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Reliability Evaluation of Lateral Spring Constant Applied in Design
of Pile Foundation for Bridge Abutment
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ABSTRACT : In this study, the reliability of the lateral spring constant (k1) applied during design of pile foundation for bridge
abutment was evaluated. To do this, the reliability of the factors related to the prediction of the lateral displacement of the abutment

pile foundation, which was designed based on the displacement method proposed by Chang (1937), was analyzed. The data used for

analysis were the design statements of OO bridge and OO IC2 bridge. Then, it was derived by comparing with the numerical analysis

(p-y analysis) based on the basic data.

Keywords : Coefficient of horizontal subgrade reaction, Lateral deflection, Lateral spring constant, Pile, p-y analysis
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Table 1. Spring coefficient calculation method of pile
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Table 2. Properties applied to each model

Division Properties
Horizontal direction n, D, p, ky
Vertical diriction : pile surface and head Tos Tos Trm
Distortion %, %, G, 19, T

Table 3. Recommended properties and estimation methods of FB—Pier

Division Calculation method
E(psf) = 20000V, (Normally consolidated soil)
Modulus of . .
elasticit -E(psf) = 30000 Ny, (Overconsolidated Soil)
(B) Y “E(psf) = 10000 Ny, (Sandy soil containing fine-Grained

components)

Poisson’s | 'v=0.2 ~ 0.3 (Sand)
ratio (v) |-v=0.4~ 0.5 (Clay)

Shear E
G =
modulus (G) 2(1+v)
“6=aN’'+b
N’ a b
0~10 0.50 27.5
Internal 10~30 0.25 30.0
friction 30~50 0.15 33.0
(4) 50~ 0 40.5
Here, N' = C\N
_ 20 _ 19152
Cy= 0A7710g10(70,r(t5f) )= OA7710g]0(7U,"(kPa) )
o=
cﬂ 2
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30 T
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Table 4. Details on each abutment and foundation

Division OO bridge| OO IC2 bridge
Type PSC beam | IPC single span
Height (h) 8m 9.5m
Abutment ‘gh
Width (B) 6.2m 4.5m
Length (L) 15.75m 18.299
Type PHC Steel Pile
Diameter (d) 0.5m 0.508m
Length (1) 21.5m 32.2m
. Modulus of elasticity | 0500000 | 24000000
Pile (E, kN/m)
Vertical force coefficient
232445 97213.18
(ky, kKN/m)
Horizontal force oefficient
N 123850 9690
(kn, KN/m’)
. Unit weight
Soil 3 20 20
o (Vo> KNFMY)
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Table 5. Forces acting on abutment per each cases

Division Lateral force | Vertical force Moment
(Pu, kN) (V, kN) (M, kN/m)

Case 1 | 2785.34 12995.45 579.59

OO |Case2| 3289.86 12995.45 579.59

Bridge | Case 3| 9253.86 12995.45 579.59

Case 4| 8749.34 12995.45 579.59

Case 1| 303632 20761.66 13204.41

OO |Case?2| 3053.58 20761.66 13204.41

IC 2 Bridge| Case 3| 12156.65 20761.66 13204.41
Case 4 | 11822.01 20761.66 13204.41
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Table 6. Analysis results

c‘l“ i Horizontal
| / i Lateral directi ) Lateral Angular
S S EE : . irection spring | .. .
P I 1| ¥ ! Division force pring displacement | displacement
= > i modulus
.‘H : MESTOS0 KN (P, kN) (K,, KN/m) (8, mm) (a, rad)
5 e Case 1] 278534 | 981459 0.61 -4.47x10°
. = OO | Case 2| 3289.86 10580.7 7.33 1.13x10°
5 — = .
— Bridge | Case 3| 9253.86 10580.7 21.09 5.19x10™
R [ Ay AN S—
Cosed Cues G ol Case 4| 8749.34 10580.7 19.93 4.84x10™
Case 1| 3036.32 8681.5 10.17 2.45x10°
(o 2= OO -
i o ! 12 Case 2| 3053.58 1836.4 39.78 9.98x10
‘ i Bridee | Cas¢ 3|12156.65| 18364 15528 | 2.42x10°
(a) 0O Bridge ricee 5
Case 4|11822.01 1836.4 151.05 2.37x10”
/ ) | FFHA0)S 2715 22 BlaLsto] Pyt Kol e
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Fig. 8. Section for analysis
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- — o= ejsjo] UEH Table 783} Z-on] 7} wHEo] 4
P, % o . T
$ S AT Jasim et al(2010)9] A5 Farsto] =
Aol Z-gsh= S T = o] 2R8I
Case 1: ky=0
Case 2 : ky=designed value 4 3 3HA—-|I ?=_1J-'-I'
= dAtollA 7} wrE e AN A4 {7
U2 FB-PierS o83 £As1AS sastgon, s A
Fig. 8. Analysis schematic 2 Py, BA 02 Hejatglon], Zizke] H9ol tigt g4
F AX YA K S AHS1o] Table 9~10 2 Fig. 10~112}
4.2 SIMEA 2ol et
7} Cased 2 295 B w2 A|uln} opE B 3804 Lo ofsf A E HWE 1IN AHEshe 3
HFgF81E-8 ooali= 63.3kN, OOIC23:= 91.9kNo|w o]uj
Table 7. Properties of soil and pile used in numerical analysis WAsts 3HeF HYe Z2 OOR 0.6mm, OOIC2 1L
(OO Bridge) 7.4mm= UERGTE 2 QLo A FB-Pierol] 9J% S=x]3lj4]
OO Bridge
Division Al hdEe . 4.5mm IC23L 22.9mm=, -'UE
s Depth 0~-20m | Depth -20 ~-30m |2 O0x » OOIC23 s e
Soil type Clayey sand Weathered rock
Internal friction angle (4, °) 38 45 ] ] ] ]
Unit weight (v, kN/m’) 20 20 Table 9. Load—displacement relationship and. ki value calculation
) results per each abutment (OO Bridge)
Soil | Shear modulus (&, kPa) 24132 241320
Poisson’s ratio (v) 0.3 0.3 ! load Lateral displacement (§,, mm)
Lateral ground reaction force TOT 1023 L:z;era kI\(I))a OO Bridge
coefficient (k,, kN/m’) v ky=0 k= 123,850 kN/m’
Type PHC Single pile | Group piles | Single pile | Group piles
Length (m) 21.5 0 0 0 0.0 0.0
Diameter (m) 0.5
X - 10 270 116 0.7 0.2
Pile Thickness (m) 0.16 5 10 3 - 0
Unit weight (kN/m) 0.882 0 > : =
Yield stress (GPa) 3,150 30 810 350 2.1 0.7
Modulus of elasticity (GPa) 40.5 50 1,360 583 3.3 12
80 2,170 935 5.6 1.9
Table 8, Properties of soil and pile used in numerical analysis(O 100 2,710 1,170 7.0 2.5
O IC2 Bridge) 300 8,140 3,636 21.5 8.4
L OO 1C2 Bridge K, (KN/m) 36.86 82.51 13,953.49 35,714.29
Division s ———
Depth 0~-20m
Soil ty_p ¢ Silty clay Table 10, Load—displacement relationship and k1 value calculation
Unconfined compressive strenigth (kPa) 38.3042 results per each abutment (OO IC2 Bridge)
Unit weight (y, kN/m’) 20 -
Shear modulus (G, kPa) 494 8 Lateral Toad Lateral displacement (5, mm)
Soil Undrained shear strength (c,, kPa) 19.1521 (P, KN) OO IC2 Bridge
Poison ratio (v) 0.45 ky=0 ki =98,90 kKN/m’
Lateral ground reaction force coefficient 9890 Single pile | Group piles | Single pile | Group piles
(ky, KN/m’) 0 0 0 0.0 0.0
Apply the same value as OO Bridge 10 54 38 0.08 0.17
(-32.5~-40m depth soil is weathered rock) 20 230 165 038 0.57
Type Steel pile
30 938 629 0.93 1.08
Length (m) 32.5
Diameter (m) 05 50 5,490 2,657 2.67 243
Pile Thickness (m) 0.16 80 - - 6.45 5.11
Unit weight (kN/m) 0.882 100 - - 9.57 731
Yield stress (GPa) 3,150 300 - - 63.5 44.9
Modulus of elasticity (GPa) 24.0 K, (kN/m) 28.01 33.07 2,801.12 5,154.64
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