = miL { % Tt [,
|

Moy, + qao, T sie,

nAo‘h + tac

N A
mdL - perimeter of the steel
l,mnn>
P, - direction cosines.
s,t.
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