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ABSTRACT

The simply supported reinforced concrete slab and
beam bridge for 2 - lane traffic with a skew angle of
30 degrees was analyzed by using purely plastic
behaviour, yield lines and yield hinges, under H20-316
highway truck loading.

Two 1 - scale models were built in the laboratory
for three tests:

(1). TFour wwheel loads were applied on one side

of the bridge beams.

(2)s Two uwheel loads were applied on the slab.

(3). TFour wheel loads were applied on two

internal beams.

The test results show that the combined yield lines
and yield hinges method is valid and safe for skew

composite structures within certain limitations.
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CHAPTER
C

I
INTRODUCTION

The rapid development of highway engineering makes the
skew bridges important, especially for short or medium spans
up to 60 feet. These are often built as overpasses or
underpasses in the area where highways cross inclined brooks,
rivers, drainage systems, railways or other highways. Hence,
the design and research of skew bridges are becoming more
upgent and interesting.

In the last thirty years vast research work about skew
structures has been done on the basis of elastic theory.
However, research work based on the plastic behavior is
scarce,.

One of earliest mathematical solution of the two sided.
simply supported skew slab under uniformly distributed load
was given by Anzelius a)in 1939, At the same time Vogt(b)
calculated two~ and four-sided simply supported slabs under
uniformly distributed load with skew angles of 30-and 45-
degrees and compared its moments with right slabs. Jensen
applied a finite difference procedure to a skew plate in
1941, U‘elsen(d)(1944) investigated two sided simply support-
ed slabs with a different skew angle and different side ratio
under three loading conditions:

(a) Uniformly distributed load over the whole area.

(b) Concentrated load in the center of the skew plate.

(c) Concentrated load in the center of the free edge.
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For practical purposes, the influence surface of four

sided simply supported and four sided fixed slabs with
(e

)

30 skew angle was developed by Graudenz  in 1948. The

© .

exact solution for deflections of parallelogram plates

under uniformly distributed load was published by

a
L (1) ) g p i
Fuchgsteiner = (1953). Risch — (1956) estimated a rough

approximation of moments for two sides simply supported

plate with skew angle 15, 30, 45 and 60 degrees. Homberg

(n), .

and Marx (1958) worked on two sided simply supported

plate with different skew angle and a constant side ratio

. (i) .
one. Robinson (1959) modified Jensents approach to

Eal

oL
certain skew plates and tabulated the influence coeffic-
ients for the deflection at any mesh point due to
concentrated load.

Cther important parts of skew bridges are stiffened
skew members and skew grillages. The former has been

(h)

discussed by Homberg and Marx and the latter were given

Y 1
_ . . =X
by Beer and Resinger J in 1955 and Starke( )in 1956

respectively.
The effect of skew on the behavior of I-Beam bridges
having skew angles of 30 and 60 degrees was tested by
(1)
Siess and Newmark ~'at the experimental station of %
University of Illinois in 1948, The finite difference
approach was also applied for solving composite skew

(m)

bridges by Chen, Siess and Wewmark ~in 1957,
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A1l above mentioned research works were based on
elastic theory. ZResearch works on the basis of plastic

)

behavior are scattered. Some model tests of skew slab

1 N

bridges with curbs under ultimate load with skew a

i

sles

of L5 and 60 degrees were carried out in the laboratory

- )

of the University of Illinois by Grossard, Siess, Newmark

(n)

and Goodman in 1950. A research report from CGranholn
(o) ‘
and Ve about Vew slab was published in 1961. Also
(p),(q)
some texthooks have mentioned skew slabs under
ultimate load. The plast effect of torsion in the re-

inforced concrete beams and the method of combining of

yield lines and yield hinges for composite structures
. (r) )

were developed and discussed by Lansdown in 196L,

et

This study is intended to analyze the skew slab and
beam bridges by employing the method of combined vield
lines and yield hinges and to compare with the test

results of ¢

<A

10 scale models, on which three tests were

1
=
5
carried out by t

he writer.

(1) Four wheel loads were applied on one side of the
bridge beams

(2) Two wheel loads were applied on the slab.

(3) Four wheel loads were avplied on two internal

heams

The model considered here is a simply subppvorted skew



L

.

bridge with an angle of 30 degrees, a

60 inches, and roadway clear width of
3

The models were designed for two lane

reduced H20-316 highway loads.

normal

3pan o

56 inches.

A Nal
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2. Definitions of terms

skew span —— — — — — the span parallel with the traffic
lanes

normal span ————— — the span perpendicular to the
abutments

skew angle - — — — — — the angle between the direction of

the traffic lanes and a line

perpendicular to the abutments

skew crossing — ——-—— the angle between road axes
sagging yield line —— positive yield line
hogging yield line —--negative yield line

3.. Notations

I, ——— skew span

£ ———- normal span

b —— —— road width

m ———— plastic moment of slabs
Mz(.)-— bending moment of beams
Mp(o)---torsional moment of beams '

—- combined bending and torsional hinge
Py ©---vpoint load
e —m—S5agging line
. . .
--- ———hogging line
Y —--deflection

@ - —-—rotation of mechanism or beam




Y/ ———— skew angle
¢ ————diameter of bars
As—r——u—steel area
fy——~—-yield stress of steel
(d-a) -— moment arm
Z
Ké—-——~—the proportional steel on the long side
Kg ——— the proportional steel on the short side
Acage -—- the cross section area enclosed by the reinforce-

ment cage

]

‘i = L FyL or FyT  whatever is lesser
a C P

n-——— numbers of longitudinal bars

F__—~—— yielding strength of one longitudinal bar
yL < <
F?T —-— yielding force per unit length of beams

¢ ——-— circumference of cage
p ———— pitch of the stirrups

P,, === concentrated ultimate load

Wy === uniformly distributed ultimate load

M ww- plastic moment (bending or torsion)

i ~== length of vield line



CHAPTER 2

THE PROBLEM OF SKEW

(1)

In skew crossings, there are two types of bridges
that can be built. One is the right bridge (see Figure
1) which is of course more expensive but easier to

analyze and construct. The other is the skew bridge

Figure 1

(see Figure 2) which is less expensive but more difficult

to analyze and construct. The exact or approximate

Figure 2

16
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solution of skew slab and beam bridge is still not well

, L (2),(3)
developed. Studies of composite bridges Trom the
University of Illinois show that the maximum moment in
the I-beam decreases and the maximum moment in the middle
of the slab increases. Hence, the effect of skew for
slabs is more important than for beams. For this reason

skew slabs are discussed herein both in elastic and

plastic behaviour.

(1) Elastic behaviour:

The effect of skew depends on ths skew angle and
right width over normal spaﬁ ratio.(g For a small skew angle
of less than 30 degrees with a right width over normal span
ratio equal to or greater than 3, the slab can be treated
as a right slab so long as the normal span line lies within
the interval 0.8b as shown in Figure 3. If the normal span
line lies outside the interval 0.8b, the distance between

obtuse angles can be chosen as span length as shown in

Figure L,

o
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n__._,‘?/ £3 e ,{}7;;,,“.«
4 7
/ / /
// ! /
/ /' /

Figure L

For a skew angle greater than 30 degrees the effect of
skew is very pronounced, because the force would be trans-
ferred to the support by the shortest route which means a
main carrying system formed from obtuse angle to obtuse

angle as shown in Iigure 5 by the crosshatched area.

Figure 5
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The dotted areas in Figure 5 Zte considered to concur
with BC and two small triangles ABY¥ and DCE act as the
cantilevers AB and CD. VWhen BC, the narrow strip, is
loaded it will be found that the 3C strip can not be
rotated but is rigid at B and C. Its degree of rigidity
»

depends on the skew angle. The larger the degree of skew

the larger the rigidity should be. In this case the analysis

0q

of distribution of moments is rather laborious.

In certain cases, such as with the degree of skew of
0, 15, 30, L5, and 60 degrees and right width over normal
span ratios of 2, 1.5, 1.0, 0.75 and 0.5 of isotropic
nlates, a comparatively simple mehtod is to use Robinsons's
tables of influence coefficients for deflection, and to |
substitute the deflections to its corresponding moment

(

equations. For other cases Jensen's 2l finite difference

procedure is available.

. y . (&) . .

For composite skew bridges, main girders are usually
placed parallel to the direction of the road and the design
span of the girders is measured along the same direction.
For wide crossings with large skew angles the main girders
may be placed perpendicular to the abutment, as shown in
Pigure 6. At each side of the crossing, the parapet

girders carry the loads of the short beams.
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(2) Plastic behaviour:

Since the yield line pattern of skew slabs is similar
to right slabs, the ultimate load analysis for skew slabs

s rather simple. It can be considered that the skew

|l

slabs are the general case and the right slab is only a
special case with an angle of skew equal to zero. 4

comparative number of examples were given by Jones.



(1) Description of prototvpe structure

The prototype structure considered in this study is
a simply supvorted skew bridge with an angle of 30 degrees,

a normal span of 30 feet, and roadway clear width of 28

feet. The bridge which carries two lane traffic of H20-
)
516 highway truck loads consists of a concrete slab with

7
a uniform thickness of 12 inches and four uniformly spaced

reinforced concrete beams of 2' x L' in the direction of
traffic and two transverse beams of 2.5' x L' at each end

of the bridge parallel to the abutment as shown in figure 7.

(2) Scale factor

t is difficult and also not necessary to build a

[

I
prototype structure for testing. Instead of that a small
scale model is always built in the laboratory. The
relationship of stress, strain, linear dimensions, steel
areas and loads between prototype and model are demonstra-

ted as follows:






scale of steel

i

scale of loads

R 6

17

fp
T
& —————stress scale
I ——— ——stress in prototype material

fm —— ———stress i

Ev
F= =

ﬁ._n..__~straiﬂ scale

5

1 model material

é?_"_._._strain in prototype material

E”f___u—._strain in model material
4
N = P
£
A ——— —1linear scale
@p-———-—_—dimension of prototype structure

é;~—~—-~——dimension of model structure

2
areas - X\ 3

P Am

AP-——-—H—Steel area in
A —— ——3teel area in
m
________ -=-for uniform
__Wp
v¢1~ o

\Naﬁ——-———load per unit

to model

prototypve structure
model structure

distributed load

area to be applied
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M%—u-—w—-load per unit area acting on
prototype structure for con-

centrated losd.

P E;.~«—u~—-concentrated load on model structure
P f) — — ——concentrated load on prototype
P
structure

B = PP/ &

Accordingly, the dimensions and loads of prototype and

model bridges are given in Table 1.

TABLE I

Prototype Model
Skew span (&) 351 7011
Normal span (B) 30t 601 1
Road width (b) 281 5611
Beam space lOf ZOf{
Beam section 2‘.x L7 : A'fo g1
Truck load 24 (Liﬁs) 662# N

(3) Design of model structure:

(10)

In order to comply with the AASHO specifications
two elastic bridge designs have been carried out. One was
prototype design and the other was model design. For the

purpose of this study the bridges have also been designed

and investigated by using purely yield line theory.
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(a) Prototype structure: The full-scale bridge was
designed following AASHO specifications.

(b) Hodel design: The model was designed directly
using reduced loads from the full scale loads according
to the scale factor as discussed in the preceding paragraph.

(c) Ultimate load design: The ultimate load design

7),(11)

of slabs is well established. But for a composite

slab and beam system there are too many unknowns to be
solved, if the yield lines and yield hinges are considered

5

together with the assumed loads. For an example the bridge

0]

used in this study might have 10 unknowns in a virtual work

equation as shown in figure 8. The equation can be written

L4 Ty 11¢ 1 11 1t
wa, Pu) = § Ny M, M Mo Moo Mo Moo Mo
f(,xﬂ Pu) = (ml;m2,m3en4»18:'8e187' o My, M)

\»
s
.
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It can be simplified by assuming an isotrovic deck and
neglecting the bending moment in the transeversal bean

and also assuming that the external and internal beams have

[e¥

twisting moments.

O3

the same bending an
Then the equation becomes

£ (wu, Pu)= gl(ms Mg

Nevertheless, it is still impossible to solve .directly

]

. P?
ip ¥p )

-

+

pa—

In order to make the ultimate load design of a com-
posite structure possible, some suggestions are made.
(i) Assume = the beams which surround the slabs
strong enough, so the slab can be considered as fixed
on four sides. Then draw the possible yield line Ffamilvy

under the suggested loads, as shown in the following

Figures ¢, 10, 11 and 12,




D
]

Figure 11
Pu = 13.28 my
my - L Pu

13.28
Here mZ+ is the
slab.

considered,

into account

equation.

In the design, only the concentrat

on the safe side,

Figure 12

12056 rﬂl;‘

1

1 Pu
12.56
maximum value and controls the design of the

ed loads were

1 Pheobeam. design - can be

twisting strengthof the beams are equal

the minimum

moments in the

slabs are taken

shown in figure 13 and its virtual work



T :‘- { fon i Vi )i
-g(Pu) LOm g, Mys Mg, AT)

Figure 13

(iid) When‘two ultimate concentrated truck loads
act on the slab, the other possible yield patterns are
shown in the Figures 1L and 15. To make the torsional
and negative slab moments equal, the twisting moment of

the external beam can be roughly estimated as M,=1 f.m nax
- 2 U e

Ficure 1k B Figure 15

Pihoint o Rt S S



<3
s . s 8) . ,

(d) Ultimate load investigation: From the slab and
beam details in the Appendix and the previous demonstrated
bridges or other existing structures, we can calculate the
ultimate moments of the sections and postulate the yield
line patterns of the structure, upon which the minimum

ultimate loads can be estimated. For the detailed

calculations see Chapter 5.
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CHAPTER 4

MODEL TESTS

(1) Construction of models:

Form work was built directly on the concrete floor
in the laboratorv. Two sheets of 1 " plywood were laid

2
on the floor., The side forms of 3 " plywood were built

L4

on the 17 plywood. For slabs %” plywood was used. All
2
form wo;k was connected by naifs, as shown in Picture 1.

A1l reinforcing steel was cut to length and bent by
laboratory personnel. The bars for the slabs and beams were
tied together using standard ties. Slab bars were placed
perpendicular to the direction of beams and were bent down
along the outer faces of the external beams %o form the

3

anchorage both in top and bottom, while the bars parallel

to the beams provided with standard hooks at each end.
Stirrups were used both in the longitudinal and transversal
beams at a 5" spacing. At the corner of the beams two extra

tin

=y

6}e!

l; ”f? bars were added as an anchorage. Hight 1i
o
hooks were placed at the ends of the longitudinal beams, as
shown in Pictures 2 and 3.

The concrete had a water / cement ratio of 0.507 and
a maximum aggregate size of %”(@. High early strength
cement was used for the conc;eég. After the concrete had
been finished as shown in Picture 4 the complete structure

was covered with wet burlap for at least 3 days. The first







.

cture 3

Pi
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bridge was removed from thé form after one week of curing
and placed in position on the testing frame. It was
supported by one fixed hinge, one one-direction movable
support and six two—direction movable supports as shown
in Picture 5 andﬁfigure 16. Two wedged wood blocks were

. b

placed at each end of the bridge to increase the safety.

Picture 5
Two one fixe
direction ? direction hinge
movable PR movable
() —rt

hinge
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(2) Loading apparatus:

The loading frame consists of two vertical steel
columns which were connected by two channels over the test
bridge and anchored to two I-beams at the bottom. Con-
centrated loads were applied to the bridge through two
hydraulic jacks which were attached to the channels over
the test bridge and a system of load-distributing abutments
and supports at the bottom. The hydraulic jacks had a
maximum capvacity of 3000 psi. The corresponding load

re 17. Several views of the

(St

capacity was plotted in Figu
loading apparatus are afforded by Pictures 6 and 7.

(3) Tests: Three tests were carried out by the writer.







Picture 6

Picture 7
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(a)., Tirst test: Two pair of loads were applied

on the left two beams of bridge No. 1, as shown in
Picture 8. The yield line patterns are shown in the left
part of Picture 10 and the right part of Picture 11,

(b). Second test: The test was on the same bridge

as first teét. A pair of loads was placed in the center
‘of'ihe slab of the bridge's undisturbed panel, as shown

in Bicture 9. The yield iine vatterns are shown in the
right portion of Picture 10 and left portion of Bicture 11.
(c).

the two internal

Third test: Two pair of loads were applied on

beams., The bridge was symmetrically

cracked as shown in the Pictures 12, 13 and 1k,




Picture 10







ture 13

Pic

Picture 1k
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CHAPTER 5

Comparison of theoretical analysis with results of

(1). Property of materials and plastic moments:

Two bridges were built under the same conditions with
the same concrete mixture and the same reinforcement except
for the transversal beams (see Appendix). The average
vield load and stress for the steel are listed in the

following table.

Table 2. Property of Steel

‘ R Average yield Ave. yield
Area {in"™) load per bar stress per bar
30 0.028 1867 1P 66700 psi
16
31 0.11 6033 1P 54,800 psi
g
1b .
aw 0.2 9700 48500 psi
2

The average load per concrete cylinder and average

?
maximum compressive strength of the concrete (f. ') are

listed in the following table.
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Table 3. Hroperty of Concrete

Average load

Davs per specimen (1b) fe' (psi)
7 153000 51.20
28 171000 6070

at time of
testing 189700 6720

Referring to Chapter 3, varagraph Ld, the ultimate
moment of the slabs and beams for a given amount of

reinforcement can be calculated by:

(7)

(8)
Mp = 1.178 . R min. Acage . (K%K )
i 1 s
The plastic moments of this study are shown in
Fizure 18 and tabulated in Table L. For the calculation

of plastic moments see Appendix,
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o

(Y74

(e
i

Figure 18 .

Table L: Plastic Moments

Moment

Bridge No. 1

LoL # =6

141000 “~7&

139000 #~ /6

15500 4— 16

114’300 //"/6

30600 *~ 6

Note:

x MT QT = MT 95 '/'AI’) BOO

= 15500 x 0.577 % Bg

= 8950 x Bg
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(2). Basic conception of analysis:

As the structure was gradually loadedvto failure,
the vielding started from the highly stressed sections
and spread into lines dividing the structure to form a def-
inite mechanism system. The prediction of such a collapse
mechanism system must be very cautious. Some conditions
for prediction of yield line pattern for slabs were given
by Jonesk7)as follows:

(a). 7Yield lines end at a slab boundary.

(p). Yield lines are straight.

(¢). A yield line, or yield line produced, passes
through the intersection of the axes of rotation of
adjacent slab elements.

(d). Axes of rotation generally lie along lines of
supports and pass over any columns.

These conditions can also be applied to the composite slab
and beam structures. In this type of structure a yield
line can end at the beams but if yield line crosses the
beams a combined torsional and bending hinge is placed at
the crossing point.

Usually several families of yield line patterns can
often be postulated and the minimum uwltimate load examined
by using a virtual work equatbtion based on the concept of

conservation of energy and can be expressed by:

S(Ryd) =X(mO)
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where SR 3)= Zf/w-yic/x-a/gg
= work done due to external loads
ZMO)= s(m A 8)
= work dissipated due to deformations.
Some examples are given in sections of 3, L and 5 of this
chapter.

For given yield line pattern the worst failure mode
can be approximately found by differentiating the parameters

( ;) which are used to locate the yield lines. The

mathematical expression is as follows:
2, S
fand 0(. e ey m - -
¥ f( I ) M Dex; e

where i=1, 2, 3, 4 eeeo

A trial method can also be used to find the worst
failure mode of a given yield line pattern. Figure 19
shows a one sided free and three sided simply supported

slab with a uniformly distributed load (W,




%0

The minimum %W, can be found by a different combination

of ¢p; and &, , as shown in Table 5.

Table 5. Number of -pambination of W

Number Number of «&;
of I=: 39 1 2 3 L . . . . .
1 2 3 ; . . . . .
2 2 L 6 8 . . . . .
3 3 6 9 12 . . . . .
(3)., Tirst analysis:
Lridgé No. 1 was assumed to be loaded by four concen-

trated loads acting on the left two beams. [ive failure
modes were postulated as shown in the Ficures 20, 21, 22,
23 and 24. The corresponding calculations are tabulated as
shown in Tables 8, 9, 10, 11 and 12. The critical ultimate
load as calculated was 6.55 kips- as shown in Figure 2L

and Table 12. The actual critical ultimate load as a
result of the test was 10 kips.

(L). Second analysis:

Two concentrated loads were assumed to be applied to

'n
I

the undisturbed panel of bridge No. 1. The predicted vield
£ <2 K -

line patterns and their corresponding analytical values




are listed in Table 6.

Pu=6.22 kips.

L1

They indicated that the minimun

The result of the test was a P, = 11 kips.

Table 6
Figure K m u-1b P,=Knm Page
9 16 LML 7900 20
10 15 L9l 7420 20
11 T13.28 | oLon 6570 21
12 12.56 L9, 6220 21
15 18.4 L9L 9100 22

(5.

Third analysis:

loads acting directly on the two internal beams.

failure modes were postulated and examined as shown in Figures

2 was assumed to be loaded by four truck

Five

25, 26, 27, 28 and 29. and Tables 13, 14, 15, 16 and 17.

The analytical minimum ultimate load was calculated to be

10 kips.

(6).

Summary:

The result of the test was a Puz;14 kips.

A comparison of theoretical analysis with the results

is listed in Table 7.

Table 7
Gauge test Pu
Test cal. Py reading test Py cal. Pu
1 6.55°1PS 1100 psi 10 kivs 1.53
2 6.2251ps 1200 psi 11 lips 1,77
3 10. kips 1500 psi 1L kips 1ok
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TABLE 8
Ttem | Mum. | m" % £ | w'*| @ 16 s
1 2 L9k oL 1 1976 3952
2 2 L9k 36 L 8L7 1694
| 21
3 2 139000| 1 6620 13240
21
L, L 8950 I 126 1700
| 21
5 2 141000 1 6700 13400
21 |
6 2 14300 %I 680 | 1360
7 L9k . 198, L ;
/ 2 Ol 3L 20 332 664
! lL s .L—
e |2 e ) B |
Q Be)l 3 L} e - 166
s 1 L9l 3L zi/’(m ,, - 1660
S 2L '
1 Lok = 21 74 . .
37660""
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TABLE 10
Ttem | Num. | m™% | & | w™¥ | g M6 n116
1 2 LSl L6 1 1420 28L0
2 2 49L 18 ii Lyl 888
3 1 LOL 18 2:%2“ Ll L,
L 1 L9k 36 1 688 888
5 2 139000 Zi 6620 13240
6 L 8950 Zi 126 1700
7 2 14,1000 2_13; 6700 13,00
8 2 14300 2_1:_ 680 1360
21
34760 ™ *




Item Num. |mu-¥ Py omeed o ME nkif
1 2 LSk 361 1 ‘
30 1185
2 -2 L9L 6L 7 1% 1975 3950
3 1 139000 1
30 7
L 2 8950 1 326500 = 10900
30 30
X i
5 1 1.,1000 1 }
30 )
6 2 14300 1/
30
18035 7
Pux(g;f_glf_;g*_;g;:16035”'“
30 307 307 307
Pu = 30 x 16035 = 7300#

&
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Me nli e
296 296
592 592

28140
206 592

1630 1630
298 596

4700 4700
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Pu =30 x 14400 =65505
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TABLE 13
Item Num., m' ¥/, g 17" Q M@ g
1 L LY L 6L 1% 1976 7900
2 2 L4 5L L 1270 2540
3 ) 14,1000 3 6720 | 26800
2T
L L 8950 1 1260 | 1700
2T
5 3 30600 1 14,60 5830
6 L L7L 34 ;%éi%h 331 132k
7 L L7k 3l %X %L 513 2050
461"
Pu= L61LL =1L.75 kips
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TABLE 1k
Item Num. | m“ % (o m g Mé MG
A - ; 2Ry ¥ *'».-‘I o
1 . .91,
Lo b9k Ok 1 1976 | 7900
) A 15
b 5L 1 1270 2540
2T
3 A
s 141000 | 1 6720
. 7 26900
L | :
b 8950 2% 126 1700
fg
2 i 30600 | 1 1455 | 5820
2T
. 44860777

Pu = LLE60 = 14.25 kips




|-

NNy =

leHHHdeH

W W N

™

O

120
395
816

6720
5,26

1555

N
il

3370 =13.75 kips.

W
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FICURE 28

Ttem | fum. | m”% | g7 | mF| ¢ 16 i @

1 2 | 49 | 54 1 890 | 1780
30

2 L L9k 6L %_ 1975 7900

. 1

3 2 141000 | 1 9400
NE

) 2 8950 | "1 598
30

5 L 30600 | 1 LO80
30

2375877

Pu=30 x 23758=10.8 kips
66 '
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Item um ', J& " g e AT0E
1 2 Lok | 36 1 592 1184
30 :
R L LOL L6 L 5660
: 15
3 Lo koL 18 1 296 1284
30
3 2 14,1000 | 1 91,00
. 30
5 2 8950 1 598
30
6 L 30600 | 1 1,080
30 .-
22126

Pu =30 x 22126 =10. kips
’66 —_—



52
CHAPTER 6
DISCUSSIONS AND CONCLUSICNS

(1). Discussion of tests:

Dial gauges were used to measure the deflections of
the bridge. The gauges could measure a maximum deflection
of one inch, however, the maximum deflection reached two
inches. In addition, the movement of the bridges -
Picture 15 and the twisting of gauge frame - Picture 16
made the gauge readings useless. A possible improvement is

o0 reduce the degree of freedom of the bridges, as shoun

e

e

n Ficure 30. In order to increase the rigidity of the

&
/r’“é" A
k4
7 / /
I 4 Fi
7 i /
7 Fa £
Fd ra
4 /( /
Y
7 Y, £
¢ £ £
4
7 / / 7
/ / / 7
rd r K
/ ¢ / I
ff rd /
7 rd &
g P
y /
, / /
# £ /
/
i 3 /ri
; /
/
7
K /
7
7
Q’/ )r
4 V4 7

Figure 30
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Picture 15

icture 16

P




5k

e frame, a steel frame should be used instead of

Owgling to the elastic assumption that the negative

3

oment of continuous slabs takes place over the support
and the positive moment occurs at the middle of the span,
the conventional construction of bottom reinforcement

usually means that it is lapped at the support as shown

This is not sufficient, as the

writer's tests showed that the

sagging yield line could also

O

occur when certain heavyiloads

FPigure 31
Therefore, enough anchorage length of bottom steel at the

support should be considered for some cases.

s a result of the tests it was found that the ultimate

loads were much larger than those predicted in Table 7.

This vhenomenon indicated the presence of membrane action
which decreased the yielding moment with tensile in-plane
forces and increased the yielding moment with compressive

in-plane forces. The relationship between overall forces

(P-compression, T-tension) with its corresponding moments (

and the full plastic moment (Mo) with its corresponding

force (Ty = As'fﬁ) can be expressed by

M £ P 2
~— = & ¢ e L —
M /7 7o P (75 /

0

i

acted upon the beams (Picture 15).

£11)

)




3
where ;o &t
o= peo= P
i P 2L
b= 2t
= - ) 1 i !
- r ’ i 5 d ;v Py (‘ o
— o o o o o 1
d = thickness @ 7
dy = depth of slab

This equation can be plotted as shown in ¥igure 32 and
sives the maximum and minimum values as follows:

L 7
et Lt e
7,50 Te TG

EM,,W»”M‘"’”’"‘" R .

Figure 32

In the first test, the ratio of test result to the
predicted load was 1l.53.

It is clear that the compressive
membrane action, as demonstrated above, increased the

carrying capacity until a second shear failure took place
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as shown in Picture 17.

Picture 17

In the second test, the predicted yield line pattern
was a circular fan (Figure 12) with an ultimate load of
6,22 kips. DBecause of compressive membrane action, the
predicted pattern céuld not be formed but switched to
the easier type of Figure 15. This was still under
membrane action until the punﬁChing sh ear failure took
place with a final maximum load of 11 kips.

Tn the third test, the maximum load attained during
the test was 1L kips.--about 4O percent greater than pre-
dicted., This also indicated that the compressivefmembrané

action was present until the internal beams failed in shear.




(2). Conclusions:

From tnils study
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it mayv be concluded that the method
nes and yield hinzes used to solve

slab and beam structures is valid,

L)

if the load factor remeins at the sane

design.

imate design is restricted

-
€L

ik
L

he actored moments

on, still determined

s combination of design could bhe con-

The success of the vield line

e

o
\J

the ultimate desisn ra

&y

od nmake

work being applied T

and simple to apply.

vlicated structures either the elastic

elastic solution is as

method of combined vield lines and

11 solutions of such structures short,

future research work:

line and yield method

which
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The occurrence of nmembrane action in the

+

>

0}
&
®
03]
ci
03]

6]
t
oyt
[0
w

causes the analysis to be inaccurate. To utiliz

a
@]
e
; 3
Q
o]
=

in design problem further research is necessary.

0]

D

occurrence of shear failure, the membrane action in the
writer's tests could not be fully developed. The problem
of sheér is still not fully solved. ‘Yhe research of
flexmural shear in bheams 1s going on at the University of
Toronto and elsewhere. Also a study of ultimate shear
strength will start in the near future in the University

-

COD

—

©

of IMani

¥

le

(e}
y

The britt racture lines, due to the lack of

<

uctility of concrete, are always confused with plastic

teld lines. The study of ductility of reinforced con-

4

crete 1is also on the list of future research at the

University of Ianitoba.
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CALCULATIOH OF PLASTIC MNMOMLNTS

(1). Moment of slab: f. = 6720 psi

fy = 66700 psi

i ”{“ z U = fc! = 8630 psi

2 ¢ "2

P

34, @ 6" Both Way ' & o = L

50 psi
16

use 3 74 @ O" A, = 0,056 ix* both way

12°% L250 = 0.078"
y = 1,625 - 0.0365= 1,588 % 1,59"

!

.59 x 3730 = 59307 7/, = LIkt i/

(2). loment of longitudinal beams:

i

= Bending moment of internal beams

Bl
: : ST ,
- N 2~ d=8 - 3% - 0.25%=7,375"
— | g ’
i . Agfy= 0.4 x 14,8500 = 19L00 37
, b u= 20 x L4250 = 85000
“Te" 8 =19,k = 0.228
5
d -3 =4 70261??
il 2 o fav.’! 2 i
STy Mpy= 7.261 x 19400 = 141,0007 ~ 7
§¢;, !
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2 - #k (fy= 18500 psi)

stirrups 3 %, @ 5°
15 ¢

MBZﬁ Bending moment of external beams

b U =12 x L250 = 51000

lMpo =7.185 x 19400 = 139,000 ~~*

M7= torsional moment of longitudinal beans

6 - 3 re iy A 50:168 fn
15 7 °

Asfy = 0.168 x 66700 = 11200 #

A28 =3 =3 3.8 = 0.562="7.L38"
16 16 16
b=l - 0.562 =3.438"

Acage=Db'xd’=25.6 in

c=2 (d'+ b' ) =21.752"

T XA

21.75 c
Fyp . 2x0.028 x 66700 - 0.0112x66700
P 5
e L7

Rr=_11200 - 515 (_n Fvc)

Bin= 215
Mp=1.178 x 515 x 25.6 x 1 =15500 5
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(3). Torsional moment of transversal beamns :

Bridge No. 1.

d yﬁi 8‘-0'114"'.3. :8-13 = 6‘375 7

g 16 16 167 &
N " b= 5-,056 =L LL”

Acage:= bxd’ =28,3 in*
. c=2(b™+d ) =21L.63"7
5-

3 4 g AS =0, l/-p £ -
127

J Agfy=0.1L x 66700 = 9340

R, =9340 =431
min = £,

3 5 Mp=1.178 x 28.3 x 431

= 14300 7~ %




=
]._J .
L

No. 2
d=6.375"
b= Lokl
Acage= 28.3 i’
C=21.637
va Ag= 0.112 Agfy = 0,112 x 66700 = 7470 ~

b A= 0,22 00 Agfy =0.22 x 54800 =12050

i

Zhsfy . £10520 #

R.s. = 19520 =920
s o

Mp = 1,178 x 920 x 28,3 = 30600"-#



