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Heaving of Spread Footing Due to Expansive Soil in Mae Moh District, Lampang
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Abstract

This article presents the issue of foundation uplift in a four-
story residential building in Mae Moh District, Lampang Province.
The building exhibits diagonal cracks on walls near windows on
all floors, separations at beam-column joints, and tilting of
ground-floor columns. Surrounding the building, water sources
are found within a 20-meter radius, and a permanently
waterlogged area exists on the western side, indicating high
soil moisture conditions. A soil investigation revealed that the
subsoil beneath the foundation has a high swelling potential.
Laboratory tests indicated a maximum swelling pressure
of approximately 150 kN/m?2 and a free swell ratio of about 4.0%.
Analysis using the O’Neill and Poormoayed method predicted a
foundation heave of approximately 55-65 mm, which
is significant enough to cause structural damage. The study
found that using a shallow spread footing on expansive
soil presents challenges, as designing a foundation with sufficient
weight to counteract swelling pressure is difficult. This issue
is particularly pronounced at greater depths, where stress from
the building load diminishes. Suitable mitigation measures

may include deep foundation systems to bypass the swelling

zone or soil improvement techniques before construction to

reduce the soil's swelling potential.
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Properties Bore hole

BH-1 BH-2 BH-3
Natural water content (%) 25.09 26.06 24.00
PL (%) 18.18 24.57 20.16
LL (%) 41.99 49.31 45.75
Pl (%) 23.81 24.74 25.59
Y%pass #200 (%) 90.69 95.25 96.43
Gs. (kKN/m?) 26.50 26.60 27.90
Degree of Saturation (%) 44.69 47.12 42.96
Bulk density (kN/m?) 20.40 21.02 20.54
Dry density (kN/m”) 16.69 16.93 16.82
Soil Class. CL CL CL

dlenamnadey Aidananain induunanuansalunisuas
#hvessegs (Chen,1988) léaagusmummsnad 3
asdl 3 MsduunAuaInsavesAuuILFlisusnlaeiFues Chen
(1988)

Potential swell
Bore hole Plasticity index ) )
classification
BH-1 23.81 High
BH-2 24.74 High
BH-3 25.59 High
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Standard Test Methods for One-Dimensional Swell or Settlement
Potential of Cohesive Soils WU 1A ud kssAulun1suINdaL 152
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W [nital moisture content 13.75%
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Odometer based method, Empirical based method, uag Suction
base method #3197l 4

Bs dUN19 s Lauaima
Swelling layer (H)
Odometer based AH =C H & Swelling index (Cs) Brinaud, Zhang, and
method S14 e ph Initial void ratio (€g) Moon (2003)
Final stress state (Pf)
X Corrected swelling pressure (PS’)
Empirical based — H br Correction parameter (k)
AH = C; 1 log— Dhowian (1990)
method + e IOTAW Suction modulus ratio (Cyy,)
Chang in water content (AW) Fredlund, Rahardjo, and
Suction b thod = ’ '
uction base metho AH = HCyAw Shrinkage ratio (f) Fredlund (2012)
n )
- H; f.Aw; Shrink-swell modulus (E,,) _
Suction base method AH = ( z ) Initial matric suction (T,,,0) Lu and Vanapalli (2012)
. L
¢ wi
x T o Final matric suction (Tm?c)
L
Suction base method AH =H 1+e lOg(T 0) Percent swell (Sy,) Snethen (1980)
0 m
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Odometer based
method

100

- S
AH = Z(HL- x 2w®
i=1

O’Neill and Poormoayed
(1980)

Tagluntsussidiudneninlunsuinmivesd wnieruiusul
wngd 9¢145% Toledined (Odometer based method) 483 O’Neill
and Poormoayed (1980) vl 09971035999 Brinaud, Zhang, and
Moon (2003) thufesmsldfuyssasandosinadudu (nitial void
ratio; e_0) Feiiaududeunisniseaeu 33n15UsEIINNNg
nagou (Empirical based method) uag Eﬁﬂﬂsﬁwmmmﬂmsﬂmﬁw
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FafuignsAuailmnzaudeisves O'Neill and Poormoayed
(1980)

A3UsZIEUN58NFU9 O’Neill and Poormoayed (1980)

S -
n L 2w(@
AH - T, [H 20 w
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H; formumunvasiusudl i
Sw(i) AoTesagn1Inesflvesiu (Percent swell) i
dulldmeldanudusunngunnuesiminuiinastuiiszdu
Aanansdudud i §arndesaznimesdmasaudlfainnimegey
usIFuIINNISENTeNeERuTuT i
Fudumesiiinaiugiusnegdl -1.5 m s 5.0 m Fadusedu
Afauduiidisduanuduangusnuszanm 300 kN/m? e
Y nAumunan 15112 d1919 §IUTINTUIN 2 X 2 M N1INTEAY
Anaduldgnus N 2V : 1H Aalusunis A2, A6 uaz A12 a1l

91A15 AU 7

NANNSUTEINAINSINAIVBIgIUTINUATIEN FUTIsUmIs A2, A6
uaz A12 (Muiseranstugudl 7) wandumsned 1laglunsdiua
th enudulusnRaiasnansufiudeg (Stress) lfanuasauves
AdulsyAvskg (0,) nndwindufiegmiessiuiisnansdudiu
futy fuanuduaingiusn Ao) fssduidertudy aunsn
Funuanudurngrusnemsldnmiminusmsmiigndieas
AurugiuTIne mslagyszanafe 300 kN/m? (30 #u) Taggusin
Hvwn 2.0 m x 2.0 m wazdszaalinisnssaneanuduluauld
gusndnisnseareluguuuy 2v:1H dmsunisnesda (Swell)
WiniuTesazran1sne i (Swell %) Qmmmwuwm%mfu (Hp
Tasutsamnumunvastusiniy 0.025 m muuuuaedlusui 8

Fogamsun ig1usn A6 Suenudn -2.000 fy -2.025

H; =0025m

wsaduUsEdninaannisnaiuvesAuduuy (Effective
Overburden Pressure) prp = 36.84 kN/m?

WSIPUNINFIWIINANUEATIEU 2:1 = 33.33 kN/m?
WU = 70.17 kN/m? thenfilalugiuannnsmiluguil 6 agld
Swiy = 1.6% auandlugua 9

Ground surface
-

Existing ground water @ -1.2
-

4

140 Layer (@ 0,025 m.

L 4

Presumed original groundwater (@ -5.0 m.

4
% . B Dry density 18.15 kN/m?
<. 5 ®Z— 1 M Inital moisture content 15.75%
T 2 '
a
g 1
@
d
¢ | T

-1

0 50 100 150 200 250

Pressure (kN/m?)

U 9 mssudesaznswewivesiu (Percent swell) 7 ululdnels
ANUAUTINIING T NLavUmInAuTinaTiulaeldaunisi 1

H= 0025 X ~%=040mm
,o 100

WaAIMNTU AW -1.5 89 -5.0 PNATINVBINITHOIAIN
M15°99 5
A15197 5 NaN1TAILINAITENGI 895 1Us1n N85 v03 O’Neill and

Poormoayed
§1U R o NansIRluEUNY NANISATUIN
- yilnvesiuldsiusin
0 “ (mm) (mm)
Auniledindoun
A2 26.0 63.60
()
Aumiledindoun
A6 45.0 56.97
(@8]
Aumiledindonn
Al12 50.0 59.68
(@h)

nuansmunlumaed 43 du andiuililugiusn Al g
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1. \ilosangiusn A2 fueglndfuundsiinvesanutu feas
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TumsUseidiun1senfmvegIusNyng ULHULALmMTEUING7
wling fn1sendhvesgrusnanmsianmsendaiienas W-107 4
VAR U A2 A6 kg A12 AWINAUY 26 mm, 45 mm, kag 50 mm
muddulelFeuiisufumsdnumssnsvesgiunneiisng
984 O’Neill and Poormoayed (1980)

Usingimanssuaaluenduil A2 A6 uaz A12 Wiy 63.60
mm, 56.97 mm, Way 59.68 mm mUAFUINFUINAITAIUIUANS
aneave9gIuIIn awnsaldlun1sUssniunisendivegIueIn
lesmnfuuaumluiiuiives nulsnzldsmsenshia 60 mm &
aunsoaselgmlinuenmsld Jsmsimsingdrsanagiesgi
noumsneassdinmslaaiusedishunynsmageunsumives
furilosarnusefuuinnasiig Wemuiausinanisendsliud
JennseInsavdeuRansEnUTintuTUmMs wasniismInanides
wagtastuamadomeseld Tnsunidenldgusnaueiadedld
TassadeafimuiiaviiazliiAnanudemad oduuind uazdos
Ailsdls MIMUANNMIUINAITEIRY wagn1soRNLUUININULHTA
mmLﬁ'umﬂﬁmﬁﬂmmﬂmmdwLmﬁusl,umswaaﬁa (swelling
pressure; Jy,,) VAU LLGiVL;iLﬁuﬁwa"qLwﬂmuﬁmﬁﬂusinﬂmaqau
(bearing capacity: qy,) ulusmnuduiusil (Kalantari, 2012)

O-SW < % < qa

wseulun1snesivesiu
U minUIITMNNGIUUH

o Ogy =
P =
Ar = mumﬁuﬁmaagmmj
Qo = ﬁ’wé’qLLUﬂ‘wwu‘ﬁ‘ﬂaﬂﬁﬁm%ﬂu%uaulﬁgmm
wiovdnidesiuiuuamildgunnlaensiiiaduiiondndes
Fuduvawsh wisedhidumilidusneuiiondatunniuuwsiu
Uuaguit 10 (Muryphy, 2010)

Expensive zone

Stable zone

$U 10 grusnedaluduuiady

8. YaLduBLUY

nsUszudnAud anuauisaluniswe sl edndunis
fnanmMseninvetemsitunausiunssal

1. Wusetsduuutlignsuniu Fseeldenidessniuiiu
wan mnuasetugulmidmiuneaousiosnuaunIUILLY
wwaranuiuusisenavinlduauanmald

2. nagpuLsanulunsnesiLariesarn1IWesne3s One-
Dimensional Swell or Settlement Potential of Cohesive Soils s
11M3511 ASTM D 4586-96 il ovnagazvasnisnasdanigldeniu
Fusngqfeguil 6

3. MuIMeIduee O’Neill and Poormoayed (1980) lneuus
FuRupueuLYes Odometer udaf MM sNBIFITDITUAUT
gnutsiu udiumnismeshasa

4. hnrswesiaiimumalaluldlunisesnuuulaseasisenms

\ioananuidsmeannswesiivesermstsely

9. 1@NE1T81984

[1] Adana K, Jay X. W. & William B. P. (2017), A Study of the
swell-shrink behavior of expansive Moreland clay,
International Journal of Geotechnical Engineering, 13:3,
205-217

(2] Al-Hattamleh, O. H. (2008). “Heave problem in spread
footing in Jordanian expansive soil.” Proceedings of the
Sixth
Geotechnical Engineering and Symposium in Honor of
Professor James K. Mitchell, Arlington, VA, August 11-16,
2008

[3] Briaud, J. L., Zhang X, and Moon S.. (2003), Shrink
Test-Water Content Method for Shrink and Swell

Predictions, Geotechnical

International Conference on Case Histories in

Journal of and
Geoenvironmental Engineering, Vol. 129, No. 7
[4] Chen, F.H. (1988) Foundations on Expansive Soils. 2nd

Edition, Elsevier Science Publications, New York.

GTE-43-5



g |

Fufi 28-30 wowAAY 2568 2.UsZIURTIUS

Y

M5UTEYNIVINTIANTIUYSIUIUIA AT 30

<

The 30" National Convention on Civil Engineering
May 28-30, 2025, Prachuap Khiri Khan, THAILAND

[11]

Das, B.M. (2016), Principles of Foundation Engineering
(8th edition), Cengage Learning, Boston, MA, USA.
Department of the Army (1983),
Expansive  Soils,
Department of the Army, Washington, DC, USA.
Dhowian, A. W. (1990), Field Performance of Expansive

Foundations in

Technical Manual, Headquarters,

Shale Formation. Journal of King Abdulaziz University:
Engineer, Sciences, Vol.2: 165-182

Fattah, M.Y., and Salman, F.A. (2006), The Active Zone
for Heave of Expansive Soils, Proceedings of the 4th
Jordanian Civil Engineering Conference, 28-30 March
2006, Amman-Jordan.

Fredlund D. G., Rahardjo H, & Fredlund M.D. (2012),
Unsaturated Soil Mechanics in Engineering Practice, New
York: Wiley.

Kalantari B. (2012), Foundations on Expansive Soils: A
Review, Research Journal
Engineering and Technology 4(18): 3231-3237

Lucian, C. (2011), Geotechnology to Determine the

of Applied Sciences,

Depth of Active Zone in Expansive Soils in Kibaha,
Tanzania, Global Journal of Pure and Applied Sciences
Vol.17, No.2, 2011: 189-195.

Murphy, V.N.S., 2010. Soil Mechanics and Foundation
engineering. CBS Publishers and Distributors Pvt. Ltd.,
New Delhi, PP: 924-940

O’Neill, M.W., and Poormoayed, N. (1980), Methodology
for Foundations on Expansive Clays, Journal of the

[15]

GTE-43-6

Geotechnical Engineering Division, ASCE, Vol.106, No.
GT12, pp. 1345-1367.

Sethabouppha S. (2020), Development of a Design
Guideline for Building Foundations and Pavements to
Reduce Damages from Expansive Soil in EGAT’s Mae
Moh Area, Faculty of Engineering, Chiang Mai University,
Thailand

Snethen D. R. (1980), Characterization of Expansive Soils
Using Soil Suction Data, Proc., 4th
Conference on Expansive Soils, ASCE. 54-75
Thongthang J., & Sethabouppha, S. (2022). Testing for
Hydraulic Conductivity of Mae Moh Expansive Soil and

International

Estimation of Seepage Time from a Reservoir to a
Damaged Building. The 27th National Convention on
Civil Engineering, 27, GTE49-1.Retrieved from
https://conference
.thaince.org/index.php/ncce27/article/view/1423
Vanapalli S. K. & Ly, L., (2012), A State-of-the Art Review
of 1-D Heave Prediction Methods for Expansive Soils,
International  Journal
6(1):15-41

Weimin Y., Yawei Z., Bao C., Xiuhan Z. & Qiang X. (2010),

Shear strength of an unsaturated weakly expansive sail,

of Geotechnical Engineering

Journal of Rock Mechanics and Geotechnical Engineering
Vol.2(2):155-161


https://conference/

