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MODULU S OF HORIZONTAL SUBGRADE REACTION

JEFFERSON PARISH
PUMP STATION AT CANAL STREET CANAL

ME TAIRIE, LOUISIANA

Enclosure 1

EUSTIS ENGINEERING




DEEINITIONS .

N N () Moo'uws'or HORIZONTAL SUBGRADE REACTION
S cuw Kh =£BD_(02222q.)
I SAND K,.=-QBP-(2 n
G (PSF) UNCONF!NED COMPRESSION SHEAR STRENGTH
B (IN) = WIDTH OR DIAMETER OF PILE

c = 0.3 (CYCLIC LOADING); LO (INITIAL LOADING)
, D . =GROUP EFFICIENCY FACTOR
o e
88 10
" 78 085 |
68 .07 . ..
Lii.ose cess Tl
. 4B . i 04
e +93B e 025 /

Nw (PC!) COEFFICIENT OF HORIZONTAL SUBGRADE REACTION
...=5 (LOOSE SAND) 10 (DENSE SAND)
A PS (lN) = PlLE SPAClNG IN DIRECTION OF LOAD
(- 2 (IN) - D_EPTH BELOW EQUIVALENT GROUND

! ~ Enclosure 2
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ASTEEL PIPE AND PRECAST CONCRETE PILE LOAD CAPACITIES
FOR SUPPORT OF DISCHARGE PIPES

-

ESTIMATED ALLOWABLE
SINGLE PILE LOAD
'CAPACITY IN TONS

FACTOR OF SAFETY=2

PILE TIP
' ELEVATION
-~ IN FEET
~ - NGVD

TYPE AND SIZE
OF PILE

12-In. Diameter ' - : .
Open-End Steel Pipe -80 49
' . -90 : 59
14-In. Diameter : =70 . | - 44
Open-End Steel Pipe -80 57
' o -90 : 69
~ 12-In. Square =70 e 50 /00K
Precast Concrete - -80 . 62
' ' ‘ -90 “ - 715
14-In. Square =70 57 /rv%
Precast Concrete -80 73
' B 5 -90 v 88

PILE LOAD CAPACITIES -

JEFFERSON PARISH
PUMP STATION AT CANAL STREET CANAL
METAIRIE, LOUISIANA

EUSTIS ENGINEERING . FIGURE 2
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proch—t o=

.-————-—.’—-—————.—————P——-.—-.———_...-—.- s e Taa Sy Wt o e — e . e - . —— G > P S I S S W S S~ T S e e e
—— e G S —

= S —=EsSs=ssosSsssSSSEEIISonTEsIIERSREsEssEssc T mem e
4723 PILEDESIGN @ AREA CONC ( Ac ) = 144 si

_ONCRETE RELEASE STRENGTH ( £°cI ) 4000 psi |

SONCRETE DESIGN STRENGTH ( F'c ) 5000 pai

4

—— — — - @ —————-—-——————-.—o-———.——-—-—-—--—————-—-———“_— ——— . — < o ———

SALCULATE RESIDUAL STRESSES (Losses calculated per “Recommendations for
Ratimating Prestress Losses” PCI Commiitee on prestrees loss as published

in PCI Journal July / August 1975. TOTAL LOSS = ES +.CR + SH + RET
ELASTIC SHORTENING _63fs = 10X LOSSES (STRESS RELIEVED STRAND)

ES =fcr(Es/Eci) USE 9.25 % LOSSES LOW RELAXATION STRANDS

fcl = 4000 Eci = 33fci“1/2*W"3/2 = 3.64E+086

W= 145 Es = 28 x 1076

6 -1/2" 250k S/R Strand
ES =
STEEL RELAXATION (RET_1) fpy = 0.90fpu (Low-Reluxation Strand)

(1st 18 hours) fpy = 0.685fpu (Strees Relieved Strand)
RET fat{[logZ4t—log24t1]/45]*[fst/fpy~0.55] (Low-Relaxation Strand)

RET = fst{llo 24t—]og24t1]/10}*[fst/fpy—0.55] (Stress-Relieved Strand)
RET = - (§§§§§ 175000 - 6009 = 168981 pai for 6-1/2" 250k S/R Strand
‘CREEP CR = (UCR)(SCF)(MCF)*(PCR)(fc) Volumn to surface Ratio
UCR = 63-20Ec/10°6=>11 (use 11) SCF = 3
MCF = Accelerated Cure = 1 PCR = 0.35
' 6 -1/2" 250k S/R Strand
CRc =
SHRINKAGE SH = (USH)(SSF)(PSH) = 4430 psi
USH = 27,000-3000Ec/10°6 = 12000
SSF Effect.Size and Shape= 0.879
PSH = (Shrink. Coeff.30 days) = 0.42
STERL RELAXATION (RET_2)
(30 days)
RET = fat{[10g24t—log24t1]/45)*[fat/fpy-0.553 (Low-Relaxation Strands)
RRT = fut{[10:24t-10g24t1]/45}*[fst/fpy—O.bS] (Stress-Relieved Strands)
RET =_' _ 6 -1/2" 250k S/R Strand

—— - - - T s G S —

TOTAL LOSSES = ES + RET_1 + RET_2 + CR + SH
g8 -1/2" 250k S/R Strand 309
Losses = 80,393 psi 39

Losses = 17.37% 23.63 % Tesn
_________________________________________ -»---T———--—"-—————-—-‘———---"’""‘—""—"".'_"‘-70/)[} -

EFFECTIVE PRESTRESS AFTER ALL LOSSES
Using 68 -1/2" 250k S/R Strand fpc = 868 psi = FPC “ 0.969




. ‘i/ ~~ A 5[’
# 12" PILE DESIGN (3
n Prestressed with 6-1/2" 250k S/R Strand
i aren s o o o e T —————— e e e oo o o o e e e ——
{RECT LOAD:

///; = (.83f°c - 0.27 fpc)

¢

NOMINAL STRENGTH:

Pn = (.85f°¢c - 0.60fpc) Ac

Ac
N = 1416 * Ac
N = 204 kips or
N = 102 tons

—— — - = e W D R

L it 53T |
Epnk=aaar. . I P
FACTOR OF SAFEITY = 2.63

-—-u——_————————-_——_——_—-—"—————-——--”*—_—-——_—--—-—-——--—-—,—-—————-——-'—_~

MOMENT CAPACITY:

- o - o OO oSS

Ac = 144 ei
1= 1,728 in"4
I/c= 288 in"3

Allowable tension = 4xgqrt(F'c) = 282.84 psi

-———--———---——————-—————————-——

NOMINAL MOMENT STRENGTH:

- —— o <5

MOMENT Mn = 0.37t Aps Fpu

———-—-~—--——-———_~—-———-

Effective Prestress fpc =
Area of Concrete Ac =
Tensile Capacity of Pile =

——-——-—»—--‘——_--——_———~————————-—--‘————-—-————-—------—-——-———————

ALLOWABLE UNSUPPORTED LENGTH:

h/r = 6o
lu = 60r/0.5
lu = 415.69 in. =

050 ksi (ult.

M=fc 1/c=

- —

( solid piles )
Aps=

0.864 8i (area tendons)
- ptrength of the tendons) -

Mn= §o50EinT - kips " Mg
FACTOR OF SAFETY =  2.89 -

un--a--—_wuﬁ-h-———

- 868.00 psi
144 si L

fpc + Bxeqrt(f’c) * Ac = 101°92 kipe or 1
Tensile Capacity of Pile = 968 tons

r = 3.46 in.

MAXIMUM LENGTH FOR 2-POINT & 3-POINT

W= 150 lbe/ft.
f-ci = 4000 psi

S =1/c = 288 in~3
fpc = 868 psi

34.64 ft
HANDLING: ‘
Allowable tension for 2-POINT ='6*aqrt(f'ci)
Allowable teneion for 3-POINT = 3xmqgri(£ci)
fs ( 2-POINT LIFT ) = £ + s*aqrt(f'cij = 1247 peil
fs ( 3-PCINT LIFT ) = f + 3xsqrt(fcl) = 1058 psi

1 = sqrt(fs * S8 / 1.5%8*%W)
L =< 79 ft. for 2-POINT HANDLING

L =< 116 ft. for 3-POINT HANDLING
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MODULU S OF HORIZONTAL SUBGRADE REACTION

JEFFERSON PARISH
PUMP STATION AT CANAL STREET CANAL

METAIRIE, LOUISIANA

Enclosure 1

EUSTIS ENGINEERING



DEFINITIONS '

Ky (PCI) = MODIULUS>OF HORIZONTAL SUBGRADE REACTION
- CLAY : Kh a.CBD_(o zzzzq.)

| SAND : K., =$Bll(z n..)

a (PSF) UNCONFlNED COMPRESSION SHEAR STRENGTH
B (!N) = WIDTH OR DIAMETER OF PILE

c = 0.3 (CYCLIC LOADING); LO (INITIAL LOADING)
D-.  =GROUP EFFICIENCY FACTOR
Ps - . _D
8 0
7B .. 085 |
.68 . 07. .
Livooe i ess T
4B .t 04
‘ ,.‘4..138 025 . —’

N» (PCI) = COEFFICIENT OF HORIZONTAL SUBGRADE REACTION
=5 (LOOSE SAND)' 10 (DENSE SAND) .
PS (m) = PlLE SPACING N DIRECTION OF LOAD

v B (lN) - DEPTH BELOW EQUIVALENT GROUND

! ~ Bnclosure 2



R

STEEL PIPE AND PRECAST CONCRETE PILE LOAD CAPACITIES
. FOR_SUPPORT OF DISCHARGE PIPES

PILE TIP ESTIMATED ALLOWABLE
TYPE AND SIZE ~ ELEVATION ~ SINGLE PILE LOAD
OF PILE - IN FEET - ‘CAPACITY IN TONS
' ~ - NGVD FACTOR OF SAFETY=2
12-In. Diameter =70 S . 38
Open-End Steel Pipe -80 49
' - - =90 : 59
14-In. Diameter , -70 . L . 44
Open-End Steel Pipe -80 57
: S -90 : 69 "
~ 12-In. Square =70 | 50 /00K
Precast Concrete - -80 P 62
' ' -90 . 75
14-In. Square - =70 57 /rv*
Precast Concrete ~-80 73
: - =90 P 88

PILE LOAD CAPACITIES -

JEFFERSON PARISH
PUMP STATION AT CANAL STREET CANAL
METAIRIE, LOUISIANA

EUSTIS ENGINEERING ‘ FIGURE 2
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GULF COAST PRE-STRESS, INC.

-Pass Christian, Miesissippi

- o S b o S S S e > T S S D e =S o > S e e = o= e S e = o0 TR S T T D SO —— — — — v S —— . G - G P D D GUP P WP SEs Gae G T A e —

/ #5o%dpiiaipesicRd AREA CONC ( Ac ) =  1d4ei
JONCRETE RELEASE STRENGTH ( f£°cl ) 4000 psi :
JONCRETE DESIGN STRENGTH { F'c ) 5000 psi
As 0.144
ULTIMATE 250 k

- o -

~ALCULATE RESIDUAL STRESSES (Losses calculated per “Recommendations for
Estimating Prestress Losses” PCI Coumittee on prestrees loss as published

in PCI Jourmnal July / August 1975.

TOTAL LOSS = ES +.CR + 8H + RET
.63fs = 10X LOSSES (STRESS RELIEVED STRAND)

ES =fcr(Es/Eci) USE 9.25 X LOSSES LOW RELAXATION STRANDS
fcl = 4000 Eci = 33fci"1/2*W"3/2 = 3.64E+08
W= 145 Es = 28 x 1076

ES =

6 ~1/2" 250k S/R Strand

psi

- —— P T . T o L T T S ¢ G e S G G e e e S e e e S G YD G D S GUS S G G WP Se: e . & S TP M W

STEEL RELAXATION (RET_1) fpy
(1st 18 hours) f
RET

RET ; fst{{lo 24t-Jog24t131/10}*[ fst./fpy-0.55] (Strees-Relieved Strand)
RET = <§g§§§ 175000 - 6009 = 168991 pai for 6-1/2" 250k S/R Strand
CREEP CR = (UCR)(SCF)(MCF)x(PCR)(fc) Volumn to surface Ratio
UCR = 63-20Ec/10°6=>11 (use 11) SCF = 3
MCF = Accelerated Cure = 1 PCR = 0.35
6 -1/2" 250k S/R Strand
CRc =
SHRINKAGE SH = (USH)(SSF)(PSH) = 4430 psi
USH = 27,000-3000Ec/10°6 = 12000
SSF Rffect.Size and Shape= 0.879
PSH = (Shrink. Coeff.30 days) = 0.42
STERL RELAXATION (RET_2)
- (30 days)
RET = £at{[10324t—10g24t1]/45)¥[fat/fpy-0.55} (Low-Relaxation Strands)
RET = fat{[lo:24t—1og24t1]/45}*[fst/fpy—O.bS] (Stress-Relieved Strands)
RET = B -1/2" 250k S/R Strand
-— — — fe e e e e o i St e o . . e R A e R i 5 e R G 2
TOTAL LOSSES = ES + RET_1 + RET_2 + CR + SH
6 -1/2" 250k S/R Strand 3¢¢
Losses = 30,393 psi 39 B
Losses = 17.37%  €2.63 7% Teia
e e o - - = o o W ——— = M 7 S o e P e Y P e .__._ _________________________________ -----‘-'2 (j
EFFECTIVE PRESTRESS AFTER ALL LOSSES o
Using 6 -1/2" 250k S/R Strand fpc = 868 psi = /%FQ; £ 0.969

0.90fpu (Low-Reluxation 8Strand)
Py 0.685fpu (Stress Relieved Strand)
fat{[log24t-log24t11/451*[fat/fpy-0.55] (Low-Relaxation Strand;



| / - -~ 5
7 12" PILE DESIGN . K

Prestressed with 6-1/2" 250k S/R Strand

/.--... - s - o o — B — o e oS e ——— — - ——————— ———— - - — . - ——-

1416 * Ac
204 kips or
102 tons

-— - - -——— - - ——

ZZZ
wn

- — - —— s Gt - S R -

Pn = (.85f°c - 0.60fpc) Ac

3 GRRe 1>
oo ik,

nE= "537 kips .
FACTOR OF SAFETY = - 2.63

—-——_.—-—_—_————————_——————_-———..—-.—.—--- - ——— . — -—— o - — —————— O _> " S

MOMENT CAPACITY:

- G A G R e ¢ A AT o S

Ac = 144 8i
1= 1,728 in“4
I/c= 288 in"3

Allowable tension = 4xpqrt(F'c) = 282.84 psi
M=fc 1/c=

_———-————-——-——_——————-——-—— -

NOMINAL MOMENT STRENGTH:

MOMENT Mn = 0.37t Aps Fpu ( solid piles )
- . ApB= 0.864 si (area tendons)
Fpu= 250 ksi (ult. strength of the tendons) -

Mn= o59%inT-kips ~ g
FACTOR OF SAFETY =  2.89 :

- — o Gl S S o = - - . T o e = S g - S = — s B e W S A B e S B A = B SRS S

Effective Prestress fpc = 868.00 psi .

Area of Concrete Ac = 144 si L

Tensile Capacity of Pile = fpc + 6*xeqrt(f°c) * Ac = F191.92kipe or F?
. Tensile Capacity of Pile = 96 tons

——— — T S o —— S G - - - —— - —— - T SO T T e e i e 0 S e S

ALLOWABLE UNSUPPORTED LENGTH: (piles fixed at both ends)
h/r = 60 r = 3.46 in.

lu = 60r/0.5

lu = 415.69 in. = 34.64 ft.

- - —————— — = 880 A

MAXIMUM LENGTH FOR 2-POINT & 3-POINT HANDLING:

W= 150 lbs/ft. Allowable tension for 2-POINT = 6ssqrt(f ci)
f°ci = 4000 psi Allowable tension for 3-POINT = 3%xsqrt(f’ci)
S =1/c = 288 in~3 fs ( 2-POINT LIFT ) = £ + 6*sqrt(£f°ci) = 1247 psi
fpc = 868 psi fs ( 3-PCINT LIFT )y =f£f + 3sxsqrt(f-cl) = 1058 psi

. ] = sart(fs * S / 1.5%8%W)
L =< 79 £t. for 2-POINT HANDLING
L =< 116 ft. for 3-POINT HANDLING
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