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In the above formula, by the term statical moment is meant the product of the area mentioned u YUNIBESITHI YA PRETORIA
by the distance between its center of gravity and the neutral axis, For example, the longi-
tudinal shearing intensity at a point ¢ in a rectangular beam, Fig. 2, may be expressed as
follows:
oo VAT
Ib

For rectangular beams and all beams of uniform width, thelargest value of v for any given sec-
tion will occur at the neutral axis since the statical moment
@ hbas its maximum value for a point on this axis, and bis
constant.

6. If & beam is of constant cross-section throughout, the
maximum values of f and v will ocour at the section where
M and V respectively have maximum values. ¢

7. In addition to the longitudinal or horizontal shear at
any point there coexists a vertical shear and the intensity of

Fio. 2. this vertical shear is equal to the intensity of the horizontal
shear.

&. The intensity of tho shear at the top and bottom of a beam is zero and the intensity
of shear (horizontal and vertical) along a vertical cross-section for & rectangular beam varies
as the ordinates to a parabola, ss shown graphically in Fig. 3. The maximum value occurs
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at the neutral axis and is 3¢ the average intensity, or 3 b .
9. At the neutral plane there exists a tension and compression at angles of 45 deg. to the
horizontal, and the intensity of these forces is equal to thet of the shear.
10. At the end of & simply supported beam where the shear is &
maximum and the bendi t & mini the lie prac- 7]
tically at 45 deg. to the borizontal throughout the entire depth of
beam,
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11. At the section of maximum moment, the shear is zero and the
stresses are horizontal.

12, Xf f rep ts the i ity of hori | fiber stress and v the intensity of vertical
or horizontal shearing stress at any point in & beam, the intensity of the inclined stress will be

I =If
GI- 5% 5" 81"
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given by the formula = T B
1 — v - i »
rmpre L ew murisy = Ve
S . : . y g 7 P it
and the direction of this stress by the formula = J'vl'( 2 ;;"O‘S;n,::;:zn X=X N a7 2@8% 1 q
tan 2K = 7 f’! ) G- 5%’ 8-17*
1 - yYeper row of rods.

where K is the angle of the stress with the horizontal.

. Inve. -
=) 13. At any given point mAXimum compressive Hers w"': m""w L4
\ S0 d | stress and maximum tensile stress make an angle of
PN TR ¢ /( 90 deg. with each other.
i 14. The directions of the i w for I DETAILS OF
a simply supported beam uniformly I are as AN INTERIOR FLOOR BAY
T U o momum comereean given in Fig. 4. The general direction of the Arrangement of Steel in Crossbeam Arrangement of Sreel in Girder A
Fia, 4. in a beam with any given loading may be determined »

by means of the formulas for ¢ and K given above,
15. The common theory of flexure gives the unit stress correctly at the important section
of maximum moment and also for the extreme fibers in other sections, since at these points
the shear is zero. Where the shear is not zero an inclined stress is the result and the flexure
formula gives only the horizontal component of this stress—naely, the fiber stress.

Hool and Johnson (1918). Concrete Engineers Handbook -
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Sec. 11-174] i BUILDINGS 473

The trussed bar extends into the column head a sufficient distance beyond the point of maximum stress
(6 tho odge of the calumn head) to develop. in combination with the hook, theic full tepsilo strength. The ring
which they engage serves to distribute the bearing stresses laterally on to a large area of concrete.

Poaition of Unite—Units A and B are placed near the bottom while unit C is near the top of the slab.

it By i of i in the shape of lower prongs of
the radials, the slab i stiffened at the support, and the compression stresses in concrete reduced. If desired,
therefore, it is possible to omit the drop panel at the column head and use an altogether fat ceiling. This is often
desirable cither for the sake of appearance or to simplify shafling or piping.
nf to prevent cracks on the top of the slab between eolumns, sdditional
pecondary reinforoement conaisting of short straight bars, and called Usits 7' is used. These bars are usually
placed after the conrete of the slub is poured.

Fro. 52,

' -
THEORETICAL Discussion

The sciontific baais of the 8-M-I system is evident from the following discussion of the action of a flat slab
load,

Shape of the Slab after Deflection.—After deflection n flat slab nasumes n composite shape, namely, the shape
an umbrells at the column head, and the skape of a saucer in the central portion.
Lines of Equal Deflaction.~The shape of a deflected slab enn be soon better from Fig. 53, which shows in
aa the doflection curve along the side od the dingonal of the pancl, and in plan’tho lines of equal deflection.
lines of equal deflection, which are based on tests, were obtained by connecting the points which deflected
#qual distance below their original position. R
Direction of Stresses and Reinforcement,—By referring to the plan snd the seotions, it is evident thst deforma-
of fibers nro equal and therefore the fiber stresses act perpendicularly to the lines of equal deflection ns indicated
bost method of resisting these stresses, or preventing the deformation, is either by
ag the bars 1y to the li f equal ion, or by enclosing them by means of a ring, the hooping
of which is cxplained later. Fig. 54 shows the deflection lines in light dash lines and the reinforcement
to the 8-M-I system in heavy lines. The radials and trussed bars are perpendicular to the lines of equal
ngles close to 00 deg., or they enclose the sarme and pro-

Fia. 51

Hool and Johnson (1918). Concrete Engineers Handbook e
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“As hangs the flexible line, so but inverted will stand the rigid arch.”
Robert Hooke

Giovanni Poleni, 1748: Hooke’s guiding principles 18



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Model of Familia Sagrada, Barcelona, 1908 | Antoni Gaudi 19



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Qe

Model of Familia Sagrada, Barcelona, 1908 | Antoni Gaudi 20



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
Rz

Heinz Isler 21



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
\ >~ 4

Heinz Isler 22



UNIVERSITEIT VAN PRETORIA
m UNIVERSITY OF PRETORIA
= S——— u YUNIBESITHI YA PRETORIA

N T i o R —

Heinz Isler 23



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Filling station, Deitingen Std, 1968 | Heinz Isler 24



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
Rz

Los Manantinales Restaurent, Xochimilco, 1958 | Felix Candela 25



-

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

v YUNIBESITHI YA PRETORIA

Cadyl Horizontal Silo, Young, 1978 | Eladio Dieste 26



Graphic statics




UNIVERSITEIT VAN PRETORIA

UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
Qumt?

28



<2

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

YUNIBESITHI YA PRETORIA
Rz

Varignon, 1725 ”



Carl Culmann 1821-1881

Rz

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

a KREFTEPLAN EINES HALBPARABELTRAGERS . Ta
BIE Spannseite g0 1!
Bigengerwich- 30! pro Meler, Zulalige Last-124 pro Neter.
o df g by =
. 4
i, CULMANN,
FNESL A RDUSITTRT alFisl
EENTES BLND: =
e i m das Tor ek Bodekevim md §7 Tukis Ak
]
LB LI 3 #:
EHEICE :
il Tin W & LR b
L e 2 z
[T b il
e

ik A Wi B ndegie o O Wit

Virlagson Meyer w Zellor in Ziiruch

CulmanaRitter, graphisehe Stk

QU



Eiftel Tower, Paris, 1889 | Gustav Eiffel, Maurice Koechlin

lg L
R L L el ) R
o AN




4™ Shrie 105 Volume . !

Epure de résistance auvent
I7Con: Wt dbe foo " dls labse wp somnat.,
LCag:  Fnk oot o 200™a i bap pusgesd 000 M sonimet .

Surfaces e effbris correspondants.

m g - = i & e
il s . o, il 2 e
e R
j=me| - # M | .
1 | 7% | a0 BouY [SRSoo| 878 | Asaiue
z BEE |toeE | BoD MERD| 238 | Asuak
a i85 | EER | RAG | 19RACO| OO | TRESO0
® | 0K | 3 | 800 |t 280 | 11d50
& A |lEBE | 300 |G0A00| ET6 | ARG
a (-2 BEW | 300 40RD00| EEE |-
T &1 (8088 | 300 |$0S0G| 2% | s
& ¥L8 |pas1 | Boh jkdaco| 2B | FERGEE
a0 EERE FEE
Deitepmination dee eiferte dane leo erbalétriars.
ke e, rrrniont s par i sedon AB prassiee (i
m S rebodaanie ?Wh P BB NF, g el e
;:'m,mhl (1] eeie hvom s r.wmmm

5 it lanue e chacesn i s gt de 2882007 ereltare gy
D rredierna. ¢
iﬂimmﬁmﬁw

; . G
Calen] d2)qsection A'um mantant 452 Tage.
itskurirrie §

Pty Eodatd. A% Lr netvglrpsplieinn. dept- righeczs. odor ir &-E0 00" g e pr
Womant ofe & dax B Trmmm oy R
MJ&.M;MME F S o £ R e [ Batfla
Carge & fx bave ol mondad o & ot e P

i L i.'m.w-! 2 : |
derien. dins montbnive &.oe B .. 58 man? II

mongar - R T T S N "L'l

Cogificeersz e tawzil o'l Besee - B . 338 parmnan? '*‘7?"**&'

Pelygone dhs fhroes du Mlas desnreange die auvent
e

i

Jooicte des Ingenceurs Ol

|
)
PP P S

.lﬁ -

=

i
.!1-. an .....:nﬂ_ I—#‘?\
i FE
!
2 !
b
_.,.....,_.._,....u,iu_i_,__ ........ k'
g ]
St R ‘!s..um |
i |
daa s 1

Qe

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

32



UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
Qe YUNIBESITHI YA PRETORIA

- —
e T e T e T —,——

IR I IR I N I S R R Wt

33




UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Salginatobel Bridge, Schiers, 1930 | Robert Maillart 34
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P/A
4 MPa = 398 kN / (1000 mm x t)

10 x 45 kN
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