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TABLE 7-LIGHT STRUCTURE, HEAVY LIVE LOAD-COMPARISON OF STRESSES AND MATERIAL QUANTITIES 

Designed for DL & LL 

Design basis /c = 1200 D • b • /c = 1200 Design basis /c = 1200 

Point 
f, = 20000 es1gn as1s f, = 22000 f, = 24000 

DLM LLM* 
DLM 

LLM 
DL+2LL=f, DLM DLM 

DL+2LL=f, DLM 
DLM 

DL+2LL=f, 
LLM LLM 

.20L, SO.O 132S.1 .060 3S900 S5.2 .064 42700 S7.7 .066 46500 

.40L1 79.5 1S64.5 .043 39200 S4.4 .045 43000 S7.2 .047 46900 

.50L1 50.7 1792.S .02S 39400 53.S .030 43400 55.6 .031 47300 

.55L1 29.0 1762.S .016 39700 30.7 .017 43600 31.7 .01S 47600 

.60L, 3.1 1667.4 .002 40000 3.3 .002 43900 3.4 .002 47900 

.65L1 -2S.1 150S.O -.019 40400 -29.9 -.020 44400 -30.S -.020 4S500 

.70L, -62.4 1297.S -.04S 41000 -66.2 -.051 45200 -6S.4 -.053 49300 

.SOL, -14S.O 564.7 -.262 47100 -157.2 -.27S 52500 -162.3 -.2SS 57700 

.SOL, -14S.O -2111.2 .070 3S700 -157.2 .074 42500 -162.3 .077 46300 

.90Lt -260.4 -2S19.0 .092 3S300 -277.4 .09S 42000 -2S5.5 .101 45SOO 
l.OOLt -392.9 -3950.6 .099 38200 -417.1 .105 41900 -430.7 .109 45600 

.20L2 -73.9 -1565.1 .047 39100 -7S.5 .050 42900 -Sl.O .052 45400 

.20L2 -73.9 254.5 -.290 4SIOO -7S.5 -.30S 54000 -Sl.O -.318 59200 
16.0 1144.2 .014 39700 16.9 .015 43700 17.5 .015 47600 

.50L2 S4.4 1674.6 .050 39000 S9.6 .053 42SOO 92.5 .055 42800 

Relative Concrete 100% Concrete 106. 5% Concrete 109.6% 
Quantities Steel 100% Steel 90.5% Steel 80.5% 

*Live load same for all designs. 
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TABLE B-LIGHT STRUCTURE, HEAVY LIVE LOAD-COMPARISON OF STRESSES AND MATERIAL QUANTITIES 

Designed for DL & LL 

Design basis fc = 1200 . Design basis fc = 1050 
Design basis fc = 1050 

f, = 20000 f, = 22000 f, = 24000 
Point 

DLM LLMt 
DLM 

DLM 
DLM 

DL+2LL=f, DLM DLM 
DL+2LL=f, -- DL+2LL=j, 

LLM LLM LLM 
---

.20L1 80.0 1328.1 - 497·1 .060**3890043800 93.1 .070 4210049100 95.0 .072 4640053700 

.40£1 79.5 1864.5 - 994·2 .043 3920041700 92.6 .050 4290046200 94.4 .051 4680050500 

.50L1 50.7 1792.8-1242.8 .028 3940040800 59.0 .033 4330045300 60.2 .034 4720049200 

.55£1 29.0 1762.8-1367.1 .016 3970040400 33.7 .019 4350044600 34.3 .020 4750048600 

.60L1 3.1 1667.4- 1491.4 .002 4000040100 3.6 .002 4400044000 3.6 .002 4790048000 

.65L1 -28.1 1508.0 - 1615· 7 -.019 4040039700 -32.7 -.022 4450043600 -33.4 -.022 4850047500 

.10L1 -62.4 1297.8-1740.0 -.048 4100039300 -72.6 -.056 4530043100 -74.0 -.057 4950047000 

.80£1 -148.0 564.7 - 21ll. 2 -.262 4700038700 -173.4 -.306 4400042300 -176.8 -.313 5890046200 

.90£1 -260.4 -2819.0 635.0 .092 3830053900 -303.2 .107 4190064100 -309.2 .110 4710070800 

l.OOL1 -392.9 -3950.6 705.6 .099 3820065300 -457.5 .116 4170084600 -466.4 .118 4550094500 

.20Lz -73.9 564.5 - 1565. 1 - . 131 4300039100 -86.1 . -.153 4800042800 -87.8 -.155 5240046700 

.30£, 16.0 1144.2 -991.0 .014 3970040300 18.6 .016 4360044400 18.9 .017 4800048500 

.50£2 84.4 1674.6 -670.0 .050 3900042900 98.3 .058 4280047700 100.2 .060 4660052200 
---
Relative Concrete 100% Concrete 116.4% Concrete 118.7% 
Quantities Steel 100% Steel 79.3% Steel 70.4% 

-
*Stresses in top steel. **Stresses in bottom steel. tLive load same for all designs. 
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TABLE 9-LIGHT STRUCTURE, HEAVY LIVE LOAD-COMPARISON OF STRESSES AND MATERIAL QUANTITIES 

Designed for DL & LL 

Point 

.20L, 

.40L1 

.50L 1 

.55L 1 

.60L1 

.65L1 

.70L1 

.SOL1 

.SOL1 

.90L1 

1.00L 1 

.20L, 

.20L, 

.30L, 

.50L, 

Relative 
Quantities 

DLM 

so.o 
79.5 
50.7 
29.0 
3.1 

-2S.1 
-62.4 

-14S.O 
-14S.O 
-260.4 
-392.9 
-73.9 
-73.9 

16.0 
S4.4 

Design basis 
f, = 1200 
f, = 20000 

LLM* 

132S.l 
1S64.5 
1792.S 
1762.S 
1667.4 
150S.O 
1297.S 
564.7 

-2111.2 
-2S19.0 
-3950.6 
-1565.1 

254.5 
1144.2 
1674.6 

DLM 
DL+2LL=j, 

.060 

.043 

.02S 

.016 

.002 
-.019 
- .04S 
-.262 

.070 

.092 

.099 

.047 
-.290 

.014 

.050 

Concrete 100% 
Steel 100% 

3S900 
39200 
39400 
39700 
40000 
40400 
41000 
47000 
3S700 
3S300 
3S200 
39100 
4S100 
39700 
39000 

*Live load same for all designs. 

D . b . f, = 975 
es1gn as1s f, = 22000 

DL111 

103.6 
103.0 
65.7 
37.5 
4.0 

-36.4 
-SO.S 

-191.7 
-191.7 
-337.2 
-50S. 7 
-95.7 
-95.7 

20.7 
109.3 

DLM 

LLM 

.078 

.055 

.037 

.021 

.002 
-.024 
-.062 
-.339 

.091 

.119 

.113 

.061 
-.376 

.01S 

.065 

DL+2LL=j, 

42400 
42SOO 
43200 
43500 
44000 
44500 
45500 
55300 
42200 
416CO 
41500 
42700 
42200 
43600 
42SOO 

Concrete 129.5% 
Steel 77.9% 

D . 1 . f, = 975 
es1gn . Jasis f, = 24000 

DLAJ 

107.5 
106.9 
6S.1 
3S.9 
4.1 

-37.S 
-S3.9 

-19S.9 
-19S.9 
-350.0 
-52S.O 
-99.3 
-99.3 

21.5 
113.4 

DL11,f 

LLM 

.OS1 

.057 

.03S 

.022 

.002 
-.025 
- 064 
-.352 
-.092 
-.124 
-.133 
-.064 
-.390 

.019 

.06S 

DL+2LL=j, 

46200 
46700 
47100 
47500 
47900 
4S600 
46500 
61000 
45900 
45300 
45200 
46600 
46100 
47600 
46400 

Concrete 134.4% 
Steel 77.0% 
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TABLE 1 0-LIGHT STRUCTURE HEAVY LIVE LOAD 

Comparison of Concrete and Steel Quantities 

Conventional Design 

Designed for 
f, = 1,200 f, = 1,200 f, = 1,200 f, = 1,050 f, = 1,050 f, = 975 j, = 975 
f, = 20,000 f, = 22,000 f, = 24,000 f, = 22,000 f, = 24,000 f, = 22,000 f, = 24,000 

Concrete = 
100% 106.5 11®.6 116.4 118.7 129.5 134.4 

Steel = 
100% 90.5 80.5 79.3 70.4 77.9 70.0 

Balanced Design 

.5DL + LL .5DL + LL 
j, = 1,200 f, = 1,050 
f, = 20,000 f, = 20,000 

99 113 

99 90 
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BALANCED DESIGN FOR REINFORCED CONCRETE 295 

all of the load is transferred to the steel. Therefore in this type of de,;ign 

it seems logical to a:-;sume that the concrete is not taking the diagonal 

tension and compute tlw :-;tirmps on the of carrying all the :;;!war 

at the same permi:-;sible stress as used in the main steel. 

It will be seen from the shear diagram that the different shear cmves 

intersect at point "A." This would be so no matter what value of k 

were used. Therefore the factor of safety for shear is the same at this 

point for all value:,; of lc. 

The curve mttrkecl S-60bjd shows the :,;hear for whidt steel would be 

provided by present methods of design the concrete to carry 

2 per cent off',. It can he seen that an inadequate amount of steel has 

been provided for ultimate design from the left support to about O.SL1 and 

at the point "A" none would be provided exeept for code provi;;ions which 

require a minimum spacing based on depth. 

From this diagram it can be seen that the total amount of steel required 

by either design is practically the same but that balanced design probubly 

gives a better distribution. 

No shear diagram for the light stmctme is shown but the heavy struc

ture would present the more unfavorable ease for balanced design. 

The actual bond stresses can be computed from the equation 

, DL + nLL 
'U = U 

kDL + LL 

where u = allowable bond stress as specified in codes. 

This is the same equation as No. (3) for moment Htress in steel exePpt 

that u has been substituted for fs and DL and LL shears rather 

than moments. 

LARGE RATIOS 

DL* 
In some types of structures the -- ratio may be great enough so that 

LL 

the stress clue to DL alone exceeds that which would he deemed per

missible. For assume that a factor of safety FD on the dead 

load is desired when dead load alone is acting. Then the ratio of DL 
LL 

beyond which it will be necessary to design for dead load alone may be 

found as follows: 

DL + FLLL = fvP• and FDDL = fvv 

then 
DL + FLLL _ F 

DL - D 

*This ratio, as stated in footnote of the introduf·tory paragraphs, is the ratio of the produced by 
dead load and live load respectively. 
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DL +LL 

k 
1 k 

= PD 
DL 1 

SllH'C -
' 

.. 
FL DL LL k(FD-1) 

As::mming k = 0.5 and FD 
DL 

1.5, then where > 4 the strurture 
LL 

should be examined for dead load only. In such a case the design would 

be based on a stress of 

fs = k jyp 

and the load used for obtaining moment would be 1.5DLk .75DL. 

CONCLUSIONS 

That failures of reinforced concrete designed by conventional methods 

arc relatively few eom;iclering the great amount of :mch cow.;truetion does 

not necessarily prove the adcquary of the method. It docs prove that 

the eanying capacity of the structures so designed ic: great enough to 

rany the loads to which they have been subjected. The actual factor of 

safety may be 1.1 or 10 and may vary widely from point to point in any 

structure or in any member of that Htrncture. It may bc tme that loading 

to caw.;c c•xc·c•Hsive :-;trcHSCH near the point of counkr-fiexurc is more 

improbahlc than at other points where the faetor of safety iH greater; 

ncvPrthdc":-;, such loading i:,; pm;:,;ihk, and if it did oc·cm· the :,;afety of 

the :,;trnetnre would depend upon the excesl-3 stn·ngth known to exist in 

rcinforred concrete when Hedions arc• chosen by the present theories of 

straight line ,;tress clistrilmtion or upon a redistribution of Htress. 

It is felt that the first approach to a reRtudy of the problem of reinforced 

eonc·rete dc:-;ign should begin by eliminating the moRt con:.;pienous defi

cienc:ies as have lwcn pointed out in thiR study. Thir,; discuHHion and 

study have been prepared in the that they would hasten the adop

tion of a more rational and conc;istent mt<thod of design than now in use 

by removing tlH• nnomoly of having a fac·tor of safcty of about unity at 

some point,.; in a member and of two, three, four or five at other places. 

Such a nwthod will give a better of materials by tlms balanc

ing tlw clPsign; at the same time the amount of work required of the 

designer i:-; not increased nor is he foreed to learn new methods or construct 

new de:.;ign aids in the form of charts and tables. 

Discussion of this paper should reach the ACI Secretary, in triplicate, 

by April1, 1943, for publication in the JOURNAL for june, 1943 
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A Semi-Circular Arched Conduit With Uniform 

Symmetrical Loading* 

By STANLEY U. BENSCOTERt 

SYNOPSIS 

The conduit is first considered to be divided into two parts, the base 

slab and the arched frame. The fixed end moments, fixed-end shears 

and stiffness value for the arched frame are presented by formulas and 

graphs. From these values and similar well known values for the base 

slab we may determine the final moments in the conduit by a single 

distribution of moments at one corner by the usual method of Moment 

Distribution. A "shear correction factor" is given to change the fixed

end shear of the frame to the final shear. The formulas and graphs 

take exact account of the conduit wall thickness and special consider

ations are given to the indeterminate state of strain in the corner region. 

INTRODUCTION 

The shape of conduit herein considered is shown by the line diagram 

in Fig. l(a). The arched roof and sidewall are considered to be of con

stant thickness. The loading on top and sides is considered to be uniform 

as indicated in Fig. 1. This loading condition should prove adequate for 

the design of conduits beneath high earth fills. The distribution of the base 

reaction will not be discussed but is merely assumed to be symmetrical. 

The effects of the shortening of the perimeter of the conduit due to 
thrust are neglected. 

The above conditions permit direct and simple integration of the 

integral equations of continuity which govern the moments in the con

tinuous frame in accord with elastic theory. Fixed-end moments and 

shears, and stiffness, can thus be determined for the frame shown in 
Fig. l(b . 

Conduits beneath high fills such as earth dams must have very thick 

walls. This thickness sometimes exceeds 25 per cent of the span of the 

*Received by the Institute July 15, 1942. 
tEngineer Board, Bridge Section, Fort Belvoir, Va.; fonnerly U.S. Engineer Office, Vicksburg, 1\Iiss. 
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conduit. A consideration of wall thickness in writing the expression for 

bending moment at any point in the frame leads to a second method of 

analysis. Considering the sidewall and base slab each to have an infinite 

I in the region of the comer leads to a third method. Method 1 should 

be satisfactory for a preliminary analysis. Methods 2 and 3 may be 

regarded as upper and lower hounds on the solution, the exact solution 

lying somewhere in between. 

It becomes convenient in the analysis and design of single barrel con

duits to use a "modified bending moment" sign convention which states 

that positive bending moment causes maximum compreRRive HtreRS in 

the outer fiber. 

The scope of thiH paper has been limited to accomplish three objects: 

(1) to illustrate the possibility of determining and using the stiffness and 

fixed-end moments for a frame, (2) to present the graphs required for 

actual design of this shape of conduit, (3) to show a reasonable method of 

taking acconnt of the effect of wall thiekess in large conduits. 

NOTATION 

KM 
m 

M 

reciprocal of end-rotation constant 

shear correction coefficient 

modulus of elasticity 

thickness of base slab 

shear at corner 

moment of inertia 

shear with unit rotation 

(See Fig. 4) 

stiffness 

bending moment 

bending moment at corner 

q 1 -

r carry-over fnctor 

R 

Su 

&1 

t 

7' 

w 

a 

(3 

<P 

\jf 

e 

METHOD1 

radius of roof to center line 

a shear coefficient 

stiffness coefficient 

thickness of roof and side wall 

thrust at corner 

uniform load (See Fig. 1) 

h 

2R 

joint rotation angle 

= fixed-end shear coefficient 

= fixed-end moment coefficient 

ratio of side wall height to R 

angle of polar coordinates 

Let us consider the conduit shown in Fig. 1(a) to be divided into two 

parts, the frame and the base slab, shown in (b) and (c). If we conld 

find readily values for fixed-end moment and stiffness for the frame, and 

for the slab, we could find the final moment at point G by a single balanr

ing of moments according to the method of Moment Distribution. 

Fixed-end moment"' and stiffness for the base slab may be determined 

from graphs or formulas which are available in many publications. 

The determination of fixed-one! moment and stiffness values for the 

frame is an interesting exereise in applieation of the elastic theory of 

continuous strurtures. The values thus determined for fixed-end thrust. 

shear and moment will be as follows: 
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A SEMI-CIRCULAR ARCHED CONDUIT 299 

w, 

Fig. 1-Line diagram of conduit with loads 

J G 

H \VM H 
(b) Arched l rarne (c) Ba"'e 51<>.b 

T = Wt R................. . ............................ (1) 

lf = !<Pt (wt - w2) - ¢3w3] R .............................. (2) 

1"\II = [ ( w1 - w2) - .............................. (3) 

where, 

1 [ 3n 2 + + 271' J 
¢J = 2 + + + + :1(71'2 - 8) ............. (4) 

¢3 + + + + - 8)] ............. (5) 
2 + + + 6n + - 8) 

1 [ + + - + 32 J 
l/1! = 4 + + + + 3(71'2 - 8) .............. (6) 

_ .!...2 + + + 12n + 9(71'2 

- 6 2t 4 + + + + 3(71'2 
.............. (7) 

A positive sign for !!, T or M means that they have direction as indi

cated in Fig. 1 (b). Tho fixed-end shear eoeffieientR ¢ 1 and ¢ 3 are repre

sented graphically in Fig. 2. The fixed-end moment eoofficionts and 

are represented graphically in Fig. 3. 

Tho stiffness* of a beam has been defined as the moment required to 

produce a unit rotation at one end while the other end is hold fixed. This 

implies that there shall be no relative translation of the ends of the beam. 

We may usc tho same definition of stiffnoHs in the case of a frame. (Sec 

Fig. 4(a) ). However, in dealing with symmetrical loads it is more con

venient to evaluate a "modified stiffn<'ss" which may he defined as the 

*"ContiuuouR Frames of Heinforeed Concrete," by H. Cross and N.D. l\lorgnn, John \Viley and Sons. 
Inc., New York, N.Y., 1032, p. >13 . 
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Fig. 2-Fixed-end shear coefficients 
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Fig. 3-Fixed-end moment coefficients 
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Fig. 4-Stiffness of arched frame 
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