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Modifications to Coulomb’s theory of earth pressure

CHEN Wen-sheng, LI Miao-miao, ZHANG Yong-jie, CAI Xiao-lin
(School of Civil Engineering and Architecture, Changsha University of Science and Technology, Changsha 410114, China)

Abstract: Coulomb’s theory of earth pressure is still playing an important role in calculating soil earth pressure and is well known all
the world. By analyzing the mechanical characteristics of the limiting equilibrium soil wedge behind the retaining wall, especially the
force between the soil wedge and retaining wall, some modifications to traditional Coulomb’s theory of earth pressure are presented.
Considering that it is not necessary for the force (which is defined as earth pressure) between the wedge and the retaining wall surface
to be on the point of sliding or to be in a condition of limiting equilibrium; the direction of the earth pressure can not be determined,
but it must be limited in an allowed range according to the friction angle. Therefore, the active earth pressure is defined as the
maximum value of the force within the allowed range; and the passive earth pressure is the minimum value of the force within the
corresponding allowed range. This paper also considers that the soil wedge and the retaining wall are two different objects; and the
soil wedge is formed only because of the potential failure surface of the soil itself. In other words, it is not necessary for the force
between the wedge and the wall surface to achieve a critical state. As a matter of fact, the force between the wall surface and the soil
wedge is equivalent to the force exerted on an object (soil wedge) by another object (retaining wall); and even if the soil wedge slides
along a failure surface, the two objects do not need to slide each other along their contact surface. The formulas of the modified active
earth pressure are derived and an approximate solution is presented for the passive earth pressure calculation. Examples prove that the
results of this study are significantly different from the classic Coulomb’s theory. The works of modifying Coulomb’s theory of earth
pressure deserve much more attention.

Key words: Coulomb’s theory of earth pressure; modifications; retaining wall; limiting equilibrium; soil wedge
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Fig.1 Model of Coulomb’s active earth pressure
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Fig.2 Triangle of forces for active earth pressure

EE 2 9, FOMHCH, WG RER/T I E
A1, R T EEN (A BC AR, O U7
M HBEES G I (FEHZ ) (n/2-a-6) Al
(n2-a+6) ByulH. HT Q& MR,
R O (177 AR TE L, O MR R L RE R A1
5GH (n2~a-6) Ak (n2-a+5) L,
B 2 H s Q1 8% Qr J15%. MIHfiE O IR ORAH
] AR R T 3k — ), a2 E

Wi 2 fros, MW =SMIERA T SAE R AEH
LRI, S MEO G E:

(1) WAL A O WAERZIERE N, W5k 0 1
MAEHTEE i 2 " 21 Fz2. WA

A=p+a+6+60—-m/2 Qe

LD2=—p-a+5-0+n/2 2

meE 1 K22, B

(p+a+0>g (3

WA KAEE S R k21 Jrim, B Q. Xl
g MEC TR Mg, k2, #7722>21, WK
HHS R FLfw 22 T, B O, SIS T A4AT
AR 1) s, S5z 1 R e LT3l
AN AH R o

BT 0 WfrE, Prilemfie o 2, #% b
RITEIFTCIEME O RIS O (177 1) o AT,
TESERR RIS, NAZK R IGOLRE O F1 0, BTHER
R b, B O I Ml

(2) WRAELAE O WHERSIGR5), W] B
bt (n2-a-68) M (n2-a+8) MK/, oK
ELR| S +a || 8 — o [T R/



557

MESCIESS . 3RS R BRI AT THEIE 1835

GNP ARG L <

(1) H0+¢>(n2~a+6) > (n2~a-6),
IR TE 2 R AEAERE T BURVECRIN, H ) =SB W,
Kl 3. b Q IS GOIEEHZD (2~ a -5 )
faJim, WOy, REMES TEIINE. M2
B R AEHEA R et 0 kA, Hodt iRl sk
O H Oy BATELAR, BEIMYE O M7 1]

D) M (nR-a+6)>(n2~a-5)>0+¢,
W Rp T R AEAERE T A S BURHMG OL R (e TR
R B, Wa M, =M N
Kl 4.

B3 EFEENHERN=AF GRRHEMBAR)
Fig.3 Triangle of forces for active earth pressure with a
large tilt angle of wall back

N,

=
Ts
L1

B4 EFHTENDHENAZAE GREHREEF )
Fig.4 Triangle of forces for active earth pressure with a
negative tilt angle of wall back

eI O RIS GEEZL M (n /2-a+6)
A7, B Qs
gl FIRE 2~4 ZAEDL, PTELAUT R R

AR o . HETEES R T RAFAT, Al
a=mn/2-6- (pHT, 0 =01 =05, O WIBKAE AT [F I
W EAEAREN T LEIME; a>n/2-0-¢
I, RHIRA WS LI, B Q=01 a<n/2-0 -
e, B Q =00 #t—B il LIRS, Bk
LR R — A 0 EdEATI. T O F O, K
KA BEIFA R A — WMo £ WK 2~4
ST TGIEAE T30 T e K E, H Rk %
P CUEH SR AR SRS
K 2~4 TPIRE) O B s ES T8 s )
fitt, M1 433 0 A
1 , cos(a

=—vyH
2 2}/ cos’a

-5) ' sin(@ + o) cos(0 + @)
cos(f + B)sin(0 +y)

X y=p+a+s.
X4 il T e AR E, AT A LA
(m 240 ) o Z [a)24K, THEL O AR KA WX 0
KT, SRR RS AR
[ BE, AT O MR /NEAT SR . T 3RIA T
THE—20 XK 2~4 Pros&FitE ol TR =AE,
HPA] R 9% A
G __ 9 (5)
sin(0+@p+a—05) cos(6+@)

sl LA ABC E ) G nf WKL 1 i
o4
1 2 cos(a — B)sin(6 + a)
2 cos’ a cos(@ + B)

X 6) AN (5) &

G= (6)

1 L cos(a ﬁ) sin(@ + o) cos(O + @)

Q= cos(0 + B)sin(0 +y)

2 cos’a
Lt y=p+a-5. BERXAEX @ %23
_‘l/)i

leszcos(a 5 2)

2 cos’ a

IRSEAR M . W (7) wIffe A

sin(@ + o) cos(0 + @)
cos(0 + B)sin(@ +y)

9

0,=M

%k =tan(0 + B) » FrilF 2 (9) Ar A A5 (10D,
0 :lszcosz(a—ﬁ)sin((p—ﬂ),
2 cos’ acos(y — fB)
[cot(p — ) — k][k + tan(a — f)]
k+tan(y — )

(10




1836 b +

b 2013 4

01O T AL, O A k IR EL, thdQ, /dk=0,
A ks RO R BER TR k=
tan(0 + B) >0, 4 [tan(y — B)—tan(a — B)][tan(y —
B)+cot(p— B)] =0 I, k HIfis
k=tan(0 + )= —tan(y — B) +
Jltan(y — B) - tan(a — B)][tan(y — B) +cot(p — B)]

(1

HIoC (1D gial 521 O) WURCKAE I il BC
HILMIA O

e (D RN (100, BIF 2152400 1K
VARN (/N

3

N = |[[tan(y — B) — tan(a — B)][tan(y — B) + cot(p— B)] ,
M k =—tan(y — B)+ N FRAK (100 &0t

[cot(p — B) — kl[k + tan(a — B)] _ [cot(p — ) + tan(y — ) — N][tan(a — ) —tan(y — ) + N] _

k+tan(y — )

N

[cot(p — B) + tan(y — f)][tan(a — B) —tan(y — )] +[cot(p — ) +2tan(y — f3) — tan(a — B)IN - N* _

N

~N? +[cot(p — B) +2tan(y — B) — tan(a — B)]N — N * _

N
—2N +[cot(p — B) + 2tan(y — B) —tan(ax — B)] =

(12>

[ftan@y — B)—tan(oc— )] - ftanty — 5) + cotto — B)] |

¥l a2 AKX (10), mAEHLIEN 0,
SKAg A
lszcosz(tz—ﬁ)sin(co—ﬁ)_
2 cos” acos(y — )

[\/|tan(l// - p)—tan(ax — ﬁ)| -

0, =

(13)

Jtanty =) +eotto—p)f |

MELEFIEE], 0, M1 Oy R A 53k 0 2
OB 2, EILXONAE T

:{(p+a+5, pare) (14)

p+a-38, X,

W& LR TR R, R
szax(Q], Qz) (15)

Hrar XD R B BC 5 LA 6
M KAE 01 A1 Oy I BAHSRAL IR, #m] i (1)
SREGH RS 0 5 PFrEl O F1 Oy T REAEANTF )
Ffo LIAG. thT 0 nReANA, PrLlfE 2~4
T 01 M Op FEABEAR RN A B, AR
FAAER R LATR FR o SRARIN ZERE T

H1T O KRR S P& b s iR 54— 2L,
0, 5 O MR —580 AHE R AR 1T
A SIRANRER R AR

4 s MBI

ISRCLE 1 8, sl 5 o, B H
PibhE, BETS AB R, 4B 5 HEN KM N a,
e J LRI AC Sl BACPIR A B

W e LR EE N S s BRI A
Ao Fiti)a LARERAREIVE T IE 2R FRPHTIR
& Wk, M APl BC &35 Y)
PR, TERC#A ABC, BC 5®&ILM Ao . 1
VERER R 341 s LA ABC (52 1 DLl k-

B 5 $EitEAHEERE

Fig.5 Model of Coulomb’s passive earth pressure
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