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Figure C-11. Strut proportions and forces associated with a 35-inch increase 

in bent depth and 10.5-inch increase in depth of Node E (AASHTO LRFD 

factored loads). 
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    !Fn = (0.7)(2287 kip) 

      = 1601 kip > 1592 kip OK 

Thus, the capacity of the bent illustrated in Figure C-11 meets the 

requirements of AASHTO LRFD (2007). 

Minimum Transverse Reinforcement 

AASHTO LRFD requires a vertical and horizontal reinforcement ratio of 

0.3% of the gross area for the purpose of controlling cracking. So, based on this 

requirement, provide #6 vertical stirrups at 6.5-inches and twenty #8 horizontal 

bars distributed evenly across the height of the section (resulting in a spacing of 7-

inches).  

A summary of the preceding AASHTO LRFD results is presented along 

with the other provisions in the following section. 

C.2.3.4 Comparison of Design Provisions for Shear Region with a/d = 2.05 

A comparison between the results obtained from the three design 

methodologies (i.e. proposed method, ACI 318-08, and AASHTO LRFD) for the 

portion of the bent with an a/d ratio equal to 2.05 (Figure C-2, Cross-Section B) is 

presented in Figure C-12. 



 

   

 Increase plate to 30” Increase plate to 30”  Increase plate by 30” 

 Increase height by 6” Increase height by 25”  Increase height by 35” 

 Increase width by 6” Increase node depth by 4.5” Increase node depth by 10.5” 

 

              

 

Figure C-12. Comparison of required cross-section per the proposed method, ACI 318-08, and AASHTO LRFD 

(2007): a/d ratio = 2.05. 
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Based on a comparison of the three provisions, the following observations 

can be made. 

The proposed method results in a much higher capacity than the ACI 318-

08 and AASHTO LRFD (2008) provisions. As a result, the cross-section required 

by the proposed procedure is significantly smaller. One reason for the difference 

can be attributed to the fact that the proposed procedure considers the increase in 

concrete compressive strength provided by triaxial confinement of the bearing 

plate. Neither the ACI 318-08 nor the AASHTO LRFD (2008) provisions 

consider the beneficial effects of triaxial confinement. In addition, according to 

the AASHTO LRFD (2008) provisions, the efficiency of the node-to-strut 

interface is decreased as the shear span-to-depth ratio increases. It follows that 

excessively conservative results can be expected when using AASHTO LRFD 

(2008) for D-regions with an a/d ratio in the range of two. 

Despite the differences in the results of the three methods, they are similar 

in the fact that the results suggest that the dimensions of the original cross-section 

are inadequate to resist the application of the factored loads. However, this 

portion of the bent has an a/d ratio slightly greater than 2.0. Therefore, the 

capacity of this region may be determined according to sectional shear provisions. 

The sectional shear strength of this region is determined according to ACI 318-08 

and AASHTO LRFD (2008). A discussion on the implications of using a 

sectional analysis rather than a deep beam analysis is presented in Section C.3. 

In addition to the sectional shear strength, it is also of interest to examine 

the ratio of service load to cracking strength applied to this portion of the bent. 

The service loading is compared with the cracking strength of concrete in the 

following section. 

C.2.3.5 Serviceability Behavior for Region with a/d = 2.05 

By comparing the amount of service shear to the cracking strength of 

concrete, it is possible to estimate the likelihood that the structure will crack while 
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in service. The shear force due to service loads for the portion of the bent with an 

a/d ratio of 2.05 is as follows: 

Vsrv = (856 kip)(1072kip/1480kip)    = 620 kip 

According to Birrcher (2008), for an a/d ratio of 2.05, the shear at which 

the first diagonal crack will form can conservatively be taken to be the following: 

! 

Vcr = 2 fc ' " bw " d = 2 5000 45in( ) 63in( )   = 401 kip 

Thus, the cracking capacity of this portion of the structure is less than the 

service level loading. As a result, it is expected that diagonal cracking will result 

for this structure. Diagonal cracks are expected to form under the application of 

65% of the service-level loading (i.e. 401/620 = 0.65). In order to prevent 

cracking from occurring under the application of service loads, bent dimensions 

much be increased such that Vcr ! Vsrv. If bent dimensions are increased while 

keeping the aspect ratio of the cross-section as similar, then the size of the bent 

must be increased to 56”x78” in order to comfortably reduce the likelihood of 

cracking under service loads: 

! 

Vcr = 2 fc ' " bw " d = 2 5000 (56in)(78in)   = 618 kip 

C.3 SECTIONAL SHEAR DESIGN 

The purpose of calculating the sectional shear capacity for the portion of 

the beam with an a/d ratio of 2.05 (Figure C-2, Section A) is to compare the 

results to those determined from a strut-and-tie model. The discontinuity in the 

shear capacity determined by either deep beam or sectional shear provisions is a 

topic of interest to the current project. 

The ACI 318-08 and AASHTO LRFD (2008) provisions require that a 

designer use deep beam provisions for structures with a shear span-to-depth ratio 

less than or equal to two. For structures whose a/d ratio is near two, it is logical to 

expect that the capacity determined from a strut-and-tie model to be similar to that 

determined from a sectional model. In other words, the calculated capacity of a 

member should not significantly vary for an a/d ratio of 2.1 or 1.9. However, the 
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difference in the allowable shear capacity according to sectional shear or a STM 

is often quite drastic. 

The purpose of determining the sectional shear capacity of Section A 

(Figure C-2) is to quantify the difference between the ACI 318-08 and AASHTO 

LRFD (2008) sectional shear provisions and the deep beam provisions previously 

presented. Additional discussion regarding the discontinuity between deep beam 

and sectional shear provisions is presented by Birrcher (2008). 

C.3.1 Shear Region with a/d Ratio Equal to 2.05 

Refer to Figure C-3 for the critical shear force in Section A. The 

AASHTO LRFD (2008) factored shear is 856-kip; the ACI 318-08 factored shear 

is 809-kip. The ACI 318-08 and AASHTO LRFD (2008) reduction factors for 

sectional shear are 0.75 and 0.9, respectively. The nominal shear capacity 

according to ACI 318-08 and AASHTO LRFD (2008) is presented in Sections 

C.3.1.1 and C.3.1.2. 

C.3.1.1 ACI 318-08 §11.1, Shear Strength 

Factored Load:  Vu = 809 kip 

Sectional Capacity:  Vn = Vc + Vs 

Where, 

! 

Vc = 2 fc ' " bw " d = 2 5000psi " 45in( ) " 63in( )   = 401 kip 

! 

Vs =
Av " fv " d

s
=
4 " 0.44in

2( ) " 60ksi( ) " 63in( )
5.5in

 = 1210 kip 

  !Vn = (0.75) (1611 kip) = 1208 kip > 809 kip OK 

According to ACI 318-08, the strength of the bent is adequate. However, 

recall that according to the STM design presented in Section C.2.3.2, the depth of 

the bent had to be considerably increased in order to meet the requirements of 

ACI 318-08. The degree of discontinuity between sectional shear and STM 

provisions is discussed in Section C.3.2. Next, the sectional shear capacity 

according to the AASHTO LRFD (2008) provisions is presented as follows. 
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C.3.1.2 AASHTO LRFD§5.8.3, Sectional Design Model 

Factored Load:  Vu = 856 kip 

Sectional Capacity:  Vn = Vc + Vs 

Where, 

! 

Vc = 0.0316" fc 'bvdv  

! 

Vs =
Av fydv

s " tan#
 

and, 

! = factor indicating the ability of diagonally cracked concrete to 

transmit tension and shear.  

According to AASHTO LRFD (2008), the factor, !, can conservatively be 

taken as two provided the depth of the member is less than 16-inches. For 

members with a greater depth, the factor is determined based on the longitudinal 

strain, shear stress, spacing and inclination of cracking across the web. For non-

prestressed beams, sufficiently reinforced, the factor, !, may be determined 

according to Equation C-1: 

! 

"
s

=
4.8

1+ 750#
s( )

       Equation C-1 

And the angle of inclination of the cracking, ", is determined according to 

Equation C-2: 

" = 29 + 3500#s       Equation C-2 

Where the longitudinal strain, #s, in the web is determined according to 

Equation C-3. 

! 
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s

=

M
u

d
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+ 0.5N
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+ 0.5V
u
cot#
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2 E
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    Equation C-3 

Where, 

 Mu = Factored moment at critical section, kip-in. 

Vu = Factored shear at critical section, kip 
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Nu =  Factor axial force at critical section, kip 

! = Angle of inclination of diagonal cracking, radian 

dv = distance between longitudinal top and bottom reinforcement, in. 

Es = Modulus of elasticity of steel reinforcement 

As = Area of flexural tension reinforcement, in2  

Based on a linear analysis of the multiple-column bent, the factored 

moment at the critical section is 51,750-kip·inches and the factored shear force is 

856-kip. The longitudinal strain and angle of inclination terms are simultaneously 

calculated as follows: 

! 

"s =

51,750kip # in

57in
+ 0.5 0kip( ) + 0.5856kip cot 32.4°

$ 

% 
& 

' 

( 
) 

2 29,000ksi # 28.1in2( )
 = 0.00097 

! = 29 + 3500 (0.00097)     = 32.4º 

Thus, 

! 

"
s

=
4.8

1+ 750 # 0.00097( )
     = 2.78 

Therefore, the nominal shear capacity can be calculated as follows: 

! 

V
c

= 0.0316 " 2.7 5ksi " 45in.( ) 57in.( )     = 489 kip 

! 

V
s

=
4 0.44in

2( ) " 60ksi( ) " 57in( )
5.5in.( ) tan32.4°

  = 1724 kip 

 

"Vn = (0.90)(2214 kip)= 1992 kip > 856 kip OK 

 

According to AASHTO LRFD (2008), the strength of the bent is adequate. 

Yet, recall that according to the STM design presented in Section C.2.3.3, the 

depth of the bent had to be considerably increased in order to meet the 

requirements of AASHTO LRFD (2008). The discontinuity between sectional 

shear and deep beam provisions is discussed in the following section. 
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C.3.2 Comparison of Deep Beam and Sectional Shear Provisions 

The capacity of the bent at Section A (Figure C-2) has been determined 

according to the proposed, ACI 318-08, and AASHTO LRFD (2008) STM 

provisions; and the ACI 318-08 and AASHTO LRFD (2008) section-based 

provisions. A comparison between the results of these analyses is presented in 

Table C.1. 

Table C.1. Shear Capacity of Original Cross-Section A (a/d = 2.05) 

Capacity / Factored Load 
Design 

Procedure STM,  Sectional,  
 

Proposed Method 0.74 1.42† 1.92 

ACI 318 0.36 1.42 3.94 

AASHTO LRFD 0.34 2.33 6.85 

† ACI 318-08 sectional shear capacity (Section C.3.1.1) 

The information presented in Table C.1 illustrates the relative 

discontinuity in nominal capacity as determined by sectional shear and deep beam 

provisions. This phenomenon is especially apparent for a structure with an a/d 

ratio equal to 2.05. As an example, according to the AASHTO LRFD (2008) 

sectional shear provisions, the capacity of the structure under investigation is 

estimated to be over five times greater than the capacity as determined per the 

deep beam provisions. The implication of such a discrepancy is that a bent over 

nine feet deep is required per AASHTO LRFD (2008) for an a/d ratio of 1.9 

(Figure C-12), yet a 6.5-foot deep bent is sufficient if the a/d ratio is slightly 

greater than two. 

The proposed strut-and-tie modeling procedure addresses this 

discontinuity to some degree. Granted, the estimated capacity of Section A 

according to sectional shear provisions is almost two times greater than that 

estimated using the new methodology. However, this discrepancy is significantly 
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less than that which results from using the ACI 318-08 or AASHTO LRFD 

(2008) provisions.  

C.4 SUMMARY 

The purpose of this example is to illustrate the benefits of the proposed 

strut-and-tie modeling provisions in comparison to the ACI 318-08 and AASHTO 

LRFD (2008) provisions. A deep beam region with an a/d ratio of 0.85 and 2.05 

was designed using all three provisions. Based on a comparison of these design 

methods, it can be concluded that the capacity of a deep beam region, as 

determined by the proposed procedure, results in less unnecessary conservatism 

compared to the ACI 318-08 and AASHTO LRFD (2008) provisions. The reason 

that the proposed method has less unnecessary conservatism is that the procedure 

considers the beneficial effects of triaxial confinement, and disregards the bond 

stresses at the back face of a CCT node. 

Additionally, as illustrated in Section C.3.2, the proposed STM provisions 

resulted in a smaller discrepancy between the deep beam and sectional shear 

designs for an a/d ratio near two. Thus, designers can expect consistent results 

when using the proposed STM provisions for the design of a beam with an a/d 

ratio close to two. 

Finally, as presented in Section C.2.3.5, it is likely that the bent will 

experience diagonal cracking under the application of 64% of the service level 

loading. As illustrated in Figure C-1, cracks as wide as 0.035-inches formed in 

this portion of the structure. The reason that the section is at risk of cracking 

under service loads is because the sectional shear resistance provided by the 

concrete cross-section (V
c
) is much less than the resistance provided by the 

transverse reinforcement (V
s
). The transverse reinforcement does not provide any 

resistance until after the concrete cracks. Thus, a disproportionately high ratio of 

V
s
 to V

c
 results in a low cracking capacity. This configuration may result in 

substantial cracking under the application of service loads. Birrcher (2008) 
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provides additional discussion regarding the serviceability behavior of a shear 

region. 
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APPENDIX E                                                                                     

Evaluation Database 

E.1 OVERVIEW 

For the convenience of the reader, a summary of the details for all 36 tests 

of the experimental program is presented in Table E.1. The following 

nomenclature is used to describe the details of the beams in the Evaluation 

Database. 

b = beam width, in. 

h =  beam height, in. 

d =  distance form extreme compression fiber to centroid of tensile 
reinforcement, in. 

fc! = compressive strength of concrete at the time of testing, psi. 

Note: if the compressive strength was measured based on the test of a 

standard 100 or 150-mm cube, then it was converted to the equivalent 6-
inch cylinder strength according to fib (1999). 

fyl = yield strength of tensile reinforcement measured in accordance with 

ASTM A370, ksi. 

fyv = yield strength of transverse reinforcement measured in accordance with 
ASTM A370, ksi. 

"l = ratio of longitudinal tensile reinforcement to effective area,  

"l! = ratio of longitudinal compression reinforcement to effective area,  

"v = ratio of vertical transverse reinforcement to effective area,  

"h = ratio of horizontal transverse reinforcement to effective area,  

s = spacing of vertical ties, in. 

Load Plate = dimensions of the load bearing plate measured in the 
longitudinal and transverse direction (l x w), in. 

Support Plate = dimensions of the support bearing plate measured in the 

longitudinal and transverse direction (l x w), in. 

a/d ratio =  shear span-to-depth ratio 

Vtest = maximum shear carried in test region, including the estimated self 
weight of the specimen and transfer girders, kip



 

Table E.1. Evaluation Database (1 of 8) 

Beam I.D. 
b 

in. 

h 

in. 

d 

in. 

f!c 

psi 

fyl 

ksi 

fyv 

ksi 
"l! "l "v "h 

s 

in. 

Load 

Plate 

l x w 

in. 

Support 

Plate 

l x w 

in. 

a/d 

ratio 

Vtest 

kip 

Current Study (2008) 

M-03-4-CCC2436 36 48 40 4100 67 61 0.0043 0.0293 0.0031 0.0030 11 24x36 16x36 1.85 1128.3 

M-09-4-CCC2436 36 48 40 4100 67 61 0.0043 0.0293 0.0086 0.0030 4 24x36 16x36 1.85 1426.0 

M-02-4-CCC2436 36 48 40 2800 65 63 0.0043 0.0293 0.0022 0.0022 10 24x36 16x36 1.85 1102.0 

M-03-4-CCC0812 36 48 40 3000 65 63 0.0043 0.0293 0.0031 0.0030 11 8x12 16x36 1.85 930.0 

I-03-2 21 44 38.5 5240 73 67 0.0116 0.0229 0.0029 0.0033 6.5 20x21 16x21 1.84 569.2 

I-03-4 21 44 38.5 5330 73 73 0.0116 0.0229 0.0030 0.0033 7 20x21 16x21 1.84 657.4 

I-02-2 21 44 38.5 3950 73 67 0.0116 0.0229 0.0020 0.0020 9.5 20x21 16x21 1.84 453.7 

I-02-4 21 44 38.5 4160 73 73 0.0116 0.0229 0.0021 0.0020 10 20x21 16x21 1.84 528.1 

II-03-CCC2021 21 42 38.6 3290 64 65 0.0115 0.0231 0.0031 0.0045 9.5 20x21 10x21 1.84 499.5 

II-03-CCC1007 21 42 38.6 3480 64 65 0.0115 0.0231 0.0031 0.0045 9.5 10x7 10x21 1.84 477.4 

II-03-CCT1021 21 42 38.6 4410 66 71 0.0115 0.0231 0.0031 0.0045 9.5 36x21 10x21 1.84 635.4 

II-03-CCT0507 21 42 38.6 4210 66 71 0.0115 0.0231 0.0031 0.0045 9.5 36x21 5x7 1.84 597.4 

II-02-CCT0507 21 42 38.6 3120 69 64 0.0115 0.0231 0.0020 0.0019 15 36x21 5x7 1.84 401.4 

II-02-CCC1007 21 42 38.6 3140 69 64 0.0115 0.0231 0.0020 0.0019 15 10x7 10x21 1.84 334.8 

II-02-CCC1021 21 42 38.6 4620 69 67 0.0115 0.0231 0.0020 0.0019 15 10x21 10x21 1.84 329.0 

II-02-CCT0521 21 42 38.6 4740 69 67 0.0115 0.0231 0.0020 0.0019 15 20x21 5x21 1.84 567.4 

III-1.85-02 21 42 38.6 4100 66 64 0.0115 0.0231 0.0020 0.0019 14.5 20x21 16x21 1.84 487.8 

III-1.85-025 21 42 38.6 4100 66 64 0.0115 0.0231 0.0024 0.0014 12 20x21 16x21 1.84 515.6 

III-1.85-03 21 42 38.6 4990 69 64 0.0115 0.0231 0.0029 0.0029 10 20x21 16x21 1.84 412.3 

III-1.85-01 21 42 38.6 5010 69 63 0.0115 0.0231 0.0010 0.0014 18 20x21 16x21 1.84 272.6 

III-1.85-03b 21 42 38.6 3300 69 62 0.0115 0.0231 0.0031 0.0029 6 20x21 16x21 1.84 471.1 

III-1.85-02b 21 42 38.6 3300 69 62 0.0115 0.0231 0.0020 0.0018 9.5 20x21 16x21 1.84 467.6 

III-1.2-02 21 42 38.6 4100 66 60 0.0115 0.0231 0.0020 0.0018 9.5 20x21 16x21 1.84 846.5 

III-1.2-03 21 42 38.6 4220 66 68 0.0115 0.0231 0.0031 0.0029 9.5 20x21 16x21 1.84 829.2 

III-2.5-02 21 42 38.6 4630 66 62 0.0115 0.0231 0.0020 0.0018 9.5 20x21 16x21 1.84 298.3 

III-2.5-03 21 42 38.6 5030 66 65 0.0115 0.0231 0.0031 0.0029 9.5 20x21 16x21 1.84 516.0 



 

Table E.1. Evaluation Database (2 of 8) 

Beam I.D. 
b 

in. 

h 

in. 

d 

in. 

f!c 

psi 

fy 

ksi 

fyv 

ksi 
"l! "l "v "h 

s 

in. 

Load 

Plate 

l x w 

in. 

Support 

Plate 

l x w 

in. 

a/d 

ratio 

Vtest 

kip 

Current Study (2008), continued… 

IV-2175-1.85-02 21 74.5 68.9 4930 68 66 0.0129 0.0237 0.0020 0.0018 9.5 29x21 16x21 1.85 762.7 

IV-2175-1.85-03 21 74.5 68.9 4930 68 66 0.0129 0.0237 0.0031 0.0029 9.5 29x21 16x21 1.85 842.4 

IV-2175-2.5-02 21 74.5 68.9 5010 68 64 0.0129 0.0237 0.0021 0.0021 14.3 24x21 16x21 2.50 509.9 

IV-2175-1.2-02 21 74.5 68.9 5010 68 64 0.0129 0.0237 0.0021 0.0021 14.3 24x21 16x21 1.2 1222.8 

IV-2123-1.85-03 21 22.5 19.5 4160 66 66 0.0232 0.0232 0.0030 0.0030 6.3 16.5x21 16x21 1.85 328.5 

IV-2123-1.85-02 21 22.5 19.5 4220 66 81 0.0232 0.0232 0.0020 0.0017 5.3 16.5x21 16x21 1.85 347.0 

IV-2123-2.5-02 21 22.5 19.5 4570 65 58 0.0232 0.0232 0.0020 0.0017 5.3 15.5x21 16x21 2.50 160.7 

IV-2123-1.2-02 21 22.5 19.5 4630 65 58 0.0232 0.0232 0.0020 0.0017 5.3 18x21 16x21 1.20 591.6 

Rogowsky, MacGregor, and Ong (1986) 

1/1.0N 7.9 39.4 37.4 3785 55 83 0.0000 0.0094 0.0015 0.0000 7.4 11.8x7.9 7.9x7.9 1.05 136.3 

2/1.0N 7.9 39.4 37.4 3887 55 83 0.0003 0.0094 0.0015 0.0006 7.4 11.8x7.9 7.9x7.9 1.05 169.6 

2/1.5N 7.9 23.6 21.1 6150 66 83 0.0005 0.0112 0.0019 0.0011 5.9 11.8x7.9 7.9x7.9 1.87 78.8 

2/2.0N 7.9 19.7 17.9 6266 66 83 0.0006 0.0088 0.0014 0.0012 7.9 7.9x7.9 7.9x7.9 2.20 46.3 

Brown, Sankovich, Bayrak, Jirsa, Breen, and Wood (2006) 

I-CL-8.5-0 6 30 27 2584 68 73 0.0195 0.0014 0.0043 0.0000 8.5 6x6 6x6 1.11 79.9 

I-2C-8.5-0 6 30 27 3208 68 73 0.0195 0.0014 0.0043 0.0000 8.5 12x6 6x6 1.67 121.6 

II-N-F-5.8-3 18 18 16 2880 68 73 0.0219 0.0008 0.0041 0.0000 3 10x18 6x18 1.69 180.8 

Moody, Viest, Elstner, and Hognestad (1954) 

III-30 7 24 21 3680 44 47 0.0425 0.0213 0.0052 0.0000 6 8x7 8x7 1.52 108.1 

III-31 7 24 21 3250 44 44 0.0425 0.0213 0.0095 0.0000 6 8x7 8x7 1.52 114.6 
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Beam I.D. 
b 

in. 

h 

in. 

d 

in. 

f!c 

psi 

fy 

ksi 

fyv 

ksi 
"l! "l "v "h 

s 

in. 

Load 

Plate 

l x w 

in. 

Support 

Plate 

l x w 

in. 

a/d 

ratio 

Vtest 

kip 

Oh and Shin (2001) 

N42A2 5.1 22.1 19.7 3440 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 0.85 64.1 

N42B2 5.1 22.1 19.7 3440 60 60 0.0156 0.0022 0.0022 0.0043 8.7 7.1x5.1 5.1x5.1 0.85 84.9 

N42C2 5.1 22.1 19.7 3440 60 60 0.0156 0.0022 0.0034 0.0043 5.7 7.1x5.1 5.1x5.1 0.85 80.6 

H41A2(1) 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 0.50 160.3 

H41B2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0022 0.0043 8.7 7.1x5.1 5.1x5.1 0.50 158.7 

H41C2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0034 0.0043 5.7 7.1x5.1 5.1x5.1 0.50 159.3 

H42A2(1) 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 0.85 109.9 

H42B2(1) 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0022 0.0043 8.7 7.1x5.1 5.1x5.1 0.85 102.7 

H42C2(1) 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0034 0.0043 5.7 7.1x5.1 5.1x5.1 0.85 94.7 

H43A2(1) 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 1.25 78.2 

H43B2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0022 0.0043 8.7 7.1x5.1 5.1x5.1 1.25 85.8 

H43C2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0034 0.0043 5.7 7.1x5.1 5.1x5.1 1.25 90.6 

H45A2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 2.00 47.6 

H45B2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0022 0.0043 8.7 7.1x5.1 5.1x5.1 2.00 53.6 

H45C2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0034 0.0043 5.7 7.1x5.1 5.1x5.1 2.00 53.1 

N33A2 5.1 22.1 19.7 3440 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 1.25 51.5 

N43A2 5.1 22.1 19.7 3440 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 1.25 57.5 

N53A2 5.1 22.1 19.7 3440 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 1.25 46.9 

H31A2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 0.50 167.6 

H32A2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 0.85 119.1 

H33A2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 1.25 85.0 

H51A2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 0.50 157.9 

H52A2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 0.85 127.8 

H53A2 5.1 22.1 19.7 7121 60 60 0.0156 0.0022 0.0012 0.0043 16 7.1x5.1 5.1x5.1 1.25 81.8 
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Beam I.D. 
b 

in. 

h 

in. 

d 

in. 

f!c 

psi 

fy 

ksi 

fyv 

ksi 
"l! "l "v "h 

s 

in. 

Load 

Plate 

l x w 

in. 

Support 

Plate 

l x w 

in. 

a/d 

ratio 

Vtest 

kip 

Foster and Gilbert (1998)  

B1.2-3 4.9 47.2 44.2 11603 58 62 0.0134 0.0017 0.0067 0.0028 3 9.8x4.9 9.8x4.9 0.76 292.9 

B2.0-1 4.9 27.6 24.6 12038 58 62 0.0241 0.0030 0.0067 0.0037 3 9.8x4.9 9.8x4.9 1.32 179.0 

B2.0-2 4.9 27.6 24.6 17404 58 62 0.0241 0.0030 0.0067 0.0037 3 9.8x4.9 9.8x4.9 1.32 185.8 

B2.0-3 4.9 27.6 24.6 11313 58 62 0.0241 0.0030 0.0067 0.0037 3 9.8x4.9 9.8x4.9 1.32 157.7 

B2.0A-4 4.9 27.6 24.6 12473 58 62 0.0241 0.0030 0.0067 0.0037 3 3.9x4.9 9.8x4.9 0.88 213.9 

B2.0C-6 4.9 27.6 24.6 13489 58 62 0.0241 0.0030 0.0100 0.0000 2 9.8x4.9 9.8x4.9 1.32 164.4 

B2.0D-7 4.9 27.6 24.6 15084 58 62 0.0241 0.0030 0.0067 0.0000 3 9.8x4.9 9.8x4.9 1.32 162.2 

B3.0-1 4.9 27.6 24.6 11603 58 62 0.0241 0.0030 0.0067 0.0037 3 9.8x4.9 9.8x4.9 1.88 115.2 

B3.0-2 4.9 27.6 24.6 17404 58 62 0.0241 0.0030 0.0067 0.0037 3 9.8x4.9 9.8x4.9 1.88 118.5 

B3.0-3 4.9 27.6 24.6 11168 58 62 0.0241 0.0030 0.0067 0.0037 3 9.8x4.9 9.8x4.9 1.88 118.5 

B3.0A-4 4.9 27.6 24.6 12763 58 62 0.0241 0.0030 0.0067 0.0037 3 3.9x4.9 9.8x4.9 1.28 174.7 

Clark (1951) 

A1-1 8 18 15.3 3575 47 48 0.0310 0.0018 0.0038 0.0000 7.2 3.5x8 3.5x8 2.35 50.4 

A1-2 8 18 15.3 3430 47 48 0.0310 0.0018 0.0038 0.0000 7.2 3.5x8 3.5x8 2.35 47.4 

A1-3 8 18 15.3 3395 47 48 0.0310 0.0018 0.0038 0.0000 7.2 3.5x8 3.5x8 2.35 50.4 

A1-4 8 18 15.3 3590 47 48 0.0310 0.0018 0.0038 0.0000 7.2 3.5x8 3.5x8 2.35 55.4 

B1-1 8 18 15.3 3388 47 48 0.0310 0.0018 0.0037 0.0000 7.5 3.5x8 3.5x8 1.96 63.1 

B1-2 8 18 15.3 3680 47 48 0.0310 0.0018 0.0037 0.0000 7.5 3.5x8 3.5x8 1.96 58.1 

B1-3 8 18 15.3 3435 47 48 0.0310 0.0018 0.0037 0.0000 7.5 3.5x8 3.5x8 1.96 64.4 

B1-4 8 18 15.3 3380 47 48 0.0310 0.0018 0.0037 0.0000 7.5 3.5x8 3.5x8 1.96 60.7 

B1-5 8 18 15.3 3570 47 48 0.0310 0.0018 0.0037 0.0000 7.5 3.5x8 3.5x8 1.96 54.7 

B2-1 8 18 15.3 3370 47 48 0.0310 0.0018 0.0073 0.0000 3.8 3.5x8 3.5x8 1.96 68.1 

B2-2 8 18 15.3 3820 47 48 0.0310 0.0018 0.0073 0.0000 3.8 3.5x8 3.5x8 1.96 72.8 

B2-3 8 18 15.3 3615 47 48 0.0310 0.0018 0.0073 0.0000 3.8 3.5x8 3.5x8 1.96 75.7 

B6-1 8 18 15.3 6110 47 48 0.0310 0.0018 0.0037 0.0000 7.5 3.5x8 3.5x8 1.96 85.7 
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Beam 

I.D. 

b 

in. 

h 

in. 

d 

in. 

f!c 
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fy 

ksi 

fyv 
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"l! "l "v "h 

s 

in. 

Load 

Plate 

l x w 

in. 

Support 

Plate 

l x w 

in. 

a/d 

ratio 

Vtest 

kip 

Clark (1951) continued… 

C1-1 8 18 15.3 3720 47 48 0.0207 0.0018 0.0034 0.0000 8 3.5x8 3.5x8 1.57 62.8 

C1-2 8 18 15.3 3820 47 48 0.0207 0.0018 0.0034 0.0000 8 3.5x8 3.5x8 1.57 70.3 

C1-3 8 18 15.3 3475 47 48 0.0207 0.0018 0.0034 0.0000 8 3.5x8 3.5x8 1.57 55.7 

C1-4 8 18 15.3 4210 47 48 0.0207 0.0018 0.0034 0.0000 8 3.5x8 3.5x8 1.57 64.7 

C2-1 8 18 15.3 3430 47 48 0.0207 0.0018 0.0069 0.0000 4 3.5x8 3.5x8 1.57 65.6 

C2-2 8 18 15.3 3625 47 48 0.0207 0.0018 0.0069 0.0000 4 3.5x8 3.5x8 1.57 68.1 

C2-3 8 18 15.3 3500 47 48 0.0207 0.0018 0.0069 0.0000 4 3.5x8 3.5x8 1.57 73.2 

C2-4 8 18 15.3 3910 47 48 0.0207 0.0018 0.0069 0.0000 4 3.5x8 3.5x8 1.57 65.2 

C3-1 8 18 15.3 2040 47 48 0.0207 0.0018 0.0034 0.0000 8 3.5x8 3.5x8 1.57 50.7 

C3-2 8 18 15.3 2000 47 48 0.0207 0.0018 0.0034 0.0000 8 3.5x8 3.5x8 1.57 45.4 

C3-3 8 18 15.3 2020 47 48 0.0207 0.0018 0.0034 0.0000 8 3.5x8 3.5x8 1.57 42.7 

C4-1 8 18 15.3 3550 47 48 0.0310 0.0018 0.0034 0.0000 8 3.5x8 3.5x8 1.57 69.9 

C6-2 8 18 15.3 6560 47 48 0.0310 0.0018 0.0034 0.0000 8 3.5x8 3.5x8 1.57 95.7 

C6-3 8 18 15.3 6480 47 48 0.0310 0.0018 0.0034 0.0000 8 3.5x8 3.5x8 1.57 98.2 

C6-4 8 18 15.3 6900 47 48 0.0310 0.0018 0.0034 0.0000 8 3.5x8 3.5x8 1.57 96.7 

D1-1 8 18 15.5 3800 49 48 0.0163 0.0018 0.0046 0.0000 6 3.5x8 3.5x8 1.16 68.1 

D1-2 8 18 15.5 3790 49 48 0.0163 0.0018 0.0046 0.0000 6 3.5x8 3.5x8 1.16 80.6 

D1-3 8 18 15.5 3560 49 48 0.0163 0.0018 0.0046 0.0000 6 3.5x8 3.5x8 1.16 58.1 

D2-1 8 18 15.5 3480 49 48 0.0163 0.0018 0.0061 0.0000 4.5 3.5x8 3.5x8 1.16 65.6 

D2-2 8 18 15.5 3755 49 48 0.0163 0.0018 0.0061 0.0000 4.5 3.5x8 3.5x8 1.16 70.6 

D2-3 8 18 15.5 3595 49 48 0.0163 0.0018 0.0061 0.0000 4.5 3.5x8 3.5x8 1.16 75.6 

D2-4 8 18 15.5 3550 49 48 0.0163 0.0018 0.0061 0.0000 4.5 3.5x8 3.5x8 1.16 75.7 

D3-1 8 18 15.5 4090 49 48 0.0244 0.0018 0.0092 0.0000 3 3.5x8 3.5x8 1.16 89.2 

D4-1 8 18 15.5 3350 49 48 0.0163 0.0018 0.0122 0.0000 2.3 3.5x8 3.5x8 1.16 70.6 

Alcocer and Uribe (2008) 

MR 13.8 47 43.3 5134 65 62 0.0158 0.0079 0.0053 0.0029 6 15.8x13.8 15.8x13.8 1.27 363.4 

MT 13.8 47 43.3 5076 65 62 0.0158 0.0079 0.0053 0.029 6 15.8x13.8 15.8x13.8 1.27 363.4 
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Tanimura and Sato (2005) 

2A 11.8 17.7 15.8 3365 66 54 0.0214 0.0033 0.0021 0.0000 3.9 3.9x11.8 3.9x11.8 0.50 184.9 

3A 11.8 17.7 15.8 3365 66 56 0.0214 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 0.50 187.6 

4A 11.8 17.7 15.8 3365 66 53 0.0214 0.0033 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 0.50 195.7 

6A 11.8 17.7 15.8 4206 66 54 0.0214 0.0033 0.0021 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 164.7 

7A 11.8 17.7 15.8 4206 66 56 0.0214 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 169.0 

8A 11.8 17.7 15.8 4206 66 53 0.0214 0.0033 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 181.1 

11A 11.8 17.7 15.8 3336 66 56 0.0214 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 1.50 110.9 

12A 11.8 17.7 15.8 3408 66 53 0.0214 0.0033 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 1.50 128.6 

14B 11.8 17.7 15.8 4641 66 54 0.0214 0.0000 0.0021 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 169.2 

15B 11.8 17.7 15.8 4641 66 56 0.0214 0.0000 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 174.4 

16B 11.8 17.7 15.8 4641 66 53 0.0214 0.0000 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 191.3 

17C 11.8 17.7 15.8 4540 66 54 0.0214 0.0033 0.0021 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 128.5 

18C 11.8 17.7 15.8 4569 66 56 0.0214 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 174.2 

19C 11.8 17.7 15.8 4612 66 53 0.0214 0.0033 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 170.4 

20D 11.8 17.7 15.8 3524 102 138 0.0214 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 149.9 

21D 11.8 17.7 15.8 3902 102 152 0.0214 0.0033 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 149.0 

22D 11.8 17.7 15.8 3800 102 138 0.0214 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 1.50 121.2 

23D 11.8 17.7 15.8 3814 102 152 0.0214 0.0033 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 1.50 127.7 

28A 11.8 17.7 15.8 3698 66 56 0.0214 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 0.75 145.8 

29A 11.8 17.7 15.8 3800 66 53 0.0214 0.0033 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 0.75 150.0 

30A 11.8 17.7 15.8 3829 66 56 0.0214 0.0033 0.0088 0.0000 5.9 3.9x11.8 3.9x11.8 0.75 157.9 

31A 11.8 17.7 15.8 3858 102 56 0.0214 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 2.00 94.1 

32A 11.8 17.7 15.8 3974 102 53 0.0214 0.0033 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 2.00 99.5 

33A 11.8 17.7 15.8 3582 66 56 0.0214 0.0033 0.0095 0.0000 2.0 3.9x11.8 3.9x11.8 1.00 145.9 

34A 11.8 17.7 15.8 3597 66 54 0.0214 0.0033 0.0095 0.0000 7.9 3.9x11.8 3.9x11.8 1.00 134.8 

36E 11.8 17.7 15.8 3553 193 56 0.0042 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 0.50 121.5 

37E 11.8 17.7 15.8 3742 193 53 0.0042 0.0033 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 0.50 124.8 

39E 11.8 17.7 15.8 3684 193 56 0.0042 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 106.1 



 

Table E.1. Evaluation Database (7 of 8) 
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l x w 
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l x w 
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Tanimura and Sato (2005), continued… 

40E 11.8 17.7 15.8 3756 193 53 0.0042 0.0033 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 106.1 

41A 11.8 17.7 15.8 2988 109 56 0.0214 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 2.50 73.5 

42A 11.8 17.7 15.8 3104 109 53 0.0214 0.0033 0.0084 0.0000 3.9 3.9x11.8 3.9x11.8 2.50 85.2 

46F 11.8 17.7 15.8 14141 109 139 0.0214 0.0033 0.0021 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 279.8 

47F 11.8 17.7 15.8 13967 109 138 0.0214 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 1.00 292.7 

48F 11.8 17.7 15.8 13706 109 139 0.0214 0.0033 0.0021 0.0000 3.9 3.9x11.8 3.9x11.8 1.50 210.0 

49F 11.8 17.7 15.8 13663 109 138 0.0214 0.0033 0.0048 0.0000 3.9 3.9x11.8 3.9x11.8 1.50 220.8 

L6 7.9 41.3 39.4 4525 147 56 0.002 0.004 0.0029 0.0000 9.8 5.9x7.9 5.9x7.9 1.00 150.7 

L7 15.8 80.7 78.7 4424 147 54 0.0005 0.004 0.0029 0.0000 19.7 11.8x15.8 11.8x15.8 1.00 589.9 

Matsuo, Lertsrisakulrat, Yanagawa, and Niwa (2002) 

D604 5.9 25.6 23.6 4960 146 48 0.0176 0.0006 0.0042 0.0000 3.9 5.9x5.9 5.9x5.9 1.00 132.1 

D608 5.9 25.6 23.6 5120 146 48 0.0176 0.0006 0.0084 0.0000 2.0 5.9x5.9 5.9x5.9 1.00 149.5 

Brown, Sankovich, Bayrak, and Jirsa (2006) 

G 6 36 36 4300 0 73 0.0005 0.0000 0.0031 0.0031 6 12x6 12x6 0.00 264.5 

L 6 36 36 5290 0 73 0.0005 0.0000 0.0000 0.0031 0 12x6 12x6 0.00 366.8 

M 6 36 36 4300 0 73 0.0005 0.0000 0.0000 0.0031 0 12x6 12x6 0.00 283.2 

N 6 36 36 4300 0 73 0.0005 0.0000 0.0000 0.0031 0 6x6 6x6 0.00 202.1 

O 6 36 36 5500 0 73 0.0002 0.0000 0.0000 0.0027 0 12x6 12x6 0.00 352.4 

P 6 36 36 5500 0 73 0.0005 0.0000 0.0000 0.0061 0 12x6 12x6 0.00 377.0 

Q 6 36 36 4200 0 73 0.0000 0.0000 0.0000 0.0010 0 12x6 12x6 0.00 224.0 

T 6 36 36 5290 0 73 0.0000 0.0000 0.0000 0.0046 0 12x6 12x6 0.00 343.1 

U 6 36 36 4350 0 73 0.0000 0.0000 0.0000 0.0023 0 6x6 6x6 0.00 189.0 

V 6 36 36 4350 0 73 0.0000 0.0000 0.0046 0.0015 4 12x6 12x6 0.00 259.7 

W 6 36 36 4350 0 73 0.0005 0.0000 0.0000 0.0031 0 16x6 16x6 0.00 370.1 

X 6 36 36 4350 0 73 0.0005 0.0000 0.0000 0.0031 0 12x6 12x6 0.00 246.7 

Y 10 36 36 4350 0 73 0.0010 0.0000 0.0000 0.0037 0 12x4 12x4 0.00 299.5 

Z 10 36 36 4350 0 73 0.0010 0.0000 0.0000 0.0037 0 12x4 12x4 0.00 303.8 
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Walraven and Lehwalter (1994) 

V411/4 9.8 31.5 29.9 3083 60 60 0.0107 0.0000 0.0017 0.0000 7.5 7.5x9.8 7.5x9.8 0.97 105.7 

V022/3 9.8 15.8 14.2 3554 60 60 0.0113 0.0000 0.0035 0.0000 3.9 3.5x9.8 3.5x9.8 1.00 85.6 

V511/3 9.8 23.6 22.1 3861 60 60 0.0112 0.0000 0.0033 0.0000 5.9 5.5x9.8 5.5x9.8 1.01 130.8 

V411/3 9.8 31.5 29.9 3590 60 60 0.0107 0.0000 0.0033 0.0000 7.5 7.5x9.8 7.5x9.8 0.97 150.2 

Zhang and Tan (2007) 

1DB70bw 6.3 27.6 25.3 4104 76 54 0.0111 0.0010 0.0021 0.0000 5.9 4.1x6.3 4.1x6.3 1.10 96.2 

1DB100bw 9.1 39.4 35.6 4162 75 66 0.0123 0.0007 0.0021 0.0000 5.9 5.9x9.1 5.9x9.1 1.10 174.9 

Deschenes and Bayrak (2009) 

VALID 21 42 36.1 5061 66 65 0.0310 0.0100 0.0030 0.0058 9.5 20x21 16x21 1.85 576.6 

NR1 21 42 36.1 7250 66 65 0.0310 0.0100 0.0030 0.0058 9.5 20x21 16x21 1.85 560.8 
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APPENDIX F                                                                                     

Outline of Calculations used for STM Design Provisions 

F.1 OVERVIEW 

The overall capacity of all of the beams in the evaluation database was 

estimated according to the following deep beam design provisions: ACI 318-08; 

AASHTO LRFD (2008); fib (1999); ACI 318-99 Chapter 11; and the newly 

proposed STM method (Chapter 6). The purpose of this Appendix is to present 

the details for these calculations. 

F.2 KNOWN STM TRUSS GEOMETRIES 

 

Figure F-1. Truss model. 
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Figure F-2 CCC and CCT nodes. 

Where, 

1) ! =   portion of load that is resisted by near support. 

2) ! =   tan-1 

  

! 

d - a
2

a
v

" 

# 

$ 
$ 

% 

& 

' 
' 

 

3) wt =   2·(h-d) 

4) WCCC =  "·ll·sin! + "· cos! 

5) WCCT =   ls·sin! + wt· cos! 

6) 

! 

a =
As " fs # As

'

" f s '( )
0.85 fc

'
" bw

 

7) 

! 

"# = "
v
cos$ + "

vh
sin$  

8) bl =  width of the load plate (CCC) 

9) bs =   width of the support plate (CCT) 

F.3 EXPERIMENTAL STRESS AT EACH NODE FACE AND IN THE TIE 

Stresses at each nodal face and in the tie are determined based on the 

experimental measured capacity, Vtest, for each beam in the database. 

CCC NODE: Experimental Stress 

10) Bearing Face;   fcb =  

! 

V
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" # l
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# b

l
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11) Back Face;   fck =  

! 

V
test

tan"
# 
$ 
% 

& 
' 
( 

a ) b
l

 

12) Strut-Node Interface;  fcs =  

! 

V
test

sin"
# 
$ 
% 

& 
' 
( 

W
CCC

) b
l

 

CCT NODE: Experimental Stress 

13) Bearing Face;   ftb = 

! 

V
test

l
b
" b

b

 

14) Back Face;   ftk = 

! 

V
test

tan"
# 
$ 
% 

& 
' 
( 

2 h ) d( ) * bs
 

15) Strut-Node Interface; fts = 

! 

V
test

sin"
# 
$ 
% 

& 
' 
( 

W
CCT

) b
s

 

TIE: Experimental Stress 

16) ftie =  

! 

V
test

tan"
# 
$ 
% 

& 
' 
( 

A
s

 

F.4 ALLOWABLE CAPACITY OF EACH NODE FACE AND OF THE TIE 

The capacity at each nodal face is determined according to the respective 

STM design provision. Once the capacity of each part of a STM is estimated (i.e. 

bearing face, back face, strut to node interface, and tie), the region that has the 

highest ratio of experimental to calculated capacity is the region that determines 

the overall STM design capacity. 

F.4.1 ACI 318-08, Appendix A 

CCC NODE: Design Strength 

17) Bearing Face;   fn_cb =   0.85·1·fc! = 0.85 fc! 

Experimental/Calculated = (10)/(17) 

18) Back Face;   fn_ck =   0.85·1·fc! = 0.85 fc! 

Experimental/Calculated = (11)/(18) 
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19) Strut-Node Interface;  fn_cs =   

! 

0.85 " 0.75 = 0.64 fc ' if #$ % 0.003

0.85 " 0.60 = 0.51 fc ' if #$ < 0.003
 

Experimental/Calculated = (12)/(19) 

CCT NODE: Design Strength 

20) Bearing Face;   fn_tb =  0.85·0.8·fc! = 0.68 fc! 

 Experimental/Calculated = (13)/(20) 

21) Back Face;   fn_tk =  0.85·0.8·fc! = 0.68 fc! 

 Experimental/Calculated = (14)/(21) 

22) Strut-Node Interface; fn_ts =  

! 

0.85 " 0.75 = 0.64 fc ' if #$ % 0.003

0.85 " 0.60 = 0.51 fc ' if #$ < 0.003
 

Experimental/Calculated = (15)/(22) 

TIE: Design Strength 

23) fn_tie =  1.0 fy 

Experimental/Calculated = (16)/(23) 

The maximum Experimental/Calculated ratio for each node face and tie 

[i.e. the maximum presented in (17) through (23)] is used to determine the 

Experimental/Calculated ratio for each beam in the database according to the ACI 

318-08 design provisions. 

F.4.2 AASHTO LRFD (2008) 

CCC NODE: Design Strength 

24) Bearing Face;   fn_cb   = 0.85 fc! 

 Experimental/Calculated = (10)/(24) 

25) Back Face;   fn_ck  = 0.85 fc! 

 Experimental/Calculated = (11)/(25) 

26) Strut-Node Interface;  fn_cs  = 0.85 fc!    
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Experimental/Calculated = (12)/(26) 

CCT NODE: Design Strength 

27) Bearing Face;   fn_tb  = 0.75 fc! 

 Experimental/Calculated = (13)/(27) 

28) Back Face;   fn_tk =  0.75 fc! 

 Experimental/Calculated = (14)/(28) 

29) Strut-Node Interface. Solve the following set of equations simultaneously: 
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fn _ tb " lb " bs
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fn _ tk " 2 h % d( ) " bs
cos$
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As " fy
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if (30) controls
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fn_ts =  fcu  

Experimental/Calculated = (15)/(29) 
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TIE: Design Strength 

30) fn_tie =  1.0 fy 

 Experimental/Calculated = (16)/(30) 

The maximum Experimental/Calculated ratio for each node face and tie 

[i.e. the maximum presented in (24) through (30)] is used to determine the 

Experimental/Calculated ratio for each beam in the database according to the 

AASHTO LRFD (2007) design provisions. 

F.4.3 fib (1999) 

CCC NODE: Design Strength 

Triaxial Confinement Modification Factor, MCCC 

31) MCCC =  

! 

min

b
w

b
l

4

" 

# 

$ $ 

% 

$ 
$ 

 

32) Bearing Face;   fn_cb =   

! 

0.85 1"
fc '

40ksi

# 

$ 
% 

& 

' 
( ) MCCC ·fc! 

Experimental/Calculated = (10)/(32) 

33) Back Face;   fn_ck =   

! 

0.85 1"
fc '

40ksi

# 

$ 
% 

& 

' 
( ) MCCC ·fc! 

Experimental/Calculated = (11)/(33) 

34) Strut-Node Interface;  fn_cs =   

! 

0.85 1"
fc '

40ksi

# 

$ 
% 

& 

' 
( ) MCCC ·fc! 

Experimental/Calculated = (12)/(34) 
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CCT NODE: Design Strength 

Triaxial Confinement Modification Factor, MCCT 

35) MCCT =  

! 

min

b
w

b
b

4

" 

# 

$ $ 

% 

$ 
$ 

 

36) Bearing Face;   fn_tb =  

! 

0.7 1"
fc '

40ksi

# 

$ 
% 

& 

' 
( ) MCCT ·fc! 

 Experimental/Calculated = (13)/(36) 

37) Back Face;   fn_tk =  [Not Applicable] 

38) Strut-Node Interface; fn_ts =  

! 

0.7 1"
fc '

40ksi

# 

$ 
% 

& 

' 
( ) MCCT ·fc! 

Experimental/Calculated = (15)/(38) 

TIE: Design Strength 

39) fn_tie =  1.0 fy 

Experimental/Calculated = (16)/(39) 

The maximum Experimental/Calculated ratio for each node face and tie 

[i.e. the maximum presented in (32) through (34) and (36) through (39)] is used to 

determine the Experimental/Calculated ratio for each beam in the database 

according to the fib (1999) design provisions. 

F.4.4 ACI 318-99, § 11.8 

40) k =  

! 

min

3.5 " 2.5 a
2d( )

2.5

# 

$ 
% 

& 
% 
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41) Vc =  
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Experimental/Calculated = Vtest /(43) 

F.4.5 Proposed STM Procedure 

CCC NODE: Design Strength 

Triaxial Confinement Modification Factor, MCCC 

44) MCCC =  

! 

min

A
2

A
1

2

" 

# 

$ 
$ 

% 

$ 
$ 

 

Strut-to-Node Interface Efficiency Factor, ! 

45) ! =  

! 

0.45 " 0.85 #
fc '

20ksi
" 0.65  

46) Bearing Face;   fn_cb =   0.85·MCCC ·fc" 

Experimental/Calculated = (10)/(46) 

47) Back Face;   fn_ck =   0.85·MCCC ·fc" 

Experimental/Calculated = (11)/(47) 

48) Strut-Node Interface;  fn_cs =   !·MCCC ·fc" 

Experimental/Calculated = (12)/(48) 
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CCT NODE: Design Strength 

Triaxial Confinement Modification Factor, MCCT 

49) MCCT =  

! 

min

A
2

A
1

2
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$ 
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$ 
$ 

 

50) Bearing Face;   fn_tb =  0.70·MCCT ·fc! 

 Experimental/Calculated = (13)/(50) 

51) Back Face;   fn_tk =  [Not Applicable] 

52) Strut-Node Interface; fn_ts =  "·MCCT ·fc! 

Experimental/Calculated = (15)/(52) 

TIE: Design Strength 

53) fn_tie =  1.0 fy 

Experimental/Calculated = (16)/(53) 

The maximum Experimental/Calculated ratio for each node face and tie 

[i.e. the maximum presented in (46) through (48) and (50) through (53)] is used to 

determine the Experimental/Calculated ratio for each beam in the database 

according to the Proposed design provisions. 
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