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DEPARTMENT OF THE ARWY ETL 1110- 3-446
U.S. Arny Corps of Engineers
CEMP- ET Washi ngton, D.C. 20314-1000

Engi neer Techni cal 20 August 1992
Letter No. 1110-3-446

Engi neeri ng and Desi gn
REVI SI ON OF THRUST BLOCK CRI TERIA I N
TM 5- 813-5/ AFM 88- 10, VCOL. 5
APPENDI X C

1. Pur pose. The purpose of this ETL is to provide design
engineers with criteria that will be used in preparing designs
and project specifications for construction of thrust blocks for
under ground water and wastewater piping at facilities for the
Arnmy and the Air Force. This ETL promul gates, as well as

suppl ements, criteria found in HQUSACE Architectural and

Engi neering Instructions, Design Criteria, and shall be
conpatible with and reflect criteria found in Air Force Mnual
AFM 88-15. This letter is a revision of Appendix C of TM 5-813-
5/ AFM 88- 10, Vol. 5. The encl osed revision should be used for
thrust block calculations until the criteria is incorporated into
t he applicabl e manual .

2. Applicability. This letter applies to HQUSACE el enents,
maj or subordi nate commands (MSC), districts, and field operating
activities (FOA) having Arny and Air Force mlitary construction
and design responsibility.

3. Di scussion. Appendix C of TM 5-813-5/ AFM 88-10, Vol 5,
Titled: Water Supply, Water Distribution, incorrectly used
bearing capacity in calculating the lateral restraint for thrust
bl ocks. I n another part of Appendix C, the use of full passive
pressure was incorrectly used to calculate the lateral restraint
for thrust bl ocks.

4. | npl enentation. This letter will have routine application
as defined in paragraph 6C, ER 1110-345-100.

FOR THE DI RECTOR OF M LI TARY PROGRAMS:

Encl RIC C. ARMSTRONG, P.E.
Chief, Engineering Division
Directorate of Military Programs
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THRUST RESTRAINT
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C 1. Ceneral. Thrust forces occur in waterlines when the

pi pel i ne changes directions, changes sizes, or stops. Thrust

bl ocks or restrained joints are used to resist thrust forces. The
geot echni cal paraneters used herein should be devel oped by a

geot echni cal engi neer.

C- 2. Thrust Forces. The magnitude of the thrust force may be
cal cul ated by:

T = 2PA Sin 2/ 2 at bends;

or by:
T = PA at deadends, branches, or tees.
Wher e,
T = thrust force in pipe,
P = internal pressure of pipe,
A = internal cross-sectional area of pipe, and
o = angle of deflection of bend.
These are shown in Figures G|, G2 and C 3.

@= Angle of Deflection

vT = 2PA Sin(8/2)

Figure C-1
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C-3. Thrust Blocks for Horizontal Bends. Refer to paragraph CG7
for sketches. The size of thrust block is cal cul ated by;

A > FT —F (W + Wg) ]/ (sZRKp

wher e;

Az = area of thrust bl ock,

T thrust force in pipe,

f friction coefficient for concrete cast on soil; varies
with type of soil; refer to Table C1,

W = wei ght of backfill,

We = wei ght of thrust bl ock,

(s = unit weight of soil,

Z = enbednent depth to bottom of thrust bl ock,

R = reduction factor applied to Kp (reference 4),

Fs = factor of safety,

Ko = coefficient of passive pressure for undi sturbed soil of
trench sidewall, preferably determ ned using the | og-spiral
met hod (reference 4).

In the absence of information regardi ng maxi num al | owabl e
di spl acenent of pipe and pipe joints, use K, instead of RK,.. The
above formula is then;

Ag > F[T - T(W + W]/ (s Z Ky
wher e;

K, = coefficient of at-rest pressure.

For a conservative approach, the termf(W + W) may be negl ected
resulting in either Ag > FsT/ (s Z R K, or; A > FsT/ (5 Z K.

C-4. Thrust Blocks for Vertical Bends. Refer to paragraph CB
for sketches.

C-4.1. The size of thrust block for upward directed thrust is
cal cul at ed by;

Vig > FS(Ty —W, - W -W)/ (c
wher e;

Vg = volune of thrust bl ock,

T, = vertical conponent of thrust force=2PA Sin 0/2 Cos O,

W, = wei ght of water in joint,

W = wei ght of pipe joint,

W = wei ght of soil or backfill over thrust bl ock,

(. = unit weight of concrete, and

Fs = Factor of Safety.

For a conservative approach, the terns Wy, W, and W, may be
neglected resulting in Vg > FT)/ (¢

C3
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TABLE C-|
Friction Coefficient for Concrete Cast on Soi
(reference 4)
Friction
Interface Materials Coefficient, f
Mass concrete on the follow ng foundation
materi al s:
Cl ean sound rock 0.70
Cl ean gravel, gravel —sand m xtures, coarse
sand 0.55 to 0.60
Clean fine to nediumsand, silty medi um
to coarse sand, silty or clayey gravel 0.45 to 0.55
Clean fine sand, silty or clayey fine to
medi um sand 0.35 to 0.45
Fine sandy silt, nonplastic silt 0.30 to 0.35
Very stiff and hard residual or
preconsol i dated cl ay 0.40 to 0.50
Medium stiff and stiff clay and silty clay 0.30 to 0.35

C4.2. The size of thrust block for downward directed thrust is
cal cul at ed by;

Ar > FsTy/ Qs
wher e;
Az = bottom area of thrust bl ock

T, = vertical conponent of thrust force,
gs = al l owabl e bearing capacity of soil, and
Fs = Factor of Safety.

C-4.3. There is also a horizontal conponent of thrust (T, in
vertical bends. The sizing of thrust block for the horizontal
conponent is calculated by the sanme fornmula used for horizontal
bends, except the termT is replaced by T, = 2PA Sin 0/2 Cos 0.

C-4.4. These are shown in Figures G4, C5 GC6 and C 7.

C5. Restrained Joints. There are several approaches to this.
They all calculate the Iength of pipe to be restrained on both
sides of the joint. The length to be restrained may be determ ned

by;

L > Fs(PAtan 2/2)/(F + 0.5 R (s Z K, D,)
wher e;
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8- Angle of Deflection

'T = 2PA Sin(B8/2)

Figure C-4

>

I

Branch or Tee

Figure C-5
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Dead End
Figure C-6
2PA Sin B/2 Cos B = TY T = 2PA Sin B/2
2]
TX = 2PA Sin 8/2 Sin 8
"\ "
( - - > -
Q
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Figure C-7
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L = restrained pipe |length, one |eg,
P = internal pressure of pipe,
A = internal cross—section of pipe,
2 = angl e of deflection of bend,
Fe = unit frictional force f(2 W+ W + W),

R = reduction factor,

(s = unit weight of soil,

= depth of enbednent,

coefficient of passive pressure,
outer dianmeter of pipe,

wei ght of earth on pipe,

wei ght of pipe,

wei ght of water in pipe,

as defined in paragraph G 3, and
Fs = Factor of Safety.

TEESPAN
IR

In the absence of information regardi ng maxi num al | owabl e
di spl acenent of pipe and pipe joints, use K;instead of RKp. The
above formula is then;

L > F(PA tan 0/2)/F, + 0.5 (s Z K, D,)

where, K, = coefficient of at-rest pressure. If novenent is
permtted, the reduction factor CR) nmust be determ ned by a
geot echni cal engi neer.

C-6. Trenching and Backfilling.

Trenchi ng and backfilling is specified in CEGS 02222 to
i nclude bedding, if required, initial backfill to at |east one
f oot above pipe, and final backfill to ground surface. This is
shown in Figure C 8.

The backfilling, or laying condition as it is sonetines
call ed, has relevance on the reduction factor (R) used to devel op
the partial passive soil pressure for the restrained joint
conditions. Use only cohesionless materials, if at all possible,
as bedding, initial backfill, and final backfill.

C-7. Thrust blocks for horizontal bends are shown in Figures C
9, G10, C4al and G 12.

C-8. Thrust blocks for vertical bends are shown as follows. For
thrust vertically upward see Figures C 13 and C 14, and for
thrust vertically dowward see Figure C 15.
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Figure C-9
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DEADEND

Figure C-10

Figure C-11
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Figure C-12

UNDISTURSED SOIL

Figure C-13
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Figure C-15
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C-9. Specifications.

C-9.1. CEGS 02222, Excavation, Filling, and Backfilling for
Uilities Systens.

Satisfactory materials for all but final backfill should
consi st of any cohesionless material (i.e., GN GP, SW and SP)
as classified by ASTM D 2487, Standard Test Method for
Classification of Soils for Engineering Purposes. Limt all
material to 3 inches or smaller. Unsatisfactory materials should
include all and any material not |isted as satisfactory. Sel ect
granul ar material should consist of only satisfactory materi al
classified as GWor SW natural or crushed, or crushed sl ag.

C9. 2. CEGS 02660, Water Lines.

| ncorporate the guidance of this Appendix (i.e., Appendix O
into the paragraphs relating to Thrust Restraint.

C 12
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