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Gerber Beams

» Continuity in Beams
» Gerber Beams
» Optimization
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Continuous Beams

» Continuous over one or more supports
— Most common in monolithic concrete

— Steel: continuous or with moment

connections
— Wood: as continuous beams, e.g.
long Glulam spans
« Statically indeterminate
— Cannot be solved by the three Z M ~@
equations of statics alone =@ JT
— Internal forces (shear & moment) as
well as reactions are affected by
movement or settlement of the
supports
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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.

Halfurter Briicke, 1864. Span of 38 m over the Main River.
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Splice or Hinge — makes Determinate

. . HINGE TENSION TIE —
+ Can adlnge for each redundant reaction 5, sreupen l\— [ B irw BocT Fof
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* Reduces length for transport MOMENT
. 1 Y/ - .
*  Moment =0 at hinge :/e
» Can be used to balance — and + moments for . J ®
optimization
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Examples of the Gerber system

Firth of Fourth Bridge, 1890

« total length 8094 ft.

central span 1700 ft.

Design Fowler & Baker
Construction 1882 — 1889
After Tay Bridge failure - 1879
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Static modeling of the Firth of Forth Bridge
by Fowler & Baker
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Quebec Bridge Final Completion 1917
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Final successful 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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1907 failure due to miscalculation of the
steel strength and dead load.
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Gerber system in building frames

7

Speicherstadt Hamburg Kaffeerésterei
1888
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Gerber Beams in Detroit
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Example Gerber Beams

Glulam keams in a Gerber system

Steel

3 TENSION TIE —
\ TAB WITH BOLT FOR
SUSPENDED BALANCING ECCENTRIC

C t Bear MOMENT

" Bending Moment
T

A : \\;‘\\\\_, m—— - : J
! Sp— b, BocT <
SUPPORTING

MEMBER

A
* Supporting part

Bearing pad
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Moment control in beams

1301 ft-k

1595 ft-k

Educational License _
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Moment control in beams ou )
— 221
Spans = 10 ft 2
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three spans — without hinges
three spans — with hinges
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Example Problem

. . 513FT Floor DL = 26
Given: Flz0 Floor LL = 23

splize\ splice
\)\/./ Cant. 2\\ [
Il Il D

Span and loading
 D+L=49psf

P A9pSXATI= 539 pif U R
| |
. COTUT T Tttt 2
Find: | iilﬁiiiiiiiiiﬁiiiiiiiiiD
For each beam section O v =
find shear and moment TeF
-~ M FT —==— 41FT —==— 41FT —=

FBD 1
Reactions
W= 539x35.56 = 19339 %
[W= 539 rr f
K
L A

—

IMeR,=0 = % 34 (13.94°) -V (35.22)
v 9 ’1u<

IMEV = o =-19 34(:7 M)t R, (35.85)
— K.~°16?‘<
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Example Problem cont.

FBD 2
Reactions
Dl N
Lodo W=539x51.24 = C16l8
C?'é?K E Q,Q?K
——"Ji\d: ’7—.59 PLF <& L &Y 5‘/"4}*‘61’&‘/
5,12 R, TR K'I‘ TR
ZMe R, =0 = -9. 1.1(5 2) + 27,612 (20.5) R (4(>+‘7H(4& 2)
o = K; BY SYMMLTAY
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Example Problem cont.

Force Diagrams
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Example Problem cont.

Srerl geart Tesiad

Mo =3&».74 K-FT \/‘)= [z 43K -
? CTUVAL

Mo =2 Ha

ﬂu=£= 8&74 9635KFr

W(Zz/‘?
,\/{M Fg Zx el Z

o %.280%) 73,133

CUEcK SUCAR

th = e

4, = ez < <1 -

AE 'Awa‘ 6.0' oo [12 ) Z_él»'*
c}>\/ (1.0) oé B A =04(ea)(z 57)

4>v.\- &6, 0| >zz 47 =y ek
Al =

W

e =
e ]‘:3 ) Kol
i r-_lﬂl [ ——
== . .
t Table 1-1 (continued) Table 1-1 (continued)
RS R W-Shapes W-Shapes
W —eff—
Dimensions Properties =
b T W12-W10
Weh Flange Distance " Compact -L Torsional
Area, | Depth, " " " Work- || & Section Axis X-X Axis Y-Y Properties
Shape | A | g | Tmokness, &, | Width, [T K|k | 1| able | e criteria | e
tw 2 br | Kaos | Kt Gage || | b /n) I | S [r] z | 1 [S[r]| z w
in2 in. in. in, in. in. in. | in. | in. | in. | in. |[b/ft] 26t/ int | in® | in. | in® | in® | ind® | in. | in® | in. | in. | int in®

W12x58 17.0 [12.2 |12Y4/0.360| 38 | %16 [10.0 |10 |0.640| 56 |1.24 (12 | 51| 9Va| 52 58| 7.82/127.0 | 475 | 780 | 528/ 86.4 | 107 214|251 | 325 (281 (116 | 210 3570
x53 15.6 [12.1 |12 [0.345) %8 | %6 [10.0 {10 |0.575| %16 |1.18 (138 | "%16|9Ya| 5V2 53| 869|281 | 425 | 706 | 523| 779 | 958 | 19.2 | 248 | 291 |279 |115 | 1.58 3160

W12x50 14,6 |12.2 |124/0.370 %5 | %16 | 8.088Ys |0.640| %8 |1.14 (12 | "he|9Ya| 5V2 50| 631|268 | 391 642 | 518) 719 | 563 | 139 |19 | 21.3 |225 (116 | 1.71 1880
x45 131 (121 {12 |0.335| 16 | 316 | 8.05/8 0.575| %6 |1.08 |18 | 5hs ¢ ¢ 45| 7.00(296 | 348 | 577 | 515| 642 | 50.0 | 124|195 | 190 |223 |15 | 1.26 1650
x40 11.7 {11.9 (12 [0.295| %16 | 316 | 8.01|8 0515 2 [1.02 (136 | s 40| 777|336 | 307 | 51.5|513| 57.0 | 441 | 11.0 |1.94 | 16.8 |221 |11.4 | 0906 | 1440

W12x35° | 10.3 |12.5 [12"2(0.300 %16 | 316 | 6.56|6%2 |0.520| 2 [0.820{1%16 | ¥+ [10%s| 3%, || 35| 631362 | 285 | 456 | 525/ 512 | 245 | 7.47/1.54 | 11.5 [1.79 1120 | 0741 879
x30° | 879[12.3 [12950.260 Va | Vs | 6.52|6Y2 [0.440| 716 |0.740(1Ys | ¥a 30| 741|418 | 238 | 386 | 521| 431 | 203 | 6.24/152 | 956(177 (119 | 0457 | 720
x26° | 7.65[12.2 [12Y40.230 Va | Vs | 6.49|6%2 [0.380| ¥s |0.680(1"16 | s 26| 854/47.2 | 204 | 334 | 517| 37.2 | 17.3 | 534151 | 817|175 |11.8 | 0300 | 607

Wi2x22¢ | 6.48 1290260 e | U | 4034 [0.425( Tho 0725| e Yo |10%( 20 || 22| A7T4SLE( 156 | 254 | 41| 293 466 231 0848| 366104 |119 | 0293 | 164
> xige | 55712121 0235) % | Vs | 401 0350 % | 0650 7s | Yis 19| 572462 ) 130 | 21.3 | 482 247 ¥ 376 188 0822| 298(1.02 119 | 0180 | 131
«16° | 4710720 |12 19230] Ve | Vs | 399 0265 Ya |0.565 e Vs l l 16| 7.5374eT 103 | 17.1 | 467| 204 | 282 141(0773| 226(0983[117 | 0103 | 969
145 | 4161119 |17 0.200| 316 | Vs | 3.97 0225 Vs | 0525 s | %s 14| 882(543 | 886 149 | 462| #F| 236 1190753 1.90(0961[117 | 00704/  80.4

ENFNES

University of Michigan, TCAUP Structures Il 16 of 25




Example Problem cont e = o)
Fy =50 ksi W-Shapes Zx
Selection by Z,
For ZX req. — 23.13in 20 o o 0] ol [ B ] B | | |, [
qg. Shape * [ 'kip-ft | kip-ft | kip-ft | kip-ft | kips | kips | * " * | kips | Kips
in3 | ASD [ LRFD | ASD | LRFD | ASD [LRFD | ft | # | in® | ASD | LRFD
Wi426 | 402 |100 (151 | 61.7 | 927 | 533 | 811 | 381 |11.0 |245 | 709 | 106
Wex40 | 398 | 993 149 | 620 | 932 | 1.64 | 246 | 7.21 | 299 |146 | 594 | 89.1
w1033 | 388 | 96.8| 146 | 61.1 | 91.9 | 2.39 | 362 | 685 | 21.8 |171 | 564 | 847
W26 | 372 | 928|140 | 583 | 87.7 | 361 | 546 | 533 | 149 |204 | 561 | 842
Leok 0P Sgetiom 18 Z x TABLE Wioa0 | 366 | 913|137 | 566 | 851 | 3.08 | 461 | 484 | 161 [170 | 630 | 945
W8x35 | 347 | 866|130 | 545 | 81.9 | 1.62 | 243 | 7.17 | 270 |127 | 503 | 755
Wb | 332 | 828|125 | 508 | 76.1 | 478 | 7.27 | 367 (104 [199 | 63.0 | 945
CloesE r\% cAcLc. WI0x26 | 31.3 | 781 (117 | 487 | 732 | 291 | 434 | 480 | 149 |144 | 536 | 80.3
= We:31' | 304 | 758|114 | 480 | 722 | 158 | 2.37 | 7.18 | 248 | 110 | 456 | 684
Z i 24 0 7 2 _Z,_i'_g_ Wi222 | 293 | 731 (110 | 444 | 667 | 468 | 7.06 | 3.00 | 913|156 | 64.0 | 959
= Wex28 | 272 | 67.9|102 | 424 | 638 | 167 | 250 | 572 [ 210 | 980 | 459 | 689
Muz- 92,6 2 6. 74 o wio2 | 260 | 649 | 97.5 | 405 | 609 | 268 | 402 | 470 | 138 |18 | 490 | 734
-
BotLp l W19 | 247 | 61.6 | 92.6 | 7.2 | 559 | 427 | 643 | 290 | 861 (130 | 57.3 | 86.0
T ToeX | DIO | o0 365 | 549 | 1.60 | 240 | 569 | 189 | 827 | 389 | 583
Wix19 | 46 | 539 | 81.0 | 328 | 49.4 | 318 | 476 | 3.09 | 973| 963 | 51.0 | 765
we2l | 20 | 509 | 765|318 | 478 | 185 | 277 | 445 | 148 | 753 | 41.4 | 621
WI216 | 204 | 501 | 754 | 299 | 449 | 380 | 573 | 273 | 805|103 | 528 | 792
w17 | 3o | 467 | 701 | 283 | 425 | 298 | 447 | 298 | 9.16| 819 | 485 | 727
Wi2<d' | 124 | 434 | 653 | 260 | 39.1 | 343 | 517 | 266 | 7.73| 886 | 428 | 643
Wexi18 | 470 | 424 | 638 | 265 | 3909 | 1.74 | 261 | 434 | 135 | 61.9 | 37.4 | 562
Wiods | 1647 399 | 600 | 241 | 362 | 275 | 414 | 286 | 861| 689 | 460 | 689
Wex15 | 136" | 339 | 51.0| 206 | 31.0 | 1.90 | 285 | 3.09 |10.1 | 480 | 397 | 5956
Wi0x12 | 126 | 31.2| 469 | 190 | 286 | 2.36 | 353 | 287 | 8.05| 53.8 | 37.5 | 563
Wex13 | | 284 | 428 | 17.3 | 260 | 1.76 | 267 | 2.98 | 9.27| 396 | 368 | 551
wax10' T{ 219 | 329|136 | 205 | 1.54 | 2.30 | 314 | 852 | 308 | 268 | 40.2
ASD LRFD | 'Shape exceeds compact limit for flexure with Fy= 50 ksi; tabulated values have been adjusted
accordingly.
Qp=167 | 0,=0.90 | * Shape does not meet the h/t, limit for shear in AISC Specification Section G2.1(a) with £, = 50 ksi;
]QV:LSO 0,=100 | therefore, o, =0.90 and ©, = 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)

e Determine limitations — constraints

» Describe the parameters — variables

Optimization type: What to optimize (objectives)
« Material —
* Member (section) —

* Geometry —

+ Topology -

—
Truss: 1 weight = 25484 Ib Truss: 2 weight = 25050 Ib Truss: 3 weight = 24529 Ib
16 joints 35 members 16 joints 35 members 16 joints 35 members

Tovore 47
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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. Biro Peter + Lochner
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Section Optimization

Reichenbach Valley Bridge, 2003
Eng. Buro Peter + Lochner

L 28,50 m
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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

6 WROUGHT 1RON BRIDGE COMPANY; CANTOY, OH10.

Natural Frequency vs. Weight

’ AVN/ADNDN

i 5 ps 10.6 Hz

[<TRITL

i 1070 356 kips 11.9'Hz

Natural Frequency
r3

3 . ps 10.8 Hz
o — AIIIII\
AN LAVNANDPN AN NN — 750 a71v5s 05k

plot of weight vs natural frequency

39

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

<IN NNV N AN AN

lightest solutions

id: 732 | 3.3kip | 10Hz ©  id: 1061 | 3.3kip | 11Hz & id: 1040 | 33kip | 11Hz &
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Topology Optimization - Shukhov towers
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id: 44 37t42 tonne id: 127 3é.14 tonne id: 88 40?46 tonne

1176 members & 1421 members < 888 members

il

i fit _;\.1
| | i

)

id:10 4278tonne 777  id:71 43,84 tonne id:84 4413 tonne

members = 1118 members = 1333 members

o
|

\ L\

id: 11 48‘.11 tonne id: 58 50:59 tonne id: 194 55;.73 tonne

1073 members < 1323 members & 350 members
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id:49  41.25 tonne
666 members

id:31  47.39 tonne
325 members =

id: 41 59j22tonne
1369 members &

Structures Il

weight (tonne)

20

5 tonn
2920 members

14 2

displacement (cm)
—
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