
SP81-1 

Shear and Moment Capacities of Steel 
Fiber Reinforced Concrete Beams 

By Roop L. Jindal 

~:'(~<?.!?.~~~: '.tests were made on 44 beams to study the effect of 
steel flbers as shear reinforcement and to determine if there was 
any increase in the shear/moment capacity and change in the mode 
of failure. Span length of 30 in. (762 mm) was used for shear­
span ratios (a/d) of 2.0 and 2.4, and 60 in. (1524 mm) for a/d 
ratios of 3.6 ancl 4.8. Steel fibers of 1% by volume were used in 
all SFRC bemns. The variables were type of fibers, aspect ratio 
(1/d) of the fibers and the shear span ratios. 'lest results 
showed that shea!:" and moment capacities of SFRC bemns varied from 
1.50 to 1.92 and 1.12 to 1.39 times, that of conventional rein­
fot:"ced concrete beam, respectively. 1\bde of failure changed from 
shear mode to moment mode when SFRC was used. Steel fibers having 
aspect ratio of 75 or thin fibers were found to be 1nost effective 
for increasing the shear capacity of SFRC beams. A design methcxl 
has been suggested for analysing and designing SFRC beams. Theo­
retical results based on this method canpare favorably with the 
test results. 

Keywords: beams (supports); fiber reinforced concretes; flexural 
strength; metal fibers; moments; shear properties; structural 
analysis; structural design. 
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INTRODUCTION 

A number of investigators (1,2) have shown that ultimate ten­
sile strength of SFRC (steel fiber reinforced concrete) varies 
from 1.5 to 2.5 times that of plain concrete. Various methods 
have been suggested to predict flexural strength of SFRC (4). 
Steel fibers can be used effectively in conventional reinforced 
concrete beams, to increase the flexural and shear strength and 
crack resistance. Usage of SFRC in sections where shear stresses 
are very high, can eliminate some congestion of reinforcement. 
SFRC beams can absorb large amount of energy, which can be very 
useful in areas of seismic zones. 'Ihe following investigation 
was made to study the effect of high strength brass coated and 
mild strength steel fibers as shear reinforcement, to determine 
if there was any increase in shear and flexural capacity of SFRC 
beams as compared to conventional reinforced concrete beam and 
to propose a suitable, simple method of analysis and design of 
SFRC beams. 

EXPERIMEm'AL PROORAM 

Tests were conducted on 44 beams. 'Ihe beam had overall 
dimensions of 4 x 6 in. (100 x 150 mm) with effective depth of 5 
in. (125 mm) and reinforced with 2 bars of 1/2 in. (12 mm) 
diameter of steel. Yield strength of the main tensile steel was 
67.50 ksi (4745 kgf/cm2). 'Ihe span of the beams was 30 in. (762 
mm) for shear span - depth ratios (a/d) of 2.0 and 2.40, and 60 
in. (1524 mm) for a/d ratios of 3.6 and 4.80. Nb vertical 
stirrups or bent up bars were used in any beam. 
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Details of Materials 

Steel fibers -- Steel fibers, 1% by volume, were used in all the 
beams. TWo different types of fibers were used in this study. 
Brass coated plain, high strength, circular steel fibers of sizes 
1 x 0.01 in. (25.4 x 0.254 mm), 1 x 0.016 in. (25.4 x 0.406 mm) 
and 0.5 x 0.006 in. (12.7 x 0.152 mm) were used. These fibers 
were of tensile strength in the range of 270 to 400 ksi. (19,000 
to 28,000 kgf/an2). Mild steel fibers of aspect ratios 10, 25, 75, 
and 100 were obtained by cutting 30 gage i.e. 0.011 in. (0.282 mm) 
diameter wire. The wire had following properties: 

Yield stress 

Ultimate tensile stress 

Percentage elongation 

Modulus of Elasticity 

= 54,015 psi (3818 kgf/an2) 

69,500 psi (4913 kgf/cm2) 

14.6 

= 32.2 x 106 psi (2.27 x 106 kgf/cm2) 

Concrete -- The concrete mix used had water/cement ratio of 0.60 by 
weiqht and the ratio of 1:3.0 of cement/sand. Natural river sand 
of fineness modulus of 3.25 was used. Ordinary portland cement 
was used. 

Test details 

Series A beams were conventional reinforced concrete. Beams B, 
c, D, E and F had mild steel wire fibers of aspect ratios 10, 25, 
50, 75 and 100 respectively. Beams G, H and J had circular brass 
coated high strength steel fibers of sizes 1 x 0.01 in. (25 x 0.25 
mm), 1/2 x 0.006 in. (12.5 x 0.15 mm) and 1 x 0.016 in. (25 x 0.4 
mm) respectively. The beams were cast in steel molds and canpact­
ed by internal vibration. The beams were tested at age of 28 days 
under two point loading. Deflections and strain measurments were 
made at two sections of the beams as shown in Figure 1, at various 
stages of loading. 
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TEST R8SULTS AND DISCUSSION 

Table 1 gives the test results of different beams. The shear 
and flexural strength of Series A beams (conventional RCC test 
beam) were found to be 4.4 kips (2000 kgf) and 96 inch-kips 
(110.4 m-kgf) respectively. Shear and flexural strength ratios 
of SFRC beams were determined by dividing ultilnate shear and 
ultUnate moment of test beams by 4.4 kips and 96.0 in-kips re­
spectively. Maximum shear stress was calculated as follows: 

where 

v = VQ/Ib 

V = maximum shear 
b = width of beam 
Q = first moment of the area about n.a. 
I = moment of inertia of uncracked transformed 

section 

Shear strength of SFRC beams increased up to maximum of 2.05 
tilnes that of conventional beams. M.S. (mild steel) wire fibers 
were quite effective in shear. MaxUnum shear strength ratio of 
1.44 was obtained in case of series D and E beams having M.S. 
wire fibers of aspect ratios 50 and 75 respectively. In the case 
of high strength brass coated fibers, maximum shear strength 
ratio of 2.05 was obtained with SFRC beam having 1/2 x 0.006 in. 
(12.5 x 0.15 mm) size fibers. 

Maxilnum flexural strength ratio of 1.59 was obtained in case of 
beams series D and E having M.S. wire fibers of aspect ratios 50 
and 75 respectively. In the case of beruns having high strength 
brass coated fibers, maximum flexural strength ratio of 1.38 was 
obtained in series H beams having 1/2 x 0.006 in. (12.5 x 0.15 mm) 
fibers. 
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Mode of Failures 

Shear failure -- Plain conventional ROC beams having a/d of 2.0, 
2.4 and 3.6 failed in shear. In this case cracks developed along 
the compressive stress trajectories in the shear-span. The shear 
crack appeared suddenly and upper portion of the shear-span was 
violently ejected upwards. 

Initial moment and ultimate failure in shear -- SFRC beams of 
series C of a/d = 3.6, G of ~d 2.4, and H of a/d =2.0, 3.6 and 
4.8 failed in this mode. In these cases, number of moment cracks 
formed in the inital stage of loading, but finally the beams 
failed due to formation of sudden shear crack. 

Initial shear and final moment failure -- SFRC beam of series J 
of a/d - 2.0 failed in this mode. In this case there was 
formation of diagonal shear crack in the beginning somewhere in 
the shearspan, but subsequently moments cracks appeared and the 
beam finally failed in flexure. The initial shear crack did not 
propagate further. 

Moment failure -- Most of the SFRC beams failed in flexure. A 
number of cracks formed in the central region. Near the failure 
there was an increase in the deflection with little or no increase 
in the load. The test was stopped at this stage. 

Mode of failure changed from shear to moment in most of the 
beams as steel fibers were used. This shows that steel fibers 
are very effective as shear reinforcement. 

Effect of Aspect Ratio and Type of Fibers 

Figure 2 shows the effect of aspect ratio on ultimate shear 
stress, for M.S. wire fibers for shear span ratios of 3.6 and 
4.8. Though most of these beams failed in flexure, maximum shear 
stress increased from 352 psi (24.8 kgfjcm2) to 622 psi (43.79 
kgf/cm2) when aspect ratio was increased from 10 to 75. There 
was decrease in the maximum shear stress when aspect ratio was 
increased to 100. The beams having brass coated high strength 
steel fibers, indicated similar behavior. The maximum shear 
stress occured in SFRC beam having 1/2 x 0.006 in. fibers of 
aspect ratio of 83.3. There was decrease in the maximum shear 
stress value when fibers of size 1 x .01 in. having aspect ratio 
of 100 were used. If aspect ratio is less number of wires increase 
in a section, for the same amount of fibers. Thus the shear 
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strength of SFRC beams should increase with the decrease in the 
aspect ratio of the fibers, Hbwever, the efficiency of the fiber 
decreases with the decrease in length due to poor anchorage. 
Therefore, there has to be some optimum value of the aspect ratio 
for the maximum shear strength. Based on the limited test data 
of this study, it seems that the optimum value of aspect ratio is 
near about 75 for maximum shear strength. 

Mild steel wire fibers seems to be quite effective in 
increasing shear/ flexural capacity of the SFRC beams. These 
fibers are cheaper and can be fabricated easily in any workshop, 
in India or in any other developing country. 

Load vs Deflection 

TYpical load-deflection curves of the conventional RCC beams 
and SFRC beams having 1/2 x 0.006 fibers, for shear span ratios 
of 3. 6 and 4. 8, are shown in Fig. 3. The ultimate deflections of 
SFRC beams were about 3-4 times that of conventional RCC beams, 
for shear-span ratios of 3.6 and 4.8. It can be concluded from 
these curves that SFRC beams have higher toughness. The toughness 
is defined as the area under the load-deflection curve. 'Ibughness 
ratio vs shear-span ratio is shown in Fig. 4. 'Ihe toughness ratio 
is the ratio of toughness of SFRC beams to that of conventional 
RCC beam. The maximum toughness ratio of 7.85 was observed in 
SFRC beam having 1/2 x 0,006 in. fibers, with shear-span ratio of 
3.6. 

DESIGN METHOD 

It can be concluded from the test results that there is 
considerable increase in moment and shear capacity of beams \~hen 
SFRC is used. swamy and Al-Ta'an (3) also reported similar test 
results. It has been observed that there is difficulty in 
obtaining uniform SFRC mix if the fiber content is more than 2% 
by volume (2). It is suggested that the fiber content should be 
limited to l% fiber by volume of the concrete. Since the shear 
failure is primarily a diagonal tension failure, steel fibers 
increase the shear strength of FRC considerably. Number of 
methods have been suggested for the design/ analysis of SFRC 
beams (3), These methods are quite complicated, A new simple 
method is proposed herein. The ultimate tensile strength of SFRC 
in flexure can be obtained by using the following equations given 
by SWamy and Mangat ( 4) : 

but = 0.97 {)m (l-Vf) + 3.41 Vf(l/d) 
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This equation is in N/mm2 units. 

The following equation is obtained in psi units. 

where, 

6"ut = 0.97 ~m (1-Vf) + 495 Vf (1/d) ••••••••• (1) 

()ut = ultimate flexural tensile strength of SFRC 

c>m = ultimate flexural tensile strenght of plain 
concrete 

Vf = volume fraction of the fibers 

1/d = aspect ratio of the fiber 

Method of Analysis 

Assumptions 

1. The strain diagram is linear. 

7 

2. The tensile stress block is rectangular and its depth is 0.85 
times the distance between neutral axis and the bottom fiber 
of the beam. This assumption is similar to the assumption 
made by Whitney (5) for the compressive stress block for 
calculating the ultimate strength of rectangular reinforced 
concrete section. The stress in SFRC is taken as 0.85 ~ut• 
The assumed stress block is shown in Figure 5. 

3. There is no increase in compressive strength of SFRC as 
compared to plain concrete. 

4. Ultimate shear stress of SFRC is equal to 0.41 ~ut• because 
effective length of any fiber in any direction = 0.41 (length 
of fiber) as found by Ramualdi and Mandel (6). 

This method was applied to determine shear and moment 
capacities of SFRC test beam having the following section: 

b 4.0 in. d 5.0 in. 

D 6.0 in. As 0.352 in. 2 
I 

fy 70.4 ksi fc 3 ksi 

G'""m 0.2 ksi 
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The calculated values of ultimate moment and shear were 106.2 
inch kips and 5,3 kips, respectively. '!he test result values 
of ultimate moment and ultimate shear were 117.0 inch-kips and 
6.6 kips, respectively. ~1e test results of moment and shear 
values are fairly close to the calculated values, 

A SFRC beam for given ultimate shear and moment capacities can 
be designed as follows: 

1. Knowing the tensile strength of the plain concrete, fiber 
size, and content, determine: 

6 ut 0.97 () m (l-Vf) + 495 Vf(l/d) ....... (l) 

ous 0.41 Out · · • • • • · • • • • · • • • ............. (2) 

2. Knowing Mu and Vu for the beam to be designed we have the 
following relationship. 

Vu = bjd (0,41 (} utl ............... (3) 

2 fl Mu = 0.261 l:x:] c••••••••••••••••• •• (4) 

The width of beam in general lies between d/2 to 2/3 d. 
From equations ( 3) and ( 4) determine b and -d; Take-hfgher 
of values of b and d. -- -

3. Maximum value of 'a' depends upon values of f~ and fy• ACI 
31877(7) limits maximum values of a/d for given values of £6 
and fy• Assune a value slightly less than this value. From 
the following equation calculate area of tensile steel (Ag): 

Mu = As fy (d - a/2) + bg(0.85 () ut) (D - a/2 - g/2) ....... (5) 

4. Knowing Ag, calculate depth of n.a. and determine 1noment 
capacity of the section. Revise the section and area of 
main tensile steel if required. 

The method of calculating ultimate flexural strength of SFRC 
beams was applied to SFRC beams reported by Swamy and Al-Taan 
(3), where crimped steel fibers of size 0.02 x 2.0 in. (0.50 x 50 

mm) were used. '!he calculated and test results values were very 
close as shown in Table 2. 
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CONCLUSIOOS 

The following conclusions can be made. 

1. Steel fibers are very effective as shear reinforcement. The 
maximum shear strength ratios were 1.44 and 2.05 in beams 
having mild steel fibers of aspect ratio of 75 and brass 
coated fibers of size 1/2 x 0.006 in respectively. 

9 

2. There was increase in flexural strength of SFRC beams. The 
maximum flexural stregnth ratios were 1.59 and 1.38 in SFRC 
be~ns having M.S. fibers of aspect ration 75 and brass coated 
fibers of size 1/2 x 0.006 in respectively. 

3. The mode of failure changea from shear in conventional RCC 
beam to moment or moment - shear failure in SFRC beams. 

4. The maximL~ increase in shear and moment capacity of the beams 
were obtained using fibers of aspect ratio 75. 

5. The ultimate deflection in SFRC beams was 2-3 times that of 
conventional beams. The maximum toughness ratio of 7.85 was 
obtained in beam having 1/2 x 0.006 in. fibers, tested for 
shear-span ratio of 3.6. 

6. A method for analysis and design of steel fibers reinforced 
concrete beam has been suggested. This method is simple and 
values of moment and shear capacities were fairly close to 
the test results. 
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NarATION 

Area of main tension steel 
Shear-span or depth of the rectangular canpressive stress 
block 

Width of the beam 

= Effective depth of the beam 

Overall depth of the beam 

Ultimate canpressive strength of the concrete at age of 
28 days 

Yield strength of steel 

Depth of rectangular tensile stress block for fiber 
reinforced concrete beam 

Length of the fiber 

Ultimate moment 

Ultimate moment capacity of RCC beam 

= Ultimate moment capacity of SFRC beam 

Volume fraction of the fiber 

Ultimate shear 

Ultimate shear capacity of conventional RCC beam 

Ultimate shear capacity of SFRC beam 

Flexural tensile stress of the plain concrete 

Ultimate shear stress of SFRC 

Ultimate flexural tensile stress of the steel fiber 
reinforced concrete. 
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Table 1 

Test Results 

Shear-[ Ult. Ult. ,---- I Maxim- -r-- ----
Span Shear Manent !Strength Rati~l Shear I Mode 

Beam Ratio Vu Mu Inch- I Vuf I Muf I Stress I of 
No. = a/d kies kips I Vuo I Muo I = esi I Failure 

( 1) I (2) (3) (4) -- I (5) I (6r-T (7) I (8) --,---- I 
A I 2.0 4.4 44.0 1.0 I 0.46 433 s 

I 2.4 4.4 52.0 1.0 0.55 433 s 
I 3.6 4.4 79.0 1.0 0.83 433 s 
I 4.8 4.0 96.0 0.91 1.0 394 M 

B 4.8 3.6 86.4 0.82 0.9 354 M 

c 3.6 4.7 84.6 1.07 0.88 463 M-S 
4.8 5.55 133.0 1.26 1.35 546 M 

D 3.6 5.5 99.0 1.25 1.03 541 M 
4.8 6.35 153.0 1.44 1.59 625 M 

E 3.6 6.05 109.0 1.38 1.13 595 M 
4.8 6.35 153.0 1.44 1.59 625 M 

F 3.6 5.25 94.5 1.19 0.98 517 M 
4.8 5.0 120.0 1.14 1.25 492 M 

G 2.0 6.63 66.3 1. 51 0.96 652 s 
2.4 6.63 80.0 1.51 0.83 652 M-S 
3.6 6.50 117.0 1.48 1.22 640 M 
4.8 4.4 106.0 1.0 1.1 432 M 

H 2.0 9.0 90.0 2.05 0.94 880 M-S 
2.4 8.55 103.0 I 1.94 1.07 837 M 
3.6 6.45 116 .o I 1.47 1. 21 632 M-S 
4.8 5.5 132.0 I 1.25 1.38 540 11-S 

I 
J 2.0 7.4 74.0 I 1.68 0.77 725 S-M 

2.4 7.75 93.5 I 1.76 0.97 760 M 
3.6 5.5 99.0 I 1.25 1.03 540 M 
4.8 5.0 120.0 I 1.14 1. 25 490 M 

I ·-··----
Notes: 1. S - Shear failure; M - Manent failure; M-S- Initial 

failure by moment and ultimate failure in shear; 
S-M - Initial failure in shear and ultimate failure in 
moment. 

2. All the above results are average of 2 test specimens. 

Full document details: ACI SP-81

http://www.avadocuments.com/doc/aci-sp-81
http://www.avadocuments.com/doc/aci-sp-81


Shear and Moment Capacities 13 

Table 2 

Calculated and Test Result of Ultimate Flexural Strength of Beams 
Tested by Swamy and Al Taan ( 3) • 

I F1ber Percent ---~-

Beam No. I by Volume Mtest (kN-m) Mcalc.(kN-m) I Ratio 
I I 

(1) T (2) --- T3 L (4) I 473 ----1 -
DR-11 0.5 23.25 24.24 I 1.04 

I 
DR-12 1.0 23.81 24.8 I 1.04 

I 
DR-21 0.5 33.68 30.92 I 0.92 

I 
DR-22 1.0 35.06 32.74 I 0.93 

I 
DR-31 0.5 28.62 27. 1 I 0.95 

I 
DR-32 1.0 30.83 28.3 I 0.92 

I 

T --, 
15.26 ELECT. STRAIN GAGE 6 11 

cmj_~--------~--~------------~_1 
43.72cm. or 
60.96cm. MECH GAGE 

152.4 em. or 60 11 

Fig. 1--Details of the specimen, location of gages for 
deflections and strain measurements 
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Fig. 4--Toughness ratio versus shear span depth ratio 
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Torsional Behavior of Reinforced 
Fibrous Concrete Beams 

By R. John Craig, S. Dunya, J. Riaz, and H. Shirazi 

Synopsis: The objective of this study was to examine the tor­
sional behavior of reinforced fibrous concrete beams under pure 
torsion, and to develop a theoretical approach to analyze these 
beams. 

The addition of steel fibers to the concrete mix hns been 
receiving more attention as a \~ay of improving the properties of 
the concrete. This study has two objectives: 1) to observe the 
behavior of fibrous reinforced concrete in torsion, and 2) to 
present a realistic method for analysis of fibrous reinforced 
concrete in torsion. 

Nine beams were analyzed and experimentally tested. There 
were t1~0 beams with no fibers, seven of them 1~ith different per­
centages of fibers by volume (two different types). All beams 
had the same longitudinal bars but the hoop spacing was varied. 

Keywords: beams (supports); compressive strength; fiber rein­
forced concretes; hoops; metal fibers; reinforcing steels~ear 
stress; tensile stress; torsTOn. 
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l NTlWDL'CT 10~ 

The use of fibers in fibrous reinforced concrete is gaining 
increased importance in the research laboratories as a 1vay of im­
proving the properties of concrete. It is lvell known that the 
tensile strength of the plain concrete is very low. This lveak­
ness can be improved by the addition of steel fibers in the con­
crete. 

This paper lvill discuss results from tests run at the Ne1v 
.Jersey Institute of Technologv on the structural uses of steel 
fibers in fiber reinforced concrete beams under pure ton;ion in 
order to illustrate their behaviot-, :Hne beams were tested. The 
beams '"ere 6 in. x 12 in. x 72 in., Hith 114 reinforcing bars as 
longitudinal steel and #3 bars as hoop steel. Different fiber 
content and hoop spacing 1~ere used in this study (see Table 1). 
The beams \~ere loaded, using hydraulic rams as shown in Figure 3. 
The rotation was measured betHeen the beams' third points at each 
load increment. The cracking Has also obset-vecl during the test­
ing. 

The theoretical analysis \vas deVL• loped in t1~o types of be<HIJS: 
1) fibrous reinforced concrete beams (no deformed rein-
forcing steel bars); and 2) reinforced fibrous concrete beams 
(fibers and reinforcing steel bars). \Hth the addition of fibers 
there is an increase in the ultimate torque of the beam for the 
t1vo different types. The magnitudL~ of this increase is dependent 
on the type and amount of fiber. The ultimate torque for fibrous 
reinforced concrete beams \vas found to be given as: 

or 

T 
0 

T 
0 

1.% (x2 + lO)y 1.{f! 

1.67 (x2 + lO)y 3~ J 1 ct 

(1-a) 

(1-b) 

Hhile the second type of beams, the reinforced fibrous concrete 
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beams, was found to have an ultimate torque given by the equation 
(2-·a). 

(2 a) 

\vhere <Xt can be found experimentally, \~hich depends upon the type 
and amount of fiber used in the beam, and O<c was found to have 
the value of 

2.0 + (2-b) 

In developing the above equations, the tensile and shear forces 
across the crack due to the presence of fibers were considered. 
The theoretical development \~ill be explained. 

The addi.tion of fibers in the beams sho1~ed: 1) an increase 
in stiffness; 2) an increase in the ultimate torsional capacity; 
3) an increase in ductility and rotational capacity; 4) an in­
crease in cracks with smaller crack 1~idths; and 5) an increase in 
confinement and damage tolerance of the concrete section over the 
conventional reinforced concrete beam. The theoretical develop­
ment sh01~ed good correlation 1~ith the results obtained in the 
laboratory. 

The use of reinforced fibrous concrete beams has definite 
advantages as will be described in this paper, but more research 
is needed to fully develop a method for design. The results of 
this testing program and theoretical development could be used 
for this purpose. 

EXPERHIENT/\L PROG!Wl 

The results of an experimental testing program were used to 
come up ~~ith the behavior of the reinforced fibrous concrete 
beams in resisting torsional moments. These results were also 
used to come up \~ith infonnation which \~as needed to verify the 
validity and to evaluate the constants of the analytical method. 
The procedures, testing, and results 1~ill be shown. 

Test Beams 

Nine full size beams which were 6 in. x 12 in. x 6 ft. were 
designed for testing in torsion. The test beam series is shown 
in Figure 1. /\11 the beams were designed to have the same longi­
tudinal reinforcing bars with a varying hoop spacing (s = 7 in., 
3.5 in., and none). There were two different crimped-end fibers 
1~hich were used in the testing series at different volumes (0, 
1 :;, 1-1/2 (;, and 2 ~~) in the concrete. The reinforced fibrous 
concrete beams were constructed identically to the conventional 
reinforced ·concrete beams to assure reliable comparisons; i.e., 
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the same reinforcing steel and concrete. The test beam with cross 
section and test set-up are shmvn in Figures 2 and 3, respectively, 
A photograph of a beam in the test set-up is shown in Figure 4. 

The concrete which was used in constructing the beams used 
Portland Cement Type I, river sand, and 3/8 inch crushed stone. 
The mix design used 1~as as follows: 

1098 lb/cy 
1600 lb/cy 

404 lb/cy 
674 lb/cy 

coarse aggregate (3/8" max.) 
fine aggregate 
1~ater 

cement 

A superplasticizer was used to help in placing all concrete mixes 
to avoid problems in constructing the beams, 

For the steel fibrous concrete, the mix used the same con­
crete design as the plain concrete and crimped ended steel fibers 
which were 30 nun (1.18 in.) long and .SO mm (.O:':i7 in. in diameter 
1~ere used in specimens t, and 5, respectively, The plain concrete 
was specified to have a minimum 28-day compressive strength of 
4000 psi. The fibers 1~hich 1~ere put into the concrete at 0 ,;, 
1 %, 1-1/2 %, and 2 %, as described in Table 1 had an ultimate 
tensile strength in the range of 135,000 to 200,000 psi. The 
typical stress/strain curves for the fibrous concrete and split­
ting tension values are sh01m in Figure 5, The values for f c , 
compressive strength, and fsp• splitting tensile strength, are 
shmm in Table 1. 

Steel reinforcing bars conformed to ASTM A 615 Grades 40 and 
60 for the beams. The Grade 60, having a yield strength of 
65,000 psi, was used for the No. 4 longitudinal reinforcing; and 
the Grade 40, having a yield strength of 46,000 psi, was used for 
the No. 3 hoop reinforcing. 111e typical stress/strain curves for 
the reinforcing are shm~n in Figure 6. 

Pabrication: -- The specimens 1~ere cast in ply1~ood forms. 
The beams were cast in t1~o different castings The fibers being 
added to the plain concrete after the conventional beams were 
cast. TI1us the difference in the concrete mixes was due to the 
presence of fibers only. The beams were cast horizontally so 
that the fiber orientation due to placing was correct. All con­
crete was consolidated by an immersion-type vibrator. The speci­

mens were moist-cured for a period of seven days, The forms 1~erc 

stripped after seven days and the beams were tested at about 28 
days. 
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TESTING PROGRAH 

The beams 1~ere tested, using the testing apparatus shown in 
Figure 3. The one end of the beam was held fixed while the torque 
was applied to the other end, using hydraulic rams on both sides 
of the beam. The loads were applied to the beam on arms which 
1~ere 18 inches from the center of the beam. The beams were rein­
forced at the ends to prevm1t failures in the support areas. 
Loads were monitored by the use of load cells at the fixed end 
and hydraulic pressure of the rams at the loading end. The capac­
ity of the hydraulic nuns was 16 tons. 

The rotation of the beam \vas measured between the third 
points of the beam with linear potentiometers. Strain measure­
ments were taken using strain gages on the longitudinal and hoop 
reinforcing steel. The cracking \vas observed and marked at each 
J.oad stage for the beams. The beams lvere tested at about 28 days 
after casting. 

Test: Results 

The test results for the nine beams are described in Table 1 
and the test beam series is sh01m in Figure 1. The results of all 
the torsional resisting moment and rotat.ton are shmm in Figure 7. 
111e torsional resisting moment vs. rotation behavior of some 
typical beams are shmvn in Figures 8, 9, 10, 11, and 12, and shall 
he discussed. 

Figure 8 sho1vs the results of three beams: 1) a conventional 
reinforced concrete beam with hoops at 7 inches (Tl); 2) a con­
ventional beam wlth hoops at 7 inches having fibers added (1-1/n 
by volume)(T3); and 3) a reinforced fibrous concrete beam 
(1-1/2% by volume) 1vi.th longitudinal steel only. The conventional 
concrete beam ultimate torsional resisting moment \vas 83,200 in lb 
as compared with 76,1100 in lb, by the ACJ. 318-77 Code. The ulti­
mate torsional resisting moments were 83,200 in lb, 149,000 in lb, 
and 98,000 in lb for beams Tl, T3, and '1'2, respectively. The 
addition of fi hers in the beams sh01ved an increase in st if fnesses. 
The theoretical stlffness 1~as calculated at 15,290 in I(/ degree as 
compared to .111,280 inK/degree, 25,1170 in K/dl~gree, and 18,430 in 
K/degree, for beams Tl, '1'3, and T2, respectJvely. The beams with 
fibers and lonr,itudinal reinforcing only, shm~ed higher strength 
than did the conventional reinforced concrete \~ith hoops at 7 i.n. 
The presence of fibers increased the ductility and i.ncreased the 
damage tolernnce of the beams. 

Fir,ures 9, 10, and 11 sho\Y the innuence of the hoop spacing, 
s, and the fiber per.eentage present in the beams. ThP presence 
of both fibers and reinforcing steel increHSl!S the Juctility anu 
strength of the members. The stiffness is al:;o increased. 

Figure 12 sho~Ys the influence of havin;~ a different fiber 
type 1~ith the s<tme volume of fibers (1. 7, by volume) 1~.ith hoop 
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reinforcin3 at s = 7 inches. 

The results of the cracking and ultimate torsional resisting 
1:1oment vs. hoop spacing of tlw nine beams are plotted in Figure 
13 (T vs. (x 1 y 1 At fy )/s. 

The presence of both the hoop steel and the fibers will 
bring about a much smaller spacing and size of cracks. The typi­
cal cracking behavior of reinforced fibrous concrete beams subjec­
ted to only a torsional moment is shown in Figure 14. 

11!EORET ICIIL DEVELOP~fDiT 

When looking at the torsion of fibrous concrete without rein­
forcing bars, the increase in the ultimate torque is very little. 
1be increase in direct tension and torsional strengths of con­
crete beams with fibers is only marginal compared to a substantial 
increase in flexural strength. TI1is marginal increase in tensile 
strength can be predicted, using the conventional theory of mix­
tures, when efficiency factors for the fiber orientation and bond 
strength. These increases in strength are shown in Figure 15 (1). 

Tite ultimate cracking torque Tcr for plain concrete beams 
given by l!su ( 3' is: 

Tu = 6 (x2 + 10) y ~ (1) 

This equation can be expressed in terms of the modulus of rupture, 
fr, and splitting tensile strength, fsp• by substituting .133 fr 
and ,1/;7 fct for'[ri as has been suggested by others (4,5), The 
following will be found. 

2 
10) y fr! To = 1.56 (x + (2) 

T0 = 1.67 (x2 + 10) y ~ (3) 

Turner and Davis (5) developed the following ultimate tor­
sional capacity Tu expression: 

T - 0C 2 U - X y 
(-3~1!!.___ ) 
1 + xfy 

Hhere the values for Y/x and O<are given as follm~s: 

(4) 
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Y/x ex 
1.0 .208 
1.2 • 219 
1.5 .231 
2.0 .246 
2.5 .256 
3 .267 
5 .290 
Clo .333 

and ftmax equals the maximum principal tensile stress. Consider­

ing skew bending of rectangular plain concrete section (according 
to Hsu (2)), the ultimate torsional capacity, considering the 
biaxial state of stress condition, is: 

(5) 

Using the test results previously explained, these equations 
(1, 2, 3, 4, and 5) can be checked with test results. The re­
sults of this comparison are shown in Table 2. As can be seen, 
Equations 2 and 3 show good comparisons. 

DERIVATION OF ULTHIATE TORQUE EQUATION -
REINFORCED FIBROUS CONCRETE BEANS 

The mathematical analysis which will be presented is based 
on a similar analysis for reinforced concrete beams by llsu (7) 
and represented by \Vang and Salmon (8). The analysis presented 
will reflect the presence of fibers in the reinforced concrete 
beams. 

The failure surface is assumed to be a plane perpendicular 
to the wider face and inclined at 45° to the axis of the beam. 
The failure plane may be as shm..m in Figure 16. The force on the 
compression side, P, consists of contributions from longitudinal 
bars and from shear and normal resistances of the concrete. The 
components of the resultant force, P, are sho14n in Figure 17. On 
the tension side, it is assumed that Pv , tensile force in the 
reinforcing hoops, Qx and QY' horizontal and vertical components 
of the dm4el action, and P..( t, compressive force in the longi­
tudinal bars, are assumed to be acting alc;-,g w1tn a normal and 
shear resistance contributed by the fiber concrete (PTF and PsF• 
respectively). On the tension side, there will exist a longi­
tudinal force unless PTF and Psp are equal. 

First, let's consider the torque which is developed by the 
reinforcing. Equilibrium of the free body must be considered to 
determine the ultimate torque. On the tension side of the beam, 
all hoops are assumed to yield. The force in the hoops or closed 
vertical stirrups across a given skew bending failure section is: 

Full document details: ACI SP-81

http://www.avadocuments.com/doc/aci-sp-81
http://www.avadocuments.com/doc/aci-sp-81


24 

p = v 

Craig et al 

(__21_) A f 
s t y (6) 

\~here Ylfs is the number of hoops intercepted by the '•5° failure 
plane. 

The tensile force 1:l c in the longitudinal bars intercepting the 
compression concrete zone is: 

(7) 

The tensile force P.£ t in the longitudinal bars intercepting the 
tensile fiber concrete zone is: 

(8) 

where ~ and fare efficiency factors to account for longitudinal 

bars be.Lng at two or more points within the compression and ten­
sion zones, respectively. 

The d01~el forces Qx and Qy may be written: 

Qx 
AJ. q( __ ) 6 (9) 

II X 

1/ q ( A..e) A 
(10) y 4 y 

A 
Qx q(~) KJ c2'1__> (11) ,, 2 

0 q(~-) K ( Xz ) (12) ·y 

" 
3 -z-

\~here q is a constant representing the d01~el stresses in pounds 
per cubic inch; A.t. is the sum of tension and compression longi-

tudinal steel;6x and 6, are the bar displacements resulting 
from d01~el action in the x y and y directions, respectively. The 
displacement 6:,s are proportional to the distance from the cen­
ter of twist to the bars and K3 is a proportionality constant. 

~!01~, let 111 equal the ratio of the volume of lonr,itudinal 
bars to the volume of closed hoops such that: 

rn --~_.::.___ 
2 At (xl+yl) 

(13) 

~ A.J. c + AJ t 

A.t At [?m (xl 
s 

+ yt) J 
Substituting Equation (14) into Equations (11) and (12) gives: 
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(15) 

Sir.Ii1ar.l.y, 

(16) 

I' .J. c = ~ m ( 1 + Yl 
Xl) ( 

x 1 Atfy 
s ) 

(17) 

- yl 
= lr.J xl'\ ty_ 

(1 + -) (-- ) (18) 
X! s 

The torsional resistance from reinforcement then is: 

Xl X'l X'l Y2 X2 
'I~T = ~'v <-r) + P /c <-[-) + P..tr<-f) + 2Qx <y-) + 2Qy (2) (.I. 9) 

Substitul.ion of Equations (6), (.1.5), (16), (17) and (18) 
into Eq. (19) gives: 

T 
uT 

qK3 X? vl A f + ---- ( --=-) m ( 1 + - x 1 Y 1 t v ''f Yl -) (-- ----~·-)x2 
y xl s 

Equation (20) may also be written: 

\vhere 

or if 

T = rv ( X!YlAtfv 
uT '-" t - ---g-~-) 

=.!.+m <X t 2 

qK3 Y1 2 + r.1 (1 + -) (x 2 + 
I, f X 1 

y 
x2 ~ x 1 and y 2 ~ y 1 , Eq. (21) becomes: 

qKJ + __ - l1l 

4( 
y 

(20) 

(21) 

(22) 

25 
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If no vertical component of the r,e t is considered for the tor­
sional resistant moment, the value of the tension zone longi­
tudinal steel moment goes to zero. This means that the tension 
and shear forces of the fibers are considered. But if only the 
tensile shear forces are considered for the effect of the con­
crete, then Equation (22) will be valid. In this presentation, 
the tension and shear forces are considered for the concrete ten­
sion torsional moment. Thus the torsional moment due to rein­
forcing will be: 

where 1 ft (~+ 1) 
<l"t z+m 

YI 

qK3 
(1 + ~) G XI J +-- m 1 + (yl) yl 4f xl y 

(23) 

Now, ~t can be written as: 

Co + cl (ft) + 
Yl 

~t = c2 m + c3 (--) 
xl 

(24) 

Thus, OCt is essentially a function of three parameters: m, 
YI/x1,and ft; ancl C0 , C1, c2 , and C3 may be experimentally deter­
mined. The effect of fiber type and fiber percentage is intro­
duced as a function of f t which has to be considered because of Pft. 

Nm~ consider the torque which is developed by the fibrous 
concrete. From the forces acting on the compression zone, it is 
found that the resultant P force is: 

p = iZ"Ps + PJ.c (25) 

The first term of Equation (25) represents the portion \~hich is 
attributed to the concrete in the compression zone. Thus, the 
torsional moment capacity of the concrete in compression zone is: 

(arm) (26) 

The shear resistance Ps can be expressed as: 

Ps = Vavgc lzya (27) 

Vavgc is the average shear stress acting over the compres­
sion zone, y -{2 is the 1~idth of the compression zone and a is 
the depth of the compression zone. The depth of the compression 
zone a is: 

a (28) 

According to Hohr 1 s failure tlw.ory 1~ith Timoshenko 1 s 
straight line simplification (9), vd , the pure shear strength 
of concrete, can he found by the relationship: 
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(29) 

where f~ and ft are the cylinder compressive strength and uniaxial 
tension strengths, respectively. 

Thus 

and 

V' 
c 

(30) 

(31) 

1~here Kc is a coefficient relating the shear strength in combined 
shear and compression to the pure shear strength. The value for 
A can he taken as .9 for fiber concrete 1~i.thout introdud.ng seri­
ous error.O~'rom tests run on fiber concrete, ft can be taken as 

6 -{f;;. The shear strength of the concrete can be found from 

the expression v~ = 5.4~ Substituting V~ into ECJ. (27) 
gives: 

Ps = (32) 

No1~ KcK 1 must be evaluated. From EC]. (26) , the torsional m01aen t 
due to the concrete alone is: 

-{2 Ps (ann) (33) 

Tee f2 Ps XcT (34) 

assuming that the arm is XcT 1~hi.ch is (x-a) /2. 

Now, looking at the forces acting on the tension zone, it is 
found that the resultant P force is: 

l'·t'F p p 0 + p + ____ + SF (35) 
. v i2 "{2 

The last t1~o tenns in the Equation (JS) represent the portion 
1~hich is attributed to the filwrs in the concrete in the tension 
zone. Thus the torsional moment capacity of the fibers in the 
tension zone is: 

PTF 
= (--- + 

i2 
~'sF 

----) 

i2 
(arm) (36) 

The tension stresses across the tension zone should be considered 
to act unifonnly over the region. The fiber force ln tension at 
failure according to Williamson (10) is: 

ftf (x - a) -r-
1 2 y 

(3 7) 

then • 7 Pr (n (x-<~) '"f2 y) 

if f f = , 7 P fn 
ftf is actually ~ function of fiber distribution and the plane 

of failure (geometrical and p, dependent). 
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~~here: 

ftf is the uniform fiber tensile stress at failure of the 
sect·ion, 

Pf is the pullout force of a fiber, 
n is tile number of effective fibers in any one direction 

p 
dr 
Rr 
·41 

ner unit area: 
n 

is the percentage 
is the diameter of 

by volume of fibers, 
the fiber, 

is the length of the fiber, 
is the percentap,e of fibers effective. 

(38) 

There is also a shear resistance across the failure plane 1~hich 
is contributed by the fibers 1~hich is Pgp. The Psr can be re­
lated to the Prr (tension force) in the following manner: 

Psr = vavg._ fi y (x-a) (39) 

The Vavg can he found in a similar way as v 
t avgc 

vavgt KT ftf (40) 

Where l<.r i.s a coefficient relating the shear strength in combined 
shear and tension at failure of section. 

(H) 

Thus the shear force Psr is: 

PsF = • 7 Kr Pf (n (x-a) -{2 y) (112) 

The total torque 1vhich is present due to the fibers, 'l'cT (Eq.36), 
at failure is: [ ..r:; 

.7 Pf (n (x-a) 12 y) 
T = ----------

CT -(2 
+ . 7 KT Pr (n(x-a) "{2 y)J 

-f2 
(arm) (43) 

The moment ann is Xr '"'ltich is equal to a/2. Substituting for 
moment arm and combining terms in Equation (43), TcT becomes: 

TcT = .35 (1 + Kr) Pf n(x-a) a y (44) 

NO\v the total torque 1~hich is carried by the concrete at failure 
is: 

T c Tee + Tr.T 

Simplifying Equation (46) becomes: _ n; 2 ...r;;T 
Tc - ~ c x y lfc 

(liS) 

(46) 
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(4 7) 

The quantity~ is essentially a function of one parameter and 
might be written: Pfn 

<Xc= c4 + c 5 -- (118) 

fir 
where constants C4 and c5 may be experimentally determined. 

Now the total ultimate torque will be a combination of the steel 
and concrete contributions 

T TuT + T (49) 
u uc 

and 
xlylAtfy ) + 0< (x2y i£I> Tu O(t ( (50) 

s c 

where 
O<t = (.2.!:_) co + cl (f t) + c 2 m + C3 (24) 

xl 
and Pfn 

Or = c4 + Cs (48) 
c If[ 

The constants C0 , C1, C2, C3, C4, and Cs, as mentioned earlier 
can be experimentally determined, To determine the constants, 
let us look at Figures 18 and 19. Due to the complexity of de­
termining the constants C0 , cl, C2, and C3 theoretically, the 

whole term O(t should be determined from test procedures as the 
slope of the line Torque vs. (Xl Yl fs At)/s. The value of O(t 
for these test beams varied from 1.05 to 2. 75 as results sh01~ 
in Table 3 • The value of<Xt varies with the amount and type of 
hooked end fibers present the beam. The quantity Oct is a 
function of: 1) fiber type; 2) fiber percentane; 3) m; 
4) fJ.y/f s ; 5) yt/xl; and 6) Y2. Because of the small number 
of variatlons of fiber type and fiber percentages, the constants 
C0 , C1, C2, and C3 1~ill not be evaluated. The value of Oc: t as 
previously mentioned can be determined by the slope of the curve 
of Tu vs. (xlylf A )/s 1~hich can be determined experimentally. 

sy t 
Further testing and evaluati.on of beams are being conducted at 
Ne1-1 Jersey Institute of Technology for the value of the constants 
C0 , c 1 , c 2 , and c3 • Some observations should be noted that: 

i) The do1~el forces Q are dependent on the stirrup 
spacing, fiber content and fiber type 1-1hich affect the lateral 
displacement of the bar. 

ii) The longitudinal forces in the compression and tension 
zones at failure are dependent on 4 and J . The value of f 
is dependent on ~te effectiveness of the fibers in the tension 
zone in the concrete as can bt~ realized by the composition of 
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force P in the tension zone lvhich is shown in Fir,ure 17. The mag­
nitude of PTF and the value of Kr lvill determine this efficiency 
factor. \Hth the increase in Q and the presence of PTF and PsF 

due to the fibers, the value for/ will vary from a conventional 
beam theory, depending on the magnitude of P wl1ich is affected 
by the increase in the compression zone (s will be larger for 
the beams 1vith fiber) and the presence of fibers. The value for 
the longitudinal compression force is: 

PTF ..(? 
P£ T -{2 - \2 PSF (51) 

~ iii) The value of m ~ may be substituted for m if the 
fsy 

yield stress for the longitudinal steel and hoops are different. 
The work here has been derived for f_pv fsy This was shown 
to be true by other investigators. ' 

The constants C4 and C5 can be evaluated by letting the 
Tuc = T0 • T0 is obtained experimentally as the value of the ul­
timate torque without any reinforcing. The T0 lvill be considered 
to be the torque lvhich causes cracking of the beam (longitudinal 
steel was present in all beams). The force produced by the 
fibers in the tension region is not great enough to increase the 
resisting torsional moment much above the cracking torsional 
moment, if any. The value 0( c has constants C4 and c5 which can 
be evaluated by the experimental tests. The constant c4 depends 
on the torsional resisting moment provided by the shear strength 
of the shear-compression zone. Similarly, the constant C5 de­
pends on the torsional resisting moment provided by the shear and 
tension strength of the fibers in the shear-tension zone. The 
value of C4 was found by: 

(52) 

Thus: T0 c (0% Fiber) 
----- (53) 

Then c5 can be evaluated as: 

(54) 

Therefore: 
T0 F (Fiber) - T0 c (Plain) 

(55) 
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Using the results from testing, the calculations are sh01vn in 
Table 4. The values for C4 and C5 were 2. and .12. The value 
for Tc is: 

(56) 

Thus, the full theoretical capacity of rectangular sections for 
reinforced fibrous concrete may be written as: 

T u 
T uc 

<X (_xlYJ_Atf_L) + (2.0 + 
t s 

(57) 

.12Pfn 2 ~c' 
~)X y 
If~ 

(58) 

31 

The values presented here for ()(t, c4 and c5 are determined from 

testing of beams presented lvith this report. The value of C4 may 

be taken as similar to llsu's 1vork (7) as 2.4/fX', 1vhich would be 
a better representation of beams of different sizes. C)ct, as men­
tioned previously, has to b~ found by experimentation because of 
the many variables. 

CONCLUSIONS 

The ultimate torsional theory presented showed good com­
parison with the results obtained in the testing program. The 
theory 1vhich was based on the theory for conventional reinforced 
concrete beams by llsu (7) was based on a failure plane perpen­
dicular to the wider cross-section face and inclined at 45° to 
the longitudinal axis of the beam. This failure plane assumption 
seemed to be valid, observing the cracking behavior of the test 
beams. The theory, because of the presence of fibers in the con­
crete, had to account for the tension and shear stresses in the 
tension zone of the failure plane. The value of ()( t in the ex-

pression for the ultimate torsional moment is dependent on the 
fiber content and fiber type (ft); x1/y1; m; fiylfsy; Yllxl; and 
Y2. Because of the complexity of finding C\:t (fiber being pres­
ent), more testing is required in order to come up lvith the con­
stants C-0 , c1 , c2 , and c3 lvhich make up ~ given by: 

C\( = 
t 

(24) 

The value of ~t presently can be found experimentally as 
described in this paper. Equation (50) should be used as the 
design equation for the ultimate torsion for beams. This ex­
pression should be compared to more test results in order to 
substantiate its validity because tl1ere are many different fibers 
which can be used in constructing reinforced fibrous concrete 
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beams. The results of testing showed that the performance of the 
reinforced fibrous concrete beams is heavily dependent on the 
amount and type of fibers. The fibers used in the testing pro­
gram showed good comparisons 1~ith the theoretical development 
presented. 

The behavior of the reinforced fibrous concrete beams used 
in the testing program showed that the addition of fibers in the 
beams resulted in: 1) an increase in stiffness; 2) increase in 
the ultimate torsional capacity; 3) increase in ductility and 
rotational capacity; 4) increase in cracks with smaller crack 
widths; and 5) increase in confinement and damage tolerance of 
the concrete section over the conventional reinforced concrete 
beam. 
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NOTATIONS 

denth of the shear-compression zone. 

cross sectional area of longitudinal bars. 

cross sectional area of hoop stc>el. 

failure surface area in tension. 

empirical constants. 

df - diameter of the fiber. 

f~ - cylinder coc~resslve streng~l of concrete. 

fr modulus of rupture>. 

fsy yield stress of hoop steel. 
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uniaxi.al tensile strength of concrete. 

uniform fiber tensile stress at failure of the section. 

yield strength of reinforcing steel. 

coefficient relating the shear-compression zone depth 
to the overall smaller dimension of the beam. 

coefficient relating the bar displacements to the 
longitudinal bar distances. 

coefficient relating the shear strength in combined 
shear and compression to the pure shear strength. 

coefficient relating the shear strength in combined 
shear and tension to the pure shear strength. 

length of fiber. 

ratio of volume of longitudinal bars to volume of 
stirrups defined as 

m 
A,.l s 

A (xl + Yl) 
t 

n number of effective fibers in any one direction per 

p 

p 

r:tc 

;eT 

unit area. 

percentage by volume of fibers. 

vertical force on the shear-compression zone. 

concrete compressive force perpendicular to the shear­
compressive zone. 

force in the fiber. 

tensile force of the longitudinal bars in the shear­
compression zone. 

compressive force of the longitudinal bars in the 
shear-compression zone. 

shear force on the shear-compression zone. 

shear force on the tension zone supplied by the fibers. 

tension force on the tension zone supplied by the 
fibers. 

hoop force across failure surface. 
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dowel stress per unit displacement. 

dowel force in the x and y directions of the longi­
tudinal corner bars outside the shear-compression zone. 

dm~el force in the x direction of the longitudinal 
corner bars outside the shear-compression zone. 

dowel force in the y direction of the longitudinal 
corner bars outside the shear-compression zone. 

hoop spacing. 

externally applied torque. 

torque resisted by the concrete. 

torque which is resisted by the shear in the shear­
compressive zone. 

total torque which is resisted by the fibers. 

ultimate torque of concrete beam without reinforcing. 

ultimate torque of plain concrete beam. 

ultimate torque of fiber reinforced concrete beam. 

ultimate torque of reinforced concrete members. 

ultimate torque contributed by shear-compression zone. 

ultimate torque resisted by the reinforcing. 

average shear stress of the shear-compression zone. 

average shear stress of the tension zone. 

pure shear strength of concrete. 

smaller overall dimension of a rectangular cross section. 

distance from the center of the shear-compression zone 
to the axis of t1~ist. 

xT distance from the center of the tension zone to the 
axis of t1~is t. 

x1 smaller center-to-center dimension of a closed rec­
tangular stirrup. 

x2 smaller distance between the centers of longitudinal 
corner bars. 

35 
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y larger overall dimension of a rectangular cross section. 

Yt larger center-to-center dimension of a closed rec­
tangular stirrup. 

Y2 larger distance between the centers of longitudinal 
corner bars. 

Occ coefficient for detP.rmining the ton1ue supplied by the 
fibrous concrete. 

Oct 

Specimen 
Number 

1 
1----

2 

elope of ultimate torque vs. 
xlylAtfsy 

s 
curve. 

efficiency coefficient of longitudinal bars in shear­
compressive zone. 

efficiency coefficient of longitudinal bars in tension 
zone. 

displacement in the x and y directions. 

Table 1. Test Results 

~~-Cracking Ultimate 
Compres- Split- op Fiber sive ting 

per Torque Torque Strength Tensile ing 
cent Tcr T f I Strength 

c fsp 

0 56,700 83,200 4200 481 7" 
-- 1-- - ------f--

1~ X 83,200 98,000 4670 810 None 
r------1-- - --------------

3 1~ X 39,100 11!9 ,000 4670 810 7" 

4 1 ,~ 65,700 125,000 4200 705 7" 
-------[------

5 0 53,800 89,600 4300 513 None 

6 1 * 65,700 83,700 4300 705 None 

7 2 
Jj: 89,600 128,o00 4900 None 

---
8 2 X 101,000 179,000 4900 7" 

9 1 X 83,700 ll•6 ,000 4300 705 3.5" 

X Length: 50 mm * Length: 30 mm 

Diameter: . 5 mm Diameter: .5 mm 

Full document details: ACI SP-81

http://www.avadocuments.com/doc/aci-sp-81
http://www.avadocuments.com/doc/aci-sp-81


Table 2. Comparison of Tu for Fibrous Concrete Beams (Test vs. Theory) 

1 ! Fiber I -----T J 'j i T T I T I T------~ T I T 
Beam I i f • ' f I f f I u u I u u : u u 

, : Per 1 c ! r 1 t 1 c t 1 Eq. 1 Eq • 2 ! Ea . 3 I Eq • 4 I Eq . 5 · Test 
·- ,Jo. I cent i i 1 1 1 • , 1 I Values 

1 i ~ 0 I 4200 i 385 i 288 :-481 : 53,400 ! 45,600 i 56,600 l---65,9~00 T ~6,9~~ 56~ 
! ! I I . I I • 

2 I 1~ X ! 4670 i 975 I 486 810 ! 55,360 i 84,700 i 80,100 I 111,000 ! 119,000 l 83,200 

i I . I I I ! . -
3 I 1~ X I 4670 l 975 486 ! 810 55,360 I 84,700 I 80,100 I 111,000 ! 119,000 89,100 

4 ! 1 * i 4300 I 550 I 4231 705 53,400 i 57,800 I 72,900 I 96,800167,000 : 65,700 

5 i 0 L4200 I 400 I 308 I 513 I 53,400 i 46,700 59,100 70,500 I 48,800 I 53,800 I 
6 I 1 • [ 43oo I sso j 4 23 I 7os I 53, 9oo 57 , 8oo 12 , 90'--i-~~--+-"_,ooo 
7 I 2 X I 4900 I 1104 I 583 I 973 I 56' 300 91 '900 90,400 I 133,000 i 134,000 I 89,600 

65,700 

8 2 x l 49oo I 1104 i 583 I 973 1 56,3oo I 91,900 9o,4oo 1 133,ooo r 134,ooo i 101,ooo 

9 67,000 76,100 83,700 

x = small fiber (30-50) * = large fiber (50-50) 

~ = Assume ft = .6 fcT (ft (max) may not actually be ft of concrete.) 

Tu = 6(x2 + 10) y~== Eq.l 
2 

Tu = ~ (.85 fr) == Eq.5 3~ 
Tu = 1.67 (x + 10) y -,~cT == Eq.3 

2 l_ r;T 
Tu = 1.56 (x + 10) y --vfr == Eq. 2 - 2 r; 3. 24 J --Tu- o<: x y J.!t (max) (1 + x/y) -- Eq. 4 

-1 
0 .., 
en 
0 
::::3 
OJ 

OJ 
('0 
::::3" 
OJ 
< 
0 .., 

w 
....:I 
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Table 3. Evaluation of Ckt for Ultimate Torque Equation for Reinforced Fibrous Concrete Beams. 

I xlylAt fSv 
Fiber p 

P' To Ts=7 T OT s 6 tXt c s=3.5 -----------------
Type % s = 7 s = 3.5 

0 0 4200 55.2 83.0 117. 34. 30.2 60.4 30.2 1.12 

30-50 1 4200 83.7 179. 262. 83. 30.2 60.4 30.2 2. 75 

30-50 1.5 4670 86.0 149. 216 67. 30.2 60.4 30.2 2.22 

30-50 2 4900 95.3 114. 146 32 30.2 60.4 30.2 2.05 

50-50 1 4300 65.7 126 

I 
168 62 

I 
30.2 60.4 30.2 1.05 

I I 
I 

w 
CD 

(') .., 
DJ 

tC 
CD 
rl" 

~ 
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Table 4. Evaluation of c4 and CS Constants for etc for Ultimate Torque: 

Equation for Reinforced Fibrous Concrete Beams. 

I I T + Pn o * II i d f' o Pf n f f 
Fiber P ""'f I f c 1

1 
Torque -- tF C C 

Ty % F .b Fiber Concrete of Plain Pull- Fibers ~ Fiber 4 S pe • l. er out ]!(: 
i I I Len th Diameter Strength Fibrous inch ff.- Ten-
1 g . B Load coe l. sion 
I (in.) (in.) psl. eam lb . t 
1 • K • Cl.en 
i l.n psi 
I 

I . -----~------~~--_, 

I o I o I --- --- 4200 55.2 -- --- --- --- 2.0 ---

• 
i30-50 1 1.18 .197 4200 83.7 21 18.9 6.14 279 2.0 .166 

! 
!30-50 1.5 1.18 .197 4670 86.0 21 28.5 8.74 41S 2.0 .119 

13o-so I 2 1 1.18 .197 4900 95.3 21 37.9 11.4 ss7 2.0 .117 

!so-so I 1 I 1.97 1
1 

.197 
1 

43oo 65.7 35 6.83 3.6S 167 2.0 .1021 

l I \ I I I 

* - by volume 

+ - determine by reference A 

0 _ ft = .7 Pfn 

-i 
0 .., 
~-
0 
::s 
llJ 

OJ 
CD 
::r 
llJ 
:::. 
0 .., 

w 
tO 
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Tl T2 T3 

[]5=7" 
T4 T!5 T6 

D • 
T7 TS T9 

~" I 5=3.5 11 5=7 
2%FIBER 2%FIBER I% FIBER .. 

Fig. 1--Test series--Torsion 

12 11 

72 11 •• .... 
SEC A-A 

Fig. 2--Test beam section 
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Fig. 3--Torsion test setup 

Fig. 4--Beam in torsion at the ultimate torsional moment 
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SPLITTING 
TENSION 

200 RESULTS 

0 
0 1.0 1.5 
%FIBER 

Fig. 5--Typical compressive and tensile stress-strain 
curves for fibrous concrete used in study 

5 10 15 20 
STRAIN (%) 

Fig. 6--Typical stress-strain curves for steel in tension 
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Fig. 7--Results from beam tests on reinforced fibrous 
concrete members in torsion 
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Fig. 8--Behavior of reinforced fiber in torsion 
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40 
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0 
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UNIT ANGLE OF TWIST (xlo-3deg/in) 

Fig. 9--Influence of percentage of fibers on the behavior 
of reinforced fibrous concrete beams in torsion 
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Fig. 10--Influence of percentage of fibers on the behavior 
of reinforced fibrous concrete beams in torsion 
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Fig. 11--Influence of hoop spacing on the behavior of 
reinforced fibrous concrete in torsion 
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Fig. 12--Influence of fiber type on the behavior of 
reinforced fibrous concrete in torsion 
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Fig. 13--Results of beam tests in torsion for reinforced 
fibrous concrete beams 
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Fig. 14--Cracking patterns for reinforced fibrous 
concrete beams T5, T9, and T8 
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PERCENTAGE CONTENT OF FIBERS 

Fig. 15--Flexural, direct tensile and torsional strengths 
of fibrous reinforced mortar and concrete (1 and 2) 
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Fig. 16--Proposed failure surface 
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Fig. 17--Components of resultant force P acting on 
compression and tension zone of failure plane 
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Fig. 18--Behavior of reinforced fibrous concrete beams 
in torsion 
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