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1.5.31—DESIGN ASSUMPTIONS

{A) The strength design of members for flexure and axial loads shall be based
on the assumptions given in this article, and on satisfaction of the applicable con-
ditiuns of eguilibrium and compatibility of strains.

(1) Strain in the reinforcing steel and concrete shall be assumed directly pro-
portional to the distance from the neutral axis.

12} The maximum usable strain at the exireme concrete compression fiber
shall be assumed equal to 0.003.

{3) Stress in reinforcement below the specified vield strength. Jp. for the grade
of steel used shall be taken as £ times the steel strain. For strains greater than
tkat corresponding to fy. the stress in the reinforcement shall be constdered inde-
pendent of strain and equal to fy.,

{4} Tensile strength of the concrete shall be neglected in flexural calculations
of reinforced concrete. ’

(5} The relationship between the concrete cempressive stress distribunon and
the concrete strain mav be assumed to be a rectangle, trapczoid, parabola, or any
other shape which results in prediction of strength in substantial agreement with
the results of comprehensive tests. _

(6} The requirements of Article 1.5.31(A)(S) may be considered satisfied by an
equivalent rectangular concrete stress distribution which is defined as follows: A
concrete stress of 0.85(x shall be assumed uniformly distributed over an equiva-
lent compression zone bounded by the edges of the cross section and a straight line
located parallel to the neutral axis at a distance ¢ = fyc from the fiber of maxi-
mum compressive strain. The distance ¢ from the fiber of maximum strain to the
neutral sxis is measured in a direction perpendicular to that axis. The fraction f,
shail he taken as 0.83 for strengths 1" up to 4000 psi and shall be reduced con-
tinuously at a rate of 0.05 for each 1000 psi of strength in excess of 4000 psi.

1.5.32—FLEXURE
{A) Maximum Reinforcement of Flexural Members

{1} For flexural members. the reinforcement ratio. g. provided shall not ex-
ceed 0.75 of that ratio. pp. which would produce balanced conditions for the sec-
tion under flexure. ,

(2} Balanced conditions exist at a cross section when the tension reinforcement
reaches its specified vield strength. fy. just as the concrete in compression reaches
its assumed ultimate strain of 0.003.

(B! Rectangular Sections With Tension Reinforcement Only

11} For rectangular sections, the design mement strength may be computed

by:
B, £
M, = o [Ag,d(-0.60751] (6-1)
s Are. 16-2)
¥ [A.f’(d = 2 )]
where At
[

& % 0.85£ib
(2) The balanced reinforcement ratio. ph, for rectangular sections with ten-
sion reinforcement only is given by:
) 0.858,f, 87, 000 (6-3)
o £, 87,000 +f,
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{C) T~ and T-Sections With Tension Reinforcement Only

(1) .When the compression flange thickness is equal 0 or greater than the
depth of the equivalent rectangular stress block, 4, the design moment strength
mav be computed by the equations gtiven in (BH1).

(2} When the compression flange thickness is less than a, the design moment
strength may be coinputed by:

where 0. 85£, (b~b,)h,
Ay = I
r
‘A| - Alf)fz
0, 85f. b,

a =

{3) The balanced reinforcement tatio. gp. for I- and T-sections with tension
reinforcement only is given by:

b, - 0.858,£, 87,000
% =3[ —%  @o00eT + e ] iS58
where A
= Le
¥ Tha

L 4

14} For T-girder and box-givder construction defined by Articles 1.5.23(]) and
1.5.23K). the width of the compression tace, b, shail be equai to the effective slab
width.

(D} Rectangular Sections With Compression Reinforcement
{1} For rectangular sections, the design moment strength may be comiputed

by:
= a2
M, = ol (8, - A')6d-5) +A%, £, ay | =)
where (A,- A" M,
2 % To,85{lb
.and the following condition shall be satisfied:
- Al U
(A, -A') = 105855 frd'. 87,000 (6-7)
bd '¢d -87,000-4,

(2) When the value of (Ag — Ag)/bd is less than the vaiue giver by Eq. {6-7).
so that the stress in the compression reintorcement is less than the yield strength,
fy. or when effects of compression reinforcement are neglecied, the moment
strength may be computed by the equations in (B} 1), except when a general
analysis is made based on stress and strain compatibility using the assumptions
given in Article 1.5.31.

{3) The balanced reinforcement ratio. gp. for rectangular sections with com-
pression reinforcement is given by:

) 0. 858, f, 87, 000 B o
Ob = 3 + o — _
£, 87, 000 + f,, I,
where
f' = atress in compression reinforcement

& 87,000 + £,

87,000 (1 —-d_‘__B_T-,—OEE__:g £,
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{E} Other Cross Sections

For other cross sections the design moment strength. M, = gM;, shall be
computed by a general anaivsis based on stress and strain compatibility using the
assumptions given in Article 1.5.31. The requirements of Articie 1.5.32(A) shall
also be satisfied. :

1.5.33—COMPRESSION MEMBERS WITH OR WITHOUT FLEXURE

(A) General Requirements

{1} The design of eross sections subject to combined flexure and axial load
shall be based on stress and strain compatibility using the assumptions given in
Article 1.5.31. Slenderness eftects shall be included according to the requirements
of Article 1.5.34,

(2) All members subjected to a compression load shall be designed for an ec-
centricity. ¢. equal to the greater of

{a) that corresponding to the maximum design moment which accompanies
this compression load. or

(b1 0,034 for spirally reinforced compression members. or 0.10/ for tied com-
pressicn members, about either axis, or ’

(c} 1 in. about either axis.

(B} Compression Member Strengths

The tollowing provisions may be used as a guide to define the range of the
toad-moment interaction relationship tor members subjected 10 combined flexute
and axial load.

(1} Pure compression

The axial design load strength in pure compression, Py, may be com-
puted by:
P, = p[0.8561(a, - A, + At ] 6-9)

Concentric loading is 2 hypothetical loading condition since all members sub-
jected to a compressivn foad shail be designed for eccentricities not less than
the valuc given in Article 1.3.33(A)(2). :

(2) Pure flexure

the assumptions given in Articie 1.5.3f, or the appilicable equations for
Hexure given in Article 1.5.32 mav be used to compute the design moment
strength, M, in pure flexure,

{3} Balanced conditions

Balanced conditions for a cross section are defined in Article 1.5.32(A}(2).
For a rectangular section with reintorcement in one or two faces and locatea at
approximateiy the same distance from the axis of bending. the balanced load,
Pp. and balanced moment. My, may be computed by:

P, = ofo. ssr;ba,m',f',-.q,f,] (6-10)
and
[} 1 :‘-;—
M, = Be, =m|:o. 85£,bay (d - d" - 57)
+ALE, (d-d' -4d) +A,f,d"] (6-11
where
87,000 i
» - (\37.00'3”,)fjl
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and
4'. B7,000+f
" = R’ Sl el 2
£, 8?.000(1 A5 050 Vst

{(4) Combined tlexure and z2xial load

The design strength under combined flexure and axial load shall be based
on stress and strain compatibility using the assumptions given in Article 1.5.31.
The strength of a cross section is controlled by tension when the axial design
joad strength, Py. is less than Pp (or e is greater than ep). The strength of a
cross section is controlied by compression when the axial design load strength,
P,,. is greater than Pp lor e is less than ep). :

The combined axial load and moment strength shall be multiplied by the
apprupriate capacity reduction factor. & for spirally reinforced or tied com-
pression members as giver in Article 1.5.30(A). The value of ¢ may be in-
creased linearly from the value for compression members to the value for tlex-
ure as the axial design load strength. Py, decreases from 0.10f¢'Ag or Pp.
whichever is smalier, to zéro.

{C) Blaxial Loading

In lieu of.a general section analysis based on stress and strain compatibility for
a loading cordition of biaxial bending. the design strength of non-cicrular members
subjected to biaxial bending may be computed by the following approximate.ex-
pressions:

\ .
P“,. = (175 +“1Pu,) - (IIP.) {6-12)
when the applied axial design load,
P, > 0.1f'Ag

or
M, M
R X =1
: + £
i My (6-13)
when the applied axial design load.
Py < 0.1fc'Ag

1.5.34—SLENDERNESS EFFECTS IN COMPRESSION MEMEBERS

{A} General Requirements

(1) The design of compression members shail be based on forces and moments
determined from an analysis of the structure. Such an anaiysis shall take into
account the influence of axial loads and variable moment of inertia on member
stiffness and fixed-end moments, the affect of deflections on the moments and
forces. and the effects of the duration of the Icads.

(2) In lieu of the procedure described in paragraph (1), the design of compres-
sion members may be based on the approximate procedure given in Article
1.5.34(B).

{B) Approximate Evaluation of Slenderness Effects

(1) The unsupported length. &y, of 2 compression member shail be taken as
the clear distance between siabs, girders. or other members capable of providing
fatecal support for the compression member. Where haunches are present. the
unsupported length shall be measuted to the lower extremity of the haunch in the
plane consudered. ’
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(2) The radius of gyration, r, may be taken equal to 0.30 times the overall
dimension in the direction in which stability is being considered for rectangular
compression members, and 0.25 times the diameter for circular compression
members. For other shapes, r may be computed for the gross comcrete section.

(3) For compression members braced against sidesway, the effective length
factor. k. shall be taken as 1.0, unless an analysis shows that a lower value may be
used. For compression members not braced against sidesway, the effective length
factor, k. shall be determined with due consideration of cracking and reinforcement
on relative stiffness, and shail be greater than 1.0. 2

(4) For compression members braced against sidesway, the effects of slender- ;
ness may be neglected when. ki, /r is less than 34 — 12M,/M,. For compression
members not braced against sidesway, the effects of sienderness may be neglected
when kI, /r is less than 22. For all compression members with &kl /r greater than
100, an analysis as defined in Article 1.5.34(A)(1) shall be made. M, = value of
smailer design end moment on compression member calculated from a conventional
elastic analysis. positive if member is bent in single curvature. negative if bent in
double curvature. M, = value of larger design end moment on compression mem-
ber calculated from a conventional elastic analysis, always positive. - .

(5) Compression members shall be designed using the applied axial design
load, P,. from a conventional eiastic analysis and a magnified moment, Mg, de-
fined by:

M, = oM, (6-14)

where c, ;
Bt =) (6-15)

and f;
P. = GLp (6-16)

In tieu of a more precise calcutation, EI may be taken either as

E,l
—-5—' + E.I,

1+8,

(6-17)

El =

or conservatively

E,I

2.5 (6-18)
El = T+8,
where fi4 is the ratio of maximum design dead load moment to maximum design
total load moment, always positive. For members braced against sidesway and
without transverse loads between supports, Cp, may be taken as
M
C, = 0.6+0.457 16-19)
but not less than 0.4, %
For all other cases Cp; shall be taken as 1.0.

(6) When design of compression members is governed by the minimum ec-
centricities specified in Article 1.5.33(A}2}. M, in Eq. (6-14) shall be based on the
specified minimum eccentricity with conditions of curvature determined by either of
the folloiwing:

(a) When the actual computed eccentricities are less than the specsified mini-
mum. the computed end moments may be used to evaluate the con-
ditions of curvature.
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{b) If computations show that there is no eccentricity at both ends of the
member. conditions of curvature shall be based on 2 ratio of M/ M, equal
to one.

{7) When compression members are subject to bending about both principal
axes. the moment about each axis shall be amplified by d, computed from the cor-
responding conditions of restraint about that axis. e

:8) Iu structures which are not braced against sidesway, the tlexural members
shall be designed for the total magnified end moments of the compression mem-
bers at the joint..

(9) When a group of compression members on one level comprise 2 bent, or
when they are connected integrally to the same superstructure, and collectively
resist the sidesway of the structure, the value of J shall be computed for the mem-
ber group. Py and P shall be taken as the summation of Py and P, for all mem-
bers in the group. In designing each member in the group, ¢ shall be taken as the
targer ot {a} the vaine computed for the group as a whole, or {b) the value com-
puted for the individual compression member assuming its ends to be braced
against sidesway.

1.5.35—SHEAR
(A) Shear Strength

(1) The design shear stress, vy, shail be computed by:
o
Ve * 5B, (6-20)
whete by, shall be taken as the width of web and o shall be taken as the distance
from the extreme compression fiber to the centroid of the longitudinal tension re-
inforcement. ) ‘

For a circular section, by shall be taken as the diameter and d need not be
taken less than the distance from the extreme compression fiber to the centroid of
the jongitudinal reinforcement in the opposite ha!f of the member.

(2} When the reaction in the direction of the applied shear introduces com-
pression into the end region of the member, sections located less than a distance d -
from the face of the support may be designed for the same shear, vy, as that com-
puted at a distance d.

{3) The shear stress carried by the conerete, ve. shall be caiculated according
to Article 1.5.35(B}. When v, exceeds ve. shear reinforcement snall be provided
according to Article 1.5.35(C). Whenever applicable, the etfects of torsion* shall
be added.

{B} Permissible Shear Stress

{1) The shear stress carried by the concrete. ve. shall not exceed 2(f:)? un-
less a more detailed analysis is made in accordance with (2) or (3). For members
subjected to axial tension. vc shall not exceed the value given in {4). For light-
weight concrete, the provisions of (5) shall apply.

{2) The shear stress carried by the concrete, v, may be computed by:

ve = L.9JiL+ 2500, (6-21)
but v, shail not exceed 3.5(fz 1V The quantity Vyd/My shall not be taken
greater than 1.0. where M,, is the applied design moment eceurring .simulianeousiy
with V, at the section considered.

*+ The design criteria for combined torsion and shear given in *Building Code Requirements for
Reinforced Concrete—ACI 318-717" may be used.
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{3) For members subjected to axial compression, v may be computed by:
N ==
vo = 2(1+0.0005 2% )./0 (6-22
The quantity Ny /Ag shall be expressed in psi. .

{4} For members subjected to significant axial tension, shear reinforcement
shall be designed to carry the total shear, unless a more detailed analysis is made
using

i iass
vo = 2{1+0.002=)/R (6-23)
e !

where Ny, is negative for tension. The quantity Ny/Ag shall be expressed in psi.

¢5) The provisions for shear stress. v, carried by the concrete apply to
normal weight concrete. When lightweight aggregate concretes are used, one af the
foliowing modifications shall apply:

{a) When f,; is specified. the shear stress. vp. shall be modified by substitu:-
ing fo;/6.7 for (fz)¥2, but the value of for/6.7 used shall not exceed
(fc')lle

(b) When f.r is not specified, the shear stress, ve, shall be multiplied by 0.75
for “all-lightweight" concrete, and 0.85 for “sand-lightweight™ concrete
Linear interpolation may be used when partial sand replacement is used.

{C} Design of Shear Reinforcement

1) Shear reintorcement shall conform to the general requirements of Article
1.5.10. When shear reinforcement perpendicular to the axis of the-member is used,
the required area shall be computed by:

{v,-V.b,5
AL = 1 6-24)

y
(2) When inclined stirrups or bent bars are used as shear reinforcement the
following provisions apply:

(2) When inclined stirrups are used. the required area shall be computed by
(wy - v, (6-25)
=
v {, (sin a+cos al

A

{b) When shear reinforcement consists of a single bar or a single group of
paralle! bars. all bent up at the same distance from the support, the re.
quired area shall be computed by:

(vy-vJb,d

- —h v gy

Al 1, win o 16-26}
in which {v, — v} shall not exceed 3(fz' 2.

(¢} When shear reinforcement consists of ‘a serfes of parallel bent-up bars or
groups ot parallel bent-up bars at different distances from the support. the
required area shall be computed by {a).

id} Onlv the center three-fourths of the inclined portion of any longitudinal
bar that is bent shall be considered effective for shear reinforcement.

(3) Where more than one tvpe of shear reinforcement is used to reinforce the
same portion of the member, the required area shall be computed as the sum for
the various rypes separately. In such computations, v, stall be included only once.

14) When (-, — vo) exceeds 44 )2, the maximum spacings given in Article
1.5.10(C) shall be reduced by one-half. -

(5) The value of (v, — v) shall not exceed 8(f:)"%

1975



deviszed Jsnuary. 1575

page g2-13

(D} Sheer-iriction

(1) These provisions apply where it is inappropriate to ?onsid_er shear as a
measure of diagonal tension, and particularly in design of reinforcing. details for
precast concrete structural efements, ) ) ]

t2) A crack shall be assumed to occur along the shear path. Relative displace- .
ment shall be considered resisted by friction maintained by shear-friction reintorce-
ment across the crack. This reinforcement shall be approximately perpendicular to
the assumed crack. . .

(3) The shear stress, vy. shall not exceed 0.2 nor 800 psi.

{4) The required area of reinforcement. 4yy. shali be computed by

V.

L)
Avr = ofu - 6-27)

The coetficient of friction, u, shall be 1.4 for concrete cast monolithicaily, 1.0 for
concrere placed against hardened concrete, and 0.7 for concrete placed against as-
roiled strucrural steel.

(5} Direct tension across the assumed crack shall be provided by additional
reinforcement.

(6) The shear-friction reinforcement shall be well distributed across the as-
sumed crack and shall be adequately anchored on both sides by embedment,
hooks. or welding to special devices.

17} When shear is transferred between concrete placed against hardened con-
crete, the interface shall be rough. clean. and free of laitance with a full amplirude
of approximately 4 in. When shear is transferred between as-rolled steel and con-
crete. the sweel shall be clean and without paint.

(E} Horizonta] Shear Design for Composite Concrete Flexural Members

{1) In a composite member, full transfer of the shear forces shall be -assured
at the interfaces of the separate components.

{2} Full transfer of horizontal shear forces may be assumed when all of the
following are satisfied: {a) the contact surfaces are clean and intentionaily rough-
ened. (b} minimum ties are provided in accordance with paragraph (6}, (c} web
members are designed to resist the entire vertical shear, and (d} all shear reinforce-
ment is anchored into all intersecting components.

When all of the above are not satisfied, horizontal shear shail be fully investi-

gated.
(3) The horizontal shear stress. v4h. may be computed at any cross section as
V.
= 6-28
Ya ob.d (6-28)

in which d is for the entire composite section. Alternatively. in any segment not
exceeding one-tenth of the span. the actual change in compressive or tensile force
to be transferred may be computed, and provisions made to transfer that force as
horizontal shear to the supporting element.

(4} The horizontal shear may be transterred at contact surfaces using the
permissible horizontal shear stress, vy, stated below.

{(a) When ties are not provided, but the contact surfaces are clean and in-
tentionaily roughened. permissible vj = 80 psi.
{b) When the minimum tie requirements of paragraph {6) are provided and
the contact surtaces are clean but not intentionally roughened. permissible vy = 30
pst. .
ic! When the minimum tie requirements -of paragraph (6) are provided and
the contact surfaces are clean and intentionally roughened. permissible
vhp = 350 psi.
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(d) When vgj; exceeds 350 psi, design for horizontal shear shall be made in
accordance with Article 1.5.35(D).

{5) When tension exists perpendicular to any surface, shear transfer by con-
tact may be assumed only when the minimum tie requirements of paragraph (o} are
satisfied.

{6) Ties for horizontal shear

{a) When vertical bars or extended stirrups are used to transfer horizontal
shear. the tie area shall not be less than that required by Article
1.5.10{A)(2) and the spacing shall not exceed four times the least dimen-
sion of the supported element nor 24 in.

{b) Ties for horizontal shear may consist of single bars, multiple leg strrups.
or the vertical legs of welded wire fabric. All ties shall be adequately
anchoted into the components by embedment or hooks.

(7) Measure of roughness

Internal roughness may be assumed oniy when the contact surface is
roughened. ciean. and free of Jaitance. Roughness shall have a full amplitude
of approximately 1/4 in.

(F) Special Provisions for Slabs and Footings

(1) The shear capacity of slabs and footings in the vicinity of concentrated
loads or reactions shall be governed by the more severe of two conditions:

(a) The slab or {ooting acting as a wide beam. with a critical section extending
in a plane across the entire width and located at a distance d from the face
of the concentrated load or reaction area. For this condition, the slab or
footing shail be designed in accordance with Articles 1.5.35(A) through {C).
‘Jwo-way action for the slab or footing, with a critical section perpendicular
to the plane of the slab and located so that its periphery is a2 minimum and
approaches no closer than d/2 to the periphery of the concentrated ioad or
reaction area. For this condition, the slab or footing shall be designed in
accordance with paragraphs (2) and (3).

(b

{2} The peripheral shear stress shall be computed by:

Vs : (6-29)
pb,d
in which V, and b, are taken at the critical section detined m {b). The pernipheral
shear stress. vy. shall not exceed the shear stress carried by the concrete. ve =
4(f')1/2. unless shear reinforcement is provided in accordance with {3), in which
case vy, shall not exceed 6(f¢")/2.

(3) Shear reinforcement consisting of bars ot wires anchored in accordance
with Article 1.5.21 may be provided. For design of such shear reinforcement. shear
stresses shall be investigated at the critical section defined in (b) and at successive
sections more distant from the support: and the shear stress, ve, carried by the
concrcte at anv section shail not exceed 207, 1M Where vy exceeds v, the shear
reinforcement shali be provided according to Article 1.5.35(C).

Ve ©

1.5.36—PERMISSIBLE BEARING STRESS

{A) Bearing stress in concrete on loaded area, fp, shall not exceed 0.85¢fc , ex-
cept as provided below.

(B) When the supporiiag surface is wider on all sides than the !loaded area, the
permissible bearing stress on the loaded area mayv be multiplied by (4,/4,)%? but
not more than 2.

1975
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(C) When the supporting surface is sloped or stepped. A, may be taken as the
aréa of the lower base of the largest frustrum of a right pyramid or cone contained
whoily within the support and having for its upper base the loaded area, and having
side slopes of 1 vertical to 2 herizonral.

(D) When the ioaded area is subjected to high edge stresses due to deflection or
eccentric loading, the permissible bearing stress on the loaded arca shail be multi-
plied by a factor of 0.75. The requirements of (B) and {C) shall also apply.

1.5.37—SERVICEABILITY REQUIREMENTS
{A) Application

For fiexural members designed with reference to load factors and strengths
by LOAD FACTOR DESIGN. siresses at service load shall be limited to satisfy
the requirements for fatigue in Article 1.5.38, and the requirements tor distribu-
tion of reinforcement in Article 1.5.39. The requirements for detlection control in
Article 1.5.40 shall aiso apply.

(B) Service Load Stresses

For investigation of service load stresses to satisfy the requirements of Articles
1.5.38 and 1.5.39, the straight-line theory of stress and strain in flexure shall be
used and the assumptions given in Article 1.5.27 shall apply.

1.5.33—FATIGUE STRESS LIMITS

{A} Concrete

The maximum compressive stress in the concrete shall ot exceed 0.5/ at sec-
nons where stress reversais occur caused by live load plus impact at service Inad.
This stress limit shall not apply to concrete deck slabs.

{Bl Reinforcement

The range between a maximum and minimum stress in straight reinforcement
caused by live load pius impact at service load shall not exceed 11,000 psi.* Bends
in primary reinforcement shail be avoided in regions of higi stress range.

1.5.39—DISTRIBUTION OF FLEXURAL REINFORCEMENT

Tension reinforcement shall be well distributed in the zones of maximum
tension. When the design vield strength, f;. for tension reinforcement exceeds 40.000
asi. cross sections of maximum positive and negative momsnt shall be so propor-
linned that the calculated stress in the reinforcement at service load. fy. iu kips per
sq. in.. does not exceed the value computed bv: z

f = ——
' 3 K (6-30)
but f; shail not be greater than 0.6f,, where

= effective tension area of concrete surrounding the main tension reinforcing
bars and having the same centroid as that reinforcement, divided by the
number of bars, sq. in. When the main reinforcement consists of several
bar sizes the number of bars shall be computed as the total steel area
divided by the area of the largest bar used.
4, = thickness of concrete cover measured from the extreme tension fiber to the
center of the bar located closest thereto. in. '

* Applicable primarily to conctete deck slabs and short span slab bridges where the dead load
to total load ratio is less than approximately 0,25,
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GTFEL STRESS AT JACKTNG END»

st
1}

T, = STEEL STRESS AT ANy PAINT X,

HLTIMATE HORTZONTAL SHEAR STRESS.

<
il

Vg = SHFAR CARRIFN RY CONCRETE,

sHEAR DUE TN ULTIMATE LOAD ANO EFFFcT OF PRESTRESSING.

=
un

ERTICTINN CURVATURE CNEFFICIENT,

A~
1]

o = TNTAL AMGULAR tuANGE N PRESTRESSING STEEL PROFILE
IN RADTANS FROM JACKTNG END YO0 POINT X,

1s643==NESIGN THEDRY

MEMBERS SHALL MEET THE ULTIMATE STRENGTH AND ALLOWABLE
STRESS REQUIREMENTS AS SPECTFIEDN.

DESIGN SHALL RE RASED ON ULTIMATE STRENGTH AND REHAVIOR
AT SERYICE cONDITIONS FNR ALL LOAD STAGES THAT mAYy BE CRITI®
¢AL DURING THE LIFE OF THE STRUCTURFE £ROM THE TIME OF PRE-

STRESSING.,

{eb,4==RASIC ASSUMPTIONS

THE FOL)OWING ASSUMRTINNS ARE MANDE FOR DESTGN PURpPOSES?

{1y STRATNS VARY LINEARLY NYER THE DEPTH 0OF
THFE MEMRER THROUGHOUT THF ENTIRE LNAD
RANGE ,

(2?71 REFORE CRACKINGs STRFSS IS LINEARLY PROPORY¥-
TONAL TO STRATN,

{3y AFTER CRACKING» TENSTON TN THE CONCRETE 1s
MEGLECTED,

R5
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1.6.5— LOAD FACTORS

Load factors are muitiples of the design load applied to the struc-
ture to ensure its safety. The computed ultimate capacity shall not be
" less-than the largest value obtained from formulas 6.1, 6.2, 6.3 and 6.4.
Members subject to combinations of loads and forces shall be designed
for the combined effect.

Group I = %‘lx[n 7 %—(L + I)] (6-1)

For all loadings less than H20, provision shall be made for an in-
frequent heavy load by applying Group IA loading, with the live load
assumed to occupy a single lane without concurrent loading in any ether
lane.

1.30

Group IA = T.x [D+22 (L+1D)] (6-2)
1.30
Group Il = Tx[D+W+F+SF+B+S+T] (6-3)

When earthquake loading is taken into account, Group II loading
shall be used substituting EQ for W. When ice pressure is taken into
aceount, Group II loading shall be used substituting ICE for SF.

Group III = Egﬂx [D+ (L+1) +CF+03W+WL+F+LF]  (6-4)

Except for the ¢ factors listed below, the symbols in the above
formulas represent the moments, shears or forces caused by the loads
and the effects described in Article 1.2.22.

¢ = Factor on section strength =

1.0 for factory produced precast prestressed concrete members
0.95 for post-tensioned cast-in-place concreie members
0.90 for shear
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1,6¢6==ALLOWARLE STRESSES wahanw

THE DESIGN 0f PRECAST PRESTRESSEPD MEMBERS NRDINARILY

SHALL BE BASED ON f¢=3000 PS!, AN INGREASE TO 6000 pSI

IS PERMISSIBLE WHERE, IN THE ENGINEERS JUDGMENT» IT IS

REASONABLE TO EXPECT THAT THIS STRENGTH WILL BE QHTAINED
CONSISTENTLY, STILL HMIGHER CONCRETE STRENGTHS MAY BE CONSIDERED ON
AN INDIVIDUAL AREA RASIS, IN SUCH CASES, THE ENGINEER SHALL SATISFEY
HIMSELF COMPLETELY THAT THE CONTROLS nyER MATERIALS AND FABRIC=
ATION PROCEDURES WILL PROVIDE THE REQUIRED STRENGTHS, THE PROVISe
IONS OF THIS ¢HAPTER ARE EQUALLY APPLICABLE TO PRESTRESSED CONCRETE
STRUCTURES OR COMPGNENTS DESIGNED WITH LOWER CONCRETE STRENGTHS,

(A) PRESTRESSING STEEL

TEMPORARY STRESS gEFORE LOSS DUE TQ CREEP '
AND SHRINKAGE.OIQQ.IO.'.“'..ICI.D.!Q.'... 0.?Of5

STRESS AT SERVICE LOAD{*) AFTER LOSSES ... 0.80f§
(DVERSTRESSING TQ 0, 75f FOR PRETENSIONED MEMBERS AND 0,80 FOR POST
TENS JONED MEMBERS MAY BE PERMITTED FOR SHORT PERIODS UF TIME PROVIDED
THAT THE STRESS, AFTER TRANSFER TO THFE CONCRETE IN PRETENSIONING OR
SEATING OF ANCHORAGE IN PQST TENSIONING. DOES NOT EXCEED O, TOf )

* SERVICE |OAp CONSISTS Op ALL LOADS CONTAINED IN SEcTION 1,2,8
BUT DDES NOT INCLUOE OVERLOAD PROVISINNS,

(8) CONCRETE

(1) TEMPORARY STRESSES BEFORFE LOSSES DUE TO CREEP AND
SHRINKAGE

COMPRESSTON
PRETENSIONED MEMBERS soecsceasvanesesssess 0060f
POST=TENSIONED MEMBERS ,eeuseseronsorasesrs 0e55f
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SHALL GDVERN, FOR ROLTED CANNECTTINNS THE FASTENFR SPECYFICATIONS SHALL
GOVERN

Be MALLEABLF CASTINGS

FOR MALLFAGLE CASTINGS CNNFORMING T0 SPECIFTCATIONS FOR MALLEABLF
IRON CASTINGS, ASTM AAT7. THF FOLLNWING ALLOWARLFE STRESSES IN POUNDS PER
SQUARE INCH, SsHALL RE USER:

TFNSInN .l-c.oo..otoccl.Ql-o."‘unc...- IB:OOQ

HFN”ING IM EXTRFMF FIRFR "TEEELEEERERENENNN) 131000
MﬂDUL”S ﬂF FI_ASTTCIrY 'TEEEERERE R SR N 25’000'0"0

C, CAST IRNN

FAR CAST TROM CASTINGS cANFORMING T0 SPECIFTICATINNS FOR GRAY [RON
CASTINGS» ASTM A4AB, THE FOLLOWIMA ALLNWABLE STRFSSES In POUNDS PFR
SQUARF INCH. SHALL RE USED: i

RENNDING IN FEXTRFUF FTRFR ecoececesvscssnse 3,000
SHEAR !Qallcoli..-ooo-...l-.l'tosutcooil 3’0”0
NTRFCT CAMPRESSTINAN, SHNRT CNLUMNS o,000 12,000

1. 7.7 =8RONZF NR COPPFR=ALLOY

RRONZE CASTINGS, ASTM 3 22, Ay LOYS A OR B NR COPPER=ALLOY PLATES,
ASTM R 100, ALLOY NA, 1 SHALL gF SPECTFIED,

TUF ALLOWARLFE UNIT RFARING STRFSS IN POUNDS pPER SQUARE INCH 0N RRONZFE
CASTINGS OR COPPFR=ALLAY PLATES SHALL BE 2,000,
1.7.8 =~REARING 0N MASONRY

THE ALLOWARLF UNIT RFARING STRFSS [N PUUNDS PER SQUARE INCH» NN THF
FOLLOWING TyprFs OF MASAMNRY, SHALL BE:

GRANITE ..l.‘l....l.....‘.."'.l...!l-..d. 800

SAMPRSTONE AND LIMESTNNE ssesovvvscscnansee 400

CANCRETE S

Refer to Articles 1.5.26(A)(3) and 1.5.36.
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DETAILS NF DESIGN

1.7.9 =EFFECTTVE LENRTH OF SPAN

FOR THE FALCULATION NF STRESSFS» SPAN LENGTHS SHALL RE ASSUMED AS THF -
BISTANCE RETWFEN CFNTERS Ngp REARINGS AR NTHER pNnINTS & SUPPORT,

L.7. 10 =DEPTH RATIDS

FOR BEAMS NR GIRNFRS THF RATIN OF PEPTH TO LFENGTH OfF SPAMN» PREFERARLY
SHALL NOT BF LESS THAN 1/25.

FOR COMPNSTTE GIRDFERS THuF. RATTA NF THE OVER=-ALL DEPTH OF GIRDER (CON=-
CRETE SLARs PLUS STEEL GIRNDFR) TN THE LENGTH nf SPAN PREFERABLY SHALL
NNT RF LESS THAN 1,25, AND THE RATIN OF DEPTH nr STEEL GIRDER ALONE TN
LENGTH OF SPAN SHALL NAT BE LESS THAN 1/30,

FOR TRUSSFS THF RATIN Nf DFEPTH TO LENGTH OF SPAN SHALL NOT BE LESS
THAN 1710,

FOR COMTTINHNUS SPAN DEPTH RATIN, THE SPAN LENGTH SHALL BE CONSIDERED
AS THF DISTANCE RETWFEN THE DEADP LOAD POUINTS nF CONTRAFLECTURE.

1.7. 11 ~LIMITING LFNGTHS OF MEMBERS

For compression members, the slenderness. ratio, KL/r, shall not exceed
120 for main members, or those in which the major stresses result from dead
or live load, or both; and shall not exceed 140 for secondary members, or
those whose primary purpose is to brace the structure against lateral or
longitudinal force, or to brace or reduce the unbraced length of other
members, main or secondary. :

In determining the radius of gyration, r, for the purpose of applying
the limitations of the KL/r ratio, the area of any portion of a member may
be neglected provided that the strength of, the member as calculated without
using the area thus neglected and the strength of the member as computed
for the entire section with the KL/r ratio applicable thereto, both equal
or excead the computed total stregs that the member must sustain.



