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Loading Length Ratio for Estimation of Subgrade Reaction
Coefficient in Strip Foundation
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Abstract : When estimating the coefficient of subgrade reaction at the strip foundation such as the buried box
structure, the loading area of foundation is defined by the loading length of foundation (L). However, there
are no clear design criteria for the loading length to be applied for a given width of foundation in practice.
Accordingly, the purpose of this study is to suggest the most appropriate loading length ratio (L/B) of the
foundation for the estimation of the coefficient of subgrade reaction, which can produce the most economical
structure design in earthquake-resistant design. The main points of this study are as follows: (1) in the
ordinary analysis without seismic force, the coefficient of subgrade reaction has little effects on the section
forces (shear force and bending moment) of the structure. (2) In the earthquake-resistant design, if the
loading length of foundation (L) is largely applied to a given foundation width (B), the value of
coefficient of subgrade reaction is evaluated small, and eventually, a reduction ratio corresponding to the
appearing section force. To estimate the optimum value of the coefficient of subgrade reaction for the
most economical earthquake-resistant design, this study was to suggest setting the loading length of
foundation (L) equal to the width of foundation (B); (that is, L/B=1).
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Table 1 Classification for Review

Soil Condition Loading Length, (L)
N=7 @ 1 m
Case-1 (Loose sand)
® 3 m
N=20
Case-2 (Medium sand) © 8§ m
® 30 m
Case-3 bl
(Dense sand) ® 300 m

Table 2 Ratio of reaction Coefficient

(SRC) calculated by Eq. 2.1

subgrade

Loading Area | Coeff. of Subgrade
of foundation | Reaction k‘v (KN/m") Ratio
BIL|p (m) Cas_e—l CaEe—2 Ca_se—3 of SRC
(m)| (m) | 7 (N=7) [(N=20)| (N=40)
@[ 3|1 ]1.732(17,540|50,120(100,200| 1.51
3| 3 |3.000 [11,620(33,190| 66,390 | 1.00
©]| 3| 8 |4.899 | 8,043 22,980 45,960 | 0.69
®| 3 |30]9.487 | 4,899 |14,000| 28,000 | 0.42
® | 3 {300{30.000| 2,066 | 5,903 | 11,810 | 0.18
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Table 3 Soil properties of each soil layer
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Table 5 Dynamic coefficient of subgrade reaction
for Case-1, (KN/m")

; H Upit Friction N- Shea]r
Soil 5| weight | angle velocity Upper Wall Lower slab
™| aNm) | (9 | (iseo) el | | s
Filled soil |2 ] 180 | 30 | 10 | 172 (") (Sheary | Normal | Shear | Vertical | Shear
1 30 7 153 ® | 121,320 | 63,960 | 21,320 | 63,960 | 21,320
Case| 2 |10] 180 30 20 | 217 3| 14,120 | 42,370 | 14,120 | 42,370 | 14,120
3 30 40 | 274 Al ©| 8| 9776 | 29330 | 9,776 | 29,330 | 9,776
Weathered soil | 5 | 20.0 32 40 | 274 ® | 30| 5955 |17,870 | 5955 | 17,870 | 5,955
Weathered rock| 5 21.0 33 50 295 ® [3000 2511 | 7.534 | 2511 | 7.534 | 2511
Soft rock | 5 | 240 | 35 L ®] 1] 8329 24990 | 8329 | 24990 | 8329
3| 5516 | 16550 | 5516 | 16,550 | 5,516
Table 4 Size and property of each element of Bl ©] 8| 3819 | 11,460 | 3.819 | 11460 | 3,819
the box structure ©|30] 2326 | 6979 | 2326 | 6979 | 2,326
Element t(m) | A(m) L(m") ® 300 981 | 2943 | 981 | 2,943 | 981
Upper slab 0.35 0.350 0.003573
side wall 0.35 | 0350 0.003573 3.3 3= AMM
Lower slab 0.35 0.350 0.003573 MlAT R 7F B GEAE A 288 A
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Table 6 Dynamic coefficient of subgrade reaction

for Case-2 (kN/m’)

Upper Wall Lower slab

Level L slab -
(m) (Shear) Normal | Shear | Vertical | Shear
@] 1 | 42,890 |128,700 | 42,890 | 128,700 {42,890
3 | 28410 | 85,220 | 28,410 | 85,220 |28,410
A| ©] 8 | 19,670 | 59,000 | 19,670 | 59,000 |19,670
©)| 30 | 11,980 | 35940 | 11,980 | 35940 {11,980
®|300| 5,052 | 15150 | 5052 | 15,150 | 5,052
@] 1 | 16,750 | 50,260 | 16,750 | 50,260 {16,750
3 | 11,100 | 33,290 | 11,100 | 33,290 |11,100
B|©| 8 | 7,682 |23,050 | 7,682 | 23,050 | 7,682
©| 30 | 4,679 |14,040 | 4,679 | 14,040 | 4,679
®|300| 1,973 | 5920 | 1,973 | 5920 | 1,973

Table 7 Dynamic coefficient of subgrade reaction

for Case-3, (kN/m’)

L Upper Wall Lower slab
Case slab -

(m) (Shear) Normal | Shear | Vertical | Shear
®| 1 68,380 | 205,100 | 68,380 | 205,100 |68380
®| 3 45,290 | 135900 | 452290 | 135,900 |45,290

A|©]| 8 31,350 | 94,060 | 31,350 94,060 |31,350
®] 30 | 19,100 | 57,300 | 19,100 57,300 |19,100
®1]300 | 8054 24,160 | 8,054 24,160 | 8,054
@ 1 26,710 | 80,130 | 26,710 80,130 {26,710
®| 3 17,690 | 53,080 | 17,690 53,080 |17,690

B|©| 8 12,250 | 36,740 | 12,250 36,740 12,250
D] 30 7,461 22,380 | 7461 22,380 | 7,461
®1]300 | 3,146 9,438 3,146 9,438 3,146
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4 layer | soil | rock
C-a?e 005 | 026 | 007 | 007 |0.04|049|0534
Shear | (yge
velocity 0057 018 | 007 | 007 |0.04|041/0449
(i) | = 2
(fa.;e 005 | 015 | 007 | 007 |0.04{0.37|0407
TG = 1L.1xTG’ 2)
TG'=2 (4Hi / Vsi) 3)
o714, Hi : 57
Vsi @ S AgaEE

5) FEHAAEKE B
AetTz= WA
A7) SAstel Aol Ae] HASH AHERS

o]-&-3tt.

A =0.11 | (Zone 1)

=0.11 1 (Zone 2)
o 156 A’

oA

Maximum velocity response(m/s)

PRI
011 055

Period(s)
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Table 9 Design velocity response, T, and Sv for
each case
G A - level B - level
T, (m/sec) | S,(m/sec) S, (m/sec)
1 0.534 0.094 0.232
2 0.449 0.449 0.190
3 0.407 0.407 0.169
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Table 10 Leteral earth pressure (LEP) caused by
ground displacement for each case

A level B level
X : LEP (kN/mf), Y : Depth (m) X : LEP (kN/m’), Y : Depth (m)
0 10 20 30 0 10 20 30
; X 3 X
C 3.5
A 4
S
E 4.5
5
1
5.5
6
Y
X : LEP (kN/rf), Y : Depth (m) X : LEP (kN/m?), Y : Depth (m)
0 10 20 30 40 0 10 20 30 40
; X X X
C
A
S
E
2
Y Y
X : LEP (kN/mf), Y : Depth (m) X : LEP (kN/m"), Y : Depth (m)
0 10 20 30 40 50 G0 10 20 30 40 50
C
A
S
E
3

Table 11 Shear forces of each element of box
structure
Upper slab | Lower slab Side wall
Case (kN/m’) (KN/m") (KN/m")
A B A B A B
lever | level | lever | level | lever | level
Case - 1| 2.836 | 2.721 | 5.585 | 5.359 | 4.211 | 4.040
Case - 2 | 3.923 |3.764 | 7.727 | 7414 | 5.825 | 5.589
Case - 3| 5.047 | 4.843 | 9.942 | 9.538 | 7.495 | 7.191

Table 12 Inertia moment of the box structure

A level
0.0844 ¢

B level
02072 g

Application

SA|A-ZERIX]| M253 M4z, 20214 8E 83



R Al =3 w R HkCase-1)o = 8vx
TZE9 71%Z 3.0 mol s 71xA 34 0]

A
W31, 3, 8, 30, 300 m)oll <A 4%
ARbEEA e S Hest] e FEe 7

2
A 84, oH:l Sp 9 ZuA)e Bud
GECE

Table 13-& 15301 Sl AAEA A 2 B
Aozo] ZeEHE dddy FrdWeES Jehd
®o|th Table 13914 & & A5o] AFHo|] ¢l
= A Yo s ddEolt JRUE R

Astdol(L), A Tl ARMEHAS groll #A

ol 7o AAF G HFR ) o|iH
A A S audae s maE)e] 9ol

Table 13 Sear force and bending moment at each
element of box structure calculated in

case of no-earthquake force (Case-1)

No-earthquake force

L Shear force(kN) Bending moment

(m) upper | upper | lower | lower |upper| side |lower
slab | wall | wall | slab | slab | wall | slab

1 |164.16/125.52|159.63|174.26| 65.70 | 36.84 | 74.92

3 |164.16|125.47|159.68 | 174.48 | 66.68 | 36.84 | 75.03

164.16|125.44|159.71|174.62 | 66.67 | 36.84 | 75.10

30 |164.16|125.41]159.73|174.74| 65.66 | 36.84 | 75.16

®00®®

300 [164.16(125.39|159.76|174.85| 65.65 | 36.84 | 75.21

Table 14 Sear force and shear force ratio at each
element of box structure calculated for

earthquake force (Case-1)

Shear force(kN)
Earthquake resistant

Shear force ratio
(based on ®)

(m)| upper | upper lower | lower
slab | wall | wall | slab | S1 | S2 | S3 | S4
S1 S2 | S3 S4

1 1130.77199.57| 121.02 | 115.67 |1.01|1.09|1.07 | 1.01

3 [129.8891.65| 113.62 | 114.86 |1.00{1.00|1.00 | 1.00

129.30190.18 | 112.33 | 114.40 | 1.00 { 0.98 | 0.99 | 1.00

30| 128.73 {89.04| 109.40 | 113.99 {0.99]0.97|0.96|0.99

®|10|0|®|®

300|128.18 |87.96| 106.71 | 113.62 {0.99|0.96 | 0.94{0.99
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Table 15 Maximum bending moment and moment
ratio at each element of box structure
calculated or earthquake force (Case-1)

Bending moment(kN-m) Moment ratio
L Earthquake resistant (based on ®)
(m) | upper side | lower
slab wall slab MI M2 | M3
Mi M2 M3
@ 1 | -60.78 | 27.09 | 6200 | 1.03 | 1.12 | 1.05
®| 3 | -58.63 | -2427 | 59.02 | 1.00 | 1.00 | 1.00
©| 8 | -57.28 | -22.57 | 57.18 | 098 | 0.93 | 0.97
®)| 30 | -56.02 | 21.07 | 5552 | 0.96 | 0.87 | 0.94
®)|300| -54.82 | -19.81 | 5397 | 094 | 0.82 | 091
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