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Abstract

Effect of Uniform Load on the Shear Strength of Slender Beams

without Shear Reinforcement

Nicholas Alan Dassow, M.S.E.

The University of Texas at Austin, 2014

Supervisor: Oguzhan Bayrak

Previous studies have shown that a uniform distribution of load may increase the
shear strength of a slender member by as much as 40 percent (Leonhardt and Walther
1964). The increase of shear strength is potentially due to clamping stresses induced from
the uniform load, although a mathematical equation to quantify the effect of clamping
stress in slender uniformly loaded members has yet to be derived (Acevedo et al. 2009).
Only a small percentage of all shear tests on slender specimens without shear
reinforcement were completed with uniform load. Additionally, the majority of uniform
load data consists of specimens with small specimen depths (d) and large longitudinal
reinforcement ratios (p).

Six shear tests on specimens without shear reinforcement were completed at the
University of Texas at Austin. Three of the six specimens were subjected to concentrated
load, and the remaining three companion specimens were loaded uniformly. These

specimens are among the deepest slender members without shear reinforcement that have

vil



ever been tested under a uniform load distribution. Importantly, the ratio of maximum
shear to maximum moment was maintained between concentrated and uniform load tests
which ensures directly comparable tests results.

The experimental results were shown to be influenced by load distribution.
Uniformly loaded specimens had an average increase in first diagonal cracking shear
capacity of 17 percent with a range of increase between 10 and 23 percent when

compared with specimens subjected to concentrated loads.
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CHAPTER 1

Introduction

1.1 OVERVIEW

The shear strength of slender reinforced concrete beams without shear
reinforcement has been studied extensively since the unexpected and sudden collapse of
an unreinforced continuous beam at Wilkins Air Force Base in 1955 (Elstner and
Hognestad 1957). To better understand shear behavior, numerous tests have been
conducted on shear specimens without shear reinforcement. As compiled by the ACI-
DATfStb database researchers, over 1000 shear tests on slender beams without shear
reinforcement have been performed to date (Reineck et al. 2013).

Despite the common use of uniform loads in design and their potential influence
on shear strength, less than 10 percent of the tests compiled by the ACI-DA{Stb database
were completed using uniform load. This small percentage of uniform load tests is likely
due to the difficultly associated with accurately applying and measuring a uniform load in
the laboratory. Out of the uniform load tests reported in the literature and collected by the
ACI-DAfStb database, all but nine tests were completed on specimens less than 11 in.
(279 mm) in depth (d). Moreover, approximately 75 percent of the uniformly loaded
specimens feature longitudinal reinforcement ratios (p) of 2 percent or greater. Current
data and insights regarding the shear strength of slender specimens subjected to uniform
loads may therefore be unrepresentative of the deeper, lightly reinforced members more

commonly encountered in practice. More specifically, the effect of size on the shear



strength of slender members subjected to uniform loads has yet to be defined in a
meaningful way.

In order to define shear capacity for slender members with significant depth (d),
six structural tests were completed at the University of Texas at Austin. The researchers
sought to make a direct comparison between specimens subjected to concentrated and
uniform loading conditions while keeping all other variables constant. These tests
represent the deepest slender members (d = 21.3 in. (541 mm)) ever tested with uniform
load that could be directly compared to concentrated load tests.

An increase in average normalized shear capacity at first diagonal shear cracking
of approximately 17 percent was noted when comparing uniform to concentrated load
specimens at location (x,) away from the centerline of the support. Tests results were
compared to shear strength estimations from several code provisions including the
empirical ACI 318-11 equations 11-3 and 11-5 as well as the AASHTO LRFD 2012
shear design guidelines based upon the Modified Compression Field Theory (ACI 2011,
AASHTO 2012). All three code provisions provided estimates of the concrete
contribution to shear strength which exceed the appearance of the first diagonal crack in
the tests. Additionally, test results were compared in conjunction with the ACI-DAfStb
slender shear database. A smaller increase in shear capacity from uniform to concentrated
loading was observed for the University of Texas tests than was predicted by the ACI-

DATfStb database.

1.2 RESEARCH SIGNIFICANCE

In this study, three test results are presented that are among the deepest reinforced

concrete beam members ever tested under uniform loading conditions. The uniform load



results not only expand on the small existing ACI-DAfStb slender uniform load database,
but also represent specimens of depths (d) and longitudinal reinforcement ratios (p) likely
found in field structures. Furthermore, the uniform load test results were used in
conjunction with concentrated load tests to directly compare the influence of load
distribution on shear capacity. Comparison of the results from the six tests performed to
relevant ACI 318-11 and AASHTO LRFD 2012 shear provisions showed an

unconservative estimation of the concrete contribution to shear strength.



CHAPTER 2

Experimental Investigation

2.1 BEAM DESIGNATION AND SPECIMEN GEOMETRY

Five reinforced concrete specimens were fabricated to accommodate a total of six
shear tests: three concentrated load tests and three uniform load tests. Two of the five
specimens accommodated concentrated load tests at each end for which the results of one
test (SR2-N) are not reported here. SR2-N was not reported as the test region contained
post-installed shear reinforcement. The concentrated and uniform load test setups are
depicted in Figure 2-1. Additionally, Figure 2-3 depicts all six test regions as well as
photos for each test setup. A summary of the naming convention is as follows:

= LDI-N, LDI1-S, and SR2-S: Concentrated load with shear span (a) equal
to 53.2 in. (1.35 m).
= LD2, LD3, and LD4: Uniform load with load span of 216 in. (5.49 m).

N and S designate north and south span while 1, 2, 3, and 4 designate specimen number.

58" i 216" 58"
(1.47 m) i (5.49 m) i (1.47 m)

LI IC 30 I I 30 0 A0 0 JC I I JCJC 30 0 30 0 JE 30 IC IC IC 17

Uniform Load Setup

e 38" 53.2375" —~ 128.23" | 112.5325" ————
(0.97 m) (1.35m) (3.26 m) (2.86 m)

s iy

T T

Figure 2-1: Uniform and Concentrated Load Test Setups

Concentrated Load Setup
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The overall height (#), width (b,), and length of each specimen was 24 in.
(0.61m), 36 in. (0.91 m), and 332 in. (8.43 m), respectively. Flexural reinforcement
consisted of 5 No. 11 reinforcing bars at the tension face and 5 No. 11 reinforcing bars at
the compression face. The average yield strength of the reinforcement is provided in
Table 2-1. Note that all flexural reinforcement meets ASTM A615 standard for Grade 60
bars (ASTM 2009). Flexural reinforcement was proportioned to provide a reasonable
margin against flexural failure and thus ensure each specimen failed in shear. Confining
No. 5 stirrups spaced at 4 in. (102 mm) on center were provided in combination with 180
degree hooks to ensure proper anchorage of the flexural reinforcement. Concrete clear
cover was 2 in. (51 mm) on the tension face and 3 in. (76 mm) on the compression face
for all specimens. The effective specimen depth (d) and longitudinal reinforcement ratio
(p) were 21.3 in. (0.54 m) and 1.02 percent, respectively. Refer to Figure 2-2 for further

details regarding specimen geometry.

ASp.@7"

i
Y

* r 3" 1375 (ﬁ —— 33.25" —-—j
N
111

4"

21.295" "
14.1" 20.25

Shear Region % End Region

Figure 2-2: Details of Specimen Geometry




‘ LD1-S LD1-N
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SR2-S Not
) Tested

1 T

Concentrated Load Specimens

LD2

|l o

L

LD3

|l

LD4

e G o

Uniform Load Specimens

Figure 2-3: Test Regions for Each of the Five Specimens; Concentrated and Uniform
Load Test Setups Shown in Photos (a) and (b)

2.2 MATERIAL PROPERTIES

Each specimen was placed with an individual batch of concrete. The concrete mix
design for each specimen remained constant and consisted of the following: 28 day
design strength of 4000 psi (27.6 MPa), crushed limestone coarse aggregate with a
nominal maximum size (ag) of 1 in. (25 mm), cement content of 423 Ib/yd® (251 kg/m?),
and water to cement ratio (w/c) of 0.59. Cylinders with a nominal diameter of 4 in. (102
mm) and a nominal height of 8 in. (203 mm) were used to determine the concrete
compressive strength. A minimum of three cylinders were tested at the time of each
structural test to obtain the average concrete compressive strengths depicted in Table 2-2.

Tensile testing results for flexural reinforcement are summarized in Table 2-1.



Table 2-1: Average Values for Flexural Reinforcement

Test Identification Yield Stress, ksi Ultimate Stress, ksi
(MPa) (MPa)
LD1, LD2, LD3, SR2 69.3 (478.0) 104.0 (717.1)
LD4 67.4 (464.8) 98.8 (681.4)

Table 2-2: Age and Compressive Strength of Concrete

Test Identification Concrete Age, days f'c, psi (MPa)
LD1 50 3658 (25.2)
SR2 66 4360 (30.1)
LD2 64 4071 (28.1)
LD3 59 3522 (24.3)
LD4 64 3713 (25.6)

2.3 TEST SETUP

For the concentrated load specimens, the ratio of the shear span length to the
specimen depth (a/d) was 2.5. A shear span to depth ratio of 2.5 is noted by Macgregor
and Wight (2009) to be the lower bound of slender beam behavior. Force was applied to
the specimens via a hydraulic ram and measured using two load cells provided at each
support. The self-weight of each specimen was measured using the calibrated load cells
before load was applied by the ram. This value was reported as distributed load (w).
Load was applied in 10 kip (44.5 kN) increments for the purpose of marking and
recording flexural cracking. After marking cracks at a total applied load of 80 kips (355.9
kN), each specimen was loaded to failure.

The uniform load test setup was designed to keep the shear span to depth ratio
(a/d) constant between concentrated and uniform load specimens. Shear span (a) for a

uniformly loaded specimen was taken as one-fourth of the load span in accordance with
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Kani (1966). Kani defines the shear span in any loaded specimen as the ratio of
maximum moment to maximum shear. Thus, by maintaining the same maximum moment
to maximum shear ratio in concentrated and uniform load tests, a consistent shear span to
depth ratio can be achieved. The shear span to depth ratio for the uniform load specimens
was 2.53.

Force was applied to the setup via a Kevlar reinforced air bladder which exerted a
uniform pressure to the underside of each specimen. As with the concentrated load setup,
load was measured using two load cells provided at each support and self-weight of the
specimen was recorded as (wp). Load was applied in 20 kip (90 kN) increments for all
three specimens where cracks were marked and recorded after each step. After marking
cracks at 160 kips (711.7 kN) of total applied load, specimens LD3 and LD4 were loaded
to failure. Commissioning of the test setup required the unloading of specimen LD2 on
two different occasions. It should be noted that diagonal cracking did not occur in
specimen LD?2 until the last loading attempt.

Deflections were recorded using six linear potentiometers for each test setup. Two
linear potentiometers were used at each support, with two more located at the theoretical
location of maximum deflection. The location of maximum deflection was taken as the
point of loading from the hydraulic ram in the concentrated load setup and the midspan of

the uniform load setup.

2.4 TEST RESULTS

Each specimen was loaded until a significant drop from the maximum load
(minimum of 33%) was observed. Table 2-3 shows a summary of the test results. The

shear force values listed in Table 2-3 include the shear force measured at the centerline of



the support (V,), the shear force calculated at a distance (d) away from the edge of the
support (V;), the shear force calculated at the location where the shear crack crosses
midheight of the specimen at a distance (x,) from the centerline of the support (V},), and
the shear force corresponding to the ACI-DAfStb shear databases (Vp4ssi) and depicted
in Figure 2-5. The shear locations were chosen by the author for the following reasons:
(Vys) as the location of maximum shear force, (V) as a simplified location comparable to
ACI 318-11 and AASHTO LRFD 2012 critical sections, (V,,) for direct comparisons
between uniform and concentrated load test results, and (Vpss) for direct comparisons to
the shear database. Actual critical shear sections for ACI 318-11 and AASHTO LRFD
2012 are described within each document. Figure 2-4 and Figure 2-5 summarize the
described shear locations.

For concentrated load specimens, (Vi) is equal to (Vpusw). For uniform load
specimens, (Vpassp) 1S equal to the applied shear force at a distance (x,,) from the
centerline of the support plus the shear force due to the self-weight of the specimen at a
distance (x,) from the centerline of the support. As depicted in Figure 2-5, only loads on
the shaded portion of the specimen are used for calculating (Vp4zsi). Refer to the ACI-
DAfStb database document for further explanation. Shear force values account for both
self-weight of specimen and setup. Additionally, shear force values at any location can be

found using (V,;) and self-weight (w;) of the specimen.
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Table 2-3: Summary of Test Results

Concentrated Load Specimens Uniform Load Specimens
LD1-N LD1-S SR2-S LD2 LD3 LD4
V 92.5 100.7 90.7 122.0 122.3 142.8
ns (411.5) | (447.9) | (403.5) | (542.7) | (544.0) | (635.4)
. 87.8 96.0 85.9 91.0 91.4 106.8
S Va (390.7) | (427.0) | (381.9) | (405.0) | (406.7) | (475.3)
diagonal cracking,
kips (kN) v, 87.9 96.0 85.9 101.6 101.9 108.6
(391.0) | (427.2) | (382.1) | (451.9) | (453.3) | (482.9)
Vv 87.9 96.0 85.9 88.9 89.3 93.6
Ry (391.0) | (427.2) | (382.1) | (395.4) | (397.2) | (416.4)
v 92.5 100.7 118.2 134.2 168.9 142.8
ns (411.5) | (447.9) | (525.8) | (597.0) | (751.3) | (635.4)
Shear at maximum v, 87.8 96.0 1134 100.2 126.3 106.8
' ! (390.7) | (427.0) | (504.5) | (445.8) | (561.7) | (475.3)
applied load, kips
(kN) V,, 87.9 96.0 1135 111.8 140.8 108.6
(391.0) | (427.2) | (504.7) | (497.3) | (626.3) | (482.9)
V. 87.9 96.0 1135 97.7 122.9 93.6
DAfSEE (391.0) | (427.2) | (504.7) | (434.6) | (546.7) | (416.4)
Deflection under First diagonal shear 0.20 0.21 0.17 0.54 0.62 0.71
applicd load, in. cracking (5.1) (5.3) (4.3) (13.7) | (15.7) | (18.0)
Gl ! Maximum applied 0.20 0.21 0.50 0.84 1.38 0.71
load (5.1) (5.3) (12.7) (21.3) (35.1) (18.0)

The distance between the centerline of the support and the location where the
critical shear crack crossed midheight of the specimen (x,) was consistent for the
concentrated load tests. For the concentrated load setup, the critical shear crack crossed
the midheight of each specimen at the midpoint of the shear span (x, = a/2). In uniform
load specimens LD2 and LD3, the critical shear crack crossed midheight of the specimen
at approximately 18 in. (457 mm) inside the centerline of the support. While in uniform
load specimen LD4, (x,) was equal to 26 in (660 mm). Note that each of the uniform load
specimen failure photos (Figure 2-6) depicts two shear cracks. The shear crack furthest
from the support did not appear until failure after ultimate load had been achieved. For

this reason, the shear crack closest to the support was taken as the critical shear crack for
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each of the uniform load test results. Diagonal shear crack patterns are depicted in Figure

2-6 for each specimen upon the completion of testing.

Figure 2 6: Shear Fatlure Cracks for the Followmg (a) LDI-N, (b) LD] -S (c) SR2-S,
(d) LD2, (e) LD3, (f) LD4

The maximum applied load resistance as well as the load at first diagonal shear
cracking was recorded for each of the six test results. An increase in maximum applied
load from the applied load at first diagonal shear cracking was observed in tests SR2-S,
LD2, and LD3. In tests LD1-N, LD1-S, and LD4, maximum applied load was achieved at
first diagonal shear cracking. Because of the unpredictable post cracking behavior of the
six test results, the researchers used load at first diagonal shear cracking for shear force
comparisons between tests. This behavior is explicitly observed comparing the post
cracking resistances of uniform test specimens LD2 and LD3. Although the specimens
are nominally identical, specimen LD3 obtained a maximum applied load resistance of
approximately 26 percent greater than specimen LD2. Figure 2-7 and Figure 2-8 depict
the load-deflection summary for the six test results. Deflection values at first diagonal

shear cracking and maximum applied load can be found in Table 2-3.
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Directly comparing concentrated load tests with uniform load tests, the
researchers chose to use first diagonal shear cracking values located at distance (x,) from
the centerline of the support. First diagonal shear cracking was chosen as a conservative
value that compares well with data used in developing empirical ACI shear equations 11-
3 and 11-5. The ACI-ASCE Committee 326 report (1962) provides a more detailed
description on ACI shear strength equation development. Shear force values were
normalized against the square root of concrete compressive strength (f”.) and specimen
dimensions (b,, and d). Note that shear force values from all of the four locations
calculated in Table 2-3 can be normalized against concrete compressive strength and
specimen dimensions. Normalized shear stress at first diagonal shear cracking (v,,), seen
in Equation 2-1, increased in uniform load tests by an average of approximately 17
percent with a range of increase of 10 to 23 percent when compared to concentrated load
tests. For comparison of tests results to the ACI-DAfStb database, (vp4ss») was used.
Normalized shear stress at first diagonal cracking (vp4si») increased in uniform load tests
by an average of 2.1 percent with a range of increase of -3.8 to 6.2 percent when

compared to concentrated load tests.
|4

2
b,d\f'.

Equation 2-1
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CHAPTER 3
Comparison of Test Results to the ACI-DAfStb Database®

Results from the six tests performed were compared to the data presented within
the ACI-DAfStb shear database. The ACI-DAfStb shear database provided additional
data that was used to validate the University of Texas test results. Additionally, the
numerous test results found within the database were used to further compare the
influence of loading condition on shear capacity. Note that all comparisons made in
Chapter 3 refer to first diagonal cracking shear force and normalized shear stress values

calculated per the ACI-DAfStb database (Vpssi» and vpazsi).

3.1 OVERVIEW OF DATABASE

ACI code equations for the shear strength in concrete were empirically derived
based upon test results completed over fifty years ago. Because the empirical code
equations are still in place today, the authors of the ACI-DAfStb shear databases sought
to compile additional test results. Shear test results were collected from various
researchers to create a comprehensive set of data, and this new set of data was compared
with current code provisions.

The concentrated load database consists of 1365 shear test results on specimens
without shear reinforcement, of which 1008 are slender specimens. The slender dataset
includes an abundance of tests with varying effective depths (d), longitudinal
reinforcement ratios (p), shear span to depth ratios (a/d), and concrete compressive
strengths (f°.). The uniform load database is comprised of only 128 test results on

specimens without shear reinforcement, of which 69 are slender. All but 8 of the uniform
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load slender specimen results have effective specimen depths of 11 in. (279 mm) or less.
The 8 remaining test results all have longitudinal reinforcement ratios of 0.44% or less.
As depicted in Figure 3-1 and Figure 3-2, the vast majority of the uniform load slender
database is comprised of specimens with small effective depths and high longitudinal

reinforcement ratios.
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Figure 3-1: Distribution of Slender Uniform Load Tests without Shear Reinforcement
with Respect to Longitudinal Reinforcement Ratio (p)
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Parameters affecting shear strength of reinforced concrete beam specimens
without stirrups were examined in order to effectively compare the University of Texas
test results to the ACI-DAfStb shear database. The ACI Committee 445 report (1999)
notes the following four parameters as having the largest impact on shear capacity in
specimens without shear reinforcement: shear span to depth ratio (a/d), effective
specimen depth (d), longitudinal reinforcement ratio (p), and axial load. Because axial
load was not applied to test specimens within the ACI-DAfStb database, focus was
directed toward the other three parameters.

Shear span to depth ratio (a/d) is important for estimating shear capacity as test
specimens can exhibit either deep or slender behavior. MacGregor and Wight (2012)
define the transition point from a deep to slender specimen at a shear span to depth ratio
of 2.5 (originally noted as Kani’s valley (1966)). ACI-DAfStb shear database authors
define slender behavior in specimens with shear span to depth ratio greater than or equal
to 2.4. Thus, a/d > 2.4 was taken as slender specimen behavior.

As longitudinal reinforcement ratio (p) increases in specimens without shear
reinforcement, shear capacity also increases. Higher longitudinal reinforcement ratios are
more effective in controlling crack width growth (Bentz and Collins 2006). As crack
width size decreases, effects of dowel action and aggregate interlock increase, ultimately
leading to an increase in overall shear capacity (MacGregor and Wight 2012).

Size effects, first studied by Kani (1967), are defined as a decrease normalized
shear stress capacity for shear specimens without shear reinforcement as member depth
(d) increases. Normalized shear capacity decreases in deeper members because of an

increase in both crack width and spacing. Larger crack widths allow smaller shear
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stresses to be transferred across cracks via aggregate interlock (MacGregor and Wight
2012).

Upon examination of the slender members within the uniform load database, there
is an obvious lack of full scale specimens that are more commonly encountered in
practice. The majority of the test results have small effective depths (d) with high
longitudinal reinforcement ratios (p), and the few larger test results have very low
longitudinal reinforcement ratios. Based upon the preceding discussed parameters, ACI-
DAIfStb uniform load data is likely to vastly over or under predict shear capacity. The
University of Texas test results represent specimens likely to be found in field structures
with a larger specimen depth (d = 21.3 in. (541 mm)) and longitudinal reinforcement ratio
of 1.02%. Thus, the test results obtained work toward addressing the visible gap within

the ACI-DAfStb slender uniform database.

3.2 TEST RESULTS WITHIN CONTEXT OF ACI-DAFSTB DATABASE

University of Texas test results were further validated through the use of the ACI-
DAfStb database. The three concentrated load test results are plotted with results from the
slender concentrated load database in Figure 3-3. Figure 3-3 depicts the extensiveness in
which the ACI-DAfStb concentrated load database covers both specimen depth (d) and
longitudinal reinforcement ratio (p). Normalized shear stress (vp4ssi) 1s similar between
University of Texas test results and concentrated load database results with analogous

longitudinal reinforcement ratio.
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Figure 3-3: Comparison of University of Texas Test Results to the Entirety of the ACI-
DAfStb Slender Concentrated Load Database

The University of Texas uniform load specimens were compared with the ACI-
DAfStb slender uniform load database. Figure 3-4 depicts current uniform load database
test results along with the three University of Texas test results. Unlike Figure 3-3, the
slender uniform load database shows both specimen depths (d) and longitudinal
reinforcement ratios (p) where little to no data has been collected. For example prior to
this testing program, only four slender tests had been completed with longitudinal
reinforcement ratios between 0.5% and 2%. The three University of Texas test results
represent a depth and longitudinal reinforcement range not depicted within the current

database.

19



XX
X

0.4

X% xHX KX
XX X XX
XK X
X X X X
T

Normalized Shear Stress, v (Vpsi)
w
X
X
Normalized Shear Stress, v (VMPa)

S

%

<o

<z> X d<20in. 0.1

% ©d>20in.
O UT Tests

0 . . . . 0

0 1 2 3 4 5

Longitudinal Reinforcement Ratio, p (%)

Figure 3-4: Comparison of University of Texas Test Results to the Entirety of the ACI-
DAfSth Slender Uniform Load Database

3.3 INFLUENCE OF UNIFORM LOAD — GENERAL DATABASE ANALYSIS

Comparison between uniform and concentrated load was made using the entirety
of the ACI-DAfStb slender database. Shear force values within the database were
normalized against specimen dimensions and concrete compressive strength (Equation 2-
1). The distribution of normalized shear stress (vp4ss») versus number of tests can be seen

in Figure 3-5 and Figure 3-6.
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Respect to Normalized Shear Stress (vpssm)

A normal distribution of data is depicted in the slender concentrated load results,

while more scatter is noticeable in the slender uniform load results. The scatter in the
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uniform load data is quantified mathematically with a standard deviation that is 31
percent higher than concentrated load results. On average, uniform loading increased
normalized shear stress (vpusi») by approximately 42 percent when compared to
concentrated load tests. Lower bound test results are similar for both datasets with
multiple specimens failing at a normalized shear stress between 0.5 and 1.0.

Comparing the complete slender uniform and concentrated load datasets has
several potential limitations. Slender uniform load test results account for less than 7
percent of the total slender database. Thus, the uniform load results are not well
distributed with regards to specimen depth (d) and longitudinal reinforcement ratio (p).
Another key drawback is the small amount of directly comparable uniform and
concentrated load results. In order to appropriately define increase in normalized shear
stress (Vpassi), direct comparisons between datasets with identical specimen depth and

longitudinal reinforcement ratio should be made.

34 INFLUENCE OF UNIFORM LOAD DISTRIBUTION — DIRECTLY COMPARABLE

DATASETS

The ACI-DAfStb slender shear database was investigated to find directly
comparable slender uniform and concentrated load tests. The investigation found three
different series of tests in which specimens with identical specimens depths (d) and
longitudinal reinforcement ratios (p) were tested to shear failure in both uniform and
concentrated loading configurations. Shear force values were taken from the database and
normalized against specimen dimensions (b,, and d) and concrete compressive strength
(f°c). Shear span to depth ratio (a/d) for each of the three comparison series ranged from

2.4 10 6.0.
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Series I was derived from tests completed by Leonhardt and Walther (1964),

while Series II and Series III were derived from Krefeld and Thurston (1966) test results.

Note that each of the three directly comparable series were completed on specimens with

small effective depths (d) and high longitudinal reinforcement ratios (p). Series I through

Series III are shown in Figure 3-7 through Figure 3-9, respectively.
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Average normalized shear stress (vpusss») increased from concentrated to uniform
load specimens by approximately 15, 54, and 37 percent for Series I, II, and III,
respectively. Lower bound load distribution behavior in each series was compared by
taking the lowest normalized shear stress result (vpyss) for both concentrated and
uniform load specimens. Lower bound normalized shear stress (vp4si) increased from
concentrated to uniform load specimens by approximately 22, 38, and 48 percent for
Series I, II, and, III, respectively.

To quantify the effect of load distribution on normalized shear stress (vp4si),
general database comparisons, direct database comparisons, and the University of Texas
test results were used. General database comparisons and direct database comparisons
showed a similar increase (between 15 and 54 percent) in average normalized shear stress
(Vpass) from concentrated to uniform load specimens. The University of Texas test
results were substantially different. For the six test results, average normalized shear
stress (Vpussi) at first diagonal cracking increased by only 2.1 percent with a range of

increase between -3.8 and 6.2 percent from concentrated to uniform load specimens. The
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disconnect between expected load distribution effects, based upon database results, and
actual load distribution effects observed in the University of Texas specimens displays

the inherent need for further study of full scale, directly comparable specimens.
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CHAPTER 4
Comparison of Test Results to Relevant Code Estimates

The results from the tests conducted on six shear spans were compared to three
estimations of the concrete contribution to shear strength. In order to estimate
contribution of concrete to shear strength, ACI 318-11 and AASHTO LRFD 2012
provisions were used. Note that in Chapter 4 all shear force calculations were completed
using the failure location at a distance (x,) away from the center line of the support, where
(x,) is the distance from the centerline of the support to the location where the shear crack
crosses midheight of the specimen. This location differs from the critical shear section
presented in either ACI 318-11 or AASHTO LRFD 2012, but was used to consistently
compare test results. Shear force values and normalized shear stress are presented as (V)

and (vy,) respectively.

4.1 ACI EQUATION 11-5

ACI 318-11 equation 11-5 was developed as the basic equation for shear strength
in members without shear reinforcement by the ACI-ASCE Committee 326 report. The
report, completed in 1962, noted that the applied load causing the initial formation of a
diagonal shear crack should be taken as the ultimate load for design purposes. The
committee analyzed over 440 shear test results, deriving an empirical equation with the
following five listed variables: longitudinal reinforcement ratio (p), shear times depth to
moment ratio (V,,d/M,,), and concrete compressive strength (f”.), specimen width (b,),

and specimen depth (d). Note that the (V,,d/M,,) ratio directly accounts for differences
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between uniform and concentrated load. ACI 318-11 equation 11-5 is listed below as

Equation 4-1.

Vird .
Vi = (1.9 / f'o+2500p— - )bwd Equation 4-1

xr

The (Vy,d/M,,) term is limited to a maximum value of 1.0 where (V,,) and (M,,)
occur at the critical section. Equation 3-1 additionally limits the normalized shear stress

(vyr) to a maximum value of 3.5.

4.2 ACI EQUATION 11-3

ACI 318-11 equation 11-3 was derived as a simplified and conservative version of
the general equation described above. ACI equation 11-3 is the most commonly used
equation for estimating shear strength of concrete in United States structural engineering
practice. The three variable used in equation 11-3 are concrete compressive strength (f7;),
specimen width (b,), and specimen depth (d). Thus, equation 11-3 does not directly
account for differences between concentrated and uniform load. ACI 318-11 equation 11-

3 is listed below as Equation 4-2.

n Equation 4-2
Vir =24 f cbyd 1

4.3 AASHTO LRFD 2012

AASHTO LRFD 2012 shear design provisions are based upon the Modified
Compression Field Theory (MCFT) developed by Vecchio and Collins (1986). A
simplified MCFT-based sectional analysis procedure (Bentz et al. 2006) can be used to
produce a non-iterative estimation of one-way shear capacity. AASHTO authors note that

the following equations will give very similar results to the Canadian design code (CSA)
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which was also derived from MCFT. The following set of equations directly accounts for
differences between uniform and concentrated load. Equation 4-3 through Equation 4-6

can be used to estimate AASHTO defined shear capacity®.

1.38
- Equation 4-3
Sxe = 5x 4 1 0.63 q
|M |
_ ( dzr Varl) Equation 4-4
T T EA,
B = 5 °1 Equation 4-5
(1 +750¢&) (39 + syx¢)
V,r=0.03168 /f,cbwdv Equation 4-6
Where:

a, = maximum coarse aggregate size = 1 in.

Ay = area of longitudinal tension steel = 7.8 in’

d, = effective shear depth = 19.2 in.

E; = modulus of elasticity of longitudinal tension steel = 29,000,000 psi
sy = distance between layers of crack control reinforcement = 17.6 in.
Sxe = crack spacing parameter = 14.9 in.

8 = factor relating effect of longitudinal strain on the shear capacity of
concrete

&, = net longitudinal tensile strain in the section at the centroid of the

tension reinforcement

A summary of the two ACI 318-11 shear estimation methods can be seen in Table

4-1. Table 4-1 depicts the recorded normalized shear stress at first diagonal cracking for
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each specimen at the chosen critical section of a distance (x,) away from the centerline of
the support. Comparative values for Equations 4-1 and 4-2 were calculated at the same

critical section.

Table 4-1: Comparison of Test Results to ACI 318-11 Code Equations

Normalized Shear Stress at First Diagonal Actual Shear Strength/
Cracking, v, (Vpsi) Calculated Shear Strength
Test . Test Result eql.l;\actlion eql.l;\actlion e [Reefy) e [Reefy)
Designation 11-3 11-5 ACl Eq. 11-3 ACl Eq. 11-5
LD1-N 1.895 2.000 2.240 0.948 0.846
LD1-S 2.071 2.000 2.240 1.036 0.925
SR2-S 1.697 2.000 2.211 0.849 0.768
LD2 2.077 2.000 2.299 1.039 0.903
LD3 2.241 2.000 2.329 1.121 0.962
LD4 2.324 2.000 2.184 1.162 1.064
Mean 1.025 0.911
Standard Deviation 0.104 0.092

A summary of the AASHTO LRFD 2012 shear design provisions can be seen in
Table 4-2. Table 4-2 depicts the recorded normalized shear stress at ultimate load for
each specimen at the chosen critical section of a distance (x,) away from the centerline of
the support. Comparative values for Equations 4-1 and 4-2 were calculated at the same

critical section.
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Table 4-2: Comparison of Test Results to AASHTO LRFD 2012 Shear Design

Provisions
Normalized Shear Stress at Ultimate Load, Actual Shear Strength/
Vyr (Vpsi) Calculated Shear Strength
Test AASHTO LRFD 2012 Shear Test Result/
Designation [t Design Provisions AASHTO LRFD 2012

LD1-N 1.895 2.245 0.844
LD1-S 2.071 2.245 0.922
SR2-S 2.241 2.184 1.026
LD2 2.286 2.292 0.997
LD3 3.095 2.342 1.321
LD4 2.324 2.168 1.072
Mean 1.031
Standard Deviation 0.149

4.4 COMPARISON OF PREDICTIONS AND EXPERIMENTAL RESULTS

ACI 318-11 equation 11-3, equation 11-5, and AASHTO LRFD 2012 shear
design provisions all overestimate shear strength of concrete for a minimum of two out of
the six University of Texas test specimens. As expected, the simplified ACI equation 11-
3 is the most conservative of all three equations predicting a normalized shear stress (vy,)
of 2 for all specimens tested in this study.

Interestingly, the general ACI equation 11-5 and AASHTO LRFD 2012 shear
design provisions predicted similar normalized shear stress (v,,) for all specimens even
though each equation was developed differently. ACI equation 11-5 was developed
empirically as an estimation of shear strength at first diagonal cracking while AASHTO
LRFD 2012 shear design provisions were developed based upon the behavioral MCFT
model to estimate ultimate shear capacity. Note that the author cautions against using

additional capacity beyond first diagonal cracking due to the unpredictable shear failure
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observed in the six University of Texas tests. Normalized shear stress (v,,) at ultimate
load was used only as a direct comparison to AASHTO LRFD 2012 shear design
provisions.

Although all three of the previously described equations overestimate the concrete
contribution to shear strength, both ACI 318-11 and AASHTO LRFD 2012 are
constructed to prevent shear failure in field structures. Both design codes require
minimum shear reinforcement (A4 ;) if the applied shear (V) is greater than one half of
the calculated shear (7). Thus, only test specimens with actual shear strengths of less
than half of the estimated shear strength would be in danger of shear failure in field
specimens. Note that the lowest ratio of (Shear Strength of Test Result/Code Estimation

of Shear Strength) was 0.768 for the six University of Texas test results.
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CHAPTER 5

Conclusions

Six shear tests were completed on specimens without shear reinforcement at the

University of Texas. Based upon the results of the shear tests conducted on slender beams

(a/d > 2.5), the following conclusions can be observed:

A summary of the six test results can be seen on the following page in
Table 5-1. Comparisons of normalized shear stress at first diagonal
cracking are made between concentrated and uniform load specimens at
each of the aforementioned shear locations. The range of increase in
normalized shear stress (depicted in Equation 5-1) was defined as the
percent increase in normalized shear stress (vy;, vz, vyz) for the three
individual uniform test results compared to the average normalized shear
stress (Vcag) Of the concentrated load tests. Average increase in
normalized shear stress (depicted in Equation 5-2) was defined as the
percent increase in average normalized shear stress (Vyg,) of the uniform
load specimens compared to the average normalized shear stress (Vcag) of
the concentrated load specimens. Note that as shear force is taken at
locations further away from the support, load distribution has less effect

on normalized shear stress carried at the formation of first diagonal

cracking.
Vy1,23 — Vc .
Range of Increase = =9 100 Equation 5-1
vCavg
‘UU - ‘UC .
Average Increase = =9 9 4100 Equation 5-2
vCavg
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Table 5-1: Summary of Increase in Normalized First Cracking Shear Capacity from
Concentrated to Uniform Load Specimens

Shear Range of Average
Location Increase (%) Increase (%)
Vps 25.5-54.0 38.3

Vg -1.4-21.2 8.8
Vyr 10.0-23.1 17.3
Vpafstb -3.8-6.2 21

* In the context of ACI 318-11, when analyzing both uniform and
concentrated load test results, the use of shear force load at first diagonal
cracking is appropriate. Post cracking behavior for this six test study was
unpredictable, and thus counting on additional shear capacity beyond first
diagonal cracking is viewed to be unconservative for specimens without
shear reinforcement.

* For the six test results, average normalized shear stress (Vp4ss») at first
diagonal cracking increased on average by only 2.1 percent from
concentrated to uniform load specimens. General ACI-DAfStb database
comparisons as well as direct comparisons between concentrated and
uniform load test results found within the database show a much larger
increase (15 to 54 percent) in average normalized shear stress (Vpgssi)
from concentrated to uniform load specimens.

= Although code equations (ACI 318-11 equation 11-3, ACI 318-11
equation 11-5, and AASHTO LRFD 2012 shear design provisions) all
overestimate the shear contribution of concrete in comparison to test

results, the equations are inherently conservative against shear failure for
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field specimens. This conservatism is derived from both ACI318-11 and
AASHTO 2012 requiring minimum shear reinforcement (A4,) if the
applied shear (V) is greater than one half of the calculated shear (V).

The subject of load distribution in deeper slender specimens without shear
reinforcement has only begun to be investigated. Further testing is needed to develop a
broader understanding of the behavior of both specimens tested under concentrated and
uniform load. The additional testing could be used to create a larger ACI-DAfStb shear
database for uniform loads and to accurately quantify load distribution effects on shear

capacity.
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APPENDIX A
Shear Database Filtering

Appendix A includes a detailed explanation of the filtering process of the ACI-
DAfStb shear database. Results are presented in the following manner:
= Summary of Filtering Parameters
= Comparison of Test Results to the Database: Table A-1 through Table A-2

and Figure A-1 through Figure A-2

35



A.l SUMMARY OF FILTERING PARAMETERS

The concentrated load database is comprised of a total of 1365 data points. Data

was filtered by the following three parameters as outlined within the main document:
= Shear span to depth ratio (a/d) greater than 2.4
* Longitudinal reinforcement ratio (p) between 0.75% and 1.25%
= Specimen depth (d) between 17 inches and 25 inches

Filtering produced 14 remaining data points which can be seen along with the
University of Texas test results in Table A-1 and Figure A-1.

The uniform load database consisted of only 128 data points. Unfortunately, the
majority of the tests were completed on small specimens with a depth of less than 12
inches. Thus, no direct comparison could be made between the database and test results.
The specimen depth filter was removed in order to preserve useful data on smaller
specimens. Additionally, the range on longitudinal reinforcement ratio was increased.
Note that the database values for normalized shear stress (vp4ss) would be expected to be
larger than the University of Texas values for normalized shear stress (vp4zss») due to size
effects. Data was filtered by the following two parameters:

= Shear span to depth ratio (a/d) greater than 2.4
* Longitudinal reinforcement ratio (p) between 0.75% and 1.35%
Filtering produced 4 remaining data points. Results can be seen in Table A-2 and

Figure A-2.
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Table A-1: ACI-DAfStb Concentrated Load Filtered Database

Test Sp.ecimen Spe.cimen Specimen Shear Span Lgngitudinal No;r::;irzed
Identification Wld.th, b, Helght, h Depth, d to Pepth Remff)rcement Stress,
(in.) (in.) (in.) Ratio, a/d Ratio, p (%) Vousis (VF')
163 9.84 18.46 17.20 2.89 0.9153 2.15
164 9.92 18.54 17.28 2.87 0.9039 2.05
165 39.45 18.54 17.28 2.87 0.9093 2.16
166 39.45 18.50 17.24 2.88 0.9114 2.05
167 118.31 18.58 17.28 2.87 0.9096 1.92
406 15.75 19.09 17.32 2.50 1.1932 2.30
418 15.75 19.09 17.32 2.50 1.1932 1.86
1029 11.81 19.69 17.72 2.92 0.8119 1.99
1030 11.81 19.69 17.72 2.92 0.8119 1.21
1234 46.06 23.23 21.18 3.30 0.7943 1.95
1272 8.86 19.49 17.72 3.93 1.2039 1.92
1273 11.81 25.47 23.62 3.94 1.1990 1.92
1359 12.06 24.06 20.94 2.89 1.2443 1.30
1363 16.06 23.94 20.75 2.92 1.1995 1.11
LD1-N 36.00 24.00 21.30 2.50 1.0175 1.90
LD1-S 36.00 24.00 21.30 2.50 1.0175 2.07
SR2-S 36.00 24.00 21.30 2.50 1.0175 1.70
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Figure A-1: ACI-DAfStb Database and University of Texas Concentrated Load Tests
Showing the Following: (a) Shear Span to Depth Ratio, (b) Longitudinal
Reinforcement Ratio, (c) Effective Specimen Depth

Table A-2: ACI-DAfStb Uniform Load Filtered Database

N li

Test Specimen Specimen Specimen Shear Span Longitudinal o;r::alrzed
Identification Width, b, Height, h Depth, d to Depth Reinforcement .

(in.) (in.) (in.) Ratio, a/d Ratio, p (%) -

VDafStb (Vf c)
26 6.00 12.00 10.00 2.40 1.3090 4.25
31 6.00 12.00 10.06 2.98 0.9960 3.03
32 6.00 12.00 10.00 3.00 1.3090 3.26
115 11.81 9.45 7.87 2.50 1.3400 2.97
LD2 36.00 24.00 21.30 2.53 1.0175 1.82
LD3 36.00 24.00 21.30 2.53 1.0175 1.96
LD4 36.00 24.00 21.30 2.53 1.0175 2.00
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APPENDIX B
Specimen Design and Construction

Appendix B includes detailed results pertaining to the design and construction of
the six shear specimens: Results are presented in the following manner:
» Design Calculations Based Upon ACI 318-11: Figure B-1 through Figure
B-2
=  Reinforcing Cage Construction: Figure B-3
» Concrete Placement: Figure B-4
»  Concentrated Load Setup and Instrumentation: Figure B-5
»  Uniform Load Setup and Instrumentation: Figure B-6
» Location of Form Brackets: Figure B-7

= Test Setup Photos: Figure B-8
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: s .
Figure B-3: Reinforcing Cage Construction Showing the Following: (a) Placement of
Tension Steel, (b) Placement of Compression Steel, (c) and (d) Form Bracket Detalil,
(e) Stirrup Placement, (f) Completed Cage
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Figure B-4: Concrete Placement Showing the Following: (a) Slump Test, (b) Cylinder
Finishing, (c) Main Specimen Placement, (d) Internal Vibration, (e) Finishing of Main
Specimen, (f) Completed Specimen
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A Novotechnik | TR-0050 2in.
B Novotechnik | Tr-0100 4in.
C Strainsense | SSTS504C | 250 tons
D Force-Pak R400-12 | 400 tons (d)

Figure B-5: Concentrated Load Setup Showing the Following: (a) Elevation View, (b)
Plan View, (c) End View, (d) Instrumentation Designation
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Figure B-6: Uniform Load Setup Showing the Following: (a) Elevation View, (b) Plan
View, (c) End View, (d) Instrumentation Designation
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Figure B-7: Location of Form Brackets Showing the Following: (a) Specimen LD1, (b)
Specimens LD2 and LD3, (c¢) Specimen LD4
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Figure B-8: Test Setup Photos Showing the Following: (a), (b), and (c) Concentrated
Load Setup, (d), (e), and (f) Uniform Load Setup
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APPENDIX C
Material Testing Results

Appendix C includes detailed results of both concrete and steel material tests. The
results are presented as follows:
» Gradation Report for 17 Limestone Coarse Aggregate Found within
Concrete Mix Design. Figure C-1
»  Concrete Mix Design Properties: Figure C-2
» Individual Concrete Batch Tickets: Figure C-3 through Figure C-7
= Concrete Compressive Strength Data: Table C-1 through Table C-5
= Concrete Compressive Strength Development: Figure C-8 through C-12
o Note cylinders were constructed and field cured in accordance
with ASTM C31 (2010). Loss of strength after 28 days may be
attributed to field curing conditions and/or concrete mixture
design characteristics.
= Steel Mill Certification Details: Figure C-13

= Steel LTI Tensile Testing Data.: Table C-6
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Report Date - 362013
CONCRETE MATERIALS Aggregate Properties Report
Safety First Always
 dravon af e Soutwenl Teoue of Ofdcasts AMatesty
5TCLS
Sample ID 03042013 Flant : T3 PLANT
Sample Date : 362013 Customer :
Sample By : Corben Thomas Attention -
Supplier: COLORADD Project:
Supplier Source : SAM MARCOS Specification - ASTM C 33 257
Sample Location : PIT SAMPLE
Grading
Sieve Mass Cumulative o "o Passing Specification % Pass
{mm) Retained Mass Retained Min Max
1 172 INCH i} i} i} 100 100 100
1INCH 14 14 L3 95 a5 100
24 IMCH 4.4 58 il a1 g0 a0
152 INCH 7T 135 44 56 25 an
LB INCH 57 102 62 38 20 40
Mo 4 102 0.4 5 5 0 10
Mo 8 ne a3 a8 2 0 5
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Absorption 250% Specific Gravity 287
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Tested By : Corben Thomas Approved By - Corben Thomas
Date - 342013 Date - 62013

Certification Number AC| Aggregate Testing Technician: 36569

Figure C-1: Coarse Aggregate (1” Limestone) Gradation Report
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UT RESEARCH PROJECT

Duate : 211472014
Mix Code © 4500727

Description : 4.5 SK NO FA, 34"LS, MREWR

TEXAS

AC| Sufoty First Adways

o Cochrausfie it

Revision Mumber: 4 Creation Date : 14 Feb 2014 Customer :
Plant: 973 PLANT Created By - cthomas2 Project :
Specifications
Consistence Class - 400 Air, % : 15
Strength Class : 3000 Mlax WIC - Max Agg Size - 1
Material Type Material Code |Description Supplier Source Dresign Specific | Volume
Guantity Gravity fta
Cement CEMENT CEMENT ALAMO CEMENT CO-SAMANTOMN 423 I 318 215
Fine Apgregats SAND SAMD ALSTIM AGGREGATES-AUSTIN 1505 I 282 2.20
Coarse Aggregate | 57CLS 1" Limestone COLORADO MATERIALS-SAMN MA 1785 Ib 257 11.19
Water WATER WATER CITY-WATER 300 gal 1.00 4.01
Admixture WREDUCER |WATER REDIMCER SIkKA ADMIXTURES-DALLAS 7.0 fowt 1.10 0.03
Admixture WRRETARD |RETARDER/WATER REDUCER SlkA ADMIXTURES-DALLAS 1.0 fowt 1.20 0.00
Yield 3875 b 2700
Design Properties
Diansity - 147.2 b3 Grading Specification -
Cement Content : 423 Ib Actual Dmax - 1 mm
Prepared By
Corben Thomas Page 1

Figure C-2: Concrete Mix Design

51




#1 Chisholm Trail Tel: 512.385.3838
Suite 450
Round Rock, Texas 78681
; ! l !
r.. v ‘ T . ) % ‘.
| CUSTOMERCCOE | PLANT |  DESIGNNO. TRUCK ” TNE DATE TIGHET HO.
g2 =885 WAS  |ASQ@a7E7 W4=7 8 2n2a 305/ 14 399,231 1
CUSTOMER NAME | #T‘
U T F:r guson Lab ) [N URNET RD, o
“ H. 0 an ALk
5 4 et THa" =
"‘&?}“ QuaNTITY | UNiTe| DESCRPTION L4 SKIOEND
S IEeue¥E ey dBapzaz 12 _ap glmeay - N het 1Y A 3
e o Lo (R 72 ’ EREE. ST R ’
BIND .. SN0 B i AN o L ST e ]
TP R— C1oct [ = ‘
BN . 1 1R O1.ceoe.. NON G ACC o {
- u Oo....oPERR, g e i
= |
{
!
/ 7
'MERMMJOGATCWSM
4 /
RUADNL. 495l / ENTER F R'UM BURNET BLD. #&4
L '
IT e be Dyiver Liaey Disp Ticket Num Ticket 1D Time Date
o427 618064 uner 1 8993311 (X Fad I 12:80 3/5/14
Loatd Size Min Code Returned Gty Mix fge 560 Load 1D
’7. PO LYDS ASa7R27 & 1) HEDTA
1al Design Ot ufred Batched ™ . % var % Koisture:  Potual Wat
1 ib asfqa Ib im.l‘?b LU A d
lb HHED |b 11168 1b -, 061 £.00% o % gl
1*(L8 1795 1t 12628 1h ! 1.52% 0591 N 8 gl
TER 30.9 gl 109.2 gl 187.8 gl “1.26% 0.8 gl
29.81 oz 207,01 oz 206.M o2 A, 61%
e 8.23 02 = 16l o2 l 30,00 o2 P 1,32 s . Fia1 5 A
3 .89 in ; ]
&:zp W/C: [ &ae:rleuent: 2.538 R _ Dvs‘nl;g wm;"!xé.e gl chtgaf Maters BPE gl
“3er 0 Truck: 0.0 gf  Adjust Wster: @0  /lLoad Triwlater:] 2.5 gl / S
To Add: 18.8 gl Manual 12:20:82

Figure C-3: Specimen LD1 Concrete Batch Ticket

52




—

”

Truck
WA3S7
Load
7.00
mem

1'0.8
MATER

WREDUCER

HARETARD
rtual
Dezygn

To Rdd

#1 Chisholm Trail Tel: 512.385.3838
Suite 450 |
Round Rock, Texas 78681 ]
7 5 '
s
CUSTOMERCODE | PLANT DESIGH hO. TAUGK TTIME TATE TIGKET D,
AR e S 52 et #2/1z gazams
L T Ferguson Lab 8102 BURNET RD, ——-
ary DESCRIPTION TV CNOZAED
7B it S LA
W dmhmsa PRSOUCT UNIT EXTENDED
y GOoE QUANTTY | unTs| DESCRIPTION LLLE STRb
LA LA [} BU— ] W
BM2. .. UMESTCHE A2 ... .R
BT 88D [ I— Y oy = C y——— e
N4 ey Sl ol o =90 e L e N Ao s L
BNS .11 01 i NONCIADS = i
s = ne;‘...,u..jﬂvszn i " i P .

(:HARGED cpul:] =

mxzmmmmncm@n&wem_lO_ Gel. Recuived By yy,«)‘A L) g ‘/Q)

AUADSEL 485-L / ENTER FROM BLIENET « BLD. #24

Driver Lisey Biep Ticket MNum Tinket (N Time Date
H200 71 nser |1 B9 3355 L4955 122116 3712714
Size Mix Code Returned [ty Min Pye Sey Loard 1D i
CYDE 4s@v a7 { 0 #9985
Drs:an th‘ : uRequired Batched ¥ Var X Hoisture  Actual Wat
L0t r  2%L0 b 2970.9 1b @, 3o
1585 1b HI35 Ib ¢ (1440 b @.04% 3.70¢ N 7% gl
1795 1 12628 1b 12580 |b -2, 36% 0.5 N B gl ;
N0 gl 113.8 gl 2.6 gl -0, 33% 2.6 al s
E‘z% 0z ?g;g.’ 62 egggg 0z g&l&
B et | N e M Load Tobal: 27645 1b
Wes 2.592  Hater/Cement: 0,540 A Tlesign Mater: 2109 gl Actua! Water: 19,1 g}

Water in Trucks W0 gl Adjust Waters LAY { Load  Trim Water;] -5 gl / (VDS

17.9 gt Manual 12:16:24

(.
2-159351 balial
Figure C-4: Specimen LD2 Concrete Batch Ticket
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#1 Chisholm Trail Tel: 512.385.3838
Suite 450
Round Rock, Texas 78681

-

PLANT DESIGN NO. TRUGK TIME TWIE TCRET MO,
3 HENBTEY RN456 49 3:192 3/18714 NII4433
ﬁ#ﬁm&

| DAME
U T Fergusen Lab 2100 BURNET RD. —
|

NOTES
' 4,00 an  ALLHS)

"GTY ORCERZD =T -

IPTION
BN ISRe 1M LS8 7.50 7. 50 1

2ARGB3

7.5 Y

|
|
PRODUCT UNIT EXTENDED

| CODE QuanTITY  [LNITS DESCAIFTON il CRICE
|

p— 3 e < =
i. - oty b | ™ AN~ AT T

J l.m?| ERt T RO IMEN A RN ST
-,
- TOTAL

' ormnce [
:wmmneommncmsm ‘—‘;7;” Gl Facsived By /,L“Z—\/ é//

AU4SSL 495-1. /7 ENTER FROM BURNET -~ RLD. #24

Driver eay Disp Ticket Num  Ticket ID Time Date
619219 usep 1 BA944.353 41540906 13:1@ 3718714
.0ad Hize Mix Code Retvrned Nty Mix Age Sen Load 10
CYDS 4a50a7&7 ¥ n 46400
Besign'm Rmuned Batched % Yar % Moisture  Actual Wat

423, 3175 3150.90 1b -9.71%

1596 ih 11968 lb 11882 1b -0.24% 5.5 M 7 gl

1795 ih 13530 1b 13508 1b -9.22% 0.5 N 8 gl

30,0 gl 123.8 gl 122.4 gl -2, 78% 122.8 ol

29.61 oz 222.08 oz 220,900 o2 2. 93%

4,23 02 31.73 0z 3.8 oz ~2.29%

rfual Mus Batchest 1 Siuep: 4.8 in Load Total: 2357 1b
Design W/C: 0.552  Water/Cement: 0,542 A Dmgn Nater: 225.0 g! fetual Water: 205.1 gl

i K 0.0 gl Adjest Water: (N fload  Trim Mater:l 2.5 gl /7 _CYDS
i ﬁ‘ﬁaf" e 19.9 gl ’ sl Manaal 13:10:09

2-152868
Figure C-5: Specimen LD3 Concrete Batch Ticket
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—— e ——

CONCRETE MATERIAL

#1 Chisholm Trail Tel: 512.385.3838
Suite 450
Round Rock, Texas 78681
—— r ..‘ 4
CUSTONER COGE | PLANT DESIGN NO. TRUCK ¥ TIME DATE TCKET NO.
§ 24-8BR9 VA9 | 450727 @450 83 12331 ! S/29/14 |899853@
ju i EE’!‘QU‘EOI\ Lab NET RD.-——— A
! E.00 1n  AU4ASEL
oo cy ; . A" s VA P i R
AGGABGATE  ADMIXTURES oot | quary [umes S . Exrmoe
agé:zls S5 =p w 2NN 5T alald = O 1.0 LB
:;— A el M"’_% ';lll ¥ Dt\:l e
...... ~LMESTONE 4> R P sideiia RPN VAT O Ir -~ -
BN ..o SAND [ -
I pp— Climnll 13
Nt 11 D1, e - NON I ACT TAX
. - 0200 SUPERP ot - ‘ ' oWt

CHARGE D CASH D A/;'Y,» ‘
; s p
WATER ADDED ON JOB AT CUSTOMER'S REGUEST o Gal. A By JZ—-\/ A 74/‘)/1}
-

AUAS9SL  495-1. / ENTER FROM BURNET — BLD. #24

f ruck Driver User Disp Ticket Nums Ticket ID Time Date
P45 E2OD4E user A998530 4543 12:31 5/29/14
oad S8izZe Mix Code Returned Bty Mix RAge Seq lLoad 1D
.2 CYDS 4500727 D S0494

terial Dosia:\ th Required Batched / % Var % Motsture  fotual Wat
423.0 1 2%1.@ b 2950.9 1b -9, 37%
1565 1b 19988 1b 10942 1b 0,448 | A0 M 94 gl
*0LS 1795 1b 13193 1b 13148 1o -0, Ag% 5.00% N 7 gl
TER 30,0 gl 62,9 gl b2.3 gl -8.98% 62,3 gl
22% o0z 2!7.2'; oz Zg‘lg.z oz -9, 133
.83 0z LBl 02 .88 oz b
U Nus Bg?egon 1 Slusp: 6.8 in  # Load Total: 273?5 1b
Design W/C: 9.5%  Mater/Cewent: R.541 A Design Water: 210,90 gl tual Water: 131.3 gl

ter in Truck: 0.? gl Adjust Nater: 8.0 /Load  Trie Water:] -2.5
i |

gl /  CVS
To fdd; 168.7 Nanual 12:31:11

2-154289

Figure C-6: Specimen LD4 Concrete Batch Ticket
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CONGCRETE IATERIAI <
#1 Chisholm Trall Tel: 512.385.3838
Suite 450
Round Rock, Texas 78681
)
CUSTOMERCCOE | PLANT DESIGN NO. TRUCK | TE WE TICKET M0
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17
TAX
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7.0  CYDS 4500787 0 AHGEH
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TRRD .23 02 29.61 o2 2.0 o2 -2.06%

fictual Nuw Batches: 1 Slysp: 698 in  # Load Total: 27890 b

Design W/C: 0.9  Mater/Cesent: @622 R Design Water: 218.8 gl Actual Water: 223.5 gl

Mater 1n Truck: .0 gl Adjust Mater: 2.0 ! Load  Triw Waterzl 2.8 gl /¢ CYDS

Te Add: a0 gl Manual 12;25:83

2-164422

Figure C-7: Specimen SR2 Concrete Batch Ticket
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Table C-1: Specimen LD1 Concrete Compressive Strength Data

Cylinder Date Time Test Diameter Length, Length, Length; Length, Lengthave L/D Maximum Failure Maximum
ID (days) (in) (in) (in) (in) (in) (in) ratio Load (Ibs) Type Stress (psi)
LD1_1 3/7/2014 3:37 PM 2 4.006 7.7775 7.7765 7.7830 7.7750 7.7780 1.94 22,424 1] 1779.10
LD1_2 3/8/2014 5:45 PM 3 4.006 7.7840 7.7900 7.7900 7.7875 7.7879 1.94 31,438 11 2494.27
LD1_3 3/8/2014 5:55 PM 3 4.007 7.8490 7.8505 7.8545 7.8500 7.8510 1.96 30,733 1] 2437.12
LD1 4 3/8/2014 6:03 PM 3 4.006 7.8585 7.8570 7.8750 7.8600 7.8626 1.96 31,112 11 2468.40
LD1_5 3/12/2014 10:40 AM 7 4.006 7.7635 7.7640 7.7710 7.7660 7.7661 1.94 41,451 11l 3288.69
LD1_6 3/13/2014 10:44 AM 7 4.006 7.7575 7.7595 7.7640 7.7620 7.7608 1.94 40,952 11l 3249.10
LD1_7 3/14/2014 10:48 PM 7 4.007 7.7880 7.7880 7.7990 7.7935 7.7921 1.94 41,003 1 3251.52
LD1_8 3/19/2014 2:20 PM 14 4.007 7.8350 7.8290 7.8360 7.8360 7.8340 1.96 47,798 1l 3790.37
LD1 9 3/19/2014 2:26 PM 14 4.005 7.7730 7.7785 7.7675 7.7755 7.7736 1.94 46,766 1 3712.23
LD1_10 4/2/2014 1:49 PM 28 4.008 7.7700 7.7730 7.7800 7.7770 7.7750 1.94 48,074 11l 3810.35
LD1_11 4/2/2014 1:51 PM 28 4.005 7.7930 7.7915 7.7900 7.7905 7.7913 1.95 46,156 11 3663.81
LD1_12 4/2/2014 1:54 PM 28 4.006 7.7740 7.7790 7.7760 7.7785 7.7769 1.94 46,216 1 3666.74
LD1_13 4/24/2014 11:23 AM 50 4.005 7.7445 7.7450 7.7590 7.7640 7.7531 1.94 46,061 11l 3656.27
LD1_14 4/24/2014 | 11:26 AM 50 4.006 7.7700 7.7725 7.7890 7.7825 7.7785 1.94 47,506 11 3769.09
LD1_15 4/24/2014 11:29 AM 50 4.006 7.7790 7.7860 7.7825 7.7840 7.7829 1.94 44,710 1] 3547.26
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Table C-2: Specimen LD2 Concrete Compressive Strength Data

Cylinder Date Time Test Diameter Length, Length, Length; Length, Lengthave L/D Maximum Failure Maximum
ID (days) (in) (in) (in) (in) (in) (in) ratio Load (Ibs) Type Stress (psi)
LD2_1 3/15/2014 1:38 PM 3 4.010 7.7880 7.7775 7.7770 7.7825 7.7813 1.94 29,555 1] 2340.20
LD2_2 3/15/2014 1:42 PM 3 4.011 7.7770 7.7790 7.7915 7.7860 7.7834 1.94 29,254 11 2315.21
LD2_3 3/15/2014 1:46 PM 3 4.011 7.6830 7.6855 7.6845 7.6815 7.6836 1.92 29,262 1] 2315.84
LD2_4 3/19/2014 2:30 PM 7 4.012 7.7740 7.7660 7.7640 7.7695 7.7684 1.94 43,154 11 3413.57
LD2_5 3/19/2014 2:34 PM 7 4.011 7.7825 7.7835 7.7785 7.7825 7.7818 1.94 43,945 11l 3477.88
LD2_6 3/19/2014 2:37 PM 7 4.008 7.8280 7.8215 7.8345 7.8330 7.8293 1.95 42,801 11l 3392.41
LD2_7 3/26/2014 | 10:52 AM 14 4.008 7.7200 7.7065 7.7085 7.7125 7.7119 1.92 52,911 1 4193.73
LD2_8 3/26/2014 | 10:56 AM 14 4.008 7.8080 7.8080 7.8085 7.8100 7.8086 1.95 51,866 11 4110.91
LD2_9 4/9/2014 | 10:38 AM 28 4.009 7.8260 7.8340 7.8230 7.8260 7.8273 1.95 56,106 1 4444.75
LD2_10 4/9/2014 10:41 AM 28 4.008 7.8120 7.8140 7.8160 7.8110 7.8133 1.95 54,430 11l 4314.13
LD2_11 4/9/2014 | 10:45 AM 28 4.005 7.7270 7.7330 7.7245 7.7280 7.7281 1.93 56,581 11 4491.34
LD2_12 5/15/2014 4:38 PM 64 4.006 7.8005 7.8105 7.7920 7.7860 7.7973 1.95 50,874 1 4036.31
LD2_13 5/15/2014 4:41 PM 64 4.006 7.7780 7.7790 7.7835 7.7815 7.7805 1.94 51,003 11l 4046.54
LD2_14 5/15/2014 4:44 PM 64 4.005 7.7205 7.7175 7.7230 7.7190 7.7200 1.93 51,582 11 4094.52
LD2_15 5/15/2014 4:47 PM 64 4.005 7.7230 7.7225 7.7255 7.7270 7.7245 1.93 51,720 1] 4105.48
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Table C-3: Specimen LD3 Concrete Compressive Strength Data

Cylinder Date Time Test Diameter Length, Length, Lengths Length, Lengthave L/D Maximum Failure Maximum
ID (days) (in) (in) (in) (in) (in) (in) ratio Load (lbs) Type Stress (psi)
LD3_1 3/20/2014 10:54 AM 2 24,256 1]
LD3_2 3/21/2014 1:14 PM 3 4.010 7.8185 7.8195 7.8395 7.8220 7.8249 1.95 30,845 I 2442.34
LD3_3 3/21/2014 1:16 PM 3 4.009 7.7845 7.7860 7.7915 7.7845 7.7866 1.94 32,247 1] 2554.63
LD3_4 3/21/2014 1:18 PM 3 4.010 7.8230 7.8280 7.8375 7.8270 7.8289 1.95 31,843 11 2521.36
LD3_5 3/25/2014 4:16 PM 7 4.012 7.8390 7.8395 7.8465 7.8390 7.8410 1.95 41,322 I} 3268.66
LD3_6 3/25/2014 4:20 PM 7 4.011 7.7690 7.7730 7.7785 7.7760 7.7741 1.94 40,281 1] 3187.90
LD3_7 3/25/2014 4:24 PM 7 4.012 7.7930 7.7890 7.7895 7.7900 7.7904 1.94 40,212 I 3180.86
LD3_8 4/1/2014 3:18 PM 14 4.012 7.8220 7.8225 7.8255 7.8235 7.8234 1.95 44,513 1] 3521.07
LD3_9 4/1/2014 3:20 PM 14 4.012 7.8040 7.8020 7.8015 7.7935 7.8003 1.94 44,762 I 3540.77
LD3_10 4/15/2014 4:42 PM 28 4.010 7.8355 7.8430 7.8550 7.8355 7.8423 1.96 47,119 I} 3730.93
LD3_11 4/15/2014 4:45 PM 28 4.006 7.8010 7.7955 7.8000 7.7955 7.7980 1.95 47,007 1 3729.50
LD3_12 4/15/2014 4:47 PM 28 4.008 7.7905 7.8085 7.7970 7.7920 7.7970 1.95 47,454 I 3761.21
LD3_13 5/16/2014 6:21 PM 59 4.007 7.7430 7.7440 7.7540 7.7495 7.7476 1.93 45,287 1] 3591.24
LD3_14 5/16/2014 6:27 PM 59 4.006 7.7710 7.7820 7.7855 7.7695 7.7770 1.94 43,283 I 3434.04
LD3_15 5/16/2014 6:32 PM 59 4.007 7.7860 7.7830 7.7890 7.7810 7.7848 1.94 44,633 I} 3539.38
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Table C-4: Specimen LD4 Concrete Compressive Strength Data

Cylinder Date Time Test Diameter Length; Length, Length; Length, Lengthave L/D Maximum Failure Maximum
ID (days) (in) (in) (in) (in) (in) (in) ratio Load (Ibs) Type Stress (psi)
LD4_1 6/5/2014 3:23 PM 7 4.012 7.7910 7.7890 7.8025 7.7980 7.7951 1.94 41,149 1] 3254.97
LD4_2 6/5/2014 3:26 PM 7 4.012 7.8425 7.8430 7.8385 7.8490 7.8433 1.95 41,949 11 3318.26
LD4_3 6/5/2014 3:29 PM 7 4.013 7.8360 7.8455 7.8400 7.8360 7.8394 1.95 41,949 1] 3316.60
LD4_4 6/12/2014 10:02 AM 14 4.020 7.8905 7.8855 7.8895 7.8930 7.8896 1.96 47,833 11 3768.65
LD4_5 6/12/2014 10:05 AM 14 4.022 7.8670 7.8585 7.8715 7.8680 7.8663 1.96 45,915 1l 3613.94
LD4_6 6/12/2014 10:09 AM 14 4.019 7.8525 7.8465 7.8560 7.8510 7.8515 1.95 46,181 1l 3640.30
LD4_7 6/26/2014 2:48 PM 28 4.019 7.8765 7.8775 7.8730 7.8730 7.8750 1.96 48,702 1 3839.02
LD4_8 6/26/2014 2:52 PM 28 4.019 7.9040 7.9075 7.9070 7.9020 7.9051 1.97 48,856 1l 3851.16
LD4_9 6/26/2014 2:56 PM 28 4.020 7.8615 7.8745 7.8560 7.8555 7.8619 1.96 48,693 1 3836.41
LD4_10 8/1/2014 5:40 PM 64 4.024 7.8955 7.8995 7.9005 7.8915 7.8968 1.96 47,764 1l 3755.73
LD4_11 8/1/2014 5:44 PM 64 4.020 7.9175 7.9190 7.9260 7.9210 7.9209 1.97 46,543 11 3667.01
LD4_12 8/1/2014 5:48 PM 64 4.018 7.9040 7.9045 7.9160 7.9125 7.9093 1.97 47,102 1 3714.75
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Table C-5: Specimen SR2 Concrete Compressive Strength Data

Cylinder Date Time Test Diameter Length, Length, Length; Length, Lengthave L/D Maximum Failure Maximum

ID (days) (in) (in) (in) (in) (in) (in) ratio Load (Ibs) Type Stress (psi)
SR2_1 2/24/2014 9:30 AM 3 4.010 7.8305 7.8295 7.8290 7.8275 7.8291 1.95 36,083 1] 2857.09
SR2_2 2/24/2014 9:35 AM 3 4.011 7.8800 7.8765 7.8780 7.8775 7.8780 1.96 36,487 11 2887.64
SR2_3 2/24/2014 9:40 AM 3 4.009 7.7880 7.7805 7.7815 7.7845 7.7836 1.94 36,969 1] 2928.71
SR2_4 2/28/2014 | 10:45 AM 7 4.012 7.8930 7.8885 7.8870 7.8925 7.8903 1.97 49,493 11 3915.00
SR2_5 2/28/2014 | 10:45 AM 7 4.013 7.9095 7.9090 7.9110 7.9100 7.9099 1.97 48,865 11 3863.40
SR2_6 2/28/2014 10:45 AM 7 4.011 7.8475 7.8475 7.8480 7.8460 7.8473 1.96 48,968 11l 3875.41
SR2_7 3/21/2014 | 11:00 AM 28 4.011 7.8460 7.8475 7.8460 7.8485 7.8470 1.96 57,911 1 4583.17
SR2_8 3/21/2014 | 11:00 AM 28 4.009 7.9455 7.9500 7.9455 7.9430 7.9460 1.98 58,049 11 4598.68
SR2_9 3/21/2014 | 11:00 AM 28 4.010 7.9130 7.9205 7.9120 7.9115 7.9143 1.97 58,135 1 4603.19
SR2_10 4/28/2104 2:28 PM 66 4.005 7.8580 7.8595 7.8530 7.8530 7.8559 1.96 54,586 11 4332.98
SR2_11 4/28/2014 2:33PM 66 4.012 7.8430 7.8380 7.8430 7.8440 7.8420 1.95 54,189 11 4286.47
SR2_12 4/28/2014 2:41 PM 66 4.011 7.8710 7.8770 7.8790 7.8705 7.8744 1.96 56,365 1 4460.82
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Figure C-8: Specimen LD1 Concrete Compressive Strength Development
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Figure C-9: Specimen LD2 Concrete Compressive Strength Development
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Figure C-10: Specimen LD3 Concrete Compressive Strength Development
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Figure C-11: Specimen LD4 Concrete Compressive Strength Development
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Mill Certification Details

Customer: Ambassador Steel Corporation Date: 7/9/2013
Bill of Lading #: 401944-NU) Tag #: JK1311064963
Chief Metallurgist: Mill: Nucaor Jackson
Heat #: JK13103220 Size: 36/#11 Rebar
Product: Rebar ASTM AB15/A615M-12 GR 60[420] AASHTO M31-07 Division: San Antonio, TX
" 36/#11 Rebar
Grade: AG1560
Comments:

Chemical Properties - Wt.%

-mm---m--mn

1170 410 310 230 140 110 0 035 035 012 003 000 000 000 000 .00 .00a .00a 630
Carbon Equivalent= 0.63
Physical Properties

Imperial = pst

Tensile: 110,360
Yield: 74,400
Elongation (in 8 inches): 11.30
Elongation (in 2 inches):

Bend Test: OK

The testing was conducted in accordance with the requirements of this specification. All melting and manufacturing processes
were performed in the United States of America.

For Internal Use Oniy

Chief Metallurgist
Figure C-13: Steel Mill Certification Details
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Table C-6: Steel LTI Tensile Testing Data

Test Bar Number Diameter of Yield Stress Ultimate £F
Identification bar, in. fyr (ksi) Stress f,, (ksi) v
#1 1.41 69.5 104.0 1.50

LD1, LD2,
LD3, SR2 #2 1.41 69.5 104.0 1.50
#3 1.41 69.0 104.0 1.51
#4 1.41 67.5 99.0 1.47
LD4 #5 1.41 67.5 99.0 1.47
#6 1.41 67.25 98.5 1.46
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APPENDIX D
Experimental Methods

Appendix D outlines the shear testing process for both uniform and concentrated
load specimens. Results are presented in the following manner:
= Test Matrix Showing Investigated and Constant Parameters: Table D-1
through Table D-2

»  Detailed Description of Shear Testing Process
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Table D-1: Test Matrix Showing Investigated Parameters

Test Tvoe of Loadin Concrete Compressive Shear Span, a Shear Span to
Identification yp g Strength, f'. (psi) (in.) Depth Ratio, a/d
LD1-N Concentrated 3658 53.2375 2.5
LD1-S Concentrated 3658 53.2375 2.5
SR2-S Concentrated 4360 53.2375 2.5
LD2 Uniform 4071 54 2.54
LD3 Uniform 3522 54 2.54
LD4 Uniform 3713 54 2.54
Table D-2: Test Matrix Showing Constant Parameters
Specimen Specimen Specimen Area of Steel, Rlé?:filtg:rl:it
a n - n . .2
Width, b, (in.) Height, h (in.) Depth, d(in.) A, (in%) Ratio, p
36 24 21.295 7.8 0.0102

D.1

Specific shear testing procedures were followed for both uniform and
concentrated load testing. Specimen capacity was estimated using nominal concrete

strength as seen in Appendix B. All specimens were loaded in a similar manner until a

SHEAR TESTING PROCESS

well-defined shear failure had occurred.

Concentrated load specimens were loaded in 10 kip increments. Upon the
completion of each load step, flexural cracks were marked and photographs were taken.
Specimens LD1-N and LD1-S were loaded in this manner until 80 kips of total load had
been applied, while specimen SR2-S was loaded up to 90 kips. At this point, specimens
were loaded until shear failure occurred as defined by the applied load dropping to 67%

of the ultimate applied load. For all three specimens, load was applied at a consistent rate

between 150 and 200 pounds per second.
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The uniform load specimens were loaded using a custom made Kevlar reinforced
air bladder. Air pressure within the bladder was closely controlled using a pressure
regulator. The loading process began by slowly increasing the air pressure inside the
bladder until the specimen was in contact with the supports. At this point, the load cells
began reading load. Then, each specimen was loaded in 20 kip increments. Upon the
completion of each load step, flexural cracks were marked and photographs were taken.
Each specimen was loaded in this manner up to a total applied load of 160 kips.
Specimens LD3 and LD4 were then loaded to failure. Commissioning of the test setup
required the unloading of specimen LD2 on two different occasions. It should be noted
that diagonal cracking did not occur in specimen LD2 until the last loading attempt.
Shear failure was easily noticeable and defined as the applied load dropping to 67% of
the ultimate applied load. For all three specimens, load was consistently applied at a rate

between 30 and 70 pounds per second.
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APPENDIX E

Experimental Results

Appendix E includes detailed results pertaining to the testing of specimens to

failure. Results are presented in the following manner:

Load-Deflection Summary: Figure E-1 through Figure E-6
Shortened Dataset: Table E-1 through Table E-7
o Summary of Dataset and Equations for Converting Shear
Photo Sequence Showing Testing Process for Each Specimen: Figure E-7
through Figure E-12
o Failure Photos of Uniform Load Tests: Figure E-13 through Figure
E-15
Observation Records: Table E-8 through Table E-13
Strain Gauge Summary at Location of Maximum Moment: Figure E-16

through Figure E-21
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Figure E-1: Specimen LDI-N Load-Deflection Summary
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Figure E-2: Specimen LD1-S Load-Deflection Summary
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Figure E-3: Specimen SR2-S Load-Deflection Summary
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Figure E-4: Specimen LD2 Load-Deflection Summary
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Figure E-5: Specimen LD3 Load-Deflection Summary
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Figure E-6: Specimen LD4 Load-Deflection Summary

76

1.6



E.1 DATASET SUMMARY

The dataset for each test result was comprised of roughly 10,000 data points. In
order to shorten each set for reporting within this document, approximately 50-60 points
were strategically chosen. The chosen data can be plotted to show a nearly equivalent
load-deflection graph when compared to the full dataset. These results can be found in
Table E-2 through Table E-7.

Reported data shows shear at the centerline of the support closest to the shear
crack (V). Using this value, shear at the following three locations can be found: at a
distance d away from the edge of the support (V;), at a distance x, away from the
centerline of the support (V;,), and shear in accordance to the ACI-DAfStb databases
(Vpagsw). Equations E-1 through E-8 can be used to calculate shear at the three locations
are listed below.

For specimens subjected to concentrated loading (LD1-N, LD1-S, and SR2-S):

E 1 -
Vd = Vns - wb(65 295) quatlon E-1

Vi = Vas — 05(64.61875) Equation E-2

Vpagsts = Vns — 0p(64.61875) Equation E-3

For specimens subjected to uniform loading (LD2 and LD3):

27.295 )
Vd = Vns - (Rn + Rf + wb(116) + 2, 052) 216 Equatlon E—4
18 Equation E-5

Vir = Vas — (R + Rf + 0y (116) + 2, osz)m quation E-

30
216

VDAfStb = VnS + wb(lz) - (Rn + Rf + (Db(116) + 2, 052) Equation E-6
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For specimens subjected to uniform loading (LD4):

27.295

Va=Vas — Ry + Ry + 0(116) +2,052) — —

26
er = Vns - (Rn + Rf + (l)b(116) + Z,OSZ)E

38
VDAfStb = VnS + wb(lz) - (Rn + Rf + (Db(116) + 2, OSZ)E

Where:

P Total applied load recorded by all four load cells

Equation E-4

Equation E-7

Equation E-8

Ry Total applied load recorded by the two load cells at support closest

to shear failure crack

Ry Total applied load recorded by the two load cells at support

furthest from shear failure crack

On Average displacement at support closest to shear failure crack
Of Average displacement at support furthest from shear failure crack
Om Average displacement at theoretical location of maximum

deflection (location of point load for concentrated load specimens or

midspan for uniform load specimens)

Acac  Calculated deflection at theoretical location of maximum

deflection

Vis  Shear at the support closest to the shear failure crack

®p Distributed self-weight of specimen (values for each specimen

given below in Table E-1)
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Table E-1: Distributed Self-Weight of Each Specimen

Specimen Distributed self-weight,
Identification wy, (Ibs/in.)
LD1 71.691
LD2 74.229
LD3 73.399
LD4 73.767
SR2 74.048
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Table E-2: Specimen LDI-N Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs
Ibs Ibs Ibs in. in. in. in. lbs

7.1 29.3 -22.2 0.0000 0.0000 0.0000 0.0000 7570.4
20437.9 | 15005.5 5432.3 0.0042 0.0013 0.0131 0.0098 | 22546.6
27260.9 | 20000.2 7260.7 0.0049 0.0018 0.0176 0.0136 | 27541.3
29601.5 | 21677.4 7924.1 0.0052 0.0020 0.0197 0.0154 | 292185
28490.2 | 20809.5 7680.7 0.0052 0.0021 0.0206 0.0163 | 28350.6
34224.0 | 24980.2 9243.8 0.0055 0.0022 0.0264 0.0218 | 32521.3
40068.2 29173.1 10895.1 0.0060 0.0026 0.0351 0.0301 36714.2
36991.8 | 26863.6 | 10128.2 0.0060 0.0026 0.0371 0.0320 | 34404.7
407452 | 29629.1 | 11116.1 0.0065 0.0028 0.0391 0.0337 | 37170.2
47626.8 34593.8 13032.9 0.0070 0.0029 0.0501 0.0444 42134.9
49900.8 | 362412 | 13659.6 0.0071 0.0028 0.0533 0.0475 | 437823
46831.7 33939.0 12892.7 0.0070 0.0029 0.0543 0.0485 41480.1
51777.1 | 37557.3 14219.8 0.0073 0.0030 0.0584 0.0524 | 45098.4
60144.4 43550.8 16593.6 0.0079 0.0034 0.0728 0.0663 51091.9
57281.0 40696.0 16585.0 0.0074 0.0034 0.0737 0.0674 48237.1
61284.4 | 43527.2 | 17757.2 0.0077 0.0035 0.0767 0.0702 | 51068.3
65037.8 46197.0 18840.9 0.0080 0.0034 0.0807 0.0741 53738.1
70086.4 | 49808.1 | 20278.3 0.0081 0.0037 0.0908 0.0840 | 57349.2
66847.0 47520.3 19326.7 0.0082 0.0038 0.0921 0.0852 55061.4
74530.1 | 52977.0 | 21553.1 0.0086 0.0040 0.0997 0.0925 | 60518.1
77400.2 | 55028.8 | 22371.4 0.0088 0.0042 0.1052 0.0978 | 62569.9
80056.5 56933.3 23123.2 0.0089 0.0043 0.1102 0.1027 64474.4
76560.9 | 54454.9 | 22105.9 0.0088 0.0044 0.1118 0.1043 | 61996.0
79857.4 56778.5 23079.0 0.0090 0.0044 0.1147 0.1070 64319.6
84471.6 | 600657 | 24406.0 0.0091 0.0045 0.1206 0.1128 | 67606.8
90093.8 64073.3 26020.5 0.0096 0.0049 0.1316 0.1233 71614.4
98505.5 70059.6 28445.9 0.0100 0.0052 0.1490 0.1404 77600.7
106932.5 | 76068.9 | 30863.6 0.0105 0.0056 0.1670 0.1579 | 83610.0
116278.5 82731.8 33546.8 0.0107 0.0060 0.1894 0.1801 90272.9
117226.0 | 83376.4 | 33849.6 0.0106 0.0061 0.1941 0.1848 | 90917.5
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Table E-2: Specimen LDI-N Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs
Ibs Ibs Ibs in. in. in. in. lbs
118917.7 | 84566.6 | 34351.1 0.0106 0.0062 0.1993 0.1899 | 92107.7
119490.8 | 84962.5 | 345283 0.0106 0.0063 0.2083 0.1990 | 92503.6
115868.0 | 82400.6 | 33467.3 0.0104 0.0062 0.2138 0.2046 | 89941.7
113211.6 | 80489.0 | 327226 0.0104 0.0062 0.2154 0.2062 | 88030.1
106558.3 | 75663.8 | 30894.5 0.0099 0.0060 0.2194 0.2107 | 83204.9
103350.4 | 73326.0 | 30024.4 0.0099 0.0060 0.2238 0.2150 | 80867.1
100133.9 71023.8 29110.1 0.0096 0.0059 0.2340 0.2255 78564.9
99684.9 | 70707.5 | 28977.4 0.0095 0.0059 0.2371 0.2287 | 782486
97816.8 | 69429.9 | 28386.9 0.0094 0.0058 0.2459 0.2375 | 76971.0
96427.0 68461.0 27966.0 0.0093 0.0057 0.2479 0.2396 76002.1
95074.3 | 67514.6 | 27559.8 0.0092 0.0058 0.2551 0.2469 | 75055.7
95752.3 68038.7 27713.6 0.0088 0.0057 0.2724 0.2645 75579.8
96702.5 | 68753.6 | 27948.9 0.0086 0.0057 0.2830 0.2752 | 76294.7
96872.6 68909.4 27963.1 0.0086 0.0058 0.2896 0.2818 76450.5
102642.4 73088.4 29554.0 0.0084 0.0059 0.3297 0.3220 80629.5
104453.2 | 74435.4 | 30017.8 0.0086 0.0060 0.3437 0.3359 | 81976.5
107838.2 76950.8 30887.5 0.0086 0.0060 0.3728 0.3650 84491.9
109817.2 | 78391.6 | 314256 0.0083 0.0061 0.3996 0.3919 | 85932.7
108778.4 77766.1 31012.3 0.0079 0.0062 0.4069 0.3995 85307.2
90764.9 | 64860.3 | 25904.6 0.0046 0.0059 0.4134 0.4083 | 72401.4
86503.5 | 61328.7 | 25174.8 0.0041 0.0058 0.4149 0.4103 | 68869.8
84369.3 59747.3 24622.0 0.0036 0.0060 0.4194 0.4151 67288.4
83876.1 | 59379.3 | 24496.8 0.0034 0.0060 0.4242 0.4201 | 66920.4
83470.9 59062.4 24408.5 0.0027 0.0061 0.4363 0.4327 66603.5
832352 | 58878.2 | 24357.0 0.0019 0.0060 0.4398 0.4367 | 66419.3
81696.1 57780.8 239154 0.0014 0.0060 0.4457 0.4430 65321.9
80768.9 57104.0 23664.9 0.0010 0.0059 0.4477 0.4453 64645.1
76560.2 | 54075.0 | 22485.2 -0.0005 0.0058 0.4494 0.4481 | 61616.1
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Table E-3: Specimen LDI-S Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs
Ibs Ibs Ibs in. in. in. in. lbs

29.1 7.2 21.9 0.0002 0.0001 0.0002 0.0000 7510.5
30122.0 | 21373.6 8748.4 0.0066 0.0024 0.0212 0.0158 | 28876.8
28951.2 | 20542.1 8409.1 0.0067 0.0024 0.0215 0.0161 | 28045.4
35362.3 | 25073.7 | 10288.6 0.0074 0.0027 0.0258 0.0198 | 32576.9
40146.7 | 284652 | 116816 0.0078 0.0031 0.0319 0.0255 | 35968.4
37503.8 | 26603.8 | 10900.0 0.0077 0.0031 0.0333 0.0270 | 34107.0
41750.8 29590.3 12160.5 0.0082 0.0032 0.0364 0.0296 37093.6
45136.5 | 32010.6 | 131259 0.0087 0.0034 0.0432 0.0361 | 39513.9
50156.3 | 35563.6 | 14592.6 0.0094 0.0036 0.0514 0.0437 | 43066.8
46888.5 33246.5 13641.9 0.0094 0.0036 0.0519 0.0442 40749.8
53726.2 | 38086.7 | 15639.6 0.0102 0.0039 0.0589 0.0506 | 45589.9
56442.3 | 40013.9 | 16428.4 0.0104 0.0040 0.0640 0.0554 | 47517.1
60100.3 | 42632.5 17467.8 0.0106 0.0044 0.0730 0.0642 | 50135.7
56927.2 40381.0 16546.2 0.0106 0.0043 0.0739 0.0652 47884.2
65236.8 46257.9 18978.9 0.0114 0.0047 0.0824 0.0729 53761.1
70086.9 | 49707.3 | 20379.6 0.0122 0.0049 0.0914 0.0814 | 57210.5
66775.3 | 47361.2 | 19414.1 0.0122 0.0049 0.0922 0.0822 | 54864.4
75731.6 | 53700.8 | 22030.8 0.0131 0.0053 0.1025 0.0917 | 61204.0
80088.4 56804.3 23284.0 0.0134 0.0054 0.1121 0.1010 64307.5
76894.6 | 54531.8 | 22362.9 0.0134 0.0055 0.1131 0.1020 | 62035.0
87750.3 | 62217.4 | 25532.9 0.0139 0.0057 0.1274 0.1159 | 69720.7
98803.4 70056.3 28747.1 0.0146 0.0063 0.1500 0.1378 77559.6
122725.8 | 87040.4 | 35685.4 0.0167 0.0080 0.2005 0.1864 | 94543.6
130428.6 92486.5 37942.2 0.0176 0.0084 0.2201 0.2051 99989.7
131399.1 | 93169.1 | 38230.0 0.0180 0.0084 0.2246 0.2095 | 100672.3
131059.7 92895.7 38164.0 0.0182 0.0084 0.2260 0.2106 100398.9
118069.7 83559.3 34510.4 0.0190 0.0080 0.2399 0.2241 91062.6
113138.0 | 80072.3 | 33065.7 0.0187 0.0079 0.2511 0.2355 | 875755
109429.5 77388.9 32040.7 0.0181 0.0077 0.2585 0.2434 84892.1
105405.0 | 74595.8 | 30809.2 0.0172 0.0077 0.2764 0.2620 | 82099.0
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Table E-3: Specimen LDI-S Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs
Ibs Ibs Ibs in. in. in. in. lbs
104596.2 | 74067.4 | 30528.8 0.0168 0.0076 0.2865 0.2723 | 81570.6
1047945 | 74243.8 | 30550.8 0.0167 0.0075 0.2907 0.2767 | 81747.0
104117.8 | 73817.7 | 30300.1 0.0163 0.0076 0.3037 0.2899 | 81320.9
104405.2 | 74083.0 | 30322.1 0.0159 0.0075 0.3128 0.2993 | 81586.3
108577.9 | 77232.1 | 313459 0.0151 0.0078 0.3441 0.3311 | 847353
119068.5 | 85011.4 | 34057.1 0.0135 0.0078 0.4281 0.4162 | 92514.7
121850.5 | 87078.4 | 34772.2 0.0131 0.0080 0.4637 0.4520 | 945816
124058.5 | 88733.8 | 35324.7 0.0116 0.0083 0.5111 0.5005 | 96237.0
124375.2 | 88969.5 | 35405.7 0.0112 0.0084 0.5290 0.5187 | 96472.7
123352.3 88264.1 35088.2 0.0104 0.0084 0.5686 0.5588 95767.3
122093.4 | 87367.0 | 34726.4 0.0092 0.0084 0.6021 0.5931 | 94870.2
117482.4 87300.9 30181.4 0.0061 0.0074 0.6095 0.6030 94804.2
94516.5 | 67295.8 | 27220.7 0.0048 0.0076 0.6119 0.6063 | 74799.1
93390.2 66420.1 26970.1 0.0048 0.0078 0.6128 0.6071 73923.3
90203.4 64036.0 26167.3 0.0035 0.0076 0.6168 0.6122 71539.3
88753.6 | 62954.6 | 25798.9 0.0026 0.0075 0.6252 0.6211 | 70457.9
88113.4 62461.8 25651.6 0.0021 0.0075 0.6368 0.6331 69965.1
87628.0 | 61874.1 | 25753.9 -0.0027 0.0074 0.7746 0.7744 | 69377.4
87606.0 61859.5 25746.5 -0.0027 0.0075 0.7750 0.7747 69362.7
83543.9 | 58962.1 | 24581.8 -0.0033 0.0073 0.7771 0.7774 | 66465.4
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Table E-4: Specimen SR2-S Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs
Ibs Ibs Ibs in. in. in. in. lbs

-0.1 0.0 -0.1 0.0000 0.0000 0.0000 0.0000 7407.0
29991.4 | 21330.2 8661.2 0.0045 0.0012 0.0190 0.0154 | 28737.2
28974.6 | 20608.7 8365.8 0.0044 0.0012 0.0191 0.0156 | 28015.8
334203 | 23757.2 9663.1 0.0049 0.0013 0.0213 0.0174 | 31164.2
40110.2 | 28509.0 | 11601.1 0.0054 0.0017 0.0285 0.0242 | 35916.1
38122.8 | 27096.7 | 11026.1 0.0053 0.0017 0.0290 0.0248 | 34503.7
44320.0 31502.9 12817.1 0.0055 0.0018 0.0340 0.0295 38909.9
50030.9 | 35585.4 | 144455 0.0058 0.0023 0.0433 0.0385 | 42992.4
474325 | 33709.5 13723.0 0.0057 0.0023 0.0442 0.0395 | 41116.5
53511.5 | 38034.4 | 15477.1 0.0062 0.0025 0.0487 0.0436 | 45441.4
60120.6 | 42749.5 17371.1 0.0067 0.0029 0.0600 0.0544 | 50156.5
56764.2 40351.5 16412.7 0.0067 0.0029 0.0610 0.0555 47758.5
61974.3 | 44065.5 17908.8 0.0069 0.0031 0.0653 0.0595 | 51472.5
66110.4 47000.3 19110.1 0.0069 0.0031 0.0704 0.0645 54407.3
70230.9 49949.2 20281.7 0.0068 0.0033 0.0790 0.0732 57356.2
66911.8 | 47566.2 | 19345.6 0.0067 0.0033 0.0800 0.0743 | 54973.3
74933.0 53288.0 21645.1 0.0069 0.0035 0.0878 0.0818 60695.0
80076.9 | 56950.4 | 23126.5 0.0074 0.0036 0.0965 0.0902 | 64357.4
76911.2 | 54677.0 | 22234.2 0.0073 0.0037 0.0972 0.0909 | 62084.0
84358.2 | 60001.3 | 24356.9 0.0077 0.0039 0.1050 0.0984 | 674083
90061.6 | 64068.1 | 25993.5 0.0078 0.0041 0.1163 0.1095 | 71475.1
86402.7 | 61434.2 | 24968.5 0.0078 0.0040 0.1174 0.1107 | 68841.3
91428.5 | 65030.1 | 26398.4 0.0078 0.0040 0.1220 0.1153 | 72437.2
95674.3 68052.5 27621.9 0.0080 0.0041 0.1279 0.1210 75459.5
105438.5 | 75008.1 | 30430.5 0.0084 0.0045 0.1473 0.1400 | 82415.1
112545.1 80064.9 32480.2 0.0085 0.0048 0.1638 0.1563 87471.9
115384.1 82055.8 33328.3 0.0086 0.0048 0.1706 0.1631 89462.9
117176.2 | 83286.6 | 33889.6 0.0086 0.0049 0.1774 0.1699 | 90693.6
115993.2 82411.1 33582.1 0.0086 0.0049 0.1811 0.1735 89818.2
1164815 | 82728.7 | 33752.8 0.0086 0.0051 0.1892 0.1816 | 90135.7

84




Table E-4: Specimen SR2-S Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs
Ibs Ibs Ibs in. in. in. in. lbs

112567.9 | 79957.7 | 32610.2 0.0084 0.0049 0.1929 0.1855 | 87364.7
1095733 | 77773.7 | 31799.7 0.0082 0.0049 0.1989 0.1917 | 85180.7
110096.8 | 78172.0 | 31924.8 0.0080 0.0049 0.2062 0.1991 | 85579.0
108362.9 | 76954.7 | 31408.2 0.0080 0.0049 0.2124 0.2053 | 84361.7
110063.0 | 78197.8 | 31865.2 0.0079 0.0049 0.2231 0.2161 | 85604.9
112603.2 | 80023.1 | 32580.1 0.0079 0.0051 0.2348 0.2277 | 87430.2
114657.0 81516.9 33140.1 0.0080 0.0051 0.2427 0.2356 88923.9
116653.7 | 82990.6 | 33663.1 0.0076 0.0051 0.2563 0.2494 | 90397.6
116352.3 | 82777.6 | 33574.8 0.0075 0.0051 0.2601 0.2533 | 90184.6
118317.8 84256.5 34061.3 0.0073 0.0052 0.2732 0.2665 91663.5
121732.7 | 86816.2 | 34916.5 0.0072 0.0054 0.2910 0.2844 | 942232
128965.9 92074.3 36891.6 0.0073 0.0058 0.3197 0.3129 99481.3
139931.2 | 100024.9 | 39906.3 0.0075 0.0061 0.3670 0.3600 | 107431.9
144022.7 103003.9 41018.8 0.0077 0.0060 0.3871 0.3799 110410.9
148474.7 | 106210.7 | 42264.1 0.0073 0.0063 0.4109 0.4039 | 113617.7
149669.7 | 107108.4 | 42561.4 0.0078 0.0069 0.4133 0.4057 | 114515.4
147430.9 | 105002.1 | 42428.8 0.0079 0.0070 0.4138 0.4062 | 112409.1
150990.0 | 107757.7 | 43232.4 0.0077 0.0071 0.4365 0.4290 | 115164.7
153574.1 | 109671.5 | 43902.7 0.0073 0.0071 0.4566 0.4494 | 117078.5
153083.0 | 109035.2 | 44047.8 0.0071 0.0071 0.4594 0.4523 | 116442.2
154571.5 | 110266.0 | 44305.5 0.0074 0.0071 0.4757 0.4684 | 117673.0
154459.4 | 110007.3 | 44452.2 0.0073 0.0071 0.4773 0.4701 | 117414.3
155564.0 | 110810.5 | 44753.4 0.0072 0.0070 0.5014 0.4943 | 118217.5
155593.5 110832.9 44760.6 0.0071 0.0070 0.5059 0.4988 118239.9
154864.9 | 110311.0 | 44553.9 0.0069 0.0070 0.5157 0.5088 | 117718.0
152422.2 108553.8 43868.4 0.0066 0.0069 0.5258 0.5191 115960.8
150668.7 108046.5 42622.2 0.0057 0.0068 0.5291 0.5231 115453.5
107694.7 | 76547.9 | 31146.8 -0.0004 0.0053 0.5453 0.5440 | 83955.0
104493.3 73994.8 30498.6 -0.0009 0.0054 0.5461 0.5452 81401.8

96884.9 | 68383.4 | 28501.5 -0.0024 0.0052 0.5504 0.5506 | 75790.4

96745.1 68295.1 28450.0 -0.0025 0.0052 0.5505 0.5507 75702.1
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Table E-5: Specimen LD2 Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs
Ibs Ibs Ibs in. in. in. in. lbs

88.1 -7.4 95.5 0.5100 0.5136 0.5118 0.0000 5323.9
11688.4 5801.0 5887.4 0.5942 0.5565 0.5815 0.0061 | 11132.3
20234.3 10112.6 | 10121.7 0.6056 0.5726 0.6026 0.0134 | 15443.9
20212.4 | 10112.7 | 10099.7 0.6058 0.5729 0.6029 0.0135 | 15444.0
32888.0 | 16502.6 | 16385.4 0.6169 0.5910 0.6343 0.0303 | 21833.8
40264.1 | 20231.8 | 20032.3 0.6246 0.5995 0.6647 0.0526 | 25563.1
40198.1 20187.7 20010.4 0.6264 0.6005 0.6694 0.0559 25519.0
43466.4 | 218533 | 21613.2 0.6290 0.6036 0.6779 0.0616 | 271845
50987.9 | 25522.8 | 25465.0 0.6336 0.6105 0.7019 0.0798 | 30854.1
542122 | 271369 | 27075.3 0.6361 0.6131 0.7167 0.0920 | 32468.2
60307.6 | 30180.7 | 30127.0 0.6414 0.6182 0.7445 0.1146 | 35511.9
60123.6 30099.5 30024.1 0.6423 0.6192 0.7503 0.1196 35430.8
64201.8 | 32118.9 | 32082.9 0.6448 0.6224 0.7597 0.1261 | 37450.2
80381.5 40203.2 40178.3 0.6580 0.6340 0.8153 0.1693 45534.5
79903.0 39952.6 39950.4 0.6591 0.6349 0.8197 0.1728 45283.9
89251.6 | 44588.0 | 44663.6 0.6653 0.6392 0.8457 0.1934 | 49919.3
100147.3 50078.6 50068.7 0.6764 0.6450 0.8856 0.2249 55409.9
99853.0 | 49953.3 | 49899.7 0.6783 0.6453 0.8890 0.2272 | 552845
120251.1 | 60218.8 | 60032.3 0.7021 0.6554 0.9524 0.2736 | 65550.1
119947.7 | 60085.4 | 59862.4 0.7063 0.6564 0.9561 0.2748 | 65416.7
130091.3 | 65008.4 | 65082.9 0.7171 0.6641 0.9869 0.2963 | 70339.7
1402133 | 69924.4 | 70288.9 0.7278 0.6733 1.0207 0.3202 | 75255.7
1398413 | 698745 | 69966.8 0.7319 0.6785 1.0273 0.3221 | 75205.7
160040.0 79772.6 80267.5 0.7582 0.7067 1.0926 0.3602 85103.8
159373.8 | 79792.0 | 79581.8 0.7582 0.7067 1.0926 0.3602 | 85123.2
196021.7 98008.6 98013.2 0.7840 0.7402 1.2078 0.4458 103339.8
200039.8 99990.7 100049.1 0.7887 0.7451 1.2244 0.4575 105322.0
200782.6 | 100005.9 | 100776.7 0.7887 0.7451 1.2244 0.4575 | 105337.2
205273.1 102253.8 103019.3 0.7916 0.7489 1.2374 0.4672 107585.1
205427.7 | 102327.6 | 103100.2 0.7916 0.7526 1.2376 0.4654 | 107658.9
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Table E-5: Specimen LD2 Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs
Ibs Ibs Ibs in. in. in. in. lbs
220803.4 | 110013.4 | 110790.0 0.8023 0.7672 1.2840 0.4993 | 115344.7
229204.2 | 114200.4 | 115003.8 0.8081 0.7737 1.3112 0.5203 | 119531.7
234010.3 | 116624.8 | 117385.4 0.8115 0.7768 1.3338 0.5396 | 121956.1
232015.1 | 115482.4 | 116532.7 0.8088 0.7756 1.3576 0.5654 | 120813.7
227730.0 | 113405.0 | 114325.0 0.8015 0.7736 1.3880 0.6005 | 118736.3
226500.1 | 112867.5 | 113632.7 0.7972 0.7730 1.4014 0.6163 | 118198.8
228450.4 | 113913.9 | 114536.5 0.7947 0.7743 1.4218 0.6373 | 119245.2
228457.7 | 113906.5 | 114551.2 0.7945 0.7743 1.4237 0.6393 | 119237.8
235530.6 | 117502.0 | 118028.6 0.7944 0.7795 1.4643 0.6774 | 122833.3
240558.2 | 120000.1 | 120558.2 0.7946 0.7829 1.4920 0.7032 | 125331.4
245651.0 | 122549.4 | 123101.6 0.7949 0.7863 1.5239 0.7333 | 127880.7
251841.8 | 125629.9 | 126211.9 0.7932 0.7906 1.5745 0.7825 | 130961.2
254860.0 | 127148.0 | 127712.0 0.7928 0.7931 1.6005 0.8076 | 132479.3
258319.8 | 128872.7 | 129447.1 0.7920 0.7956 1.6375 0.8438 | 134204.0
257310.8 | 128121.6 | 129189.2 0.7899 0.7946 1.6699 0.8777 | 133452.9
241181.1 | 120111.3 | 121069.8 0.7717 0.7865 1.8160 1.0369 | 125442.6
239031.9 119086.9 119945.0 0.7682 0.7855 1.8524 1.0756 124418.2
238052.8 | 118593.1 | 119459.8 0.7650 0.7853 1.9067 1.1316 | 123924.4
235108.1 | 117090.0 | 118018.2 0.7580 0.7837 1.9966 1.2257 | 1224213
233304.4 | 116183.7 | 117120.8 0.7518 0.7830 2.0644 1.2970 | 121515.0
232766.9 | 115918.5 | 116848.4 0.7462 0.7828 2.1311 1.3666 | 121249.8
228276.3 | 113634.2 | 114642.1 0.7342 0.7801 2.1976 1.4405 | 118965.5
227260.7 | 113162.4 | 114098.3 0.7288 0.7797 2.2346 1.4804 | 118493.7
226797.3 | 112911.6 | 113885.6 0.7277 0.7796 2.2465 1.4928 | 118242.9
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Table E-6: Specimen LD3 Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs

Ibs Ibs Ibs in. in. in. in. lbs
7.3 7.3 0.0 0.4967 0.1466 0.3216 0.0000 5290.5
95.7 73.5 22.1 0.5053 0.1530 0.3314 0.0022 5356.7
20323.9 | 10205.3 10118.6 0.5688 0.5448 0.5732 0.0164 | 15488.4
32602.2 | 163304 | 16271.8 0.5860 0.5604 0.6038 0.0306 | 21613.6
40206.4 | 20146.7 | 20059.7 0.5944 0.5685 0.6308 0.0493 | 25429.9
40713.8 | 20381.7 | 20332.1 0.5959 0.5687 0.6389 0.0566 | 25664.8
46153.4 | 23102.2 | 23051.2 0.6007 0.5731 0.6512 0.0642 | 283853
48575.2 | 24308.1 | 24267.2 0.6025 0.5754 0.6662 0.0772 | 29591.2
60271.9 | 30182.9 | 30089.0 0.6116 0.5845 0.7129 0.1149 | 35466.0
59476.6 29778.3 29698.3 0.6123 0.5846 0.7200 0.1216 35061.5
64438.4 | 32271.2 | 32167.2 0.6155 0.5880 0.7309 0.1291 | 37554.3
65336.7 32727.1 32609.6 0.6165 0.5886 0.7406 0.1380 38010.3
71335.4 | 357267 | 35608.7 0.6200 0.5930 0.7546 0.1481 | 41009.8
80918.6 40542.0 40376.5 0.6260 0.5999 0.7880 0.1750 45825.2
80094.7 40108.4 39986.3 0.6260 0.6001 0.7946 0.1816 45391.6
89789.2 | 45005.2 | 44784.0 0.6317 0.6060 0.8199 0.2010 | 50288.3
100152.4 50187.8 49964.6 0.6385 0.6125 0.8554 0.2299 55471.0
99518.7 | 49849.2 | 49669.6 0.6393 0.6132 0.8602 0.2339 | 55132.3
109794.4 55010.3 54784.1 0.6450 0.6196 0.8885 0.2562 60293.5
120090.7 | 60185.3 | 59905.4 0.6510 0.6272 0.9228 0.2837 | 65468.4
119205.8 | 59699.0 | 59506.8 0.6513 0.6275 0.9289 0.2895 | 64982.2
129732.5 65007.6 64725.0 0.6569 0.6342 0.9576 0.3120 70290.7
140411.1 | 70329.2 | 70081.9 0.6627 0.6413 0.9931 0.3411 | 75612.4
139667.9 69954.4 69713.6 0.6628 0.6416 0.9976 0.3454 75237.5
149744.8 | 75005.1 | 74739.7 0.6676 0.6470 1.0267 0.3694 | 80288.2
160372.4 80341.8 80030.6 0.6739 0.6539 1.0638 0.3999 85625.0
159430.4 79856.7 79573.7 0.6748 0.6542 1.0689 0.4044 85139.8
163699.7 | 82003.6 | 81696.1 0.6774 0.6564 1.0803 0.4134 | 87286.7
171501.2 85914.3 85586.9 0.6818 0.6613 1.1053 0.4338 91197.5
179780.1 | 90060.0 | 89720.1 0.6866 0.6673 1.1351 0.4581 | 95343.1
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Table E-6: Specimen LD3 Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs
Ibs Ibs Ibs in. in. in. in. lbs
205638.4 | 103029.0 | 102609.4 0.7052 0.6844 1.2321 0.5373 | 108312.2
233584.3 | 116997.0 | 116587.3 0.7246 0.7032 1.3378 0.6238 | 122280.2
241643.4 | 121026.1 | 120617.3 0.7297 0.7087 1.3821 0.6629 | 126309.3
248364.8 | 124424.2 | 123940.6 0.7338 0.7130 1.4268 0.7034 | 129707.4
245670.3 | 123004.2 | 122666.1 0.7330 0.7099 1.4586 0.7371 | 128287.4
245758.4 | 123092.1 | 122666.3 0.7326 0.7085 1.4726 0.7521 | 128375.3
259758.6 | 130014.2 | 129744.3 0.7384 0.7118 1.5574 0.8324 | 135297.4
269776.8 | 135006.5 | 134770.3 0.7415 0.7150 1.6168 0.8885 | 140289.7
279824.1 | 140013.3 | 139810.8 0.7445 0.7180 1.6788 0.9476 | 145296.5
289863.6 | 145027.1 | 144836.4 0.7472 0.7208 1.7434 1.0095 | 150310.3
299902.2 | 150018.4 | 149883.8 0.7501 0.7215 1.8163 1.0804 | 155301.6
309798.8 155001.6 154797.2 0.7503 0.7216 1.9033 1.1674 | 160284.8
319712.7 | 160008.2 | 159704.5 0.7500 0.7222 1.9914 1.2553 | 165291.4
323694.7 | 161993.4 | 161701.3 0.7488 0.7218 2.0375 1.3021 | 167276.6
326337.8 | 163310.6 | 163027.2 0.7472 0.7207 2.0819 1.3480 | 168593.8
327045.7 | 163650.3 | 163395.3 0.7466 0.7182 2.1126 1.3802 | 168933.5
324978.3 | 162637.3 | 162341.0 0.7454 0.7114 2.1860 1.4576 | 167920.5
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Table E-7: Specimen LD4 Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs

Ibs Ibs Ibs in. in. in. in. lbs
191.0 124.8 66.3 0.5012 0.4903 0.4957 0.0000 5429.3
9217.3 4706.2 4511.1 0.5483 0.5337 0.5458 0.0048 | 10010.7
19973.9 | 10118.8 9855.1 0.5715 0.5534 0.5749 0.0125 | 15423.3
29111.3 14700.8 | 14410.5 0.5849 0.5656 0.5954 0.0201 | 20005.3
341106 | 17208.8 | 16901.8 0.5907 0.5715 0.6062 0.0251 | 22513.3
40141.2 | 202319 | 19909.2 0.5975 0.5777 0.6212 0.0336 | 25536.4
39795.0 20048.0 19747.0 0.5979 0.5780 0.6247 0.0367 25352.5
43101.1 | 217029 | 21398.2 0.6007 0.5811 0.6314 0.0405 | 27007.4
50081.1 | 25203.9 | 24877.2 0.6071 0.5875 0.6535 0.0562 | 30508.4
55441.1 | 27895.7 | 27545.4 0.6113 0.5919 0.6710 0.0694 | 33200.2
59071.0 | 29704.9 | 29366.0 0.6140 0.5948 0.6872 0.0828 | 35009.4
60226.8 30300.6 29926.2 0.6152 0.5961 0.6928 0.0872 35605.1
58261.5 | 29315.4 | 28946.0 0.6158 0.5959 0.6967 0.0908 | 34619.9
61088.5 30727.3 30361.2 0.6173 0.5974 0.7017 0.0943 36031.8
69017.7 34698.5 34319.2 0.6223 0.6030 0.7210 0.1084 40003.0
73016.0 | 36706.5 | 36309.6 0.6251 0.6056 0.7383 0.1229 | 42010.9
76999.2 38699.5 38299.7 0.6281 0.6088 0.7543 0.1359 44004.0
80172.5 | 40295.4 | 39877.1 0.6305 0.6105 0.7653 0.1448 | 45599.9
78028.9 39228.5 38800.4 0.6312 0.6105 0.7681 0.1473 44533.0
85001.1 | 42699.6 | 42301.6 0.6348 0.6144 0.7830 0.1583 | 48004.0
93129.4 | 46781.1 | 463483 0.6398 0.6200 0.8086 0.1787 | 52085.6
100101.4 50288.8 49812.5 0.6426 0.6243 0.8331 0.1996 55593.3
97693.3 | 49082.6 | 48610.7 0.6446 0.6238 0.8354 0.2012 | 54387.0
104945.2 52700.6 52244.6 0.6469 0.6281 0.8506 0.2131 58005.0
1129410 | 56701.2 | 56239.8 0.6499 0.6333 0.8738 0.2322 | 62005.7
120103.7 60296.8 59806.9 0.6523 0.6386 0.8971 0.2516 65601.2
118262.1 59391.8 58870.3 0.6523 0.6384 0.8983 0.2529 64696.2
1229219 | 61707.8 | 61214.1 0.6534 0.6405 0.9084 0.2614 | 67012.3
128928.6 64715.1 64213.6 0.6554 0.6446 0.9243 0.2743 70019.6
134876.5 | 67700.2 | 67176.3 0.6571 0.6484 0.9429 0.2902 | 73004.7

90




Table E-7: Specimen LD4 Shortened Dataset

P Rn R¢ 6, ¢ 6m D Vs
Ibs Ibs Ibs in. in. in. in. lbs
140022.7 | 702812 | 697415 0.6584 0.6515 0.9602 0.3053 | 75585.7
138513.9 | 69531.4 | 68982.5 0.6583 0.6514 0.9613 0.3064 | 74835.9
142893.6 | 71707.6 | 71186.0 0.6594 0.6538 0.9706 0.3140 | 77012.0
148886.5 | 747003 | 74186.2 0.6612 0.6582 0.9888 0.3292 | 80004.8
160112.9 | 80317.8 | 79795.2 0.6649 0.6661 1.0242 0.3587 | 85622.3
158809.2 | 79670.4 | 79138.8 0.6648 0.6659 1.0260 0.3606 | 84974.9
162902.5 81699.8 81202.7 0.6659 0.6686 1.0354 0.3681 87004.3
168880.6 | 84714.8 | 84165.8 0.6680 0.6725 1.0520 0.3817 | 90019.3
188859.3 | 94714.0 | 94145.3 0.6751 0.6859 1.1152 0.4347 | 100018.5
208765.1 104699.0 104066.1 0.6825 0.6938 1.1795 0.4913 110003.5
228737.9 | 114706.4 | 114031.5 0.6898 0.7006 1.2449 0.5497 | 120010.9
248647.8 | 124697.1 | 123950.6 0.6967 0.7072 1.3126 0.6107 | 130001.6
265601.3 | 133196.5 | 132404.7 0.7025 0.7131 1.3754 0.6676 | 138501.0
268628.4 | 134704.2 | 133924.2 0.7036 0.7137 1.3889 0.6802 | 140008.7
272869.1 | 136836.5 | 136032.6 0.7052 0.7151 1.4103 0.7001 | 142141.0
274260.6 | 137542.6 | 136717.9 0.7055 0.7155 1.4292 0.7187 | 142847.1
273780.9 | 1373435 | 136437.4 0.7055 0.7153 1.4397 0.7294 | 142648.0
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Figure E-7: Specimen LDI-N Loading Sequence Showing the Following Total Applied
Loads: (a) 0 kips, (b) 40 kips, (c) 60 kips, (d) 80 kips, (e) and (f) Failure
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Figure E-8: Specimen LDI-S Loading Sequence Showing the Following Total Applied
Loads: (a) 0 kips, (b) 40 kips, (c) 60 kips, (d) 80 kips, (e) and (f) Failure
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Figure E-9: Specimen SR2-S Loading Sequence Showing the Following Total Applied
Loads: (a) 0 kips, (b) 40 kips, (c) 60 kips, (d) 80 kips, (e) and (f) Failure
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Figure E-10: Specimen LD2 Loading Sequence Showing the Following Total Applied
Loads: (a) 0 kips, (b) 40 kips, (c) 80 kips, (d) 120 kips, (e) 160 kips, (f) Failure
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Figure E-11: Specimen LD3 Loading Sequence Showing the Following Total Applied
Loads: (a) 0 kips, (b) 40 kips, (c) 80 kips, (d) 120 kips, (e) 160 kips, (f) Failure
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Figure E-12: Specimen LD4 Loading Sequence Showing the Following Total Applied
Loads: (a) 0 kips, (b) 40 kips, (c) 80 kips, (d) 120 kips, (e) 160 kips, (f) Failure
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Figure E-13: Specimen LD?2 Detailed Failure Photos at the Following Locations: (a)
Northeast, (b) Northwest

. : (c) v’ .“, o .{’ > = .
Figure E-14: Specimen LD3 Detailed Failure Photos at the Following Locations: (a)
Northeast, (b) Northwest, (c) Southeast, (d) Southwest

&%
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Figure E-15: Specimen LD4 Detailed Failure Photos at the Following Locations: (a)
Southeast, (b) Southwest
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Table E-8: Specimen LDI-N Observation Record

ACTUAL STRUCTURALRESPONSE 1 /24 /1014

Time Target Load | Actual Load Comments and Observations
PRI am | O K| O K
9131 10 lo.Z Ne sbstryations
q: 59 20 20.2 No  obse rvatioms
1004 30 30.0 Ne observatisns
lp:09 4o Ho.1 Flexveal eracks bineath lod
10 :20 50 44.9 Additional Flexwral cracks tetension
Ip: 30 60 6o.1 " L ! N
10% 41 70 70,1 M " ! !
16 150 B0 go.1 Limited addibional flexvral eracking
Failure 9.5 Wel| defined shear cracke

100




Table E-9: Specimen LDI1-S Observation Record

ACTUAL STRUCTURALRESPONsE 5 /1 /2014

Time Target Load | Actual Load Comments and Observations

O k O kK

4102 pm lo 1041 Ne sbetrvakions
qJi08 10 0.1 Me obstruationg
Wil a0 30.| Mo ohservations
Hil6 4o He.| Flexvial cradks benpath load f'l’rrh.")
H11E S0 S0. B ddibsaal -Fluqufnl racks {"i +-{'ni)
e3¢ éo 60-1 " " (] 4ekal)
445 70 70.1 0 i ! (8 +otal)
4153 Bo Bo.\ Eedengion o+ 'Pll.wuum"- EraLks (% +"h‘1)
S:111 Failure 131.4 Well dedined thear wrack
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Table E-10: Specimen SR2-S Observation Record

ACTUAL STRUCTURALRESPONSE  H /28 /14

Time Target Load | Actual Load Comments and Observations
0 k 0 k
1] 10,1 Mo sbstrvations
0o 20.1 Ne obscevatisns
30 30.0 Shiant initial cracking (Flexvral)
4o 0.\ He additional cracking
50 50.0 Flexvral craibing beatath 1oad
“leshmated at 45 kips )
ko &o. |
70 Te.2
go B0. |
10 q0.\
Failvre “7-1/155.6 Shiar crack Firsk seen at W7 kips

Vitimatt load reached 155.6 kips

well :Jdd{l'n{i thiay oratk
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ACTUAL STRUCTURALREsPonsE 974 /14

Table E-11: Specimen LD2 Observation Record

(040 160)  8/15/14 ['F-...qu)

Time Target Load | Acwal Load Comments and Observations
[+40 pm o k o k
2248 0 0.1 Me sbservations
3:06 40 He.2 Flexural eradng (4 Htal)
3124 60 to.z Additional Flexural cracks (3 4sbat)
3:40 Bo $0.3 { 1 " (13 detat)
3:56 Y- \00.2 n n RN U NG
4409 120 120.3 L il N kea)
Y122 ldo 140. 2 Exhension  of Flexural cracee (1 dotnl)
fel
Failvre 134'%';:.3 Shtar cfack F1est seea on north end

ot 134 Wips | Ulimate load ﬂ.u..:,'ln.l.J.

258.3 kips befere Foorlvre =t nerthy end

Sudden beitHe Shewr Failv of nodh end
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Table E-12: Specimen LD3 Observation Record

ACTUAL STRUCTURAL RESPONSE S/ 16/ 2014

Time Target Load | Actual Load Comyments and Observations.
o k ok
2340 pm Lo 20.5 MNo obser vations
2:49 4o d0.2 Flexvral cracking (6 htal)
3:03 60 50.3 Additional Flexoral eracks (3 4ohal)
3:26 fo 20.9 " . (N dedat)
31 39 joo 100, | L h b (1 hal)
3.52 120 \20.\ " L Y 4akat)
4107 14 0 1404 0 i " (15 +otal)
4z l60 leo.4 Extinsion of Hlexural cracks (15 +edat)
Failurt 13;.3.1;‘{9;43,4/ Shtar crack first Seen on south ead

ot 233 leyps ) Shear crak Firsh seeq on

North end  at 248 Kips ) Ulimade load

facked 327.0 kips before failver of

sovth end

Sut’d’-lnj bf';'H‘lt Shear 4'1-;1.\“‘9. a,+ Seuthly MA
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Table E-13: Specimen LD4 Observation Record

ACTUAL STRUCTURAL RESPONSE 8/ /2014

Time TargetLoad | Actual Load Comments and Observations
855 am 0 k 20.1 Kk No sbstrvahions
1407 4o Ho.\ Ne obsievations
A6 60 60.3 Flixural Cracking (1 44al)
9140 80 80.12 Addibismal Plecural crackes (12 wta)
10t 02 jos 100.| " " " (15 rdal)
TEEL] 120 120.2 " e " (16 hbal)
1645 140 140.0 " n W (0 dedal)
TR leo 160 " L " (18 ++ald
11156 Failurt 274.3 Hairline shear cratking Sttn on beth

ho fHh  and Sovdh tnds

Sudden ) bribblt shear Fa)lere at Shuth

end
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Figure E-16: Specimen LDI1-N Maximum Strain in Longitudinal Tension Bars
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Figure E-17: Specimen LD1-S Maximum Strain in Longitudinal Tension Bars
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Figure E-18: Specimen SR2-S Maximum Strain in Longitudinal Tension Bars
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Figure E-19: Specimen LD2 Maximum Strain in Longitudinal Tension Bars
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Figure E-20: Specimen LD3 Maximum Strain in Longitudinal Tension Bars
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Figure E-21: Specimen LD4 Maximum Strain in Longitudinal Tension Bars
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APPENDIX F
Post-Test Analysis

Appendix F includes the following three post-test analysis methods: ACI 318-11
equation 11-3, ACI 318 equation 11-5, and AASHTO LRFD 2012 shear design
provisions. Analysis was completed using actual failure location at x, away from the
support for all six tests. ACI 318-11 equations were compared with first diagonal
cracking load, while AASHTO LRFD 2012 shear design provisions were compared with
ultimate load achieved. Summaries for the derivation of each equation can be seen in the
proceeding document. Additionally, the author suggests referencing ACI 318-11 and
AASHTO 2012 for more detailed information. Results are presented in the following
manner:

= Summary of Analysis Methods: Table F-1 through Table F-4
= Sample Calculations for Each Analysis Method: Figure F-1 through

Figure F-5
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Table F-1: Comparison of First Diagonal Cracking Test Results to ACI 318-11
Equation 11-3

| den;zigtion V, (kips) | f.lpsi) | by (in.) d(in) | V.kips) | vV,
LDI-N 87871 | 3657.54 36 21295 | 92727 0.948
LD1-S 96.040 | 3657.54 36 21295 | 92727 1.036
SR2-S 85909 | 4360.09 36 21295 | 101241 | 0.849

LD2 101567 | 4070.71 36 21295 | 97.824 1.039
LD3 101.934 | 352156 36 21295 | 90.987 1121
LD4 108557 | 371250 36 21295 | 93.421 1.162

Mean 1.025

Standard Deviation 0.104

Table F-2: Comparison of First Diagonal Cracking Test Results to ACI 318-11
Equation 11-5

Idenl?isctation (k\i/;rs) felpsi (kipL:;in.) o (il:r) dfin) Muirgl.()lp- Velkips) | Ved/M, | V/Ve
LD1-N 87.871 | 3657.54 0.0717 0.0102 36 21.295 2737.74 103.841 | 0.8077 0.846
LD1-S 96.040 | 3657.54 0.0717 0.0102 36 21.295 2737.74 103.841 | 0.8077 0.925
SR2-S 85.909 | 4360.09 0.0740 0.0102 36 21.295 2952.02 111.923 | 0.8074 0.768

LD2 101.567 | 4070.71 0.0742 0.0102 36 21.295 2351.02 112.433 | 1.0000 0.903
LD3 101.934 | 3521.56 0.0734 | 0.0102 36 21.295 | 2221.02 105.937 | 1.0000 0.962
LD4 108.557 | 3712.50 0.0738 0.0102 36 21.295 3196.52 102.000 | 0.6795 1.064
Mean 0.911

Standard Deviation 0.092

Table F-3: Constants for AASHTO 2012 Shear Design Provisions

s, (in.) ag (in.) Sye (in.) b, (in.) d(in.) d, (in.) E, (ksi) As(inz)
17.59 1 14.89 36 21.295 19.17 29000 7.8
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Table F-4: Comparison of Ultimate Load Test Results to AASHTO 2012 Shear Design

Provisions
Iden;rifeiztation (k‘i/rx;s) Fe(ksi) (kipas);in.) Muirgl.()lp_ Ve (kips) & g Vil Ve
LD1-N 87.871 | 3.658 | 0.0717 | 2744.09 | 104.079 | 0.00109 | 2.496 | 0.844
LD1-S 96.040 | 3.658 | 0.0717 | 2744.09 | 104.079 | 0.00109 | 2.496 | 0.923
SR2-S 113.455 | 4360 | 0.0740 | 2915.14 | 110.538 | 0.00116 | 2.428 1.026
LD2 111.789 | 4.071 | 0.0742 | 2348.99 | 112.330 | 0.00104 | 2.554 | 0.995
LD3 140.799 | 3.522 | 0.0734 | 2237.12 | 106.751 | 0.00099 | 2.609 1.319
LD4 108.557 | 3.712 | 0.0738 | 3173.77 | 101.245 | 0.00118 | 2.410 1.072
Mean 1.030

Standard Deviation 0.149

JPnd-Tt-ﬂ AA»\\VW (ACy 318 -1 E]"’D

Test SP“?MU\Z LDI=N (Cemceatratid)

Anatyris. Methok b ACL 31811 Equabion N=d.

Yoz 22 if'g Bbi S Congtants & \., z36in
e & 2 21,295
Ver 20073657540 (36in)(21.2950) #le s 3E5T.5Y pgf
A= |

Ver 92,720,467 lbs

Test Specimen: LD2 ( Vaifesm)

Andjti‘ Method @ ALl 318-1) E1vg§|'n1 11=3

Ves 22 “:'L B..,J. Conghants © oy * 24in
d: 21,2181

Ve = 2.00) TH02001 (36:4) (21.285:0) fle s 4070.771 st
|

Vez 47,823,90 lbs

Figure F-1: ACI 318-11 Equation 11-3 Sample Calculations Showing Both
Concentrated and Uniform Loading
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CA Maeer15") = {7049 15 Sim) (1352,24950°)

Vuz 88,090.34 1hs + 1944431 | _A (21.245%) = 18649. 47 hin ®
A (26-6035") - 26399, 46 1b- 1

g
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Vo: A -dedasz2 s @ Combine  Equations ®,® +o &k Vo
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Figure F-2: ACI 318-11 Equation 11-5 Sample Calculation for Concentrated Loading
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Figure F-3: ACI 318-11 Equation 11-5 Sample Calculation for Uniform Loading
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Figure F-4: AASHTO 2012 Shear Provisions Sample Calculation for Concentrated
Loading
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