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DIE BAUTECHNIK
5. Jahrgang BERLIN , 3. Juni 1927 Heft 25

a.ic Recmc vorbehaiten. Neues Bauverfahren bei der

V o t i S r .^ n g .  B.

D ie  H a m b u rg e r  H o c h b a h n  A k t ie n g e s e lls c h a ft  h a t im  Ja h re  1926 m it 

d em  B a u  e in e r  n e u e n  H o c h -  und  U n te rg ru n d b a h n lin ie  v o n  d e r  K e ll in g h u s e n -  

straBe  b is  zum  Ju n g fe rn s t ie g  (A b b . 1) b e g on n e n . D ic  B e d e u tu n g  d ie se r  

S tre cke  l ie g t  d a r in , d aB  d ie  d a s  n o rd lic h e  G e b ie t  des  H a m b u rg is c h e n  

S taa te s  a u fs ch lie B e n d e  Z w e ig l in ie  K e llln g h u se n s t ra B e — O h ls d o r f— O c h s e n 

z o l l  v o n  d e r  R in g l in ie  a b g e tren n t u n d  s e lb s t iin d ig  in  d ie  in n e re  S tad t 

e in g e f i ih r t  w e rd e n  so li.  D ie  Fah rgS ste  b ra u ch e n  d ahe r k im ft ig  n ich t  m eh r 

den  U m w e g  iib e r  das E lb u fe r  (L a n d u n g sb r iic k e n )  zu  m achen  u n d  d ie  

R in g l in ie  w ird  en tla ste t.
Gr.-Hansdorf

Yoiksdorf

Untergrundbahn in Hamburg.
S ie b e r t ,  H a m b u rg .

M it t e ls t i it z e n  s teh en  fre i. S e ite n w a n d e  u nd  D e c k e  w e rd e n  zum  S chu tze  

g eg en  d ie  F e u c h t ig k e it  m it  a sp h a lt ie r te n  P a p p s ch ich te n  is o lie r t .  D o rt , w o  

d e r  T u n n e l in s  G ru n d w a s s e r  e in tau ch t, is t  e in e  d u rch g e h e n d e  S o h le  m it 

G ru n d w a s s e r is o l ie ru n g  v o rg e se h e n . D ie  A b m e s su n g e n  s in d  d ie  g le ic h e n  

w ie  b e im  b is h e r ig e n  N e tz , a b g e se h e n  v o n  e in e r  g e r in g e n  E rw e it e ru n g  des 

T u n n e ls  z u r  b e sse re n  U n te rb r in g u n g  v o n  Le itu n g e n .

D ie  B a u g r u b e  w ir d  z w is c h e n  in  2 m  A b s ta n d  e in g e ra m m te n  I -E is e n ,  

je  n ach  d e r T ie fe n la g e  d e r  B a u g ru b e  8 b is  12 m  la n g , au sg eschach te t, 

w o b e i g le ic h z e it ig  d ie  W a n d ę  d e r  B a u g ru b e  z w is c h e n  d en  I - E is e n  m it 

H o lz b o h le n  v e rsch a lt  u n d  d ie  I - E is e n  d u rch  R u n d h ó lz e r  g eg e n e in a n d e r  

a b g e s te ift  w e rd e n .

N e u a r t ig  is t  d ie  e ig e n t lic h e  E r d f d r d e r u n g ;  s ie  g e s c h ie h t  fo lg e n d e r-  

m aBen  (A b b . 3):

A b b .  3.

a rb e ite n  m it te ls  e in e rV e re in ig u n g  v o n  m e c h a n is c h e n H ilfs m it te ln  e r le d ig t , d ie  

a is  n eu a r t ig  a n zu se h en  is t, w e n n  auch  d ie  e in z e ln e n  m e cha n is ch en  H i lf s m it te l 

b e k a n n t s in d . D ie  A u s g e s t a l t u n g  d e s  T u n n e l s  is t d ie  b ekan n te  

(ve rg l. A b b .  2). S ie  b e s te h t aus e in e m  E is e n g e r iis t ,  d essen  s e it l ic h e  

S t iitz e n  e in b e to n ie r t  s in d , so  daB  s ie  a is  E is e n e in la g e n  w irk e n , w a h ren d  

d ie  D e c k e n tra g e r  d u rch  B e to n k a p p e n  m ite in a n d e r  v e rb u n d e n  w e rd e n . D ie

S ch ie n e n  e rfo rd e rt e in e n  A rb e its ra u m , den  d ie  F o rd e rb a n d a n la g e  iib e r-  

b r i ic k t .  D ie  W a h l d e r  S tra fie n b ah n  a is  F ó rd e rm it te i g e schah  m it R iick -  

s ic h t  d a rau f, d aB  d e r U n te rg ru n d b a h n b a u  m e is te n s  d u rch  S traBen  f iih r t, 

d ie  b e re its  e in e  S tra B e n b a h n lin ie  in  ih re r  M it t e  b e s itze n , u n d  w e i l  au f 

d ie s e  W e is e  d ie  B e tr le b s k o s te n  e rh e b lic h  g e r in g e r  a is  b e i e in e r  A b fu h r  

d u rch  P fe rd e -  o d e r K ra ftw a g e n fu h rw e rk e  s in d . D o c h  is t  im m e rh in  d ie

fertige Baugrube 
ausgebahit 

gesteift

E in  G r e i f b a g g e r  Ióst d en  B o d e n  u nd  g ib t  ih n  a u f e in e  b e so n d e rs  

an g e o rd n e te , e tw a  30  m ia n g e  F o r d e r b a n d a n l a g e  ab , au f d e r  d e r  B o d e n  

g le ic h z e it ig  um  e tw a  2,5 m g e h o b e n  w ird . V o n  h ie r  aus g e la n g t  e r in  

S t r a B e n b a h n f o r d e r z i i g e .

D e r  G ru n d  d a fiir , daB  m an a is  B a g g e ra rt e in e n  G re ifb a g g e r  g e w a h lt  

hat, l ie g t  d a r in , daB

1. in fo lg e  d e r o r t lic h e n  V e rh a itn is s e  n u r e in e  F O rd e ru n g  d e r E rd m assen  

au f d e r  S tra B en ob e rfia ch e  in  F ra g e  k o m m t und

2. d e r  U m fa n g  d e r  v o n  dem  B a g g e r  zu  fo rd e rn d e n  La n g s -  u nd  Q u e r-  

b e w e g lic h k e it  u n d  F s h ig k e it  z w is c h e n  den  o b e n g e n a n n te n  R u n d -  

h o lz s te ife n  zu  fo rd e m , n u r  d u rch  e in e n  G re ife r  e rre ich t w e rd e n  kann.

D ie  B a n d a n la g e  is t n o tw e n d ig , w e i l  e in  u n m it te lb a re s  B e la d e n  d e r 

F o rd e r z iig e  d u rch  den  G re ifb a g g e r  s e it l ic h  d e r  B a u g ru b e  au s R a u m m a n g e l 

im  a llg e m e in e n  n ic h t  m ó g lic h  ist. D as V e rs c h ie b e n  d e r  F ó rd e rz iig e  se lb s t 

u n d  das h in te r  ih n e n  n o tw e n d ig e  A u fn e h m e n  des P f la s te rs  u nd  de r

Greifbagger

• Hamburger Hochbahn 
-Heichsbahn

A b b .  1.

D ie  n e u e  L i n i e  v e r ia u ft  in  ih rem  n O rd lich en  T e i l  b is  iib e r  d en  

Is e b e ck k a n a l h ln w e g  o b e r ird is c h  u nd  g eh t n e b e n  d e r  H a lte s te lle  E p p e n -  

d o r fe r  B a u m  d e r R in g l in ie  z u r  U n te rg ru n d b a h n  iib e r .  A is  s o lc h e  v e r l3 u ft 

s ie  im  E p p e n d o r fe r  B a u m  u n d  d e r  R o th e n b a u m ch a u sse e  b is  zum  L o ig n y -  

p la tz  u n d  f i ih r t  w e ite r  u n te r  d em  S tep ha n sp la tz  und  d en  C o lo n n a d e n  nach  

d em  Ju n g fe rn s t ie g . In d e r  s i id o s t lic h e n  E c k e  d e r B in n e n a ls te r  s o l i  e in e  

s e ch sg le is lg e  H a lte s te lle  u n te r d em  W a sse r  a n g e le g t w e rd e n . G e g e n w a r t ig  

w ir d  an d e r S tre cke  n O rd lich  d es  Iseb e ckkana ls  u n d  an de r s i id l ic h  d a v on  

b e le g e n e n  R a m p ę  g eb au t;  fe rn e r  an d e r U n te rg ru n d b a h n s tre ck e  im  Z u g e  d e r  

R o th e nb au m cha u ssee . B e i d ie s e r  U n te rg ru n d b a h n b a u s te lle  w e rd e n  d ie  E rd -
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A b b .  4.

V e rw e n d u n g  d e r  le tz tg en a n n te n  F a h rz e u g e  au ch  b e i d e r  b e s te h e n d e n  

A n la g e  te ch n is ch  m o g lich .

D e r  G r e i f b a g g e r  (A b b . 4) b e s te h t au s fo lg e n d e n  T e ile n :  E in e  fahr- 

b a re  B i ih n e  v o n  9,5 m S t iitzw e ite , d ie  a u f S ch ie n e n  m it  Q u e rs c h w e lle n -  

u n te r la g e  au B e rha lb  d e r b e id e n  R a m m tra g e rre ih e n  la u ft, i ib e rb r i ic k t  d ie

A b b .  5.

B a u g ru b e  d e r  B re ite  nach . S ie  is t  in  d e r  L a g e , K u rv e n  b is  z u  150 m 

H a lb m e s s e r  zu  d u rch fah re n . A u f  d ie s e r  B i ih n e  b e w e g t  s ic h  q u e r  z u r  

B a u g ru b e n a ch se  d e r  U n te rw a g e n , a u f d ie s e m , um  3 6 0 °  d re h ba r, d e r  

O b e rw a g e n  m it d em  e ig e n t lic h e n  A u s le g e r ,  d em  G re ife rk o rb  u n d  d e r 

M a s ch in e n a n la g e . D e r  G re ife rk o rb  h a t 0,8 m 3 In h a lt  u n d  kann  f i ir  s chw e ren

B o d e n  m it b e so n d e rs  la n g e n  S c h n e id z iih n e n  a u sg e r iis te t w e rd e n . D ie  

R o lle n h o h e  d es  A u s le g e rs  b e tra g t 6,50 m iib e r  S .-O ., d ie  A u s la d u n g  5  m, 

d ie  in  b e so n d e re n  F a l le n  b is  au f 6 m  v e rg ró B e rt w e rd e n  kann . D ie s e  

v e rh a itn ism a f iig  g e d ru n g e n e n  M a G e  s in d  n o tw e n d ig  m it  R i ic k s ic h t  a u f d ie  

b e id e rs e it s  d e r  B a u g ru b e  s te h en d e n  A lle e b a u m e ,  d ie  a u f d em  grO Bten  

T e i l  d e r  n eu en  L in ie  a n g e tro ffe n  u nd  g e s c h o n t w e rd e n  m iis se n , s o w ie  

m it R i ic k s ic h t  au f d ie  v o rh a n d e n e  O b e r le it u n g  d e r  S traG enbahn . D a  d e r  

B e tr ie b  v ie r  v e rs c h ie d e n e  B e w e g u n g sa r te n  des G re ifb a g g e rs  e r fo rd e r lic h  

m ach t, w o v o n  z e itw e is e  d re i g le ic h z e it ig  a u szu f iih re n  s in d , hat es s ic h  a is  

zw e c k m a B ig  e rw ie s en , d ie  B e d ie n u n g  d u rch  z w e i L e u te  d u rch zu f iih re n . 

V o n  d ie s e n  b e d ie n t d e r  e ig e n t l ic h e  B a g g e r f iih re r  das S e n ke n , S ch lie B e n , 

H e b e n  d es  G re ife rk o rb e s  u n d  D re h e n  d es  O b e rw a g e n s , w a h re n d  e in  z w e ite r  

M a n n  d ie  La n g s -  u n d  Q u e rb e w e g u n g e n  des G re ife rs  s teuert. D ie  th e o re t is ch e  

B a g g e r le is tu n g  b e trag t 30  b is  35  m 8/Std . D ie  w ir k l ic h e  L e is tu n g  is t  natu r- 

g em aB  v o n  d e r  A r t  d e s  B o d e n s  u n d  v o n  d en  a n g e tro ffe n e n  H in d e rn is s e n

(a lten  u n d  im  B e tr ie b e  b e f in d lic h e n  S ie le n ,  G as-, W asse r-, E le k t r iz ita ts -

le itu n g e n , F in d l in g e n  und  derg l.)  a b h a n g ig .

D e r  A n t r ie b  d ie s e s  G e ra te s  is t e le k tr is ch , u n d  z w a r  w ir d  d e r S trom  

d em  v o rh a n d e n e n  N e tz  d e r  S traG enbahn  in  e in e r  S p ann u ng . v o n  550  V  

e n tn o m m en . D e r  G re ifb a g g e r  is t v o n  d e r  F irm a  K a m p n a g e l E is e n w e rk  

(vo rm . N a g e l &  K a e m p )  A .  G ., H a m b u rg , g e lie fe r t  w o rd e n , d ie  ih re r-  

se its  d ie  L ie fe ru n g  d es  G re ife rk o rb e s  u nd  d es  W in d w e rk s  d e r  F irm a  

M e n c k  &  H a m b ro c k  G .  m . b. H ., A lto n a -O tte n se n ,  i ib e r t ra g e n  hat.

D ie  F ć j r d e r b a n d a n l a g e  (A b b . 3, 5 u. 7) b e s te h t aus e in e r  A u f-  

g ab e sch u rre  u n d  d re i fa h rb a ren  B an d trag e rn . B a n d t ia g e r  1 u n d  II tragen  

je  e in  B an d , d e r  B a n d tra g e r III d ie  B a n d e r  III u n d  l i la .  D e r  In h a lt  des 

G re ife rk o rb e s  c w ir d  a u f e in e  g e n e ig te  S ch u rre  d 
v o n  e tw a  2  X  2  m  F la c h e n in h a lt  e n t le e rt u nd  von  

h ie r  aus d u rch  z w e i A rb e it e r  a u f d a s  am  n ie d r ig s te n  

l ie g e n d e  B a n d  I gestoG en . D a s  B a n d  I g ib t  den  

B o d e n  au f d a s  e tw a s  hO her lie g e n d e  B a n d  II ab  u n d  

d ie s e s  au f das n o ch  h o h e r  l ie g e n d e  B a n d  III. V o n  

h ie r  f a i lt  das B a g g e rg u t a u f das w a g e re ch t l ie g e n d e ,

um  180 ° s c h w e n k b a re  B a n d  III a. D a s  B a n d  l i l a  kann

s e it l ic h  n ach  l in k s  o d e r  re ch ts  g e s c h w e n k t  w e rd e n  

u n d  is t so  l io c h  an g e o rd n e t, d aB  d ie  F o rd e r z iig e  u n te r

ih m  h in d u rc h fa h re n  k o n n e n , u n d  so  lang , d aB  es d ie

a u f z w e i G le is e n  n e b e n e in a n d e r  s teh en d e n  F o rd e r z iig e  

b e s tre ic h e n  kann . D ie  F o rd e r z iig e  fa h re n  a ls o  s e it l ic h  

d e r B a n d a n la g e  au f. W a h re n d  d e r  B e la d u n g  a u f d em  

e in e n  G le is  k a n n  d e r  L e e r z u g  au f d em  an d e ren  G le is  

e in fa h ren . D a s  F O rd e rb a n d  I l i a  w ir d  nach  F u l lu n g  des 

e rs ten  Z u g e s  o hn e  U n te rb re c h u n g  d e r  B a g g e ra rb e it  

g e s c h w e n k t ,  so  daB  d e r  B o d e n  in  den  b e re its teh en -  

d e n  L e e r z u g  fg g  fa l le n  kann.

D ie  F O rd e rb a n d e r  b e s te h e n  zum  T e i l  aus v ie r fa ch e n  

B a u m w o llb a n d e rn  m it  G u m m ie in la g e n  u n d  e in e r  2 m m  

s ta rken  G u m m id e c k e  a u f d e r  FćSrderse ite  u nd  e in e r  

1 m m  sta rken  G u m m id e c k e  a u f d e r  L a u fs e ite ;  n euer- 

d in g s  w e rd e n  B a n d e r  v e rw e n d e t ,  d ie  aus e in e m  

w a ss e ra b w e ise n d  g e tra n k te m  B a u m w o llk e rn  m it  d en  

e n tsp re ch en d e n  G u m m ia u fla g e n  b es tehen . D e r  A n t r ie b  g e s c h ie h t  so , d aB  

das b e la d e n e  B a n d  g e zo g e n  w ird .

J e d e r  B a n d tra g e r  b e s te h t aus e in e r  E is e n fa c h w e rk k o n s t ru k t io n  m it  je  

e in e m  P a a r  g roB e r, b re ite r  L a u fra d e r  u n d  e in e m  k le in e re n  P a a r  S teuer- 

rader. D ie  B a n d e r  w e rd e n , d em  B a g g e r fo r ts ch r it t  e n tsp re ch en d , d u rch - 

s c h n it t lic h  ta g lic h  e in m a l v o rg e fa h re n ;  a is  A n t r ie b  d ie n t  d e r  B a n d n io to r  

n a ch  B e ta t ig u n g  e in e r  K u p p lu n g .  D e r  z u m  A n t r ie b  e r fo rd e r lic h e  S trom  

w ird  g le ic h fa l ls  d em  S t ra f ie n b a h n o b e r le itu n g sn e tz  e n tn o m m e n . D ie  g a n ze

Abb. 6. Abb. 7.
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F O rd e rb a n d a n la g e  is t so  k ra ft ig  g eb au t, daB  s ie  d en  w e c h s c ln d e n  A n -  

s p r iic h e n , a u ch  b e i schw e rs tem  u nd  nassem  B o d e n , g e n iig t.

D ie  v e r\v en d e te n  S t r a f i e n b a h n f O r d e r z i i g e  (A b b . 6  u. 7) s te lie n  

g le ic h fa lls  e in e  te ch n is ch e  N e u e ru n g  dar. S ie  b es teh en  aus e in e m  M o to r-  

w a g e n  u n d  z w e i A n h a n g e rn . D ie s e  W a g e n a n z a h l e n ts p r ic h t d en  iib l ic h e n  

S tra C e nb ah nm o to rs ta rk en . J e d e r  W a g e n  trag t e in  FO rde rge fa fi, das nach  

dem  G ru n d sa tz e  d es  S e lb s tk ip p e rs  g e b a u t ist. Im  v o r lie g e n d e n  F a l i  is t 

e in e  g ro f ie  M u ld ę  g e w a h lt  w o rd e n , d ie  es zu la fit, a u ch  nassen  B o d e n  zu  

fo rd e m , o h n e  d a fi d ie  S tra fie n  b e sch m u tz t w e rd e n , w a s  m an  b e i K a s ten - 

k ip p e rn  in fo lg e  d e r S e ite n - o d e r  B o d e n k la p p e n  n ic h t  e rw a rten  darf. D ie  in  

Z u sa m m e n a rb e it  zw is c h e n  d e r  H a m b u rg e r  H o c h b a h n  A k t ie n g e se lls c h a ft  

u n d  d e r F irm a  F r ie d .  K ru p p ,  E s s e n ,  k o n s tru ie rten  M u ld e n k ip p e r  be- 

s itz e n  a is  A u f  h a n g e v o rr ic h tu n g  d ic  y o n  K ru p p  b e i ande ren  W a g e n  b e re its  

a n g e w a n d te  S c lie re n k o n s tru k t io n . H ie rd u r c h  w a r  es m O g lic h , d ie  M u ld ę  

so  t ie f z u  la g e rn , da fi d ie  H o h e  d es  S ch w e n k b a n d e s  I l ia  d e r  FO rd e rb a n d 

a n la g e , das i ib e r  d ie  F O rd e rw a g e n  h in w e g  s c h w e n k e n  m u fi,  in  G re n z e n  

b le ib t ,  d ie  s ich  m it  d e r  O r t l ic h k e it  (A lle e b a u m e , O b e r le itu n g ,  B ru ck e n  Usw.) 

v e rtragen . Im  iib r ig e n  is t  d ie  M u ld ę  in  V e rb in d u n g  m it d e r  S ch e re  so 

g e b a u t ,  d a fi s ie  s ich  im  g e f i i l l t e n  Z u s ta n d e , w ie  au ch  im  g e le e r te n  ge- 

k lp p te n  Z u s ta n d e  je w e ils  im  la b ile n  G le ic h g e w lc h t  b e f in d e t. S o w o h l b e i 

d e r  F i i l lu n g  a is  a u ch  n ach  d e r  E n t le e ru n g  im  g e k ip p te n  Z u s ta n d e  w ird  

d ie  M u ld ę  d u rch  e in e  b e so n d e re  T o tp u n k tv e r r ie g e Iu n g  fe s tge h a lte n . D ic  

M u ld ę  w ir d  je w e ils  d u rch  n u r  e i n e n  M a n n  m it te ls  e in e s  H a n d g r if fs  ent- 

r ic g e lt ;  s ie  e n t le e r t  s ich  h ie ra u f s e lb s tta t ig  u n d  r ich te t  s ich  v o n  se lb s t 

w ie d e r  au f. D ie  M u ld ę  des T r ie b w a g e n s  fa fit 4 m 3, d ie  M u ld ę  e in e s  

A n h a n g e w a g e n s  5  m 3, g e s tr ich e n  v o l l  g em e sse n .

D ie  g e sam te  A n la g e  h a t s ic h  u n te r  re ch t u n g iin s t ig e n  V e rh a ltn is s e n  

g u t  b e w a h rt. E s  w u rd e  g a n z  z a h e r L e h m  u n d  se h r fe s te r M e rg e l b e i

u n g iin s t ig e n  W it te ru n g s v e rh a ltn is s e n  g eb ag g e rt u n d  g e fO rd e rt, o hn e  da fi 

S tO rungen  g ru n d s iitz lic h e r  A r t  a u fg e tre ten  s ind . B e i le ich te re m  B o d e n  w e rd e n  

T a g e s le is tu n g e n  b is  z u  700 m 3 B o d e n  (in  fes te r M a s se  g em essen) e rz ie lt , 

w a s  e in em  ta g lic h e n  F o r ts ch r it t  v o n  rd. 14 lfd .  m  B a u g ru b e  en tsp r ich t,

D ie s e r  n e u a rt ig e  B a u v o rg a n g  e rm o g lic h t  n u n ,  d ie  e in z e ln e n  A rb e it s -  

v o rg a n g e ,  d ie  z u r  H e r s t e l lu n g  d es  T u n n e ls  n o tw e n d ig  s in d ,  z e it l ic h  und  

ra u m lic h  v e rh a ltn is m a f iig  k u rz  h in te re in a n d e r  fo lg e n  zu  la ssen . E s  w ir d  

d a h e r s o w o h l an  B a u z e it  a is  au ch  an L a n g e  d e r  je w e il ig e n  B a u g ru b e  ge- 

spart. V e r g l ic l ie n  m it  d e m  f r i ih e r  a n g e w a n d te n  B a u v e r fa h re n  is t  d ie se  

E rs p a rn is  so g a r s e h r e rh e b lic h . D a m it  H a n d  in  H a n d  g e h t  n a tu rg e m a fi e in e  

w e s e n t l ic h e  V e r b i l l ig u n g  d es  E rd a u sh u b e s  u nd  d e r  A b fu h r ;  b e so n d e rs  b e i 

d en  a n g e tro ffe n e n  s c h w e re n  B o d en a rte n  w a re n  d ie s e  w e s e n t l ic h  te u re r  

g e w o rd e n , w e n n  m an  d en  B o d e n  nach  d em  fr iih e re n  V e r fa h re n  g e fo rd e rt , 

d. h. m it H a n d  a u sg e sch a ch te t, in n e rh a lb  d e r  B ą u g ru b e n  m it  K ip p w a g e n  

v e r fa h re n , an e in e r  b e s t im m te n  S te lle  d u rch  e in e  W in d ę  g e h o b e n  und  

d u rch  F u h rw e rk e  a b g e fa h re n  hatte .

A u c h  in  o rg a n isa to r is ch e r  H in s ic h t  is t  d ie  V e rw e n d u n g  d ie s e r  E in 

r ic h tu n g  b e m e rk en sw e rt. D a  z u  d e r  B e d ie n u n g  d e r  A n la g e  e in e  g e s c h u lte  

B e lc g s c h a f t  n o tw e n d ig  ist, d ie  d ie  E ig e n h e lte n  d e r  A n la g e  k e nn t, so hat 

s ic h  d ie  H a m b u rg e r  H o c h b a h n  A k t ie n g e s e lls c h a ft  e n ts ch lo s se n , d ie sen  

B e tr ie b  m it e ig e n e n  L e u te n  a u szu fiih re n . D ie  A r b e it  d es  B a u u n te rn e h m e rs  

se tz t u n m it te lb a r  h in te r  d em  B a g g e r  e in ,  u nd  z w a r  m it d em  ą u e rschn itt-  

m a fiig en  N a c h a rb e ite n  d e s  B o d e n s  an  d en  W a n d e n  u nd  d e r  S o h le , s o w ie  

m it  d e r  A u s b o h lu n g  u n d  d e r  A u s s te ifu n g .  G le ic h fa l ls  h a t d e r  U n te r-  

n e h m e r  d ie  B a g g e r t ie fe  a n zu g e b e n  u n d  is t  ftir d ie  S ic h e rh e it  g e g e n  Be - 

s c h a d ig u n g e n  u n d  E in s tu r z ,  d ie  ja  in  e rs te r L in ie  v o n  d em  re ch tz e it ig e n  

u n d  g e n iig e n d e n  A u s b o h le n  u n d  A b s te ife n  a b han g e n , v e ra n tw o rt ! ic h .

D ie s e  g e m is ch te  B e tr ie b s w e is e  hat s ic h  b is la n g  g u t  b ew ah rt.

Uber einige grundsatzliche Fragen bei der Konstruktion gewóibter Brucken.
a i ic  Rccjiic vorbeiiaH cn. Y o r t ra g , g e h a lte n  au f d e r  30. H a u p tv e rs a m m lu n g  d e s  D e u ts ch e n  B e to n -V e re in s ,  am  18. M a r z  1927.

V o n  P ro f. S p a n g e n b e r g ,  M iin c h e n .

A u f  d e r  27. H a u p tv e rs a m m lu n g  d es  D e u ts ch e n  B e to n -V e re in s  1924 

h a b e  ich  in  e in e m  Y o r t r a g e 1) i ib e r  „E is e n b e to n b o g e n b r iic k e n  f i ir  g ro fie  

S p a n n w e ite n "  v e rs ch ie d e n e  P ro b le m e  d es  W O lb b ru ck e n b a u e s  b e h a n d e lt, 

d ie  z w a r  e in  e rh e b lic h e s  In te resse  u n d  e in e n  b e so n d e re n  R e iz  f i ir  d en  

B a u in g e n ie u r  h a b e n , d ie  je d o ch  ih re r  N a tu r  n a ch  v e rh a itn is m a f iig  se ite n  

b e i B a u a u fg a b en  an ih n  heran tre ten . D ie  fo lg e n d e n  M it t e i lu n g e n  be- 

z ie h e n  s ich  a u f G e w O lb e  n o rm a le r  S p a n n w e ite ,  b is  e tw a  50  m , a lso  

a u f B r i ic k e n b a u te n ,  d ie  g e ra d e  je tz t  b e im  A u s b a u  u n se re r  W a sse rw e g e , 

b e i d e r  V e rb e s s e ru n g  u n se re s  S tra fie n ne tzes  u nd  b e i d e r  a llm a h lic h e n  

E le k t r ls ie ru n g  u n se re r  B a h n e n  in  g ro f ie r  Z a h l a u szu f iih re n  se in  w e rd e n . 

Ich  b e sch ra n ke  m ich  d a b e i a u f g e w O lb te  B ru ck e n  au s B e t o n ,  da  M a u e r 

w e rk  ja d e r  h oh e re n  K o s te n  w e g e n  a is  B a u s to ff f i ir  B r i ic k e n g e w o lb e  b e i 

uns n u r  n o ch  in  A u sn a h m e fa lle n  v e rw e n d e t  w ird ;  fe rn e r  s in d  v o lle ,  n ich t 

in  R ip p e n  au fg e lO ste  T o n n e n g e w O lb e  vo rau sgese tz t.

E s  s in d  v o rn e h m lic h  z w e i  g ru n d s a tz lic h e  F ra g e n , d ie  b e i je d e m  E n t

w u r f  e in e s  B ru ck e u g e w O lb e s  aus B e to n  an den  K o n s tru k te u r  he ran tre ten :

1. S o l i  d e r  B o g e n  m i t  G e l e n k e n  o d e r  o h n e  s o l c h e  a u s g e 

f u h r t  w e r d e n ?  u nd

2. s o l i  d a s  G e w O l b e  e i n e  E i s e n b e w e h r u n g  e r h a l t e n  o d e r  

n i c h t ?

M a n  da rf w o h l je tz t  a is  a llg e m e in e  A n s c h a u u n g  fe s ts te lle n , da fi m an 

f i ir  je d e s  w ic h t ig e re  B e to n g e w O lb e  m in d e s ten s  e i n e s  d ie s e r  b e id e n  kon- 

s t ru k t iv e n  H i l f s m it te l a n w e n d e n  m u fi; M e in u n g sv e rs ch ie d e n h e ite n  bes tehen  

n u r  iib e r  ih re  z w e c k m a fi ig e  A u s w a h l u nd  in sb e so n d e re  i ib e r  ih re  g l e i c h -  

z e i t i g e  A n w e n d u n g .

A b b .  1. E in g e s p a n n te r  B o g en  e in e r  S tra fle n b r iic k e  au s B ru ch s te in -  

m a u e rw e rk , Y e rk e h rs la s t  p =  500  k g /m 2.

W e n n  m an ch e  In g e n ieu re , im  H in b l ic k  au f d ie  g ro f ie n  L e is tu n g e n  im  

S te in b r t ic k e n b a u , s ich  g e g e n  d ie s e  H i l f s m it te l u nd  n a m e n t lic h  g e g e n  d ie  

G e le n k e  a b le h n e n d  v e rh a lte n ,  so  is t  d a rau f h in z u w e is e n ,  d a fi B e to n  ge- 

w is se  a n d e re  M a te r ia le ig e n s ch a fte n  b e s itz t  a is  M a u e rw e rk ,  w o d u rch  in

J) V e rg l.  d ie  V e r0 ffe n t l ic h u n g  „E is e n b e to n b o g e n b r iic k e n  f i ir  g ro fie  
S p a n n w e ite n ” , B e r l in  1924, Y e r la g  v o n  J u l lu s  S p r ing e r.

T a b e l l e  1.

Y e r g le ic h  z w is c h e n  B ru ch s te in g e w O lb e  u nd  B e to n g e w O lb e .

M a u e rw e rk B e to n

e 8 0  0 0 0  k g /cm 2 2 1 0  0 0 0  k g /cm 2

Ci 0 ,8  • 10  5 1,0- 10 5

t —  1 0 ° —  2 5 °

E k i —  6 ,4 —  5 2 ,5

l ’ -t —  1.51 t —  12 ,33  t

=  1 cni —  4 ,1 7  t —  10 ,9  t

e in e m  e in g e sp a n n te n  B o g e n  aus B e to n  e rh e b lic h  u n g iln s t ig e re  B ean - 

sp ru ch u n g e n  e n ts te h e n , a is  in  d em  g le ic h e n  G e w O lb e  aus B ru ch s te in -  

m au e rw e rk . A b b .  1 s o w ie  T a b e lle  1 u. 2 z e ig e n  d ie s e n  U n te rs c h ie d  an 

e in e r  S tra B en b ru ck e  v o n  45  m S p a n n w e ite  und  '/5 S t ich . D ie  B e re c h n u n g  

is t  n a ch  d e r E la s t iz ita ts th e o r ie  d u rch g e f iih r t ,  w o b e i d ie  G re n z w e r te  d e r  

R a n d sp a n n u n g e n  aus V e rk e h r ,  w ie  iib r ig e n s  an a lle n  fo lg e n d e n  B e is p le le n , 

m it H i l f e  d e r  E in f lu B l in ie n  f i ir  d ie  K e rn p u n k tm o m e n te  e rm it te lt  s ind .

Z u n a ch s t is t  das E la s t iz ita ts m a fi d es  B e to n s  w e se n t lic h  g ro f ie r  a is  

das v o n  B ru ch s te in m a u e rw e rk . F i i r  d ie s e s  is t  h ie r  e in  M it t e lw e r t  v o n  

8 0 0 0 0  k g /cm 2 a n g e n o m m e n 2), f i ir  B e to n  2 1 0 0 0 0  kg /cm 2, o b w o h l g u te r  

G e w o lb e b e to n  m e is t e in e n  n o ch  h oh e re n  W e r t  v o n  E  h a b e n  w ird . D ie  

W a n n e d e h n u n g s z a h l «  is t  b e i B e to n  n u r  w e n ig  g ro f ie r  a is  b e i M a u e rw e rk ,  

d a g e g e n  is t  f i ir  B e to n  e in e  um  15 0 h o h e re  T e m p e ra tu ra b n a h m e  e in g ese tz t, 

um  d e n  E in f lu f i  d es  S c h w in d e n s  z u  b e r iic k s ic h t ig e n . B e i M a u e rw e rk  ist 

d ie s e r  E in f lu f i  u n e rh e b lic h , e r au fie rt s ic h  im  w e se n t lic h e n  n u r in  d em  

Z em en tm O rte l d e r  F u g e n , b e i B e to n  ist d a s  S c h w in d m a fi n ach  B e o b a c h 

tu n g e n  an a u sg e fiih r te n  B r iic k e n b a u te n  im  a llg e m e in e n  grO fiC r a is  d e r  in  

d en  a m tlich e n  E is e n b e to n b e s t im m u n g e n  v o rg e sch r ie b e n e  u n d  au ch  hie'r 
15

b en u tz te  W e r t  v o n  ; in  d e r  S c h w e iz  ist z. B. d ie  B e ru c k s ic h t ig u n g

25
e in e s  S c h w in d m a fie s  v o n  • ve r la ng t. D ie  S p a n n u n g en  in fo lg e  T e m p e -

ra tu re rn ie d r ig u n g  u n d  S c h w in d e n  s in d  d em  W e r te  E «t p ro p o rt io n a l und  

a ls o  b e i d em  B e to n g e w O lb e  m in d e s te n s  a c h lm a l g rO fie r a is  b e i d em  

g le ic h e n  G e w O lb e  in  M a u e rw e rk .  A u c h  g e g e n  W id e r la g e rv e rs ch ie b u n g e n  

is t das B e to n g e w O lb e , e n tsp re ch en d  d em  g ro f ie ren  /;, zw e i-  b is  d re lm a l 

so  e m p f in d lic h  a is  d e r  g em a u e rte  B o g en . (V e rg l.  d ie  W e r te  v o n  H  f i i r

S =  1 cm  in  d e r le tz te n  Z e i le  d e r  T a b e l le  1). O h n e  B e ru c k s ic h t ig u n g  d ie se s  

E in f lu s s e s  w ir k t  s ic h  d e r U n te rs c h ie d  in  d en  M a te r ia le ig e n s ch a fte n  nach

2) A u s  d en  S ch e ite ls e n k u n g e n  des P u rk e rs d o r fe rs  Y e r s u c h s g e w O lb e s  
(B ru ch s te in m a u e rw e rk  au s S andste in ) w u rd e  £ = =  67 000  kg /cm 2 b e re chn e t;  
M e l a n  e m p f ie h it  a is  D u rc h s ch n it tsw e r t  f i i r  B ru ch s te in m a u e rw e rk  £ = i 5 0 0 0 0  
b is  7 0 0 0 0  k g /cm 2, S c h a e c h t e r l e  5 0 0 0 0  b is  150000  k g /cm 2.
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T a b e l l e  2.

G re n z w e r te  d e r  R a n d sp a n n u n g e n  in  k g /cm 2 

(ohne  W id e r la g e ry e rs ch ie b u n g ) .

M a u e rw e rk B e to n

S c h e ite l
K iim p fe r

+ 23,1 
+ 0,0

+ 4,9 
+ 26,6

+ 33,9 
— 19,6

—  7,8 
+ 44,2

T a b e l le  2  w ie  fo lg t  b e i d en  G re n zw e r te n  d e r  R a n d sp a n n u n g e n  au s: W a h re n d  

in  d em  g em a u e rte n  B o g e n  e in e  g rO fite  D ru c k sp a n n u n g  v o n  26,6  k g /cm 2 

u nd  n och  k e in e  Z u g sp a n n u n g  a u ft r it t ,  e rh a lt  m an  im  B e to n g e w o lb e  e in e  

D ru c k sp a n n u n g  v o n  44,2  k g /cm 2 u n d  e in e  Z u g sp a n n u n g  v o n  19,6 k g /cm 2. 

D a s  G e w O lb e  n ach  A b b .  1 w a re  a ls o  in  B ru c h s te in m a u e rw e rk  a tis f iih rb a r, 

d ag e g en  n ic h t  a is  g e le n k lo s e s  B e to n g e w o lb e  o h n e  B e w e h ru n g . B e kan n t-  

lic h  w e rd e n  d ie  Z u g sp a n n u n g e n  um  so  g ro fie r, je  f la c h e r  das G e w o lb e  

w ird ;  a b e r au ch  b e i n och  s te ile re n  B e to n g e w O lb e n  k o m m t m an b e i den  

je t z t  i ib l ic h e n  V e rk e h rs la s te n  n ic h t  o h n e  Z u g sp a n n u n g e n  aus.

E s  s teh en  n un  d re i W e g e  f i i r  den  K o n s tru k te u r  o ffe n : 1. d ie  Z u g 

sp a n n u n g e n  im  e in g e sp a n n ten  G e w O lb e  d u rch  e in e  E is e n b e w e h ru n g  auf- 

z u n e h m e n  o d e r  2. im  s ta tis ch  b e s t im m te n  u n b e w e h r te n  D re ig e le n k b o g e n .  

d ie  Z u g sp a n n u n g e n  au szu sch a lte n  o d e r  3. d u rch  E in b a u  v o n  G e ie n k e n  

d ie  Z u g sp a n n u n g e n  zu  v e rr in g e rn  u n d  g le ic h z e it ig  e in e  —  n un  w e se n t

l ic h  g e r in g e re  —  B e w e h ru n g  a is  im  g e le n k lo s e n  B o g e n  a n zu o rd n e n . D e r  

e rste  W e g  f i ih r t  o ft, n a m e n t lic h  b e i f la ch e n  G e w o lb e n  o d e r  b e i g ro f ie r  

V e rk e h rs la s t  z u  se h r k ra ft ig en  u n d  u n w ir t s c h a f t lic h e n  B e w e h ru n g e n ;  er 

h a t a u fie rd em  g a n z  z u v e r ia s s ig e n  B a u g ru n d  z u r  V o ra u sse tz u n g . So  ve r- 

lo c k e n d  d e r  z w e ite  W e g , d e r  D re ig e le n k b o g e n  o h n e  B e w e h ru n g , e rsch e in t, 

so  e rg ib t  e r d o ch , w ie  w e ite r  u n ten  g e z e ig t  w ird , h a u f ig  N a c h te ile ,  so  da fi 

s ich  d e r d r it te  W e g , d ie  K o m b in a t io n  v o n  G e ie n k e n  u n d  B e w e h ru n g , n ich t  

se lte n  a is  b e s te  LO su n g  e rw e is t.

U b e r  d ie  s ta tis chen  und  k o n s tru k t iv e n  V o r z i ig e  d e r  G e le n k e  b ra u ch t 

m an  h eu te  b e i u n s  k e in  W o r t  m e h r  z u  v e r lie re n . W e rd e n  d o ch  in  D e u ts c h 

la n d  G e le n k e  in  g e w O lb te n  B r i ic k e n  m e h r  a is  a n d e rsw o  b e v o rz u g t  u n d  ist 

d o ch  g e rad e  h ie r  d ie  K o n s tru k t io n  d e r v e rs ch ie d e n e n  G e le n k a r te n  in  m uster- 

g i i l t ig e r  W e is e  d u r c h g e b ild e t  w o rd e n . W o h l a b e r l ie g t  d ie  F ra g e  nahe , w a ru m  

in  D e u ts ch la n d , im  G e g e n s a tz  z u m  A u s la n d e ,  g e rad e  d e r  u n b e w e h r t e  

D re ig e le n k b o g e n  aus S tam p fb e to n  w e ita u s  am  h a u fig s te n  a is  A u s fu h ru n g s -  

fo rm  f i ir  g e w O lb te  B r i ic k e n  a n g e w a n d t w o rd e n  ist. Ich  g la u b e , d a fi s ich  

d ie s  u n g e zw u n g e n  au s d e r  g e s c h ic h t lic h e n  E n tw ic k lu n g  e rk la ren , lafit. 

A is  K O p c k e  1880 d ie  G e le n k e  in  g e w O lb te n  B r i ic k e n  e in f iih r te , w a r  d e r  

E is e n b e to n b a u  in  D e u ts ch la n d  n o ch  u n b ek a n n t, w o h l a b e r g ab  es d am a ls  

b e i u n s  b e re its  e in e  h o c h e n tw ic k e lte  B e to n in d u s tr ie .  D ie s e  g r i f f  d ic  

M O g lic h k e it ,  m it  H i l f e  d es  D re ig e le n k b o g e n s  zu g sp a n n u n g s fre ie  G e w O Ib e  

zu  b a u cn  u nd  d a m it d em  S ta m p fb e to n  e in  g ro f ie s  B e ta t ig u n g s fe ld  zu  

e rs ch lie fie n , ta tk r iif t ig  au f, u nd  n a m e n t lic h  d ie  F irm e n , d ie  Z e m e n tw a re n -  

fa b r ik e n  u n d  d a d u rch  e in e n  S tan im  g e s c h u lte r  F a c h a rb e ite r  b esa fie n , w ie  

D y c k e rh o f f  &  W id m a n n , H iis e r ,  W in d s c h i ld  &  L a n g e lo t t ,  e n tw ic k e lte n  d ie

T e c h n ik  d es  D re ig e le n k b o g e n s  aus S tam p fb e to n  zu  h o h e r  V o l le n d u n g .  

A u c h  a is  d e r  E is e n b e to n b a u  s ich  in  D e u ts ch la n d  au sb re ite te , h ie lt  m an  

an  d ie s e r  b e i z a h lre ic h e n  B a u te n  e rp ro b te n  A u s f i ih ru n g s fo rm  fest. N ic h t  

n u r  b e i d en  F irm e n , so n d e rn  au ch  b e i d en  B a u v e rw a ltu n g e n ,  b e so n d e rs  

b e i d en  E is e n b a h n b e h O rd e n ,  b e s ta n d  e in e  sta rkę  A b n e ig u n g  g eg e n  d ie  

A n w e n d u n g  des E is e n b e to n s  im  B r iic k e n b a u , w a s  a n g e s ich ts  d e r  fe h le n d e n  

E r fa h ru n g e n  i ib e r  d as  V e rh a ! te n  d e r  n e u e n  B a u w e is e  u n te r  d en  w e ch s e ln d e n  

B e a n sp ru ch u n g e n  d e r  V e rk e b r s la s te n  a n fan g s  d u rch a u s  b e g re if l ic h  w ar. 

A u c h  e in e  U b e rs ch a tz u n g  d e r  E ig e n s ch a fte n  d es  e rd fe u ch te n  S tam p f- 

b e to n s  im  B a u w e rk  —  a u f G ru n d  d e r  F e s t ig k e its e rg e b n is s e  d e r  W iir fe l-  

p ro b e  —  b e g iin s t ig te  d ie se  E n tw ic k lu n g  u nd  f iih r te  z u r  A b le h n u n g  des 

im  E is e n b e to n b a u  n o tw e n d ig e n  p la s t is ch e n  B e ton s . D ie  w e itg e h e n d e  

B e v o rz u g u n g  d es  u n b e w e h r te n  D re ig e le n k b o g e n s  re ich t  b is  in  d ie  n eu es te  

Z e it;  d ie  70  m  w e it  g e sp a n n te  S ta m p fb e to n b r iic k e  i ib e r  d as  W a h n b a ch ta l,  

i ib e r  d ie  1926 in  d e r  H a u p tv e rs a m m lu n g  d es  D eu ts ch e n  B e to n -V c re in s  

b e r ic h te t  w u rd e , d a rf w o h l a is  d e r  H o h e p u n k t  d ie s e r  E n tw ic k lu n g ,  v ie l le ic h t  

a b e r au ch  a is  ih r  E n d p u n k t ,  b e z e ic h n e t  w e rd e n .

G e ra d e  in  d cm  V o r t ra g e  i ib e r  d ie se s  b e d e u tsa m e  u nd  m it b e so n d e re r  

S o rg fa lt  a u sg e f iih r te  B a u w e rk  s in d  a n s ch lie fie n d  an d en  F le n s b u rg e r  B r iic k e n -  

e in s tu rz  u n d  an b e s t im m te  F ra g e s te llu n g e n  v o n  R e ic h sb a h n ra t B l u n c k  

d u rch  R e g ie ru n g sb a u m e is te r  S c h m i d t 3) g e w is s e  B e d e n k e n  g eg en  d ie  

B e w e h ru n g  v o n  G e w o lb e n  g e a u fie rt w o rd e n , d ie  ic h  n ach  m e in e n  E r fa h 

ru n g e n  n ic h t  z u  te ile n  ve rm ag . In sb e son d e re  s o lle n  d ie  E is e n e in la g e n  

d ie  H e r s t e llu n g  d es  G e w o lb e s  in  L a m e lle n  e rs ch w e ren , u n te r  U m s ta n d e n  

sog a r u n m O g lich  m achen . Ich  h a b e  G e le g e n h e it  g en om m e n , d ie s e  F ra g e  

b e i e in em  B r i ic k e n b a u ,  d e r  im  v e rg a n g e n e n  Ja h re  un te r m e in e r  M itw ir k u n g  

au sg e fu h rt w u rd e , p ra k t is ch  zu  p r i ife n . D a m it  d ie  F o rm a n d e ru n g e n  des 

L e h rg e r iis te s  u nd  d ie  a n fa n g lic h e n  S c h w in d u n g e n  des B e to n s  v o r  s ich  

g e h e n  k o n n e n , b e v o r  g ro f ie re  zu s a m m e n h a n g e n d e  T e i le  d es  G e w o lb e s  

v o rh a n d e n  s in d , o rd n e t m an  d ie  L a m e lle n e in te i lu n g  ja  m e is t so  an, d a fi 

zu e rs t d ie  fre ie  L a n g e  d e r  K ra n zh O lz e r  des L e h rg e r i is te s  b e la s te t  w ird  u nd  

d a zw is ch e n  L i ic k e n  i ib e r  d en  U n te rs t iit z u n g sp u n k te n  d e r K ra n z h O lz e r  aus- 

g e sp a rt b le ib e n ,  d ie  e rs t sp a te r g e s ch lo s se n  w e rd e n .

E in e  so lc h e  S te lle  is t  in  A b b .  2 d a rg e s te llt ,  d ie  das V e r fa h re n  z e ig t, 

das b e im  Bau_der R u h r b r i i c k e  b e i  B l a n k e n s t e i n  f i ir  d ie  B e w e h ru n g  a n 

g e w a n d t  w o rd e n  ist. B e i b e w e h r te n  G e w O lb e n  m it G e ie n k e n  k an n  m an 

d ie  Z u g sp a n n u n g e n  in  m a fiig e n  G re n z e n  h a lte n , so  d a fi d ie  B e w e h ru n g  

n ic h t  s e h r s ta rk  w ird .  M a n  is t d a n n  in  d e r  L a g e , f i ir  d en  A b s ta n d  d e r 

E is e n  e in  z w e c k m a fi ig e s  M a f i z u  w a h le n ,  e tw a  z w is c h e n  35  u n d  25 cm ,

a u fie rd em  s o llte  d ie  S ta rk ę  d e r  E is e n  m o g lic h s t  n ic h t  u n te r  16 m m  b e 

tragen , d a m it  s ie  s e lb s t e in e  g e w is s e  S te if ig k e it  b e s itz e n  u n d  s ich  b e im  

E in b r in g c n  d es  B e to n s  n ic h t  v e rb ie g e n . Z u e rs t  w e rd e n  d ie  u n te re n  E is e n  

v e r le g t, d ie  d u rch  B e to n k lo tz c h e n  im  r ich t ig e n  A b s ta n d e  v o n  d e r G e w o lb e -  

s c h a lu n g  g e h a lte n  w e rd e n . D a n n  w e rd e n  d ie  L a m e lle n s c h a lu n g e n  b is  

z u r  H O h e  d e r  o b e re n  L a n g s e is e n  a u fg e s te llt .  S ie  b e s itz e n  z u r  D u rc h f i ih ru n g  

d e r  un te ren  L a n g s e is e n  S c h lit z e ,  d ie  d u rch  e in e  b e so n d e re  L e is te  

g e d e ck t  w e rd e n . H ie ra u f  w e rd e n  d ie  o b e ren  L a n g s e is e n  e in g eb a u t, d ie  

d u rch  d ie  L a m e lle n s c h a lu n g e n  u n d  s o w e it  nO tig  n o ch  d u rch  b e so n d e re  

N o ts t i it z e n  g e h a lte n  w e rd e n , u n d  a n s ch lie fie n d  kann  das g a n ze  E is e n -  

g e r ip p e  v e rb iig e lt  u n d  g e b u n d e n  w e rd e n . D e r  o be rs te  T e i l  d e r  L a m e lle n -  

s c h a lu n g  w ir d  d u rch  b e so n d e re  B re tte r  g e b i ld e t ,  d ie  a u f d en  o b e ren  

L a n g s e is e n  au fs itze n . D a s  spa te re  E n t fe rn e n  d e r  L a m e lle n s c h a lu n g

z w e c k s  A u s b e to n ie ru n g  d e r  L i ic k e n  g e s c h ie h t ,  s o w e it  es n ic h t  d u rch

d ie  B e w e h ru n g  h in d u rc h  m o g lic h  ist, 

n ach  d e r  S e ite  h in  d u rch  e in e  e in s t-

w e il ig e  O f fn u n g  in  d e r  S t irn s ch a lu n g . 

So  hat s ich  d ie  B e to n ie ru n g  in  L a 

m e lle n  o h n e  je d e  S c h w ie r ig k e it  f i ir  

d ie  b e w e h r te n  G e w o lb e  d u rch f iih re n  

la ssen . D ie s e  A n o r d n u n g  d e ck t s ich

i ib r ig e n s  fast g en a u  m it  d e n  im  H e rb s t  

v o r ig e n  Ja h re s  e rs ch ie n e n e n  M u s te r -  

p la n e n  d e r D e u ts ch e n  R e ic h sb a h n  f i ir  

b e w e h rte  G e w O Ib e ,4) d ie  m ir  d a m a ls  b e i 

A u s f i ih r u n g  d ie se s  B r i ic k e n b a u e s  n och  

u n b e k a n n t w a ren .

W ie  d ie  E in w a n d e  g e g e n  d ie  M o g l ic h k e it  e in e r  sa chg em a fie n  A u s -  

f i ih ru n g  b e w e h r te r  G e w o lb e  n ic h t  b e re ch t ig t s in d , so  d iir fe n  h eu te  au ch  

d ie  B e d e n k e n  a is  h in fa i l ig  b e z e ic h n e t  w e rd e n ,  d ie  m an  g e g e n  d ie  D a u e r-  

h a ft ig k e it  u n d  Z u v e r l3 s s ig k e it  s o lc h e r  G e w O Ib e  g e h a b t hat. W ir  v e r fiig e n  

je tz t  i ib e r  la n g ja h r lg e  E r fa h ru n g e n  i ib e r  ih re  g u te  B e w a h ru n g , in sb e so n d e re  

au ch  u n te r  E is e n b a h n g le is e n .  S o  k o n n te  Sr.=3ttg- S c h a e c h t e r l e  au f 

d em  In te rn a t io n a le n  B r iic k e n b a u k o n g re B  1926 in  Z i ir ic h  das fo lg e n d e

A b b .  2. A n o rd n u n g  d e r B e w e h ru n g  f i i r  G e w O Ib e  b e i B e to n ie ru n g  

in  L a m e lle n .

3) V e rg l.  S c h m id t ,  M it t e i lu n g e n  i ib e r  d en  B au  e in e r  S tam p fb e ton - 
b r i ic k e  v o n  70 m  S p a n n w e ite  in  d e r  S tra fie  v o n  S ie g b u rg  nach  M u c h ,  „D e r  
B a u in g e n ie u r "  1926, S. 445.

*) V e rg l.  S c h a e c h t e r l e ,  D ie  G e w a h r le is tu n g  d e r  G u te  d e r  A u s -  
f i ih ru n g  v o n  E is e n b e to n b ru c k e n  d e r  D e u ts ch e n  R e ic h sb a h n . „B e to n  u. 
E is e n "  1926, S. 340.
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g iin s t ig e  U r t e i l6) a b g cb e n :  „ D ie  R e i c h s b a h n d i r e k t i o n  S t u t t g a r t  h a t  

m i t  b e w e h r t e n  G e w o l b e n  d i e  b e s t e n  E r f a h r u n g e n  g e m a c h t ;  

in  k e in e m  F a l l e  s i n d  a n  s o l c h e n  B a u w e r k e n  R i s s e  o d e r  s o n -  

s t i g e  B e t r i e b s s c h a d e n  f e s t g e s t e l l t  w o r d e n " .  A u c h  aus m e in e r  

e ig e n e n  P ra x is  m och te  ich  e in  B e is p ie l a n fiih re n . Im Ja h re  1907, a ls o  

v o r  20  Jah ren , s in d  in  D e u ts ch la n d  d ie  e rs ten  E is e n b e to n g e w o lb e  u n te r  E is e n -  

b a h n g le is e n  g e b a u t w o rd e n . D ie  e in e  d ie s e r  B r i ic k e n  w a r  e in e  S tra fien - 

u n te r fu h ru n g  v o n  17 m  S p a n n w e ite  u n te r d re i G le is e n  des B a h n h o fs  L o r r a c h  

in  B a d e n , i ib e r  d ie  ich  im  Ja h re  1908 im  D e u ts ch e n  B e to n -V e re in  b e 

r ich te t habe . U b e r  ih rem  jc tz ig e n  Z u s ta n d  ha t m ir d ie  R e ic h sb a h n d ire k t io n  

K a r ls ru h e  au f e in e  A n fra g e  im  D e ze m b e r  1926 d ie  fo lg e n d e  M it t e i lu n g  

g em ach t:  „B e i e in e r  in  d ie s em  Ja h re  v o rg e n o n im e n e n  B e s ic h t ig u n g  de r 

v o n  d e r  F irm a  D y c k e rh o f f  &  W id m a n n  A .-G . Im  Ja h re  1907 im  B a h n h o f 

e rb au te n  E is e n b e to n b r i ic k e  w u rd e  fe s tg e s te llt ,  daB  s ich  das B a u w e rk  e in - 

w a n d fre i g e h a lte n  hat und  k e in e  R isse  o d e r  nasse  S te lle n  a u fw e is t .” 

D a m it  s ic h  E is e n b e to n g e w o lb e  a llg e m e in  so  g u t b ew a h ren , is t  a lle rd in g s  

V o ra u sse tz u n g , daB  b e i d e r  A u s f i ih r u n g  d ie  g le ic h e  S o rg fa lt  a n g e w a n d t 

w ird , w ie  es s e in e rz e it  b e i d ie s e r  P io n ie ra rb e it  des E is e n b e to n b a u e s  ge- 

s ch e he n  ist. In sb e son d e re  is t  aus d em  Ja h re sb e r ic h t  1908 des D e u ts ch e n  

B e to n -V e re in s , S. 120 u. f., z u  e rsehen , w e lc h e  g roB e  B e a ch tu n g  m an schon  

d am a ls  d en  h eu te  so  v le l  erO rterten  M a te r ia lf ra g e n  d es  B e ton s , n a m en t lic h  

au ch  d e r  B ie g e z u g fe s t ig k e it ,  z u g e w a n d t  hat.

S c h lie B l ic h  s o l i  in  d ie s e m  Z u sa m m e n h a n g  noch  a u f e in  B a u w e rk  

h in g e w ie s e n  w e rd e n , das im  v e rg a n g e n e n  Ja h re  in  d e r S c h w e iz  v o lle n d e t  

w u rd e ,  a u f d en  U m b a u  des 80 m  h oh e n  u n d  380  m langen  G ra n d fe y -  

V ia d u k te s  in  d e r  L in ie  B e rn — F r e ib u r g .0) D ie  b ish e r ig e , im  Ja h re  1862 

erbau te , aus e ise rn e n  G e r iis tp fe ile rn  u n d  G it te r tra g e rn  b e s teh en d e  T a lb r i ic k e  

w u rd e  d u rch  e in e n  E is e n b e to n v ia d u k t  e rsetzt, w o b e i d ie  e ise rn e n  P fe i le r  

a is  B e w e h ru n g  d e r n e u e n  B e to n p fe i le r  b e n u tz t  u n d  d ic  s ie b e n  G e w O lb e  

v o n  43  b is  49  m  S p a n n w e ite  o h n e  fe s te  G e r iis te  a is  M e la n b o g e n  au s

g e f i ih r t  w u rd e n . D ie s e s  g ro B a rt ig e  E is e n b e to n b a u w e rk  ist e in  b e red te s  

Z e u g n is  d a fiir , w e lc h e s  h o h e  V e r tra u e n  m an  h eu te  in  d e r  S c h w e iz  au f 

G ru n d  d e r g e m a ch te n  E r fa h ru n g e n  d en  E is e n b e to n g e w O lb e n  u n te r  E is e n -  

b a h n g le is e n  e n tg e g e n b r in g t.

N a c h  a ll d ie sen  D a r le g u n g e n  l ie g t  a lso  k e in  G ru n d  m eh r v o r ,  dafi 

m an  n ic h t  a u ch  b e i D re ig e le n k b o g e n ,  d o r t ,  w o  es z w e c k m a B ig  is t ,  s ich  

d ie  V o r te i le  d e r  B e w e h ru n g  z u n u tz e  m ach t. E s  is t ja b e k a n n t ,  d aB  er- 

fa h re n e  K o n s tru k te u re  sch o n  O fter e in e  so g en an n te  S i c h e r h e i t s -  

b e w e h r u n g  in  g ro f ie re  D re ig e le n k b o g e n  e in g e le g t  h a b e n ,  z. B . b e i d e r 

A a re b r iic k e  in  O lte n  o d e r  b e i d e r  G r i in w a ld e r  Is a rb r iicke . S ie  s o li d a zu  

d ie n e n ,  re ch n e ris ch  n ic h t  z u  e rfa s sen d e  Z u g sp a n n u n g e n  a u fzu n e h m e n , 

w ie  s ie  in fo lg e  v o n  u n g le ic h m a fiig e n  S e tzu n g en  d e s  L e h rg e r i is te s  o d e r 

v o n  U n re g e lm a f iig k e ite n  b e im  A u s it is tu n g s v o rg a n g  a u ftre ten  konn en . 

A u c h  e rh o h e n  s ie  d ie  S ic h e rh e it  b e i e tw a ig e n  A b w e ic h u n g e n  d e r  tatsach- 

lic l ie n  B o g e n fo rm  von  d e r  b e re chn e ten , s o w ie  b e i u n v o rh e rg e se h en  g roB e ren  

E x ze n tr ita te n  d e r S t i i t z l in ie ,  w ic  s ie  b e so n d e rs  b e i u n v o llk o m m e n e n  G e - 

le t ik e n  (B le ig e le n k e n  u n d  E is e n b e to n w a iz g e le n k e n )  e ln tre te n  k onn en .

A u f ie r  d ie s e n  V o rz iig e n ,  d ie  d ie  B e w e h ru n g  f i i r  a l le  D re ig e le n k b o g e n  

b ie te t, g e w in n t  s ie  e in e  b e so n d e re  B e d e u tu n g  f iir  d ie  so g en ann te n  Z u g -  

g e w o l b e .  F r ie d r ic h  E n g e f i e r  h a t w o h l zue rs t v o rg e s c h la g e n , d ie  

m ass iv en  D re ig e le n k b o g e n  in  D ru c k g e w o lb e  u n d  Z u g g e w O lb e  e in z u te ile n .7)

A b b .  3. D re ig e le n k b o g e n  e in e r  E is e n b a h n b r i ic k e  b e i B au tzen  i. Sa., 

a is  B e is p ie l e in e s  Z u g g e w o lb e s  o hn e  B e w e h ru n g .

B e k a n n t lic h  m u fi b e i e in e m  u n b e w e h rte n  D re ig e le n k b o g e n  d ie  F u g e n -  

s ta rke  d in  d e r  M it t e  d e r  B o g e n s ch e n k e l so g ro f i g e w a h lt  w e rd e n ,  da fi 

z w e i B e d in g u n g e n  e r f i i l l t  s in d :  1. d ie  zu la s s lg e  D ru c k sp a n n u n g  des B e to n s  

d a r f n ich t  iib e rs ch r it te n  w e r d e n , u n d  2. es d a rf k e in e  Z u g sp a n n u n g  a u f

tre ten . J e  n a ch dem  d ie  e rs te  o d e r  d ie  z w e ite  B e d in g u n g  m a fig e b en d  ist, 

d. h. e in e  g ro f ie re  F u g e n s ta rk e  e rg ib t ,  h a t m an  e in  D ru c k g e w o lb e  o d e r 

e in  Z u g g e w O lb e  v o r  s ich . B e i e in e m  D ru c k g e w o lb e  is t au ch  d ie  k le in s te

5) V e rg l.  S c h a e c h t e r l e ,  W ir ts c h a ft l ic h e r  V e rg le ic h  zw is c h e n  E is e n 
b e ton - u n d  E is e n b a u te n . „S ch w e iz . B a u z tg .” 1926, Bd . 88, S. 194.

°) V e rg l.  B i i h l e r ,  D e r  U m b a u  d es  G ra n d fe y -V ia d u k te s  d e r S ch w e ize -  
r ische n  B u n d e sb a h n e n . „S ch w e iz . B a u z tg ."  1926, B d . 88, S. 217  u. f.

") V e rg l.  E n g e f i e r ,  O b e r  w e itg e sp a n n te  W O lb b r iic k e n . Z e its c h r ift  
f i ir  A r c h it e k tu r  u nd  In g e n ie u rw e se n  1907, S. 403.

R a n d sp a n n u n g  n och  e in e  D ru c k sp a n n u n g  v o n  e in ig e r  G ro f ie ,  b e i e in em  

Z u g g e w O lb e  is t d ie  z u la s s ig e  D ru c k sp a n n u n g  n ic h t  au sg en u tz t . E in  D re i-  

g e le n k b o g e n  w ird  um  so  e he r e in  Z u g g e w O lb e , je  s te ile r  e r ist, je  g ro f ie r  

das V c rh a lt n is  d e r  V e rk e h rs la s t  zum  E ig e n g e w ic h t  w ird  u nd  je  h o h e r  d ie  

z u la s s ig e  D ru c k b e a n s p ru ch u n g  lie g t. M i t  d e n  S t e i g e r u n g e n  d e r N u t z -  

l a s t e n  i n f o l g e  d e r  V e r k e h r s e n t w i c k l u n g  u n d  m i t  d e r  E r h o h u n g  

d e r  z u l a s s i g e n  D r u c k s p a n n u n g  i n f o l g e  d e r  V e r b e s s e r u n g  d e r  

D r u c k f e s t i g k e i t  d e s  B e t o n s  k o m m t  m a n  im m e r  m e h r  z u  Z u g -  

g e w o lb e n .  S ie  s in d  im  a llg e m e in e n  d u rch  d ie  sta rken  A n s c h w e llu n g e n  

In d e r M it t e  d e r  B o g e n s ch e n k e l g e k e n n z e ic h n e t u n d  h abe n  m e is t a sthe tis ch  

se h r u n b e fr ie d ig e n d e  F o rm e n ,  so  d a fi m an  s ie  o ft  n a ch  au fien  g a r n ich t 

z u  z e ig e n  w ag t, so n d e rn  an  den  S t irn e n  e in e  an d e re  B o g e n fo rm  vo rtau sch t. 

A b b .  3  z e ig t  e in  so lc h e s  ty p is c h e s  Z u g g e w O lb e  o h n e  B e w e h ru n g ,  e in e  v ie r-  

g le is ig e  E is e n b a h n b r i ic k e  b e i B a u tz e n ,  d ie  im  Ja h re  1920 un te r m e in e r  

L e itu n g  v o n  d e r F irm a  D y c k e rh o f f  &  W id m a n n  A .-G . f i ir  d ie  S ach s isch en  

S ta a tse ise n b a h n e n  e rb au t w u rd e .

G e ra d e  b e i d ie sen  G e w o lb e n  b ie te t  d ie  B e w e h ru n g  b e so n d e re  V o r -  

t e i le ,  w e i l  m an  s ie  h ie r  s ta tis ch  u n d  k o n s tru k t iv  au sn u tze n  kann . M a n  

b e m if it  d ann  d ie  G e w o lb e  so , d a fi im  u n b e w e h r t  g ed a ch te n  B o g e n  m a fiig e  

Z u g sp a n n u n g e n  au ftre ten , w o d u rc h  d ie  B o g e n s ta rk e  v e rm in d e r t ,  d ie  F o rm  

w e se n t l ic h  v e rb e s se r t u n d  d ie  B e la s tu n g  d e s  L e h rg e r iis te s  v e r r in g e r t  w ird .

O ft  kann  m an  d a b e i e rre ich e n , d a fi d ie  K o s te n  d e r  B e w e h ru n g  d u rch  

E rsp a rn is se  an B e to n m a sse  u nd  L e h rg e r i is t  a u sg e g lic h e n  w e rd e n . D a  in  

s o lc h e n  b e w e h r te n  G e w o lb e n  e in e  h oh e  zu la s s ig e  D ru c k sp a n n u n g  des 

B e to n s  g u t a u sg en u tz t w e rd e n  k a n n , w ird  m an  g a n z  v o n  se lb s t e in e n  

z e m e n tre ic h e n  B e to n  v e rw e n d e n , so  d a fi es a ls o  n ic h t  e tw a  nO tlg  is t, d ie  

E is e n  in  e in e r  fe tte re n  M is c h u n g  zu  v e r le g en . V e r e in z e lt  s in d  D re ig e le n k 

b o g e n  schon  n ach  d ie s e n  G e s ic h ts p u n k te n  m it B e w e h ru n g  a u sg e f iih r t  

w o rd e n , z. B . d ie  S e ltenO ffn u ng en  d e r  K a is e r - W ilh e lm - B ru c k e  in  F iir s tc n -  

w a ld e  a. d. S p ree  v o n  K a r l B e r n h a r d , 8) d ic  T a lb r i ic k e  M a r t in s fu h re n  von  

W a y s s  &  F re y ta g  A .-G .8) u n d  n e u e rd in g s  e in e  F lu tb r i ic k e  m it  13 Ó ffn u n g e n  

im  M e m e lg e b ie t  v o n  d e r S ie m e n s -B a u u n io n .10)

B e i d en  Z u g g e w O lb e n  tr it t  n un  n o ch  e in  w e ite re r  V o r t e i l  d e r  B e 

w e h ru n g  am  d e u t lic h s te n  in  E rs c h e in u n g ,  d i e  E r h o h u n g  d e r  S i c h e r 

h e i t  g e g e n  L a s t s t e l g e r u n g e n .  M a n  h a t im m e r  a is  e in e n  b e so n d e re n  

V o r z u g  d e r g e w o lb te n  B r i ic k e n  g e r iih m t, d a fi s ie  L a s ts te ig e ru n g e n  g u t er- 

trag en  kO nnen . T a t s a c h l i c h  z e i g t  s i c h  a b e r ,  d a f i  u n b e w e h r t e  B e -  

t o n g e w O l b e ,  a u c h  a i s  D r e i g e l e n k b o g e n ,  w e g e n  d e r  Z u g 

s p a n n u n g e n  g e g e n i i b e r  L a s t e r h o h u n g e n  e m p f i n d l i c h  s i n d ,  a m  

m e i s t e n  n a t i i r l i c h  d i e  Z u g g e w O lb e .  B e w e h r te  G e w O lb e , b e so n d e rs  

so lc h e  m it G e le n k e n ,  v e rh a lte n  s ich  tro tz  ih re r  s c h w a ch e re n  A b m e s su n g e n  

u nd  ih re s  g e r in g e re n  G e w ic h te s  h ie r  v ie l g iin s t ig e r .  B e i ih n e n  h a t e in e  

S te ig e ru n g  d e r  V e rk e h rs la s te n  n u r  e in e  m a fiig e  E rh o h u n g  d e r tn e is tens 

se h r g e r in g e n  E is e n zu g sp a n n u n g e n  z u r  F o lg ę .  D ie  g le ic h z e it ig  a u ftre te n d e  

E rh o h u n g  d e r D ru c k sp a n n u n g e n  is t a b e r wregen  d e r m it  d em  A lt e r  zu- 
n e h m e n d e n  D ru c k fe s t ig k e it  des  B e to n s  g a n z  u n b e d e n k lic h .

In u n b e w e h rte n  B e to n b o g e n  s in d  Z u g sp a n n u n g e n  b e so n d e rs  au ch  w e g e n  

d e r  H e r s te llu n g  d e r  G e w o lb e  in  L a m e lle n  g e fa h r iic h . D ie  F u g e n  d e r  s tu m p f 

an e in a n d e rb e to n ie rte n  L a m e lle n  s in d  z w e i fe l lo s  d ie  s c h w a ch s te n  S te lle n  

des G e w o lb e s ,  u nd  m an  h a t g a r  k e in e n  A n h a lts p u n k t  d a r i ib e r ,  w ie  g ro f i 

d o rt d ie  Z u g fe s t ig k e it  ist, so  d a fi m an  schon  aus d ie s e m  G ru n d e  in  re in e n  

S ta m p fb e to n b o g e n  k e in e  Z u g sp a n n u n g e n  z u la sse n  so llte . So  s in d  b e i d e r  

b e k a n n te n  B e la s tu n g sp ro b e  d e r D iis s e ld o r fe r  A u s s te llu n g s b r iic k e  d ie  B ru ch -  

r isse  in  d ie s e n  F u g e n  a u fg e tre te n ,u ) u n d  au ch  b e i d e r  v o r  k u rze m  in fo lg e  

E rd ru ts c h u n g e n  e n ts ta n d cn e n  B e s c h a d ig u n g  e in e r  B e to n b r iic k e  in  R o s e n 

g a rten  b e i F ra n k fu r t  a. d. O d e r  hat s ich  g e z e ig t ,  d a fi s ich  d ie  R isse  g la tt  

in  d en  a lte n  A rb e it s fu g e n  zw is c h e n  d en  L a m e lle n  a u sg e b ild e t  h a b e n .12) 

B e i Z u g g e w O lb e n  lie g e n  d ie se  V e rh a itn is s e  o ft  d e sh a lb  noch  b e so n d e rs  

u ng un s t ig , w e i l  m an  s ich  w e g e n  d e r g e r in g e n  au ftre ten de n  D ru ck sp a n n u n g e n  

ha t v e r le it e n  la ssen , re ch t m agere  B e to n m is ch u n g e n  f i ir  d ie  G e w o lb e  

a n zu w e n d e n , z. B . b e i d e r  B ru ck e  A b b .  3  n u r e in  M is c h u n g s v e rh a itn is  v o n  

1 : 4 : 6  nach  den  d a m a lig e n  S achs isch en  V o rs ch r ifte n . M a n  h a t z u w e ile n  

b eh aup te t, d ie  B e w e h ru n g  b e e in tra ch t ig e  d ie  H o m o g e n ita t  d es  G e w O lb e s ;  

ta tsa ch lic h  w ir d  d ie  d u rch  d ie  A rb e it s fu g e n  g e fa h rd e te  H o m o g e n ita t  d u rch  

d ie  E is e n e in la g e n  g e w a h r le is te t.

D ie  F ra g e  d e r  S ic h e rh e it  g eg en  L a s ts te ig e ru n g e n  ist n a t iir l ic h  f i ir  E i s e n -  

b a h n b r i i c k e n  v o n  b e so n d e re r  B e d e u tu n g . D ie  D e u ts ch e  R e ic h sb a h n  hat 

b e k a n n t lic h  d ie  d re i L a s te n z iig e  G, E  u nd  N  fe s tge le g t, d ie  d u rch  d ie  

A c h s la s te n  d e r  L o k o m o t iv e n  v o n  18, 20  und  25  t  g e k e n n z e ic h n e t  s ind . 

W ie  w e n ig  au ch  g ro fie , u n b e w e h rte  D re ig e le n k b o g e n  aus n eu e re r  Z e it  in  

d e r  L a g e  s in d , d ie  L a s ts te ig e ru n g e n  in fo lg e  des schw e rs te n  La s fe n zu g e s  

a u fzu n e h m e n , z e ig e n  z w e i B e is p ie le  au s B a y e rn :  F i i r  d en  50  m w e it  

g e sp a n n ten  H a u p tb o g e n  d e r 1906 e rb a u te n  K e m p te n e r  I l le r b r u c k e 13) v o n

s) V e rg l.  B e r n h a r d ,  D ie  K a is e r - W ilh e lm - B ru c k e  in  F iir s te n w a ld e
a. d. Sp ree . Z e its ch r. d. V e re in e s  d e u tsch e r Ing. 1914, S. 314.

°) V e rg l.  H a n d b u c h  fu r  E is e n b e to n b a u , 3. A u fl. ,  B d . V II ,  S. 353.
10) V e r g l.  M it t e ilu n g e n  d e r  S ie m e n s -B a u u n io n  1926, N r. 9.
11) V e rg l.  J a h rb u ch  des D eu ts ch e n  B e to n -V e re in s  1909, S. 149 ff.
12) V e rg l.  „D ie  B a u te c h n ik ” 1927, H e f t  3, S. 33.
13) V e rg l.  H a n d b u c h  f i i r  E is e n b e to n b a u , 3. A u f l. ,  B d . V II ,  S. 241.
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Ansicht

A b b .  5. F lu tó f fn u n g e n  d e r  R u h rb ru ck e  B la n k e n s te in  w a h re n d  d e r E in ru s tu n g  u n d  B e to n ie ru n g ,

rd. 7 c  S t ich  e rre ch ne t s ich  o h n e  S t o f i z u s c h l a g  e in e  Z u g sp a n n u n g  v o n

8 kg /cm 2 u n te r  dem  L a s te n z u g  E  u nd  e in e  Z u g sp a n n u n g  v o n  16 kg /cm 2 

u n te r  d em  L a s te n z u g  N. D a  d ie  L in ie  M iin c h e n — L in d a u  a is  so g en ann te  

/ : -S tre ck e  g ilt ,  w ird  d ie  B ru ck e  h ie r f i łr  w o h l n o ch  au s re ich en ;  f i ir  d en  

L a s te n z u g  N  w 3 re  s ie  z u  schw a ch . D ie  aus d em  Ja h re  1907 s tam m en d e  

H a u p tb a h n b r iic k e  iib e r  d ie  A l z  b e i O a rc h in g  h a t a is  M it t e ló f fn u n g  

e in e n  D re ig e le n k b o g e n  v o n  40  m  S p a n n w e ite  u n d  1 : 5 ,5  P fe iW e r-  

h a ltn is . In ih r  w iir d e  u n te r  d em  L a s te n z u g  /V, g le ic h fa l ls  o h n e  S t o f i -  

z u s c h l a g  g e re chn e t, d ie  u n zu la s s ig e  Z u g sp a n n u n g  v o n  20  kg/'cm 2 a u f

tre ten. H iit te  m an  das G e w ó lb e  s e in e rz e it  e tw a  m it je  d re i R u n d e is e n  

v o n  25  m m  D u rch m e sse r  a u f I m  B re ite  o b e n  u n d  u n ten  b e w ch r t ,  so 

e rh le lte  m an  f i ir  d ie  g le ic h e  L a s ts te ig e ru n g  je tz t  n u r  e in e  E is e n zu g sp a n n u n g  

vo n  450  k g /cm 2 u nd  e in e  g ro lite  D ru c k sp a n n u n g  von  60  k g /cm 2, d ie  f iir  

e in e n  20  J a h re  a lte n  B e to n  g a n z  u n b e d e n k lic h  w a re . E in e  R e ich sb a h n -  

d ire k t io n  s ch r ie b  m ir  v o r  k u rze m , daB  d ie  in  f r ii l ie re n  Ja h re n  g e iib te  

S p a rsa m ke it in  d en  B e to n a b m e ssu n g e n  b e im  E n tw e r fe n  s o lc h e r  G e -  

w ó lb e  s ich  je tz t  b e m e rk b a r  m ach t u n d  v ie lfa c h  d ie  B e n u tzu n g  d e r  

B r i ic k e n  f i ir  d ie  n eu e re n  L a s te n z iig e  e rs ch w e rt. R ic h t ig e r  w a re  w o h l z u  

sagen , daB  d ie  fe h lc n d e n  E is e n e in la g e n  d ie  U rs a ch e  d e s  U b e ls ta n d e s  s ind .

B e i S t r a B e n b r i i c k e n  s p ie lt  d ie  F ra g e  d e r  L a s ts te ig e ru n g  z w a r  n ich t 

d ie  g roB e  R o lle .  Im m e rh in  s o llt e  m an  b e i d e r  h e u t ig e n  n o ch  g a n z  un- 

g e w is s e n  V e rk e h rs e n tw ic k !u n g  d o c h  au ch  da ran  d e n k e n , n a m e n t lic h  in  

v e rk e h rs re ich e n  G e g e n d e n  z. B . in  g roB en  In d u s tr ie g e b ie tcn , w o  m it d e r  

A n la g e  v o n  U b e r la n d b a h n e n  und  a h n lic h e m  g e re ch n e t w e rd e n  m uB.

E n ts c h lie f it  m an  s ich  au s a lle n  g e n a n n te n  G r iin d e n  z u r  A n w e n d u n g  

v o n  G e le n k e n  u n d  B e w e h ru n g , so  k o m m t n eb en  d em  D re ig e le n k b o g e n  

b e i z u v e r la s s ig e m  B a u g ru n d e  n un  au ch  d e r  e in fa ch  s ta tis ch  u n b e s t im m te  

Z w e i g e l e n k b o g e n  e rn s t lic h  in  F ra g e , d e r  iib e rh a u p t  in  b e z u g  a u f se in e  

A n w e n d u n g  f i i r  g e w o lb te  B r i ic k c n  b is h e r  w o h l e tw as  z u  u n g iin s t ig  b e u r te i lt  

w o rd e n  ist. S o  s c h re ib t  z. B . M e l a n  in  se in e m  b ek a n n ten  v o r tre ff lic h e n  

L e h r b u c h : u ) „ H in s ic h t l ic h  des E in f lu s s e s  d e r  T em p e ra tu r, o d e r  so n s t ig e r  Z u -  

sa tzk ra fte , d ie d u rc h  V e rs c h ie b e n  d e r  K a m p fe r  o d e r  d u rch  a x ia le  V e r k iir z u n g  

d es  B o g e n s  h e rv o rg e ru fe n  w e rd e n , v e rh a lt  s ich  d e r  Z w e ig e le n k b o g e n ,  w e n ig -  

sten s w a s  d ie  B e a n sp ru ch u n g  im  B o g e n s ch e ite l b e tr ifft ,  n ic h t  g iin s t ig e r  a is  d e r 

g e le n k lo s e  B o g e n .“ D ie s e  B e h a u p tu n g  is t n ic h t  zu tre ffe n d , w ie  m an 

a llg e m e in  aus d en  F o rm e ln  f i ir  d ie  s ta tisch  u n b e s t im m te n  G ró f ie n  u n d  f iir  

d ie  R a n d sp a n n u n g en  e rk e n n e n  kann . W e ite r  u n ten  (ve rg l. T a b e l le  3) is t  

d u rch  d ie  V e rg le ic h s b e re c h n u n g  an  e in em  A u s fu h ru n g s b e is p ie l g e ze ig t, 

w ie  s ich  d e r  U n te rs c h ie d  in  den  G re n z w e r te n  d e r  R a n d sp a n n u n g e n  zw is c h e n  

Z w e ig e le n k b o g e n  u n d  e in g e sp a n n tem  B o g e n  z a h le n m a f iig  a u sw irk t . J e

14) Vergl. M e la n , Der Briickenbau, 3. Aufl., Bd. II, S. 109.

f la ch e r  das G e w o lb e  is t ,  d e s to  m e h r  v e rs ch ie b e n  s ich  d ie  E rg e b n is s e  

zu g u n s te n  d es  Z w e ig e le n k b o g e n s .

A b e r  au ch  m it  d em  b e w e h r te n  D re ig e le n k b o g e n  v e rm a g  d e r Z w e ig e le n k 

b o g e n  in  v ie le n  F a l le n  d u rch a u s  in  W e t tb e w e rb  zu  tre ten . A u s  p ra k t is ch e n  

G r iin d e n  d a rf m an  b e im  D re ig e le n k b o g e n  m it d e r  B e w e h ru n g  n ic h t  u n te r  

e in  g e w is s e s  M in d e s tm a B  h e ru n te rg e h e n , u nd  d ie s e  B e w e h ru n g  re ich t b e i 

n ich t  a llz u  k le in e m  P fe ilv e rh a it n is  m e is t  a u ch  fu r  d en  Z w e ig e le n k b o g e n  

aus. M a n  spa rt b e i ih m  d a nn  das S c h e ite lg e le n k  u n d  h a t b e i k la re n  

A u fla g e ru n g s v e rh a itn is s e n  d o ch  d en  V o r t e i l  d e r  g ró f ie re n  S te if ig k e it  des 

s ta tis ch  u n b e s t im m te n  Sys tem s , w a s  z. B . b e i B o g e n r e i h e n  w e g e n  de r 

g iin s t ig e re n  B e a n sp ru ch u n g  d e r  Z w is c h e n p fe ile r  e rw iin s c h t  ist. B is h e r  

s in d  Z w e ig e le n k b o g e n  f i ir  g e w ó lb te  B r i ic k e n  n u r  s e ite n  a u sg e f iih r t  w o rd e n ;  

d ie  g ro f ite  S p a n n w e ite  v o n  71 m ha t d ie  v o r  ku rzem  v o lle n d e te  T ra u n fa ll-  

b r i ic k e  b e i G m u n d e n .

D ie  A n w e n d u n g  d e r h ie r  e n tw ic k e lte n  G ru n d s a tz e  b e i e in e r  S t r a f i e n -  

b r i i c k e  s o li an d e r im  B a u  b e g r iffe n e n  B r i ic k e  iib e r  d ie  R u h r  b e i B la n k e tv  

s te in  in  W c s t fa le n  g e z e ig t  w e rd e n  (A b b . 4). D ie  B ru ck e  w ir d  v o n  d e r F irm a  

W . R e d e k e  &  C o .  in  K ó ln  e rb au t;  d e r  B a u e n tw u r f  is t n a ch  m e in e n  A n 

g ab e n  a u fg e s te llt ,  u n d  b e i d e r  A u s fu h ru n g  h a b e  ich  a is  B e ra te r  d e r  B au - 

h e rrs ch a ft u n d  d e r  F irm a  m itg e w irk t .  D ie  324  m la n g e  B r i ic k e  lie g t  in  d e r  

S te ig u n g  1 : 50, d ie  F a h rb a h n b re ite  b e tra g t 8,5 m , b e id e rs e it s  s c h lie f ie n  s ich

1,5 m  b re ite , a u sk ra g e n d e  F u B w e g e  an ; a is  B e la s tu n g  is t m it  500  k g /m 2 

u nd  m it e in e r  2 3 - t - D a m p fw a lz e  g e re ch n e t. S a m t lic h e  ach t G e w o lb e  h aben  

G e l e n k e  u n d  B e w e h r u n g .  D ie  H a u p tó f fn u n g  v o n  45  m  S p a n n w e ite  

u n d  rd. ł /9 S t ich  is t a is  D re ig e le n k b o g e n  m it S ta h lw a lz g e le n k e n  a u sg e b ild e t. 

A l l e  i ib r ig e n  O ffn u n g e n , d ie  S p a n n w e ite n  z w is c h e n  33  u nd  34  m u n d  P fe il-  

v e rh a itn is s e  v o n  1 :7 ,2  b is  1 :7 ,5  h aben , s in d  Z w e ig e le n k b o g e n  m it B le i-  

g e le n k e n . E s  d iir f te  d ie s  w o h l d ie  u m fa n g re ich s te  A n w e n d u n g  se in , d ie  

d e r  Z w e ig e le n k b o g e n  b is  je tz t  im  W ó lb b r i ic k e n b a u  g e fu n d e n  hat.

Z u rz e it  s in d  d ie  f i in f  F lu tó f fn u n g e n  a u f d em  rech ten  U fe r  fe rt ig -  

g e s te llt ,  A b b .  5 z e ig t  d ie s e  G e w o lb e  w a h re n d  d e r  E in ru s tu n g . D ie  d re i 

S tro m ó ffn u n g en , d e reń  P f e i le r  a u ch  b e re its  h o c h g e f iih r t  s in d , k o n n e n  e rst 

nach  V e r la u f  d e r  F r iih ja h rsh o c h w a s se r  in  d ie s e m  Ja h re  g e b a u t w e rd e n .15)

15) N a c h  d cm  B a u p rog ra m m  s o llte n  zu e rs t  d ie  d re i S tro m ó ffn u n g e n  
a u sg e f iih r t  w e rd e n . B e i d e r  G r i in d u n g  d e r  F lu B p fe i le r  tra ten  je d o ch  un- 
e rw a rte te  S c h w ie r ig k e it e n  a u f,  w e i l  s ic h  d e r  g e su n d e  F e ls  w e se n t lic h  
t ie fe r  v o r fa n d , a is  m an  n ach  d en  B o h ru n g e n  e rw a rte t hatte . In fo lg e d e sse n  
w u rd e n ,  um  an  B a u z e it  z u  g e w in n e n ,  d ie  f i in f  F lu tó f fn u n g e n  v o r  den  
S tro m ó ffn u n g e n  fe r t ig g e s te l lt  u n d  au sg e r iis te t. D e r  G ru p p e n p fe ile r  (A b b . 4, 
L a n g s s ch n itt)  m u fite  d a b e i im  e n tg e g e n g ese tz ten  S in n e  a is  v o rg e se h e n  be- 
an sp ru ch t w e rd e n , w a s  d u rch  e in e  b e h e lfsm a f iig e  A u f la s t  u nd  A b s t i it z u n g  
e rm ó g lic h t  w u rd e . (S ch lu B  fo lg t.)

Lóngenscfinitt

Gnindri/1 und Oraufsicłit

A b b . 4. S t ra fie n b r iic k e iib e r  d ie  R u h r  b e i B la n k e n s te in .



Fachschrift fiir das gesamte Bauingenieurwesen.

aiic Der Wert baulicher Versuche in den geschiebefiihrenden Fliissen.
V o n  M in is t c r ia lr a t  a. D . D r. E d u a r d  F a b e r  in  M iin c h e n .

D a s  j iin g s t  e rs ch ie n e n e  in h a lt re ic h e  B u ch : D i e  W a s s e r b a u -

l a b o r a t o r i e n  E u r o p a s ,  z u  d em  18 In g e n ieu re  B e itra g e  lie fe r te n ,  is t 

e in  g la n z e n d e r  B e le g  f i ir  d en  h e rv o rra g e n d e n  W e rt  d e r  M o d e llv e rs u c h e .  

A n d e rs e its  w ir d  im  S c h lu B w o r t  au f S. 422 in  O b e re in s t im m u n g  m it dem  

U r t e i l  m e h re re r  M ita r b e it e r  h e rv o rg e h o b e n , daB  d ie  F lu f ib a u v e rsu ch e  in  

den  M o d e llg e r in n e n  d ie  g ró f ite n  S c h w ic r ig k e ite n  b ie te n .1) B e i d ie s e r  Sach- 

la g e  e rs ch e in t  es a u ffa lle n d , da fi a u f S. 47 u. 48 des g e n a n n te n  B u ch e s  

P ro f. E n g e l s  s c h re ib t:  „N o c h  m u fi d e r  w e it  v e rb re ite te n  ir r ig e n  M e in u n g  ent- 

g eg en g e tre ten  w e rd e n ,  d a fi d ie  w lr k l ic h e ,  n a tu rg ro fie  A u s fu h ru n g  e ines 

B a u w e rk s  o d e r  e in e r  R e g u lie ru n g  d e r  b es te  V e rs u c h  se i. S o  se lb s t-  

v e rs ta n d l ic h  das k lin g t,  so  fa ls ch  is t d ie s e  M e in u n g  doch . A n  d em  fe rtig en  

B a u w e rk  kann  m an  re ch t w e n ig  n a ch w e is e n ."  D ie s e  A n n a h m e  w ir d  d am it 

b e g r iin d e t,  d a fi V e rs u c h e  im  g ro fie n , w e n n  s ie  b ra u ch b a re  E rg e b n is s e  lie fe rn  

s o lle n ,  m e is t u n e rs c h w in g iic h  te u e r w a re n  u n d  seh r la n g e  d aue rn  w iird e n . 

A u fie rd e m  se ien  d ie  M e s su n g e n  w e g e n  d e r  S c h w ie r ig k e it  d e r  A u s fu h ru n g  

e r fa h ru n g sg em a fi u n g e n a u e r a is  b e im  M o d e llv e rs u c h ,  u nd  s c h lie f il ic h  se i 

es in  W ir k l ic h k e it  g e w O h n lic h  au sg e sch lo s sen , d ie  V e rsu ch e  a u f ande re  

V e rh a ltn is s e  a u szud eh n en . D e r  o ft g e r iih m te  V e rs u c h  in  n a tu r lic h e r  G rO Be 

h abe  d a h e r im  a llg e m e in e n  w e n ig  W e r t  und  k o n n e  k e in e sw e g s  dem  rich- 

t ig e n  M o d e llv e rs u c h e  a is  g le ic h w e r t ig  g e g e n u b e rg e s te llt  w e rd e n .

D ie  A b le h n u n g  d e r  V e r s u c h e  in  d e r  N a tu r  la fit  v e rm u ten , da fi E n g e ls  

c tw a s  B e sse re s  an  d e re ń  S te lle  zu  se tze n  ve rm ag . D ie s  is t je d o ch  nach 

se in en  w e ite re n  A u fie ru n g e n  a u f S. 51 n ich t  d e r  F a li .  E r  sch re ib t:  

„Is t s c h o n  e in e  v o lls ta n d ig e  A h n l ic h k e i t  z w is c h e n  M o d e l i  u n d  F lu B  iib e r-  

h aup t n ic h t  z u  e rre ich en , so  is t n a tu r lich  d e r  F e h le r  um  so  g e r in g e r, je  

g rO fie r d e r  M a fis ta b  ist. W e n n  m an  au fie rd em  noch  a is  w e ite re  F o lg ę  des 

zu  k le in e n  M a B s ta b e s  z u w e ile n  in  d e r  KorngrO Be  d es  G e s ch ie b e s  und  in  

d e r  T ie fe  v o n  d em  M a fis ta b  e rh e b lic h  a b w e ic h t , so  is t d a m it se lb s tve rs tan d - 

l ic h  e in e  m a fis ta b lic h e  O b e r tra g u n g  d e r V e rsu ch se rg e b n is se  au sgesch lo ssen . 

T ro tz d e m  s in d  d ie  A u s s ic h te n  v o n  M o d e llv e rs u c h e n  f i i r  g e s c h le b e f iih re n d e  

F l i is s e  an s ich  n ic h t  s c h le ch t,  d a  d ie  au ch  in  k ie ln e m  M a fis ta b e  u nd  b e i 

s ta rke r M a fis ta b v e rz e r ru n g  im  M o d e l i  e rh a lten en  F o rm e n  v o n  G e sch ie b e -  

b a n k e n  den  in  d e r  N a tu r  v o rk o m m e n d e n  B a n k fo rm e n  nahe  v e rw a n d t w a re n .“ 

W e n n  d a zu  n o ch  a u f S. 51 w ie d e rh o lt  d ie  N o tw e n d ig k e it  h e rv o rg e h o b e n  

w ird , d ie  M o d e llv e rs u c h e  in  m o g lic h s t  g ro fiem  M a B s ta b e  a u szu f iih re n , so  

e rfah rt au ch  d a m it  d e r  W e r t  d ie s e r  V e r s u c h e  e in e  w e s e n t l ic h e  E in -  

s ch ran ku ng .

D ie  v o rs te h e n d e n  A u B e ru n g e n  v o n  E n g e ls  —  s o w e it  s ie  s ich  au f d en  

F lu f ib a u  e rs tre cken  —  f in d e n  w e d e r  d u rch  das V o rg e h e n  b e i d en  fluB - 

b a u lic h e n  B e tr ie b e n  n och  d u rch  d ie  E rfa h ru n g e n  b e i d e r  A u s fu h ru n g  b a u 

lic h e r  V e rsu ch e  in  d e r  N a tu r  e in e  S t iitz e . D a  a b e r  d ie  V e rb e s s e ru n g  

g e s c h ie b e f iih rc n d e r  F l i is s e  m it  f re i b e w e g lic h e r  S o h le  zu  d en  s c h w ie r ig s te n  

A u fg a b e n  des W a sse rb a u e s  za h lt, so  k o m m t e in e r  zu tre f fe n d e n  E n ts c h e id u n g  

iib e r  d en  W e r t  d e r  b e id e n  V e rsu ch sa rte n  e in e  g ro f ie  w ir ts c h a ft lic h e  

B e d e u tu n g  zu . E in  W e r tv e rg le ic h  se tz t K la rh e it  v o rau s  d a r iib e r , w a s  m it 

e in e r  V e rb e s s e ru n g  e rre ich t w e rd e n  s o l i  u nd  kann. So  hat B a u ra t W o l f ,  

an ge tr ie b e n  d u rch  d ie  s c h lim m e n  E r fa h ru n g e n  m it d e r  d am a ls  i ib lic h e n ,  

a u f d ie  A n la g e  z a h lre ic h e r  D u rc h s t ic h e  g e s te llte n  B a u w e is e  an d e r  in  v ie le  

R in n e n  ze rfa se rten  Isar im  B e z irk  L a n d s h u t  e in  W e rk z e u g  a u sg e b ild e t,  

d u rch  das in  e in fa ch e r W e is e  u nd  o h n e  iib e rm a fiig e  S ta u w irk u n g  e in em  

v e rw ild e r te n  F lu s s e  e in  n a tu r lic h  g e w u n d e n e s  und  g e sch lo s sen e s  B e tt 

g e sch a ffe n  w e rd e n  k an n  m it g le ic h z e it ig e r  A u f la n d u n g  d e r  a b g eb au te n  

R in n e n . Z u  d ie s e r  g ro fie n  L e is tu n g  h a t W o l f  s e in e  B a u w e is e  m it ve r- 

h a ltn ism a B ig e m  A u fw a n d  an  Z e it  u n d  G e ld  geb rach t.

E b e n s o  sp ie lte n  d ie  F lu f ib a u la b o ra to r ie n  b e i d en  F o rs ch u n g e n  und  

E ro r te ru n g e n  iib e r  e in e  B a u w e is e  z u r  R e g u lie ru n g  d es  T a lw e g e s  in  den  

sta rk  g e k iirz te n , k a n a la r t ig  a u sg eb au ten  F lu B s tre ck e n  m it w a n d e rn d e n  K ie s -  

b anken  b is h e r  k e in e  ft ih ren d e  R o l le ,  tro tzd em  d ie  B e s tre b u n g e n , d en  

,,r e k t if iz ie r te n "  O b e r rh e in  d u rch  e in e  R e g u lie ru n g  se in e s  N ie d e rw a sse rb e t te s  

d cm  re g e lm a B ig e n  B e tr ie b e  d e r  G ro B s ch iffa h r t  z u  e ro ffn en , a u f Ja h rze h n te  

z u r i ic k g e h e n . G e g e n  d ie s e  B e s tre b u n g e n  w u rd e  n och  zu  A n fa n g  d ie se s  

Ja h rh u n d e rts  g e lte n d  g em ach t, d e r  K e rn p u n k t  d e r  F ra g e  b e ru h e  in  d e r  

E rw a g u n g , o b  s ic h  d ie  „W a n d e ru n g  d e r K ie s b a n k e "  g a n z  b e h e b e n  la sse  

u n d  e in e  „ F e s t le g u n g  d e r  K ie s b a n k e “ zu  e rre ich en  w 3re. N e b e n  d ie se r  

ir re f iih re n d e n  K e n n z e ic h n u n g  d e r A u fg a b e  e in e r  R e g u lie ru n g  w u rd e  sod ann  

g e g e n iib e r  d en  v o rg e s ch la g e n e n  b u h n e n a r t ig en  E in b a u te n  in  das M it t e l-  

w a sse rb e t t w a rn e n d  au f d ie  in  d en  e rsten  Ja h rze h n ten  des v o r ig e n  Jah r- 

h un de rts  am  O b e r rh e in  a u sg e f iih r te n  B u h n e n  h in g e w ie s e n , m it d en en  es 

n ich t  m O g lich  g e w e se n  wMre, d em  O b e rrh e in  e in en  b e s t im m te n  L a u f  vo r- 

z u s ch re ib e n . D ie  d a m a lig e n  B u h n e n  w a re n  h o ch  au frag en d e  u n d  a lls e its  

s te il g ebO sch te  B au te n , d ie , in  g ro fie n  A b s ta n d e n  v o n e in a n d e r  g e le g e n , 

o ft  w e it  in  das S tro m b e tt h in e in ra g te n . S ie  w irk te n  g e ra d e zu  a n z ie h e n d

') „ D ie  W a s se rb a u la b o ra to r ie n  E u ro p a s :  E n tw ic k lu n g ,  A u fg a b e , Z ie le . “ 
Im A u ft ra g e  des V e re in e s  d eu tsch e r In g en ieu re  h e rau sg eg eb en  v o n  
G . d e  T h i e r r y  u n d  C . M a t s c h o f i .  1926. V .  D . I.-V e r lag , B e r l in S W 1 9 .

a u f d ie  S trO m u ng  u n d  g in g e n  d u rch  U n te rk o lk u n g e n ,  o ft i ib e r  20  m T ie fe  

b e i N ie d e rw a s s e r ,  z u g ru n d e  tro tz  g ro B e r K o s te n  f iir  H e r s te llu n g  und  

E rh a ltu n g . D e ra r t ig e  B u h n e n  v o n  k lo tz ig e r  F o rm  kam e n  auch  in  ande ren  

s iid d e u ts ch e n , s ta rk  strO m end en  F li is s e n  m it d em  g le ic h e n , u n g iin s t ig e n  

E r fo lg  w ie  am  O b e r rh e in  z u r  A u s fu h ru n g . D ie s  g ab  d e n  A n la B ,  zum  

P a ra l ie lb a u  iib e rz u g e h e n  u n d  B u h n e n  nu r n o ch  zum  A n s c h lu s s e  e in e s  

P a ra lle lb a u e s  an  das fes te  U fe r  a u s z u f iih re n ,  e in  B a u w e rk ,  das m an  a is  

„ F l i ig e lb u h n e "  b e ze ich n e te .

D ie  n a ch fo lg e n d e n  A u s f iih ru n g e n  i ib e r  d en  v o r lie g e n d e n  G e g e n s ta n d  

g r i in d e n  s ic h  au f m e in e  b a u lic h c n  V e rsu ch e , d ie  ic l i  g e le g e n t lic h  d e r  m ir  

iib e rtra g e ne n  L e itu n g e n  v o n  F lu f lb a u te n ,  n a m e n t lic h  im  O b e r rh e in  b e i 

S o n d e rn h e im -G e rm e rsh e im  u n d  sp a te r im  Inn  b e i O b e ra u d o r f,  a ls o  in  

F l i is s e n  v o n  w e s e n t l ic h  v e rs ch ie d e n e r  B e s c h a ffe n h e it ,  a u f e ig e n e  V e r-  

a n tw o rtu n g  o d e r  a u f m e in e  A n re g u n g  h in  a u s f iih re n  k o n n te .2)

M e in e  f lu B b a u lic h e  T a t ig k e it  b e g a n n  im  S p a tja h r 1877 m it d e r  L e itu n g  

e in e s  P a ra l le lb a u e s  im  O b e r rh e in  b e i S o n d e rn h e im . S chon  d am a ls  v e rsu ch te  

ich , d ie  am  O b e r rh e in  i ib l ic h e  B a u w e is e  z u  ve rb e sse rn . S oda nn  le ite te  

ic h  1880 u n d  1881 d e n  B a u  e in e r  F l i ig e lb u h n e  b e i G e rm e rsh e im  zum  

A b s c h lu s s e  d e r  E in m iin d u n g  d es  L in g e n fe ld e r  A lt rh e in s .  W a h re n d  des 

B au e s  s te llte n  s ich  s c h w ie r ig e  S tro m v e rh a itn is se  e in , d ic  zu  e in e m  aus- 

g e d e h n ten  v e rsu c h s w e is e n  V o rg e h e n  n ó t ig ten . A n  d en  b e id e n  B a u s te lle n  

k o n n te  d ie  w e it re ic h e n d e  W ir k u n g  d e r  G ru n d s c h w e lle n  u n d  d e r  f la ch  ab- 

fa l le n d e n  U fe rb O sch u n g e n  au f d ie  L a g e  d es  S tro m s tr ich e s  u nd  d a m it  d ie  

M O g lic h k e it  e in e r  p la n m a f ilg e n  U m fo rm u n g  d e s  b e w e g lic h e n  B e tte s  e rp ro b t 

w e rd e n . N a ch  d em  E rg e b n is  d ie s e r  V e rs u c h e  e rgab  sich  a u fie rd e m  d ie  

M O g lic h k e it ,  f la ch  a b fa lle n d e  B u h n e n  au ch  in  e in  k a n a la rt ig e s  B e tt m it 

e n tsp re ch en d e n  K o s te n  f i i r  B au  und  E rh a ltu n g  e in zu b a u en . E in  g ro B e r Fo rt-  

s ch r it t  g e g e n iib e r  d e r  a lten  B a u w e is e  k o n n te  s o m it  In k u rze r  Z e it  e rz ie lt  

w e rd e n :  e in  a llg e m e in  g t i lt ig e r  u n d  d a u e rn d e r  G e w in n  f i i r  W is s e n s ch a ft  

u nd  P ra x ls .  A b e r  n ic h t  a lle in  d u rch  d ie  V e r s u c h e  se lb st, s o n d e rn  au ch  

an d cm  fe rt ig e n  B a u w e rk e  k o n n te  n a ch g e w le s e n  w e rd e n , d a fi es e in  

g ro B e r F e h le r  w ar, d ie  A b w e is u n g  d e r  S trO m ung  v o n  d e r  M i in d u n g  d es  

A lt r h e in s  d u rch  e in e  B u h n e  n ach  a lte r  B a u w e is e  e rz w in g e n  z u  w o lle n .  

A m  b e s ten  w a re  es g e w e sen , w ie  d ie s  a lle rd in g s  e rs t n a ch tra g lic h  d ie  

E rg e b n is s e  d e r  v o n  W o l f  an d e r  Isar a n g e s te llte n  V e r s u c h e  e rk en nen  

l ie B c n , d ie  b re it e  M i in d u n g  d es  A lt r h e in s  m it H i l f e  e in e r  S ta u w a n d  

W o lfs c h e r  A r t  a b zu sch lie B e n . D ie  an  d e r  B a u s te lle  d u rch  z a h lre lc h e  

M e s s u n g e n  n a ch g e w ie s e n e n  U m la g e ru n g e n  d es  k ie s ig e n  B o d e n s  v o llz o g e n  

s ic h  so  rasch  u nd  t ie fg re ife n d , d a fi im  V e r la u fe  d e r  s ta rke re n  W asse r-  

f i ih ru n g  w a h re n d  e in e s  e in z ig e n  S o m m e rh a lb ja h re s  d e r  A lt r h e ln  z u g e s ch iit te t  

w o rd e n  w are .

D ic  am  O b e r rh e in  g e w o n n e n e n  E r fa h ru n g e n  s in d  in  den  fo lg e n d e n  

S a tze n  aus m e in e r  1885 v e rO lfe n t l ic h te n  A b h a n d lu n g  „ D ie  S tro m b e tt-R eg u -  

l ie ru n g  d es  O b e r rh e in s  u nd  d e r  S c h iffa h r tk a n a i S tra f ib iirg — L u d w ig s h a fe n "  

z u sa m m e n g e fa fit '1): „ D ie  LO su n g  d e r A u fg a b e  b e s te h t d a r in , d aB  d u r c h  

E i n b a u t e n  d e m  S t r o m e  d i e  M O g l i c h k e i t  a b n o r m e r  T i e f e n -  

b i l d u n g  g e n o m m e n  u n d  daB  e r d a m it z u  e in e r  re g e lm a fiig e n  B e w e g u n g  

des W a sse rs  u n d  d e r  G e s c h ie b e  v e ra n la B t w ird . D ie  R e g u lie ru n g  e rfo rd e rt 

e in e  B a u w e ise , d ie  le ic h t  d e r  je w e il ig e n  G c s ta ltu n g  des S tro m b e ttc s  an- 

g e p a fit  w e rd e n  kann , k e in e  z u  g e w a ltsa m e n  V e r3 n d e ru n g e n  v e ra n la B t u nd  

es e rm o g lic h t ,  d en  w a h re n d  d e r  B a u a u s f iih ru n g  g e m a ch tcn  E r fa h ru n g e n  

ste ts g e re ch t z u  w e rd e n " .  M e in e  A n re g u n g e n , d ie  V e rs u c h e  z u r  E rm itt-  

lu n g  e in e r  f i ir  d ie  R e g u lie ru n g  d e s  T a lw e g e s  g e e ig n e te  B a u w e is e  im  O b e r 

rh e in  fo rtzu se tzen , g eh en  b is  in  das J a h r  1884 z u r u c k .4) E s  h a t s ich  b itte r  

g e ra ch t, d a fi d ie s e  A n re g u n g e n  o h n e  E r fo lg  g e b lie b e n  s in d  u nd  daB  d ie  

R h e in re g u lie ru n g  erst z w a n z ig  Ja h re  sp a te r u n d  d a zu  n o c h  o h n e  B au - 

v e rsu che , a ls o  o h n e  g e n iig e n d e  V o rb e re itu n g  b e g o n n e n  w u rd e .

E in e n  V e r s u c h ,  d e r  f i ir  d ie  v o r l ic g e n d e  F ra g e  v o n  b e so n d e re r  B e 

d e u tu n g  ist, h abe  ich  in  d e r  O s te rre ic h is ch -b a y e r is c h e n  I n n  s t r e c k e  b e i  

O b e r a u d o r f  au sg e fuh rt. E s  b e s ta n d e n  z w is c h e n  km  4,6 u n d  8,4 d e r  

b a y e r is ch e n  U fe r c in te i lu n g  f i in f  O b c rg S n g e ,  d ie  im  g roB en  u nd  g an zen  

ste ts an d e r  g le ic h e n  S te lle  v e rb lie b e n . B e i N ie d e rw a s s e r  ilb e rą u e r te  d e r 

S tro m s tr ich  in  s c h ro ffc n  W e n d u n g e n  das b re ite  u nd  se ich te  Be tt, u n d  in-

2) E in e  O b e rs ic h t  i ib e r  m e in e  b a u lic h e n  V e rs u c h e  g eb en  d ie  A b h a n d -  
lu n g e n :  „O b e r  b a u lic h e  V e rsu ch e  z u r  V e rb e s s e ru n g  g e s c h ie b e f iih rc n d e r  
F l i i s s e ” , „S iid d e u ts ch e  B a u z tg .“ 1922, N r. 35 ; „D e r  O b e r rh e in  a is  S ch iff-  
fa h rts tra f ie " , „ D ie  B a u ze itu t ig "  1924, H e f t  6; „ D ie  W o lfs c h e  B a u w e is e  
z u r  V e rb e s s e ru n g  g e s c h ie b e f i ih r c n d e r  F l i is s e " ,  „ D ie  B a u te c h n ik "  1925, 
H e f t  14; „D e r  O b e r rh e in  u nd  se in e  b a u lic h e  B e h a n d lu n g " ,  „D ie  B a u 
te ch n ik "  1925, H e f t  29. —  D as  B u ch :  „D ie  M e th o d e n  d es  F Iu B b a u e s " , 
B e r l in  1922, V e r la g  v o n  W i lh e lm  E rn s t  &  S ohn , v o n  3)i\=3n<5. M a r ą u a r d t  
e n th a lt  a u f S. 7, 23, 36  u . 43  A b b i ld u n g e n  v o n  m e in e n  V e rsu ch sb a u te n  
im  O b e r rh e in  u n d  im  Inn.

3) „D e u ts c h e  B au z tg ."  1885, S. 355, r. Sp.

4) D o n a u -D e n k sch r ift ,  S. 85  b is  87 u nd  B la t t  V III. M i in c h e n  1905.
V e r la g  v o n  R. O ld e n b o u rg .
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fo lg ę  d es  sta rk  t re p p e n fo rm ig  a u sg e b ild e te n  W a s se rsp ie g e lg e fa ile s  b e s tand en  

b e ft ig e  A n fa l le  an  d ie  U fe r . Ich  s c h lu g  d a h e r  vo r, d ie  f i in f  U b e rg a n g e  

d u rch  b u h n e n a r t ig e  E in b a u tc n  z u  re g u lie re n . A is  das W ic h t ig s te  e rsch ien  

m ir  e in e  e n tsp re ch en d e  W a h l d e r  R ic h tu n g  d e r  n eu en  N ie d e rw a s s e rr in n e  

in  d en  U b e rg a n g e n , u n d  ich  n ahm  an, es s e i am  b e s ten , s ie  dem  V e r -  

l a u f  d e s  S t r o m s t r i c h e s  b e i  H o c h w a s s e r  a n z u p a s s e n .  In d ie sem  

F a l le  w a r  z u  e rw a rten , d a fi d ie  z u r  R e g u lie ru n g  n o tw e n d ig e n  B a u te n  b e i 

H o c h w a s s e r  d e n  g e r in g s te n  Z w a n g  a u s iib e n , h a u p tsa ch lic h  n u r  b e i N ie d e r-  

w a sse r  in  W ir k u n g  tre ten  u nd  v e rh in d e rn , d a fi s ic h  d e r T a lw e g  b e i fa lle n d e m  

W a s se r  in  e in e r  d e r  S c h iffa h r t s c h a d lic h e n  W e is e  a u sb ild e t .  B e i e in e r  der- 

a rt ig e n  W ir k u n g  w a r  so d an n  tro tz  d e r  g e w a lt ig e n  K ra ft  d es  s ta rk  s trom e nd e n  

F lu s s e s  e in e  b i l l ig e  H e r s t e llu n g  u n d  E rh a ltu n g  d e r  B a u te n  s o w ie  de reń  

B e s c h ra n k u n g  a u f d ie  U b e rg a n g e  an zu n eh m en . N a c h  G e n e h m ig u n g  des 

B a u e n tw u r fe s  d u rch  d ie  R e g ie r tm g e n  v o n  B a y e rn  u n d  O s te rre ic h  w u rd e  

im  F r t ih ja h r  1900 m it d en  B a u a rb e ite n  b eg o n n e n , u n d  z w a r  an  d e r  s c h w ie r ig -  

sten  B a u s te lle ,  d ic  im  obe rsten , z u r  R e g u lie ru n g  b e s t im m te n  U b e rg a n g  

b e i km  4 ,6  bes tand . E n tsp re ch e n d  d e r iib e rm a f iig e n  B e ttb re ite  w a r  d ie  

das F lu f ib e t t  i ib e rą u e re n d e  S tro m u n g  b e i N ie d e rw a s s e r  s e n k re ch t zum  U fe r  

g e r ic h te t  u n d  d as  W a s s e rsp ie g e lg e fa lle  i ib e r  d e r  S c h w e lle  b e so n d e rs  sta rk  

a u sg e b ild e t.  In U b e re in s t im m u n g  m it  d e r  L a g e  d e r  S tro m r ic h tu n g  b e i 

H o c h w a s se r  w u rd e  d e r  n eu e  U b e rg a n g  in  d e r  V e rsu ch s tre c k e  z w is c h e n  

km  4,4 u nd  4,8 m it E r fo lg  au sg eb au t, so  d a fi a u ch  an  d ie s e r  R e g u lie ru n g  

w ie d e ru m  e in  in  a lle n  g e s c h ie b e f iih re n d e n  F ii is s e n  v e rw e rtb a re r  G e w in n  

n a ch g e w ie s e n  w e rd e n  konn te .

B e i d e r  W e r tb e s t im m u n g  d e r b e id e n  V e rsu ch sa r te n  —  M o d e l i  u nd  

F lu f i  —  is t  h in s ic h t l ic h  d e r  R e g u lie ru n g  d es  T a lw e g e s  in  d en  k a n a la rt ig e n  

F lu f is t re c k e n  m it w a n d e rn d e n  K ie s b a n k e n  zu  b ea ch te n , d a fi d e r  T a lw e g  in  

so lc h e n  F lu f is t re c k e n  in fo lg e  d e r s ta rken  L a u fk iir z u n g e n  zu sam m en g e ąu e tsch t, 

v e rk r i ip p e lt  ist, d a fi d ie  P e n d e l u n g  d e s  S t r o m s t r i c h e s  in n e rh a lb  de r 

g e s tre ck ten  U fe r  e in e  d ie  S c h iffa h r t h em m e n d e , s te ten  A n d e ru n g e n  unter- 

w o r fe t ie  F o r m  d e r  B e t t s o h l e  u n d  d e s  T a l w e g e s  b e d in g t  u n d  s ich  

d ie  S c h if fb a rk e it  e in e s  sta rk  g e k iirz te n  F lu f i la u fe s  d u rch  e in e  R e g u lie ru n g  

n ie m a ls  b is  z u  d em  M a f ie  s te ig e rn  la f lt ,  d a s  s ich  d u rch  e in e n  A u s b a u  des 

u rs p r i in g lic h  v e rw ild e r te n  F lu s s e s  nach  e in e r  s e in e r  N a tu r  e n tsp re ch en d  

g e w u n d e n e n  L a u fr ic h tu n g  e rg e b e n  hatte . D ic  A u fg a b e  e in e r  R e g u lie ru n g  

b e s te h t son ach  d a r in , d em  S tro m s tr ich  e in e  b eh a rre n d e  L e itu n g  in  ge- 

w u n d e n e r  R ic h tu n g  zu  g e b e n  —  ab ge seh en  v o n  den  S c h w a n k u n g e n  in  d e r  

L a g e  des S tro m s tr ich e s  b e i s te ig en d e m  u n d  fa lle n d e m  W a s se r  —  u n d  d a 

b e i d en  v e rk r iip p e lte n  T a lw e g  d u rch  e in e  d e n  F l u f i y e r h a l t n i s s e n  e n t 

s p r e c h e n d e  B a u w e i s e  d e ra rt u m zu fo rm e n  u n d  fe s tz u le g e n , d a fi d e r  von  

N ie d e rw a s s e rm e n g e  u nd  W a s s e rs p ie g e lg e fa lle  a b h a n g ig e  G ra d  d e r  S c h if f

b a rk e it  s o w e it  a is  m o g lic h  e rre ich t w ird .

D u rch  e in e  b eh a rre n d e  L e itu n g  d es  S tro m s tr ich e s  u n d  d e r  d adu rch  

b e d in g te n  F e s t le g u n g  d es  T a lw e g e s  w ir d  u n te r  a lle n  U m s ta n d e n  d ie  S ch iff-  

fa h rt w e se n t l ic h  g e b e sse r t w e rd e n  —  g a n z  u n a b h a n g ig  v o n  d e r  h ie r z u  an- 

g e w a n d te n  B a u w e ise . E in  d e ra rt le ic h t  zu  e rr in g e n d e r  E r fo lg  ft ih r t  zu  

e in e r  U b e rs c h a tz u n g  des U n te rn e h m e n s  zu m  g ro f ie n  S ch a d e n  f i i r  d ie  S ch iff-  

fah rt. D a s  Z i e l  m u f i  a u f  d i e  m O g l i c h s t  l e i s t u n g s f a h i g e  U m -  

f o r m u n g  d e s  T a l w e g e s  g e r i c h t e t  s e in .  D i e s  a b e r  k a n n  n u r  

d u r c h  e i n e  v e r s u c h s w e l s e  a u s g e f i i h r t e  M o d e l l i e r u n g  d e s  

N i e d e r w a s s e r b e t t e s  e r r e i c h t  w e r d e n .

D ie  U b e rs ch a tz u n g  d e r  W a sse rb a u la b o ra to r ie n  b e ru h t a u f d e r  V e r -  

k e n n u n g  d e r T a tsa che , d a fi d en  V e rsu ch e n  in  d e r  N a tu r  h in s ic h t l ic h  e in e r  

F lu f ib e t t r e g u lie ru n g  e in e  e in fa ch e re  A u fg a b e  zu g ru n d e  lie g t ,  a is  s ie  nach  

d e r  A rb e it s m e th o d e  in  d en  L a b o ra to r ie n  e in g e sch a tz t w ird , u n d  d a fi d ahe r 

d ie  V e r s u c h e  m it w e s e n t l ic h  e in fa ch e re n  M e s s u n g e n  a u s zu f iih re n  s in d  a is  
in  d en  M o d e llg e r in n e n .  B e i e in e r  R e g u lie ru n g  h a n d e lt  es s ich  n ich t  um  

d ie  F ó rd e rk ra ft  d e s  F lu s s e s , n ic h t  um  d ic  g en aue  K e n n tn is  d e r  je 

w e il ig e n  M e n g e  d e r  im  F lu f ib e t t  b e w e g te n  G e s c h ie b e  o d e r  u m  d ie  A r t  

d e r  G e s c h ie b e b e w e g u n g  b e i d en  v e rs ch ie d e n e n  W a sse rs ta n d e n , au ch  

n ich t  um  e in e  S t5 ru n g  o d e r  E rh a ltu n g  d e s  G le ic h g e w ic h tz u s ta n d e s  in  e in e r  

F lu G s tre c k e , s o n d e rn  a lle in  um  d ie  F o r m b i l d u n g e n  d e s  F l u f i b e t t e s  

u n d  um  d ie  B e s t im m u n g  e i n e r  B a u w e i s e  z u r  B e h e r r s c h u n g  

d i e s e r  B i l d u n g e n . 5) D a fi h ie rz u  d ie  M o d e l iv e r s u c h e  ve rsagen , la ssen  

d ie  v e rs ch ie d e n a rt ig e n , z u m e is t  d u rch  s ta rkę, o ft w ir b e ln d e  S tro m u n g e n  

h e rv o rg e ru fe n e n  B i ld u n g e n  d e r  F lu f is o h le  u nd  e b e n so  d ie  m it  d e r  A u s -  

f i ih ru n g  d e r  B a u te n  b e i g ro f ie r  T ie fe  u n d  s ta rk e r  S tro m u n g  zu sam m en - 

h a n g en d e n  S c h w ie r ig k e ite n  e rk en nen .

Z u r  B e s ta t ig u n g  d es  W e rte s  b a u lic h e r  V e rs u c h e  in  d e r  N a tu r  kO nnen  

au ch  d ie  A n g a b e n  au f S. 91 des B u ch e s :  D i e  W a s s e r b a u l a b o r a t o r i e n  

E u r o  p a s  h e ra n g e zo g e n  w e rd e n . E n g e ls  b e s p r ic h t  d o r t  d ie  w ic h t ig s te n  

b is h e r  im  F lu f ib a u la b o ra to r iu m  d e r  T e c h n is c h e n  H o c h s c h u le  in  D re sd e n  

a u sg e f iih r te n  V e rsu ch e , d a ru n te r  d ie  „U n te rs u c h u n g e n  i ib e r  d ie  B e tta u sb il-  

d u n g g e ra d e ro d e r  s ch w a ch  g e k r iim m te r  F lu f is t re c k e n  m it  b e w e g lic h e r  S o h le " .

5) „Die Bautechnik" 1926, Heft 20, S. 290 u. 291.

V o n  se in e n  V e rsu ch se rg e b n is s e n  b e s c h re ib t  E n g e ls  e in e s  m it d e n W o r te n :  

„ A is  p ra k t is c h  b e d e u tsa m e  F o lg e r u n g  e rgab  s ich  d ie  B e s ta t ig u n g  d e r  A n 

s ich t, d a fi d ie  R e g u lie ru n g sb a u te n  b e i so lc h e n  g e ra d en  o d e r  s c h w a ch  ge- 

k r iim m te n  F lu f is t re c k e n  so a n zu le g e n  u n d  a u s zu b ild e n  s in d , d a fi s ie  b e i 

N ie d r ig w a s s e r  d ie  grO fite  u n d  b e i H o c h w a s s e r  d ie  k le in s te  W ir k u n g  aus- 

iib e n " .  A is  B e le g  f i ir  se in e  U n te rsu ch u n g e n  w e is t  E n g e ls  h in  au f e in e  1905 

v o n  ih m  v e ró f fe n t lic h te  A b h a n d lu n g ,  o b g le ic h  d ie s e r  B e le g  e in e n  H in -  

w e is  d a rau f v e rm is se n  la B t , d a fi im  D re s d e n e r  L a b o ra to r iu m  schon  1905 

d e ra rt ig e  U n te rsu ch u n g e n  a n g e s te llt  w u rd e n . A u c h  d ie  A b b i ld u n g e n  in  

dem  B e le g  la ssen  e in e n  Z u sa m in e n h a n g  z w is c h e n  1905 u nd  1926 n ich t  

e rk e n n e n .0)

E n g e ls  b e sp r ic h t  in  s e in e r  A b h a n d lu n g  v o n  1905 u n te r  a n de rem  au ch  

d ie  R e g u lie ru n g  d es  In n -U b e rg a n g e s  b e i O b e ra u d o r f  n a ch  m e in en  „S tu d ie n  

i ib e r  d ie  V e rb e s s e ru n g  d e r  S c h if fb a rk e it  d e r  D o n a u  von  K e lh e im  b is  nach  

U lm "  v o n  1 9 0 3 7) u n d  s ch re ib t:  „S o  hat m an  n ach  d em  V o rs c h la g e  F ab e rs  

am  Inn  d a m it  b e g o n n e n ,  d en  s ch w ie r ig s te n  U b e rg a n g  z w is c h e n  K ie fe r s -  

fe ld e n  u nd  R e is a ch  d u rch  b u h n e n a r t ig e  G ru n d s c h w e lle n  v e rsu c h s w e is e  zu  

reg e ln . . . . D ie  p a sse n d s te  B a u w e is e  w ird  —  w ie  am  Inn  —  d u rch  d ie  

v e rsu c h s w e is e  B e h a n d lu n g  e in e s  U b e rg a n g e s  zu  e rfo rsch e n  s e in " .  D a raus  

is t je d e n fa lls  a u f e in e  w e it  g ró f ie re  B e d e u tu n g  d e r  V e rs u c h e  in  d e r  N a tu r  

zu  s c h lic f ie n  a is  nach  den  v o ra u s  a n g e g e b e n e n  D a r le g u n g e n  au f S. 47 u. 48 

des v o rg e n a n n te n  B u ch e s . A u s  e in e m  V e rg le ic h  d e r V e ro f fe n t l ic h u n g e n  

v o n  1903, 1905 und  1926 e rg ib t  s ic h ,  d a fi E n g e ls  d en  a u f m e in e n  V o r -  

s c h la g  h in  a u sg e f iih r te n  u n d  p r a k t i s c h  b e w a h rte n  V e rsu ch sb a u  im  Inn 

in  se in e m  L a b o ra to r iu m  n a c h g e a h m t  hat. J e d o c h  kan n  das E rg e b n is  

d e r  im  L a b o ra to r iu m  n a ch g e a h m te n  In n -R e g u lie ru n g  n ic h t  „a is  p r a k t i s c h  

b e d e u tsa m e  F o lg e ru n g "  e in g e s ch a tz t  w e rd e n ,  so n d e rn  n u r a is  e in  F o r t-  

s c h r it t  in  d e r  B e h a n d lu n g  u n d  A u s n u tz u n g  d e r  M o d e l lg e r in n e  f i ir  L e h r-  

zw e ck e .

T ro tz  d e r  B e sch ra n k u n g , d ie  f i ir  d ic  M o d e llv e r s u c h e  im  F lu f ib a u  b e 

steh t, kO nnen  so lc h e  V e r s u c h e  b e i e n ts p re ch e n d e r D u rc h f i ih r u n g  au ch  von  

p ra k t is c h e r B e d e u tu n g  se in  w ie  in  fo lg e n d e m  F a l le :  A u f  d e r  b e k a n n te n  

E rs ch e in u n g , d a fi s ic h  b e i e in e m  S tro m a n fa lle  g e g e n  e in  s t e il g eb O sch tes  

U fe r  d ie  g rO fite  T ie fe  im  z u g e h ó r ig e n  F lu f ią u e r s c h n it t  ha rt am  F u f ie  d e r  

B o s c h t in g  b e f in d e t  u nd  d a fi d u rch  e in e  V e r f la c h u n g  d es  U fe r s  i ib e r  e in e  

z w e im a lig e  B o s c h u n g  h in a u s  d e r  O r t  d e r  g rO fiten  T ie fe  v o m  F u f ie  d e r  

B o s c lu in g  w e g  v e rs ch o b e n  u nd  z u g le ic h  d a fi M a f i  d e r  T ie fe  a b g e m in d e rt  

w e rd e n  kann , fu f it  d ie  b e i d e r  R e g u lie ru n g  e in e s  k a n a la rt ig e n  F lu s s e s  zu  

s te lle n d e  F o rd e ru n g , d ie  U fe r  e n t la n g  d e r  K o lk s t re c k e n  z u r  A b s c h w a c h u n g  

d e r  H o h e n u n te r s c h ie d e  z w is c h e n  d e n  a u fe in a n d e r fo lg e n d e n  K o lk e n  u nd  

S c h w e lle n  s ta rk  a b zu fla ch e n  u nd  d en  T a lw e g  n ich t  d u rch  w e it  und  

h o c h  in  das F lu f ib e t t  h in e in ra g e n d e ,  u n te r  a lle n  U m s ta n d e n  s c h a d lic h  

w ir k e n d e  B u h n e n  g e g e n  das b e s te h e n d e  s te ile  U fe r  h in z u d ra n g e n , w ie  

d ie s  b e i d e r  R h e in re g u lie ru n g  S tra fib u rg — S o n d e rn h c im  g e sch e h e n  ist. 

D ie  w is s e n s c h a ft lic h e  B e g r i in d u n g  h ie r f i ir  g eh t au f S tu d ie n  v o n  P ro f. 

M o l i e r  z u r i ic k , s) d ie  er in  d em  v o n  ih m  e in g e r ich te te n  W a sse rb a u -  

la b o ra to r iu m  d e r  T e c h n is c h e n  H o c h s c h u le  zu  B ra u n s c h w e ig  m it  E r fo lg  

fo rtg e se tz t h a t.D)

N a ch  d en  v o r lie g e n d e n  E r fa h ru n g e n  is t  es au sg e sch lo s sen , d ie  m afi- 

g e b e n d e n  F o rs c h u n g cn  im  F lu f ib a u  d en  L a b o ra to r ie n  z u  iib e r la s se n . 

D ie  Q u e lle  d e r  E rk e n n tn is  i ib e r  das V e rh a lte n  d e r  g e s c h ie b e fu h re n d e n  

F l i is s e  u n d  i ib e r  d ie  ih re r  N a tu r  e n ts p re ch en d e  A r t  d e r  B e h a n d lu n g  l ie g t  

v e rb o rg e n  u n te r  d en  se it  m e h r  a is  h u n d e r t  Ja h re n  an d ie s e n  F i i is s e n  

a n g e s te llte n  M e s s u n g e n  u n d  B e o b a ch tu n g e n . D ie s e s  m iih e v o l l  u n d  m it 

g ro f ie n  K o s te n  g c s a m m e lte  re ic h h a lt ig e  M a te r ia ł,  das se ith e r  n u r te ilw e is e  

au sg en u tz t w e rd e n  k onn te , w a r e z u  v e ra rb e ite n , d u rch  e in  v e r g l e i c h e n d e s  

S t u d i u m  d e r  in  so  v e rs ch ie d e n e r  A r t  b e h a n d e lte n  F l i is s e  a u szu w e r le n  

u nd  d u rch  b a u l i c h e  V e r s u c h e ,  d u rch  d ie  d ie  E ig e n s ch a fte n  d e r  iib e r  

e in e n  b e w e g lic h e n  B o d e n  f l ie f ie n d e n  G e w a s s e r  g le ic h s a m  h e ra u szu lo c k e n  

s in d , z u  e rg an zen . In a lle n  F a l le n  a b e r s o llte n  z u r  B e s t im m u n g  d e r  B a u 

w e is e  f i ir  e in e  F lu f ib e t t r e g u lie r u n g  m e h re re  U b e rg a n g e  v e rsu ch sw e is e  

a u sg e b a u t w e rd e n . E in  V e rs a u m n is  d ie s e r  A r t  f i ih r t  z u  g ro f ie n  S chad en  

f i ir  d ie  S ch if fa h rt , z u  g ro f ie n  V e r lu s te n  am  V o lk s v e rm 0 g e n .

M iin c h e n ,  27. D e z e m b e r  1926.

°) E n g e l s ,  „U n te rs u c h u n g e n  i ib e r  d ie  B e t ta u s b ild u n g  g e ra d e r  o d e r 
s c h w a ch  g e k r iim m te r  F lu f is t re c k e n  m it  b e w e g lic h e r  S o h le " , Z e its ch r. f. 
B a u w e sen  1905.

'O V e r la g  v o n  A .  T ro s ch e l,  B e r l in - G ru n e w a ld .

s) „S tu d ie n  i ib e r  d ie  B e w e g u n g  d es  W a sse rs  in  F i i is s e n  m it 
B e zu g n a h m e  au f d ic  A u s b i ld u n g  des F lu f ip r o f i ls " ,  Z e its c h r ift  f i ir  B a u 
w e sen  1883.

9) M o l i e r ,  „D a s  W a s se rb a u la b o ra to r iu m  d e r  T e c h n is c h e n  H o c h s c h u le  
zu  B ra u n s c h w e ig " ,  S. 63 b is  78 im  B u ch e  „ D ie  W a sse rb a u la b o ra to r ie n  
E u ro p a s " , 1926; L i i d e r s ,  „ Z u r  G e s c h ie b e b e w e g u n g  in  S - fó rm ig g e k ru m m te n  
F lu f l ia u fe n "  nach  e in e m  V e rs u c h e  im  W a sse rb a u la b o ra to r iu m  d e r  T e c h 
n is ch e n  H o c h s c h u le  zu  B ra u n s ch w e ig , „ D ie  B a u te c h n ik "  1925, H e f t  53.
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V o n  P ro f. Sr.=£Sng. S c h a c h e n m e ie r ,  M i in c h e n .1)

I.

E s  is t zw a r  schon  la n g e  b eka n n t, da fi d ie  N e b e n -  o d e r  B ie g u n g s -  

sp a n nu ng en  d es  H a n g e g u rte s  e in e r  H a n g e b r iic k e  u n m it te lb a r  n eb en  den  

P y lo n e n sU tte ln  h oh e  W e r te  e rre ich e n . E s  ist a b e r b is h e r  w e n ig  g esche he n , 

um  d ie se  h o h e n  N e b e n s p a n n u n g e n  d u rch  k o n s tru k t iv e  M a fin a h m e n  m ó g lich s t  

a u szu sch a lte n . V o r lie g e n d e  M it t e i lu n g  b i ld e t  e in e n  B e itra g  z u r  L o s u n g  

d ie s e r  A u fg a b e .
II.

D a s  H a u p tt ra g o rg a n  e in e r  K a b e lb r i ic k e  b e s teh t aus e in em  b e son d e rs  

h o c h w e r t ig e n  D ra h tm a te r ia l.  D ie s e s  b e s itz t  a b e r n ic h t  d ie  Z a h ig k e it  d e r  

F lu f is ta h ls o r te n ,  so n d e rn  ist d u rch  se in e n  W e rd e g a n g  des Z ie h e n s  zu  

e in e m  se h r ha rten , b e in a h e  sp roden  B a u s to ff g e w o rd e n , d essen  B ru ch - 

d e h n u n g  n u r e tw a  3 %  betrag t. D ie  N e b e n sp a n n u n g e n  h abe n  h ie r  e in e  

v ie l g ro f ie re  B e d e u tu n g , a is  ih n e n  im  a llg e m e in e n  b e i g e n ie te te n  K o n -  

s t ru k t io n e n  aus F lu f is t a h l z u k o m m t. D a h e r  d a rf m an  in  den  fo lg e n d e n  

b e id e n  V o rs c h ia g e n  w e se n t lic h e  kon- 

s t ru k t iv e  V e rb e s se ru n g e n  g e g e n iib e r  

d e r  b is h e r ig e n  B au a rt e rb lic k e n :

1. D a s  K a b e l v o n  an nah e rn d  

k re is fó rm ig e m  o d e r  se ch se ck ig em  

Q u e rs ch n it t  w ird  iib e r  d en  P y lo n e n  in  

e in e n  b re ite n ,  b a n d tó rm ig e n  Q ue r-  

s c h n it t  a u se in a n d e rg e zo g e n . D ie  F o lg ę  

d a v o n  is t  e in e  V e r r in g e ru n g  d e r  w irk -  

sam en  Q u e rs ch n it ts h ó h e  au f e tw a  73 
des n o rm a le n  Q ue rsch n itts . D a h e r  

w e rd e n  au ch  d ie  N e b e n sp a n n u n g e n  

in  d e r  N a h e  d e r  P y lo n e n k ó p fe  a u f l/3 
des son s t n o tw en d ige rw -e ise  vo rh an - 

d e n e n  A u sm a fie s  v e rm in d e rt .

D e r  in  A b b .  1 b e is p ie ls w e is e  d a rg e s te llte  K a b e lą u e r s c h n it t  is t  aus 

37 E in z e ls e ile n  zu sam m en g e se tz t, d ie  s ich  in  s ie b en  w a g e re ch te n  S ch ich ten  

in  S e ch se ck fo rm  a n e in a n d e r le g e n . A b b .  2 d agegen  z e ig t  d en  b re iten ,

A b b .  1.

d ie  in  A b b .  1 u. 2 e in g e s ch r ie b en en  Z a h le n , d ie  d ic  R e ih e n fo lg e  be- 

d eu te n , in  d e r  d ie  S e ile  v e r le g t  w e rd e n  n iiis s en . D ic  a u fie rd em  e in- 

g e trag en e n  S in n b ild e r ,  d ie  f i ir  je d e  w a g e re ch te  S ch ic h t d es  S e ch seckqu e r-  

schn itts  d ie s e lb e n  s ind , v e ra ń s ch a u lic h e n  n o ch  d e u t lic h e r  a is  d ic  Z a h le n , 

w ie  s ic h  d ie  s ie b e n  w a g e re ch te n  S ch ic h te n  in  d re i s o lc h e  zu sa m m e n - 

s ch ie b e n , u n d  w ie  im  fe rt ig e n  B a n d ą u e rs ch n it t  e b e n fa lls  S y m m e tr ie  und  

G e se tz m a f iig k e it  herrscht.
2. D ie  P y lo n e  w ir d  n ic h t  n u r am  F u fip u n k te  g e le n k ig  g e lag e rt, 

son de rn  s ie  e rh a lt  a u ch  am  K o p fe  e in  W a lz g e le n k  f i ir  d en  K a b e lsa tte l, 

so  da fi W in k e ld r c h u n g e n  d es  le tz te re n  u n g e h in d e r t  d u rch  d ie  s te ife  P y lo n e  

v o r  s ich  g e h e n  kO nnen  u nd  D re h u n g e n  d e r  P y lo n e  e b e n fa lls  u n a b h a n g ig  

vom  K a b e l m o g lic h  s ind .

D e r  in  A b b .  3a , b, c d a rg e s te llte  K a b e ls a t te l b i ld e t  e in  K ip p la g e r ,  

das s ich  re la t iv  zu m  P y lo n e n s ta n d c r  um  d ie  B e r iih ru n g s lln le  d re h en  

kann . D a  d ie s e  D re h a ch se  v ie l h d h e r  lie g t  a is  d e r  K r i im m u n g s m it te lp u n k t  

d e r  S a t te lo b e r f la c h e , so  is t  in  je d e m  F a l le  s ta b ile s  G le ic h g e w ic h t  vo r- 

hand en , s e lb s t w e n n  das K a b e l v o llk o m m e n  b ie g sa m  w a re . D u rc h  d ic  

h in z u k o m m e n d e  S te if ig k e it  des K a b e ls  a b e r w ir d  d ie  S ta n d s ic h e rh e it  

d ie s e r  A n o rd n u n g  n och  erhoht.

D ie  b e id e n  K ip p la g e ro b e r te i le ,  d. h. K a b e ls a tte l d e r  z w e i S tand e r e in  

u nd  d e rse lb e n  P y lo n e  s in d  d u rch  den  k ra ft ig en  o b e re n  Q u e rh o lm  m it

e in a n d e r  v e rb u n d e n . Ih re  B e w e g lic h k e it  b le ib t  g e w a h r t  d ad u rch , da fi 

d ie s e r  H o lm  m it d em  d a ru n te r  b e f in d lic h e n  Q u e r r ie g e l des P o r ta ls  n u r 

d u rch  e in e  W a n d  v o n  d o p p e lte n  F la c h e is e n s tre b e n  v e rb u n d e n  ist, d ie  w ie  

e in  B la t tg e le n k  w irk t .  D ie  K ip p a ch s e  l ie g t  a n nah e rn d  in  h a lb e r  H ó h e  

d ie se s  S tre b en v e rb a n d e s , so  d a fi d ie  G e le n k w ir k u n g  n ic h t  b e h in d e r t  ist.

D ie  g u n s t ig e  W ir k u n g  d ie s e r  k o n s tru k t iv c n  M a fin a h m e n  w ird  in  d en  

fo lg e n d e n  A b s c h n it te n  III u n d  IV  n a ch g e w ie s e n  w e rd e n . N a c h  d en  Z a h le n -  

e rg e b n is se n  d ie s e r  A b s c h n it te  k an n  es k e in e m  Z w e lf c l u n te r lie g e n , da fi 

m an  b e i A u s fu h ru n g  d ie s e r  K o n s tru k t io n  b e re ch t ig t  is t, d en  re chn u ng s-  

m a fiig en  S ic h e rh e its g ra d  d es  K a b e ls  g e g e n iib e r  d en  b is h e r ig e n  K 011- 

s t ru k t io n e n  zu  v c rm in d e rn ,  o h n e  d en  w a h re n  S ic h e rh e its g ra d  d adu rch  

h e ra b zu d r iic k e n ;  es la fit s ic h  sog a r le ic h t  n a ch w e is e n , d a fi d ie  w a h re  

S ic h e rh e it  tro tz  e rh e b lic h e r  B a u s to ffe rsp a rn is  g ro f ie r  se in  w ir d  a is  b e l d en  

h e rk ó m m lic h e n  A u s f iih ru n g e n .
III.

D a s  K a b e l w ir d  d u rch  d ie  H a n g e s ta n g e n  g e zw u n g e n , d ie  D u rc h 

b ie g u n g e n  d es  V e rs tc ifu n g s tr3 g e rs  m itzu m a ch e n , so  d a fi d ic  D u rch - 

b ic g u n g s lin ie  d es  K a b e ls  s ic h  v o n  d e r jc n ig e n  des V e rs te ifu n g s tr iig e rs  n u r

b a n d fó rm ig e n  Q u e rs ch n it t ,  b e i d em  n u r  n och  d re i S ch ich ten  v o n  S e ile n  

u b e re in a n d e r lie g e n . H ie r b e i w a r  e in e  S c h w ie r ig k e it  z u  t ib e rw in d e n ,  nSm - 

l ic h  in  d em  b re ite n  Q u e rs ch n it t  e in e  A n o rd n u n g  d e r 37  S e ile  zu  fin d en , 

d ie  e s e rm ó g lich t,  s a m t lich e  S e ile  in  d e rse lb e n  R e ih e n fo lg e  in  b e id e n  

Q u e rs ch n itte n  a n c in a n d e rz u f iig c n ,  o h n e  d a fi Z w a n g u n g e n  o d e r  O b e r-  

s c h n e id u n g e n  en ts tehen  au f d e r  O b e rg a n g s tre c k e  zw is c h e n  dem  no rm a len  

u nd  d em  b re ite n  Q u e rs ch n it t .  D ie s e  A u fg a b e  is t e in w a n d fre i g e ló s t  d u rch

A b b .  4.

se h r w e n ig  u n te rs c h e id cn  kann . L e tz te re  a b e r d a rf m it g u te r  A n n a h e ru n g  

a is  e in e  f la ch ę  P a ra b e l m it  d cm  P fe i l  a n g e sehe n  w e rd e n  (A b b . 4). 

G e g e n i ib e r  d ie sen  e rzw u n g e n e n  F o rm a n d e ru n g e n  v e rh a it  s ich  das K a b e l 

a h n lic h  w ie  d ie  G u r tu n g  e in e s  F a ch w e rk trS g e rs , je d o ch  m it d em  U n te r-

s c h ie d e , d a fi am  K a b e l k e in e  S treben  

an ge sch lo ssen  s in d . D ie  V e rh a ltn is s e  

l ie g e n  h ie r  a lso  w e se n t lic h  e in fa ch e r, 

u n d  d ie  au ch  b e i F a c h w e rk e n  u b lic h e  

N a h e ru n g , da fi d ie  S te if ig k e it  d e r  W a n d -

J) E rs tm a ls  v o rge sch Iag e n  in  dem  
v o n  d em  V e r fa s s e r  b e a rb e ite te n  E n tw u r f  
d e r  F irm a  F e lte n  &  G u il le a u m e ' m it d em  
K e n n w o r t  „D a s  g ro f ie re  K ó ln “ im  W e tt-  
b e w e rb  f i ir  d ie  R h e in b r iic k e  in  K 0I11- 
M i i lh e im ,  s. „ D ie  B a u te c h n ik "  1927, 
H e f t  11, S. 138.
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s tab e  v e rn a ch la s s ig t w e rd e n  d u rfe , t r if f t  h ie r  so g a r g e n a u  zu . W ir  d iir fe n  

d a h e r das d u rch g e b og e n e  K a b e l a is  e in e n  d u rch la u fe n d e n  T ra g e r  au f 

g e se n k te n  S t iitz e n  b e re chn e n .

M a n  k a n n  n un  zw a r  e in w e n d e n , d a fi s ic h  das K a b e l n ic h t  w ie  e in  

m a ss iv e r  S tab  o d e r  w ie  e in e  g e n ie te te  G u r tu n g  v e rh a lt , w e i l  se in  Q ue r-  

s c h n itt  aus v ie le n  E in z e lt e i le n  zu sa m m en g e se tz t ist, d ie  k e in e  fes te  V e r -  

b in d u n g  m ite in a n d e r  h aben . A b e r  e s  is t je d e n fa lls  e in e  u n zu tre ffen d e , 

v ie l z u  g iin s t ig e  A n n a h m e , w e n n  m an m e in t, d a fi d ie  e in z e ln e n  Be stand - 

te ile , n a m lic h  D ra h te  o d e r  E in z e ls e ile ,  im  fe r t ig e n  K a b e l a u fe in a n d e r  

g le ite n  k ó nn te n , u n d  d a fi d a d u rch  d ie  B ie g u n g s sp a n n u n g e n  aus d e r  W e it  

g e s ch a fft  se ien . A m  a lle rw e n ig s te n  is t  d ie s  z u tre f fe n d  f i ir  d ie  S te lle n  

iib e r  u nd  d ic h t  n eb e n  d en  P y lo n e n ,  w o  d ie  E in z e lb e s ta n d te ile  d es  K a b e ls  

sta rk  a u fe in a n d e rg e p re f it  w e rd en .

A b e r  au ch  a u f d e r 

fre ie n  S tre cke  d es  K a b e ls  

b e w irk e n  d ie  U m w ic k -  

lu n g  u nd  d ie  K a b e l-  

s c h e lle n  e in e n  Z u sam - 

m e n s c h lu f i,  d e r  In den  

m e is te n  F a l le n  aus- 

re ich e n  d i i if te ,  um  B ie 

g u n g s sp a n n u n g e n  in  

d e m je n ig e n  A u s m a f i zu  

e rm ó g lic h e n , in  d em  s ie  

h ie r  a u fzu tre ten  b e s treb t 

s in d . S e lb s t  w e n n  w ir  e in m a l a n n e h m e n , d a fi zw is c h e n  den  P u n k te n  A u nd  B 
d e r  A b b .  5  d ie  D ra h te  o d e r  E in z e ls e i le  re ib u n g s lo s  a u fe in a n d e r  g le ite n  

kónn ten , m u B ten  h ie r  tro tzd em  B ie g u n g s sp a n n u n g e n  au ftre ten . D e n n  es is t 

p ra k t is ch  u n v e rm e id lic h ,  d aB  v o n  P u n k t  A n ach  l in k s  u nd  v o n  P u n k t  B 
nach  re ch ts  h in  in fo lg e  d e r  s tra ffen  U m w ic k lu n g  das K a b e l w ie  e in  e in h e it-  

lic h e r  S tab  w irk t .  B e i irg e n d w e lc h e r  B e la s tu n g  d e r  B r i ic k e  m u fi s ich  d e r 

z w is c h e n  d e n  S e ile c k s e h n e n  d e r  b e n a ch b a rte n  F e ld e r  e in g e s ch lo s se n e  2£ <p 
u n b e d in g t  um  e in  g e w is s e s  M a f i  J<p ande rn . D ie s  k o m m t a u f d a sse lb e  

h in a u s , w ie  w e n n  w ir  u n s  das K a b e l l in k s  v o n  A u n d  re ch ts  v o n  B d u rch -  

g e s c h n it te n  d e n k e n  u nd  z w e i e n tg e g e n g ese tz t g le ic h e  B ie g u n g s m o m e n te  

v o n  u n b e k a n n te r  G ro B e  an d en  S ch n itt f la ch e n  w irk e n  la ssen . D ie s e  

M o m e n te  m iis se n , da ja  d ie  W in k e la n d e ru n g  v o rg e s ch r ie b e n  ist, um  so  

g ro f ie r  a u s fa lle n , je  s te ife r  d e r  K a b e lą u e rs c h n it t ,  d. h. a ls o  je  h ó h e r  das 

K a b e l a u f u nd  n eb en  d em  S a tte l ist. D a b e i is t  es g le ic h g ii lt ig ,  o b  s ich  

d ie  E in z e lt e i le  g e g e n s e it ig  v e rs ch ie b e n  k ó n n e n  o d e r  n ich t, u n d  es k o m m t 

das v o l le  T ra g h e its m o m e n t  d es  g e sa m ten  K a b e lq u e rs c h n it ts  z u r  W irk u n g ,  

s e lb s t  w e n n  d essen  E in z e lt e i le  lo se  n e b e n e in a n d e r  lie g e n .

N o c h  e in  a n d e re r  P u n k t,  d e r  o ft fa ls c h  a u fg e fa f it  w ird ,  is t  h ie r  zu  

e ró rte rn . E s  is t  n a m lic h  z u  p r i ife n , o b  es iib e rh a u p t  m o g lic h  ist, das 

fe r t ig e  K a b e l a u f d en  H a lb m e s s e r  d es  K a b e ls a t te ls  n o ch  au f- o d e r  ab- 

z u w ic k e ln ,  w e n n  es u n te r  A c h s ia ls p a n n u n g  steht.

B e k a n n t lic h  is t f i ir  e in e n  D ra h t o d e r  e in e n  S tab , d e r  v om  H a lb m e s s e r  co  

a u f d en  H a lb m e s s e r  p o d e r  u m g e k e h r t  g e b o g e n  w ird ,  d ie  R a n d sp a n n u n g

Ed  
a ~ . 2 e ’

w e n n  d d ie  D ra h t-  o d e r  S ta b d ic k e  ist. N e h m e n  w ir  e in  K a b e l v o n  n u r 

d — 30  cm  an, so  is t  b e i o — 6 m  d ie  b e tre ffe n d e  S p a n n u n g
O|QA O A

<s= = 52,5  t / c m 2 = 52 500  k& /cm2>

d. h. e in  V ie lfa c h e s  d e r  g ró f ite n  je m a ls  e rre ich b a re n  B ru c h fe s t ig k e it  des  

M a te r ia ls .  E s  fo lg t  d a rau s e in fa ch ,  d a fi d ie  h ie rb e i v o rau sg e se tz te  

B ie g u n g  n ich t  m o g lic h  

ist, d. h . d a fi s ic h  das 

fe r t ig e  K a b e l w e d e r  au f- 

n o ch  a b w ic k e ln  la f it  u n d  

d a fi es am  K a b e ls a t te l 

a is  fe s t e in g e sp a n n t g e l

ten  m u fi. E rz w u n g e n e  

A n d e ru n g e n  d e r  S ehn en - 

w in k e l um  _ / « ’ u nd  

Ja .” (A b b . 6) b e d ln g e n  

d a h e r ,  d a fi das K a b e l

a u f d e n  S tre cke n  z w is c h e n  d cm  S a tte l u n d  d en  nach sten  H a n g e s ta n g e n  V e r -  

b ie g u n g e n  e r le id e n  m u fi, a h n lic h  e in e m  s te if  a n g e sch lo ssen en  F a c h w e rk  
stabe.

IV .

D ie  S t iitz e n m o m e n te  d e s  d u rc h la u fe n d e n  T ra g e rs  s in d  a b h a n g ig  v o n  

d en  U n te rs c h ie d e n  d e r  D u rc h b ie g u n g e n  je  d re ie r  a u fe in a n d e r  fo lg e n d e r  

S t iitz p u n k te , d. h. v o n  d en  A n d e ru n g e n  d e r  W in k e l z w is c h e n  je  z w e i 

a u fe in a n d e r  fo lg e n d e n  S tab se h ne n . Im  v o r lie g e n d e n  F a l le  la f it  s ic h  e in e  

seh r e in fa ch e  N a h e ru n g sb e re ch n u n g  d ie s e r  W ln k e la n d e ru n g e n  a n s te lle n . 

D ie s e  m ach t n a t i ir l ic h  k e in e n  A n s p ru c h  a u f e rs ch óp fe n d e  u nd  g e n a u e  

B e h a n d lu n g  d es  G e g e n s ta n d e s , s ie  g ib t  a b e r e in  z u v e r la s s ig e s  B i ld  v o n  

d e r G ró f ie n o rd n u n g ,  in n e rh a lb  d e re ń  s ic h  d ie  N e b e n s p a n n u n g e n  b e w e g e n .

W ir  se tze n  d en  F a l i  vo rau s , d a fi d e r  V e rs te ifu n g s tr3 g e r  d e r  M it t e l-  

ó ffn u n g  e in  fre i a u f l ie g e n d e r  B a lk e n  se i u n d  d a h e r d ie  B ie g e lin ie ,  w ie  

o b e n  sch on  e rw a h n t, a n n a h e rn d  p a ra b e lfó rm ig  a n g e n o m m e n  w e rd e n  darf. 

S o d a n n  is t  d ie  grO fite  W in k e la n d e ru n g  n a tu rg e m a fi d ie je n ig e  zw is c h e n  

d en  E n d ta n g e n te n  d ie s e r  P a ra b e l u n d  d e r  u r s p r i in g lic h  W a g e re c h te n  <p0 
(A b b . 4). E s  is t  d a h e r v o n  v o rn h e re in  zu  e rw a rten , d a fi a u ch  d ie  S t iitz e n -  

m o m e n te  u n d  so m it  d ie  N e b e n s p a n n u n g e n  d es  K a b e ls  an  d en  P y lo n e n  

am  g ró B te n  w e rd e n .

D ie  B ie g e l in ie  m it  d em  P f e i l  Sm h a t d ie  G le ic h u n g

4 <L

d a h e r is t
** _  
dx l2 

u n d  das K r iim m u n g s m a fi

1

o

r-

(l —  2 x) ;

x (/ —  x) ; 

d- S 
dx2 = l2

1 +

d2S 
d x2

m
D a s  z u  d ie s e r  K r i im m u n g  g e h ó r ig e  in n e re  M o m e n t  is t

8 <5...

M - E J — E J •
1 +■ (i — 2 xy-

%

(i)
W

u nd  d ie  z u g e h ó r ig e  N e b e n s p a n n u n g :

Me
J ~  E e '\l* + \Ę>Sm2(l 

w o  e d ie  h a lb e  D ic k e  des K a b e ls  b ed eu te t.

1
2

8 EeS
(2) tf,

! x ) 2]% '

S o n d e r w e r t e :  F i i r  x =  -~ (B ru ck e n m itte )  w ird

S e i b e is p ie is w e is e  

e =  28  c m ; d a nn  w ird

l2
1,10 m ; / = 

8 - 1 9 0 0 - 2 8 -  110

= 340  m ; E — 1900 t/cm 2 u n d

34  0002
= 0,041 t/cm 2.

F i i r  x -

(3)

0  u n d  x =  l (E n d e n  d e r  M it t e lo f fn u n g )  w ir d

8  m „ , i

=  0 ,024  t/cm 2.

(/2 + 1 6 V ) %
f i ir  das Z a h le n b e is p ie l:

8 -  1 9 0 0 -2 8 -  1 1 0 -3 4  000  

" * ( 3 4  0002 +  16 • 11 0 f / 2 

D e r  le tz te re  W e r t  w i i r d e  in  d e r  N a h e  d e r E n d e n  d e r  S t i it z w e ite  g e lte n , 

w e n n  das K a b e l an  d e n  P y lo n e n s a t te ln  g e l e n k i g  fre i d re h b a r  w a re . 

W ir  h a b e n  a b e r o b e n  sch o n  fe s tg e s te llt ,  d a fi das K a b e l h ie r  a is  e in g e sp a n n t 

g e lte n  m u fi. D a h e r  is t  G l.  3  n ic h t  b ra u ch b a r, u n d  es m u fi f i ir  d ie  E n d e n  

d e r  S t i it z w e ite  e in e  a n d e re  R e ch n u n g  a n g e s te llt  w e rd e n  u n te r  B e n u tz u n g  

d e r  C la p e y ro n s ch e n  G le ic h u n g e n .

W ir  d e n k e n  uns  d as  K a b e l 

w a g e re ch t a u sg e s tre ck t u nd  b e i 

P u n k t  1 sta rr e in g e sp a n n t u n te r  

d em  2C / i  g e g e n  d ie  W a g e re ch te  

(A b b . 7). D ie  F e ld e r  se ie n  m it 

U, I3 u sw . b e z e ich n e t.  D ann  

g e lt e n  fo lg e n d e  B e z ie h u n g e n :

(4) 2M1L, +  M., /2 =  6  E J-a
(5) AT,ł /, -J- 2 yVf2 (/_. ■ i ■ /:i) -|- /V?;s /3 =  0  us\vr.

W e i l  a b e r  a l le  F e ld e r  u n b e la s te t  s in d , g e lte n  a u fie rd e m  d ie  B e z ie h u n g e n

M2 — —  v3 M3 ; M3 — —  vA usw'., 

w o  m it  g u te r  A n n a h e ru n g  v3 =  =  . . .  vn =  3,732 g e se tz t  w e rd e n  darf,

w e i l  w ir  s e h r  v ie le  a n n a h e rn d  g le ic h  la n g e  F e ld e r  haben .

D a h e r  w ir d  au s G l.  4  u. 5:

(6) 2yW 1 /2 +  A f2 /2 =  6 £ J / 1

1

i (3) W

1 —  lż -~ *— <5— -

A b b .  7.

(7) Al\ /2 - f  A f , 2  4  +  4 (- i) -0 .

A u s  G l.  6  u. 7 e rh a lt  m an:

(8)

(9) A f ,

6  E J Yl 2 -}-
X (2 - $

3 4 +  4
(4 -- ł )

6  E J n
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N u n  kann  U =  U
w e ite )  u n d  rz — 3 ,732 g e se tz t w e rd e n . D a n n  w ird

6 ^ / , ( 2  +  2 - y
(10) A f l S S -  - P -_ ... | 7 3 2 /

3 C' +  C’ 3 j732/

(11) iWa «  —  _ M  JJy

■ ć  (in d e r  K a b e lr ic h tu n g  g em e sse ne  F e ld -

_  6  E J Yx . 3 ,732 _  3 ,328 EJ-A

c i 3 +  4 3,732

6  EJy, 
ć

6.732 

1

6.732 :

0,892 E Jn  
ć

D e m e n tsp re ch e n d  w e rd e n  d ie  N e b e n sp a n n u n g e n  an den  P u n k te n  1 

u n d  2:
3,328 E e 7l 0,892 Eeyv

^2 — ......... V'>•1 ■(12)

D a b e i is t

(13)

n  c o s w e n n  « ”  d ie  u rs p r i in g lic h e  N e ig u n g  des 

4  <3„

K a b e ls  im  F e ld e  1 b is  2 u nd

'/o =

4-110

dS 
d x

m

S o m it

(14)

(15)

34 000
■ 0,981 = 0 ,0 1 2 7 ; c =

>2 '

3 ,3 2 8 - 1 9 0 0 .2 8 .0 ,0 1 2 7

615

0 ,892 • 1900 - 28  - 0 ,0 127 

615

c =  603 

cos oc 0,981

=  3,660 t/c n i2 

0 ,980  t/cm 2 .

=  615  cm

A n  den  fo lg e n d e n  P u n k te n  3, 4  u sw . w e rd e n  d ie  B ie g u n g s sp a n n u n g e n  

se h r  rasch  a b k lin g e n . A b e r  d e r  h oh e  W e r t  b e im  P u n k t  1 fo rd e rt z w in g e n d  

d ie je n ig e  k o n s tru k t iv e  A b h i l fe ,  d ie  o ben  u n te r  II. b e s ch r ie b e n  w u rd e .

U n te r  d e r  V o ra u sse tzu n g , d a fi d ie s e  au sg e fu h rt se i, g i lt  d ann  fo lg e n d e  

R e ch n un g :

W ir  d e n k en  uns  das K a b e l w ie d e r  w a g e re ch t au sg e s tre ck t u n te r 

E in b e z ie h u n g  d es  R i ic k h a lte k a b e ls  v o n  d e r L a n g e  k (A b b . 8). D ie  E in -  

sp a n n s te lle  l ie g t  je tz t  b e i (0), d ag e g en  is t b e i (1) e in e  d re h b a re  L a g e ru n g

(O) (1)
----- i,----- i ' J

(19)

(20)

M, (2  k +  2 / , ) - f  M , / ,  =  6 £ y 7l

Mi !, +  A f, 2 U + LA2 =  0

u n d  e n d lic h :  

(21)

(22)

M,

M , =

6  E J ,, 2 4 + 4  (2 - i )

+  2 /,) 2<! +  / , ( 2 - i - ) — I ł

( 4  ' , + 2  4 )

6 E J l 2 

21,

(23)

(24)

(25)

W ir  se tzen  w ie d e r  U = -- /, =  ć  und  r3 =
4 E J  yx

= 3,732; d ann  w ird

Af,

A f ,
1 ,071 E J rx

/, + -5- • ć

2 E J y l 

4

(26)

(27)

(28)

F i i r  das Z a h le n b e is p ie l:  4  =  137 m ; ć 
4 - 1 9 0 0 - 2 8 - 0 ,0 1 2 7

v I -
13 700 +

4

6,15 m w ird  

=  0,186 t cm 2

615

1,071 - 1 9 0 0 - 2 8 -0 ,0 1 2 7

4 ....

3"

1 0,186

2  2

= 0 ,050  t/cm 2

13 700 + 615

=  0 ,093  t ern2.

E in  V e rg le ic h  z w is c h e n  O l.  14 u. 26  z e ig t  d ie  b e d e u te n d e  V e rr in g e -  

ru ng  d e r  N e b e n s p a n n u n g e n  b e i (1) im  V c rh S ltn is  186 : 3660  s s  1 : 20. D u rch  

E in s ch rS n k u n g  d e r K a b e ld ic k e  au f lj3 d e r  n o rm a le n  g e m a fl A b s c h n it t  II 1. 

w e rd e n  d ie  N e b e n s p a n n u n g e n  b e i P u n k t  1 w e ite rh in  v e rm in d e r t  au f

1
>'l ■ 0 ,186  =  0,062 t/cm 2.

A b b .  8.

w ie  b e i a lle n  fo lg e n d e n  P u n k te n  v o rh a n d e n . W e g e n  d e r K le in h e it  d e r 

W in k e la n d e ru n g e n  b e i (2), (3) u sw . d iir fe n  d ie se , g e n a u  w ie  b e i d e r  vo rhe r-  

g e h e n d e n  R e ch n u n g , s a m t lic h  =  0  g e se tz t w e rd e n , u nd  es b le ib t  n u r  d ie 

je n ig e  b e i (1) zu  b e r iic k s ic h t ig e n .

D ie  C la p e y ro n s ch e n  G le ic h u n g e n  la u te n  in  d ie s e m  F a l i:

(16) 2  M0 /, +  A f,  k =  0

(17) M0 k + 2 Mx (k +  /2) +  M212 =  6  E J 7l
(18) Ak U + 2 M2 (l2 +  /3) +  M313 =  0  u sw .

A u s  (16) fo lg t  — fe rn e r is t  w ie d e r /W ,  =  —  v3 M:i usw .,

d a h e r  w ird  aus (17) u nd  (18):

W e n n  w ir  n ic h t  d en  F a l i  f re ie r  R i ic k h a lte k a b e l,  s o n d e rn  e in e  H S ng e - 

b ru ck e  m it a n g e ha n g ten  S e ite nO ffn u ng en  ha tten , so  w a re  /, n ic h t  g rO fie r 

a is  d ie  i ib r ig e n  F e ld e r ;  a u fie rd cm  m iiG tc  d e r  A n s a tz  d e r  D re im o m e n te n -  

g le ic h u n g e n  e n tsp re ch en d  ab g eS nd e rt w e rd e n . D e r  v e rh a itn ism a O ig e  E in f lu f i  

d e r  D re h b a rk e it  des P y lo n e n k o p fe s  a u f d ie  M o m e n te  w a re  k le in e r  a is  in  

o b ig e m  F a l le .  U m  so  w ic h t ig e r  w a re  d a n n  d ie  E in s c h ra u k u n g  d e r K a b e l

d ic k e  f i i r  d ie  E rm a G ig u n g  d e r  N e b e n sp a n n u n g e n .

V .

D ie  b e id e n  in  A b s c h n it t  II u n te r  L u n d  2. b e s c h r ie b e n e n  M a fin a h m e n  

e rgSnzen  e in a n d e r  u n d  b i ld e n  zu sam m en  e in  w irk s a m e s  M it t e l,  d ie  B ie 

g u n g s sp a n n u n g e n  des K a b e ls  zu  v e rm in d e rn  u n d  d em n a ch  d ie  F e s t ig k e it  des 

M a te r ia ls  s o w e it  a is  m O g lich  f i i r  d ie  G ru n d sp a n n u n g e n  a u szu n u tzen . D ie  

A n o rd n u n g  II 1. is t  w o h l n u r  * a u s f iih rb a r  b e i e in e m  aus fe rt ig e n  E in z e l-  

se ile n  a u fg eb au ten  K a b e l ,  n ich t  b e im  lu ftg e sp o n n e n e n  P a ra l le ld ra h tk a b e l.  

D ie  A n o rd n u n g  II 2. d a g e g e n  is t  a u ch  im  le tz te ren  F a l le  au s fiih rb a r. D e r  

V e r fa s se r  w iir d e  d e r  V e rw e n d u n g  v o n  fe rt ig e n  S e ile n ,  b e so n d e rs  v o n  

p a te n tv e rsch lo ssen en  S p ira ld ra h ts e ile n  v o r  d em  lu ftg e sp o n n e n e n  P a r a l le l

d ra h tk a b e l d en  V o r z u g  g eb en .

Z u m  S ch luG  se i n o ch m a ls  b e ton t, daG o b ig e r  A b s c h n it t  I V  n u r  e in e  

O b e rs ch la g s re c h n u n g  se in  s o li u n d  d a fi d a b e i m an che  E in f l i is s e ,  w ie  z. B . 

d ie  W in k e ld r e h u n g  d e r  P y lo n e n s tS n d e r  a is  e in e s  G a n ze n , f iirs  erste ab s ich t- 

l ic h  v e rn a ch ia s s ig t w o rd e n  s ind .

Yermischtes.
D e r  N e u b a u ,  H a lb m o n a ts s ch r if t  fu r  B a u k u n s t,  W o h n u n g s -  u nd  S ied - 

lu n g sw e se n  (V e r la g  v o n  W i lh e lm  E rn s t  &  S o h n ,  B e r lin  W 8 ) .  D as am  
24. M a i a u sg eg eb en e  H e f t  10 (1 R .-M .)  e n th a lt u. a. fo lg e n d e  Be itrS ge : 
E . W e d e p o h l :  D ie  S ie d lu n g e n  d e r  G e m e in n iit z ig e n  A k t ie n g e s e lls c h a ft  
f i i r  W o h n u n g sb a u  in  K o ln .

P u m p - S p e ic h e r k r a f t w e r k  N ie d e r w a r t h a  b e i  D r e s d e n .  E in e  be- 
a ch te n s w e r te  W a sse rk ra fta n la g e  is t  j iin g s t  im  F re is ta a te  S achsen  in  A n g r if f  
g e n o m m e n  w o rd e n . E s  h a n d e lt  s ich  um  e in  h y d ra u lis c h e s  Pu m p -S p e ich e r-  
k ra ftw e rk ,  das in  Z u sa m m e n a rb e it  d e r  S tad t D re sd e n  u n d  d e r  A .-G . 
S a ch s is ch e  W e rk e  au f d e r  F lu r  N ie d e rw a r th a  b e i D re sd e n  e rr ich te t  w ird . 
D a s  W e rk  s o li e in e n  A u s g le ic h  d e r  B e la s tu n g ssp itz e n  im  O b e r la n d n e tz  d e r 
■sachsischen E le k t r lz ita ts v e rs o rg u n g  h e rb e if iih re n  u n d  au B e rde m  d ie  S trom - 
v e rso rg u n g  d es  V e rb ra u c h s g e b ie te s  G ro B -D re sd e n  s ic h e rs te lle n , a u ch  f iir  
d en  F a l i ,  da fi d ie  S t ro m lie fe ru n g  aus d em  U b e r la n d n e tz  in  Irg end  e in e r  
W e is e  g e s to r t  w ird . E s  ist d ad u rch  b e m e rk e n sw e rt,  d a fi zum  e rs te nm a l 
d u rch  D a m p f e rz e u g te  E n e rg ie  in  g ro f ie m  M a fis ta b e  h y d ra u lis c h  au f- 
g e sp e ic h e r t  w ird .

In dem Kraftwerk werden 4 Maschinensatze aufgestellt, dereń jeder
aus einer Turbinę, einer Pumpe und einer elektrischen Maschine besteht.
Von den 4 Einheiten sind 2 Turbinen und 2 Pumpen an die auf dem

G e b ie te  d es  S p e ic h e rp u m p e n b a u e s  zu sa m m e n a rb e ite n d e n  F irm e n  J . M .  V o ith  
in  H e ld e n h e im  a. d. B re n z  u n d  G e b r iid e r  S u lz c r  A .-G .  in  L u d w ig s h a fe n  
ve rg e b e n  w o rd e n , d ie  b e id e n  an de ren  an  d ie  F irm a  E sch e r, W y s s  &  C ie . 
in  R a v e n sb u rg .

D ie  T u rb in e n  m it  je  30  000  P S  L e is tu n g  s in d  d ie  g ro B te n  S p ira l-  
tu rb in e n  in  D e u ts ch la n d . D ie  P u m p e n , de reń  je d e  27  000  P S  A n tr ie b s -  
le is tu n g  v e r la n g t, iib e rtre ffe n  a lle  b is h e r  g e b a u te n  um  e in  m ehrfaches .

W e t t b e w e r b  L e c h b r i i c k e  H o c h z o I I .  D a s  S tra fien - u nd  F lu f ib a u a m t 
A u g s b u rg  hatte  e in e n  W e t tb e w e rb  z u r  E r la n g u n g  von  E n tw iir fe n  zum  
N e u b a u  d e r L e c h b r iic k e  H o c h zo II  au sg e sch r ie b e n . In sg esam t s in d  41 E n t-  
w iir fe  e in g eg a n g e n . E in  e r s t e r  P re is  is t  n ic h t  v e r te i lt  w o rd e n . D en  
z w e i t e n  P re is  e rh ie lt  d ie  F irm a  D y c k e rh o f f  &  W id m a n n  A .-G .,  N le d e r-  
la s su n g  N iirn b e rg , in  V e rb in d u n g  m it A r c h it e k t  P ro f. R u f f ,  N iirn b e rg ;  e in  
w e ite re r  E n tw u r f  w u rd e  an gekau ft, d en  d ie  F irm a  D y c k e rh o f f  &  W id m a n n  
A .-G .,  N ie d e r la s s u n g  N iirn b e rg , m it d e r  F irm a  N ó l l  &  C o ., W iir z b u rg ,  e in - 
re ich te . E in e n  z w e i t e n  P re is  e rh ie lt  a u ch  d ie  M a s c h in e n fa b r ik  A u g s b u rg -  
N i ir n b e rg  in  V e rb in d u n g  m it d e r  F irm a  P h i l ip p  H o lz m a n n  A .-G . ,  M iin c h e n ,  
u nd  A r c h it e k t  S c h w e i g h a r d t  in  A u g s b u rg , e in e n  d r i t t e n  P re is  d ie  
F irm a  W a y ss  &  F re y ta g  A .-G . ,  N ie d e r la s su n g  M iin c h e n ,  in  V e rb in d u n g  
m it  P ro f. B o n a t z ,  S tu ttga rt.
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Schnitt C-0

A b b .  5.

E in z e lh e it e n  d e r  e ise rn e n  

R a h m e n k o n s tru k t io n  in  de r 

H o h e  d e r  G aststa tte .

D e r  B e r l in e r  F u n k t u r m .  N a ch  
e in e r M i t t e i lu n g  v o n  3 )v \= 2 jng .R .B e rn 
h a r d  in  d e r  Z . d. V .  d. I. 1926, H e f t  12, 
d ie n t  d e r  rd. 133 m h o h e  e ise rn e  
T u rm ,  d e ssen  G ru n d b a u te n  e in e  
F la c h ę  v o n  n u r  18 X  18 m  e in n eh -  
m en , n ic h t  n u r  a is  A b s p a n n m a s t  f i ir  
d ie  S e n d ea n te n n e  v o n  W it z le b e n ,  
so n d e rn  m it  s e in e m  a u f d e r  T u rm -  
sp itz e  an g e b ra ch ten  S ch e in w e r fe r  
a u ch  d es  N a ch ts  a is  F lie g e rz e ic h e n .  
In 52  m H O h e  e n th a lt  e r e in e  G a s t
statte.

A is  z u la s s ig e  B e a n sp ru ch u n g  des 
S ta h lg e r ip p e s  aus S t3 7  is t  1400 k g /cm 2, 
f i i r  d ie  T ra g e r la g e  d e r  G a s ts ta tte  u n d  
d e r  A u s s ic h ts p la tt fo rm  1200 k g /cm 2 
g e w a h lt .  D e r  W in d d ru c k  is t  m it  
150 k g /m 2 a n g e n o m m e n , w o b e i f iir  
d ie  u n te re n  52 m  n u r  d ie  w ir k l ic h e  
g e tro ffe n e  S ta b f la ch ę , d a r i ib e r  h in a u s  
je d o c h  d ie  v o l le  v o n  d en  U m r if i-  
l in ie n  g e b ild e te  T u rm f la c h e  a n g e n o m 
m en  ist.

A b b .  1 z e ig t  e in e  G e sa m ta n s ich t  
d es  F u n k tu rm e s ,  A b b .  2  u . 3  g e b e n  E in z e lh e it e n  d e r  r a u m lic h  schrSg- 
l ie g e n d e n  R a h m e n k o n s tru k t io n  in  H o h e  d e r  G a s ts ta tte , d ie  das T u rm n e tz -  
w e rk  in  z w e i T e i le  g lie d e r t .  U n te rh a lb  is t e in  m e h rfa ch  u n te r te ilte s  F a c h 
w e rk  a n g e o rd n e t, d e reń  G ra ts ta b e  s ich  aus v ie r  ra u m lich  v e rg it te rte n  
W in k e le is e n  zu sam m en se tzen . U b e r  d em  R a h m e n tra g w e rk  b e f in d e t  s ich  
e in  d o p p e lte s  S t re b e n n e tz w e rk ,  das v o n  e tw a  80  m H o h e  ab  aus v o ll-  

. w a n d ig e n  P r o f i le n  besteh t.
D ie  s c h w ie r ig s te  A u fg a b e  b i ld e te  d ie  A u f la g e ru n g  d e r v ie r  T u rm f iif ie ,  

d ie  g le ic h z e it ig  aus fu n k te ch n is ch e n  G r iin d e n  is o l ie r t  a u s g e b ild e t  w e rd e n  
m u fiten . A b b .  4  b is  6 z e ig e n  S ch n itte  u n d  A u fs ic h t  d e r  A u f la g e r .

D ie  A u fs te llu n g  d a u e rte  n u r  z e h n  W o ch e n ;  es w u rd e n  d a zu  
z w e i S c h w e n k a rm e  b e n u tz t ,  d ic  an e in e m  140 m  h o h e n ,  in  d e r  M it t e l-

-78,0-
A b b .  1.

G e sa m ta n s ich t  d es  F u n k tu rm e s .

A b b .  6. W a g e re c h te r  S c h n it t  u b e r  d em  A u fla g e r .  

A b b .  4 b is  6. A u f la g e r  d e r  T u rm f iif ie .

a ch se  d es  T u rm e s  a u fg e s te llte n  H ilfs m a s t  a n g e b ra ch t w a ren . D a s  
G e s a m tg e w ic h t  b e trag t e tw a  400  t f i i r  d ie  E is e n k o n s t ru k t io n ,  220  t f i ir  
d ie  G r iin d u n g .

Personalnachrichten.
D e u t s c h e s  R e ic h .  R e i c h s b a h n - G e s e i l s c h a f t .  V e rs e tz t:  d ie  

R e ic h sb a h n ra te  M i c h e l ,  b is h e r  b e im  R. B . A .  K o b le n z  1, a is  V o rs ta n d  
zum  R. B . A .  E u sk ir c h e n ,  A lb r e c h t  W a g n e r ,  b is h e r  b e i d e r  R. B. D . K a s s e l,  
z u r  R. B . D . E s se n , U h l e m a n n ,  b is h e r  b e i d e r  R. B . D . B e r lin ,  in  d en  
B e z ir k  d e r  R . B . D . A lt o n a ,  B l a i m b e r g e r ,  b is h e r  b e im  Z e n tra lb a u -  
am t d e r  G ru p p e n v e rw a ltu n g  B a y e rn  in  M i in c h e n ,  a is  V o rs ta n d  zum  
R. B . A .  D o n a u w O rth  u n d  S c h l o d e r ,  V o r s ta n d  d es  R. M .  A .  P a s sa u , a is  
V o rs ta n d  zum  R. M .  A .  W iir z b u rg ,  s o w ie  d e r  R e ic h sb a h n a m t in a n n  R e i f i ,  
b is h e r  b e im  R e ic h s b a h n -B a u a m t In g o ls tad t 1, z u m  R e ic h sb a h n  - B a u a m t 
M i in c h e n  O st.

O b e rw ie s e n :  d ie  R e ic h sb a h n o b e rra te  H o r s t m a n n ,  V o rs ta n d  d es
R. B . A .  K o ln  1, a is  M it g l ie d  z u r  d o r t ig e n  R. B . D . u n d  K a s t e n ,  V o rs ta n d  
d es  R. B . A .  E sse n  1, a is  M it g l ie d  (au ftrw .) z u r  d o r t ig e n  R . B . D ., s o w ie  d e r  
R e ic h sb a h n b a u m e is te r  W a lte r  W e t z l e r  v o m  Z. M .  A .  z u m  Z. V .  A .  d e r  
G ru p p e n v e rw a ltu n g  B a y e rn  in  M iin c h e n .

A u s g e s c h ie d e n : R e ic h sb a h n o b e rra t  H e s s e ,  M it g l ie d  d e r  R. B . D . K O ln , 
in fo lg e  s e in e r  W a h l z u m  e rs ten  D ir e k to r  d e r  G e s e lls c h a f t  d e r  K o ln -B o n n e r  
E is e n b a h n e n .

G e s to rb e n :  R e ic h sb a h n d ire k to r ,  G e h e im e r  B a u ra t K u r t h ,  M it g l ie d  
d e r H a u p tv e rw a ltu n g  in  B e r lin .

INHALT: Neues B auverfah ren  be i der U n te rg ru nd b a hn  in  H a m b u rg . — U ber e in ige  grund- 

sS tz liche  Fragen be i d e r  K o n s tru k tio n  gew O lb ter B rOcken. — Der W ert b a u lic he r  V ersuche  In  den 

gesch iebe fiih renden  F liissen . —  B e itrag  zu r  V e rv o llk o m m n u n g  der D rah tk ab e l - H iingebrucken . — 

V e r m l s c h t e s :  In h a lt  v on  D er N eubau , H a lb m on a ts sch r if t fu r  B a u k u n s t, W ohnungs-  u n d  S ied lungs-  

wesen . —  P u m p - S p e ich e rk ra ftw e rk  N iederw arth a  bei D resden . —  W ettbew erb  Lechbrucke  Hoch- 

zo il. —  B e rlin e r  F u n k tu rm . —  P e r s o n a l n a c h r i c h t e n .

Schriftleitung: A. L a s  k u  s , Geh. Regierungsrat, Berlin-Friedenau.

Verlag von W ilhelm  Ernst & Sohn, Berlin.

Druck der Buchdruckereł Gebriider Ernst, Berlin.


