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Abstract: Passing Ability (PA) is one of the defining workability properties of Self-

Compacting Concrete (SCC). It is commonly measured using the J-Ring (JR) 

apparatus by computing either the JR value or the ASTMJR value. Both these tests 

indirectly measure the PA - as the difference in heights of SCC inside-and-outside 

the JR (i.e. JR value), or as the difference between the un-restricted and restricted 

slump flows (i.e. ASTMJR value). Though the traditional JR test is a reliable 

method, it is cumbersome, time consuming and difficult to interpret; while the 

ASTMJR test, in spite of being simple, has been found to be irrational and unreliable. 

A new Modified J-Ring (MJR) test with little alteration to the traditional JR 

apparatus and testing procedure is proposed. The proposed test directly measures the 

PA of SCC as the ratio of the mass of concrete that has passed through the MJR to 

the total mass of concrete tested, thus providing a more rational, meaningful and 

holistic evaluation. In the present work, workability performance of various SCC 

mixes (with and without steel fibers) having a wide range of PA were tested to 

compare the traditional JR, Visual Blocking Index (VBI), ASTMJR and MJR test 

protocols. The study indicates that the PA assessment by ASTMJR test is 

inconsistent and poorly correlated with all other tests, whereas a strong correlation 

exists between the MJR and JR/VBI tests. Additionally, more realistic and refined 

PA limits are proposed for various tests based on the comparison of laboratory and 

field observations.  
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Introduction 

 

Self-Compacting Concrete (SCC) and Self-Compacting Fiber Reinforced Concrete 

(SCFRC) offer practical benefits, but demand high degree of workability, stability, 

and mechanical behaviour suited for a particular application [1-3]. Key workability 

properties such as flow potential, filling ability, Passing Ability (PA), and stability 
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are necessary to be ensured for satisfactory performance of SCC mixes in laboratory 

and field. PA defines the very essence of SCC - as its ability to squeeze through and 

flow past obstacles under its own weight without causing unacceptable blockage and 

instability. PA is critical in situations where the reinforcement and/or formwork may 

restrict the flow of SCC resulting in blockage, especially when large sized or high 

amounts of coarse aggregates and/or fibers are used [1, 4-6]. PA is affected by 

several factors – aggregate size and shape, paste-to-aggregate ratio, clear space 

between obstruction, filling ability, stability, rheological parameters, and length and 

content of fibers in SCC [1-3, 7-10]. Therefore, PA is a challenging property to 

ascertain and provide for, as it demands holistic performance of SCC suited for real-

life applications [5, 6].  

 

Several tests are available to evaluate PA of SCC/SCFRC, but all do so indirectly by 

measuring either the difference in slump flows or heights of SCC caused by a 

standard obstruction, in a particular apparatus. Popularly used methods to measure 

PA of SCC are the traditional J-Ring (JR) test [5, 6, 11, 12] and ASTM J-Ring 

(ASTMJR) test [1, 9, 13]. Common to both these testing methods, the JR apparatus 

(Fig. 1) measures either the JR value [6, 13] or the ASTMJR value [12, 13]. Both 

these tests indirectly measure the PA of SCC - as the difference in heights i.e. step 

height of concrete inside and outside the JR in case of JR value, or as the difference 

between the un-restricted and restricted slump flows in case of ASTMJR value, as 

depicted in Fig. 1. Therefore, it is to be noted that these tests only provide an 

indication and not the absolute value of PA. The degree of obstacle in JR apparatus 

affect the PA of SCC by influencing the inter-dependent characteristics of restricted 

filling ability and aggregate/fiber blockage. It is imperative that a test method 

accurately captures the PA performance in both the cases of non-blocking as well as 

blocking SCC mixes. JR value (or step-height) of upto 10 mm [5] or 15 mm [6], and 

ASTMJR value (i.e. differential flow) of up to 25 mm are recommended for 

satisfactory non-blocking SCCs.  

 

The traditional JR test records the extent of blockage in both non-blocking as well 

as blocking SCCs. This rational protocol ensures reliable evaluation of PA for not 

only a non-blocking SCC, wherein deformability characteristics of concrete dictate 

the measured PA value, but also for blocking SCC in which the extent of blockage 

of aggregates/fibers governs the PA value. On the other hand, in the ASTMJR test 

evaluation for typical cases of flowable, stable and non-blocking SCCs, greater JR 

flow yield higher PA, as the restricted slump flow is not significantly affected by the 

minimal degree of blocking [5, 6]. However, in cases of flowable and stable SCCs 

that exhibit noticeable-to-major blocking, the flow characteristics hardly affect 

blocking [5, 6]. In such cases, the ASTMJR test evaluation credits much higher 

measurement weightage to the flow of SCC and minimal weightage to the blockage, 

which may not representative the correct PA. It is therefore rational to say that the 

JR step height more directly represents the degree of blockage, and thus the PA 

evaluation than the differential slump flow of SCC in the JR test.  
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Figure 1. J-Ring test for assessing passing ability of SCC. 

 

Visual rating of blockage is highly recommended for a reliable PA assessment in the 

JR test [5, 6]. The traditional JR and ASTMJR measurements are generally 

correlated to the visual blocking assessment (Table 1 of ASTM C1621) and Visual 

Blocking Index (VBI) [9]. ASTMJR values upto 25 mm [13] and JR values upto 15 

mm [6] indicate no visible blocking (i.e. VBI of 0) demonstrating good PA. 

ASTMJR values between 25 to 50 mm indicate minimal to noticeable blocking (i.e. 

a VBI of 1 to 2) and greater than 50 mm values represent noticeable to extreme 

blocking (i.e. a VBI of 3). The JR values greater than 15 mm indicate noticeable to 

extreme blocking [6, 14, 15] and potentially an unsatisfactory PA (VBI of 1 to 3).  

 

 
 

Figure 2. Relationship of PA measured by JR and ASTMJR tests in literature. 

 

Thus, it implies that there should be a good correlation between the ASTMJR value 

(differential slump flow) and the traditional JR value (step height), however no 

acceptable correlation was found [10]. Furthermore, data of a wide range of PA 

values evaluated by JR and ASTMJR tests of various unblocking and blocking 

SCC/SCFRC mixes are depicted in Fig. 2. The plot clearly points out that the JR step 

height value (which directly represents the degree of blocking) bore no correlation 

with the ASTMJR differential slump flow values (which supposedly should 

J-Ring 

Blocked 

SCC 

Ht. Diff. of 

SCC in & 

out of JR 

Restricted J-Ring flow Un-restricted slump 
flow 
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indirectly relate well to the degree of blocking). The plot shows a hint of trend 

between the two PA values, but is overwhelmed with outliers and inconsistencies. 

Thus, it means that the difference in un-restricted and restricted flow (i.e. ASTMJR 

value) does not reliably and accurately represent the blocking assessment and hence 

the PA of SCC/SCFRC. Additionally, the ASTM C1621 specifies correlation of the 

measured ASTMJR values with degree of blocking without any comparative and 

appropriate precision studies. In addition, a very important evaluation of - 

measurement bias, considering the degree of blocking as a common parameter 

measured by various PA tests, is not provided. Accordingly, the current 

interpretations of the ASTMJR values specified in ASTM C1621 test method for 

SCC/SCFRC mixes seems to be misleading and irrational. 

 

The PA assessments of SCC by the JR tests are often overly-conservative and 

therefore much stringent for typical applications when compared to the real-life 

observations and visual blocking evaluations [3, 10, 14-19]. Thus, SCC mixes that 

are deemed as unfit (having noticeable blocking and low PA) by the JR tests; 

frequently work satisfactorily in usual applications. This may be considered as the 

scale-effect caused by the conservative JR tests design and evaluation criteria. The 

scale-effect was more pronounced in SCFRC mixes as clearly noticed while casting 

full-scale I-girders, wherein the sheer mass of SCFRC aligned the steel fibers along 

the flow direction and perpendicular to the clear spacing between closely spaced 

prestressing strands, enabling them to easily pass through [3, 10, 16]. However, this 

ability of orienting fibers along the flow of SCFRC was significantly reduced due to 

scale-effect in the JR tests [3, 10, 16]. Hence, some previous studies have 

appropriately recommended more lenient and realistic acceptable JR values of upto 

25 mm for moderate-to dense reinforcement [3, 10, 15, 20] and ASTMJR values of 

upto 50 mm [18] or upto 75 mm [17] for congested reinforcement and restricted 

sections; and 100 mm for low-to-moderately reinforced sections [21].      

 

Test precision for the JR value was reported to be much better than that for the 

ASTMJR value, however in case of both the tests there was little difference in the 

repeatability and reproducibility coefficients, which suggests that the accuracy 

depend on the operator [22]. Though the traditional JR test is popular and rational 

method of assessing PA of SCC, it is cumbersome to perform, time consuming, and 

difficult to interpret; while the ASTMJR test, in spite of being simple, seems to be 

irrational and unreliable. To overcome the obvious disadvantages in the JR tests, a 

novel passing ability tester, a confined box having an opening with bars (19 mm dia. 

and 39 mm clear spacing) simulating real-life placement and movement of SCC, was 

developed at the University of Houston [10]. The new method directly measures the 

PA as the ratio of the mass of SCC that has passed through the bars to the total 

concrete sampled. The rational weight-based PA measurement of SCC/SCFRC 

mixes in this study was found to be more sensitive, accurate and realistic than the 

ASTMJR evaluations. Interestingly, the passing ability tester assessments correlated 

very well with the traditional JR test [10]. The passing ability tester, though a 

potentially reliable test, is bulky, labor-intensive and not practical for field use.  
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In an attempt to improve upon the various limitations of the current PA evaluation 

methods discussed above, a new Modified J-Ring (MJR) test was first developed by 

the author in 2011 at the University of Houston, and is presented in this paper. The 

proposed MJR test directly measures the PA of SCC as the ratio of the mass of 

SCC/SCFRC that has passed through the bars to the total mass of SCC tested, thus 

providing a more meaningful evaluation of PA. The test is rational and holistic as it 

evaluates the PA of SCC based on the relative weight of concrete that has passed 

through the JR, and by design considers and attributes appropriate weightages to all 

the key parameters (i.e. blockage, flow/filling potential and stability) that influence 

the PA in proportion to the weight of concrete.  

  

 

Modified J-Ring (MJR) Test  

 

 
 

Figure 3. Schematic details and photograph of MJR apparatus. 

 

Essentially, the MJR test uses a slightly modified JR apparatus (as per ASTM 

C1621), wherein a circular thin-rigid metal base plate is attached at the bottom of 

the JR bars (Fig. 3). Similar to the JR tests, a slump cone is placed on the base plate 

inside the MJR filled with SCC and is lifted up to allow the concrete to flow through 

the bars. After the concrete flow stops, the MJR along with the retained SCC on the 

base plate and the SCC that has passed through are weighed to determine the MJR 

value, thus directly providing the PA of the SCC tested. The MJR (fabricated with 

Dim. mm 

A 300 ± 3.3 

B 38 ± 1.5 

C 16 ± 3.3 

D 58.9 ±1.5 

E 25 ± 1.5 

F 200 ± 1.5 

G 3 ± 0 

 

 Rigid Base Plate 
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either mild-steel or aluminium) has a 25 mm thick rigid ring fixed on 16-16 mm 

diameter plain bars equally spaced on a 300 mm diameter circle, and a 3 mm thick 

rigid metal base plate of about 316 mm in diameter, fixed to the bars at bottom (Fig. 

3). Note that the base plate edge is just flush with the outer periphery of the bars, 

thus serving as a flat retainer to contain the concrete within the JR at the end of the 

test. Clear spacing between the bars is 43 mm suited to test SCC made with 

maximum aggregate size upto 20 mm, and SCFRC made with fibers upto 20 mm 

length [16]. A MJR apparatus with adjustable bars to aptly test PA of SCC/SCFRC 

made with any size of coarse aggregates or length of fibers has been developed, but 

will be reported in another paper for lack of space. 

 

The procedure for MJR test is similar to that of the ASTMJR or traditional JR tests, 

but with extra steps for weighing the retained and passed SCC. Prior to testing, the 

empty weights of cleaned MJR apparatus (W0) and testing board (plywood)/tray (W1) 

are recorded, using a standard industrial grade weighing scale (30-50 kg capacity). 

The MJR is placed on a clean-levelled board and an empty slump cone is 

concentrically placed inside the ring. A person holds the slump cone firmly, while 

another person tops-it-up with SCC (about 12-14 kg or 6 liters) in one lift, without 

any compaction. The cone is raised-up vertically, thus allowing the SCC to flow 

through the bars of MJR on the board. When SCC stops flowing, the MJR is carefully 

lifted-up as not to spill the retained SCC, and is weighed (W2). The SCC that has 

passed through the bars and collected outside the MJR on the board is also weighed 

(W3). Typically, it takes about 5 to 7 minutes to conduct the MJR test, which is less 

than and slightly longer than the time required for the JR and ASTMJR tests, 

respectively.  

 

The MJR value is calculated as the percentage ratio of the weight of SCC that has 

passed through the bars to the total weight of SCC tested, as shown in Eqn. (1). The 

MJR value represents the PA of SCC in percentage by weight, which is easy and 

straightforward to comprehend, and simple to compare directly with the observed 

blocking or VBI and expected real-life PA performance of SCC. 

 

 (% Wt.)
 MJR Value

= 
Wt. of SCC passed thru MJR

Total wt. of SCC tested
 = {

(𝑊3−𝑊1)

(𝑊3−𝑊1)+(𝑊2−𝑊0)
} × 100        (1) 

     

where, W0 = empty weight of clean and dry MJR apparatus; W1 = empty weight of 

clean and moist test board/tray; W2 = weight of MJR apparatus with unpassed and 

retained SCC; W3 = weight of passed SCC through MJR with testing board/tray.  

         

Materials, mix proportions and workability tests  

 

Ordinary portland cement (53-Grade) [23]; Grade-I (ASTM Class-F) fly ash [24]; 

well-graded Zone-I river bed sand [25]; uniformly graded 20 mm crushed and 12.5 

mm recycled angular, and well-graded 10 mm and 20 mm river bed rounded - Basalt 

coarse aggregates [25]; polycarboxylic ether polymer based High Range Water 
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Reducer (HRWR) [26]; hooked steel fibers of length 35 mm (short) and 60 mm 

(long) with aspect ratio of 65 and 80, respectively; were used to make the 

SCC/SCFRC mixes. Concrete was mixed for about 6 minutes in a motorized drum 

mixer. Several trials were conducted to get a final stable SCC mix (Table I) of 

desired workability level. In succession, the mixes were tested for their slump flow, 

Visual Stability Index (VSI), T50 time [1]; traditional JR value with JR-flow, JR-VSI 

[6] and VBI [9, 13]; ASTMJR value [13]; and MJR tests were carried out. Tests were 

carried out with an upright slump cone. Three different test runs of SCC10 mix were 

repeated on the same day. The objective of the test matrix was to verify and establish 

the performance of the proposed MJR test and compare the same with the current 

PA assessment methods.  

 

Table I. Mix proportions of various SCC and SCFRC mixes tested. 

 

*20 mm angular unless mentioned; @12.5 mm recycled; #10 mm rounded; + 20 mm rounded  

 $- Short (L=35 mm) steel fibers;  ^- Long (L=60 mm) steel fibers 

 

 

Results and Discussions 

 

All SCC mixes were stable, considering the VIS or JR-VSI rating, and had a wide 

range of filling potential and PA (Table II). Close inspection of PA results indicate 

no correlation (but a trivial hint of trend) between ASTMJR values and – VBI, JR-

Flow, JR (Fig. 4a), and MJR values (Fig. 4b). However, a significant correlation is 

noted between the VBI assessment and - JR (Fig. 4c) and MJR values (Fig. 4d). 

Furthermore, unlike the ASTMJR values, both JR and MJR values have good 

correlation with the JR-Flow. Most importantly, the PA evaluation by MJR and 

Mix 

{kg/m3} 
Cement Fly ash Sand C.A.* Water HRWR Fibers 

SCC1 406 - 1208 800 160 3.9 - 

SCC2 413 - 1208 800 165 3.9 - 
SCC3 444 - 1208 800 177 3.7 - 
SCC4 450 - 1208 800 176 3.5 - 
SCC5 450 - 1208 800 180 3.9 - 
SCC6 312 132 1208 800 176 4.8 - 
SCC7 470 - 990 800 176 6.5 - 
SCC8 338 132 990 800 176 5.7 - 
SCC9 470 - 800 990@ 188 3.4 - 
SCC10 470 - 800 990# 188 3.4 - 
SCFRC1 

405 - 1167 

706 

134 9 

29$ 

SCFRC2 706 23$ 

SCFRC3 706+ 33$ 

SCFRC4 706@ 25^ 

SCFRC5 706 17^ 
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traditional JR test bear a strong correlation (Fig. 4e).  Considering that the VBI and 

traditional JR values reliable represent the PA of SCCs, the above results again prove 

the serious limitations of the ASTMJR test to provide the same. On the other hand, 

the proposed MJR test accurately, sensitively and consistently evaluates the PA of 

SCC/SCFRC mixes over a wide-range. Typically, the JR provides conservative PA 

estimates compared to the visual assessment in real-scale applications. Hence, based 

on this limited but conclusive study, refined and realistic limits for various PA tests 

are proposed in Table III and in Fig. 5.      

 

Table II. Workability test results of various SCC and SCFRC mixes. 

Mix 

Slump 

flow 

(mm) 

VSI 

T50 

Time 

(sec) 

JR 

value 

(mm) 

VBI 

JR- 

flow 

(mm) 

JR 

VSI 

ASTMJR 

value 

(mm) 

MJR 

value 

(% wt.) 

SCC1 565 0.0 6.6 23.75 1.5 530 0.5 35.0 44.53 

SCC2 508 0.5 7.0 59.75 3.0 493 1.0 15 23.00 

SCC3 660 1.0 3.0 33.25 1.5 649 1.5 11.0 43.25 

SCC4 625 0.5 3.0 38.75 2.0 545 1.0 80.0 35.00 

SCC5 655 0.5 3.0 41.00 1.5 595 0.5 60.0 41.03 

SCC6 660 1.0 4.0 23.50 1.0 595 1.5 65.0 50.53 

SCC7 715 1.0 3.0 25.00 1.0 655 1.0 60.0 48.89 

SCC8 785 0.5 2.3 11.00 0.5 680 0.5 105.0 55.64 

SCC9 645 1.0 4.0 47.75 1.5 600 1.5 45.0 43.57 

SCC10-A 650 0.5 2.8 18.75 0.5 620 0.5 30.0 57.93 

SCC10-B 660 0.5 3.0 16.25 0.5 649 0.5 11.0 61.92 

SCC10-C 647 0.5 4.0 15.75 0.5 613 0.5 34.0 59.91 

SCFRC1# 665 0.0 4.8 12.5 0.5 655 0.0 10 62.34 

SCFRC2# 665 0.0 5.1 13.75 0.0 655 0.0 10 68.07 

SCFRC3# 700 0.0 4.4 16.25 0.0 665 0.0 35 71.91 

SCFRC4$ 625 0.0 4.6 27.5 0.5 615 0.0 10 63.17 

SCFRC5$ 715 0.0 3.5 7.5 0.5 715 0.5 0 65.30 
   #Tested with MJR having non-blocking clear bar spacing of 2.5/ $2 - times fiber length 

 

Table III. Proposed refined PA test limits for SCC/SCFRC mixes (also see Fig. 5). 

 

Visual Blocking 

(realistic)@  
VBI [9] 

JR value,  

mm [6]  

PA value, 

%Wt. [10] 

MJR value, %Wt. 

proposed  

NONE 0 - 0.5 ≤ 10 (≤ 15) ≥ 85 (≥ 80) ≥ 65 (≥ 60) 

LOW (just 

visible) 

0.5 - 1 10 to 15  

(15 to 25) 

80 to 85  

(70 to 80) 

55 to 65 (50 to 

60)  MODERATE 1 - 1.5 40 to 55 

HIGH  1.5 - 2 
> 15 (> 25) < 80 (< 70) 

35 to 40 

SEVERE 2 - 3 < 35 
@ Considering satisfactory PA of concrete for moderate-to-dense level of reinforcement in 

real-life applications [3, 10, 15, 16, 20] 
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Figure 4. Relationships of PA tested by ASTMJR, JR, VBI and MJR for SCCs. 

 

Fig. 4(a) 

Fig. 4(c) Fig. 4(d) 
4(d) 

Fig. 4(b) 

Fig. 4(e) 
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Figure 5. Proposed refined VBI for SCC/SCFRC mixes (also refer Table III). 

 
 

Conclusions 
 

A newly developed MJR test is proposed, which directly measures the PA of 

SCC/SCFRC as the ratio of the mass of concrete that has passed through the bars to 

the total mass of concrete tested, thus providing a more meaningful and holistic 

evaluation of PA. The MJR values bear a strong correlation with the traditional JR 

and VBI assessments. Refined and realistic PA limits correlating laboratory tests and 

real-life field assessments are proposed. MJR is highly recommended as a 

supplementary test for reliable laboratory/field PA assessment of SCC/SCFRC. 

. 
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