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30%
20%
10%
o

Impact Factor

ALL, Square Feet

(0.83 + 1.75H) (1.67 + 1.75H)
(See Fig. 4.26)

(0.83 + 1.75H) (5.67 + 1.75H)
(See Fig. 4.27)

(4.83 + 1.75H) (5.67 + 1.75H)
. (See Fig. 4.28)

P, pounds

48,000

16,000

Table 4.11. Impact Factors for Traffic Loads.

Table 4.12. Critical Loading Configurations.

0'·0" to 1'·0"
1'·1" to 2'·0"
2'·1" to 2'·11"
3'·0" and Greater

Height of Cover

H, feet

H< 1.33

1.33 ~H<4.1 0 32,000

4.10~H

Note: Impact factors recommended by the American Association of State High·
way and Transportation Officials in "Standard Specifications for Highway
Bridges", Twelfth Edition.

- Distributed Load Area(~e.J
Yo/

'/"/t'}ft.

Figure 4.27. Distributed Load Area-Two HS 20 Trucks Passing.

Figure 4.28. Distributed Load Area-Alternate Loads
in O~,..~i..... " lA""I""It*\

H Distributed Load Area

II _#10 _ •• °1. • .t·. __ I •... _ _ ". __ I .,....
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Figure 4.24. Live Load Spacing.
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Highways

Pavements designed for heavy truck traffic substantially reduce the pres­
sure transmitted through a wheel to the subgrade, and consequently to
underlying concrete pipe. The preSSure reduction is so great that general­
ly thelive load can be neglected. The pressure intensity, however, .can be
estimated as discussed previously through use of Equatiolls 4.41 and 4.42
and Tables 4.5 through 4.10. FOr heavy duty asphalt or flexible pave~
ments, the reduction in intensity will be comparable tothatfor concrete
pavements. The economies that Can be realized by the reduction of pipe
strength requirements can be substantial and should not be overlooked.

For intermediate thicknesses of asphalt orflexibile pavements, there is
no generally accepted theory for estimating load distribution effects. The
layered system theory. first advanced by Burmister in 1943. has been ex­
tended and solved for conditions that could apply to concrete pipe~ How­
ever, this theory is not in common use. Local engineering practices con­
trol the basis for estimating the live load.

Relatively thin pavements do not reduce the pressure transmitted from
the wheel to the subgrade to any significant degree. Such pavements are
generally considered as unsurfaced roadways for determination of the ef­
fect of live loads on buried concrete pipe. As discussed previousiy, Equa­
tiolls 4.39 and 4.40 and Table 4.4 can be used to estimate the pressure
intensity. A more practical method as accepted by AASHTO is developed
in the following paragraphs.

H20, HS 20 and
ALTERNATE LOADS

'AASHTO
HS20 LOAO

4000lb 4000lb

o 0-

__
39_AD~D _OR~ S~GT

AASHTO
ALTERNATE LOAO
12000lb 12000lb

00-00-1-
I I
00-00~4ft

12000lb 12000lb .

-
AASHTO

H20 LOAO
4000lb 4000 Ib

0-·0-

f 0.83 ft. (10 in.)

-,.--D
-r-r~~-It7:;*~'--~7:0: t h.67 It 120J

Figure 4.25. Wheel Load Surface Contact Area.

dual wheel, two HS 20 trucks passing, and alternate load~ in the passing
h . F' 4 26 4 27 and 4 28 The maximum value formode are sown 10 19ures . , . .. . . . .

average pressure intensity is obtained under vanous conditions of bve
load and dept,h of pipe. As shown in Figures 4.27 and 4:28, at greater
depths the distributed loaded areas overlap, and the maximum p.ressure
will develop under either the truck passing or the.~lte~ate loads.1n pass­
ing mode conditions. The depths for these tranSitIOns IS show.n In Table

'4./2, along with the total loading. and rectangular areas that will produce
. fhp rnfir::ll lo::ln f"fff"rf,

Load Assumptions

The maximum highway wheel loads generally considered for design pur­
poses are those specified by AASHTO for HS 20 truck and alternate load
configurations as illustrated in Figure 4.24. The critical axle loads for
these configurations are carried on dual wheels. The contact area of the
dual wheels is assumed tobe oval in shape and is approximately equal to
the wheel load divided by the tire pressure. Several assumptions are nor­
mally made to simplify the evaluation process. For an HS 20 wheel load,
16,000 pounds, the contact pressure is assumed equal to the tire pressure
of80 pounds per square inch. The contact area, therefore, is 16,000 pounds
divided by 80 pounds per square inch, or 200 square inches, and can be
approximated by a rectangle, as shown in Figure 4.25, with a length of 20
inches and a width of 10 inches. The possible combinations of load appli­
cations are a single dual wheel load, two HS 20 trucks passing, and the
alternate load configuration in the passing mode. For highway loadings,
AASHTO recommends that the live load be increased by an impact factor
when the pipe is less than three feet beneath the pavement surface. The
recommended impact factors are presented in Table 4.11.

Load Distribution Assumptions

At depths, H, below the surface. the length and the width of the rectangle
are assumed to increase by the value of 1.75H. The conditions for a single
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+~ ::: ?-70 K. '$ r .----

E -= 2..8,0::>0 lCSI
S~O {
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= <lT~(.;.J( 11.(4){3~S~ ':::

C~ '" \2.. (.q 11) - 7 (. 2.B '2.) ,..

-P1Z.enzE:.5 s. LO.$SE.5

lDl7'\~L LOSSES :

/D~-L LOssES:

11)000 +-Ca7oo +- Cfo30 + 332.<9 '= "!:JOjosCf

e ENTRANCO EN~INEERS, INC.
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PCI Design Handbook

(Eq.4.6.6)

= multiplier from table

= revised multiplier

= area of non-prestressed reinforce­
ment

= area of prestressed steel

517-/ }()!I

member after a period of time bymultiplying the
initial calculated camber by some factor, usually
based on the experience of the designer. To prop­
erly use these "multipliers," the upward and
downward components of the initial calculated
ca"mber should be separated in order to take into
account the effects of loss of prestress, which only
affect the upward component.

Fig. 4.6.3 provides suggested multipliers which
can be used as a guide in estimating long-time
cambers and deflections for typical members, i.e.,
those members which are within the span-depth
ratios recommended ill this Handbook (see Sect.
3.2.2). Derivation of these multipliers is contained
in a paper by Martin.9 .

Long-time effects can be substantially reduced
by addi'ng non-prestressed reinforcement in pre­
stressed concrete members. The reduction effects
proposed by Shaikh and Branson'o can be applied
to the approximate multipliers of Fig. 4.6.3 as fol-
lows: .

where C,

C2

As

(
0.280)5~ (70 X 12)4

384 (4287) (14,970)
5wf4

£if = ---'--­
384 Ec Ie

= 2.36 in.

4.6.5 Long-Time Camber/Deflection

ACI 318-83 provides an equation for estimating
the long-time deflection of non-prestressed rein­
forced concrete members (Sect. 9.5.2.5):

~
X. = 1+50p' (Eq.4.6.5)

where ~ isafactor related to length of time, and
p' is the ratio of compressive reinforcement. No
such guide is given for prestressed concrete.

The determination of long-time cambers and
deflections in precast, prestressed members is
somewhat more complex because of (1) the effect
of prestress and the loss of prestress over time,
(2) the strength gain of concrete after release of
prestress, and because (3) the camber or deflec­
tion is important not only at the "initial" and "fi­
nal" stages, but also at erection, which occurs at
some intermediate stage, usually from 30 to 60
days after casting.

It has been customary in the design of precast,
prestressed concrete to estimate the camber of a

Fig. 4.6.3 Suggested multipliers to be used as a guide in estimating long-time cambers and deflections
for typical members

Without With
Composite Composite

Topping Topping

At erection:
(1) Deflection (downward) component - apply to the 1.85 1.85

elastic deflection due to the member weight at release
of prestress

(2) Camber (upward) component - apply to the elastic 1.80 1.80
camber due to prestress at the time of release of
prestress

Fina/:
(3) Deflection (downward) component - apply to the 2.70 2.40

elastic deflection due to the member weight at release
of prestress

(4) Camber (upward) component - apply to the elastic 2.45 2.20
camber due to prestress at the time of release of
prestress

(5) Deflection (downward) - apply to elastic deflection 3.00 3.00
due to superimposed dead load only

(6) Deflection (downward) - apply to elastic deflection - 2.30
caused by the composite topping
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((:, - c"
Hw + S,I

W-\(C, ­

Wlw +:j

Wfl

8

c .aSo

Yo

Yc

k = 0, 1,2

II
a = cP" = 2 tan -I ~.

C

"'b=-----_Xo

- -a == radius

t. aSo

l',~

~(C/ - (

XC ~(C2:1 - (

A 8 ~(C21 - (

~(S2:\ -s

1/>0" .. ~ Hw - S2'

1(S 2' - S
Yv

Xv

A

II = segment height

- _.-a = angle at A, radians

yc = (I - ;~:I)(/

( So . )
'1'1;= - - Co a
- efJo

AIr;, = 0

yr; = 0

Xr; = 0

L= 2~oa == segment length

lox., = (cPo + SoCo)a:1

I(~~ = (cPo - SoC,,)a:\

lo,~ = ()

Ie,:, = (cPo - SoCo)a:1

le,y = 0

Xr; = aSo

( . 2S,,~) '\le.,x = cPo + SoC" - -.1- a'
'i

J
"

Xc = 0

M I :.,· = ()

XI: = ()

1,\.\.,. = (cPo - 3SoCo - 2cPoCo)a:l

1,.\,.\, = 2S,,(.')0 - cPoC,,)a:\

I,-by = (efJo - SoC" + '2cPoSo~)(/:\

For;definItions ·of xC'.YC'1.~"JTY,l,~.~,;·,~,seeSecs. 21.05-21.06.

For6therproperties of crrcul~r s~gm~rit s~eSei:s. 4.05-'4.06.'
"-;,,:"'; ,,,'--._~,y, '. "':"{':'/:i:r,,-',:-:.«-'~....:.

(4) Segment AB in XI', rl'
MI" = -2(cPo - S,,)a~

(3) Segment AB in Xr;,}'r;

(2) Segment All in X", }'o

Mox = 2Soa~ iHov = 0

aSo
'I'r;=­
- cPo

(1) Segment AB in X,~, >'.\

lvl"x = 2(S" - cPoC,,)a~

--
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