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Gerber Beams

» Continuity in Beams s ‘
» Gerber Beams & 1
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Simple vs. Continuous Beams

1. SIMPLE BEAM—UNIFORMLY DISTRIBUTED LOAD
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Moment

34. CONTINUOUS BEAM—THREE EQUAL SPANS—ONE END SPAN UNLOADED
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At l tB 1 1c 1 —|p
Ra = 0383wl Re = 120wl Rc = 0.450 wl ki
A = 8= ¢ =0 Rp = —0.033 wl
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MOMENT | ; 3631 05831

A Max. (0.430 / from A) = 0.0059 wi*/El

* Simple Beam
— End moments =0
— Mmax at C.L =wL2/8 = 0.125wL?

* Continuous Beam
— Exterior end moments = 0
— Interior support moments are
usually negative
— Mid-span moments are usually
positive
— End + Mid = 0.125wL2

Note: moments shown reversed
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35. CONTINUOUS BEAM—THREE EQUAL SPANS—END SPANS LOADED
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36. CONTINUOUS BEAM—THREE EQUAL SPANS—ALL SPANS LOADED
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MOHENT 0.400 e 0.5007 | 0.5001 0.400

A Max. (0.446  from A or D) = 0.0069 wi*/EIl
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Splice or Hinge

HINGE TENSION TIE —
suspenpeo [ L M
. IOMEN
» Can add one hinge for each redundant N
. IE’ —T —
reaction |
| )
* Reduces length for transport - o
—— ' o
*+ Moment = 0 at hinge J 4 \
80 A
« Can be used to balance — and + moments 7 l SUPPORTING
MEMBER

for optimization

D'L.= 06‘/' ? LGL.= IK/'

— 2 SPLICES —
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Gottfried Heinrich Gerber
(1832-1912)

Developed a cantilever bridge spanning
system used in many bridges worldwide. The
system became know as the “Gerber Beam”
and uses cantilever segments to support a
simple span.

Haffurter Briicke, 1864. Span of 38 m over the Main River.
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Examples of the Gerber system
Firth of Fourth Bridge, 1890 T . — w—
+ total length 8094 ft. N

 central span 1700 ft. 2
* Design Fowler & Baker

+ Construction 1882 - 1889

Static modeling of the Firth of Forth Bridge
by Fowler & Baker
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Quebec Bridge Final Completion 1917
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Quebec Bridge failure — 1907 and 1916

Compression members
that failed in 1907

-

1916 hoisting failure
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PA-020614

1907 failure due to miscalculation of the
steel strength and dead load.
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Gerber system in building frames

Speicherstadt Hamburg Kaffeerésterei

1888
=
e
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Gerber Beams in Detroit
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Moment control in beams

200 ft ] 193in
60.0 ft:

481 kip

481 kip

1301 ft-k 1301 ft-k

159.5 ft-k

Educational Li‘cense
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Moment control in beams

1.0 KIf

822L h
414k 5.0k
| .
\l
1.0 kf 5.89k
’ - 8.6 k-ft 3.9 kit
5.0!(\ 8.6 k-ft
12.5 k-ft | 1 kiIf
- ’ 0,17;L h
414 k 4.99 k
| .
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. 1.0 KIf - i %
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4.0k 5.0k
v \[\1\ 10K
6.0k 0.146 L
8.0 k-ft 44K 5.0k
2.5 k-t N ‘
10.0 k-ft 976 o ‘ N
6.2 k-ft
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Example Problem
. ) Floor DL = 26
Given: . SAIFT Floor LL = 23
Span and loading splice .| | cant2. [ splice
* D+L =49 psf - /L o -
» 49 psfx 11 ft = 539 plf TN
Py
- RN RRRR AR
Find: NERREPRERRRANRRRRRRRRNREANE
shear and moment n = = n
beam section
- 41FT —==— 41FT —==— 41FT —=
FBD 1
Reactions
W= 539x35.58 = 19339 ¥
‘Il‘i= 539 PLFI ﬁj) ’
R, %7.8%
K . ‘o
IMeR =0 = 1934 (13.947) -V (35.22)
V.2 9.63%
IMEV = o =934 (1F.94') t R, (35.85)
K| = 9'6? K
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Example Problem cont.

FBD 2
Reactions
X
(W=539x51.24 = CHel&
K ' K
.67 : %6t
J w 539 fLF & L } BY SYMMETRY

st Tﬁz 417 (T 512

IMe R, =0 2 =9.63(5.12) + 27,618 (20.5) - R3 (41 ) + V4. 12)
Ry = 2% 48"

R, =Rs 8Y LYMMLTRY
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Example Problem cont.

Force Diagrams
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Example Problem cont.

STeel geat Treand

Mo = Bl. 74 K-FT V= 12.43K

Mu=¢£ Mun

Mo = 22 et oS
=

"
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Leok of Sgetiom 18 Z, TABLE

cse Izl
Towpd. 7 rEETTY
$Mu=- 926 2 86.74 —

CUECK S AR

JoTee 15T

As s G5d SO 78N
b V= (1) 0.6 Fy A, =0.(50)(257)
PVaz 86,01 712.43 = My Vok

Table 3-2 (continued) Z
X

Q=150

F, =50 ksi W-Shapes
Selection by Z,

z M/ Qp| 0pMpx | M/ Q| 06Mex | BF/Q | 05BF L L P Yo/ 2| OVox
Shape " | kip-ft | kip-ft | kip-ft | kip-ft | kips | kips 2 d * [ kips | kips
in® | ASD | LRFD | ASD | LRFD | ASD | LRFD | ft ft in® | ASD | LRFD

W14x26 402 | 100 | 151 61.7 | 927 | 533 | 811 | 3.81 | 11.0 | 245 709 | 106
W8x40 | 398 | 993149 | 620 | 932 | 1.64 | 246 | 7.21 | 299 |146 | 59.4 | 89.1
W10x33 388 | 96.8 | 146 611 | 919 | 239 | 362 | 6.85 | 21.8 [ 171 56.4 | 84.7
W1226 372 | 928|140 583 | 87.7 | 361 | 546 | 533 | 149 |204 56.1 | 84.2
Wi0x30 | 366 | 913|137 | 56.6 | 85.1 | 3.08 | 461 | 484 (161 [170 | 63.0 [ 945
W8x35 347 | 866|130 545 | 819 | 162 | 243 | 7.17 | 27.0 |127 503 | 755
Wid22 332 | 828125 506 | 76.1 | 478 | 7.27 | 367 | 104 |199 630 | 945
W10x26 313 | 781 (117 487 | 732 | 291 | 434 | 480 | 149 |144 536 | 80.3
Wex31' 304 | 758|114 480 | 722 | 158 | 237 | 7.18 | 24.8 | 110 456 | 68.4
Wi>2 | 293 | 731|110 | 444 | 66.7 | 468 | 7.06 | 3.00 | 9.13|156 | 640 | 959
W8x28 272 | 679|102 424 | 638 | 1.67 | 250 | 572 | 21.0 98.0 | 459 | 689
W10x22 260 | 649 | 97.5| 405 | 60.9 | 2.68 | 402 | 470 | 13.8 | 118 49.0 | 734
I W12x19 24.7 | 61.6 | 926 j7.2 559 | 427 | 643 | 290 | 861|130 57.3 | 86.0
[ i 23.1 1 00 36.5 | 549 | 1.60 | 240 | 569 | 189 827 | 389 | 583
| wiox19 216 | 539 | 81.0| 328 | 494 | 318 | 476 | 3.09 | 973 | 963 | 51.0 | 765
Wex21 204 | 509 | 76.5| 31.8 | 47.8 | 1.85 | 2.77 | 4.45 | 14.8 753 | 414 | 621
Wi2<16 | 201 | 501 | 754 | 299 | 449 | 3.80 | 573 | 273 | 8.05|103 | 528 | 79.2
Wi0x17 187 | 467 | 70.1| 283 | 425 | 298 | 447 | 298 | 9.16 | 81.9 | 485 | 727
W24’ | 174 | 434 | 653 | 260 | 39.1 | 343 | 517 | 266 | 7.73| 886 | 428 | 64.3
Wex18 170 | 424 | 638 | 265 | 399 | 1.74 | 261 | 434 | 135 61.9 | 374 | 56.2
W10x15 16.0 | 39.9| 60.0| 241 | 36.2 | 275 | 414 | 2.86 | 861 | 689 | 46.0 | 68.9
W8x15 136 | 339 51.0 206 | 31.0 | 1.90 | 2.85 | 3.09 | 10.1 48.0 | 39.7 | 59.6
Wi012' | 126 | 31.2| 469 | 190 | 286 | 2.36 | 353 | 2.87 | 8.05| 53.8 | 375 | 56.3
W8x13 114 | 284 | 428|173 | 260 | 1.76 | 267 | 298 | 9.27 | 396 | 368 | 55.1
wax10' 887 219 | 329|136 | 205 | 1.54 | 230 | 3.14 | 852| 30.8 | 26.8 | 40.2

ASD LRFD | ' Shape exceeds compact limit for flexure with £, = 50 ksi; tabulated values have been adjusted
accordingly.
Qp=167 | 0p=0.90 ¥ Shape does not meet the h/t, limit for shear in AISC Specification Section G2.1(a) with Fy= 50 ksi;
0y=1.00 | therefore, ¢, = 0.90 and Q, = 1.67.
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Structural Optimization
Optimization procedure: Find the “best” solution for a given problem.
» Describe the goal — objectives (single vs. multiple)
* Determine limitations — constraints
» Describe the parameters — variables
Optimization type: What to optimize
* Material
* Member (section)
+  Geometry
* Topology
Structures Il 16 of 23
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Optimization

* Material
— Composites
— Steel vs. Aluminum

* Member and Geometry
— Variable Depth or Width
— Holes and Cut-outs

Biesenbach Viaduct, Blumberg Wutachtal Railroad, 1890
Eng. von Wirthenau, Krauter, Gebhard & Gernet

German Pavillion at Expo 1967, Montreal
Eng. Frei Otto Arch. Rolf Gutbrot
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Section Optimization

Reichenbach Valley Bridge, 2003
Eng. Biiro Peter + Lochner
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Section Optimization

Reichenbach Valley Bridge, 2003
Eng. Buro Peter + Lochner

! 28,50 m

1,75 my 11,50 m 12,00 m}, 11,50 m
L L} LS
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Geometry Optimization

New Bangkok International Airport, 2003
Eng. Werner Sobek Arch. Murphy Jahn
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Geometry Optimization

New Bangkok International Airport, 2003
Eng. Werner Sobek Arch. Murphy Jahn
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Geometry Optimization - Bridges

s WROUGHT 1RON BRIDGE COMPANY; CANTOY, OH10.

Natural Frequency vs. Weight
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id710707 3556 Kips 11:9Hz
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plot of weight vs natural frequency

Natural Frequency

id: 1074 | 3.3kip | 10Hz © id: 1080 | 3.3kip | 11Hz © id:1047 | 33kip | 11Hz ©
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lightest solutions

id: 732 | 3.3kip | 10Hz © id: 1061 | 3.3kip | 11Hz © id:1040 | 3.3kip | 11Hz ©
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Topology Optimization - Shukhov towers

‘ LI 1

1111
id:44 37.42tonne
1176 members =

id:127 3814 tonne
1421 members <

id:10 42.78tonne 777 id: 71 43.84 tonne
members & 1118 members &

i
f

L \
id: 58 50.59 tonne
1323 members &

id: 11 48.11 tonne
1073 members <
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id: 88 40.46 tonne
888 members <

id:84 44.13 tonne
1333 members &

id:194 5573 tonne
350 members =

L
id:49  41.25 tonne
666 members =

id:31 4739 tonne
325 members =

id:41 59.22 tonne
1369 members &
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Displacement vs. Weight

N

id:20 37.05 tonne
2920 members

7 14 27

displacement (cm)
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