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-« Historical Empirical Equations to the
> initial arch thickness Design

Rankine advocated that the barrel thickness, d, for a seg- Sﬁ:"
mental arch of radius R should be: o
d =0.194/R (single span)
d = 0.226+/R (multi-span) ; b
r(rise) 158
Hei li ted: r 2
CinZerling sugges (lj[radiug} il | : i
d = 0.4 4+ 0.025R (dressed stone) H (height)
d = 0.4+ 0.028R (brickwork) S(span)
d = 0.4 + 0.032R (random rubble stone) _2H ‘
3

Trautwine suggested (for span = L): | 0.06C+ 0.03/= 0.6

id = l.ﬂ[ﬂ.ﬂﬁl +'ﬂ.138‘f{ﬂ' + ﬂ.SL]] (first class cut stone)

d = 1.13[0.061 + 0.138/(R + 0.5L)]

(second class cut stone) that the second moment of area of the barrel varies as the
secant of the tangent to the centreline).
d = 1.13[0.061 + 0.138,/(R + 0.5L)] (brickwork) The suggested ratio of springing to crown thickness

varied from 1.2 to 2. In stonework and concrete this is
relatively easy to achieve but in brickwork the haunching
is usually concrete and there is a reliance upon the bond
d = span J,.’ 30 — span Jf 33 (Rennie) between it and the brickwork.

- Abutment sizes for a ‘gravity’ solution (as opposed to a
d = R/26 — R/30 (Stephenson) reinforced concrete or masonry solution) have been sug-

Historically, the addition of haunches to the arch ring at the gested by Baker (1909) where the abutment thickness, ¢,
abutments has been considered good practice (and in keep- in metres is given by:
ing with the usual assumption for two-hinged arch analysis t=0.012(5L+4H)+0.3

Rennie and Stephenson related arch barrel thickness to
span and radius, respectively.

enabel.be



4

1.4

1.2

0.8

0.6

0.4

0.2

Arch thickness

2 3 4 5 6 7 8 9 10 11 12 13 14 15

emmDequeker ——Dupuit ——Rankine
Gautier —Perronet ——Dejardin
——German/Russian — Gauthey —E. Roy

enabel.be



SpanlL

Distance of the
opening of the arch
from the Left bottom
part of the intrados
to the right one

Roman arch

"

58 fE .3 £ ¢ =8 -§ zr g

q S E 2 2 e E =5 2y 23 2§ = 8¢
& o & [ &= 3 £ % Ea iﬁ i = § ) B9
L] w v . E E N h__mim _bagsim
1 0.50 0.28 4.00 0.44 0.56 0.63 0.50 2.32 5
2 1.00 0.30 3.38 0.63 0.61 0.91 0.60 379 a
3 1.50 0.33 3.70 0.83 0.80 1.19 0.70 5.40 11
4 2.00 0.35 4.19 1.02 097 148 0.80 7.16 14
5 1.50 038 4,74 1.21 1.14 1.76 0.90 9.07 18
6 3.00 0.40 5.32 1.40 1.30 2.05 1.00 1113 22
7 3.50 0.43 5.91 1359 146 1.33 110 1333 26
8 4.00 0.45 6.51 1.78 161 261 1.20 1569 30
9 450 0.48 7.11 198 1.77 2.90 130 1820 35
10 5.00 0.50 7.72 2.17 1.91 3.18 1.40 20.85 h0
b 4 5.50 0.53 8.33 2.56 2.05 347 150 23.66 45
12 6.00 0.55 8.94 2.55 2.18 3.75 160 2661 51
13 6.50 0.58 9.56 2.74 2.31 4.04 170 29.71 57
34 7.00 0.60 1017 2.93 244 432 180 3297 63
15 7.50 0.63 10.79 313 2.57 4.60 1.90 36.37 70

V
R
r 20 10
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Radius Intrados

The Radiiof the inner
part of the Arch.

Roman arch

"

. B¢ .z &8 @ ¥ % e

o ¢ B8 2% ff £ i g1 8 o3
& & E gf 5% E{ E3 ¥8 ¥ S? =29
L R v T E £ H h m*/m  bags/m
1 0.50 0.28 4.00 Q.44 0.56 0.63 0.50 132 5
2 1.00 0.30 3.38 0.63 0.61 091 0.60 im a3
3 1.50 0.33 3.70 0.83 0.80 1.19 0.70 5.40 11
4 2.00 0.35 4£.19 1.02 097 148 0.80 7.16 14
5 1,50 0.38 4,74 1.21 1.14 1.76 0.90 Q.07 18
6 3.00 0.40 5.32 1.40 1.30 2.05 1.00 1113 22
7350 043 591 159 146 233 110 1333 26
8 4.00 0.45 6.51 1.78 161 2.61 1.20 15.69 30
9 4.50 0.48 7.11 198 1.77 290 130 18.20 35
10 5.00 0.50 7.72 2.17 1.91 318 1.40 20.85 ho
11 5.50 0.53 8.33 2.36 2.05 347 150 23.66 45
12 6.00 Q.55 8.94 2.55 218 375 1.60 26.61 51
13 6.50 0.58 9.56 2.74 2.31 4.04 170 2971 57
14 7.00 060 1017 2.93 2.44 4.32 180 3297 63
15 7.50 0.63 10.79 3.13 2.57 4.60 1.90 36.37 70

20 10
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Thickness Keystone V

The distance from
the intrados to the
extrados of the
keystone of the Arch.

Roman arch

"

" w 3 w 2 S

" R b -
ER EE g3 £ & =8 -§ zr g
8 C 2 2 5 25 2y 23 =g =32 g
& S5 FEX 25 F£8 F£5 8 XS 2 2L
L R Lv] T E £ H h  m'm  bagsim
1 0.50 0.28 4.00 Q.44 0.56 0.63 0.50 132 5
2 1.00 0.30 338 0.63 0.61 0.91 0.60 379 3
5 1.50 0.33 3.70 0.83 0.80 1.19 0.70 5.40 11
a 2.00 0.35 4.19 1.02 097 148 0.80 7.16 14
5 2.50 0.38 474 1.21 1.14 1.76 0.90 9.07 18
6 3.00 0.40 5.32 1.40 1.30 2.05 1.00 1113 22
7 350 0.43 591 159 1,46 233 110 1333 26
8 4.00 0.45 6.51 1.78 161 2.61 120 1569 30
4 450 0.48 7.51 1.98 1.77 2.90 130 1820 35
10 5.00 0.50 7.72 2.17 1.91 3.18 1.40 20.85 0
11 5.50 0.55 833 2.36 2.05 347 150 23.66 45
12 6.00 0.55 8.94 2.55 2.18 3.75 160 2661 51
13 6.50 0.58 9.56 2.74 2.31 4.04 170 2971 57
34 J2.00 060 1017 L A— 432 180 3297 63
15 .50 0.63 10.79 3.13 2.57 4.60 1.90 36.37 70

V
R
r 20 10
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Thickness Keystone V
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o7
Radius Extrados
Radius of the larger

outer curve of the
Arch bridge,

Roman arch

"

" w 2 w 2 S

. S
3§ If -3 £t ¢ gé g3 FE 3§

q S B > %. S s 25 2y 5 35§ = 3 43
& S ¥ 22§ £84 £ ¥R ¥5 S 29
L R v e | 3 3 I h  m'm  bagsim
1 0.50 0.28 4.00 0.44 0.56 0.63 0.50 132 5
2 100 030 338 063 0.61 091 0.60 3.79 3
3 1.50 0.53 3.70 0.83 0.80 1.19 0.70 5.40 11
h 2.00 0.35 4.19 1.02 097 148 0.80 7.16 14
5 2.50 038 474 1.21 1.14 176 0.90 9.07 18
6 3.00 0.40 5.32 1.40 1.30 2.05 1.00 1113 22
2350 043 591 159 1.46 233 110 1333 L
8 400 045 6.51 1.78 161 2.61 120 1569 30
El 4.50 0.48 7.1 198 177 2.90 130 18.20 35
10 5.00 0.50 7.72 2.17 1.91 3.18 140 20.85 ho
11 5.50 0.53 833 2.36 2.05 347 150 2366 45
12 6.00 0.55 8.94 2.55 2.18 375 160 2661 51
13 6.50 0.58 9.56 2.74 2.31 404 170 297 57
34 700 060 1037 293 244 432 180 3297 63
15 .50 0.63 10.79 3.13 2.57 4.60 1.90 36.37 70
20 10
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‘ Roman arch

"
a ﬁ ¢ 3 ﬁ £ % g 8 v -
3 & .
> S EEEEE ERE
g S5 FX & £8 _£8 X8 2 52 I°
L R v r el & H h  m'm  bagsim
Thickness of the 1 050 028 400 04k 056 063 050 232 5
. 2 100 030 338 063 061 091 060 379 8
Shoulders/Backings s 150 033 370 o083 o080 119 o 540 m
4 200 035 419 102 097 148 08B0 716 14
5 250 038 474 121 114 176 090 907 18
6 3.00 0.40 5.32 1.40 1.30 2.05 1.00 1113 22
7 350 043 501 159 146 233 110 1333 26
8 4.00 Q.45 6.51 1.78 161 2.61 1.20 15.69 30
9 450 048 711 198 177 200 130 1820 35
10 5.00 0.50 7.72 2.17 1.91 3.18 1.40 2085 ho
11 550 055 B33 236 205 347 150 2366 45
12 600 055 894 255 218 375 160 2661 51
13 6.50 0.58 9.56 2.74 2.31 404 170 29.71 57
14 700 060 1017 293 244 432 180 3297 63
15 .50 0.63 10.79 3.13 2.57 4.60 1.50 36.37 70
\
>
R
H
| r 20 10
L S —
h | [E] .
>

enabel.be



<

B E R S e
s o o

" S E R EET ER B
& Sf e£F 3% F4 Eq ¥§ ¥o S° 3V
L R v v 3 Lel H h  mm  bagsim
Thickness of the Piers 1 050 028 400  O4k 056 063 050 232 5
2 1,00 030 338 063 0.61 091 0.60 379 8
3 1.50 0.33 3.70 0.83 0.80 119 0.70 540 11
4 2.00 0.35 4.19 1.02 097 148 0.80 7.16 14
5 2.50 038 474 1.21 114 176 0.90 9.07 18
6 3.00 0.40 5.32 1.40 1.30 2.05 100 1113 22
7 3.50 0.43 5.91 159 1.46 2.33 110 13.33 26
8 4.00 0.45 6.51 1.78 161 261 120 1569 30
9 450 0.48 7.1 198 177 2.90 130 1820 35
10 5.00 0.50 7.72 217 191 3.18 140 2085 40
11 5.50 0.53 8.33 2.36 205 3.47 150 23.66 45
12 6.00 0.55 8.94 2.55 2.18 375 160 2661 51
13 6.50 0.58 9.56 2.74 2.31 404 170 2971 57
14 7.00 060 1017 293 2.44 432 180 3297 63
15 .50 0.63 10.79 313 2.57 4.60 190 3637 70

E'

7 W Y}
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Height of the
Shoulders

For structural

purpose it should be
loaded.

Roman arch

"

" w 2 w 2 S

. S
3§ If -3 £t ¢ gé g3 FE 3§

q S B > %. S s 25 2y 5 35§ = 3 43
& S ¥ 23§ £8 £ ¥R ¥s S ¥
L R v r 3 3 [u ] h  m'm  bagsim
1 0.50 0.28 4.00 0.44 0.56 0.63 0.50 132 5
2 100 030 338 063 0.61 091 0.60 3.79 3
3 1.50 0.53 3.70 0.83 0.80 1.19 0.70 5.40 11
h 2.00 0.35 4.19 1.02 097 148 0.80 7.16 14
5 2.50 038 474 1.21 1.14 176 0.90 9.07 18
6 3.00 0.40 5.32 1.40 1.30 2.05 1.00 1113 22
2350 043 591 159 1.46 233 110 1333 L
8 400 045 6.51 1.78 161 2.61 120 1569 30
9 450 0.48 7.1 198 177 2.90 130 18.20 35
10 5.00 0.50 7.72 2.17 1.91 3.18 140 20.85 ho
11 5.50 0.53 833 2.36 2.05 347 150 2366 45
12 6.00 0.55 8.94 2.55 2.18 375 160 2661 51
13 6.50 0.58 9.56 2.74 2.31 404 170 297 57
34 700 060 1037 293 244 432 180 3297 63
15 750 063 1079 3.13 2.57 4.60 190 3637 70
r 20 10

—
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To the
Foundation level
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‘

Height of the
abutments

"

a 3 & 3 § £ E - g 8 v -

. 8 f2 23 §f &, 3t g1 ¥ i
& 25 ¢£f 2% F8 F3 ¥4 iﬁJ s 29
L R v T E £ H h m*/m  bags/m

1 0.50 0.28 4.00 Q.44 0.56 0.63 0.50 232 5

2 1.00 030 338 0.63 0.61 091 0.60 im 3

3 1.50 0.53 3.70 0.83 0.80 1.19 0.70 5.40 11

4 2.00 0.35 4.19 1.02 0497 148 0.80 7.16 14

5 2.50 038 474 1.21 1.14 1.76 0.90 9.07 18

6 3.00 0.40 5.32 1.40 1.30 2.05 1.00 1113 22

7 3.50 0.43 5.91 1,59 1,46 2.33 110 13.33 26

8 4.00 0.45 6.51 1.78 161 261 1.20 15.69 30

9 4,50 0.48 7.51 1.98 1.77 2.90 1.30 1820 35

10 5.00 0.50 7.72 2.17 1.91 3.18 1.40 20.85 Wo
11 5.50 0.53 833 2.36 2.05 347 150 23.66 45
12 6.00 0.55 8.94 2.55 218 375 1.60 26.61 51
13 6.50 0.58 9.56 2.74 2.31 404 170 2971 57
14 7.00 0.60 10,17 2,93 2.44 4.32 1.80 32.97 63
15 7.50 0.63 10.79 3.13 2.57 4.60 1.90 36.37 70

vV
R
r 20 10
L
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‘ 2 S_eg' th'entavl arch

T . 8% .3 i% 8
@ p o p- 9 4 'S v -
> s 5 45 $: 23 £§ f, %% §: af
& < & E EZ ) £ES £Ea % =2 25
L Lr] R v r E 3 H  mm bagsim
For segmenta | 1 02 072 028 337 064 063 038 2.77 6
2 0.4 1,45 031 359 094 092 043 454 9
3 0.6 217 0.54 429 1.23 1.19 048 6.36 13
. 4 0.8 2.90 0.38 5.09 1.50 143 0.53 8.28 16
Arch Height s 10 36 o4 ses 176 165 osa o33 0
6 12 435 0.4k 678 202 1.87 0.65 1250 24
7 14 5.07 0.47 7.65 2.28 2.09 067 1480 29
8 16 5.80 0.51 852 2.54 2.30 072 17.25 33
4 18 652 054 939 279 249 077 1983 38
10 2.0 725 057 1026 3.05 268 081 2255 a3
i1 22 797 061 1114 330 286 086 2541 49
12 2.4 8.70 064 1202 3.56 3.05 091 2842 54
13 26 9.42 067 1290 3.81 3.22 095 3157 60
14 28 1015 070 1378 406 338 100 3486 67
15 50 1087 074 1466 432 354 104 3829 73
16 32 1160 077 1554 457 369 109 4186 80
17 34 1232 080  16.42 482 384 118 4565 87
18 36 1305 083 1730 2 508 2 398 2 118 4943 94
19 38 1377 087 1819 533 411 123 5344 102
20 40 1450 090  19.07 5.58 &24 128  57.58 110
H
100
50 R
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Arch height F

Arch Height
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‘ 2 S_eg' th'entavl arch

T . 8% .3 i% 8
@ p o p- 9 4 'S v -
> s 5 45 $: 23 £§ f, %% §: af
& < & & EZ & 3 ES E& 4 2 S5
L F R v r E 3 [# ] mim bagsim
Shoulder/Backi ng 1 02 072 028 337 06k 065 038 277 B
. 2 0.4 1,45 031 359 094 092 043 454 9
Hei ght 3 0.6 2.17 0.34 429 1.23 119 0.48 6.36 13
4 08 290 038 509 150 143 055 828 = 16
5 1.0 362 0.41 5.93 1.76 1.65 058 1033 20
6 12 435 0% 678 202 18 063 1250 24
7 14 5.07 0.47 7.65 2.28 2.09 067 1480 29
8 16 5.80 0.51 852 2.54 2.30 072 1725 33
9 18 652 054 939 279 249 077 1983 38
10 2.0 725 057 1026 3.05 268 081 2255 43
11 22 797 061 1114 330 286 086 2541 49
12 2.4 8.70 064 1202 356 305 091 2842 54
13 26 942 067 1250 3.81 322 095 3157 60
14 28 1015 070 1378 406 138 100 3486 67
15 30 1087 074  14.66 432 3.54 104 3829 73
16 32 1160 Q077 1554 457 369 100 4186 80
17 34 1232 080 1642 482 384 118 45.65 87
38 36 1305 083 1730 508 398 118 4943 9%
19 38 1377 087 1819 533 411 123 5344 102
20 40 1450 090 19.07 5.58 £24 128 5758 110
\Y
F
1|
100 L
50 R
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Segmental Arch Standard Drawings
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Semental Arch Standard Drawings
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: Design Consideration, Dimensioning
iver bed and location

o




: River Profile

350

157
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<+ Placing a reasonable Arch
with respect to typology.

' 4
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w% Extracting the Dimensions of

/
*" the Bri
e Bridge From the Table
Roman arch
N N 2
" b . e " g L.
5§ £8 3 f% ¢ 3 =3 FE 3%
_ 5 %8 2 2 e E ¥5 2y 5 2§ s 2 &g
ForL=3 & S5 £ 25 F£4 F£5 */ X3 539 R
L R N L £ L3 H h___m¥m_ bags/m
1 0.50 0.2 4.00 Q.44 0.56 0.63 0.50 132 5
R=1.5 2 100 030 338 063 061 091 060 379 3
- l 5 1.50 0.535 3.70 0.83 0.80 1.19 0.70 540 11'
V=033 4 2.00 0.35 4.19 1.02 0.97 148 0.80 7.16 14
r=3.7 5 250 038 474 12 114 176 090 907 18
E=0.83 6 3.00 0.40 5.32 1.40 1.30 2.05 100 1113 22
7 3.50 0.43 5.91 1,59 1.46 2.33 110 1333 26
H=1.19 8 4.00 0.45 6.51 1.78 161 2.61 120 1569 30
h=0.7 9 450 0.48 731 198 177 2.90 130 1820 35
10 5.00 0.50 7.72 2.17 1.91 318 1.40 20.85 40
3 5.50 0.55 833 2.36 2.05 347 150 23.66 45
12 6.00 0.55 8.94 2.55 2.18 375 160 2661 51
13 6.50 0.58 9.56 2.74 2.31 4.04 170 9.7 57
14 7.00 060 1017 293 244 432 180 3297 63
15 .50 0.63 10.79 3.13 2.57 4.60 1.90 36.37 70
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: Detailed Structure
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Nyabwenzi

Bridge 3m
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