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Abstract

Currently, there are several theories for the analysis and
design of riverbank protection structures. These include the Free
Earth Support Method, the Fixed Earth Support Method, and the
Finite Element Method, each yielding different design outcomes.
This research compares two theories with similar analytical
principles: the Fixed Earth Support Method and the Finite
Element Method. The commercial software SAP2000 was
employed to analyze Bangkok soft clay, using soil test data from
the Department of Public Works and Town & Country Planning.

The research findings indicate that the Finite Element Method
significantly results in lower internal structural forces due to its
consideration of Soil-Structure Interaction and its different
assumption regarding soil resistance compared to the Fixed Earth
Support Method, where passive pressure is constant. This
research also analyzed and designed reinforced concrete pile
riverbank protection structures in both Free-Standing and
Anchorage Pile configurations using the Finite Element Method.
Furthermore, the program was calibrated using the Differential
Equation Method, showing consistent results within decimal
precision under the same analytical criteria, such as the soil
modulus in the elastic range and the support at the pile tip.

The design study also reveals differences in safety criteria and

reinforcement requirements for each pile configuration, with piles

STR-29-1



NGCE3(

N15UsEYNIVINTIANTTUTESWNIYIR ATIN 30

Sufi 28-30 weEAAN 2568 2.UTZAIURTTUS

¥
=

The 30t National Convention on Civil Engineering

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

1

having different moments of inertia also yielding varying results.
It is noted that there may be other analytical criteria not
considered in this study. This research provides a guideline for
the analysis and design of riverbank protection structures and can
be further applied in the future.

Keywords: Bangkok soft clay, Fixed Earth Support Method,
Finite Element Method, Differential Equation Method, Soil-

Structure Interaction, Prestressed Concrete Pile.
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5.1 TWrsanauuvudauiiu (Fixed Earth Support Method)
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Fixed Earth Support Method [4]

5.2 mulegaaauiuuyihdmiun1seenuuy (Recommended
Design of Soil Modulus)
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5.3 AIUFNNIULTIE T 9gsgRvengua Ty lug Uiy
(Ultimate Lateral Load Resistance Of Pile Groups In

Cohesive Soil)
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Ao ewsumussuisasgee b

G,
S/B 2 x 2 group 3 x 3 group Recommended
1 2 3 4
3 042 0.39 0.40
35 0.50 042 0.45
4.0 0.57 0.44 0.50
4.5 0.61 047 0.55
50 0.63 048 0.55
6.0° — — 0.65
8.0° — — 1.00
§ = center-to-center pile spacing.
B = Pile diameter or width.
*These values have been obtained from curves provided by Prakash and
Saran (1967).
b = Extrapolated values.
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5.4 gumsigaeunus (Differential Equation Method)

dwsuiandulutisiieglutissedunisisiuyaiiaszilagld

aunslsdanaiin (Elastic curve) fsdunsi (4) [5]

w2 (4)

dusudgmlagiiluiiaranuudane (Flexural rigidity, EN) 19u

' a 1 oAa a 1%
ANANNHADAYINVINANTUN FUNITN (4) au1sanszageeniila 3

aunnseai
E[% =w(x) (5)
EI% =V(x) )
d
Eld—i :Q(x) )
el E Ao Banadinuegiavasian
1 Ao TuusBuuesifosveduduiiionsan
y fio ANTsususveslAIBaERn
w Ao fleitureseiinszynelassadne
Vv flo fleituresuidou
0 flo fleituvesamlfdanadin
M flo fleritureduaudnielulassadne

STR-29-3



2

N15UsEYNIVINTIANTTUTESWNIYIR ATIN 30

Sufi 28-30 wowAAY 2568 9.UszaUATIUS

¥
¥ o

The 30t National Convention on Civil Engineering

May 28-30, 2025, Prachuap Khiri Khan, THAILAND

1

5.5 Mg¥ AIUUFIUTINGAE (Beam On Elastic Foundation)
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(Serviceability design requirements) [10]
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5.8.1 Combined Stress Analysis
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o

ﬁmﬁﬂwmaﬂ%mmauﬁmm), AIMTZIUNTA18EN593 (Standard
Penetration Test N-value %38 SPT-N), U?&J’lmmm‘?j’lu (Moisture
Content) Lazlinininvesdmmnesiisn (Atterberg Limits) dmsunis
Fuuniinnu Fahluldsuduan sPT-N Tunsussdiuidadounuy
{35381 (Undrained Shear Strength) 1l oA wIBILS I WA LAY
uoAiN (Active Earth Pressure) UWSSAURAUATUNIATN (Passive Earth
Pressure) wazArmuLT unSsvasiu (Soil Stiffness) Wiasrasaduy

WUUTIA0EUTIAU (Soil Spring Model)
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DESCRIPTION
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6.1.2 msTmunduGuieldlunITInTIey
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MUUATEAUTNENTURAYSEAUUA 8@ TN NIS¥AU +0.00 4.
uay -18.50 3. AU

RITUMUITUALIINGUN 5 waz 6 19 3 T Tnevinisadouss
Waunuulisyuieinvestuaun 1 2 way 3 N5eau 3.00-6.45 LWAS
9.00-10.95 1UAT Way 12.00-18.45 WA AAWINAU 0.77, 1.60 wag

7.55 FUADASINUNT ALARIIUAITIN 1

a91971 1 agUnaiudmsumiiluldlunmsimsei

JEHU AN ¥ Pour S,
(ns) (n3) fusieauy, | Ausionsa
(+0.00) - (-9.00) 9.00 CH 1.635 0.77
(-9.00) - (-12.00) 3.00 CH 1.591 1.60
(-12.00) - (-18.50) 6.50 CcL 1.832 7.55

6.1.3 AmegaanlglunsunsIzy
Tuduiagtnansduunvdaaui liuszsiulinoundanldly
maUsznaitegdavessfisenuiethluldlunmsinseius

pudeRunnsEyisely Aslandlunisei 2-3

= °o o A v a o A vooa
M3 2 ﬁ"lMiUL‘U'eJu{]@ﬂﬂumﬁﬂWﬂuEULL‘U‘UEJ‘LIG]UWIEJ?

LU Moment of inertia G, k's ﬁ
(s1913) gt an/gu. | 1/,
(+0.00) - (-9.00) 118324.58 1 5.14 0.00249
(1-35x35)
206313.33 1 5.14 0.00217
(1-40x40)
(-9.00) - (-12.00) 118324.58 1 10.72 0.00299
(1-35x35)
| -40 x40 1 10.72 0.00260
206313.33
(-12.00) - (18.50) 118324.58 1 50.58 0.00441
(1-35x35)
206313.33 1 50.58 0.00384
(1-40x40)

a o wu A v ooa @ A g = &
A1319N 3 mmumauﬂamumaawﬂugﬂmemmLﬁumma

LU Moment of inertia G, k' ﬁ
(913) 3.0 an/ga. | 1/,
(+0.00) - (-9.00) 118324.58 0.5 2.57 0.00209
(1-35%x35)
206313.33 0.5 2.57 0.00182
(1-40x40)

(-9.00) - (-12.00) 118324.58 0.5 5.36 0.00252
(1-35x35)

206313.33 0.5 5.36 0.00219
(1-40x40)

(-12.00) - (-18.50) 118324.58 0.5 25.29 0.00371
(1-35x35)

206313.33 0.5 25.29 0.00323
(1-40x40)
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