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@cfms Retaining walls and earth pressure : XVIIIth c. authors timeline

7-Querlonde 14-Tersac(:1 gl;a4;Vlontlong

(1743)

9-Cormontaigne
(1749)

15-Chauvelot
(1783)

16-d’Antony

12-Trincano (17847?)
. (1768)
5-3?';3')” 11-Sallonnyer 17-Gauthey
1-Bullet 3-Gautier N (1787) (1784 7)
(1691) (1717)
Vauban 2-Buchotte 4,,-Couplet |6-Lemaire 10-Blaveau Mayniel
(1684) (1716) (1726, 1727) (1737) (1767) 18-Rondelet (1808)
(1802 ?)
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List after Mayniel, 1808, except for Gautier (1717)
See also : Kérisel (1956, 1973, 1993), Verdeyen et al. (1968), Skempton (1985)




18 authors and their theories*®

Year Author Context | Elementary model Design model Additional theory Calculation base Inclined plane | Inclined | Surface of the | Densities Internal Wall-Earth Friction Explicit | Theoretical Net force d to | Weight red Safety Slenderness Slenderness
drawn from Statics slope angle |plane slope| wedge of ratio resistance height of |height of the direction one coefficient (on factor |ratio H/x:literal| ratioH/x:
. - < . . . ° -1 angle heightH | W/Earth_ = the lever_| leverarm componant H*/2) = expression [ value [
2
1684 Vauban Military eng - - - Return of experience - - - - - - - R R R R
1| 1691 Bullet King's archi{Sphere on inclined plane stop| Solid wedge [ Theory of the inclined plane of factored loads 45° 1/1 W/2 1/1 Not considered Not considered N/A N/A Of slope Not considered 1/42(0,71) - 22 2,8
2| 1716 Buchotte Military en; None None: practical method [None of factored loads 45°2 112 - 3/2 - - N/A N/A - - - - - 43
3| 1717 Gautier Civil engine| Stablity of aload of earth | Variable size solid prisms _|None of factored loads 45° 1/1 /2 3/2 Not considered Not considered N/A N/A Of slope Not considered 1/2(0,5) - 4 4
4| 1726 Couplet-a Civil enginef of spheres Solid wedge Confused projections ? of moments around the dow 71" 148 (H/2)/8 m/t Not considered Not considered 2/3 1/2 Of slope 12 1/4 (0,25) - V(6m/t) 3
" 1727 Couplet-b Civil engine{  Te of spheres Solid wedges |Confused projections ? of moments around the dow b/a b/a b/a.H?/2 reduced by m/t Not considered Not considered 2/3 1/2 Of slope ? Non explicit - Third degree equation
5| 1729 Bélidor Military engSphere on inclined plane stop| _Fixed height solid prisms _|None Equilibrium of moments around the dows 45° 1/1 H/2 3/2 1/2 Not considered 1 1/3 Useless 1/3(0,33) 1,25 N(3m/t/(KO.y) 36
6| 1737 Lemaire Military eng None None: practical method _ |None Return of experience N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 3
7| 1743 Querlonde Military eng None Parametrised Solid wedges |Modified theory of the i of moments around the dowj 27,457, 56° 2/1,1/1,2/3 | W, HY2,HWY/3 32 Not considered Not considered 23 1/2 Horizontal 1/2 B, 1/4,1/5(0,33;0,25; 0, - 3V3/2,3,3\5/2 3
8| 1745 Gadroy Military eng_Same as Bélidor (Mayniel) |" . . . " " " " " " " " " " " " 36
9| 1749 Cor i Military eng None Solid wedge None of factored loads 45° 1/1 H/2 1/1 1/2 Not considered N/A N/A - - 17/60 (0,28) - 110/17 6,5
10| 1767 Blaveau Military en; None ? Solid wedge Theory of the inclined plane + of moments around the dowi| b/a (45° suggested) b/a b/a.H?/2 m/t Not considered Not considered 1/3 1/2 Of slope o 1/2 (0,5)**** - 150/(11.(2v7-3)) 6,0
11| 1767 Sallonnyer Military eng Sphere on inclined plane stop| Solid wedge Theory of the inclined plane + of moments around the dow b/a (45° suggested) b/a b/a.H2/2 m/t Not considered _|Equal to inclined plan slop 1/3 1/2 Of slope co! 1/2(05)**** - 6/(¥5-1) 4,9
12| 1768 Trincano Military en; None Solid wedge None of moments around the dow: 45° 11 H/2 3/2 1/4 Not considered 2/3 1/2 Horizontal Not considered 1/3(033) - 30 3
13| 1773 Coulomb Military en; None Solid wedge Theory of the inclined plane + of moments around the dow b/a (45° suggested) b/a b/a.H2/2 m/t Includes resistance the(Taken into account 0-> 1/3+effet d{ 1/3+effetdec Horizontal cosi (1-1/2)/(1+1/2 (0,33) 1,25 100/24 4,2
14| 1774 |Tersac de Military engl None Solid wedge Theory of the inclined plane + of moments around the dow 45° 1/1 (H-y)/2 m/t Not considered Not considered 1/3 "1/2 +y/2" Of slope nsidered in his first 1/42. (1-x/H)? - 6/(\5-1) 4,9
15| 1783 d'Antony Italian engif|Sphere on inclined plane stop| _Fixed height solid prisms _|None of moments around the dow b/a (45° suggested) b/a b/a.H?/2 m/t 1/4 Not, but wall ion ¢ 2/3 1/2 Horizontal Not considered 1/4 (0,25) - 3\(7/10) 15
16| 1784 Chauvelot Civil engine| None Solid wedge None of moments around the dow 45° 1/1 H2/2 m/t "m/n" (K,) Not considered 2/3 1/2 Horizontal Not considered 2/3.(1-0,5) (0,33) - 3/2\2 1,1
17| 1784 Gauthey Civil Sphere on inclined plane stop| Solid wedge None of moments around the dows 45° 171 H/2 m/t 2/3 Not considered 13 1/2 Horizontal M2 1/9 (0,11) - 3V(3/2) 37
18| 1802 del Civil archite] None Solid wedge Théorie du Pl. Inc.* of moments around the dows a/h a/h a/h.H/2 m/t Not considered _|Egale au plan incliné sans g 1/3 1/2 Of slope Not considered 1/2(05)**** - 6/(V5-1) 4,9

List after Mayniel, 1808, except for Gautier (1717)

* Couplet (1726, 1727) introduced two different theories ;

Lemaire (1737) proposed wall design rules rather than a theory




Bullet, 1691 : the first attempt

. > Wyedge = H?/2
! Wyan = H.X
: &
6 Woedge /Y 2 = Fuedge = Waa
y wall O

Hlx=2\/2z 2.8

« 1/N2 »

Bullet’s « Elementary Model » Bullet’s « Design Model »

Drawing from Gautier (1717), modified
. An early fact:
Based on the Inclined plane theory « x has to be proportional to H »
“In the case of equilibrium, the weight of the body is 9 The slenderness ratio ShOUld be constant

to force parallel to the inclined slope as the lenght
of the plane to its height” &F = W sin i




Mechanical interpretation of field experience

Freshly-turned

Freshly- [l Wall earth
turned
h « Natural
eart D e Angle ofz slope »
repose
The solid wedge principle (and its backward reasoning)
Stable natural Virtual sliding = The thrust is due
slope wedge of earth to the sliding wedge

Angle of
repose




Basic wall design principle: equilibrium

Equilibrium of adjusted forces Equilibrium of adjusted moments

A A
Wwedge x coef.
[
i
\{ H H
\ 4
Bullet 1691, Buchotte 1716, Gautier 1717, All the other authors, starting from
Cormontaigne 1749 Couplet (1726-27) and Bélidor (1729), to

Coulomb (1773) and after

C.-A. COULOMB SYMPOSIUM WHAT EXISTED BEFORE COULOMB

PARIS, SEPTEMBRE 25-26, 2023 J.-D. VERNHES, UNILASALLE



Adjusted moments: how?

A - Solid wedge surface (volume of « active earth »)

B - Relative densities

C - Converting wedge weight to wedge thrust

D - Earth’s internal resistance, if any

E - Thrust loading point

C.-A. COULOMB SYMPOSIUM WHAT EXISTED BEFORE COULOMB

PARIS, SEPTEMBRE 25-26, 2023 J.-D. VERNHES, UNILASALLE




Adjusted moments: A - Solid wedge surface

Year Author Inclined plane slope angle
1684 Vauban

1691 Bullet 45°

1716 Buchotte 45°?

1717 Gautier 45°

1726 Couplet-a 71°

1727 Couplet-b b/a

1729 Bélidor 45°

1737 Lemaire

1743 Querlonde 27°, 45°, 56°
1745 Gadroy 45°

1749 Cormontaigne 45°

1767 Blaveau b/a (45° suggested)
1767 Sallonnyer b/a (45° suggested)
1768 Trincano 45°

1773 Coulomb b/a (45° suggested)
1774 |Tersac de Montlong 45°

1783 d'Antony b/a (45° suggested)
1784 Chauvelot 45°

1784 Gauthey 45°

1802 Rondelet b/a (45° suggested)

The 45° slope is dominant
throughout the entire century




Adjusted moments: B - Relative densities

Year Author Wall/Earth densities ratio
1684 Vauban

1691 Bullet 1/1
1716 Buchotte 3/2
1717 Gautier 3/2
1726 Couplet-a m/t
1727 Couplet-b m/t
1729 Bélidor 3/2
1737 Lemaire

1743 Querlonde 3/2
1745 Gadroy 3/2
1749 Cormontaigne 1/1
1767 Blaveau m/t
1767 Sallonnyer m/t
1768 Trincano 3/2
1773 Coulomb m/t
1774 Tersac de Montlong m/t
1783 d'Antony m/t
1784 Chauvelot m/t
1784 Gauthey m/t
1802 Rondelet m/t

The 3/2 ratio was quite popular
after Buchotte (1716), but most
authors leave it up to the reader...




@cfms Adjusted moments: C - From wedge weight to thrust

The main two aspects Elementary models

or Projection of the wedge weight effect
- inclined [W/V2] (Bullet 1691 et al.)
- or horizontal [W] (Bélidor 1729 et al.)

If inclined,
- kept as it is
- or projected again, horizontally

C.-A. COULOMB SYMPOSIUM WHAT EXISTED BEFORE COULOMB

PARIS, SEPTEMBRE 25-26, 2023 sl M



@cfms Adjusted moments: D - Earth’s internal resistance, if any

Year Author Internal resistance
1684 Vauban

1691 Bullet Not considered
1716 Buchotte

1717 Gautier Not considered
1726 Couplet-a Not considered
1727 Couplet-b Not considered
1729 Bélidor 1/2
1737 Lemaire

1743 Querlonde Not considered
1745 Gadroy 1/2
1749 Cormontaigne 1/2
1767 Blaveau Not considered
1767 Sallonnyer Not considered
1768 Trincano 1/4
1773 Coulomb Includes resistance theory, with ¢ and ¢
1774 |Tersac de Montlong Not considered
1783 d'Antony 1/4
1784 Chauvelot "m/n" (K,)
1784 Gauthey 2/3
1802 Rondelet Not considered

- Most authors : loss of efficiency
along interfaces in the design model

- Exceptions : the global factor (1/4,
1/2, 2/3)




@cfms Adjusted moments: E - Thrust loading point

Thrust loading point: foreword

Elementary model properties
Elementary model concentrated on the centre of
gravity of the wedge

Ea rt h Centre of
gravity
homogeneity .
ﬂ
Angle of
repose
F = W.sin(i) Scale of the wall

C.-A. COULOMB SYMPOSIUM WHAT EXISTED BEFORE COULOMB

PARIS, SEPTEMBRE 25-26, 2023 sl M




@cfms E - The thrust loading point of « freshly turned earth »

5 authors 5 other authors
R — -
2H/3
s
o \ Only one theory allowed to find an
Bélidor, 1729 Coulomb, 1773 hydrostatic pressure net force level
Fi
N i
\ 4
—
H/n
ZFiHi H-z f(H —z)dF(z)

C.-A. COULOMB SYMPOSIUM WHAT EXISTED BEFORE COULOMB

PARIS, SEPTEMBRE 25-26, 2023 sl M




@cfms Compared* wall slenderness ratios (H/x)
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* When needed and/or possible, fixed values were :
Wall/Earth density = 3/2 ; slope angle 45° ; ¢ = 30° ; c=0

C.-A. COULOMB SYMPOSIUM WHAT EXISTED BEFORE COULOMB

PARIS, SEPTEMBRE 25-26, 2023 J.-D. VERNHES, UNILASALLE



@cfms Earth pressure estimation before Coulomb: conclusion

Coulomb’s (1773) faithfullness to Bullet’s (1691) solid wedge:
- as an elementary model introducing 6 (c) and 1/n (¢), is long-lasting !
- as a design model, may be still discussed, especially when c =0

Is it a cause or a consequence ?
(see Collin, 1846)

An oustanding engineer in the long period before Coulomb : Bélidor.
His 1729’s elementary model and sliced solid wedge:

- from earth thrust, leads to earth pressure, proportionnal to depth
- can be related to Rankine’s (1862) earth pressure coefficient approach
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