Portland Cement Association

. CONCRETE

Underground Concrete Tanks

A satisfactory reinforced concrete tank requires correct
structural design, good quality concrete, and careful construc-
tion. Design tables and numerical examples illustrating
procedures for design of tanks are presented in Circular
Concrete Tanks Without Prestressing*(15072) and Rectangular
Concrete Tanks™ (1IS003).

Design. Tanks should be designed in accordance with ACI
350R-89, Environmental Engineering Concrete Structures. Struc-
tural design should be in accordance with AC| 318-95, Building
Code Requirements for Structural Concrete. The reinforcement
detailing should be as per ACT Detailing Manual, special
publication SP-66, 1994. :

Quality of Concrete. Details of how to make good quality
concrete for tanks is given in Watertight Concrete*(1S002), also
helpful are Design and Control of Concrete Mixtures (EBO01)
and Concrete for Hydraulic Structures™ (15012).

Forms. Suggestions for good formwork can be found in
Formwork for Concrete, special publication SP-4, 6th ed.,

American Concrete institute, 1995. Improper and inadequate -

formwork may result in honeycombed areas. These areas
(unless patched properly) are potential spots for seepage, and
hence deterioration of the structure. The form ties used should
have waterstops—the specific requirement depending some-
what on the liquid pressure to be retained. Ties should not be
pulled completely out of the wall. The ends of the tie metal, after
breaking, should be at least 1-1/2 in. (38 mm) from the face of
the wall, More detailed recommendations are given in ACI
347R-94, Guide to Formwork for Concrete.

Joints. L eakage through tank walls occurs mostly at joints, so
these require special attention. The drawings show construction
joints at top and bottom of walls. No cther joints should be
allowed ifthey can be avoided . The making of good construction
joints is dicugsed in detail in Watertight Concrete” (1S002).

Before backfilling is done or surface treatment applied, the
tank should be filled with water to test for leaks. Repairs can be
made much easier at that stage. For testing water tightness,
reference should be made to ACI 350.1R-93, Testing Rein-
forced Concrete Structures for Watertighiness.

Stone pockets or honeycaomb should be chipped away to a
depth of not fess than 1 in. (25 mm), with edges of the chipped-
out area perpendicular to the surface. The area is then wetted
thoroughly to prevent absorption of water from the patching
mortar, which is made without coarse aggregate and with as
little water as possible. Patching mortar should be retempered
without adding any water by allowing it to stand for 1 hour,
during which time it is stirred with a trowel. The mortar is finally
compacted into place, screeded off, and cured as prescribed
for ordinary concrete.

*Available from the Portland Cement Association.

Leaking joints should be chipped to a depth of at least 1 in.
(25 mm), so that a slightly dovetailed groove is provided along
the joint, preferably on the pressure side, which is then filled
with mortar as described for patching stone pockets.

Surface Treatment. Concrete made with the proper type of
cement and properly proportioned, mixed, placed, and cured
will be dense, strong, watertight, and resistanttomost chemical
attack. Therefore, under ordinary service conditions, quality
concrete does not reguire protection against chemical deterio-
ration or corrosion.

Corrosive conditions that do require concrete surface pro-
tection can range from comparatively mild to very severe,
depending on the chemicals used and the domestic and
industrial wastes encountered. The type of protection em-
ployed against chemical attack also will vary according to the
kind and concentration of the chemical, frequency of contact,
and physical conditions such as temperature, pressure, me-
chanical wear or abrasion, and freeze-thaw cycles.

General guidelines for surface treatments are given in ACI
350R-89, while detailed recommendations are included in
Fffects of Substances on Concrete and Guide to Protective
Treatments* (IS001) and ACI 515.1R-79(85), Guide to the Use
of Waterproofing, Dampproofing, Protective and Decorative
Barrier Systems for Concrete. Experience shows that surface
treatments or admixtures will not correct inadequate design,
poor concrete, or faulty construction.

Mechanical Installations. Depending on the use for which
a tank is to be built, it is advisable io consult local codes,
insurance company regulations, and equipment manufactur-
ers in regard to the number, location, and types of manholes,
vents, and pipe connections. These and other problems in
each individual job require the services of a competent
consulting engineer.

The drawings on the following pages are based on more
conservative designs than the current code requirements and
are for relatively small capacities only. Since every tank instal-
lation involves a separate group of conditions, a competent
engineer is needed to make the final design and to supervise
the construction. The drawings will help in making preliminary
estimates and in drawing final plans. The tanks are designed
assuming a concrete strength of 3,500 psi (24.13 MPa} and an
allowable stress of 20,000 psi (137.9 MPa) for the reinforcement
of members under bending moments. An allowable stress of
14,000 psi (96.53 MPa) is used for the reinforcement of mem-
bers under direct tension.

Roofs of the tanks are assumed to carry a live load of 100 psi
(0.69 MPa) and 2 ft (0.61 m)of earth weighing 1001bs per cubic
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foot (1602 kgfcu m), making the total load 300 psf (14.36 kPa).  ordinary earth pressure, but external hydrostatic pressure is
Tanks are designed for the internal hydrostatic pressure  not considered here.
existing when they are full of water. Walls will withstand
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Rectangular Tanks (se race 2)

Dimensions, Capacilies, Estimated Quantities Bent Bars, Type U
Tank| Area, | Height, | Slab, | Wall,| Capacity, | Steal, | Gancrato, Tan h-bars bars
o ) . IT': ITZ oat (b. cu-yd: Ne-| wo. | size | spacing| Hor. | vert. | no. | Size | Spacing| Hor. | vert,
1 18x18 AL ] 1 10 33,93¢ 10,270 53.8 1 60 45 11 18/ 4" | & & &0 #5 11 19° 4° 4 6°
2 14x14 12 10 9 17, 4,130 . 2 52 #4 ur 14 4" 3 8 52 #a 11’ 15" 2 3 6
3 | 1ix11 10 9 B8 9,050 2,300 20.0 3 36 4 14" " 4|22y 38 7 14* 1220 |29
4 9x9 9 8 8 5,450 1,260 13.9 4 40 #3 1" o 4| 23 40 ') 11" 100 | 23
5 n? .1 7 7 2,930 800 A 5 24 #3 15° 74 1Ty b a 15 79 19
Bont Bars, Type L
Yank a-bars b-bars Jj-bars k-bars
No- | No. | Siza Spacing | Hor, | Vert, | No. | Siza | Spacing| Hor. | Vart. | No. | Size | Spacing| Har. | Vert. | No. | Size | Spacing} Hor. | Vert
1 (80| # | 616 | 570r | wor | 66| g5 | 734" | 5007 | a9 |80 | m [ By | sror [ 49r | 564 #4 | 4 | 54O
2 |60 | s | 53 |@or a3l | g [ 73 | 4o 4|60 | 48 | M | 49| 43 35| M | M | 49 43
3 40 #4 7 40" 1 39" 21 4 9 40" | 39" | 40 # 7 4 0° ¥er | 21 n 9f ror | 3o
R I - N S A I O IR I SR R O o L O yar |33
5 124 In e | e | zor || | 9 9 3o | 16| s | 9 2o | For | @ B | e 9 | 3o
Straight Bars
T,G"k c-bars d-bars e-bars J-bars
©. No. Size | Spacing | Length No. Size | Spacing | Lenglh No. Size | Spacing | Length No. Size | Spacing | Length
1 32 #3 73" 117 0" 40 #5 5l¢” 194 3* 28 5 7 1o 88 #3 10" 1¥ 6°
2 24 #3 714" 9 0 30 #4 Eﬁ' 15’ 0* 20 g’[& 74 9 0 68 74 i0* 114 6*
3 16 3 ol 7 e 20 4 7 12* ¢ 12 a oF 76 40 i 14° * g
4 16 #3 o & 6 20 #3 54| 107 0" 12 i3 9 6 6 44 #3 10° 8 6
5 16 n o 5 6 12 " 7igr 7 g 12 i3 o 5 §* 36 4 10° Fary
Tank g-bars m-bars n-bars o-bars
No. Ma. Siza Spacing | Langth No. Size Spacing | Length No. Size Spacing | Length No. Size Spacing | Length
1 60 #5 15" 13’ 67 32 4 FE% 3 117 ¢* 40 4 534" 19’ 3* 28 f4 7% 11" 0
2 44 4 15° 11’ 6° 24 [ 7?5' 90 30 ﬁa shgr | 157 0* 20 2 7% 9 0
3 40 74 147 8’ 6" 16 i 9 7 6" 20 #3 7 12 O 12 #3 M 7' 6*
4 44 #3 10" s 6" 16 # 9 6 6 14 43 T4 10 0° 12 #3 9 6’ 6"
5 36 i 10 76 16 " ¥ 5 & 8 T3 o 79 12 # g 5 6
*
Circular Tanks (st pace 4)
Dimensions, Capacities, Estimated Quantities Circular Bars in Slabs, Variable Length
Tank) Diam.,| Helght, | Siab, | Wall, | Capaciy,{ teel, | Goncrete, Tank b-bars d-bara g-bars i-bars
0 . : ¥'|' ™ gal. | 1o [ ouyd. NS, | njo.| size | Spacing | No. | Size | Spacing | No.| Size | Spacing | No.| Size | Spacing
1 20 14 10 8 32,900 | 6,220 44.6 1 8| # 10” 5 <} 12° 8 <] 10" 5 43 12
2 16 12 9 7 18,060 13,430 264 2 | 8| 5 8 4| m 127 8 I 8" 41 i 12
3 12 10 8 6 8,460 | 1,350 13.8 3 6 Iq 8" 3 3 12° ] i<} 8" 3 73 12°
4 10 9 7 [ 5,290 770 9.6 4 4] Ia 8" 3 <3 12 5 # 10* 3 #3 127
5 a8 8 6 6 3,010 470 6.3 5 3 # 10° 3 | 12 3 3 12 3 2] 12
Circular Bars in Wall Bars at Center of Slabs
(Two 25-diamaeter laps included In bar length} (See arrangemant on page 4)
Tﬁ nk e1-bars eg~bars Tank a-bars h-bars
0- No. Size Spacing Length No. Size Spacing Length Ne. No. Size Length No. Size Langth
1 15 #5 334" 68" 67 17 #5 614" 68" 6" 1 10 4 15° o' 10 #h 15 Q°
2 10 #5 416" 55" 07 1 #3 ;1% ¢ 0* 2 10 #s 127 0* 8 #5 12' 07
3 8 4 * 417 9" 3 ia 9igr 417 9’ 3 8 n 9 6 8 4 9 6"
4 10 43 315° 35" 0" 9 i3 8" 35 Q° 4 10 <) 8 0 10 3 8’ 0
5 7 i 4 28 9* g 43 7147 28’ 9 6 6 in 6 6 6 ,ga 6 6
Bent Bars, Type L
Tank e-bars J-bars J-bars
No. Ne. Size Spacing Hor. Vert. No. Size Spacing Hor. Vert. No. Siza Spacing Hor. Vert.
1 144 #5 517 4 3" 4 3 53 i) 15" 4/ 3" 147 47 53 s 15" 4" 3" 4’ 3"
2 98 #5 227 3 " ¥ B 49 #a 13* 3’ 6* 12 3* 49 4 13" 3 8" 3 6
3 73 #4 2744 -3 0" 3 0 43 i 117 30" 10 20 43 #3 1* 30 30
4 89 ¥ 415 2 g o g 25 I 16° 2 6 9 1° 25 i3 16” Fg 2 5
5 50 " [:3%7%4 2’ 3" 2 3" 20 i3 16" 2 3 8 0" 20 #3 16" 2 3 28 3"
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All dimensions to reinforcing
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This publication is intended SOLELY for use by PROFESSIONAL PERSONNEL who are competent to evaluate the significance and limitaticns
of the infermation provided herein, and who will accept total responsibility for the application of this information. The Portland Cement
Assaciation DISCLAIMS any and all RESPONSIBILITY and LIABILITY for the accuracy of and the application of the information contained in

this publication to the full extent permitted by law.

Portland Cement Association 5420 Old Orchard Road, Skokie, Illinois 60077-1083

and extend the uses of portiand cement and concrete
through market development, engineering, research,
education, and public affairs work.

I An organization of cement manufacturers to improve
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