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interpretations of the 1977 AASHTO Bridge Specifications.
It is our intention to maintain essential compliance
with current AASHTO specifications, and therefore, these
criteria are subject to change with changes in relevant
AASHTO specifications.

Consulting Engineers who have a copy of these criteria
should ascertain that their copy is current before starting
work on Commission projects involving pier design.

May, 1979 C. Pestotnik
Bridge Engineer

Revision

Date Pages
6-1-79 entire book




(1)

(2)

OFFICE OF BRIDGE =

DESIGN CRITERIA FOR PIERS

IOWA DEPARTMENT OF TRANSPORTATION

Design Specification

The 1977 Standard Specifications for Highway Bridges of
A.A.S.H.T.O., except with the following modifications
and clarifications.

Live Load ( L DR - % ot IR 0 S SR ) - g RO T L 5

(2) For live load reaction, the lane or truck loading can
be placed anywhere within the design traffic lane with

the exception for truck loading the minimum distance between
wheel and boundary of each lane shall be 2'.

(b) For calculating beam reactions on the pier, the live
load is to be distributed to each beam with the assumption
that the slabs between beams are Smely supported, except
as modified. in (24).

(¢) The live load shall be so arranged within design traf-
fic lanes as to produce the beam reactions required to
produce maximum stresses in pier.

Roadway .
! Design traffic lane = 12°
4 j I AR No. of lanes - Roadway
10° 10" 10° 12
reduced to nearest whole
o 6" §o 1 6" 2 |2 6 2" | number

il

Truck Leading
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(3)

(4)

(d) For design of cantilevers supporting one beam only
the beam reactions on the cantilevered portion of the
pier due to live load shall be calculated on the basis

of load distribution factor as stated in Art. 1.3.1. (B).
The design analysis of pier frame, shaft, footing and
piling shall be in accordance with the distribution of
load as stated in (2b). Cantilevers supporting more

than one beam shall also be designed in accordance with

(2b) .

Impacti Ioad (.I ) Art. 1.2.12.

The impact load shall be applied to (1) the portion of
pier above footing and (2) the piling in a pile bent.

The impact load shall not be applied in the design of
footing and piling.

Dead Load ( D )

(a) For the usual bridge in regard to pier design, the
entire dead load of barrier and floor slab overhang is
assumed to be carried by the exterior beam. Sidewalk or
other heavy loadings applied on the exterior beam or an
overhanging slab are not considered "usual" and partial
distribution of these loads to interior beams will be

acceptable.

(b) The floor dead load is to be distributed to each
beam with the assumption that the slab between beams is

simply supported.
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Longitudinal Force: from Eive Load ( LiE.) - Axt. 1.2:13

(2) LF for H20 or HS20 Loading.
LF (lbs) = N [(640xBL) + 18,000] (0.05) (k)

N = number of lanes likely to become one
directional in future.

BL = over-all bridge length in ft.

k = coefficient of reduction in load inten-
sity according to Art. 1.2.9.

‘The c.g. of LF shall be assumed to be applied at 6 ft.

above roadway, except as modified in (8) and (9) for
piers of multiple span continuous beam bridge, in (10)
for piers of prestressed concrete beam bridge.

(b) Distribution of LF to piers

LF to each pier except as modified in (8) and (9) for
pliers of multiple span continuous beam bridge =

LF x Avg. Span Length
Bridge Length

The "Bridge Length" and "Avg. Span Length" are defined
n (8.

(¢) The reference to friction in Article 1.2.13 is
interpreted to be a force due to temperature change as

is discussed on pages 7 and 8, and is not to be included

as part of the LF.



y *‘”4 — - -"“ - - - ) - - - - -

{ -I - -
' = = | " X ‘ v

v 2 s £

(6)

wind T:oads Art. 1.2.14

(a) Wind load on superstructure (W)

W reaction, transverse and longitudiral, to each pier
except as modified in (8) and (9) for the piers of
multiple span continuous beam bridge = (Summation of area
per linear ft. of barrier slab and exterior beam as seen
in the transverse,elevation) x (Average span length of
two spansadjacent to the pier under consideration) x
(Unit W as stated in Art. 1.2.14 (B)).

The transverse wind (W,) and the longitudinal wind (W.)
shall apply simultaneously at c.g. of the exposed area
as seen in the transverse elevation, except as modified

iR AB8),- (9) .. and& (10)..

= B

-

Transverse
Elevation

— -

c.g. of exposed

Lwt drea
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(7)

(b) Wind load on moving live load (WL)

WL reaction, transverse and longitudinal, to each pier
except as modified in (8) and (9) for the piers of multiple
span continuous beam bridge = until WL as stated in Art.
1.2.14 (B)1l x Average length of two spans adjacent to the
pier under consideration).

The transverse WLy and longitudinal WL; shall apply simul-
taneously at 6ft. above roadway, except as modified in
(8), (9) and (10).

(c) Wind Overturning Forces (WOF)

It is not necessary to investigate the effect of wind
overturning forces on pedestal (rigid frame bent) piers.
It shall be applied to the design of T-pier and diaphragm
piers.

Thermal Force (T) Art. 1.2.15

(a) For design purpose, the following ranges of temp-
erature and thermal coefficients shall be used to calcu-
late the deformation of structures due to temperature

change:

‘Design
Temperature Thermal
Change Coefficient
Steel
Structure 75° each way from 50°F 0.000,006,5
Corncrete . X
Structure 50° each way from 50°F 0.000,006




(b) In case the superstructure is fixed at its ends

by the piers, both the fixed piers will be subject to an
external thermal force due to temperature change in

the superstructure. If the fixed piers in this case
rest on pilings as shown below, the effect of pier

shaft deflection as well as the footing rotation shall
be taken into consideration in determining the magni-
tude of the thermal force.

Dby
152__7 r_JQ'
\ I‘r}
b
5y
L
|
!
|
1 4./
e
A + A= total change in span length AB due to
tempcrature change.
/
Al = X h Al = e X h = displacement
at p1er top due to footlng rotation caused
by thermal force T.
A, $13; = deflection at pier top due to bending of

pier shaft by thermal force T.

See 13 (b) for effective piling length to be used in the
calculation of footing rotation.



(¢) The direct load used in calculating the thermal

force at the expansion bearings shall be the superstruc-
ture dead load reaction. For design purposes, a frictional
coefficient of 0.25 shall be used for steel bearing on
steel, and a coefficient of 0.10 be used for steel bearing
on self-lubricating bronze plate.

In calculating the thermal force under steel bearing
rockers, the mechanical property of the rocker shall be
taken into consideration as below:

R
P = Superstructure DL
{(Pe0.25) ()
R
r= radius of pin
=-—T R= radius of rocker

r T T

Theoretically an expansion bearing device will move or
rotate when a force in the longitudinal direction exceeds
the frictional force, therefore:

(1) The thermal force is the external thermal
force, T, caused by temperature change in the
superstructure, which is transmitted through
an expansion bearing device, and also

(2) The thermal force is the limit of all forces
in the longitudinal direction that can be trans-
mitted through an expansion bearing device.

(d) Pedestal piers shall be designed to include the inter-
nal thermal force and shrinkage forces within the frame
members.

(e) In a continuous superstructure resting on bearing
devices, the fixed pier or piers shall also resist the unbal-
anced thermal force from expansion bearings.
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Unbalanced thermal Force at Fixed Pier

B TS)

In all cases, even when the unbalanced thermal force is
zero, the fixed pier shall be designed with a total longi-
tudinal force of not less than the thermal force applied
to the expansion piers. See 8(b) for example.

= ('I‘l + T2) - (T3 + T

Bridges utilizing heoprene bearings (laminated or unlaminated)
are assumed to have all fixed piers, and the thermal force
applied to each pier shall be equal.

(8) Application of W, WL, LF and T to 0° Skew Piers of A
Multiple Span Continuous Beam Bridge

(a) Because the thermal force is the limit.of any longi-
tudinal force that can be transmitted to the pier through

a rocker as stated in (7c), the distribution of longitudinal
W , WL, LF and T to both expansion and fixed piers of a
multip&e span continuous beam bridge is modified in AASHTO
Loading Groups II, III, V, VI and IX as shown in Tables I

to IV. In the Tables I to X the term "average span length"

is defined as the average length of two spans adjacent to the
pier under consideration and the term "bridge length" is
defined as span length between centerline to centerline abut-
ment bearings. When I.D.O.T. standard rockers and fixed shoes
are used, it is assumed that all longitudinal forces are
transmitted through rockers at bridge seat level & through fixed
shoes at one foot (l1'-0) above bridge seat.

Avg. Span
length
E E P E Zﬁl
[‘7 Bridge Length ,

A )




(b) Example of Longitudinal Forces to Fixed pier for
loading groups 4, 5, and 6. Consider a four span bridge
with symmetrical spans.

5

1

(1) Group 4. Only longitudinal force to fixed
pier is T. T theoretically is O, but in accor-
dance with (7) (e) it shall be applied to the
fixed pier in the same magnitude as applied to
the expansion piers.

(2) Group 5. Longitudinal forces applied to
fixed pier are W_ (bridge length) and T. If W
(bridge length) 1s greater in magnitude than tﬁe
T applied to expansion piers then T applied to
fixed pier is 0. If W_ is smaller than T to exp.
pier then T to fixed pler is the difference
between T (expansion) and W

L

(3) Group 6. Longitudinal forces applied to
fixed pier are W_, WL_, and LF (all based on
bridge length) and T. As in group 5 if the
summation of wW_, WLL, and LF are greater than

T applied to eXpansion pier then T to fixed

pier is 0. If not then T to fixed pier is
difference between T (expansion) and WL + WLL + LF.

(c) For example of application of T force to fixed pier
of odd number of spans bridge see example at back of
this booklet.

i S B E S B e Ay B au i En n e aE B an e
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TABLE I EXPANSION PIERS 0° SKEW
| cF__
Group I 100% 4 Pus € Rdwy
:O ’
D+L+I+E+B+SF+CF PL, | ﬂ
A ] =
Hie e L
& ne
0 = e
€ Rra 90° T
Bt
SRR
&
. € pier
l'/__
s R SRS i i Y e [ |
Cﬁl- A-‘J ELEVATION A-A
y | h |
Group II 125% .
Bridge
D+E+B+SF+W c.g. of Seat
W includes: /_ Elevation Aﬂ
" i : g
E;; ¥0805W1nd on ubitr )h W " ' ,
t avg. span lengt 1
(3) W; on avg. span length -
(4) WOF (Wind o&erturning [\ ;3 i
force) WOS ¢ b/4 g
WOSl
WOF
See Note Q) on P. 14.
I B P J l |
Group III 125% - LF
— : WLy CF WL
Group I+LF+.3W+WL 2 . 3W,
LF, .3W & WL on avg. E
1
span length ; nr ﬂ l
. 3W
ik < e [ I I I 3 1
: v—-';—n
.3WOS ¢ i
.3WOSl
]
1| - 3WOF
} _
R e A J I ]
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TABLE

11~

EXPANSION PIERS

Group IV

Group I

The

+R+S+T

125%

internal thermal

force in pier frame is
to be included in Group

IV, 'V

& VI

Cie

6l

=4

. U  -.

Group V

Group II+R+S+T

140%

Wy is deleted from
this group because
T dis the limit of

longitudinal force which can
transmitted to this

be
pier.

WOS +

WOF

WOS 1

L%
)

Group VI

GroupII

LF, WL

I+R+S+T

1’ & .3W

140%

k

are deleted from this
group for the same
reason as stated in

Group

V.

. 3WOF
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TABLE III FIXED PIER 9 SKEW
CF
Group I 100% !
%)
D+L+I+E+B+SF +CF [\ , J
in L
s /I 1]
., | et g | | |
Group II 125% . b |
c .G 5ok
D+E+B+SF+W Elevation
W includes: /_ i
(1) wos Wt |\-- ir [ I ]: I[\ I 1
(2) W¢ on avg. span length 1 W1 ™
7(3) W, on avg. span length [;> l i: ¥
(4) WOF (Wind overturning i§
force) WOS b/4 it
WOS 1
WOF
See Note (D on Pg. 14. I
AT N i Sl 3 | CIEEE
Group III 125%
\ WLt ; CF
Group I+LF+.3W+WL
LF, .3W & WL on avg. 0|
span length. ﬂ
2 &
.3WOS ¢ T
e e G 5
. 3WO0S 1
]
L L 3WOR
R Sy | IR | R
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TABLE IV

W e
FIXED PIER

0° SKEW

Group IV

125%

Cr

Group I + R +#8 + T
T includes:
(1) thermal force due to

temp. change in superstr.
P g P

between two fixed pier

6!

M

(2) unbalanced thermal == T
force (see 7e)
Internal thermal force in
pier frame is alsoto be in-
cluded in Group IV, V &
VI
L 345 | | |
Group V 140% W1
Group L e Bk ST 4 CP
Wi on ave. span length. T
W1 on bridge length
. We A
T is to be the same as =] I I <
noted in Group IV. " #Ti
—— e .
WOS ¢ !
WOSl
WOF
| e IO R i ek
Group VI 140% LF
Group III +-Ri#uS + T WLt ,CF WL}
WLy & 0.3 Wy on avg. 3w,
span length. - T
LF), WL; & 0.3 W] gn %
bridge length 3w - ‘
a5 ek e
T is to be the same as
noted in Group IV
oot o LY J
3WOS + Ses
g 1
See Note @ on P. 14. - SWOF
i
AN e T LY o)
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Note @ As stated in 6(c), it is not necessary to investigate
the effect of WOF on pedestal piers. The WOF shown in Tables
I to X is for the design of other types of piers.

Notez() In Group V and VI loading combinations, it is assumed

that all forces in the longitudinal direction are applied simultaneously
with the thermal force T. It is further assumed that they cannot

be transferred to the expansion pier through the rockers because of
rocker rotation due to the thermal force. Therefore, all longitudinal
forces, other than the thermal force, are resisted by the fixed pier

or piers and are calculated on the basis of bridge length.

(9) Application of W, WL, LF and T to Skewed
Piers of A Multiple Span Continuous Beam

Bridge

When designing skewed piers, the direction of longitudinal
forces (W, WLj, LF and T) shall be arranged in such a way

so that their components in conjunction with the corresponding
components of transverse force Wt and WLy will produce
maximum resultant parallel or perpendicular to skewed pier
centerline as illustrated below.

€ pier \<///_

Longitudinal
forces \

Max. resultan
lto @ pier

/—Q,Rdwy.

Transverse
forces

Max.resultant Transverse
parallel to @ pier forces
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For the design of 0° skew piers of a multiple span continu-
ous beam bridge, it can be seen in Tables I through IV that the
transverse and longitudinal W and WL are not applied at the same
level (such as Group II for expansion piers), same time (such
as Group V for expansion piers), and in some cases, their magni-
tudes are determined on the basits of different length along the
bridge (such as Group V for fixed piers). When the piers are
skewed, the above-mentioned transverse and longtudinal W and
WL will have to be resolved into components parallel and perpen-
dicular to the pier centerline thus resulting in rather compli-
cated loading patterns. For instance, in Group II loading for
expansion pier (Table I), the component of transverse W parallel to
the skewed pier centerline will apply at the c.g. of elevation while
the component of the longitudinal W in the same direction will ap-
ply at the bridge seat level. 1In order to simplify the loading pat-
tern in the design of skewed piers, the following emperical rules
are used with regard to transverse and longitudinal W and WL:

(a) Calculate the transverse and longitudinal W and WL in
the same manner as stated in Tables I through IV for 0° skew
piers.

(b) Find the components of each transverse and longitudinal
W and WL in the direction parallel and perpendicular to
skewed pier centerline, and combine the components together
disregarding the point of application of the original trans-
verse and longitudinal force. For example, in Group II load-
ing for expansion piers (Table V), combine the components of
the transverse and longitudinal W together even though the
transverse and longitudinal W are applied at the c.g. of ele-
vation and the bridge seat respectively.

(c) The points of application of the components parallel
(designated with a subscript " ||') and perpendicular (desig-
nated with a subscript "1") to skewed pier centerline of the
W and WL as well as LF, CF and T are shown in Table V through
%,
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Table V SKEWED EXPANSION PIER
Group I 100% or s
D+L+I+E+B+SF+CF D&* ©
e |
i
T
g Pier CF, .
CF
ELEVATION A-A i
gl
Group II 125% (2) cCalculate the components b (along skew)
disregarding pt. of Bridge
D+E+B+SF+W applications. Seat
C.g. 'of
s b
(1) Calculate longit. and trasv. o b -
wind on superstructure (W)
based on avg. span length. W, D\: T i e
4 1 l 1
—_ i
W, £
WOS o i
Wy el 1 g
WOS,
l (3) Apply W, & W, at locationg WOF
. shown at right.
o W
BRI e i RGN
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TABLE VI SKEWED EXPANSION PIER
2 WL
WL CF
Group III 125% |(2) Calculate the components I . [ 3w,
disregarding pt of appli- c.g LF,
Elev. CFL |

Group I + LF + .3W + WL

cations.

(1) calculate longit. and . o WLy LF L\\
transv. .3W and WL, & LF S o - KR A '
on avg. span length. b/4 e
/ . 3WOS, e 1 BWOS,
’3Wl’ WLl & .3W” 5 WL" Br.
. LF LF , CF . 3WOF Seat
Il Il [ [ l ‘
(3) Apply the components at I
, WL, & CF = ’ ‘
T t locations shown at right, "
|

125%

Group IV

GroupE MRV R Sl T
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TABLE VII

i ] - s ) s % J C i L ! 3 Re

SKEWED EXPANSION PIER

Group V 140%

Group II + R + S + T

(1)

W s 15
; ; g [ W
Wi is deleted from this "'—_—"L I I L
group because T is the - -
limit of longitudinal force o L\» | ri
which can be transmitted to
. . ' (2) b/4
this pier. G
W >
OS” WOS |
WOF
N ! L
Tll |
*Component of Wy only =
|
Group VI 140% (1) :
Group III + R+ § + T ra
.3Wy, WL] & LF are deleted ©
in this group for the same j] l
reason as stated in Group ‘ I I T, ~=—T__
V. L3N,
(2) PR WL, ["7
cF, 'm
.3WOS,
. 3WOH |
A i FEEA

* Component of

.3W¢ & WL, only




TABLE VIII SKEWED FIXED PIER
Group I 100% a L
or "
D+L+I+E+B+SF+CF P
[ B &
' e | ‘
=
// e
— ./7 =
/ \CF.L “
/ L
| AN | i SR
f L
CF, CF o
’ (2) Calculate the components b (along skew)
SEpunR $25% disregarding pt. of appli-
cation,
D+E+B+SF+W
C-o: i s 4O
(1) calculate longit. and Elevation
transv. W based on avg. \
span length . W, — = AL AR
— Pl S e }
W r 7
: 22 e
i
/ Wos, b/4 1]
W, el -
. WOS,
W (3) Apply W, & W, at locations WOF
ol 1 shown at right,




TABLE IX SKEWED FIXED PIER
- o > . WL |
Group III 125% (2) cCalculate the components WL, CF, 3w
disregarding pt. of LF ¥
Group I+LF+.3W+WL applications. 0 )] s
4
. ] “
(1) Calculate longit. and -
transv. .3W and WL, & LF
on avg. span length.
S
b/4 . 3WOS,
3W1, WL; & LE, ziCE.
LE (3) Apply the components - 3WOF
at locations shown
_ & £ PN
at right. N
.3Wy, WLy & CF 3
Group IV 125%
Group I+R+S+T
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SKEWED FIXED PIER

TABLE X
Group V 140% | (2) calculate the components W,
T
GroupeIE T
e I T £
(1) Calculate transv. Wgon - i % o %
avg. span length and ® By
longit. W;on bridge length =
W, L | br4 ..____7
T-l- WOS" 5 WOS.L
. WOF
SO R S P ST
I
N
Tt
3
Group VI 140% (2) cCcalculate the components * : WL,
LE
2k
Group III +R + S + T WL, ,: CB, T,
= CF,
(1) Calculate transv. 0.3W,& o
WLion avg. span length. [\ )-‘ i
Calculate longit. 0.3W4, WL, .3W, . 3W, = o = = A
& LF on bridge length¥?, WL, R T | | | TR
LF, T“ e’ ‘:E
i ;j 4
CF,
—===tal 10/d
.3W WLy -3WOs, . 3WOS
SR
. 3WOF
~ L | ) ] S
.3Wg, WLt See Note @ on P. 14
& CF



s

(10) Application of W,WL, LF and T to Piers of A
Prestressed Concrete Beam Bridge

(a) 0° Skew pier: - ’

WL .
O ’
I
& Pier © .
g ,
o} I T A
RAWy . 900 /
. ‘!
1— ij\\ \— C.g¢ of
WL,WﬁL. LF & T elevation
T z
1 [Bridge
Wi, WL, 14 Seat

W and WL are based on average span length.

(b) Skewed pier:

o /
x Q, Pier
€
Rdw WL
[ » Y 'Wl’ WLl Al :}
IF,T = '
©
e e W —
N |
W and WL are \— i fll ]
based on average C g o? ;i't
span length. elevatio :J I
& l_ W,
T Bridge WL,
Seat —LF,

~ -
. "

|

Calculate W,, Wy, , WL,
and WL,,according to
(9b)

a4

"
v
[

Wy . WL,
LEy, . Ty
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(11)  Ice lLoad (ICE) -Art. 1.2.17. ICE =
(.15) ICE,,

Unless the elevation of ice is minimum
specified on the preliminary plan, : =
the ice load is assumed to be
applied at halfway between design
high water and avg. low water
elevation. The thickness of ice
is assumed to be one ft. If the
centerline of pier is parallel

to flowing water, the ice load is
assumed to be applied along the CE, =(300 psi x1449")x
centerline of pie¥r. In addition (Width of pier in ft.
a force, ICE,;, equal to at least
15% of ICEws is to be applied
simultaneously as shown. If piers
are not parallel to flowing water
the total ICE force shall be com- .
puted as in 1.2.17 (B) (1) and ¢ Piler
resolved into vectors. 1 DRI oo ey s, S

at point of application.)

ICE
(12) . Bouyancy  Art, 1.2.18,

The bouyancy shall be consistent with the water level from
which the ice and stream flow pressure are determined. :

For calculating the bouyancy of soil over footing under
water, it is assumed that 1/3 the volume of soil is void,
and the bouyancy of submerged soil is about 2/3 x 62.4 =
428/F¢.3.

(13) Fixity of column base and transverse forces in rigid
frame pier analysis i

(a) The column base is considered to be fully fixed when
- the column is constructed integrally with footings founded
and keyed in rock.

P



A

(b) The column base is considered partially fixed when
the column is constructed integrally with footings
founded on pilings. The degree of fixity depends upon
the moment inertia of piling group and pile length.

The footing fixity is defined as:

o, 8. LR
T

J = moment required to rotate footing one radian.

K = stiffness ,factor of column constructed integrally
with the footing.

The pile length used to determine the footing rotation
is assumed to be 50% and 75% of the pile length in
ground for timber and steel piling respectively.

(¢) In transferring the transverse forces applied
on the superstructure to the pier cap, the
following criteria is used.

YFt = Transv. £forece 'on superstructure
XF = Transv. force for frame analysis
| L

a
# ‘ € of pier cap

6]

o

J_ i 4




(14)
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Miscellaneous Pier Details

(a) The distance from center of exterior piles to the
nearest edge of footing shall be not less than 1'-6.

(b) The top of piling shall project not less than
1'-0 into the concrete footing.

(c) If the top of piling protrudes above the bottom
reinforcing mat, the remaining depth of footing above
the top of piling shall not be less than 1'-6.

(d) The dowel bars shall extend into the column or pier
shaft and footing a minimum distance of a Class C Splice
for the appropriate bar size.

(e) For timber piling footings, the reinforcing steel
mat shall be placed 1%" clear above top of the piling.
For steel piling footings with close piling spacings,
such as pedestal pier column footings, the reinforcing
steel mat shall preferably be placed on top of the
piling. For steel piling footings with wider piling
spacing, such as diaphragm pier footings, the reinfor-
cing steel mat shall preferably be placed between piling
at 6" above the bottom of footing.

(£) In pedestal piers, the vertical column bars shall
extend a minimum distance of 32 bar diameters into the cap

beam.
column

y I ]
Min
bars

32 bar diameters

Vert. T

1'-0Min.

Lape: l i ] Ci

_

— Class C Splice. Embedment
into footing can be combination
of embedment and hook.
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(g) The minimum anchorage length of top longitudinal
reinforcing bars beyond bearing area in an overhanging
pier cap shall be 6 bar diameters, but the required
development length, l , of the top longitudinal bars
must be satisfied.

‘; a & ¢

/

| Top iarlng area

Longit ; el
bar
L1 Min.,.: B bar
; ; ///f— diameters
|
g
S

(15) Uplift in friction piling.

The allowable bond stress between the tremie concrete and
piles to resist hydrostatic uplift pressure, shall be 10

psi.

For piles embedded in concrete footing, the allowable
bond stress between concrete and piles to resist inter-
mittent uplift load shall be 15 psi.

No uplift is allowed in footing piles under DL and LL.

r3
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(16) Combination of Loads and Forces on Piers Artol.2.22
% of
Group of Loadings WritE
Stxress
Group DY Ak Tk R TR e S SR A @
2 I shall not apply to footing and piling, 100%
except pile bent. See (3).
Group D+E+ B + SF + W + WOF + WOS
1T W = Wind load on superstructure
WOF= Wind overturning force 125%
WOS= Wind on substructure
Group Group I + LF + 0.3 (W+ WOF + WOS) + WL
g i WL = Wind on live load 125%
Group S
Iv Group I + R+ S 40T 125%
Group Gronp- Il taREAAS G T* 140%
Y
Group Group LT RS 508 kT £ 140%
VI ;
Group Group I + TICE 140%
VITE
Group Group II + ICE 150%
IX

* T shall include (1) thermal force at expansion bearing

or unbalanced force at fixed piers due to temperature change
in the superstructure, and (2) internal force in pier frame
due to temperature change plus shrinkage.
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Example

Pier Piling Design for A 30° skew 454'x 30' Five Span Continuous
I-Beam Bridge

s
B
B
P
N
B
P

\:;Q
&
5
g

7B
| '_j/ Z
® 2 7
Al R Y R P
] < k/
71L75 995 99'5 99'5 72475
454050
Exp. EBXp. Exp. Fixed EXDi Eﬁp.
52 1 1 |
) o[ 1 |
o5 i & o
M Q H ~ H ~ g
<< [0) 0] o o m
73 e - = it Q
0 o (o} o o & <
2 o » o =
£ Rdwy.
[Tg]
: I | |
HW El. 754.00
©
o™ ICE E1.747.00
Te}
N
o
avg.LW EL.740.00
] ) i \ EBEl, 730.00
/ \
/ \

SECTION A - A
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&3

2E
Pier #2 - Expansion Pier (5) L (No impact load)
Loadings f~— & Roadway
o 15 g5y -

(1) Super D k k l 10'3:2'1126'
Ext.Bm. 2 x 134.%8 = 269.:6 |
Int.Bm. 2 x 151.K7 = 303.%4 Ei__mmmmmﬂ{]

573.%0 !
4.0

(2) Pier D k/ft.> a 4.62' along
(103 c.y.) (27} (0.15)= 812,72 G, of Pier

(3)_E /£t
(36 vy <) (273 0L 1" =980

(4) Bouyancy
(a) Iw

Pier (54 c.y.) (27) (0.0625)= 90}
E (36 c.y.) (27) (2) (0.0625) 41K

3 1315
(b) HW
Pier (88c.y.) (27) (0.0625)= 148K
E = 41
189K
(c) ICE

Pier (70 c.y.) (27)(0.0625) =
118
E : = 41
159K

o Taa l

(6) W___(Wind on superstructure)
G o | OF
exposed area
]
=
3 =
Exposed area = 6.5 07, i\}.
' k/a’
W, = 6.5%x 0.05 B Bgis ok
W] = 6.5 x 0.012 x 99'5 = gk .
/—V/thwy.
)/ :
) \l6k
W, =32%
28K |

Do not combine the components of '
Wt and W; at thisstage of calcula-
tion. The above arrangement of

W and Wj is made to produce .




|| 3E

l maximum component Force .l to the (8) WOS (Wind on Substructure)
centerline of pier. Reverse either

l the direction of Wy or Wj to deter- | In this design, only the wind act-
mine maximum component force || to ing on the exposed pier area as seel
the centerline of pier. in the front elevation is considere«

[ |

[ |

i
ITRSNKZ2/ASS TTASNRASY

i
(7) WL (Wind on LL)
K/ ! '
WLy = 0.1 / o aslE L gl Exposed area above IW = 5309
Wia = 8,04 % 9915 1 = 458 ; e
Wos = 530%"x 0.04 ®/pr= 21
WL, is applied at 6' above at 22' from bottom of ftg.

roadway or 44' above bottom
of footing. WL, is applied
at bridge seat level.

Exposed area above ICE = 384 %

Wos = 384% x 0.04 = 15%
at 26! from_bottom: of. fEg.

Exposed area above HW = 259 %

WOS = 259% x 0.04 = 10F
at 28' from bottom of ftg.




S

(9) WOF (Overturning Force)

e
rJ
0,
o
H
T
352
4
y
- to0s of slab

0

WOF = (99.5'x35.3)0.02 ¥/®"= 70K
acting upward at location shown.

(10) LE
LA
Total LF = |2 (0.64x454' +
18Ky ] 0.05 = 31k
LF to this pier = 31K x 99!5
454"
= 7k

LF is applied at bridge seat level
or 32'.5 above bottom of footing.

(11) T (Thermal Force)

/ﬁ—-Super DL

T = 573k x 05255 1.25
12|l

= 15K

T is applied at bridge seat
level or 32'.5 above bottom
of “footing.

k
o W
ol
sl ape 158
13k
(12)SySe
P = KV2
P = KVZ A
= 2 x (4'/Sec)” = 11 ¥/
3

SF for LW in this example is
neglected.

SF for ICE =(0.011 ¥/j) (2.5)

= 0.2K
applying at 13'
ftg.

from bottom

SF for HW

Il

= 0.4k

applying at lG.5from bottom
ob EEgl

(0.011 K/.) (245) (158

(

(o]

i
1
1
1
|
]
}
2
1
1
1
I
1
|
1
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=

L =

8 [ d i - ’ .

-
$

. .- .

5E

(13)

icE, =

ICE

ICE

El

(0.3 k/u”) (144) (2.5) (1')
= 108k

applying at 17' from bottom
of “EEg.

= (.15) ICE,
= 16K

ICE, = 108K




4
e

=2 [

6E

sSuper D i
3 X Bridge
=453 —'\*’ — I = 198k seat
WLl|
s ©
4,62
W" e oD
— \.r
LEy ., Ty A oo
WOF ‘
=70k ] 10" XT
i Pie]r{ D wOSs
i © =417
T~ k
3 »| ICE,=108 ' | ICE, = 16"
! ™
— m
SF l
(@] T7TRRYP7RSSYASS
A k
L kE=98
—
1
~
(1]
=
o w
-~ Q
T -
400 ety
£ g 4 ¢ Rdwy. N M|| = Moment parallel to ¢ Ppier.
ti o
& P 3
\
I & Pier
= PO B 0 s ] Y /
A s = :
TR (e W TR, A0
X
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EXP.

PIER MAX., M.

Gp Loads P (Kips) M| (ft.-~-Kip) M, (ft.-kip) Renark
[ ———
I D 573 0 0
- 417 0 0
E 98 0 0
B(IW) | = 131 20 ‘ 0
L 198 198 x4.62 = 915 0
1,155 915 0
IE DL i
+B (LW) 957 i 0 0
W 0 28-4)x37' =88 A
5 0 o s 8 lre+77%32" .5 =748
578 —_— S st
WOS (LW) 0 0 21"x22' = 462 . 16k
WOF - 70 . po¥xlo' = 700 0
/
887 1,588 1,210 28g W= 32K
Wy & Wy on ave. span length.
ITT ] Bzl 1,155 915 0
0.3W, 0 266 -
0.3W, 0 - 224
0.3WO0S 0 0 139
0.3WOF - 21 210 0
K . =
Wi 0 (9-2)x44'=308 e
WL, 0 K X (5+3.5)%32".5 =2
LF, 0 -3.5x32'.5=-114 | =
- 2 %32'.5 = 195
LF | 0 6
1,134 1,585| 834

WL, WLl, & LF on ave. span length.




ey

EXP, PIER MAX M.

Gp Loads |P (Kips) M) (£t .-Kip) M (ft.-Kip) Remark
IV lor T 1,155 015 | - &£ 7.55 =
T, | b 7.5%x 32'.5 =244 =
T 0 - 13Kx32'.5=423
A i e A a0 Wty o TR, o R Y
&3 190 1159 423
V b + E + 957 0 0
B (LW)
W, 0 28%%37' = 1,036 T
Wy 0 - 16Kx321.5 =520
WOS 0 0 o BE2 ; i 343
WOF -70 700 0 X
T 0 o = 16
T, 0 v 13%x32' 5= 423
887 1,492 1,405 ogk Mg = 32K ]
W) is deleted. See Table VII on P. 18.
vi b +E 4+ 1,155 915 0
L+ B :
0.3 W, 0 Yl -
0.3 W, 0 - 1856 . I
0.3 WOS 0 0 139 7
0.3 Wor 2% . 210 0 . R *
WL, 0 ofx44 =396 e . k
WLy 0 “ 5Kx321.5=162 7] N5
LEFy 0 " < /
LF, 0 - - /
T\ | 0 - 244 - 9k WLy
T a = 423 -10k
Ll » 1,588 | 880 LF & Wiy are deleted. - See Table VIIon
p;=18,




S | 5 " 4 AT & y W : * a

EXP.  PTER MAX., My

Gp |Loads P (Kips) My (ft.-Kip) M, (ft-kip) Remark

— === T= ————

VITT{D 4+ B 1088 0 0

B (ICE) - 159 0 0

LL 198 o 915 k 0

ICE 0  [108%x17'= 1,836 | 16 +17=272

SF 0 0%2 x13 =. 3 0

e i 2,754 272

ICE, = 108

11X D + E 1,088 0 0

B (ICE) = 159 0 0

W, 0 888 -

W, 0 - 748

WOS (ICE 0 0 15K%26 =390

WOF - 70 700 Q

ECE 0 1,836 272

SF 0 3 0

859 3,427 1,410
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14-Hp1l0Ox42 Piling

/,\\M“
W ©
;i ~ !
l b L
Gha 3 - I H
el Lé_:_ M /r—Q;Pier
- ™ - /"'
o i+ " : T :‘—' ek
g H T j H
i 2 "o
\Fi‘ S” =i 3onllEY 5 36,0 ) (2D
= A0S
1'-6_|A'=6.15'-0016"'-0_15"'-6 116
26"‘0 = 87.8 2 5
Sy = 42,755 0.8 L2)
B5
=t A0 3
EXP. PIER MAX M,
%)
o < BT Mi Mi Total 100%
: 14 87.8 33.3 Max. Min. Max. Min.
? k
I | 83 30" o X[ 93k 73k | o3k 73k | 1
e b g3 TAhvia 36 117 9 94 7 1.25
t I5Ti81 18 25 124 38 99 30 e 25
£
IV - 83 3 13 109 5.7 87 46 il 25
L \V4 63 17 42 “ 122 4 87 .3 il
! Vi | 8l 18 26 "125 37 89 26 1.4
3 |
L ) I
MILT .84 311 8 120 42 86 30 1.4
§..‘ x
ks e 61 39 42 142 =00 95 =13t 1.5
L Design allowable bearing for HP10x42 = llOk x
% Design allowable uplift = (610"} (12*) {15 pgi) = 10.8 fox
§ 12" piling embedment in ftg. 1,000
L
\ * Uplift
b A

Approx. pile surface area per inch of embedment,




EXP.

PIER MAX My

LF on ave.
span length.

Gp Loads P (Kips) M (ft.-Kip) M (ft.-kip) Remark
1 D 573 0 0
417 0 0
E 98 0 0
Bl =131 0 0
4 198 198¥x4.62 = 915 0
1,155 915 0
II |D + E ;
+B (LW) 957 0 o’
W 0 (28+4)K 37'=l,18.& =
o 5 i 16-7)%x32' .5 =293
¢
WO3 (LW) 0 0 21%x22' = 462 s i
WOF gy j0¥x10' = 700 0 ~ 16k
!
887 1, 884 755 %)
28" 4 we = 32K /4k
Wt & W] on ave. span length
III |Gr.I 1,155 915 0 VG
O.3W“ 0 3565 - ; 8
0.3W, 0 - 88 WL1= 4
0.3W0S 0 0 139 ke g i o3
0.3wor| - 21 210 0 S5 N5 gk
WL, ’ SR (5-3.5)%x32" . 5=4¢ ok / A
-3. x32"'.5=49
WL, 0 % y ) / WL= 10K 2k
LF, 0 3.5%32'.5=114 w
LF : - L65x321 .5 =-195
WLy, WLy & = 7k
1,134 2,078 81

qlT



3 1 - e LR o f &
EXP. PIER MAX. My
Gp lLoads |P (Kips) M), (ft.-Kip) M, (ft.-Kip) Remark
| — — — m—
IV -{6r I 1,155 915 0 /)
T, ‘ 0 7.5°x32" . 5=244 | s o Gy
e
T 0 ¥ 138321 .5 = 423
T,155 1,159 423 13
7.5%
A\ + E + 957 0 0 7
B (LW)
W, 0 28Kx37' = 1,036 g
W, 0 = 16Xx32' .5= 520
WOS 0 0 462
WOF -70 700 0
T, 0 7.5%%x32' .5=244 .
T, 0 g -13%%32'.5=-423 //
1,980
Wiis deleted. See Table VII on P. 18.
L | [0 = A e L 155 915 0 X
o+ B i S
0.3 W, 0 311 . £F =3k
0.3 WOS 0 0 139 e
0.3 wWor =21 210 0 ay I
I aaty 13
WL, 0 98x44' =396 o > /
WL, 0 : - b**x32'.5= 162 /
LF 0 - - k k
=10 7.5
e 0 A x WLt
e 0 244 -
T, 0 £ -423
o LF & WLj are deleted. See
1,133 2,076 34 Table VII on P. 18

HCT
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EXP PIER MAX. M,

Gp |Loads P (Kips) M“ (ft.-Kip) M, (ft-kip) Remark
VCEL T DESE oh 1,088 0 0
B (IcE)| - 159 0 0
L 198 915 0
ICE Ol-“=liDa%xl7'= 118361  16x17=272
SF 0 0X2 x13 = 3 0 3
16
1127 2,754 292
fizx |p + E 1,088 0 0
B (ICE) et o 0 0
W, 0 1,184 -
Wy 0 - 293
WOS (ICE 0 0 155x%26' =390
WOF il 0 700 0
ICE 0 1,836 272
SF 0 5 3 0
859
3,723 o

g eT
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14- HP1Ox42Piling

M
~
o /|
]
: 1
T H iy I -

O m? -(')_{_ M f%Pier

= e N e o /r

o ! H—-—Z ki

) -f"\’ AA I T i
{ ! 2 2
N S = (3x11.5% +3x6 ) (2)
A LS
1'-6_ I R =6 156"'-0 6'-0_|5'-6 TV e
= .87.8
25'-0
= s, = (4x3.75%+ 2.5%) (2)
3275
= 33.3
EXP. PIER MAX. M,
Gp b M ML “ Total 100%
B RIS s II Max. Min. Max. Min.
ok Baa® - Hiagt o ¥l o3k 73K | 93K Bk | 1
II |€3 .21 23 107 19 86 L L
III}8] 24 2 107 55 86 44 125
v | 83 13 13 109 1857 87 e 1.25

g 483 23 17 103 23 74 16 1.4

vI | 8l saac. ik SELO6 56 76 a0 | 1.4

VIII| 8l 31 8 T8 S 42 86 30 1.4

*

X |61 g " 29 152 -10 88 L% 1.5
Design allowable bearing for HP10%§2 = llOk X
Design allowable uplift = (6x10") (12") (15 psi) = 10.8 for
12" piling embedment in ftg. 1,000
* Uplaft

4 Approx. pile surface area per inch of embedment,
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a.Em .. e

LSECT
Pier # 3 - Fixed Pier (5) L (No impact load)
Loadings See Sh. 2E
(1) Super D 573% | (6) wy, (7) WLy & (10) LF; shall be
determined on the basis of (1) over-
(2)° Piex:D ! all bridge length and (2) average
(106 c.y.) (27) (0.1%) = 429% | span length of two spans adjacent to
Pier #3.
(3) E 5
{39 esw.) (27) (0.1} = 105
(4) Bouyancy
(6) W
(a) Lw

Dler {570 &) (2T (0.0685)= 96"

E (39 c.y.) (27) (2/3)
- (0.0625)= 44

140K
(b) HW
pier (91 c.y.) (27) (0.0625)=154%
E : i
198K
{{c) ICE
pier (73 c.y.) (27) (0.0625)=123%
E =1ak
1ei)

Wy (avg. span length)
=6.5 g'x 0.05K/5'x99' .5 = 32K

Wi ( bridge length)
= 6.5c'x 0.012K/a'x454"

35.4%

Il

W1 (average span length)
= 6.5a' x0.012%/5'x99:5
= 7.8%

(7) WL

WLy (avg. span length)
_ 0.1K/'x99'.5 = 10
WL (bridge length)

= 0.04 X/ x 454+ = 18K



s

WL, (average span length)
= 0.04 ¥/ x 9915 = 4¥%0

(8) WOS and (9) WOF are the same
as for Pier #2.

(10) _LF

LF (Bridge length)
» i " kAT *
= [2(0%T64x 454' +18F)] 0.05
= 3lk
LF (average span length)

= 31% ¥'g915 = 7K

454"
(133 o
5 o
: :
< <<
0 i >
| vul #Iz = #4 |
L2 oy
s L o i L s ar
foo) ) ™ ™ ™ ©
g} o~ o~ o~ o> w
— n n 0 n =

DL Reactions

? at each S and N Abut. =
158K x 25% x 1.25 = 585
9

T at each Pier #1, 2 & 4 =
573K x 25% x 1.25 = 14%K9
12

e T
Unbalanced thermal=14.9

T applies at 1' above
bridge seat level or

33.5 above bottom of
footing.

(12) SF and (13) ICE are the same
for Pier #2.
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17E
Super D Kk
=57 35— &l L =108
WL,
L <
4.82" Bridge seat W,
WL
W, — - LF.L‘L
— t
WOF —al : }
=70k 10
Pier DL
La—=429X WOS
o —
Eh ! k
3 o ICE"=108 ICE_,_=16
. {ig}
™~ = :
™ Gl Tae -
(@ 77 ANN/7ANYKANS 77TRN\NAANN
& l’*E=105k
—
!
! |
; |
©
—~
L .
U 4 ¢ Rdwy.
- @
T
e,
&2 Ak M) = Moment parallel to ¢ Pier.
sig .
Il \
E:—I ' ¢ pier
ol 4
N
\\
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FIXED PIER MAX. M.
Gp Loads P (Kips) M“ (£t-Kip) M, (ft-kip) Remark
I D 573 0 0
429 0 0
E 105 0 0
B (LW) = 140 0 0
L 198 198%%x4.62 = 915 0
1,165 915 0
ITTEqe0 8 Wi & W1 on ave.
+B (LW) 967 0 span length.
W, 0 ' (28-4)Kx37'=888 K
W, 0 = 16+7) "x33'.5=771
WOS (LW) 0 X 0 b1kx22' = 462
WOF -70 70°x10' = 700 0
897 1,588 1,233
IIT |'gr. 1 1,165 915 0
0.3w, 0 266 b
0.3W, 0 - 231
0.3WOS 0 0 139
0.3WOF 39 210 0
WL, 0 (9-2)Kxa4' = 308 s
WL, 0 = (5+3,5§%33".5=285
LF, 0 -3.5%%33' .5 = ~117 -
LF, 0 - 6Kx33'.5=201
1,144 1,582 856 :
WLt ,WL1] & LF on ave. span length.

g 8T
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FIXED PIER MAX M 4.

Gp Loads P (Kips) M, (£t—-Kips) M, (ft-Kips) Remark
v Gr T 1,165 915 0
P 0 7 »5x33 . 5="251 i
T, 0 : — 13%x331 . 5=436
15165 1,166 436
\Y D +E+
B (LW) 967 15 0 0
W, 0 28-17.7)-37'=381 A
W, 0 e (16+30.7)335=1,5¢5
WOS 0 0 462
WOF -70 ¥ 700 0
T 0 -7.5%x33.5=-251 i
i 0 - —  R3Kx33'.5=436
897 830 2,463 Wt on avg. span length. Wy on
bridge length. See Note (@ on P. 14.
VI D +E+ 1,165 915 0 p
L +B '
0. 3w, 0 0. 3x381= 114 -
0.3W, o 0.3%1,565 =470 T —_ e
0. 3WCs 0 0 139 N8
0.3WoFr -21 210 0 K
WL, 0 0 - D
WL, 0 K 0 |(s5+16 )KB.'5=7041 e
LF, 0 -16x33"'.5=-536 : g SR =10
LF | 0 — [|27%x33'.5 = 905} ST
T 0 -7.5%%33',5=-251 =
o o — |3Kx33'.5 = 436
5 WLt on avg. span length. WLj; & LF on
1,144 452 2,654| pridge length. See Note @ on P. 14

d6T
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FIXED PIER MAX. M1
Gp | Loads P (Kips) My (ft.-kips) M, (Ft.-Kips) Remark
VIII|D + E 1,107 0 0
B (TCE) 2e 367 0 0
% 198 X 915 0
ICE 0 108"x17'=1,836 16x17=272
SF 0 okox1k = 3 0
1,138 2,754 272
IX |D + E 1,107 0 0
B (ICE)} - 167 0 0
e 0 888 -
W, 0 A 773,
40S (ICE) 0 o F15¥x2g & - 390
NOF =76 700 <
[CE 0 1,836 272
SF 0 3 0
870 3,427 1,433
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2iE
15 - HP10x42Pilings
| M
© /[\"\ l
- | :
T l" I
T o H I I T ~ s
o ' Pier
ey I L
| T === 25 =k T
| ™M | i | |
R | 1 1
i ]
gl |
il S oW L ! R s, = 87.8
e By - s, = (5x4.25%) (2)
4 .25
= 42 5
FIXED PIER MAX. M.
L P Mii ML Total 100%
¥p 15 87.8 42.5 Max. ‘ Min. Max. Min
| 7% | 10k ok ggk 6d| 88k | 68 | 1
T 60 18 29 107 13 86 10:-u] L.25
TRYL YT 76 18 20 114 38 91 30 1128
v 78 g 10 101 55 81 44 1,25
A b4
v 60 9 58 127 =7 931 =&Y o
JL 76 B 62 143 5 102 6 gl
VXLl 76 3L 6 113 39 81 28 i
* N
TX 58 39 34 310 -15 &84/ -10%* 15

Design allowable bearing fo
' Design allowable uplift = 10.8 for 12" piling

K

embedment in ftg.

* Upl_ift

. Y73
L HP10x42 = 110°
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FIXED PIER MAX. My

WLt, WLy & LF on avg. span length

Gp Loads P (Kips) M” (Et-Kip) ML (Et-kip) Remark
i D 53 0 0
429 0 0
E 1G5 0 0
B (LW) ~ 140 x O 0
L 198 198 x4 .62=915 0
L de5 915 0
TE D B 3
4B (LW) 967 k0 s
W, 0 (28+4)"371=1,185 -
WL 0 = 11 {16-7)¥33 %, 5 "=3p —_— —_—
WOS (LW) 0 3 0 b1 %e2 = 462 Nk
OF =70 70" %10" = 7700 0
R
287/
897 1,885 764
Wt & W1 on avg. span length
TE TG ey T 1 165 95 0
0.3W, 0 356 -
0.3W, 0 — 91
0.3W0S 0 0 139
0.3WOF =23 210 0
WLy 0 (9h2) " xd4" . =484 %% "3
WLy 0 =  I5-3.5)Kx33'.5=50 9
LF 0 3.5Kx33.'5 = 117 =
oy 0 - -6x33'.5 = =201
3.5K/
1,144 2,082 79 :

dzze
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% - P L (P D L i ) / i ) \ =3 i

FIXED PIER MAX. M,

WLy on avg{ span length.

on bridge length.

WL, & LF
See Note on-—"pP:

Gp |Loads P (Kips) M, (ft-Kips) M, (ft-Kips)
i |
v Gr. T« 1,165 915 0
T, 0 7.5%33.5= 251 =
T, 0 - —  [3%&33'.5 =436
1,165 1,166 436 7.5K%
v B i
B (LW) 967 3o 0
Wy 0 28+17.7K 3715 * 5
W, 0 ( 1691 (30.7_16)K33'.5=492
WOS 0 0 ' 462
WOF -70 K 700 0 ol
T, 0 7.5%33.5= 251 - ] s A 17.7%
T, 0 ‘ - 3% 33'.5 = 436 Fis
e Wt on avg. span length
897 2. 642 1,390 Wy on bridge length.
VI D +E+ 1,465 915 0
L +B
0. 3w, 0 508 %
0.3W, 0 c 148 ¥
0. 3WeB 0 0 139
0. 3WOF -21 210 0
WL, 0 (9+9)K44'= 792 -
WLy 0 - |16 -5)K33'.5=3f9
LF) 0 16% 33'.5 =536 2 ey, 7
LFL 0 — |27°x33'.5 = 905 |
T.,, 0 254 e
T, 0 — 436
1,144 3,212, 1,997
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FIXED PIER MAX M.

d. e

Gp | Loads P (Kips) M, (ft.-kips) My (Ft.-Kips) Remark
VIITID + B 1,07 0 0
B (ICE) 167 0 0
B 198 iy 915 0
ICE 0 108 x17'=1,836; 16x17=272
SF 0 okox1¥k = 3 0
1./138 2,754 272
IX D + B 15 X0% 0 0
B (ICE) 167 0 0
W, 0 1,185 =
s 0 - 4 302
JOS (ICE) 0 Q5T X264 = 390
NOF -70 700 0
ICE 0 1,836 272
SF 0 3 0
870 3,724, 964
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15"~ HP10x42 2ilines
- TN
2 _
i
l — !
: |
: ey H I I T ~ :
L H— —3 = T — {
Lo m'[' [ | i :
e g i l | I f
[ bole ol R G T
O |
] ;
l I 5'-6 | 6'-016'~-0 5'=6 126 o Sa iR
) 7 H z
E e s) = (5x4.25%) (2)
l 4.25
= 42.5
l FIXED PIER MAX My
; ]
l“ P | _Mun ML Total 100%
21 15 87.8 | 42.5 Max. | Min.| Max. | Min.
I biggiey faggk ok g8 X 6g™|  mk o
l ] Iz | 60 22 18 109 20 80 16 3.2
; el AT 24 2 102 50 82 40 | 1.2
l TV 78 13 10 101 55 81 44/ 1 L.28
l o 60 30 33 123 LEw 88 e Rl
; > 4
: v 76 37 47 160 -8 114 -6 | 1.4
' VIII| 76 31 6 113 39 8l 28 1.4
» X
', T 58 42 23 123 -7 % -~ 5% o5
‘ Design allowable bearing for HP10x42 = llOk'
Design allowable uplift = 1058 for 12" piling
[ embedment in ftg.
l’ * Uplift







