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Behaviour Characteristics of Single Batter Pile under Dynamic Lateral Loads
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7 71 A'  Kang, Gi-Chun

Abstract

The purpose of this study is to investigate the behavior of a single batter pile with repeated lateral loading through
model tests. Repeated loads were applied in one direction and two directions, and lateral resistance and bending moment
were analyzed by varying the relative density of the ground. As a result, lateral resistance and maximum bending moment
were increased in the order of Out batter, Plumb, and In batter when one-way and two-way dynamic lateral loads were
applied. The depth at the maximum bending moment was more deeper with the loading. The moments at bottom layer
were decreased in the order of Out batter, Plumb, and In batter but upper moments were increased with the same order.
Also, various bottom and upper moments were small when the two-way dynamic lateral load was applied compared

to one-way lateral load.
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Fig. 1. Layout of model test apparatus

Table 1. Characteristics of model pile
Length Diameter Thickness E | El
(mm) (mm) (mm) (MN/mm?) (cm (MN-cm?)
940 28.6 1.27 12.25 1.02027 12.4983
é‘train Table 2. Average values of n, by Broms (1965)
auge
wires
Soil type n, (Nfem?)
g Loose 0.764 ~ 2.156
+— Dry or moist sand Medium 5.39 ~ 6.84
:Z* Dense 14.7 ~ 17.64
m ek Loose 0.98 ~ 1.372
©) wall . ~ 1.
oS N / .
. Pile wall __| Strain gauge Submerged sand Medium 3.43 ~ 4.41
Ao T=1.27 J ) Dense 8.82 ~ 1.176
=l : M Table 3. Distinction of pile length by Broms (1965)
fj— [ Details at A Description Sand Clay
gl All dimensions in mm Short pile nL <2.0 BL <2.25
Medium pile 20<nL <4.0 -
Fig. 2. Model pile P !
Long pile nL >4.0 BL>2.25
AR S @ B BE AATAIS AL 2 g
A A B N F 7:“_2 A = 8l Table 4. Result of pile distribution
Ack 2 dAtollxs T 7ol FHEF AR Al -
G0 olak 015 Zrol - Relative n nL Result
v A o o) © 7lolal o =
A el GFArAE Rl o] FAE 1.27Tmm= Loose 0.04356 3.57192 Medium pile
z2dsto] @740 FAEAE WEES ot Medium 0.05471 4.48622 Long pile
H A|Fof| AREE BEuEo] e o sly] 9]ske] Dense 0.06643 5.44726 Long pile
Broms(1965)7} Aokt BHER RS 0] 45191}, Table
204 ] A d = S o]-8-ste] AR5 A Table 30| 4] THEQ] Acke sl 2= Q) 1 Ay &
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Fig. 3. Grain size distribution curve for Hapcheon sand

Fig. 4. Measuring the relative density

Table 5. Physical properties of Hapcheon sand

Property Symbol Value

Max. void ratio € max 0.79
Min. void ratio €in 0.58
Max. dry density Vg max EN/mMP) 15.78
Min. dry density Yamin (EN/M®) 13.92
Specific gravity G, 2.54
Average grain size D, 0.59
Effective grain size D, 0.28
Uniformity coefficient G, 2.50
Coefficient of gradation o 0.92
Fineness modulus F.M. 2.59
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Table 6. Relative density in test ground

Vlbra(t;r;%tlme F{anogfeDorf (\;;a)lues Av(go/.o)Dr Classification
2 29.26~32.15 31 Loose
15 50.51~54.70 53 Medium
90 69.06~75.55 72 Dense




(b) Installing the #4 sieve and spraying the sand
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(e) Starting measurement

Fig. 5. Model test method
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Table 7. The summary of test cases in model test

One—way Two—way
Number of repeat 5 repeat 5 cycle
Dr (%) 31 53 | 72 31 53 72

Lateral Load

—15 (Out batter), 0, 15 (In batter)

Lateral Load Lateral Load

Batter angle
(Degrees)

In batter

(a) Side

Out batter In batter Out batter

(b) Plan

Pile head—deflection

5 mm

Velocity

1 mm/min

Initial load — unload

Load—duration

Zero — load

Load — unload

200
Initial load
—&— 2 repeat
1 50 L —&— 3 repeat

=>4 repeat
—6—5 repeat

Lateral Load (N)
o
)

(o))
o

Pile Head Displacement (mm)

(a) Out batter pile, Dr=31°

200 r
Initial load
—&— 2 repeat
—&— 3 repeat
21 50 —— 4 repeat
= —6— 5 repeat
kel
s8]
3100
K
o)
<
— 50 |
0 = [ £ I I )
0 5 10 15 20

Pile Head Displacement (mm)

(c) Out batter pile, Dr=72°

200

Initial load
—8&— 2 repeat
—— 3 repeat
—<— 4 repeat
—6— 5 repeat

-
o
o

Lateral Load (N)
o
o

50 @
D
0 o J
0 10 15 20
Pile Head Displacement (mm)
(b) Out batter pile, Dr=53°
300 r
—=——Initial load

250 —&— 2 repeat

—— 3 repeat

—>— 4 repeat
—&— 5 repeat

Pile Head Displacement (mm)

(d) Plumb pile, Dr=31°

Fig. 6. Relation of the pile head displacement and lateral load according to the number of repeats (One way) (Continued)
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300

Initial load
250  —=—2repeat
—4— 3 repeat
—%—4 repeat
/2\200 [T —e—5 repeat
g
8150
|
§100
©
i
50 -
0 - #
0 5 10 15 20

Pile Head Displacement (mm)

(e) Plumb pile, Dr=53°

250
Initial load

200 —8— 2 repeat

g —&— 3 repeat

% 150 F —>—4 repeat

3 —6—5 repeat
€100 ¢

5

50 r

O 1

0 5 10 15 20

Pile Head Displacement (mm)

(@) In batter pile, Dr=31°

250
Initial load
—&— 2 repeat
200 | —a—3repeat
—>— 4 repeat
—6— 5 repeat
150

100

Lateral Load (N)

50

0 o

300

250

Lateral Load (N)
RN

a o [y o
o o o o

o

250

200

150

100

Lateral Load (N)

[ex)
o

Initial load
r —&— 2 repeat
—&— 3 repeat

=4 repeat

—6e—5repeat |

10 15 20
Pile Head Displacement (mm)

(f) Plumb pile, Dr=72°

Initial load
—&— 2 repeat
—&— 3 repeat
—>—4 repeat
—6— 5 repeat

10 15 20

Pile Head Displacement (mm)

(h) In batter pile, Dr=53°

15

Pile Head Displacement (mm)

(i) In batter pile, Dr=72°

20

Fig. 6. Relation of the pile head displacement and lateral load according to the number of repeats (One way)
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Pile Head Displacement (mm) Pile Head Displacement (mm)
(@) Plumb pile, Dr=31° (b) Plumb pile, Dr=53°
860
80 60 -
40 -
. =
= =
g g
g S ‘
= =-30 50
© 4 O §
2 —— Initial load S —— Initial load
S —&—2 cycle —-40 - —&— 2 cycle
—&—3 cycle —&— 3 cycle
—— 4 cycle —-60 - ——4 cycle
an 5 cycle an 5 cycle
o)V} jojvy
Plie Head Displacement (mm) Pile Head Displacement (mm)
(c) Plumb pile, Dr=72° (d) Batter pile, Dr=31°
86
86
60 -
40 + =
= =
3 20 - T
o . . 9
— U - _ 0
©-30 Z M‘ 50 5
2 = © ——Initial load
S 70 - —— [nitial load - —8—2 cycle
—&— 2 cycle —4— 3 cycle
-60 —x—le 33: —*—4cycle
an 5 cycle on 5 cycle
o)V} jojv)
Pile Head Displacement (mm) Pile Head Displacement (mm)
(e) Batter pile, Dr=53° (f) Batter pile, Dr=72°
Fig. 7. Relation of the pile head displacement and lateral load according to the number of cycles (Two way)
o +6
5 L
. 0 L
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o o | -5
o 8 5
© ©
“E-’ = _g ~10
ks 8 a
a Q = r15
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[m)] —e—Initial load ——Initial load —8— 2 repeat
25 °
—=— 2 repeat =25 —&— 2 repeat —&— 3 repeat
—&— 3 repeat —4&— 3 repeat 30 —>¢— 4 repeat
——4 repeat 30 ¢4 repeat — 5 repeat
5 repeat 5 repeat L P
ol = oJ
Bending Moment (N-mm) Bending Moment (N-mm) Bending Moment (N-mm)
(a) Out batter pile, Dr=31° (b) Out batter pile, Dr=72° (c) Plumb pile, Dr=31°
Fig. 8. Relation of the bending moment and depth ratio according to the number of repeats (One way) (Continued)
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Fig. 8. Relation of the bending moment and depth ratio according to the number of repeats (One way)
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Fig. 9. Relation of the bending moment and depth ratio according to the number of cycles (Two way)
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Fig. 10. Relation of the number of repeat and bending moment according to the relative density (One way)
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Fig. 11. Relation of the number of cycle and bending moment according to the relative density (Two way)
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Table 8. Characteristics of model pile used in Zhang's experi-

ment
Shape Length Wide Material | Distribution
(mm) (mm)
Square 304 9.5 Aluminium | Long pile
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Fig. 12. Ratio of soil resistance comparison of Zhang et al's measurement and model test
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