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This method covers ·the determination of voids i n and spec if ic gravity of fine, 

coarse or mixed aggregates and cement/aggregate mixtures. 

2. APPARATUS 

2.1 1Voidmeter- an apparatus cons isti ng of a sample conta iner, cover assembly, 

ca librated measuring tube.water reservoir and connecting f lexible tubing 

i l lustrated in Figure 1. The operational principle of this apparatus 

consists of a means of allowing a column of water in the measuring tube to 

act on the total volume of air within the apparatus (volume of air in the 

sample plus the volume of air from the top of the sample to the water leve l 

in the glass bulb) causing an increase in volume and a corresponding decrease 

in pressure . Equil ibrium of the water column is reached when the pressure 

of air in the system plus the pressure due to the height of the water 

column is equal to the atmospheric pressure. As the volume of air above 

the samp le is constant, variation in the distance that the water co lumn 

falls is directly related to the volume of air i n the sample . The apparatus 

is calibrated to a volume of 3.5 liters and takes into account the volume 

of air which i s constant in t he apparatus above the 3.5 liter mark on the 

sample container. 
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2.2 Tamping Piston - The tamping piston illustrated in Figure 2 sha ll cons ist 

of a steel disc with rubber discs at the top and bottom, as a protection 

against damage t o t he glass cont ainer. The piston sha ll be approximately 

5~ inches in diameter with the thickness such t hat when the volume of the 

sample i s 3.5 liters, the top of the piston is flush with the top of the 

sample container. The tamping pi ston shal l weigh 3.1 5 kilograms. 

2.3 Balance - The balance sha ll conform to the requi rements given for Class E 

balances in Table 3 of AASHTO M 231 . 

2.4 Scoop - A sma ll meta l scoop . 

2.5 Spoon - A meta l spoon approx imate ly 12 inches long . 

2.6 Mixing Conta iner - A pan made of metal or plastic having a capacity of 

approximately 0.5 cu .ft. 

3. CALIBRATION OF APPARATUS 

J . 1 The voidmeter sample conta iner and ca librated measuring tube are matched 

and calibrated at t he factory . Upon rece ipt , t he sample container and 

calibrated measuring tube shou ld be labeled and used together. If the 

sample container needs replacement, the measuring tube must be returned 

to the factory to be recalibrated and matched to a new samp le conta iner. 

Likewise, if the measuring tube needs replacement , the samp le container 

must be returned . 
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3.2 Place the apparatus on a level, r igid surface. Fill the leveling bulb 

with distilled water and place the bulb in t he upper retort ring. Adjust 

the water level in the leveling bulb to a height that brings the bottom 

of the meniscus to the initial water level mark near the top of t he cali ­

brated measuring tube. 

3. 3 Ca l ibration for zero percent of vo ids - The zero percent of voids should 

be checked when the voidmeter is f i rst placed in serv ice and when the sample 

container and ca librated measuring tube are replaced. Fill t he sample con­

tainer with water to the 3.5 li ter mark and place the conta iner on the 

voidmeter base between the ho ld down rods . Center the cover assembly on top 

of the sample container with the air release valve facing t he front of t he 

1pparatus. Secure the cover assembly to t he sample container and attach the 

hose from the top of the measuring tube to t he cover. Wi t h t he leveling bulb 

in the upper retort ring, close the air release va lve. Move the leveling 

bulb from the upper retort ring to the bottom retort ring and check the level 

of the water in the cal i brated measuring tube . The bottom of t he meniscus 

shou ld be at the zero percent of voids mark . If t he water level does not 

rest at the zero percent mark, adjust the position of t he measuring t ube and 

repeat the steps outlined in 3.2. Repeat t he operations outlined in this 

secti on and in 3.2 unti l severa l repet i tions indicate the apparatus is cali­

brated for zero percent voids . If difficu lty is encountered in obtaining 

cons istent readings, check hose connections and cover gasket for leaks . 

3.4 Calibrat ion for one hundred percent of voids - The one hundred percent of 

voids shou ld be checked when t he vo idmeter is first placed in service, when 

the samp le container and ca librated measuring t ube are replaced and dai ly 

when the apparat us is in use . Place t he empty sample container on t he 

voidmeter base, secure the cover assemb ly and attach the hose from the 
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measuring tube as outlined in 3.3. Wi t h the leveling bulb in the upper 

retort ring, close the air re lease va lve. Move the leve li ng bul b from the 

upper retort r ing to the bottom retort ri ng and check t he level of the water 

in t he calibrated measuri ng tube. The bottom of t he meniscus shou ld be at 

the one hun9re9 percent of voids ma rk. If difficulty is encountered in 

obtaini ng cons istent readings, check hose connections and cover gasket 

for leaks . If after several determinations the apparatus cannot be ca li­

brated at the one hundred percent mark , rep lacement of the samp le conta iner 

and ca li brated measuring tube may be necessary. 

4. PREPARATION OF SAMPLES 

4.1 Sampli ng of aggregates shou ld generally be accomplished· in accordance 

with AASHTO T2, and sample reduction in accordance with AASHTO T248. 

Dry samples of aggregate to essentially constant weight. 

4. 2 Samp ling of cement should genera lly be accompl ished in accordance 

with AASHTO T 127 . 

5. PROCEDURES FOR DETERMINAT ION OF PERCENT OF VOIDS 

~ .1 Individua l aggregates- Place the material i n the samp le conta iner 

in 25mm layers . Compact each layer by dropp i ng the tamp i ng pi ston 

through a height of 25mm, 10 times . Place t he final layer so that after 

tamp ing t he conta iner i s filled to the 3.5 l iter mark . When the con-
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tainer is f i lled to the proper depth, the top of the tamping piston, 

after compacting the material , wi l l be f l ush with the top of the sample 

container. Place the samp le conta iner on the voidmeter base and secure 

the cover assembly to the container with the ai r release va lve facing 

the front of the apparatus . Attach the hose from tbe top of t he cali­

brated measuring tube to the cover assembly. With the leve l ing bu lb 

in the upper retort ring, close the air re lease va lve . Move the leve l ing 

bulb from the upper retort r i ng to the bottom retort r ing. Read the 

percent of voids at the bottom of the meniscus of the water in the 

cal ibrat ed measuring tube, after thirty seconds and again af ter sixty 

seconds have elapsed . Any s ign ificant difference between read ings 

may indi cate t here is an ai r leak i n the apparatus. Readings may be 

repeat ed as necessary without disturbi ng t he sample. Norma l ly, t hree 

readings are sufficient to establ ish a mean . ·Record the percent of 

voids to the nearest 0. 1 percent . 

5.2 Combinat ions of materia l s - when the sample is a mixt ure of severa l s izes 

of materials , we igh and t horough ly mix the materials in t he correct pro­

port ions i n quantities equa l to a 25mm layer in the sample container . 

Place the mixed materia l in the container in a 25mm layer and compact as 

noted in 5.1. Th is operation is repeated unt i l the container is fi lled 

to t he 3.5 l iter mark . Place the f ill ed sample container on the void­

meter base , secure t he cover assembly and obta in read i ngs for percent of 

voids as .outl ined in 5.1. Record t he percent of voids to the nearest 

0. 1 percent. 
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Note 1. It has been found that when larger quanti t ies of materials are 

mixed and poured into t he sample container, segregation can occur which 

leads to false readings. Methods which involve excessive manipulation or 

vibration of materials should be avoided, as fine materia l s tend to migrate 

to the bottom of the sample. When the sample contains cementorother very 

fine materi als, placing a plastic bag (approximate dimensions 9" x 10") 

over the sample container and tamping piston will help el iminate dust ing 

during compaction. 

6. PROCEDURE FOR DETERMINATION OF SPECIFIC GRAVITY 

6.1 Bulk Specific Gravity- Fine and coarse aggregate on which the bulk 

specific gravity is to be determined shall be prepared as described in 

AASHTO T 84 and T 85 respectively . The saturated-surface-dry sample 

shal l then be placed into the sample container and t he percent vo ids ob­

tained as described in section 5. Followi ng void determination, the 

samp le shall be removed from the container, weighed and dried to a con­

stant wei ght . Calculate the bulk specific gravity (dry basis) and bu lk 

specific grav ity (saturated-surface-dry basis) as follows: 

VV = V X C 
100 

v = c - v 
8 -- v 

3 Ww = Vs x 1.0 gm/cm 

Bulk Sp . Gr. (Dry) = W(Dry) 

ww 
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Where: 

Bulk Sp. Gr. (SSD) = W(SSD) 

ww 

C = Volume of container (3500cm3) 
V = Percent voids 
Vv= Volume of voids (Sample SSD) 
Vs= Volume of sample 
W(Dry) = Weight of dry sample 
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W( SSD) = Weight of saturated-surface-dry samp le 
Ww = Weight of equal volume of water 

6.2 Apparent Specific Gravity - Samples on which the apparent specific gravity 

is to be determined shall be dried to a constant weight. The sample shall 

then be placed in the sample container and the percent voids obtained as 

described in section 5. Remove t he samp le from the voidmeter and determine 

the weight of the sample. Ca lcul ate the apparent specific gravity as follows: 

Where: 

Vv = V X C 
100 

vs = c - v v 
Ww ~ Vs x 1.0 gm/cm 3 

Apparent Sp. Gr . = W(Dry) 
ww 

C = Volume of container (3500cm3) 
V = Percent voids 
Vv= Volume of voids (Sample dry) 

Vs = Volume of sample 

W(Dry) = Weight of dry sample 

Ww = Weight of equal volume of water 
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Initial Water 
Level 

.KEMPSTER VO ID MEASURI NG APPARATUS 
FI GU RE I 

TAMP ING PISTON 
FIGURE II 
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Air Release Valve 

Cover Assart:ll 

Aggregate SCYTple 

Sanple Container 

5 1/4 inches diameter 
1 3/8 inches depth 




