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ALLOWABLE STRESSES . -




A-1

LOS ANGELES COUNTY .FLQOD CONTROL DISTRICT

smucrum. DESIGN cmmxm '
 November, 1970 |

"“Secflﬁp A' ‘

Gengug}_Critgriq gnd>A1%agablgjsgf§sses '

A-I Httbod ef D-;]g_

The design of reinforced concrete membars shall be made with reference to
“allowable working stresses, service loads, and the accepted stralght~line
theory of flexure, Designs made with reference to load factors and :
ultimate strengths are not acceptablc unless prior District’ approva! is
abtained, \ )

Al] members of framzs or contlnuous construct ion sha)! be desfgnzd to
‘resist at all sections the maximum effects of the prescribad loads., Loads
shall be placed in the comblnation(s) that Induce the maxlmum stresses '
at any section, ' : :

A~2 Allcﬁnhlg,&;g;;sgs*

A-z |3 CQn&uits and Hyérauilc Structures

-Allouable concrete and reinfarcing steel unit stresses shall be as
shoun below,

‘Design criteria not §pe¢nf|cally covered in this manuaibshalf'be as
specified in the 1963 Edition of the “S8uilding Code Requirements for
Reinforced Concrete' (AC| 318—63) published by the American Concrete
Institute,

Main stress = carrying bars shall comply with AJ.S.T.M. A-éls, Grade 60,

Longitudinal steel shall comply with either A.S.T.M. A=615, Grade 40
or A.S.T.M. A-615, Grade 60,

Struct. Man.



A-2

A=2 Allowable Stresses continued,
(aA=2.1 Conduits and Hydraulic Structures)

The 28«day compressive strength'of the concrete shall be assumed to
be 4000 psi except for reinforced concrete pipe over 108 lnches in
diameter, cast<in-place pipe, and prestressed pipe.

See discussion herein for Increases in allowable stresses for loadings
of short duration.

. Maxi- Any _ Sfr¢55‘”
Concrete . mim Strength for - -
‘ Stress Concrete f'. = 4000 psi

Flexure, f.
Extreme fiber in compression - 0.45 f'. 1800 psi
Extreme fiber in tension, in C ST :
plain concrete ' - 162 F, 102
Extreme fiber in tznsion, S o
reinforced concrete Nane
Sheaf, v 5 ’
Beams without web reinforcing 1.1 f'; .._'JD
Horizontal shear in shear keys S LI A 4hoo
and,‘u

Top bars * ‘ _ - 350 psi 3,A1f'¢/§ 215/0
All othars s A Wf* / 304/D

Bearing, f.

On full area ‘ 1000 psi
On 1/3 area or less 1500 psi

*Top bars are horizontal bars having more than 12 inches of
concrete cast in the member below the bar,

Struct. Man,



A=2 Allowable Stresses continued. .
(A=2.1 Gondults and Hydraulic Structures)

Reinforcing Stbelv . S Unit Stresses
Flexural members and web reinforcing . 24,000 psi
Coma rcssfun
" Combined flexure and axial stress S v_ N nfc _
Camprtssion, flexural members ' C n times the

Compression in. the
surrounding concrete

For splices use 30 bar diameters minimum for stressed reinforcing:
- steel carrying moment or direct stress, and 20 bar diameters for

other reinforcing steel. such as that carrylug temperatufe and

shrinkage st resses. , _

‘Shear stress shall be calculated tn ac:ordance wlth Section 120!
of ACI 318-63.

Anchorage requirements for reznﬁcrcing steel shall be as speclfied
in Section 918 of ACl 318-63. ,

The minimum -and maxlmum rginfcrcung bar sl;e for cast-in-p!ace '
- condulits shall be No. 4 and No. 9, respectively. The clear distance
 between parallel bars shall not be less than the nominal bar diameter,
121/2 times the maximum size coarse aggregate, nor | inch, The
principal reinforcement shall be centered not farther apart than
3 times the member thickness nor more than 18 inches, Where con-
duit is to be constructed on curves, special attention shall be
given to steel detalls to insure that the spacing on the inside
of curves is not less than the allowable.

A-2 2 Bui!dmgg_

Allowable stresses for buildings shall be as specified in the current
editions of the American Concrete Instutute's "Building Code Require-
ments for Reinforced Concrete' and the "Manual of Steel Construction“
of the American Institute of Stee] Cans:ructien.

Struct, Manp .



A=2 Allowable Stresses continued.

A2.3 Other Agencies

Where the structure is to be constructed in the right of way of other
agencies, such as the Corps of Enginears, Railroad LCompanies, etc.,
the agency shall be consulted regarding their structural criteria. In
general, all structures should be deslgned in accordance with District
criteria, however, if these agencies have particular requi rements,
such as additional cover on steel, their criteria shall be followed.

Prior to submittal of the structural detalls for railroad crossings,
the methad of construction (i,e. jacking, open cut, etc.) shall be
approved by the railroad., The District will arrange for conferences
between the designing agency, the District and the railroad companies,

A3 toads |
A-3.] fonduits and Hydraulic Structures
A=3.,1.1 Live lLoad
le Structures should, in general, be designed to withstand
loads imposed by one H20=S16-4l4 truck as defined by the
American Association of State Highway Transportation Officials

(AJALS.H.T.0.). One truck per traffic lane should be assumed.
Charts for the determination of these loads are included herein.

- A=3,1.2 Mﬁatuhitpgd

l. Vertical earth loads should be calculated in accordance with
Rarston's theory for loads on buried conduits. The project
s$oil report shall be reviewed to determine the probable in
place density of the backfill material. This shall be assumed
to be 85 percent of the indicated maximum relative compaction;
hewever, in no case shall the soil density be gssumed to be
less than 110 pounds per cubic foot.

2. Lateral soil pressures should be based on an equivalent fluid
distribution. The equivalent fluid pressure shall be equal to
one third the assumed soil density. This pressure shall be
increased whenever it is indicated the soil may contain -
substantial amounts of water.

Struct, Man,



A-3 Loads continued.

A-3.2 Buildings

in general, buildings shall be designed for the loads specified In

the applicable building code. Ffor pump stations refer to loadings
specified in the District's Pump Station Manual. Proposed
loadings shall be approved by the District prior to start of

structural design,

A=b Econpmy_of Design

Sufficlient structural analysis shall be made to determine the economical
section. This shall include investigation of various height to width
ratios, maximum span, proportioning of members, steel layouts, etc.
These are discussed in detail in the various sections herein. . :

Struct, Man.
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B=1

Section B

Computer Design

B-1 saneran

The use of electronic computers for the production of structural data and
details is acceptable and encouraged., Where appiicable it.is rcqgcstcd
that Olstrict programs shall be -used. Prior approval must. be obtained if
a program other than a District pregram is used. :

Calculations for structyres carrylng railrcad loads are subject to the
approval of the railroad company Involved. The acceptability of designs
processed by a cbnputer shall be checked with the coupany involved.

8-2 Prqggams Not Develqggd by tha Dlstrict

Programs developed by other agencies, engineering firms, or data processing
companies may he acceptab!e provndeﬂ the fol!owcng procedure is complled with.

l. - The District be cnnsuited prior to the deveiopment or use of computar
programs for structural deslgn.m '

,.Z.-‘Tho program logic shall contain a routlne that will result fn
the economical scction. ; . 4

3. A listing of the Source Program-shall be submltted to the District
for review,

4, The Program tnput for each strﬁciurn shall be brinted‘by tha
computer and submitted to the District with the final drawings.

S. The Program Output for each structure shall be prlnfad by the
computer and suhmitted to. the District with the final draw!ngs.

6, The following Is a list of the items that shall be submitted for
a typical box conduit design, Similar items shall be sumitted
for other type structures,

Input or Calculated Values
8 Box width and height

b. Design cover

c. Pressure head

Struct. Man.



B=2

8-2 Programs Not Developed by the District continued.

d. Live 1oad, type and magnitude in psf
(e.g. H20-S16~4k, 245 psf)

e, Assumed thicknesses, if any.
Outpqt,Vélues‘ |
©a. Required thicknesses
b, . AreaAéf Qteei.required at critical sections
Ce _?erlmener'uf steel at‘critjca}'segtions.
d. Unif sheér_at grft?cal sentions; |
:e.. Cutoff points and/or area of steel curves
- f. Bistribution steel,
g. 'ﬁu@ber of longftudinal bars.
h. Concrete éﬁd‘reinfércfng steel-quaﬂtlties;
The District will review ﬁhsse programs and make an independent
check of the output. However a detailed check to insure the :
accuracy of the statements and logic will not be made, It will be

this _responsibility of the designing agency to resolve any significant
variance., : - ’ :

823 Dlstrict Programs

The District has dcveloped'cnmputer programé for the structural design
and check of the following reinforced concrete structures, Preliminary
write=ups for these programs can be found In pages S$S=107 to $~144,

1. Design of single barrel box conduits.

2. Check of single barrel box conduits.

Struct. Man.



~B=3 District Programs3conttnued.

3. Design of dodblé‘barrel (symmetrical and unsymmetrical) box
conduits., ' '

b, Check of double barrel (symmetrical and unsymmetrical) box conduits.

5. Design of rectangular channels.
6. Design of concrete pipe.

Computer programs developed by the District are available for use by out=
side agencies and private engineers. The District will not process the
data, however, listings of the program statements are available upon
written request. The use of District programs will greatly facilitate
processing of submitted plans by reducing our checking requirements and
elimination of the corrections the submitting engineer is required to make.

Inquiries regarding structural computer programs should be directed to
the &tructural Section, Design Division.

Several local commercial data processing firms have indicated they will
have District programs in their library. ' - -

8-4 Computer Checking

Structures will be checked through the use of computer programs where
available. Using submitted details as input, these check programs will
analyze the structure and print shear, bond and flexural stresses at
several critical points within the structure. |f this data indicates -
Stresses are not within a reasonable tolerance of the specified allow=
ables, the plans will be returned for redesign. To facilitate the
Preparation of the required input data and to expedite our check,
Structures shall be detailed in accordance with District nomenclature,
and where applicable, District forms shall be utilized., Several District
forms are shown on pages S 10C through S 102. These forms are available
for use on District projects.

Struct. Man.
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. ' | ~ Section C

Drawings and Calculation Sheets

C-1 ‘General

1. The designer shall be held solely responsible for the correctness
of all drawings and calculations submitted to the District. All
work shall be iIndependently checked by the designing agency.

2. All calculations shall be on 8-1/2" by 11" sheets, computer
sheets or special tabulation forms, signed by the designer
and checker. All calculations shall be original or legible
coples of originals made by a permanent process. -

3. In general, structures shall be detailed to not less than 3/8"
= 1'=0" scale with sufficient detalls for construction purposes.
Where standard forms, typical sections of box condults, open
channels, arch sections, etc., are used to reduce drafting re-
quirements It is not required that these to be scale. Details
shall be of sufficient scale to permit a one-ha!f reduction with-
out loss of clarity.

4. Where several condults of the same type are to be used, it is.
requested the structura! details be presented in tabular form.
An example of the prefered form for box condults and open channels
Is shown on pages S-100 to S-102 and the form for pipe condui*s
over 108 inches In diameter Is discussed on page J-5.

5. The_concre?e and stee! quantities for box, open channel; and arch

sections shall be shown on the structural sheets. Quantities
shall be per linear foot of conduit.

Struct. Man
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D=1

D=1

Section D
mt———————————

_ Stapdard Drawings -

General

The following crlterla shall be the basis of setectlng the type of
standard structure to be utilized. Charts for this purpase are.
~shown on pages $~103 to S'IGS. - - "

D=2 Nanhales

The following crlteraa shall be the basis of se}ecting tha type of
manhaole to be utiilzed.

Manhole No. ] (Z-D 102)’

Main line = 3?' unsnde dtameter or less. ’(Excébtlon'~ if

. the main line pipe downstream of the manhole is 36' to #2'
" 'inslde diameter and the main llne plpe upstream ‘is 33" Or
~less, use a Manhole No. 1. )

The maximum size lateral that may be brought into a Hanhoig No. l
is governed by the follow1ng' : :

a. Refer to Standard Drawing No. Z-D 102 (PLAN) . The distance
from the outside of the lateral.to the inside face of the
end wall of the manhole, measured from the end of the lateral
perpend:cuiar to the end wall, shall be a mznimum.of 6",

- b. Refer to Standard Drawing No. 2-D 102 (SEC. A-A) The

distance from the outside (top). of the lateral to the
bottom of the 8" thick top of the manhole chamber, measured

vertncally from the end of the pipe, shall be a manlmum of
6" . -

If the size of the lateral, or the angle at which it is entering

" the manhole, is such that the above-~specified minimum distances

cannot be maantalned then one of the follawing alternate solutions
must be used,

Struct.-Man.



0-2 Manholes ;'.c}p.t_,}l:nued.

a. Provide a special structure,

b. Provide two standard structures, consisting of a anbnle
- No, | placed upstream or downstream from the .applicable
Junction Structure No. 2, or Transltlon Structure No. 3.

Manhole No, 2 or ﬂanhole No. h is nnt app!lcabla where the main
line conduit is tess than 36 inches in diameter,

2. Manhole Na. 2 (2-D 184)

Main tine = 36" inside dlameter or larger. (Seé.exccgtion for
Manhole No. ]-) |

The outside diameteriof'the latera] must be less tham or equal to
1/2 the inside diameter of the main line. |If the upstream and ‘
downstream diameters of the manhole are not the same, the governing:
inslide diameter of the main line shall be conslidered to be that where
the extended center>line of the lateral enters the manhole.

In no instance shall the inside diameter of the lateral to a Manhole
No. 2 be greater than 30", : . :

3. Manhole No. k {2-0 113)

A Manhole No. 4 is used when a Manhole Mo, 2 ls Inadequate. Main
line = 36" inside diameter or larger :

Latara! = 12" to 144" inside diameter; however, the inside diameter
shall not exceed the inside diameter of the main lrne.

4, Geaeral Notes for Manholcs

Laterals entering both sides of Manholes Nos. | and 2 are undesirable
for safety reasons and should be avoided wherever possible. Laterals
may enter both sides of a Manhole No. 4; however, the access shaft
shall be located on the side of the manhola receiving the smaller
lateral, and in addition, the length of the manhole must be such that
the lateral opening will not ipterfere with access to the structure.

Struct. Man,



' 0-3 Junction Structuras

" The following criteria shall be the basis of selectnng the type of
junction structure to be utilized.

le

2,

3.

Junctlon Structure No. & (2-0 193)

Use a Junct;on Structure No. h when the lateral, inleting into
a pipe conduit, is less than or equal to 24" tnside diameter,
The outside diameter of the lateral must be less than or equal
to 1/2 the inside diameter of the main. line conduit. The pro-
longation of the axis of the !ateral should :ntersect the axis
of the main line condult. : '

Junctlon Structure No. 2 (2=-D 112)

Use a Junctian Structure No..z when the outsnde d:ameter of the

lateral, inleting into a. ptpe conduit, is greater than 1/2 of the

_inside diameter of the main line, or when the inside diameter of

the lateral is greater than 24'', However, the inside diameter
of the lateral must be less than or equal 3/4 of the inside
diameter of .the main Iine, and in addltton, must be less. than
or equal to 39:. : .

T3 the inside diameter of the lateral is. greater than 3/# of the
inslde diameter of the main line, or 'If the inside diameter of the
lateral is greater than 39", It will be necessary to use a
Transition No. 3 (2-D 188). '

Junctlon Structure No. 3. (Z-D 19!)

Use a Junction Structure No. 3 when the inside diameter of the
lateral into box conduits is 30" or less for reinforced or -
non-reinforced concrete pipe, and 60 inches or less for

corrugated metal pipe. Use of this standard for Case | and Case 2
is also limited to connections of laterals where the outside of the
connector pipe is a minimum of 12" below the sofflit and also a

minimum of 12" above the invert of the main line; further, the

angle of convergence shall be 45 degrees or greater,

Struct. Man.
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D=3 Junction Structures continued,

b, Junctlion Structure No, 1 (2D 189)

In general, Junction Structure No. | is used for connecting
laterals to maln line box conduits where the limitations listed
hereingbove preclude the use of Junctlon Structure No. 3. if
. the inlet opening Is of such size that the opening does not -
fall below the top slab haunch and 6" above the invert slab
and/or angle A Is less than 30 degrees the structura! adequacy
of tha stmcture shaﬂ he inmtlgated

D=4 sv-Laud Tnb}es

D-‘Lm,d; Tables fnr beslgn of Rcinforced Concrete; Pig_& (2«0 213.

Standard Orawings Nos. 2-0 213.1 ta 2-D 213.27, “D-Load Tables for
Design of Reinforced Concrete Pipe', shall not be im:tuded in the
list of project dmings. Refer to page I-B

0-5 Design Pipe

Stgel.,A_re'as'~for.Relnforc_ed Coricrete- Pipe- (2-0 214.1 to .6)

Standard Drawings Nos. 2<D 214,11 to .6, "'Steel Areas for Reinforced
Concrete Pipe!, shall be ingluded in the list of project drawings
when applicable. In addition the pipe must be detalled an the

- project drawlings. o : Y

D~6. Subdramage System {2=D 295. .L, .2, ard 3)

Standard Drawings Nos. 2-D 295.1 tc .3, Subdramage Suystem for R. C.
- Rectangular Open Channel", shall be included in the 1list of project
drawings when applicable. '

See discussion J.n Section R (Floor Slab Dra:.ns) » page R-2, for use of
this sf:andard .

D-7 Inlet No. 1 (2-D 265)

‘Standard Drawing No. 2-D 265, "Inlet No. 1", shall be included in the
list of the project drawings when applz.cable.

An Inlet No. 1 should not be used in watercourses subject to debris

flow; use an inlet structure incorporating a standard protection
barrier (2-D 261) for this conditien.

Struct. Man.



D=8 Subdrainage System (2-D 295.1, .2, and .3)

Standard Drawings Nos. 2-D 295.1 to .3, ''Subdrainage System for R. C.

Rectangular Open Channel", shall be included in the list of project
drawings when applicable.

See discussion in Section R (Floor Slab Drains), page R-2, for use of
this standard, '

D-9 Inlet No. 1 (2-D 265)

Standard Drawing No. 2-D 265, "Inlet No. 1", shall be included in the
list of the project drawings when applicable,

An Inlet No. 1 should not be used in watercourses subject to debris

flow; use an inlet structure incorporating a standard protection barrier
(2-D 261) for this condition.

Struct., Man,
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Section E

: { Design Data

E-1 General

The design data for all structures shall appear on the project drawings.
This data shall include: Depth of earth cover, live load, if any, and
~allowable stresses. See discussion on pages J-5 and J-6 for additional
. data and notes required. for reinforced concrete pipe over 108 inches in
diameter, - -
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Section F

Structqrelentes _

Fflz General

The foltawing nptes, as app!icable, shall appear on the project draulngs
in- the form presented below tugether wlth sach others as may be needed
. on a pertlcular project. : :

F=2_General Notes L

Design of the pipe shown hereon is based on the assumption the pipe will
be installed in accordance with Case 11! bedding as shewn an Standard.
Drawing No. 2=D 177 unless otherwise shown. ''W' values shall be as.. .
specified on Standard Drawing No. 2=D 177 for Case 111 bedding, Notes :
3(a), 3(b) and 3(c). If the "W value at the top of the pipe is exceeded
the beddlng shall be modified and/or pipe of additional strength shall

be provided. The proposed modification shall be approved by the District.

F=3 Structdral Notes

| General Notes (All Types of Structures)

l. Dimensions from face of cnnerete to steel are to center of
bar unless otherwise: shoun.vm :

2. Concrete dimensions ‘shall be measured horizontally or verti=
cally on the profile, and parallel to or at right angles (or
radially) to centerline of conduit on the plan except as
otherwise shown. :

~ 3. All bar bends and hooks shall conform to the 1971 ‘American
" Concrete instutute's Building Code Requirements for Reinfarced
Concrete' Section 7 |

k., Placing of reinforcement shall coaform to the 1971 Amerltan
Concrete Institute's "Bullding Code Requirements for Reinforced
Concrete! Section 7.3. .

~ 5. Transverse construction jotnts-shall not be placed within 30"
inches of manhole or junction structure openings,

Struct. Man.
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F=3 Structural Notes continued.

6. Transverse construction joints in walls and slabs shall be in
the same plane. No staggering of joints will be permitted.
Transverse construction joints shall be normal or radial to
the centerline of constructian, ,

7. The transverse reinforcing steel shall terminate 1=1/2 inches
from the concrete surfaces unless otherwise shown on the struce
tural details, - o

8. Exposed cdgés of concrete members shall be roﬁnded or bevetled,
3. No splices in'transverse steel reinforcement will be permitted
other than shown on the drawings without approval of the Engineer.
- No more than 2 splices will be permitted in any longitudinal bar
between transverse joints. Splices shall] be staggered,

10. Long itudinal steel shall be iapped‘ZO bar diameters at splices,
Transverse steel shall be lapped 30 bar diameters at splices,

Additional Notes for Box Sections:

e Longitudinal stael shall be continuous and extend through all
- construction joints, L o

2. Unless otherwise shown on the drawings, transverse joint keyways
(in both slabs and walls), as detailed for longitudinal keyways
at the base of the walls, shall be placed at the end of each

- pour, but the spacing thereof shall not exceed 50 feet or be
less than 10 feet, Spacing may be decreased to avoid proximity
to inlets. All construction joints In bottom slab, top slab, and
side walls shall be in the same plane. No staggering of joints
will be permitted, .

3. Unless otherwise shown on the details, in curved sections transg~
verse bars shall be placed radially., Straight transverse bars in
top and bottom slabs shall be spaced as shown on the typlcal
sections; spacing shall be at the centerline of construction for
single-barrel boxes, and at the centerline of the barre! on the
outside of the curve for multi-barrel boxes. Straight bars and

. k=bars in walls shall be spaced as shown on the typical sections,
with the spacing measured between the vertical legs of bars.,

(Note: This note shall be modified as required to eliminate
any reference to sections not on the project; i.e.
delete all reference to multi=barrel box if there
is none on the project.)

Struct, Man,



F=3 Structural Notes continued.

4, At the begtnning and ending of all pours; a complete curtain af _
main reinforcement shall be placed three inches from the transverse
construction jolnt,

5. The vertical wall steel in interior walls and in the interior face
of the exterior walls may be spliced at the construction jolnt at
<§he base of thz wa!l. "The splice shall be 20 bar diame:ers in

ength,

6. The design of box sections Iden+1fied by a numerical value only
Is based on a width of trench equal to the outside width of the
condu it plus 3 feet. When the cover is equal to 10 feet or {ess,
+he trench width Is unrestricted. When the cover is greater than
10 feet and the trench width Is greater than the outside width of
the condult plus 3 feet for a distance In excess of 10 fee+ an
al+erna+e secflon shall be used as indicated belou. ‘

" A. When the depth of cover Is less “than 18 feet,. secflons wlfh
- the suffix v shall be used.

' B,--When the dep+h ‘of cover Is grea?er fhan 18 feef and

1, the +rench width Is less than the ou*side width of condu1+
plus 6 feef sections with the suffix "A“ shall be used.

2. the trench width s greater than fhe oufside width of
condui+ plus 6, sections with,the suffix "B" shall be used.

Struct. Man.



' Addiiiqnal Nofés,fer Onen Channe( ‘e;tiﬁns

X;A

2’"

3.

_Longi:ud:nal steel shall terminace two 'nches from :ransverse
~eonstruction joints.

Spacing of transverse joints shall not exceed 50 Feet or be less
than 10 feet, measurea alaong the centarline of construction,
except as otherwise shown cn the plan and profile sheets, Spacing
may be decreased to avoid proximity to inlats,

Transverse joints shall be placed at the juncrion of rectangular

open channel sections with closed conduit sections. The joint $h31|

not be keyed and shall have a 3/8" layer of expansion joint
: material in walls and invert.

Al rec;angu!ar open channal walls shall bc fen.ed in accurdance
with Standard Drawing 2~ﬁ 18@

in curved Secticns, the maximum spacing of bars shall not exceed
that shown for the typical sections., Sceel shall be placed radially
from the maximum spacing. ' '

At the beginning and ending of all gayrs; a compiete curtain of
main reinforcemgnt shall be placed three inches from the transverse
construction joints.

Additional Notes for Cast~in=2lace Tunnel Sections

T,

The concrete tunpel lining may be poured in the longest practical
section which will parmit each section or portion of section to be
completed in one continuous operation. Transverse construction’
joints as detailed hereon shail! be placed at the ends of each pour.

Struc. Man.
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F-3 S:ructural Notes continued.

‘Where theAlength'of pour exceeds fifty feet, a dummy groove ribbon

of premalded contraction joint shall be placed at intervals not

', exceeding fifty feét. The required transverse joints shall be

continuous and extend throughout. the entire section and be in the
same vertical plane; i.e. at all locations where a transverse joint
s required in the invert slab, a transverse joint is required in

”:_the*arch.sec;TOn and likewise a joint in the arch section will

2.

3.

Se

necessitate a joint in the invert siab,

Longltudinal steel shaﬁl”be_coﬁ;jnuous ahduextany thfddgh atl .

construction joints,

At the beginning and ending of all pours, a complete curtain of
transverse reinforcement shall be placed three inches from the
transverse construction joint. T S

in C&rvnd’seétions transverse steel shall beiplaced5radfally.
Straight transverse bars in the invert slab shall be spaced
as shown on the typical sections; spacing shall be at the

_centerline of construction. . Curved bars on the inside face

at the crown shall be spaced as shown on the typical. sections;.
spacing shall be at the centerline of construction, The . -
maximum spacing of all other bars shall not exceed that shown

for the typical sections,

In the event steel rib tunnel supports are used,‘the'Dlétrict

reserves the right to eliminate extrados bars above the top of
the footing as noted below.. . = ' '

Rib Spacing ~ Bars to be Eliminated
40! and under 1 Bar per r'.ib
Over 4'=0'" 2 Bars per rib

Aﬁdit{opal Notes fcr Box Sect}gqs to bé Ja:kéd.iqf?face

l.

The Contractor shall use jacking heads or load spreading beams
of such design and size as to spread the jacking force uniformly
over the entire invert section. o .

Struce. Man
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F=3 Structural Notes continued,

2.

3.

k,

If the 1oad spreading device or jacking head selected does not
 permit the required 20 bar diameter extension of the normal

longitudinal steel, cohtinuity may be maintained by doweltng from

the adjazent séction. '

The Ieading edge of the conduit shall be equtpped with a Jacklng
head securely anchored thereto. The length and detalls of the
Jjacking head shall be subjett to the approval of the Engineer.

The use of guide rails, slabs, cradles, etc, will be subject to
written approval by the Englneer. ,

Additieaal Notes for Gesign Pipe

The following notes shall appear on the praject drawings where'
-applicable, . . ,

i,

If the pipe design s based on Standard Drawings Nos. 2-0 214.1 to
2D 214.6 and the steel area values are from the chart based on the
ditch condition with trench width -equal to the outside diameter of.
the pipe plus 24 inches, the fo!lowing note shall appear on the
project drawings: , ‘

Design of the pipe shown hereon is based on Standard Drawangs
Nos. 2=D 214,1 to 2-D 214,6 {Case 111 bedding = ditch condition).
"W values shall be as specified on Standard Drawing No. 2=D 177
for Case 111 bedding, Notes 3(a} and 3(c), If the "W value at
the top of the pipe is exceeded, pipe shall be redesigned per
‘Standard Orawings Nos. 2-0 214.1 to 2+D 214.6 {projection con-
dition = unrestricted treach width), or as otherwise approved

by the Distrlct.

If the pipe deslgn is based on Standard Drawings Nos. 2=D Zlb.l to
2-D 214.6 and the steel area values are From the chart based on
unrestricted trench width, the following note shall -appear on the

project drawing.

Struct. Manp



F~3 Structural Notes continued,

Design of the pipe shown hereon is based on Standard
Drawings Nos, 2-D 214.1 to 2-D 214,6 {(projection
condition - unrestricted trench width), "W" value at
" spring line of pipe shall be as specified on Standard
Orawing No. 2-D 177 for Case |11 bedding, Note 3{a).
"W yalue at top of pipe may be any dimension,

3. If the pipe design §s NOT based on Standard Drawings Nos. 2-D
214.1 to .6, an appropriate note stating the case of bedding,
earth load condition, and limits of "W values shall be noted
on the project drawings, o S

AddItional Notes for Cast-in-Place Pipe Construction

1. Junctlon Structures shown on the plans are for reinforced con-
~crete pipe. The following substitutions shall be made for
Junctions Structures for use with cast=in-place pipe:

a. A Junction Structure No, 4 (2-D 193) shall be replaced with
either a Junction Struycture No. 2 (2-D 112) or a Transition
Structure No. 3 (2-D 188).

b. A Junctlion Structure No. 2 (2-D 112) shall be replaced with
a Transition Structure No, 3 (2-D 188).

2. Standard Orawing No. 2-D 112, Junction Structure No. 2 when
used with cast-in-place pipe shall be modified to Include
concrete backfill ! foot over the cast-in-place pipe.

3. At the .end of all pours and at the end of each workling day; the
contractor shail install #4 dowels 24" long, 12-Inches into
the last pour at 12-inch centers around circumference of cast-
in=place pipe. |

" Struct. Man.
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Section G

Degﬁgg of Box Conducts :

Economy of Des{gg

. Helght to Width Ratio -

Careful economic studies shouldbe made to - '
 determine the greatest economy of the entire storm dram.
. As an aid to determine the most economical ratioc of: helght
to span, where It is possible to vary this ratio, a curve -
"Total Cost Compatison Curve for Rectangular R.C, Sections' =
is Included (page $-21) showing relative costs for different
- ratios of height to span, assuming the unit ‘costs shown and
_a common - invert grade far all ratios. This curve is not- -~ .~
. directely applicable where the soffit grade |s to be held,
. Where box and pipe alternates are specified, the height
of the box should, |f possible, equal the internal diameter
- of the pipe. It will be seen that this. gives & relatively
econonical ratio cf height to span. -

,2-‘ Haxlmum 522‘1 .

-.Uhcra the clear span of box conduits exceeds 12'-0" a cost
study should be initiated to determine the advisabllity of
using additional cell(s) with shorter spans. As an aid to
determine the maximum economical span, a curve showing span.
 vs, cost is included (page S~22). As noted, this curve Is based
~on the analysis of boxes of one height iny. Therefore, :
careful judgment is rcquired to determine If the curve is
’ appllcable. . . , _

st ruc,ﬁ « Man.
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G-1 Economy of Design'confinued)

3. Length Of»ReaCh.

It Is consldered desirable for economy of concrete and steel to change
concrete thickness and reinforcing for a particular cross section af
about two-foot Increments of cover where the depth of cover is varying
gradually. The maximum varliation In cover should not, in general,
exceed 4 feet for a glven section. Small changes in interior area
should be avolided, but where necessary should be made by varying

the height rather than the width of the box.

G=2_Method of Design -

Box condylts shaill be designed, In general, for the dead weight of the
structure, and vertical and horizontal earth load together with the
combination of vertical live load, horizontal |ive load, internail water
pressure and uplift pressure wich give the greatest stresses In the
varlous parts of the structure. Box condults shall be checked for
construction l{cads as discussed on page G-11. Drawings showing loading
conditlions to give maximum stresses In box conduits are included (pages -
S-17 to $-20).. Design sections shall be shown on the drawings and shall -
~be identifled by numberical designations. . : - ;

When the cover on a box conduit exceeds 10 fest the design shall include
provisions for wide trenches resulting from construction operations.
These sections shall be Identified by the same numerical designations
plus a letter suffix. (See page G-8). T . '

Closed conduits shall be designed as rigid frames. Shear determination
and Moment Distribution shall be based on centar line spans, In
analysis where the members are assumed to be of constant cross-=section,
the stiffness of the invert slab shall be calculated using the thickness
at the center of the span. Design moment shall be that at the face of
the support, Correction of moments from center line to face of support .
shall be based on the assumption that the variation in shear between the
face of the support and the center line is linear. For design, the '
maximum shear shall be considered as that at the section a distance,

d, (d = effective depth of the member, do not include depth of haunch)
from the face of the support. Axial thrust shall be considered .in the
design of the walls but not in that of the top and bottom slabs.

In determining the negative steel in the bottom slab, credit shall be
taken for the additional I-inch depth at the walls due to the invert
drop. Where nominal haunches, 4 to 6 inches, are used in construction
of the conduit, they shall be neglected in all phases of the design

such as in calculating unit shear, bond, area of steel and stiffness

of members. In large structures where structural considerations -
indicate substantial haunches are required, they may be considerad

in the design.

Struct. Man.



G=2 Method of Design continued.

Where hox conduits are of relatlvely short length, such as are used
for channel crossings, and the centerline of the roadway is not normal
to the center line of the channel, a skew analysis Is required. The
angle of skew Is defined as the angle between a line perpendicular to
the roadway center line and a line parallel to the supporting walls,
The modified skew angle is the angle of skew in a place tangent to the
" neutral surface at any section. In slab analysis the modified skew -
angle is equal to the skew angle. In vertical wall analysis the
modified skew angle is equal to zero. The method of skew analysis
shall be as presented in Paper 2474, ASCE Transactions, Vol. 116,
1951, titled '"Practical Design of Solid Barrel Reinforced Concrete
Skew Structures'* by Bernard L. Weiner. Under this method the sample
section for rigid frame analysis shal]l be taken perpendicular to the
center line of the conduit. Basic moments, thrusts and shears are
determined for this right angle section. Design moments, thrusts and
shears are cbtained by multiplying the basic moments, thrusts and
shears by the square of the secant of the modified skew angle. In
‘this method of design the steel is placed paral%el to the center line
of the. roadway. - ,

'Edge beams shall be prov:ded at the term:nation of all cast-;n-place
box conduits. Edge beams shall also be provided where traffic require-
ments are such that skewed construction Jornts wlll be requlred

Moments anduced in restrained structural members due to temperature
variations or changes in moisture content of the concrete shall be
considered, - The temperature variation shall be assumed as a 30 degree
F. rise and a 40 degree F, fall. When utilizing these forces, the
basic allowable stresses are increased by one third.

Temperature variation is not .considered to be a major factor in the

* design of conduits with a significant depth of earth cover or in
culverts of short length where the top slab is exposed, such as at
street crossings, and need not be conslidered.

Where a large portion of a structure is poured at one time shrinkage
will be realized. Where the resultant stresses are high, consideration
should be given to utilization of details that will prevent these
stresses. For example, by leaving a small portion at the span center

as a final pour, the effects of shrinkage are greatly reduced or
practically eliminated.

Struct. Man.
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G2 Methed of Design continued.

Hherc the

structure is subject to unbalanced lateral loads a

sidesway anaglysis is required. This is not intended to apply to the
normal trench Instal!atlon where unbalancad loads result from iive .
load application. o : '

GPBA_Vgr;1;a1-Lpads S

83, ‘l' Liée L-nad

G~3.1 l Htghway Laadigg

Box

conduits shail be designed for one Hzo-slﬁ-hh truck per

lane except where passing beneath ratlroad tracks. .

1.

2.

‘For box COﬂdBitS where the earth cover is 2'-11" or less,
whee! toads shall be distributed on the top slab in .
accordance with A.AJS.H. T.0. 1.2.3. and .impact shall be
added in accordance with the provisions of A.A.S.H.T,0. }
1,2,12{(c). for culverts; i.e., 30 percent for 0’ to 1'-0'
cover, 20 percent for 1'- 1" to 210" cover, and 10 percent
for 2t=1" to 2'-11% cover. One standard H20-S16~44 truck
per lane shall be considered on the structure and placed

30 as to produce maximum positive and negative moments
or shear, For spans 12 feet or less, a single wheei load

centered on the span is consndered sufftCIent.

Where the cover is over 2'-11" but not gréatnr thah 101,
the wheel loads shall be distributed through the fill to

the top slab in accordance with the followlng equations:

Struct. Man.

Transverse (with refnrence to the t ruek) spread
of wheel load = 1.2+1,6F

Longitudinal {with reference to the truck) spread
of whee] load =~ 1,5+1, SF

where F = depth of fill over box in feet,
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G-3 Vertical“Loads ' :
(6=3.1.1 Highway Loading)

" The follow;ng tabulated pressures apply for covers of three
feet and over: _

JABLE OF VERTICAL LIVE LOADS

| Cover ”F"_'-f4Wheel Load L.L. Pressure on Tep Slab

Fest ~ __ Kips psf
3 16,0 - 489

i 160 0 31k

5. 6.0 23

6 16.0 o 8
8 16,0 119
-9 16,0 - 198
10

16.0 s 0 8h
These Valuee inclhde'the‘effect of overiappfng wheel loads.

Nheel 1oads shall be distrihuted to the bottom slab as
‘ follous for covers of IO feet or less'

Transverse (wlth reference to the truck) spread of
wheel load = 1.2+1,6F+H for traffic pardllel to main
reinforcing
= 1,2+1,6F for traffic perpendicular to
main refnforcing »

Longitudinal (with reference to the truck) spread of
L'wheel joad = 1,5+1.5F+H for traffic perpendueu1ar
: . to main reinforcing
= ],5+5F for traffic parallel to main )
reinforcing : '

where F = depth of fill aver box in feet and H » height
of box from invert at base of wall to soffit,

The effect of overlapplng wheel loads shall be taken
into account.

Struct. Man.
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G-3 Vertical Loads continued,
(6-3.1.1 Highway Loading)

Charts for H20 truck loads on invert slabs are included
(pages S=3 to S-3). For covers from 0' to 2'=11%, charts
are included for the conditions of traffic parallel and
perpendicular to the main reinforcing in the conduit.
in general, the maximum value of the two conditions shall
. be used., However, where the length or location of the
conduit is such that traffic flow is possible int one
direction only, the appllcablg condition shall be used,

b, Where the cover exceeds 10 feet, the effect of truck loads
on box conduits shall be assumed to be negligible.

‘G-B 1.2 Railréad-Loadina

, Condui+s passlng under rallroads sha!l be designed in accordance
with the requlrements of the.particular raitroad. In general the -
_mrnimum design loads are as follows:

Railroad I Coqper Loading
Atchison, Topeka and Sanfa Fe | E 80
Southern Paciflic i E 72

Union Paclfic . T : E 72 .

Cooper E 65 loading may be: used under indus+rlal spur and connectIng
tracks under jurlsdic+lon of Union Pac!ftc Ral lroad Company.

A set af curves is Included showlng railroad loads at various
depths of fil! for Cooper's Ioadings (pages S-10 to S=16).

6-3,2 Dead Load

G-3.2.1 Dead Weight of Structure
The unit weight of concrete shall be taken as 150 pef.

G-3.2,2 Dead Nbight of Overburden Soil

Earth loads shall be calculated using formulas derived by Marston
for load on buried conduits., The design unit weight shall

ordinarily be taken as 110 pcf. This is assumed to be the actual
welght of compacted backfill. Where soil analysis and judgment
‘indicates that the actual unit weight is significantly greater,
‘the design unit welght shall be increased accordingly,

Conduits shall be designed for the appropriate loading condition
shown below and shall be detailed on the drawings.

Struct. Man.



G-3 Vertical Loads continued, -
- (6+3.2.2 Dead Weight of Overburden Soil)

1. Trench or ditch ccndition (Refer to Wide Trench page G-B)
. N - Cd.w.ad v o _ .
2. Nagativa pra;ectlon (Refer to Transntion Depnh, page G~9)

Thls is the ¢ondit|an where the condurt is installed in

a relatively narrow trench of such depth that the top

of the conduit is below .the adjacent natural ground surface
and then covered by an embankment which extends above this
ground level,

W= Cn.w Bd.a'd~
3. Positnve pfOJeCthﬂ

This ‘is the condition” where the top of the ccndu:t projects
above the surface of the natural ground and then is covered
with an embankment. ~ This condition is also assumed for cal-
culation of loads on: those conduits which are installed in
trenches wider than one and one-half to three txmes the
overall wadth of the conduit.-~ : -

4, Imperfect ditch condition

Thns is a method of construction in which the 5011 on both -
sides of the conduit for a distance not less than twice its
width on each side, and a-distance not less than the height

of the conduit plus one foot above its top is thoroughly
compacted, Then a ditch is dug in the compacted fill by
removing the prism of material directly over the conduit.

The ditch is refilled with very loose compressible material,
after which the embankment is completed in a normal manner,

The method is economically justified only in the case of -
relatively high fills, This method is generally not acceptable
to the District and will only be approved in special situations.
It is requested the District be consulted prior to begunnsng

a detailed design using this method.

W o= CpowaBy?

Struct. Man.
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G~3 Vertical Léads continued, »
(G=3.2.2 Dead Weight of Overburden Soil)

5. v&de‘Trenches_

Struct. Man,

‘checked. If the load ing
. exceeds that indicated by the projection formula, the
- design load shall be the latter. L

If a trench er‘fubtrénch,is widened progressively, other
conditions being unchanged, the fill loads does not
continue to_increase according to trench condition,

W= Cd.wgﬁdz'but reaches the limiting value of
W= Couw.Bc? as in the positive project condition.

The trench width at which this 1lmit Is reached is
known as the "Transition Width", and any increass

- in wfdthA@ayond this does not Increase the load on the
conduit, When the trench width is known and is approx=

imately equal to, or greater than, 1+1/2 times the ,

outside width of conduit both the trench and pesitive ’

projection conditions (r g=1.0p = 1,0) should be
icated by the trench formula

When the trench width Is unknown, as In most. cases
and the cover s greater than 10 feet additional
structural sectlons shall be Included on the drawings
as outlined below: , -

A. Depth of fiil Is greater than 10 feet but less
than 18 fest: L B o

1. Add a section for the transition width

. {positive projection, p = 1}, Trench width
is unrestricted. Sectlon [dentiflcation
shall be the numerlc -dasignation for the
trench ¢ondition plus the suffix "B®,

B. Depth of fi11 Is greater than 18 fest.

1. . Add a section for width of trench equal

_ to +the outside width of the conduit plus
6 feet. Section identification shall be
the numerlic designation for the trench
condition ptus the suffix "A™,

2. Add a section for the transition wildth,
See A.1., above, :
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G-3 Vertlcal Loads contmued.
(G-3.2.2 Dead Welght of Overburden 8011)

6. Transxtlon Depth

In an. embanment condition a posltwe pro;ectlcm installa=~
- tion is assumed if the natural greund surface is at or
below the top of -the vonduit; a negative projection >
installation is assumed if the natural ground surface is
above the top of the conduit. A load calculations for a
given condition would indicate a very high d:.ffer:entlal
if the assumed natural ground is varied fraom the top of
conduit to a relatively small distance above. It is not-

- felt this is realistic; therefore, the positive projection
condition should be ‘assumed for load calculations where the
conduit is in an embankment and the natural ground surface

~is less than a depth equal to one-half the height of condult
abovethetopofthecondult. - :

Definitions
* H = Height of £ill measured £rom the top of conduit, in feet. o

W = Load per foot of length of condult, in pounds per foot.

Cd = Load coeff1c1ent for the trench cond1t1on, abstract number, based
on ratio of H over Bd. See’ curve on page S-1. :

Cn = Load coefflc;l.ent for the negative pro;ectlng condltlon and mperfect '
trench, abstract number based on ratio of H over BEb. Bee curve on
page’ S—2. _ . o

Cc = Load coeff1c1ent for pomtwe projectmg conditions, abstract number
based on ratio of H over Bec. See curve on Page S-2. _ :

w= v'I'he design unit weiéht of the flll materlal‘, in pounds per cubic foot.

Bc

Overall width of the conduit, in feet.

The width of the trench, measured at the top of the conduit, in feet. -
For box conduits use Bc + 36", except as 1nd1cated in B.2. under w:.de
‘trenches. .

Bd

]

B'd = Bd-0.67, for Bc = 33 inches or less
= Bd-1.00, fcr'Bc greatet' than 3‘3 inches

p = The positive projection ratio. In case of positive projecting conduits, '
.the projection ratio is equal to the vertical distance between the top

of the conduit and the natural ground surface adjacent thereto divided
by the overall width of the conduit.

Struct. Man.



G-10

G-3 Vertical Loads confinued. _
(G=3.2.2 Dead Weight of Overburden Soil)

p' = Projection ratio for negative projection and Imperfect ditgch conditions.
In the case of negative projecting conduits, it Is the vertical distance
between +he top of the conduit and the natuyral ground surface adjacent
thereto divided by the width of the trench. In the case of Imperfect
. ditch conduits, It 1s the distance batween the top of the condult and the
‘ surface ef the first stage compacfed frit dlvlded by +he width of the trench.

‘rsd; The sef?lemenf rafio. For ordinary soll founda*lons ‘use:
| +0 7 for pesi*!ve prOJecfing condul+s |
-O 5 for. negafive projecfing condulfs and the imperfec+ difch condition.
K =vThe ratio of acflve hor izontal pressure at any point In the fill +o the
- vertical pressure which causes +he active horizental pressure, abstract

number.

u = The "Coefflcienf of Inferna! FrIcffon", abs?racf number .

u! The "Coefficienf of Slldlng Fricfion", absfragT number.

Ku

0.150 shall be used for ordinary cendltlons.

Q.110 for sa*ura+ed'ciay

0.130 for clay

f

0.150 for saturated top soil’

M

0.165 for sand and gravel

[

0.193 for granular ma+erials without cohesion

G~3.3 Qther External Loads

Vertical loads due to existing or proposed structures, such as bulldings,
abutment, etc., shal! be considered In the design of box conduits.

G-4 Horizen+al Loads

G=4.1 Live Load

Horizon+al loads due to highway and railroad loading shall be considered
In the design of box conduits. Curves are included for lateral H20-516-
44 truck loads and raliroad loads (pages $-3 and $=11 to $=13).

Struc+t+. Man.
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G~4 Horizontal Loads continued.
G~4,2 Dead Load ’

Box conduits shail be designed for active horizontal earth pressure based
- on the Rankine theory. The Rankine "K" shall ordinarily be taken as 1/3
This criteria shall be used except where a solls englneer, because of
extreme conditions, recommends a different value. For extreme conditions
lateral earth pressure may exceed 100 pcf equivalant fluid pressure.
Special consideration shall be given where expansive soils are encounteéred.
Where lateral locads may vary or are time dependent it may be necessary '
'To :se a composite section based on both maximum and minimum horizontal.
oads. S I '

Gfﬁ.& .bther:Extgrnal~L§§d§'.

Horizontal loads due to’existing or proposed structures, sh;h,as
buildings, abutments, etc., shall be considered in the design of
- box conduits, . o . - :

G=5 tnterna{ Vater.Presshre .

Internal water pressure shall be calculated for the conduit flowing just
full in combination with other loading conditions at standard allowable
unit stresses. An additional structural analysis shall be made if the
hydraulic gradient is substantially above the top of the conduit, The
hydraulic gradient shall be assumed at the maximum elevation possible.
This analysis shall be made using the following loads: pressure due to
the hydraulic head from the soffit of the conduit to the hydraulic
gradient, the internal water assuming the conduit flowing just full,
the dead weight of the structure, and vertical and horizontal earth
loadings. For this loading condition, the allowable stresses may be
Increased by one~third. S ‘ '

vG-é 'Ccnstruction Loads

Structures shall be checked for loads sustained during construction.
Stresses for temporary construction loads should not exceed fs = 36,000
peS.l. and fc = 2,700 p.s.f. In particular, the loads resulting from
flooded backfill to the top of the conduit combined with the dead weight
of the structure shall be considered. . ' -

6-7  Allow;b|e Stresses

Allowable stresses shall be as listed in Section A, except as modified
hereinabove for temporary loadings. ' '

" Struct. Man.
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G-a Thlckness.of Members

The minimun thickenss of vertical wails shall be eight inches where
two curtalns of steel are used and six Inches where one curtain Is
used. o

The minimum thickness of_+qp's{abs shall be six and_bne“half_Inehes.

The thickness of the invert slab shall be measured at +he center of

the span. The minfmum thlckness shal!.be seven inches and shall be
. Increased by an amount equal to the 'sum of the Increases of the steel
~ clearances Indicated below for the top of the Invert. L o

G-9 Steel Clgarances
Steel clearances should be shown on the pfojecf drawings from the
center of the bar to the face of the concrete. $ald ¢learances
shati not be less than the following distances:
Top stab and sfde walls, Inside and outside - 2 Inches ==
Bottom of Invert slab - 2-1/2 Inches .

;'Tép 6f Inver+»slab - In accdrdénce with +hélforlow7ng Tabfe:-

VelcCIfyffps;.- o Clearanceéin. ' Concrete Mix
<5 300 560-C-4,000
5t020 - 3.0 | 610-8-4,000

204040 - 35 - 680-8=5,000
| > 40 Not alléwed without prior District appro#a!.

Where concrete fs subjected to the action of sea water or harmful ground
water etc., all clearances shall be Increased 1/2 inch., Where there is
appreciable debris in the flow the ctearance on the top Iinvert steel
shall be increased 1/2 Inch for vetocities greater than 5 fps.

That portion of the steel c¢iearance greater than 3 inches in the Invert
shall be considered as sacrificial and shall not be used in the design

of the steel In the opposite face. The concrete mix shown In the above
-table applles to the invert only and shali be shown on the plans. Debrls
in the flow may require a richer concrete mix. This will be determined
by the Materials Section of the Contract Administration Divisten. .In-
creased concrete strengths shall not be considered in the design of the
section.

G=10 Steel Pattern

In general, transverse reinforcement for single barre! -boxes should
consist of straight bars in the inner faces of the top and bottom
slab and side wall, L-bars running from the outer face of the top

Struct. Man.
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G-10 Steel Pattern continued,

slab Into the outer face of the side walls and resting on the bottom -
construction joint and lapping with Lebars continuing into the outer
face of the bottom slab. Alternate top L-bars should be cut off If
possible. An optional 20 bar diameter lap shall be indicated at

- the base of the wall for the vertical reiaforcement in the interior’
walls of multiple boxes and in interior face of the exterior walls
for all boxes, It is preferred that bars be spaced on a common
spacing or a multiple thereof, but non-uniform spacing may be used
if economy is thereby affected. in multi=barrel boxes, excessively
long complexly bent bars should be avotded if possfble.

G-ll Loqg_;udinal Rzlnforcement

o Longltudtnal relnforcement shall consist of #4 bars at 18" centers in
each reinforced face of slabs and wall except where the top slab is
exposed or the conduit is limited to length and serving as a channe!
crnsslng. In this and other cases where appreciable temperature -
variatlons can be anticipated, -the longitudinal reinforcement area
in each exposed face shall be: equal to 0,001 of the cross sectsonal

. concrete area but not. less than #4 bars at 18" centers,  Longitudinatl
steel sha!l be contlnuous through Joants. : : . s

e-tz Dtstribution Steel

When the design cover is 2'=11" or less, distribution steel shall be

placed in the top slab transverse to the main reinforcing, The amount

of distribution steel per foot of slab width Including normal longitudinal
reinforcement shall be equal to the percentage of the transverse reinforcing
steel required for positlve moment in the top slab as glven by the formula

,Percentage - .100 Maxlmum 50%
u S
where S equals the centerlane span of the slab in feet,

G~l3 Fillets and Invert Stope

Fillets shall be placed at the Junction of vertical walls and top slab.
These fillets may be either W' x 4 or 6' x 6', at the Contractor's
option. These are nominal fillets and shall be incorporated in all
sections, Larger fillets may be used if structural reguirements so
dictate,
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G-13 Fillets and Invert Slope continued,

There shall be a one=~linch drop from the base of the vertical walls
to the .center of the invert for Inside widths of 20 feet or less and
a two=inch drop for widths greater than 20 feet, unless a low flow
channel in the center of conduit Is used. Low flow channels are
limited to special conditiens. . Their use shall be approved by the
District prier to the structural design of the box conduit. RN

G-14 »ans:fucthn Joints ‘ }
Construction Jﬁiﬁt.detéfl;-shall be shown on the préject drawings,

Optional longitudinal construction joints at the top of the vertical
exterior walls shall consist of a Stepped key to take shear frem

- exterfor lateral loads and shall be two inches high and located ‘
in the center of the wall. Longitudinal construction joints at the -
bottom of the vertical exterior walls shall be formed with keys l=inch
deep and one~third of the wall thickness in width centered in the wall,
The bottom wall jolnt shall be .located b inches to 12 inches, at the
Contractor's option, above the top of the invert slab (see construction
joint details on page $=23). Longitudinal construction joints at the

- top and bottom of vertical interior walls of multi-compartment box
conduits shall be roughened joints without keys; the top joint shall
be optional. Where box structures are to be Jacked, longitudinal joints
shall be keyed to resist jacking-forces (see detalls on page §-23),

Transverse construction joints shall be formed with keys one=inch
desp and one-third the member thickness in width centered in the
member, Transverse construction joints shall be spaced not more
than 50 feet nor less than 10 feet and shall be in the same plane.

If the box conduilt is subject to the action of sea water, the con=
struction joints must be sealed with epoxy. Special longitudinal
and transverse constructjon Joint details will be required.

If the box conduit is designed to wlthstand.presSure.head, water
- Stops shall be incorporated in the construction joints, Special
longitudinal and transverse construction joint detalls will be

required,
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angrg;e qX'Ebhduits

G=15 Design Tables and Charts for Singla Barrel Reinforced

Standard Drawings Nos. 2-D 236.1 to .14, "Design Tables for Reinforced
Concrete Box Conduits' (pages 5-23 to $-36), may be used for design so
long as the loading conditions shown correspond to those of the box
to be designed, The standard is Intended as an aid to the designer
only; it should not be included in the. list of Standard Drawings for
a project. If concrete thicknesses are increased because of high -

- velocity, sea water, etc., the lengths of the reinforgcing bars, and
concrete and steel quantities indicated in the tables must also be
correspondingly increased. ) o

A structural detall of the box conduit shall be shown on the project
drawings. Where several box sectlions are to be used, a typical box
section shall be detailed on the drawings, and the data for the box

. sections shown in tabular form. See pages §-100 to S-10l for example.

616 Windows

 In multi-barrel boxes, windows.stould be placed in interior walls as

- réquired to equalize flows; however, the interval shall not exceed
500 feet. Standard Drawing No. 2-D 205 applies within the limits.
given on the standard. Designed windows should be 5-feet wide and
as deep as possible. e S ' S

G?l7 Access Stfu@tufes:

The District reserves the right to require that access structures to
permit the entrance of vehicles and/or equipment be provided where the
conduit is equal to or greater ‘than an 8U~inch diameter pipe of box
equivalent. The need for an access structure will be determined by
the District when the preliminary plans for a project are submitted,
and the designer will be required to make ‘the necessary changes, if
any, on the final plans. o : I ‘

Details of a typical access structure are available as an unnumbered
design aid and will be forwarded upon reguest.

Struct. Man.



-G=16

B-}B Box Conduits_to be Jackéd_

G-IB.IH General

In general, jacklng of box conduuts should not be Specified
where the cover is less than 6'=0%, |n addition the cover -
shoculd also be at least 1/2 of the overa]l heiaht or width,
whlcnevcr is greater, whcn Jacktng under railroads.

Prior to specifylng long reachcs of boxes with substantlal Eross
sectional area to be jackcd under railroad tracks, the cost of
trestle construction in comparison to jacking costs should be
investigated, Trestles are designed and constructed by the.
railroad company. Thérefore, the designer shall obtain the -
estimated construct ion cost from the railroad company concerned,

in meny casas it is possible to close tracks for a short time or

even a weekend, In this case the possibility of precasting the
- box conduit and siiding or 1ifting it into place shall be.

investigated. This procedure is considerably less expensive
“than jacking. Co . :

Where conduit Is to be jacked under existing railroad tracks,
the minimum jacking distance shall be fifteen feet on each side

" of the center line of the tracks measured normal to the tracks,
with the exception of the Union Pacific tracks where the minimum
distance shall be ten feet, At crossings where there is a possibility
the conduit could be constructed in open cut, or where the cover is
less than six feet in jacking situations, the designer shall -
contact the railroad to clarify the methed of construction prior to
submitting the preliminary plans to the Distrlcz..

Where box conduit is to be jacked in place a-reinforced concrete pipe
alternate shall be specified where pipe of sufficient diameter is
available, Large diameter pipe is usually more economical than

box conduit in such installations due to the high cost of deadmen

and sliding slab requirements for box conduit.

Provision shall be made for jacking excessively large double boxes as
two single barrels snde by side.

The entire reach of box condult to be jacked must be constructed prior

to the start of the jacking operation; therefore, a relatively long
straight reach must be available for construction of the jacking pit.
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G~18 Box conduits td be Jacked continued,

CG=18.2 Reinfercement

The leading and trailing 5 feet of all box sections to be jacked
shall have additional transverse and longitudinal reinforcement, The
cross sectional area of longitudinal steel in each face of all members,
except interior walls of muitiple boxes, shall not be less than 0,002
times the gross concrete area for the leading and trailing five feet

- of the box conduit, This steel shall be tied. In addition, the cross
sectional area of transverse steel in each face of the slabs and ex~
terior walls of box conduits to be jacked shall not be less than 0,002
t imes the gross concrete area for the leading and tralling five feet,

G-18.3 Structural Notes -

All drawings indicating box conduuts to be Jacked sha}! contain the
following nrotes.

1. The Contractor shall use jacking heads or load spreading beams
of such design and size as to spread the Jacknng force unnformly
over the entire invert section. . o

2. If the load spreading device or jacking head selec:ed does not
permit the required 20 bar diameter extension of the normal
longitudinal steel, continuity may be matnta:ned by doweling
from the adjacent section.

3. The leading edge of the conduit shall be equipped with a Jjacking
head securely anchored thereto, The length and details of the
Jacking head shall be subject to the approval of the Engineer,

4. The use of guide rails, slabs, cradles, etc, will be subject
' to written approval by the Engineer. :

Gfls COMpqxer_Programs

Refer to Section B.

As discussed in Section B, the District has developed a computer program
for the design of reinforced concrete box conduits. This program is

based on the criteria given in this section with the exception of the
steel clearance on the top of the invert slab. This parameter must be

overridden in the input until the program is rewritten. Refer to pages
$-107 to $-117 for a write=-up for this program. ‘
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.Refer +o Sec+Ton c.

Reinforced -concrete box conduits be de+aI!ed in accordance with District
practice; when numerous sections are required they should be tabled. Refer
to page 5-100 for an example of standard detail and form. Coples of this
on District sfandard size drawrng sheet are avallable for all Drs?rtcf
projecfs. : . .

ALE drawxngs' shall Include all .'app! Iéab{é_ -no+es Ifsted in Section F.

Struct. Man
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Section H

Design of Tupniel Sections

Hj} ngerai

Two methods of cons:ructinn sha!! he given cansidera:ion. Gne,
placing of a précast pipe in tunnel; twe, pouring of 2 ‘cast~in~place
section. WIthin the range where precast pipe of sufficient hyérauiic

© capacity is available, the.project drawnngs should indacate bnth
o alternates. o : v _ T

Prior to the desngn'of cast-in-place sections a careful study:
. should be made to determine the most economical size and shape.. -
The study should include a survey to determine the shape and size
- of forms, ‘shields, and exgavating equipment available. For a
given internal diameter [t Is not economical to.vary. the concrete
thicknesses unless very long reaches are involved. Where loads vary
 significantly: in relatively shdrt tunnels the outside dimensions . . -
should be manntained and the area of reinforcing steel varied."
The project drawings shall include at least two alternate ‘cast=
in-place sections: One of circular interior and exterior shape )
and one of horseshoe ;nterior and exterlor shape.- ol

Vertical and lateral loads for tunnel design shall be established by
a soil engineer or geologist. It is recommended these loads be v
submitted to the Bistrict for approval prior to start of the struc-
tural design, The material on sarth loads given helow is general -and
should be modified if it is not supported by data obtatned in the ‘
project soH report, : -

H-2_;Brecast Prpg'Alternate

1. Pipes 108 inches in diameter and under shall be designed in
accordance with Section I, “Design of Reinforced Concrete
Pipe 108=inch in Diameter and Under’, except vertical earth

. loads shall be as specified- harainhelew for the cast-in—placg _
tunnel section a!ternate. o

Load Factor of 1.8 shall be used in determsning Daloads.

2, Pipes over lOB-inch in diameter shall be designed in accord-
ance with Section J, “Design of Reinforced Concrete Pipe
over 108=inch Diameter“ except vertical earth loads shall
be as specified hereinbclow for the cast-in=place tunne!
section alternate.
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H=3 Cast-in-Place Sectlon Alternate

- H=3,1_Method of Design

1. The design in general shall be based on the assumption that the
’ system Is semiflexible and that passive pressures develop as’
the system deflects. The passive pressures shall be assumed to .
be proporticnal to the horizontal deflection and shall be based .
on the modulus of subgrade reaction as determined by the soii
engineer, The method of design may be any recognized published
method either emperical or theoretical, such as that described In
the publication "Determination of Lateral Soil Pressures and |ts
- Effect on Tunnel Systems" by M. A. Drucker or mey be based on a
sertes of spring supports with spring constants based on the
modulys of subgrade reactfon. |In any case the decrease in vertical
height shall not exceed one-half of one per cent of the design
. helght. o o o I

~ Where passive pressures cannot be adequately determined. or relled
upon or fn other Instances where the design enginéer deems appro-
priate the design shall be based on the elastlic theory and the -

- method of analysis shall be that prescrived In "Analysis of Arches,

- Rlgid Frames and Sewer Sections™ publication §T=53 of Portland -
Cement Association; or the so-called "Method of Indeterminate
Structures”™ as described In "American Sewerage Practice, Volume
I" by Metcalf and Eddy. The design method selected should be -
discussed with the District before beginning the design. ‘

2. Analysis for the following cases will be required,

a. The dead weight of the structure, ahd.fhe>vcrt1cai and
~ horizontal earth and live loads noted hereinbelow. . .

be The dead weight of the structure; the vertical and -
horizontal earth and live loads, and the internal
water pressure assuming the condult flowing just full.

€. |f the hydraulic gradient is substantlally above the top
of the conduit, an analysis shall be made using the following
loads: Pressure due to the hydraulic head from the soffit
of the conduit to the hydraullc gradient, the internal water
-pressure for the conduit flowing just full, the dead weight
of the structure, and the vertical and horizontal earth loads.
The hydraulic gradient shall be assumed at the maximum
elevation possible. For this loading ¢condition, the
allowable stresses may be increased by one-third.

i o e S A —
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H~3 Cast«in=Place Section Alternate contlnued.
(H-B 2.2 Dead Load)

'H-3Q2' vartical»Lcéds

H"3.2. LIVQ LQ.d o

As i!stzd for box conduit deslgn (pages G-h to e-ao).

Te wctght of Structure R _ ,
| The unit wcigh: of concrete shall be taken as 150 pcf.. |

2. Earth Loads

;The deslgn unit weight of earth for cast-ln-place sectlons
for tunnel shall be equal to the weight of the material at
~ the site as determined from soil invas;igation, but shali
'.xnot be: less than 110 pof - . : - :

L Estimates of earth loads in. tunnels shall be baSed on a
‘careful consideration of soll characteristics, location
of water table, depth to: tunnel and possible railroad or

‘ hlghway loads, . _ v

In ‘general, a reduction ln the verclcal earth load on .
structures In tunnel is permitted i{f the height of the o
earth cover exceeds the value ueY In tha formula.

C = 0,60 (p+h,) + 5
Hhere

B - outslde design width for cast-in-place
‘structures, or cut-to-out width of tunnel
supports for precast pipe tunnels,

Hil- outslde deslgn height for cast-tn-place
structures, or outside height of tunnel
" supports. for precast plpe tunneis.

However, reduced vertical earth foad shall not be less than that
calculated using the method described In “Eart+h Tunneling with
Steel Supports" by R. V. Proctor and T, L. White, the Commarcial
Stamping and Shearing Co., Youngstown, Ohio, 1977; or "Theore=
tical Sofl Mechanics™ by Karl Terzaghi, John WHey and Sens,

Inc., New Ycrk 1943,

}n cases where the earth cover does not exceed the va‘de'
'C"*, or. where the soil! is not considered homogeneous because
of voids due to buildings or utilities, or where vibrations
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H#=3 Cast-in-Place Section Alternate continued,
© (H3.2.2 Dead Load) y :

due to live loads may result in loss of arching action,
the vertical earth load shall be calculated by Marston's
formulas, using a design unit weight of earth as discussed
on page A=h, L o : L

H—S'Z;Q_Q;her_Sxterpal Loads

Vertical loads due to existing or proposad structures, such as
bulldings, abutments, etc., shall be considered in the design.

ﬂ:g,z;h ,1nt§fngi Water Pressurs .
The conduit shall be assumed to be flowing full.

When using the elastic theory design method, the upward pressure
or reacting force on the Invert slab shall be assumed +o be uni-
formly distributed over the Invert slab for sections of exterior
arch shape, and over the bottom 120° of arc for sections of
exteri{or clrcular shape. _ S

H-3.3_ Norlzont;l Loads

#e3,3.1 Live Load

As listed for box'cbhdﬁft#dasign (page G-10).

H-3.3.2 Dead Load

The horizontal earth pressure In general may be assumed to be
active lateral pressure based on the Rankine Theory. The
Rankine "k" shall ordinarily be taken as 1/3, Special con-
slderation shat! be given where expansive solis ars encountered
and where thers is a patential for ground water. Where lateral
loads may vary or are time dependant, i+ may be necessary +o use
a composite section based on both the maximum and mInimum values.

-ﬂ?3.§,3 Other Externalnga¢s

Harizontal loads due to existing oF proposed structures, such
as buildings, sbutments etc., shall be considered in the design.

H=3.3.4 Internal Water Pressure

The conduit shall be assumed to be flowing full,
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H=3 Cast-in~Place Section Alternate épn;inuéd.

H=3.4 Alleyahlelstresse$_and'Stcel C!earancgs |

The same as stated for box conduit design (pfag.;s G=11 and G=12),

H=3.5 _Steel Pattern .

The required steel in the arch portion of the lining may be placed

‘in two partial rings or a single elliptical ring. Consideration

shall be gliven to placement problems; keeping -in mind the restricted
- working area in tunne! construction. - The use of lengthy, high weight

bars should be avaided., o ' :

H?3.6 :Longitudin;l Beidfprcemen§3

Longitudinal reinforcement shall consist of #4 bars at 18«inch centers

in each reinforced face of the arch and invert, The longitudinal bars

shall be continuous through the transverse joints.. A 10-inch lap is
assumed sufficient. for maintaining continuity. TE T o

H=3.7 lnyert Slope

There Shallvbgva.che-inch drop from the base of the arch to the
centerline of the invert slab.in archs with horseshoe shaped interior,

H-3.8._Construc:ion'Joints

A keyed longitudinal construction joint shall be provided at the
junction of the arch and invert slab. Joint details shall be similar
to the joint at the base of wall for box conduits.  The concrete
tunnel lining may be poured . in the longest practical section which
will permit each section or portion of section to be completed in
ohe continuous operation., ' Transverse construction Joints similar
to the joint at the base of wall for box conduits shall be placed
‘at the ends of each pour.  Where the length of pour exceeds fifty
feet, a dummy grove ribbon or premolded gontraction joint shall be
placed at intervals not exceeding fifty feet, The required trans-
verse joints shall be continuous and extend throughout the entire
section and be in the same vertical plane; if.e., at all locations
where a transverse joint is required in the invert slab, a trans=
verse joint s required in the arch section and likewise a joint

in the arch section will necessitate a joint in the invert slabj;

no partial joints will be permitted. -
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H=3 Cast=in-Place Section Aiternate.ﬁpntihued.

H-3;9 Membar Thickness

The section thickness shall not be less than 6 inches where one
curtain of steel is used or less than 8 inches where two curtains .
are used, ,

_ug,lﬁ Dqletigp of Reinfarcingjﬁteel

 1n the avent. steel rib tunnel Supports are usad it is desirable to
- aliminate certain extrados bars above the top af the fbating as

noted belaw.
Rib Spacing - Bars_to be E! mn;ua
4'=0" and under . . 1 bar per rib
Over 4%=Q* ;'.;v - 2 bars per rib

The bars to be eltmlnated shall be deslgnated on the :ypncal seatlon. '

He=l Altarnate Sectnons

The pregect specifications shall provide for alternate sections., Where,
for reasons of economy, the project contractor indicates he wants to
construct a section other than shown on the contrgct plans, this will

be approved provided: (1) The section is hydraulically equivalent,

{2} The contractor submits structural calculations based on criteria
established by the District, (3) The design is approved by the District.

H=5 COMpqter-Prggrams

.\..

The Dcstrlct computer program for rennforced concrete arches referred to

in previous editions of this manual 15 no tonger valid and shall not be used.
The use of the ITES STRUDL=~1] computer program developed by the Massachusetts
Institute of Technology is acceptable.
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’ H—G;_Syrustural‘ngtailigg

'Refer'to'Sectién ¢,

It is requested that wherever applinable rannferced concrete. archs ‘
 be detalled in accordance with District practice; when numerous .
sections are requireﬁ they shuuld be tabled. : :

Drawings shal] :nclude atl applicable notes lnsted In Sect!on F

St ruct . Maﬂ .
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DESIGN OF _

“REINFORCED CONCRETE PIPE
108 INCHES IN DIAMETER AND UNDER
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Section I

Design of Reinforced Concrete Pipe 108-inch in Dtametar'éﬁd.Undar

L=l Method of fesign

Safat;vFactor)

safety Féctdr . 1.25

Load Factor depends upon bedding condntions and upon whcther
conduit is in trench or embankment. See discyssion onh pages
- I=6 and I-7. _ , | o ‘
2. D-loads shall be Speclfued on project drawings as follows.'

{Values on Standard Drawings Nbs. 2-D 213.1 to 2-0 213,27
have been. rounded off to the values Iasted.) .

.:'36-tnch diameter and under - to next hlghest 250 of
calculated value. :

-39 tov60-lnch dlameter --to ‘next highest IOO of ca!culated
- value, :

63 to 108=inch diameter - tn next hlghest 50 of calculated va%ue‘i
- 3. The min!mum D-Ioad specifigd shall be 800-D, except fer°

3. ~Pipe conduits in State nghways where the minimum valuc
is 1000-D. N . '

b. Pipe conduits §upporting railroad loads where.the minimum.
value is 2000=D with the exception of the Atchiscn, Topeka
and Santa Fe whlch requlres 3000-0.

b, Maxlmuu Values

Where the calculated D-load based on Case ||| Bedding exceeds
the values tabulated below, the project drawing shall indicate
D~Loads based on a higher degree of bedding.

Struct, Man,
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- I-1 Method of Deslgn continued.

Ha'xvim_tm D-Ldads :

Pipe Diameter

i-n._ln;tves' o p-:Lq;d
2 6000
15 - 5000
‘18 s 4759
24 : - 4250
2’7%30 - hooo

33 -39 .. 3750
k2 -8 - 3500
51 = 57 . 3250
60 - 63 3000
66 - 72 : 2750
75 - 78 _ - 2500
81 - 87 : 2250

I*-Z Mtu!m Cover

It i5 undesirable to install main line reinforced concrete pipe where
the earth cover is less than one foot., If this i{s absolutely
necessary, the project plans shall provide foir concrete backfill

per Standard Drawing No. 2«0 177. This applies to all pipe sizes,
For small diameter pipe concrete encasement shall be. usad where
indicated on Standard Drawing 2=D 213,11 to 5.

Struct. Man,
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13 Vertical Loads

1-3.1 Live Load

Plpe condunts shall. be deslgned for one HZO-SIGdkk truck per lane
 except where passing beneath railroad tracks. The wheel loads shail
~ be distributnd through the fi11 to the top of the pipe as follows'

-Transverse {with rtference to truck) Spread of f‘
wheels = 1,2 + 1,6F

Longltud;nal {with reference to truck) spread of
wheels = I.S + 1. SF

Where F.= depth af f;ll ovef top of conduit in feet...;

1. Truck !oads on pipe conduits for covers of lo feet and
less are as follows:

TABLE OF VERTICAL LIVE LOADS

Cover ''F' . Nheel Load _ L.L. Pressure
1 - 20.8 2480 *
3 176 = W39
- 16,0 182
7 16.0 - - - - ks
8 16,0 19
10 - 16,0 84

These values include the effect of overlapping whee!l loads,
and also the effect of impact. 302 for Fwl!, 202 for F=2!,
103 for F=3',

- *“ wheel loads do not overlap.

2. For covers exceedung 10 feet, the effect of truck loads shall
be assumed to be negligible.
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=3 Vertical Loads contlnued.

-3.1.2 Rallroad Loading

Condulits pasﬁjng under rallroads shall be designed in accordance
with the requirements of the particular rallroad. In generai, the
" minimum design loads are as foilows: .

Rafiroad ' , , Cooper Loadlng
Afchlson, Topeka and San*a Fe--*-—---— E 80
Southern Pactflc~ i s s o o - € T2
Union Pac!flh i e s - oo E 72

| Cooper E 65 !oad!ng may be ‘used for Industrial spur and connecflng
tracks under *he Jyrisdiction of Union Paciflic Rallroad Company.

Values from ttte chart "Vertical Railroad Loads on Top Slab of Box

Condui+" (page S-10) may be used in determining vertical raiiroad
loads on pipe. (Refer to mInimum D~Load values page |« 1)

1-3.2 ,Eér?h Load

173..102,:-‘ : Geﬂerat .

1. For covers of 10 feet or less, pipe shall be designed
for the positive projectlon condition (assume projection
ratio to be one).

2. For covers greater than 10 feet, pipe shall be designed
for the applicable condition of trench, negative projection,
or positive projection,

1-3.2.2 Open -tut Condit ion

As discussed for box conduit design (pages G-6 to G=10), except
that the trench width (By) equals the outside diameter of the
pipe plus 20 inches (in State Highways By equals the outside
dfameter plus 48 inches).

when pipe conduits are placed in State Highways and the cover
is greater than 10 feet; it is requested that, in additton to °
the D~loads indicated on the project drawings for By equals to
the 0. D. of the pipe plus 48 inches, alternate 0-1oads for By
equal to the 0. D, of the pipe plus 20 inches be shown in
tabular form, by statlion, on the drawings. The pipes affected
shall be marked with an asterisk and reference made by note to
the table of alternate D-loads. These D~lcads may be used if
the Contractor elects to backfill with concrete.
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1-3 Verfibal Loads continued.
(1-3.2.2 Open-Conditlon)

Where p!pe Is laid in heavy clay-+ype soils, higher uni+ soll
weights and a smalier value of siiding friction greatly increases
soil loads. Saturation from flooded backfill or ground water
further Increases loads. Therefore, the design unit sail welght
. shall be increased whsre sof | analysis and judgment so -indicate.

" Where prpe is lald in expansrve c!ay or where laferal sureharges
are anticipated prabable lateral pressures shall be analyzed.,
Where these loads are appreciable the special provisions of the
project specifications shall specify.that the pipe shall be rein-
forced with two equal circular cages or a single circular cage
located In the center of thé barrel. I|f the lateral pressure
exceeds the vertical pressure the D-load calculation shall be

- based on the former and the- circular cages as men*!oned above

~shall be specifled. v

Pipe laid in sand having Jow “cohes i ve values,'part:cularly duné
or beach sand, shall be designed for the positive pro;ection
condition, . ,

- I-3.2, 3 Jacking r.ondt:ton

The de;ign unit. wetght of garth for Jacked-in*piace plpe 108 ‘inches
in diameter or under shall be 110 pcf, unless soil :nvestigation
at the site discloses material of a greater wenght. :

1. Where the depth of cover is 15 fatt ar less, it is
considered that the prism of soil above the pipe may
be caused to settle downward by traffic vibrations,
climatic. variations, etc., to such .an extent that the
load on the pipe wtll be essentially equal to that for
the trench condition as discussed hereinabove under
"Open Cut condition', except that the width factor,
B4, is assumed to be the outside dlameter of the plpe. -

2, Where the depth of cover exceeds 15 feet, the effect of
the live load is negliglible and the supporting effect of
the cohesion of the overburden soil as well as the soil
friction may be considered. For this condition the’
following modification to the formula for trench condition

is used,

W Cd.w.de - 2€,.B4.c
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'1-3 Vertical Loads continued.
~ {I=3.2.2 Open Conditions)

where~
c= Caheslon of overburden sail

 RECOMMENDED VALUES OF
'COHESTON (c) FOR VARIOUS SOILS

o "-” ’ Cohesion A
Hatgrjgi L .. Lbse. per Sq. Ft. -
Clay, very soft =~ 4o~
Clay, medium = . 250
Clay, hard - . 1,000 .

Sand, loose dry T o
Sand, silty - o .J1e0
Sand, dense S 300 - ¢
Top Sofl,. saturated. - "= 100

E=3.3 Fcher,Externgl Loads

Vertical loads due to existing'or propoSedvstrhétures, such as
buildings, abutments, etc., shall be considered in the design,

1-4_'Load Factor

l-h 1_Trench CQndut:on and Neg;tive Project ion Conditlea '

Use load factors ccrresponding to desired bedding cnnd;tion per
Standard Orawing 2= 177 {page S=37). The ordimary condition Is
LCase |11 bedding with consolidated fill to 90 percent relative
compaction around the pipe: Load Factor = 1.8

1-4.2 Embankment or Pbs?:iye,?rajggtiﬁn Condition

Load factors may be determfned using either of the following:
1. Use load factors per Standard Drawing 2-0 177 (page 5=37), as

discussed hereinabove for trench and negative projection
condit lons.

Struct, Man,



I'“ Load Factor continued,

(1-4.2 Embankment or Posltfve Projection Condation)

2. Use Spanglér?itFormuta:"

' whgre; _

3Lf - Laad Factor

1.431
bf ™ e

- N=xq

N = 840, Case Ill hedding, uncompactad sal1 around

pipe

= .707, Case 111 bedding, consolidated soil at 90 per-'
cent relative compaction around pipe . T
.- 505, where concrete cradle ts used

x = A factor which is a function of the area of the o

vertical projection of the pipe in which the

active }ateral pressure. of the fill mater!al acts. ;[}_

Prgject‘ion Ratio

—~—vooco

0

ow~wnw

Value of x _'.

. 0.'

0.217

0.423
0.655
0.638

q -‘the ratio of the total lateral pressure to the -

total vertical load.

Ce

B (—)+(-°-)]

Where K = the ratio of active lateral pressure to

vertical pressure in Rankine's Formula,

ordinarily be taken as 1/3.

p = the projection ratie

I-4.3 JQCking.Conditipn

Assume Case 1! bedding with load factor = 1.8.

May
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I-5 OdLosd Tablés for Des_gﬂ of Refnforced-Concfete Pipe

Standard Drawings Nos. 2-D 213.1 to 2=D 213.27, "p-Load Tables for
Design of Reinforced Concrete Pipe' (pages $=38 to S~64), may be used
to determine D-Loads for pipes If the loading conditions shown :
correspond to those of the pipe to be designed. It should be noted
that in State Highways: (1) The minimum D~load value is 1000;

(2) as discussed on page I-4, the State has wider trench requirements.

As indicated on page A=4, in calculat]ng D~loads the deslgn;unlt soil
weight shall ordinarily be taken as 110 pcf, except where soil analysis
and judgment Indicate earth loads should be increased. Therefore,

- D=loads shoyld normally be taken from Standard Drawing No. 2+D 213.2..
However, on all projects the soil report should be carefully analyzed

~ and the applicable standard drawing used.  Where unusual conditions
exist that are not covered by the standard draw!ngs,calculatfons

_must be submttted. : o _ S

Pipe designs based on the maximum amount nf earth fill plus l;ve load
are not always the critical loading condition; the minimum amount of
fill plus live load may be the control. This occurs most frequently
with catch baslin connector pipes, especially connector pipe fcr catch
basins in series,

1=6 Steel Clearances

Ordinarity, it Is not necessary to call out steel clearances on D-load
plpe. However, where velocities are between 20 fps and 30 fps, the
concrete cover on the Inside face of the pipe must be increased 172-inch.
Where velocitles are in excess of 30 fps, the cover on the inside face
of the pipe must be increased 1 inch. VYelocities In excess of 40 fps
shall not be used without prior District approval. If the pipe carries
debris or abrasive materials an additional 1/2-inch of concrete.cover

on the Inside 1s required. If the plpe is subject to.the action of sea
water or harmful ground water, an additional 1/2-inch of cover on the
Inside or outside face Is required. Pipes subject to harmful Industrial
wastes may require additional cover. These increases are accumulative.
The amount of additional cover needed, and the locations of the pipes
affected shall be noted In the special provisions sectlon of the detailed
specifications.

1-7 Pipe to be Jacked

Refer to Section &, Paragraph G~18, Box Conduits to be Jacked,

The minimum length of jacking pit is one pipe length plus 10 feet,

Struct. Mane.



I-9
[-7 Pipe to be Jacked continued,

The design of pipe to be Jacked shall be based on supertmposed loads and
not upon loads which may be placed upon the pipe as a result of jacking
operations. Any increase in pipe strength required in order to withstand
jacking Ioads shall be the responsihility of the Contractor.

In general, ‘the jacking of plpe conduits shou&d not be specifted where |
the cover is less than 6'-Q!, or under ‘railroads where the cover is less than
the greater of 6‘ or 1/2 the outSIde dlameter of the conduit.

1-8 Rubber Gasket Joint P}pe :

Rubber gasket joint pipe shouldzbe used when:

1.. The pipe conduit is under substantial preSSure head. Amount of
- head is a function of depth of cover, type of backfiil, etc.

2, Pipe conduits, which outlet to pump statlons are placed in
~ sandy soil and there 1s a possibility of sand infiltrating
into the pipe through the. jounts. ‘ .

3. There is a posstbility of the plpe conduit deflecting due to
'~ settlement, as in the case of a future freeway fill being placed
averthe pipe, and lnstallatlons with varying cover or varying subgrade
condit:ons. An eTastcmerlc sealant may also he censxdered in this case. -

it is requested that the District be consulted pruor to the start of
detailed design if the hydraulic grade line is 10 feet or more above
the soffit or finish grade. :

‘Where rubber gasket JOlﬂt bell and spigot plpe is speclfied the pipe
shall be reinforced per Standard Drawing No, 2-D 395. :

Where pressure pipe is specified the plan shall include, where applicable,
a detail for a pressure joint where pipe }s joined to cast-!n-place
structures such as manhole bases, transition structures ete,

1-9 Pressure Test

A pressure test is required when the pipe conduit is under a substantial
head. It is requested that the District be consulted when the pressure
Is greater than l.5times the depth of cover.

Struct, Man.



I-lo Gencra} NOtes

The fellcwing no:e shall appear on all project drawnngs whare concrete
plpe is speclfied._ . A -

anign of the pipe shown hereon is based on the assumption

the pipe will be installed in accordance with Case 111 bedding

as shown on Standard Drawing No, 2=D 177 unless otherwise shown.
"' values shall be as specified on Standard Orawing No. 2-D l77

for Case 111 bedding, Notes 3(a), 3(b) and 3(c). [f the 'W! value

at the top of the pipe I3 excaoded the bedding shall be modifled

and/or pipe of additlonal strength shall be provided. The .

proposed modification shall be approved by the District.

Struct. Man.



SECTION J

DESIGN OF.
REINFORCED CONCRETE PIPE

OVER 108 INCHES IN DIAMETER




J=1

Sect uon J

Destgp of Reinﬁorsad c°ncrete Plpe Dver lOB-Inch in B:qgg;er

J=1 Nsthod of'Desig_

‘l

-

2.

3.

Analysis for the followlng cases will be requcred‘

b,

o

The dead'weight of the structure, and the vert?cal and .'

horizontal earth and live loads noted’ hereinbelow.

The dead wnight of the structure, the vsrtical and
horizontal earth and live loads, and the internal water
pressure assuming the conduit fiowing just full,

Af the-hydraulic gradlent is substantially ‘above the

top of conduit, an analysls shall be made using the .
following loads: Pressure due to’ the hydraullic head -

“from the soffit of the conduit to the hydraullc gradzent,

the internal water pressure for the conduit flowing just -
full, the dead weight of the structure, and the vertical.

and horizontal earth loads. The hydraulic gradient: shall

be assumed. at .the maximum elevation possible.  For this~

‘loading cenditlon ‘the allowable stresses may be |ncrcased
' bv one-thlrd. B R A

Detarmination of Moments and*Thrusté

© Use coefficients (page s=71} calculated from informatiOn presented
- in Englneering News-Record, page 768 Novembar 10, 1921. ) :

Conditions of Support

For Case 111 bedding, load factor -1, 8, use vertlcai loads

'un!form over top 180'. and bottom 90°.

For concrete bedding, the bottom support shall be equal to
the degrae of pipe encased but nor more than 120‘ -

Struct. Man.



Jd=2

4=2_Misinus Cover

it Is undesirable to install maln 1ine reinforced concrete pipe where
the earth cover is less than one foot., If this is absolutely necessary,
the project plans shall prnvide for concrete backfill per Standard
Dr‘ﬂ'ﬂs ND. 2-D 1770,

i:éA.Vezzlcal_Laads
dm3.1 Llve Losd

As specified for “ﬂestgn of Reinforcud Concrete Pipe IOB-lnches
~ In Diameter and Under"! (page I-3).

4=3:2_Dead Load

;,2. Earth Load

As specified for '"Design of Rginforced Concrete Pipe 108 inches
in Diameter and Under' (page 1-4), except the trench width (By)

equals the putside diameter of the plpe plus 24 inches (hB
inches for pipe in State Highways).

12232.2- wgtghtiof Pig;

The unit ﬁeight of concrete shall be taken as 150 pef.

d=3.3 \Weight of Contained Water

The effact of the ho?iznntal component of internal water
pressure has been taken into account in the coefficients
listed on page $5-71 for loading due to water.

g;;,é Orher External Loads

‘Vertical luads'due to existing or proposed structures, such as
buildings, abutments, stc,, shall be considered in the design.

g;g.s_ Pressure Mead

Pressure due to hydraulic head, if any, shall be considered.

stfuct. ﬁaﬂ.



J=3

J=4__Horlzontal Loads

J=4.1 Trench Co‘nd ition

Neglecf horizonfal exfernal Ioads.

J-4 2 Embankmen+ or Projec*ion Condlflon -

J-4 2 1 Earth Load

“For horlzonfal ear+h load, use equ!valen+ f!uldspr955ure of ‘_T
37 psf : ' . :

4=4.2.2 Live load

Neg!ecf horizontal |ive loads.

4-4.2.3 -ther External Loads

Horizon*al 1oads due to existing or proposed sfrucfures, such as -
bulfdlngs, abutments, etc., shall be considered in +he deslgn.

J=5 Allowable Sfresses

Allowabie s+resses sha!l be as Iisfed in Sec+lon A.« ‘ ,

The 28-day’compressive sfrengfh of +he concrefe shall be assumed +o be
4500 psi. = A one=-third Increase™in allowable s?resses shall be used- for
+he anaiysis Including pressure head. . -

J=6 Thickness of WaH

Thicknesses shall be as shown @n Standard Drawings Nos. 2-D 214.1 to

2-D 214.6 (pages S=65 to S~70). Where greater thicknesses are required
for extreme loads, pipe manufacturers shall be confac?ed regarding abllity
to manufac+ure non-sfandard +hlcknesses.

J=-7 Steel Clearances

‘The minimum concrete cover between reinforcement surface and pipe surface

for transverse steel shal! be 1-1/4 Inches. Assume 1-1/2 inches to center
of bar when calculating effective depth. Where velocitles are between 20 and
30 fps the concrete cover on the Inside face of the pipe shall be Ingreased
1/2 Inch. Where velocities exceed 30 fps, the clearance on the inside face
shal!l be increased 1 inch. Velocities in excess of 40 fps shall not be

used without prior District approval. An additlonal 1/2 inch clearance shall

‘Sfrucf. Man.



J=4

J=7 Sfeal Clearances continued,

be provided on the inside and/or cutside where condult is subject to the
action of sea water or harmful ground water. Pipes subject to harmful
industrial waste may require added cover. |f the pipe carrles debris

‘or abrasive material an additional 1/2 Inch of concrete cover on the
inside 1s required, The additional cover where required is accumuiative.
In this case, the wall thicknesses shown on Standard Drawings No. 2<D
214.1 to 2-D 214.6 shall be maintained and the steel areas shown on

. thls drawing modified. Structural calculations are required.

‘J~8 S?eel Pattern

Three alternate me*hods of reinforcement shall be deslgned:

(1). An - inner circular cage plus an outer circular cage, (2) on inner
circular cage plus an elliptical cage and (3) a single elliptical cage.
Since approximately 3 square inches of steel per foot is the maximum
amcunt that can be placed in one face, the elilpflca| cage alternates
can sometimes be omitted.

J=9 Pipe to be Jacked

As discussed for "Design of Relnforced Concrete Pipe 108 Inches in Diameter

and Under" (page 1-5). Where pipe greater than 108 inches In diameter is to
be jacked, two circufar cages of sfeel are required, therefore other alternates
shoutd not be speclfied.

J=10 Rubber Gasket Joint Pipe

As discussed for "Design of Relnforced Concrete Pipe 108 Inch in
Diameter and Under" (page 1-9).

J=11_ Desgg;;Tables for Reinforced Concrete Pipe

Standard Drawings Nos. 2-D 214.1 to .6 "Steel Areas for Reinforced
Concrete Pipe" (pages 5-65 to S-70), may be used for design so long

as the loading conditions, the wall thickness and the steel!l clearances
correspond to those of the plpe to be designed. [+ should be noted
that In State Highways Standard Drawings No.s 2-D 213.1 to 2-D 214.6
do not apply because of the State's wider trench requirements (see .
page |=4).

Struct. Man.



J=11 Design Tables for Reinforced Concrete Pipe continued.

These tables shail be includgd in the list of standard drawings for a

project when applicable. In addition, typical pipe details shall be

shown on the pfn}ect drawlngs, and. data for the appltcable pipe sections

tahu‘at‘dc

Standard Brtwings Nos. 2-D 214 1 to .6 shcw the steel areas required per
. foot for‘circulaf and e!llpticai alternates.il - . _

J*JZ chuirud Bata and NeteS’E‘-

The follow!ng data and notes are requirad on the project drawings.

le Tabular F'orm

" Typical Tabulation Form. e

“Reinf. Steel (Sq. Ins. Per Lin. Ft. of Pipe)

Al ternate

(Note:

taken from Standard Orawing 2-D 214.2)

Pipe | T Désiéﬂqu. Altarnate 1 lAltgrhate:
Dias | Cover | MNa, 1 . Noo 2 - _No, 3
'lnSb Ins, Ft. — 1 tho » Min, ) Min. )
: b ‘ Egge A Cage B Cage C -CageADA Cages C+0 Lage E
120 | 11 ] 8 073 {109 ] 073 | 0,36 | 109 | 1.0
For thls example, values of retnforcing steel were :

The steel area requlred in Cage E (eillptlcal cage only)
Is equal to the value’ specified for the minimum value of
Cage € plus Cage D.

2. Typical pipe sections for circuclar and elliptical reinfbrcement cage
-alternates are shown on Standard Drawtngs Nos. 2-D Zlh 1 to 2=D

D 21h.6.

Struct. Man,




J=12 Required Data and Notesvcontinued. .

3 Notes

In order to insure a proper design in tha evant field conditnans -
vary from those assumed at the design stage, It is required that
the followlng notes appear on the prOJect drawings where appllcable.

a. If the pige des&gn is based on Standard ﬁrawings Nos..z—o
214,1 to 2-D 214.6 and the steel area values are from the
chart based on the ditch condition with trench width equal
to the outslide diameter of the pipe plus 24 inches, the
following note shall appear oh the project drawings~

Besign of the pipe shown hereen is based on Standard
Drawings Nos, 2-D 214,V to 2-D 214,6 (Case It! bedding =
ditch condition). “W" values shall be as specified on
Standard Drawing No, 2+D 177 for Case 111 bedding,
Notes 3{(a) and 3{(c). If the "W value at the top of the
pipe is exceeded, the pipe shall be redesigned per
Standard Drawlngs Nos. 2-D 214.1 to 2-D 214.6 (projection
condition = unrestricted trench: wldth) or as otherwise
‘approved by the District.

b, If the pipe design is based on Standard Drawings Nos. 2-D
214,1 to 2=D 214.6 and the steel area values are from the
chart based on unrestricted trench width, the followlng

" note shall appear on the project drawing. '

. Deslign of the pipe shown hereon is hased on Standard :
Drawings Nos. 2=D 214,11 to 2~D 214,6 projection condition =
unrestricted trench width)., 'W' values at the spring line
of the pipe shall be as specified on Standard Drawing No.

2-D 177 for Case 111 bedding , Note 3 (a). 'W' values
‘at the top of the pipe may be any dimensiqn.
c. If the pipe design is NGT based on Standard Drawnngs
Nos. 2=D 214.1 to .6, an appropriate note stating the

case of bedding, earth load condition and limits of '"W' .
values shall be put on the project drawings..

4, Design Data

As discussed in Section E.

Struct. Man.



. J=13 Computgr,Prpgrams

_ Refer to Section B,

"As discussed in Section<B; , the District has developed a computer program
for the design of reinforced concrete pipe., This program is based on

the criteria given in this section. Refer to pages $=137 to S~1kk for

a write-up for this program.

J-lh Structural D‘tlilﬁg&

Refer to Section C.

Reinforced concrete pipe shall be detailed in accordance with District:
practice; when humerouys sections are required they should be tabled.

- Struct. Man,



SECTION K.

DESIGN OF

PRESTRESSED CONCRETE PIPE




Sgction‘K

Dgsign_qf Prestressgd_ancrete Pige

F’j‘ Geﬁeral

Prestressed concrete pipe shall consist of (1) a concrete core with
tongue and groove joint, (2) one or more layers of prestress!ng wire
wrapped circumferentially at a predetermined stress on the outside
surface of the concrete core and (3) a dense cement mortar caattng
over the prestressed core and wire, :

Prior to the inclusion of prestressed-Concrete pipe on any project,
approval shall be obtained from the District. Due to limited availability
and questionable economics, each project will be considered. individually,
In general, this product should be considered for only diameters above:

108 |nches, _

KrZ Method of Des{gn

le Design procedure should be based on a working stress analysis.‘
2, Analysis for the following cases will be required:

a. The_dead-wéight of the structure, and the vértical_and
horizontal earth and live loads noted hereinbelow.

b, The dead weight of the stru;ture;'the vertical and
herizontal earth and live loads, and the internal water
pressure assuming the conduit flowing just full.

¢. |If the hydraulic gradient is substantially above the top
of conduit, an analysis shall be made using the following
loads: Pressure due to the hydraulic head from the soffit
of the conduit to the hydraulic gradient, the internal water
pressure for the conduit flowing just full, the dead weight
of the structure, and the vertital and horizontal earth lopads.
The hydraulic gradient shall be assumed at the maximum ele~
vation possible. For this loading condition, the allowab!e
stresses may be increased by one-third.

Struct, Man,



. K=2

K=2 Method of Design continued.

3. Dgtgrm{nation'pf‘&oments

Use coefficients (page $-71) calculated from information presen;edb
In Englnesring News-Record, Page 768, November 10, 1921,

-LhcbnditiunsjafJSQ, LA

'laéd_factor‘t 1.8, uSe‘vértical'ibads -

' For Case 111 bedding
» and bottom 90°,

uniform over top 180°

For cnnérete~bedding, tﬁé-bottpm sugpbrt,shall'bé equal to
the degree of pipe encased, but not more than 120°, :

- Verti éa -l. L-oéds N

K=3,1 Live {oad

As specifled for "Design of Relnforced Concrete Pipe 108—incheé'
in Diameter and Under' (page I-3). : = .

K-3.2 Dead Load

As specified for '"Design of Reinforced Concrete Pipe 108~ inches
In Diameter and Under' (page |-4), except the trench width (84)
equals the outside diameter of the pipe plus 24 inches (48

- in¢hes for pipe In State Highways). .

Ke3.2.2 Weight

The unit weight of concrete shall be taken.as 150 pef.
K-3:2.3 Welght of Contained Water
‘The effect of the horizontal component of internal water

pressure has been taken into account in the coefficients
listpd on page S-71 for loading due to water.

Struct, Man,



K3 Vertical Loads tontinued.

K=3.3 Other External Loads

Vertical loads due to existing or proposed structures, such as
buildings, abutments, etc., shall be considered in the design,

K=3.h Pressure Head

"  Pressure»8ue'ta hydraulicihead,'if ahy, shall be considered.

K—h; Horizontal Loads

‘Kfﬁ;l Tfench"C¢nAItion

Meglect‘hortzoutal extéfnal loads.,

K=4,2 Embankment or Projectim,'cmai.t ion

Kedo2.1 Earth Load

For-horizdntal earth load, use equivalent fluid'pressuré'
of 37 psf. - e . A S

K=4.2.2 Live Load

Neglect horizontal live loads.

K=4.2,3 Other External Loads

Horizontal loads due to existing or proposed structures, such
as buildings, abutments, etc,, shall be considered in the design.

K?S Allowablg StfgSSes and Losses

K=5. 1

The design concrete compressive strength shall not exceed
7,000 psi.»‘ . o

Struct. Man.



K=d

K=5 Allowable S*resses and Losses continued.

K-5.2
The compresst&e strength of the concrete at the time of pfesfresslng
shall not be less than 3,000 psi nor less than 2 times fhe Inlflal
compression induced In the core by pres+ress1ng._~ ,

K=5,3 o

Concre?é compressive stress under design loads shall not exceed 40
per cent of the specifled ultimate compressive concrete strength.

K-5.4

Concrete tensile sfressés under design loads shall not excesd 7.5
times the square root of the specified ulflmafe compressive concrefe
strength. . - .

K-5.5

Wrapping stress shall not exceed 75 per cen+ of the minlmum ultimate
sfreng+h of the prestressing wire.

K=5.6
Pres+ress Iosses shall be based on +he following vaiues.
1. Wire relaxatlon loss 0.05
2. Wire embedment loss 0.95
3. Creek factor 2.00

K=-6 Physical Properfies

t. Section properties of pipa shall be basad on the. assump+ion that
the mortar coating Is not effective in tension.. .

2. The minimum cover provided by the concrete coafing shall be
3/4 inch over the prestressing wire or 1 inch over the core,
which ever Is greater. :

3. Minimum core thickness shal! be 4 Inches.
4. A thickness af concrete equal to the amount that would be added
to the steel clearance on pipe over 108 Inches (Section J=7)

due to velocity and debris shali be consdered sacrificial and shall
not be considered in the design.

Struct. Man.



SECTION L

DESIGN OF

ASBESTOS CEMENT PIPE




L=]

Section L

- Deslgn ef Asbestos Cement Pipe

General

' Asbestos cemcnt pipe, subject to the fol!owing ltmitations, shall be
specified as an alternate to non-reinforced and reinforced concrete pipe.
The criterla for determining the use and strength requirements of
asbestos cement plpe shall be as follows ' : :

L~2 Criteria for Use

l.

2,

Asbestos cement pipe may be used for maan lIne and lateral
construction prov:ded that' o . :

- a. The. pipe dlameter is 42 Inches er'less.

b. The velocity does not exceed 5 feet per second under -
abrasive conditions. Abrasive conditions are considered
to exist where the tributary drainage areas include
undeveloped land that may contribute significant amounts
of erosive materials to the drain, such as slate, hard

~ shales and granitic materlats, large cobbles and boulders,
etc, :

c. _The velocity does not exceed 20 feet per second.
Asbestos cement pipe may be used for catch basin connector pi. e

42 inches or less in diameter except where significant amounts
of erosive materials may enter the catch basins during storms.

L-3 ~Structural_£riteria

l.

Asbestos cement pipe shall be accepted on a D-load basis. The
D-load shall be calculated in aceordance with the D=load criteria

- for reinforced concrete pipe except that the factor of safety

shall be 1,9, .This will give D=loads 1.5 times those calculated
for reinforced concrete pipe, Where the main line and lateral
velocity is between 10 and 20 feet per second, the D=load require=

~ment for main line and lateral pipe shall be increased to account

for a potential loss in barrel thickness of 1/2 inch.

Struct. Man.



L-2
‘L=3 Structural Criteria continued,

2. In reaches where the velocity is less than 10 feet per second,
the required D-load shall be 1,5 times that required for retn-
forced concrete plpe. -

3. In raaehes where the velacity Is between 10 and 20 fest per
- second, the D-load requirement for main line and lateral plpe
_ shall be. increased to account for a potential loss in barrel
thicknass of 172 inch. That Is, the pipe test load shall be_'
sufficlently high to Insure that the pipe will carry the
required test load after a 1/2 inch reduction in wall thick-
ness, - The D-loads for this condition are shown on Standard
Drawing 2+D 431.(page 5~106). The D-loads Indicated in the
left hand column are the required values for reinforced con- .
crets pipe the other values are the theoretical values the
pips must sustain if 1t is to systain the required D~load
subsequent to a 1/2 inch reduction in wall thickness. The
District will determine the values to be speciflied after it
is determined what wall thtckness are to be furnished.

L=4 Required Data and'Notes 2

Refer. to Paragraph B=5.5 of the Hydraulic Design Manual. .

Struct « HMan.



SECTION M

DESIGN OF

CAST-IN-PLACE PIPE




Section M

Design of CéSt_—in—P_lace Pipe

M-l General

Cast-m—place non-remforced concrete pipe may be used as an altemate

under certain conditions subject to District approval. In all cases where

a cast-in-place pipe is spec:.f:.ed a reinforced concrete p:.pe alternate
is requlred. : : : : _

M=2 Criteria for Use

1.

Cast~in-place pipe may be constructed only in ground capable of
standmg unsupported from the bottom of the trench to the top of
the pipe without sloughing. The ground shall not contam trash, :
debris, or bituminous materlals. .

If cast-in-place. plpe is to be constructed in fill that extends
below the top of the pipe, the fill shall be placed to a minimum
relative compaction of 90 per cent. In addition the pipe shall be
designed based on soil parameters determined by the soils engineer,

- After the fill has been placed, and before the pipe is constructed,

the £ill shall be tested. If the minimum soil parameters -assumed
for design are not met, the remforced concrete . p:.pe alternate
shall be used, .

Cast-in—-place pipe shall not be constructed in fl.lls that extend
below the pipe for a distance of more than twice the outside pipe
diameter. _

Cast-in-place concrete pipe will not be permitted in grc‘mnd which
is saturated or which contains water in such quantities as to be
harmful to the concrete unless provisions are made to dewater the

M1

trench so that flowing or standing water is eliminated. An acceptable

method, although not guaranteed to produce the required result, would

be the placement of a six—inch layer of rock at pipe subgrade,

The minimum cover over the pipe shall be the greater of two feet or -

1/2 the inside dlameter.

The maximum mteranal hydrostatlc head shall be the lesser of 2 feet

or 2 feet below finished grade.

Struct. Man.
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M-3 Method of Design

In general cast-in-place plpe J.nstélled in either a negative projectlon or
trench condition with a modulus of subgrades of at least 165 pc1 will be
accepted with the Industry standard wall thickness, _

In positive pro;ectlon installations, when the mcdulus of subgrade reaction

-is less than 165 pci or when unusual load conditions may exist the pipe shall
-be des:.gned. .

The de,sign shall be based on the assump.tion ‘that there is soil-structure
interaction. Passive pressure is assumed to be generated as the system
deflects.. The magnitude of the passive pressure shédll be no greater than
the product of the deflection and modulus of subgrade reaction, The modulus
of subgrade reaction shall be determined by the soils engmeer and shall be
assumed to act on the 10wer 210 degree of the pipe. - S

M-4 Vertical Loads

M-4.1 Live Loads

Live loads shall be the same as for remforced concrete plpe. Refer
to subsection I-3. l. (Page I—-3) :

M-4.2 Dead Loads

Earth loads shall be calculated in accordance with Marston's theory for
earth loads on conduits. Bd shall equal Bc. Refer to subsection

M-5 Horizontal Loads

In general horizontal load shall be neglected. If the horizontal load,
because of expansive soil or large surcharges, is anticipated to approach
or exceed the vertical load, the pipe shall be des:.gned both with and
without the horlzontal loads.

M-6_ Internal Loads -

The pipe shall be designed both full of water and ampty. Internal pressure
shall be included where appropriate. -

M=-7 Concret_:e Btress

M=7.1 Ultimate Stress

The minimum ultimate compressive strength of the concrete (f'c) at
28 days shall be 4000 pounds per square inch or the minimum flexural
tensile strength (fr, modulus upture) shall be 600 pounds per
square inch. (Generally 9.5+/f'c)

M-7.2 Allowable "Stress

A. The allowable compressive strength, fc shall be 0.45 f'c or 1800
psi for 4000 pound concrete. :

Struct. Man.
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- M-6

B. The allowable tensile strength ft shall be 0.53 fr or 320 pounds
per sguare inch for 4000 pound concrete.

M-8 Wall 'Ihlckness

The minimum wall thickness shall be the- Industry Standard thlckness as
listed below:

Pipe Size Well Thickness  Pipe Size Wall’Thickness

Inches Inches Inches -~ Inches
4 3 72 7
36 31/2 - . 84 _ . 8
48 5 96 -9
60 . 6 108 . 10

The followmg condltmns and restrlctlons shall apply to the use and des:.gn
of cast-m—-place p;.pe. _

l. No abras:(.ve materlals in the flow.

N Additional S o
- Velocity ©. Wall Thickness = Concrete Strength
Foot Per Second Inches o Pounds Per Square Inch
N 1 AP ° standard |
10 to 20 — L/z : 5000

20 : Cast—m—place plpe shall not be used

2. Abraswe materials :Ln the flow.

' Addltlonal _ . ‘
- Velocity - - Wall ‘Thickness " Concrete Strength
Foot Per Second ‘Inches Pounds Per Square Inch .
5 1/2 - 5000
5 to 10 o 1 ' 5000
10 to 15 11/2 5000
15 to 20 - 2 5000

20 - Cast-in-place pipe shall not be used

"The above listed tmcknessés are in addition to the sténdard or design
thickness and shall apply to the lower 120° of the conduit and shall be
congidered sacrlflclal and shall not be included in a structural analysis.

M-9 standard Strutures -

Standard structuies shall be shown on'the plans as though reinforced concrete
pipe were to be installed. "Additional Notes for Cast-In-Place Pipe Con-
struction” modifying certain structures as shown on page F-7 shall be included
on the plans. :

Struct, Man.
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N-1

Sectlon N

‘Design of Corrug§+éd Metal Plpe

N=1 Gener;{

Instatlation of corrugated metal plpe Is recommended in locations where
rigld pipe Is difficult or unduly expensive to instailt because of grade,
foundation, condition, remotness of site or where the drain Is of a
t+emporary nature. District approval shall be obtained prior to use.

N-2 Method of Design .

1. The design of corrugated metal pipe shall be based on the ring
compression method, soll-structure Interaction theory or the
deflection~limit+ +heory. If the latter Is used, the deflection
‘shall be |imited to five per cent of the internal pipe diameter.

2. -Seam strengths, physical proper+ies, etc., shall be as specified
by a recognized manufacturer such as Armco, United States Steel
or Kaiser.Sfeel. . -

N-3 Vertical Loads

Vertical lééds‘éhall be as specifled for "Design of Relinforced Concrete
Pipe 108 Inches In Diameter and Under" (page I~3). - ’

N~4 Structures and Fittings

in generat, méhufac*urers standard fittings shail be used. The District
shall be consuited with respect to the type of access structures to be used.

Struct. Man.
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Séction 0
et

Design of Rectgggular~dpe§ Channels -

- 0=}_Ectnomy of Design

~Consideration shall be given in each individual project to the
conditions of soil, ground water level, slope of adjacent ground
. ‘surface and live loading, existing or proposed. For ordinary .

. conditions the rigid frame "' Channel! shall be used. For extreme
conditions a cost study should be made to determine the relative
meérits of the 'U" Channe! as compared to the "L Channel, The 'L
Channel consists of retaining walls with a nominal thickness central

invert cornecting slab. ‘ S

~ In general the wall height sha]l.bezvafied‘3n-tﬂo-foot Incrgméﬁfs._ﬁ-

| 0-2 Method of Design

1. Two analyses shall be madi?Zf?eéch section, empty and flowing .

full. ' R o _
2, "y chénnéls shall be destgngd_as_rlgid'frames.

3. ’"L".Chanheis shall be'designéd as cantilever rttainlng'wéllé'
with a nominal non-structural.connecting floater slab.

0-3‘.Horizontal'Loqu 

0=3.1 _Chq&nel

0-3.1.] ‘
Channel walls 13 feet or less in height shall be designed
for an equivalent fluid pressure (E.F.P.) of 62.5 psf apolied on
the earth face of the wall, except when the earth load due
to the sloping surcharge exceeds this, or where the wall
is adjacent to or within a street or highway easement.
For the latter condition see ¢riteria hereinbelow. -

(Note: Where sloping surcharge exists, it may
be advisable to increase the width of berm to
prevent excessive earth loads.)

Struct. Man,
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0=3 Horlzonta! Loads continued.

0-3.1.2

For wall heights greater than 13 feet, a careful study should
be made of soll types, excavation and backfill condlfions, ground
water levels, sub-drainage systems, topography and other pertinent
factors to determine the design loading., Walls over 13 feet In.
height adjacent to access roads, public streets or probable future
streets shall ordinarily be designed for a loading of 33 psf E.F.P.
- comblined with the lateral loads produced by one H20-S516-44 truck
with wheels 2 feet from the wall (measured from cen+erilne of whesl
to outer edge of wall).

Curves showing moments and shears for 62 5. psf E F P., and for tateral
H15 and H20 fruyck loads on open rectangular channel wal*s are in-
cluded (pages 5-76 to S-78). :

0=3,2 Channel Full

Channel walls regardless of height shall be desrgned for 40 psf
efuivalent fluid pressure applied on the water side to top of wall. -
This assumes active resistance from the soil outside the walls, or
allows an Increase in stresses for short time loading should active
pressure not exist. Moment and shear curves for 40 psf E.F.P. are
included (pages S=76 to 5-78) -

0-3.3 Stability and Siiding

Rigld frame "U" sections with differentlal lateral loadings shall
be checked for stabillty, soil reaction and sliding. "L" walls
shall be checked for stabliity, soll reaction and siiding. The
center Invert slab shall! also be checked for buckling forces
transmitted by adjoining retaining walls. The thrust dellvered
to central Invert slab shall be the total horizontal force minus
the product of the effective vertlical force and the coefflclent
of silding friction. The factor of safety against sliding shall
be 1.9, :

0-4 Vertical Loads

0-4.,1 _SQH _PrQ.SSUre

Soil pressures on "U" channels shall be computed considering the
invert slab as a slab on an elastic foundation (see ™Beams on
Elastic Foundations™ by M. Hetenyi, University of Michigan Press,
Ann Arbor, Michigan, 1946). Curves showing moments and soil
pressure In "U" charnels are included (pages 5-84 fto 5-99). When
the width of channel is less than the minimum values shown on the
cuyrves, uniform soil pressure shal! be assumed.

Struct. Man.
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04 Vertlcal Loads continued.

0-4 2 Uplif# Pressure :

See discussion of mefhads of design for ground wafer forces under
" Sectlion Q. Where invert siabs are designed for upiift forces
required to float the structure, allowable stresses may be tn-
creased to fs = 32 000 psi and fc 2,400 psl.

0-4 3 Ffo¢a+ton Forces "

~The sfrucfure shall be designed ?o resisf flofafion forces. The
factor of safety agalnst fiotation shall be 1.5. :

0-5  Allowahle Stresses .

A!!owable stresses shall be as listed ln Section A excep+ for tncreases
noted hereinabove for fhe uptift analysis.. :

v0-6 Thlcknesses of Members

Stde walls shal | have a minimum thickness of & 1nches. The earth facef
of walls shall be battered from the requlred fhickness at +he base
to the mInImum thickness at the top. : . :

Struct. Man,



0-6 Thicknesses of Members contlinued.

Floot slabs of "U" Channels shall generally have a minimum thickness
of 9 inches, Floor stabs of 'L'" retalning walls shall have a minimum

" thickness of 3 Inches. - Thickness of floor slabs shall be measured

at the wal ‘Q

For all channels there shall be a minimum projection of the floor
slab beyond the walls (i.e. a heel) of &', but not less than the
distance required for adcquate anchnrage of the reinforcement. .

Central invert connecting slabs of M Channels shali generally be not
less than 8 Inches thick. _

Q-7 Steel Clearances

As speclf:ed for box conduit deslgn (page G-IZ)

0=8 Steel Paztern

1. Earth face wall steel shall be ”L“ Bars bent {nto the
" bottom face of invert slab, : ,

2. Channel face wall steel shall be "LV Bars bent into the
bottom face of heel..

3. 'Channel face invert slab steel shall be bent to conform
to the slope of the fleoor slab.

L, "y Bars shall not be used.

5. Unduly'long bars shall be avoided.

0-9 Lo_gjtudlnal Reinforcamant

l. Longitudinal steel shal! be #h bars at 18-inch centers in each
face of walls and slabs.

2. longitudinal steel shall not be continuous throygh the joints.

Struct, Man.



0=10 _Trah§v§rsg SLOpe,Ficqr Sléb

On the channel face side, there shall be a one inch drop from the
wall to the center of the floor slab .for inside channel widths of
20 feet or less and a two inch drop for widths greater than 20 feet,
unless a ltow flow channel 'is used. . ‘

'Thevearth fa;e of floor slabs shall be battered frcm'the fzduired
thickness at the inside face of the wall to the required thickness -
at the center of the fioor slab, unless a low flow channel is used.

inl__constrﬂ¢1ion'Jojnts

Construction joint details shall be shown on the project drawings.

0=11.1 Transversa Cons:ructlon Jolnts

Spacing of transverse constructlon joints shall not - exceed 50

feet or be less than 10 feet, unless otherwise shown on the project-
drawings. Transverse joints In walls and. slabs shall be in the
same plane, Steel should not be continuous through the joints.,

1s Vehticél_wall Join;sni

. Paint.with a tack coat ofuasphalt péint.

2. TransyerSe Eloor Jolints

Sepafate slabs with 3/8-Iggh premold asphait.fil1ér.v

0=11,2 nggjtudinal,Conscru;tion Joints

1. Longitudinal Floor Joints

Paint with tack coat of asphalt paint. Dowe! central invert
connecting slabs to wall bases with #h at- 12" by 4'-0“ dowels.

2. Long_;udlnal Wall Joants -

Shall be the same as the construction JOIﬂtS at the base
of exterior walls of box conduits.

If the channel is subject to the action of sea water, the longitudinal
construction joints must bhe sealed with epoxy, elastameric sealants or
water stops. Special longitudinal construction joints details will be’
required. The District will furnish details of typical joints for use
on District projects. ‘

Struct. Man,



O~12_’Bgrms‘

Normal channel design should provide for a roadway berm sloping toward

the channel walls on a grade of two percent on each side of the channel.
Cut slopes from the natural ground to the back or outside edge of the
berm may vary from 1:1 to 1-1/2:1 depending upon %the soil characteristics.

In some instances, conditions may be such that a roadway berm can

be placed only on one side of the channel and in other cases, it may

be necessary to eliminate it entirely. For channels in cut the minimum
berm shall be two feet measured from the outside edge of the wall.

8213 Subdrainage

See discussion under Section Q.

Q=14 Computer Program

Refer to Section B.

As discussed in Section B, the District has developed a computer program
for the design of reinforced concrete open ractangular channel, This
program Is based on the criteria given in thls section except for top

steel cover in the Invert. This must be adjusted by hand until the program
is. rewritten. Refer to pages S~118 to $~126 for a write-up for this

program.

O-IS,‘Structural_Detai1!ng
Refer to Section ¢,
Reinforced concrete open rectangular channel! sections shall be detailed
in accordance with District practice; when numerous sections are required
they should be tabled. Refer to pages S-102 for an example of standard
detail and form. Coples of standard size District drawing sheet are
available for use on DIstrict projects.

Drawing shat! .Inclyde the apbiiéabie notes |isted in Section F.

Struct. Man,
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vSec;lon p

Design of Open Trapezoldal Channels

Pzl __General

The use of trapozoidal channels and design criteria shall be discussed

with the District before detalled designs are started. Since trapezoldal

channels are Inherently weak against upTIft pressures, careful investigation
. of ground water conditions and the need for subdrains should be made, See
-S:ct::ns Q and R for further discussion of subdrainage systems and types

of subdralins, '
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Q=1

Section q

Subdrainage Systems

General

'v_Subdrainage Is an Important feature in the design of reinforced concrete

rectangular sections and lined trapezoidal channels. Effective subdrainage
increases the bearing capacities of subgrades, decreases Tateral and upward
external pressures, and thus allows the use of . lighter and more economic
structures,

The nature and extent ‘of- the subdrainage system is dependenb upon the -

type of channel structure and upon. judgment and experlence as to how much

water will have to be outletted in order to relieve unbearable hydrostatic
pressures. If ground water levels are above proposed invert grades, it
will usually be deslirable to provide for more extensive subdrainage than
would be necessary in the case of "'perched water“ or ]ocai inflltrations

of surface water.

A thorough Invest:gatlon shall be made to establlsh the maximum level of
ground water that can be expected, In addition to the xnfnrmation con~
tained in the project soil report, ground water records are available at
the Dlstrict and at the office of the State Department of Water Resources.

Generally, each project will require the exercise of specific judgment
and experience as to subdrainage requirements. "It is requested that
the District be consulted before detailed design is begun, Prints
detailing the various types of suhdralnage systems are avaf!able from
the District upon request.

Q=2 Rigid Frame ”Uﬁ Sectiens

""U"" Sections are designed and constructed to act as rigid frames.

Any such section, not provided with snbdfainage; should at least
have adequate weight and strength to withstand hydrostatic forces
consistent with the assumed maximum level of external ground water,

For this case, the structure should be desligned for the full flotation

force, Often times, sufficient weight can be obtained by an extension

Struct. Man.



Q-2
Q-2 Rigid Frame "“U" Sections continued,

of the wall heels. This Is probably the safest method which can be
used, In case it proves to be uneconomical, then it may be used in
comb Ination with subdrains. With a subdrainage system, uplift pressures
may be reduced to the extent considered as warranted by the type and
expected effectiveness of the subdrainage system. The assumed ground
water level shall not be lower than two feet above the bottom of the
floor slab for channels without subdrainage, or at the top of the out-

~ lets for channels with a subdrainage system, o 1 :

Where a subdrain is required the minimum system shall consist of a _
perforated 6 inch minimum diameter pipe line on each wall heel laid in
drainage material. Where justifled by condi+lons of high ground water
or poor drainage, blankets of sand and grave! may be used for base siab
subgrade. The use of weepholes fs not favored. .

b K Vall.SectIQ“‘ o

For special conditions, open channel sections consisting of two

"L shaped cantilever retaining walls with-a central concrete invert

slab may be used. The invert slab has little weight and must be well
protected from uplift pressures. Generally, "Heel Drains® and Floor.
Stab Drains", outletted at intervals into the channel, are used when
uptift conditions are not severe. Sometimes the héel and floor slab
drains are Interconnected, and sometimes sand and gravel blankets

may be desirable, depending upon the severity of the uplift conditions.
Vertical cutoff walls shall be spaced along the channel reach to localize
damage to the invert slab, g : . :

_ For '"Low=Flow Channels", reference is made to Section R (page R-1).

Q-4 _Box Conduits

In general, where ground water Is encountered, no subdrainage system
is required; however, the effect of external pressure on the conduit
shall be investigated. In cases where ground water is excessively
high or where foundation conditions are unstable, .it may be desirable
tol?raln the ground water into the conduit or otherwise provide for
relief, v : :
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pezoidal Sections.

The invert slab and bank linings of trapezoidal sections are Incapable

of resisting much hydrostatic head. Consequently, the subdrainage system -
must be so chosen to assure that the upward pressure will be less than
‘the weight of 1ining. ' - ' ‘

For permanent structures, longitudinal heel drains, longitudinal and
transverse floor slab drains should be so placed, and possibly inter-
connected so as to reduce the hydrostatic heads to bearable limits,

~ The use of filter blankets, or sand and gravel blankets is a desirable
- method of equalizing pressure and usually cesults in minimizing the

~ number of pipe dralns required and results in a safer structure.

Q=6_ Ground_Water Quantities

Design flow rates shal| be determined from Jnformation in the so
repog? and shal! be based on the soil permeability and the observed
and historic ground water levels, _ _

Struct, Man,
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. Types of Subdrains

R-1__Low Flow Channels

“Low flow channels are usually small rigld frame "U" sections constructed -
In the Invert subgrade at the center|ine. of the channel. They concentrate
fow flows, prompte adequate velocifles for the movement of sand and provide
a very effective means of outletting drainage waters collecfed by the

- subdrainage system. They are also of aid during construction. Low flow

' Channels are used when ground water conditions are severe. .

.R+2 Hee| Drains

Hee! drains are longitudinal perforated pipe lines, laid in gravel or in
mixtures of sand and grave!, on the wall heels of rectangular sections,
or near the outer ends of the invert base In the case of trapezoidal
sections. The dralns should be at the |owest level consistent with out=
letting requirements, since their purpose Is to.protect Invert siabs and
~other -1inings not designed to resist much uplift. The six-inch minimum
diameter subdrain pipe shall be ejther bell and spigot concrete, bell and
spigot vitriflied clay or asbestos pipe at the contractor's option..

“Generally, the drains are discharged by spigot elis directly into the _
channel through flap-gated outlets at specified intervals., In other cases,
the flow in the heel drain may.be diverted Into lateral drains In the invert
subgrade, so as to outlet into a low flow channel or a longitudinal fnvert
drain. The heel drains should be continuous except that a gap of about
'Th;ee feet should be provided, unless otherwise directed, at about 200-foot

ntervals. ' : ' '

Material around hee! dralins shall In generat be D1 drain matertal and shall
be enclosed In a filter fabric appropriately sized to prevent movement of
the fines. : :

All drain pipes are laid wf+h the bell ends upstream. The bell at the

upstream end of each dralnage unit should be entirely closed by a mortared-
. In precast concrete cap. ' -

Struct. Man.
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R-S F loor Slab Dralns

Floor slab drains are longltudinal pfpe, lateral plpe, or combinaflon '

of the two lald n gravel filled trenches or pervious blanksts In the
chanme! . floor subgrade. Detalls of floor slab drains are shown on Standard
Drawings Nos, 295.1 to .3. Where these detalls are applicable they mhay
be included with the project drawings provided the case to be used Is
specified on the project drawings.

R-4 Sand _and Gravel B!ankefs

Sand and grqiel blankefs shouid be used for elther racfanguiar or +rape*
zolda!l sections, where subsoll testing Indicates that the excavated sub-
grades wli{l be wet and soft, or that subdrainage requlrements wili be

- extensive for a consfderable pertod of time. These blankets, where deemed
necessary because of particle slze shall be placed on appropriately designed
filter fabric. In additlon to "drying up" the subgrade and Improving Its
bearing capacity, the blanket is considered effacflve in filtering out
the colloids and transferring subgrade flows to +he main collecfor sys?em.

The blanka+ mafernal, when usad as backfill for a rectangular secfion,

or as subgrade for a bank 1ining, should not be extended to ground surface.
- It 1s preferable that the upper two or three feet of soil be Iess pervlous

in order to mfnimize the lnfll+ra+10n of surface wafer.'f

 The blanke* mafarial In general shall be D1 drain ma+erlal ‘and should be
sub jected fo moderate rolllng. _ , :

R-5 Fli?er Bianke#s

Filter b!anke?s, such as used by the District for East Compton Creek and
by the U.S.C.E. for various projects, consists of a layer of sand over-
latd-by a fayer of gravel. Thecretically, they afford optimum subdrainage.
However, they are difficult to place and are subject. to Inflitrations of
collolds from beneath, and of mortar from above during the pouring of
concrete. Ordinarily, sand and gravel blankefs and fllter fabric shouid
be provided In ileu of filter btankefs.

Struct. Man.
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COST COMPAR/SON BETWEEN SINGLE AND DOUBLE BOXES

 Surface of ground
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TYPICAL PIPE LOADINGS

+M = TENSION ON INSIDE FACE

PAGE 768

' MOMENT, THRUST, AND SHEAR COEFFICIENTS FOR ELASTIC RINGS

MOMENT cosFF:cmNT-yWR' ,
THRUST COEFFICIENT + w

+N = COMPRESSION . | SHEAR CCEFFICIENT » W
+V = SHEAR POSITIVE F'OR LEFT SIDE W= TOTAL LOAD IN EACH CASE
- . R= MEAN RADIUS OF RING
'um'f-'.eRM'wAu”cNt-ao‘.r‘o-P | o
T N N S 7 B I TS

— M N IVIMINTIVIMINIVIM NV IMINIV
TOP  |+14951-0530] O [1435/-0400] O |+1368|-0268] O <+1304-6132 O f+i2501, 0 | O_
[SIOE _|-1535}% 5000105301485 % 5000[+0400|- 140, I+ 500010268~ 13271%.5000}7.0132| 12505000, 0
(BOTTOM]+2935+0530 ]2 5000} 1885[+0400] 0 [vi572[x0268] O +|3764+01§7T 0. je1250]6 | o

UNIFORM LGAD CN 90° TOP :
bmn#rmd&:»wdaomm{ 8 =60 | 6= | & = 20 [ 6 = ;»3.(’;-‘
L MINIVIMINIVIMINITV MINTV IMINITV
TOP _[+18171-0262] 0 17570132 O [o1690 0 | O r+i627+0138 C [+I572+0269 O
SIDE _1=1683 1500010262} 1613 |+5000 }+0132 1549 +.5000] 0 [~1475(+5000/~0136]-.1398}»5000}-.0263
BOTTOM+3055(+0262 [* 5000} 200510132 0 [+1690] 0 | 0 [+1496/-0136] O +1370120269] O
" LOAD!ING'DUE‘T‘; WEIGHT OF RING
mcenod Sopurtat Battn| B = 60° | 8 = 90° 6 =120° T "¢ = i80°
e M N IV IMINTVIMINTIVIMINIV MIN]V
0P 107961:0796] O [+0736|-0666] O 1+0663]-0534 O [+060610389| O 1+0551-0266] 0|
[SIDE__-0903}+ 25001+0736 |-0833]+ 2500 [+ 2667207 75 [x 2500 +05361-0701/+2500)»0399/-0624+2500/-0267
[B0TTOM |+2385]-0796 £.5000}+133910666] O  [+1025[-0534] 0 [+0829+038%] 0 [<0704[-0266] O
w, ) LOADING DUE TO WATER; PIPE ‘F'uu.," ZERO PRESSURE HEAD ON SOFFIT
7y : ‘ ’ ’
s R T T [ 8 =120° 1 &= 180"

_ I MINTVIMINIVIMINIVIMINIV M NIV
T0P  1+0796-2389] 0 [+0736|-2257] O [+0668]-2124] O - 0606-1991] O [-0551-1858] O
SIDE 1090310680 1+07971-0838 - 0680[+0667 |-0775/-0680/~05321- 0701 |~0680/»0393|-0624]-0680}026 7

(80T TOM]|~2385}-381 [+ 5000[+ 133714109 0 [+1025[-4243[ O [.0823}.4378] 0 [-070a[-4SIT[ O |
T0P -:250+5goo 0 _ 2 N TOP  1-1042+3i25 3
SDE [azs0] 0 [ 0 UNIFORM LOAD TRIANGULAR LOAD [SIDE  [+1260] O |-0625
BOTTOM-!ZSO*SGOO' 0 '~ ON SIDES. -7 ON SIDES .BDTTOM*._-!{S&%GB” O_ﬁ
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