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Corrosion of Circular Prestressed Concrete Water Tanks
By
Ib Falk Jorgensen,! Life Member and Fellow, ASCE
Steven R. Close!

Circular prestressed concrete water tanks have been constructed using two basic
styles. One has an inner tank wall (the “core wall”) that is circumferentially
prestressed by applying layers of wire or 7-wire strand. This “external prestressing”
can either be a continuous helix applied under tension (wire or strand wrapping) or
external tendons on rollers. The external prestressing is then covered by a shotcrete
covercoat, Figure 1, to provide the
primary corrosion protection. A steel
diaphragm is built into the core wall
of most externally prestressed tanks
and covered with a shotcrete coating.
The sheets of the diaphragm are about
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The other style uses “internal FIGURE 1: SHOTCRETE COVER OVER
tendons” These are further divided EXTERNAL PRESTRESSING

into two subsets; bonded tendons

(usually multiple 7-wire strands placed inside a corrugated plastic duct and filled with
portland cement grout after prestressing); or unbonded single-strand tendons
(individual 7-wire strands coated with grease and then covered with plastic, called
sheaths). Internal tendons are incorporated into both cast-in-place and precast
concrete tank walls.
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PLACEMENT OF THE SHOTCRETE OR CONCRETE COVER:

According to the AWWA Standards, the covercoat is supposed to be at least one inch
thick over the external prestressing of “wrapped” tanks (AWWA D110!) and 1%
inches over external tendons (AWWA D1152). The thickness is sometimes increased
in corrosive environments, such as salt spray on the coasts. However, these
covercoats are often placed by hand-held equipment and, in some cases, ACI 318's?
tolerance on concrete cover has been used to justify as little as 5/8 in. of actual
shotcrete cover on wrapped tanks. Because of this misuse of tolerances, which were
meant for nonprestressed reinforcing bars, not highly stressed wires, in some AWWA
D110! tanks, AWWA D1152 added a “no negative tolerance” clause on shotcrete
cover thickness.

An expert applicator, or a highly sophisticated automated system, is required to
properly place the shotcrete covercoat, Figure 3. For example ACI 3724 says:
“Shooting close and uphill, 3" or 4, will
result in (proper wire or strand)
encasement. Shooting downhill, 5° to 15;

will cause a rolling of the mortar, T el e
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increase the possibility of sandpocket Correct Shooting Angles
hollows behind the wires (or strands), and

decrease good bond of succeeding Sand Pockets and
shotcrete layers. Shooting from too far Voids Along Wires
away will cause buildup on front of wires or Strands

(or strands) and void areas behind Fault

Human error in the shooting angle or 4 ShOOU'ng Angles
distance from the wall causes voids for \
water behind the wires or strands, which

causes corrosion of the circumferential
prestressing steel.

e

FIGURE 3: SHOOTING OF THE
When the shotcrete is applied by hand SHOTCRETE COVER
and improper procedures are observed,
corrections can be made. It may be more difficult, however, to correct for
inconsistencies in the slump, and so forth, of the shotcrete mixture deliveries to the

site when automated shotcrete application equipment is used.



In the case of strand wrapping (a type of external prestressing) applied directly
against the core wall, horizontal channels have been observed along each strand,
Figure 4. This is due to the small spaces created where the outer wires butt up
against the core wall, where shotcrete cannot always be driven. Spacing the strands
away from the core wall, on rollers or other spacers, however, seems to prevent this.
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Some of the strands corroded
on this strand wrapped tank
and the shotcrete covercoat
was removed from the wall.
This exposed horizontal
channels behind the strands, at
the face of the core wall.
These voids were created in
spite of having used automated
shotcrete application
equipment on this tank. 5
i

FIGURE 4: VOIDS IN THE SH()TCRETE BEHIND ST]j WRAPINL}

The concrete cover over internal tendons, on the other hand, is placed monolithically
with the remainder of the wall thickness. The concrete in the entire wall thickness
is consolidated simultaneously by vibrators. The consolidation is verified during the
watertightness test; as water cannot pass through properly consolidated concrete.

CURING OF THE SHOTCRETE OR CONCRETE COVER:

Despite restrictions in AWWA D110! and D115?2 relating to air temperature while
shotcreting over external prestressing, fast moving cold fronts can lower the air
temperature to well below freezing prior to completion of the initial curing of the
shotcrete. This is exacerbated by the thinness of the shotcrete layers, 3/8 in.
maximum, which does not generate much heat of hydration. The newly placed
shotcrete will freeze prior to curing, if adequate precautions are not taken in time.

The thermal mass of newly placed concrete in a cast-in-place walls with internal
tendons, on the other hand, helps prevent freezing. Precautions, however, must still
be taken until the concrete is adequately cured. Curing is not an issue with factory
precast concrete walls, which are cured adequately prior to exposure to the elements.

Similarly, hot drying winds can damage exposed concrete or shotcrete surfaces until
properly cured. In particular, shotcrete covercoats, which are constantly exposed,
require proper curing procedures. This is difficult in reality, as the underlying layers
cannot be sprayed with membrane curing compounds that would prevent bonding
with subsequent layers. Cast-in-place, or plant-cast precast concrete walls also
require curing in hot weather, once the surfaces are exposed to the drying elements.



CRACKING DUE TO VERTICAL BENDING MOMENTS:

Most externally prestressed tanks are designed with a free base. Most internal
tendon tanks are designed with a base that is pinned or fixed sometime after the
circumferential prestressing is applied. A free base helps control vertical bending
moments. Indeed, with a full tank, a linear distribution of circumferential prestressing
and a truly free base, there would be no vertical bending moments in a tank wall.
This idealization, however, is not realistic. A partially full tank, the “banding” (the
concentration of wrapping above and below pipes and other penetrations through the
wall), thermal and moisture gradients through the wall, and the actual shear in the
neoprene pads all cause vertical bending moments. All these bending moments cause
cracks in shotcrete covercoats of externally prestressed tanks.

The concrete cover over internal tendons is, in most cases, two-way prestressed,
Figure 5. Nonprestressed vertical reinforcement is also provided for flexural tension
that exceeds the
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FIGURE 5: TWO-WAY PRESTRESSED CONCRETE of cracks to help
COVER OVER BONDED INTERNAL TENDONS ensure durability.

Combining vertical prestressing and nonprestressed vertical reinforcement stressed to
very low stress levels is very effective in controlling flexural cracks. This helps in
providing for the long term corrosion protection of the circumferential prestressing.

OTHER CRACKING OF SHOTCRETE OR CONCRETE COVERS:
SHRINKAGE CRACKING: Each layer of the shotcrete cover coat over external
prestressing is restrained from shrinking freely by the previously placed layers or the
core wall. This restraint causes craze-type shrinkage cracks in the shotcrete. The
concrete cover over internal tendons, on the other hand, is not subject to shrinkage
restraint, because it is placed monolithically with the interior part of the wall.


















