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LOAD CURVE

X, IN
0. 00

LOADING NUMEBER 1

EBOUNDARY  CONDITION CODE
LATERAL. LOAD AT THE PILE HEAD

MOMENT AT

THE

FILE HEAD

2 FOINTS

AXIAL LOAD AT THE PILE HEAD

B

IN

XA RE R
0.00
L 00

12,00

18000

24,00

2000

T 00

A2, 00

A8 00

AT v):)
U200
L08o00
114,00

120,00

P26 00
122,00
1738, 00
144,00
150, 00
154,00
162,00
168,00
L74.00
180,00
166,00

DEFLECTION

IN -
PSR T LTSS T
0. 848002
0.229D-01
0.373D~01
0.516D-01
0.658D-01
0. 800D~-01
0.939D-01
0. 108D+00
O 120D+00
L L BEDA00
0L LARDHO0

0O, 160DHO0 -0

Ca L7EDAO0
0o 188D+00
G 126D +00
QLUROBDAO0
12D +0O0
2PDHO0
Q.QI0+00
0. 248D+00
Q.287D+00
(). 266D+0O0
Q.274D+00
L 281D+00
0.288D+00
0.294D*OO
299D+00
.g04D+00
0.309D+00
0. 312D+00
Q.215D+00
0. Z18B0+00

0,

MOMENT

LBS~IN

LR 22T T T2
0. 386D--06

0. 361D+04
~0.718D+04
~0.107D+07
=0.142D+07
=Q.177D+07
~0.211D+07
~0.24AD+07
=0 A7TDHOT7
=0 EZO9DHO7
=0.I4LDA07
VETIDO7
~Q A0LD+07
=0V AZODAOT7
Q. 458D 107
Q485007
=L ELADO7
=QLETLHDHOT?
~0.3560D+07
-0, 582D+07
=0 60ID+OT
=0, 623D+07
-0.642D+07
=Q.659D+07
-0.473D+07
~0.689D+07
=0.702D+07
~Q.713D+07
~0.722D+07
=0, 730D+07
=0.736D+07
=0, 740D+07

SHEAR

LBS
W NN
=0.600D+05
=0.G9GD+05
~-0.5920D+0%
=0, 583D+05
=0.576D+05
=0.568D+05

-0, 559D+05

~0.549D+05
=0.338D+0%
=0, 527D+
~0.514D+05
=0 SOLD+OS
~0.487D+0F
~( A72DH05
=0 AGLD-05
0L 4TODH0S
~0.421D+05
-0, 402D+OS
0. 383D+05
=0, 263D+ 0T
~0.341D+05
~0.319D+05
~0.29464D+0%
~0.273D+05
~=0.248D+0%
=0, 222D+05
=0.196D+0%
~0. 168D+05
=0.140D+05
~0.111D+05
=0, 813D+04
=0, HOED+04

LOAD,LBS/IN
0L T700D+0OR
GaGB70D+07

o

i

i

SOIL
REACTION
L.BS/IN

1

=0.600D+05 LBS
0O, O00OD+O0 - TN-

LES

0. 140D+046 LBS

TOTAL
STRESS
LES/ IN**2

RRREBREENR RKE AWK RSN

0.000D+00
Q. 000D+00
0.000D+00
Q. 000D+00
0. 000D+00
Q.000D+00
0. 000D+00
Q.000D+0O0
QL 000D+00
Q. O00D+0O0
0.000D+Q0
Q. OOOD+0O0
0.000D100
0. Q00D+O0
0, 000D+00
QL D00D+00
0. 000ND+N0
0. QODDHOO
Q. 000D+00
0. 000D+00
0. 000D+00
0. 00OD+00
0.000D+00
0. 000D+00
0.000D+0O0
Q. 000D+00
0.000D+00
0. Q00D+00
0.000D+00
Q. 000D+0O0
Q. 000D+00
0. 000D+00

¥ Pont of ©& Deflection

L= 4860 + %é”:

Q0 137D4+03

201D+03
0.264D+03
0. 327D+03
0.388D+03
Q. 449D+03
Q. 809D+03
0. 568D+03
0, 6246D+03
0.693D+03

J7EIDHOTE
Q. 793D+03
0. BASD+OT
0.896D+03
0. 246D+03
OLPPRDHOE
0. 104D+04
0. 108D+04
Q0. 112D+04
0.116D+04
0.120D+04
0.124D+04
0.127D+04
0. 130D+04
0.133D+04
0. 135D+04
0Q.138D+04
0. 140D+04
0.141D+04
0. 142D+04
0.144D4+04
0. 144D+04

488, 4’,.: 40.70 /

FLEXURAL

RIGIDITY

LBE~IN*#2
LRI TE LT LT
0.411D+12
0.411D+12
0.411D+12
0.411D+12
0.411D+12
0.,411D+12
0.411D+12
Q. 411D+12
0. ALID+12
0.411D+12
0.411D+12
0.411D+12
0.411D+12
0.411D+12
Q. 4110+12
0. 411D+12
Q0.411D+12
O.411D+12
0.411D+12
0.411D+12
Q411D+12
0.411D+12
0.411D+12
0.411D+12
0.411D+12
0.411D+12
0.411D+12
0.411D+12
0.411D4+12
0.411D+12
Q. 411D0+12
Q.411D+12

192.00
198,00
204,00
210,00
216.00
222,00
228,00
234,00
240.00
244, OO
252,00
268,00
264, 0C
270,00
276,00
282,00
288.00
294, 00
00,00
J0b, DO
I12.00
318,00
I24.00

ER0L00

ALHLO0
ADZ. 00
408,00
414,00
420,00
426,00
432,00
4738, 00
444,00
A0, 00
454,00
262, 00
268,00
474,00
480,00
A8, Q0

0.3192D+00
0.321D+00
O JI21D+0Q0

0. 321D+00
0.320D+0Q0
0.318D+00
0.3146D+00
Q. 31EDHO0
OL3LOD+00
QL 306D+00
0. T02D+00
0. 297D+00
0.291D400
2BEDAHO0
0_”780400

0, 271D+00
O L263D+00
0. 258D+00

0. 247D+0Q 0

0. 2EED+00
0. 229D+00
0. 220D+00

0.210D+00
OL200D+00
0.190D+00
0. 180D+00
0. 170D+00
0. 1H0D+O0
O 130D400
QL1ALD+00
0. 1310400
QL 122D+00
0. 112D+00
QL LOIDHOO0
047001
0.86ZD-01
0.782D-01
0.704D-01
Q.630D-01,
0. 559D-01
0.491D~-01
0.A427D~01
Q. 366001
0.308D~01
Q. 25ZD-01
0.201D-01
0182001

ARR200

510.00
11 b. 00

00
540,00
546,00

=0 2471
0. HAG 2
=0, 1OED-O )
=0, 141D~-01
=0.178D~01

=0 2H0ND-01
=0, 286D-01
=0 1D-01
=0 ES7N-01

=0, 7420407
~0.742D+07
=0.740D+07
~Q.736D+07
=0.730D+07
=0.722D+07
—~0.712D+07
=0.699D+07
~0.684D+07
=0 bLBETDH0OT7
-0.648D+07
DL H26DHOT7
=0 HOLIDIOT7
=0 B7AD+0O7
~0.5440+07
~0.512D+07
~0.477D+07
=0, 4Z9D+07
L AP8D+Q7
=0, 25ADHOT7
=0.308D+07
~0.258D+07
=0, 206D+07
=0, 150D4+07
-0, ?1 2D+04
=0, 3Z4AD+04
.L“7D+Ob
Q. 76ED+06
Q. AR7D+07
0.174D+07
0.?16D4n7
0., 253D+07
0.288D+07
0.317D+07
0. IA0D+O7
0. 359D+07
QLE72D+07
0.381D+07
0,383D+07
0. 384D+07
0.379D+07
QL6 +0T
0. 2BLD+07
0. 340D+07
0.321D+07
0. 299D+07
0., 274D+07

0 19”D+07
Qo 166D10O7
0. 1280107
0. 111D+07
0. B860D+06
0. 628D+046
0. ARZD+06
0, 249D+04
0, 116D+06
0,3507D+05
0, OOOD+00

=0, 188D+04

0. 138D+04 .

0.472D+04
0.815D+04
0.117D405
0. 153D+05
0. 120D+05
0.,228D+09
0.266D+05
0. 306D+05
0 346D+0S5
.g87D+0=
L 4TOD+OS
ﬁ 473D+05
0.517D+05
0, 561D+05
0.607D+05
Q. 654D+05
Q. 701D+05
0. 749D+05
0.798D+05
0. 848D+05
0.8992D+03
0.951D+05
0.9269D+05
0. 9247D+05
0.912D+0%
0. 865D+05
0.809D405
0. 744D+05
0.4673D4+05
0., 596D+05
0.316D+05
0. AZZID+0S
« Z49D+05
0. 265D+05
0.182D+05
0. 101D+05
0., 225D+04
~0,520D+04
=0, 122D+05
=0, 187D+05

=0.246D+05 -0,

=0, 299D+05
~0. F46D40%
0, ZBED+OS
~0, 417D+05

=0, 4A2D+05 -~

~0.A458D+05
*0.466D+05
=
4&39*03
=~ ASEDHOS
Q. AZEDH0G
=0, A406D+05
=0, Z67D+05
=0, 316D+0T
=0, 295D+05
=0, 183D+05

=0, 97hD+04

Q. 0O0D+00

0.000D+00
0. 000D+00
0.000D+00
0.000D+00
0.000D+00
0. 000D+00
0.000D+00
0. 000D+00
Q.000D+00
0. 000D+00
0.000D+00
Q. 000D+O0
QLQOOD400
0, ODOD+O0
0. nnoD+nn

Q. 000D+00
Q. 000D+00
0. 000D+00
Q. 00OD+O0

0. 000D+00
Q. 000D+00
0.000D+00

=0.257D+032
~0Q.,487D+03
=0.620D+0%
=0, BLELED+OZR
=0.102D+04
=0, 114AD+0A4
=0.124D+04
=0, 131D+04
=0, 127D+04
=0, 140D+04
-~ 141D+04
=0, 140D+04
-0, 137D+04
=0.133D+04
=0.128D+04

=0.121D+04

=0.113D+04
=0.104D+04
FID+O3
=0, 8I2D+OZ
-0.718D+07
=0, S597N+0OZ

=0.201D+073
=L S81D+H02
. 201D+02
0.244D+(~

oo z
ﬁ 111D+04
0, 131D+04
0. 152D+04
0. 174D+04

Q. 143D+04
0.145D+04
0.144D+04
0. 144D+04
0.143D+04
0.141D+04
0.17Z9D+04
0. 137D+04
0. 1385D+04

0. 1Z21D+04
0. 128D+04
Q. 124D+04
Q. 120D+0A
0, 118D+04
Q.110D+04
0.104D+04

0. 68001
0, 592D+0%
Q. H00D+0=
Q. A402D-
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Q. 1926D+01

177D+
O.Z272D+
0. 3651040
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0. 805D+03
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0. 766D+f

0622010
0, STED40

.STanu’
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0.4
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. <=—-Whee! Load Areas 0

< Distributed Load Area

Figure 4.28. Distributed Load Area—Alternate Loads

in Dancin~ MaAdA

Table 4.11. Impact Factors for Traffic Loads.

Height of Cover Impact Factor

0-0"” to 1°-0 30%

11" to 2°-0” 20%

21" to 211" 10%
0

3'-0" and Greater

Note: Impact factors recommended by the American Association of State High- |
way and Transportation Officials in “Standard Specifications for Highway |

Bridges”, Twelfth Edition.

Table 4.12. Criical Loading Configurations. -~ |

H, feet P, pounds Ay, Square Feet.
H<1.33 16,000 (0.83 +1.75H) (1.67 + 1.75H)
(See Fig. 4.26)
1.33<H<4.10] 32,000 (0.83 + 1.75H) (5.67 + 1.75H)
{See Fig. 4.27)
410<H 48,000 (4.83 + 1.75H) (5.67 + 1.75H)
: ~ (See Fig. 4.28)

Wheel Load Area

Distributed Load Area
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H20 LOAD HS20 LOAD ALTERNATE LOAD
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Rt
0000,

12000 1b 12000 ib - -

AASHTO

Bf. |  I14ft 6 ft.

14 ft.
H20, HS20 and
ALTERNATE LOADS

00—00+  00—00+
160001b 16000ib 16000 1b 16000 Ib
14 ft.

ft;()] ft. W‘l ft.BII}ILB_—fJ:lU]U
00—00-+

{ I T 1
16000fb 16000 Ib
Figure 4.24. Live Load Spacing.

1202? Ib 0.83 ft. (10in.)
16000 Ib (
o <1,67 ft. (20 inj
TR ZON N

Figure 4.25. Whee! Load Surface Contact Area.

dual wheel, two HS 20 trucks passing, and alternate load§ in the passing
mode are shown in Figures 4.26, 4.27 and 4.28. T.he maximum valuelfor
average pressure intensity is obtained under various conditions of live
load and depth of pipe. As shown in Figures 4.27 and 4..28, at greater
depths the distributed loaded areas ove.rlap, and the maximum pressure
will develop under either the truck passing or thq;_llten}ate loads.m pa;ls-
ing- mode conditions. The depths for these transitions is show.n in Téz e
*4.12, along with the total loading. and rectangular areas that will produce
* the critical 1nad effect.

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 the live load can be neglected. The pressure intensity, however, can be
estimated as discussed previously through use of Equations 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 to that for 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 or flexibile 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 previously, Equa-

tions 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.

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 to be 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
of 80 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 4.1/ .

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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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):

N = 3

: 1+ 50p’
where £ is a factor 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

(Eq.4.6.5)

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

=

member after a period of time by multiplying 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
camber should be séparated 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 in this Handbook (see Sect.
3.2.2). Derivation of these multipliers is contained
in a paper by Martin.? ‘

Long-time effects can be substantially reduced
by adding non-prestressed reinforcement in pre-
stressed concrete members. The reduction effects
proposed by Shaikh and Branson'0 can be applied
to the approximate multipliers of Fig. 4.6.3 as fol-
lows:

_ G+ AJA,

C, = 1+ AJA,. (Eq.4.6.6)
where C; = multiplier from table
C, = revised multiplier
A, = area of non-prestressed reinforce-
ment
A,. = area of prestressed steel

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
Final:

(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

PCI Design Handbook
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