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INTRODUCTION 

I n t h e l a s t f i f t y y e a r s t h e r e have b e e n made many improvements 
i n . t h e f i e l d of masonry c o n s t r u c t i o n . I d o u b t , however f l i f any single 
advancement h a s b e e n a s i m p o r t a n t a s the- r e l a t i v e l y r e c e n t u s e of P o r t ­
l a n d cement i n masonry m o r t a r s . By i t s u s e , a b u i l d e r i s a b l e t o r e d u c e 
w a l l t h i c k n e s s , b u i l d s m a l l e r p i e r s and c o l u m n s , i n c r e a s e t h e h e i g h t h of 
h i s w a l l s , and e r e c t s u r p r i s i n g l y l i g h t ' a r c h e s * F u r t h e r m o r e , n o t o n l y 
i s t h e r e s u l t i n g masonry s t r u c t u r e l i g h t e r and s t r o n g e r t h a n c o u l d have 
b e e n o b t a i n e d f o r m e r l y by t h e u s e of c l a y o r l ime m o r t a r s , b u t a more 
e n d u r i n g t y p e of c o n s t r u c t i o n i s o b t a i n e d . 

W i t h t h e a d v a n t a g e s of P o r t l a n d cement m o r t a r s o v e r l ime mor ­
t a r s so numerous and so v a l u a b l e , i t would seem t h a t i n f o r m a t i o n a b o u t 
such m o r t a r s h o u l d b e r e a d i l y a c e e s s a b l e t o any e n g i n e e r o r b u i l d e r , 

' U n f o r t u n a t e l y , such i s n o t t h e c a s e . There i s , f o r some -unknown r e a s o n , 
a h o r r i b l e l a c k of p r i n t e d i n f o r m a t i o n a v a i l a b l e a b o u t t h i s s u b j e c t . 
The e n t i r e p u r p o s e of t h i s p a p e r i s t o a t t e m p t t o d i s s i m u l a t e t h e i n f o r ­
m a t i o n H O Y : a v a i l a b l e a b o u t t h e u s e of P o r t l a n d cement m o r t a r s , d i s c a r d 
t h a t p o r t i o n of i t t h a t i s u n s b u n d , add t o i t some l a b o r a t o r y i n v e s t i g a ­
t i o n s of my own, a n d c l a s s i f y t h e whole i n such a way a s t o make c l e a r 
t h e u s e of t h i s i m p o r t a n t m a t e r i a l of c o n s t r u c t i o n . 
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I would l i k e t o f i r s t a p p r o a c h t h e s u b j e c t of P o r t l a n d cement 
m o r t a r s by d e f i n i n g t h e s u b j e c t . P o r t l a n d cement m o r t a r , p r i m a r i l y , i s 
an i n t i m a t e m i x t u r e of s a n d , P o r t l a n d c e m e n t , somet imes l i m e , and w a t e r . 

The p u r p o s e of P o r t l a n d cement i n t h e m o r t a r i s to ' t f f lMte - the 
sand p a r t i c l e s t o g e t h e r • i t s a c t i o n i n t h e m o r t a r , upon h y d r a t i o n , may 
w e l l be compared t o t h e u s e of g l u e t o " s t i c k 1 ' t o g e t h e r many s m a l l p a r ­
t i c l e s of sand and t o f i l l up t h e s p a c e s or v o i d s b e t w e e n t h e s e same 
p a r t i c l e s » 

The u s e of l i m e -in. t h e m o r t a r i s p r i m a r i l y t o m a k e ' t h e m o r t a r 
work e a s i e r of f t h e m a s o n ' s t r o w e l . What e f f e c t r e s u l t s f r o m t h e em­
ployment of l ime i n P o r t l a n d cement m o r t a r w i l l be t r a c e d l a t e r i n t h i s 
p a p e r . 

The u s e of w a t e r i n t h e m o r t a r i s : -

1 . To h y d r a t e t h e cement , and l i m e , and t h u s form a b i n d i n g 
m a t e r i a l which w i l l u n i t e t h e o t h e r w i s e n o n - c o h e r i n g p a r t i c l e s of s a n d . 

Z» To f l u x b o t h t h e d i s s o l v e d and t h e u n d i s s o l v e d c e m e n t i n g 
s u b s t a n c e s , over t h e s u r f a c e s ' o f ' t h e sand g r a i n s , r e n d e r i n g . p o s s i b l e 
e x t e n s i v e and c l o s e a d h e s i o n by c a r r y i n g t h e s e s u b s t a n c e s i n t o trie s u r ­
f a c e i r r e g u l a r i t i e s of t h e p a r t i c l e s , where t h e y a r e a b s o r b e d a s t h e 
w a t e r i s l a t e r a b s o r b e d o r e v a p o r a t e d * 

3« To a c t a s a' l u b r i c a n t between t h e sand p a r t i c l e s so t h a t 
t h e m o r t a r may be s p r e a d i n p l a c e w i t h a t r o w e l , 

5 9 To i t s e l f occupy s p a c e i n t h e m a s s . 

B e f o r e p r o c e e d i n g f u r t h e r w i t h t h e d i s c u s s i o n of t h i s i n t i m a t e 
m i x t u r e of s u b s t a n c e s , I b e l i e v e i t w e l l i f t h e v a r i o u s m a t e r i a l s t h a t 
e n t e r i n t o t h e m i x t u r e a r e examined s e p a r a t e l y * 
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PORTLAND-CEMENT 

P o r t l a n d c e m e n t i s made b y f i n e l y p u l v e r i s i n g t h e c l i n k e r p r o ­
duced by b u r n i n g a d e f i n i t e m i x t u r e o f s i l i c i o u s , a r g i l l a c e o u s , a n d c a l ­
c a r e o u s m a t e r i a l s t o a p o i n t a b o v e w h e r e t h e y b e g i n t o f u s e o r m e l t * 
The p e r c e n t a g e s of t h e p r i n c i p a l c o m p o n e n t s r a n g e a b o u t a s f o l l o w s : 

SiCfc - ''19$ t o 25% 
A 1 & 0 ^ - 5% t o 
? e £ 0 5 - 2$ t o 4 $ 
CaO - 60^ t o 64< 
MgO - 1 5 t o 2*5% 

There a r e a l s o p r e s e n t s m a l l a m o u n t s o f K^O, Na^O a n d SO^. The s p e c i f i c 
g r a v i t y of P o r t l a n d c e m e n t s r a n g e f r o m 3 , 1 t o 3 . 2 , 

M i c r o s c o p i c a l e x a m i n a t i o n s of P o r t l a n d c e m e n t c l i n k e r , a n d ' o f 
a l l t h e s u b s t a n c e s c o n s i d e r e d l i k e l y t o be f o r m e d i n m a n u f a c t u r e , show 
P o r t l a n d c e m e n t t o b e m a d e u p l a r g e l y of t h e t h r e e c o m p o u n d s 3 C a O , S i O t j 

2 C a Q . S i O ^ , a n d 3 C a O . A l ^ O ^ , The t r i - c a l c i u m s i l i c a t e a p p e a r s t h e b e s t 
c e m e n t i n g c o m p o u n d and i t i s p r o b a b l e t h a t t h e h i g h e r i t s p e r c e n t a g e t h e 
b e t t e r t h e c e m e n t . The s m a l l a m o u n t s o f Fe^O^, MgO, a l k a l i e s ^ e t c , h a v e 
b u t l i t t l e e f f e c t o n t h e t h r e e m a j o r c o m p o u n d s b u t t h e i r p r e s e n c e a i d s 
m a t e r i a l l y i n m a n u f a c t u r e b y p r o m o t i n g t h e c o m b i n a t i o n o f CaO w i t h A l ^ p j 
and SiO^, 

A p e r f e c t l y b u r n e d cement c l i n k e r c o n s i s t s o f a b o u t 3 6 ^ ' o f t r i -
c a l c i u m s i l i c a t e , 3 CaO.SiO^j 33% of d i - c a l c i u m s i l i c a t e , 2 CaO.SiO^j 217° 
of t r i - c a l c i u m a l u m i n a t e , 3 CaO*Al x 0^j a n d 10% o f m i n o r c o n s t i t u e n t s . 
The p r i n c i p a l c e m e n t i n g c o m p o u n d , t r i - c a l c i u m s i l i c a t e , 3 CaO.SiO^., i s t h e 
l a s t c o n s t i t u e n t t o f o r m c o m p l e t e l y i n P o r t l a n d cement m a n u f a c t u r e , and 
t h i s compound, i s formed by t h e c o m b i n a t i o n o f CaO w i t h 2 CaO*SiO x * Hhen 
cement c l i n k e r i s n o t p e r f e c t l y b u r n e d t h e r e i s e v i d e n t l y l e s s 3 C a O . S i O ^ , 
formed and more 2 C a O . S i O ^ . , • T h e r e i s a l s o a c e r t a i n p e r c e n t a g e of f r e e 
l i m e (CaO) p r e s e n t , . t h e a m o u n t depend ing u p o n t h e d e g r e e o f b u r n i n g * 

The s e t t i n g a n d h a r d e n i n g of P o r t l a n d c e m e n t i s c a u s e d p r i n c i ­
p a l l y b y h y d r a t i o n i n t h e o r d e r n a m e d , of t h e t h r e e m a j o r c o n s t i t u e n t s ! 
3 G a O . A l ^ O ^ 3 C a O . S i O ^ a n d 2 C a O * S i O f c , When w a t e r i s a d d e d t o P o r t l a n d 
cement , t h e s e c o n s t i t u e n t s f o r m f i r s t a m o r p h o u s a n d l a t e r b o t h c r y s t a l s 

l i n e and amorphous h y d r a t e d m a t e r i a l s , w h i c h a c t much a s d o e s o r d i n a r y 
. g l u e ; e x c e p t t h a t s i n c e t h e y a r e of m i n e r a l o r i g i n a n d l a r g e l y i n s o l u b l e , 
h a r d e n i n g p r o g r e s s e s even u n d e r w a t e r . 

Of t h e s e h y d r a t i o n p r o d u c t s ^ t h e c o m p o u n d t r i - c a l c i u m . a l u m i n a t e 
(3 C a O * A l s O ^ ) w h e n m i x e d w i t h w a t e r , s e t s a n d h a r d e n s v e r y q u i c k l y ; t r i -
c a l c i u m s i l i c a t e (3 C a O . S i O ^ ) s e t s a n d h a r d e n s s o m e w h a t l e s s r a p i d l y ; and. 
d i - c a l c i u m s i l i c a t e ( 2 C a O , S i O f e ) r e a c t s s l o w l y * H a r d e n i n g o c c u r s o n l y 
a f t e r a l a p s e o f a l o n g p e r i o d o f t i m e . The i n i t i a l s e t o f t h e c e m e n t i s 
d u e u n d o u b t e d l y to . t h e h y d r a t i o n o f 3 C a C A l ^ O^f t h e e a r l y h a r d n e s s a n d 
c o h e s i v e s t r e n g t h do t o t h i s h y d r a t i o n a n d t o t h a t o f t h e 3 C a O * S i O ^ ; 
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w h i l e t h e g r a d u a l i n c r e a s e i n s t r e n g t h i s d u e t o t h e . f u r t h e r h y d r a t i o n o f 
t h e s e t w o c o m p o u n d s t o g e t h e r w i t h t h e h y d r a t i o n o f t h e 2 C a O ^ S i O ^ 

The c o m p o u n d 3 C a O . S i O ^ , a p p e a r s t o b e t h e b e s t c e m e n t i n g c o n s t i ­
t u e n t of t h i s g r o u p , a s i t i s t h e o n l y o n e o f t h e t h r e e w h i c h , w h e n m i x e d 
w i t h w a t e r , w i l l s e t a n d h a r d e n w i t h i n a r e a s o n a b l e t i m e t o f o r m a m a s s 
w h i c h i s c o m p a r a b l e i n h a r d n e s s a n d s t r e n g t h t o P o r t l a n d c e m e n t . A l t h o u g h 
3 CaO.AL^O^ s e t s , a n d h a r d e n s r a p i d l y , i t i s r a t h e r s o l u b l e i n w a t e r a n d 
i s n o t p a r t i c u l a r l y d u r a b l e o r s t r o n g . The c o m p o u n d 2 CaO.SiO-a,,, h o w e v e r , 
r e q u i r e s t o o l o n g a t i m e t o h a r d e n t o be i n i t s e l f a v a l u a b l e c e m e n t i n g 
m a t e r i a l . 

P o r t l a n d c e m e n t , t o b e . s u i t a b l e f o r m o r t a r , s h o u l d b e t h e s a m e 
h i g h g r a d e c e m e n t t h a t would , b e s p e c i f i e d f o r u s e i n . . P o r t l a n d - c e m e n t c o n ­
c r e t e . In, t h e a p p e n d i x of t h i s p a p e r w i l l b e f o u n d t h e " S t a n d a r d S p e c i ­
f i c a t i o n s a n d T e s t s f o r P o r t l a n d C e m e n t " , a s a d o p t e d b y t h e A m e r i c a n 
S o c i e t y f o r T e s t i n g M a t e r i a l s . 
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L I M E 

Common l i m e i s m a n u f a c t u r e d by b u r n i n g l i m e s t o n e (CaCO^) a t a 
t e m p e r a t u r e of a b o u t 900°C. u n t i l i t s c a r b o n d i o x i d e (C6^) i s d r i v e n of f 
a s g a s . The r e s i d u e i s common l ime (CaO), known c o m m e r c i a l l y a s " q u i c k ­
l i m e . " On a d d i t i o n of w a t e r t h i s p r o d u c t s l a k e s w i t h e v o l u t i o n of h e a t 
and much i n c r e a s e i n v o l u m e . 

In even t h e p u r e s t l i m e s t o n e t h e r e a r e some i m p u r i t i e s p r e s e n t . 
G e n e r a l l y a p a r t of t h e l i m e i s found t o b e r e p l a c e d by a c e r t a i n p e r c e n t ­
age of m a g n e s i a (MgO-) 5 c l a y a l s o i s p r e s e n t t o some e x t e n t . ( C l a y i s com­
posed c h i e f l y of s i l i c a ( S i O j J and Alumina (Al^O^), and u s u a l l y c o n t a i n s 
some i r o n o x i d e ( P e & 0 1 ) . I n t h e m a n u f a c t u r e of q u i c k l i m e , m a g n e s i a a c t s 
i n much t h e sa rie manner and. may be c o n s i d e r e d t h e e q u i v a l e n t of l i m e , 
which makes i t p o s s i b l e t o u s e l i m e s t o n e which i s h i g h i n m a g n e s i a . 
Q u i c k l i m e s a r e d i v i d e d i n t o f o u r main t y p e s a c c o r d i n g t o t h e r e l a t i v e 
c o n t e n t of c a l c i u m o x i d e (CaO) and magnesium o x i d e (MgO), These a r e ? 

1 . H i g h - c a l c i u m ? q u i c k l i m e c o n t a i n i n g 90% o-r over of c a l c i u m 
o x i d e . 

2 . C a l c i u m ; q u i c k l i m e c o n t a i n i n g n o t l e s s t h a n 85$ o r more 
t h a n 90$•of c a l c i u m o x i d e . 

3 . Magnesium; q u i c k l i m e c o n t a i n i n g b e t w e e n 10 and 25$ of mag­
n e s i u m o x i d e . 

4 . Dolomit ic ; - q u i c k l i m e c o n t a i n i n g over 25$ of magnesium o x i d e . 

H y d r a t e d l i m e i s q u i c k l i m e t h a t h a s been, s l a k e d a t t h e p l a c e of 
m a n u f a c t u r e . I t s m a r k e t f o r m i s t h a t of a d r y powder , and i t r e q u i r e s 
on ly t h e a d d i t i o n of w a t e r on a j o b t o be t u r n e d i n t o l i m e p a s t e . 

The h a r d e n i n g of l ime p a s t e i s due m a i n l y t o c r y s t a l l i z a t i o n ^ , 
b u t i n a d d i t i o n some of t h e w a t e r i n t h e h y d r o x i d e i s g r a d u a l l y r e p l a c e d 
by c a r b o n d i o x i d e f rom t h e a t m o s p h e r e , c a u s i n g a p a r t of t h e h y d r o x i d e t o 
r e v e r t t o t h e o r i g i n a l c a l c i u m c a r b o n a t e . 
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S A N D 

I N AS MUCH AS A L M O S T T H E ONLY F I N E AGGREGATE E V E R U S E D I N MORTAR 
I S S A N D W H I C H HAS R E S U L T E D FROM T H E D I S I N T E G R A T I O N OF ROCKS THROUGH T H E 
N A T U R A L G E L O G I C A L PROCESS OF " W E A T H E R I N G " , O N L Y T H I S T Y P E OF AGGREGATE 
W I L L B E D I S C U S S E D . THE PROCESS OF D I S I N T E G R A T I O N W H I C H B R E A K S DOWN ROCKS 
I N T O S M A L L P A R T I C L E S I S P H Y S I C A L I N I T S N A T U R E . A N Y SANDS W H I C H H A V E 
UNDERGONE A C H E M I C A L PROCESS ( D E C O M P O S I T I O N ) I N T H E I R F O R M A T I O N ^ MUST G E N ­
E R A L L Y B E LOOKED UPON W I T H SOME C A U T I O N . S I L T A N D C L A Y ARE G E N E R A L L Y T H E 
R E S U L T OF SUCH D E C O M P O S I T I O N , A N D SUCH C H E M I C A L CHANGE H A S A L T E R E D . T H E 
O R I G I N A L CHARACTER OF T H E M A T E R I A L , U S U A L L Y TO I T S D E T R I M E N T . 

S I N C E COARSE SANDS A R E OF A S I Z E TO R E T A I N A N D P A R T A K E OF T H E 
NATURE A N D P R O P E R T I E S OF T H E P A R E N T R O C K , T H E STRUCTURE OF A T L E A S T LARGE 
P A R T I C L E S SHOULD B E I D E N T I C A L W I T H T H E STRUCTURES OF SUCH R O C K S • 

B E C A U S E OF I T S HARDNESS A N D R E S I S T A N C E TO C H E M I C A L A G E N T S , QUARTZ 
OR S I L I C A I S T H E COMMONEST M I N E R A L I N S A N D . OTHER M I N E R A L S SUCH AS F E L D S P A R , 
M I C A , E T C , , THOUGH O R I G I N A L L Y P R E S E N T , B E C A U S E OF T H E I R L E S S E R R E S I S T A N C E , 
HAVE B E E N MORE R E A D I L Y DECOMPOSED B Y T H E A C T I O N OF T H E E L E M E N T S ; A N D B Y 
REASON OF T H E I R COMPLETE D I S I N T E G R A T I O N W I T H R E S U L T A N T F I N E S T A T E OF S U B ­
D I V I S I O N , HAVE B E E N REMOVED BY. W I N D A N D W A T E R . QUARTZ C R Y S T A L S , T H E R E F O R E , 
R E M A I N AS T H E MOST E V I D E N T S U R V I V O R S OF THE P A R E N T R O C K . 

I N ORDER T H A T A MORTAR A T T A I N S A T I S F A C T O R Y S T R E N G T H UPON H A R D E N ­
I N G , , I T I S N E C E S S A R Y T H A T THE C E M E N T I N G M A T E R I A L S OF T H A T MORTAR ( C E M E N T 
A N D L I M E ) COAT T H E S U R F A C E OF T H E G R A I N S OF S A N D A N D F I L L T H E V O I D S BETWEEN 
•THEM, FOR T H E SAKE A L O N E OF C O A T I N G T H E G R A I N S , I T WOULD S E E M V E R Y E V I D E N T 
THAT A COARSE SAND W O U L D R E Q U I R E L E S S C E M E N T I N G M A T E R I A L T H A N A F I N E S A N D . 
T H I S I S T R U E B U T T H E R E S U L T I N G MORTAR I S A P T TO B E Q U I T E P O R O U S , DUE TO A 
L A C K OF M A T E R I A L S U F F I C I E N T TO F I L L T H E V O I D S B E T W E E N T H E P A R T I C L E S . SUCH 
A MORTAR I S - A L S O . D I F F I C U L T TO W O R K OFF A T R O W E L , DUE TO I T S I N A B I L I T Y TO 
S L I D E W I T H O U T A G R A T I N G S C R A T C H I N G A C T I O N . I F , ON T H E OTHER H A N D , AN a l l 
F I N E SAND I S EMPLOYED FOR T H E M O R T A R , A L T H O U G H T H E V O I D S ARE S M A L L E R AND 
E A S I E R F I L L E D , T H E S U R F A C E AREA TO B E COATED I S SO LARGE T H A T AN UNECONOM­
I C A L AMOUNT OF C E M E N T I N G M A T E R I A L MUST B E U S E D . T H U S , T H E O N L Y S A T I S F A C ­
TORY MORTAR S A N D I S A S A N D F A I R L Y W E L L GRADED FROM COARSE TO F I N E . 

T H E P R E S E N C E OF O R G A N I C MATTER I N T H E SAND SUCH A S : T A N N I C A C I D , 
C O L L O D I A L SEWAGE, M A N U R E , DECAYED V E G E T A B L E M A T T E R , E T C , I S I N A L L C A S E S T O 
B E REGARDED AS H A R M F U L * NO E N G I N E E R WOULD A C C E P T A S A N D C O N T A I N I N G T H E S E 
O B J E C T I O N A B L E I M P U R I T I E S I N A S A N D TO BE U S E D FOR CONCRETE - U N F O R T U N A T E L Y 
MORTAR -SANDS H A V E NOT B E E N E X A M I N E D SO C A R E F U L L Y I N T H E - P A S T . I T I S I M P O R ­
T A N T T H A T A MORTAR S A N D B E C A R E F U L L Y S E L E C T E D AS WOULD A S A N D FOR C O N C R E T E . 
F O R T U N A T E L Y , MOST OF THOSE I M P U R I T I E S CAN B E WASHED OUT OF T H E SAND WITH, 
L I T T L E E X P E N S E . 

T H E E F F E C T OF a S M A L L AMOUNT OF E I T H E R C L A Y OR S I L T I N MORTAR 
SANDS I S AT T I M E S B E N E F I C I A L TO T H E M O R T A R . HOWEVER, I N AS MUCH AS E I T H E R 
OF T H E S E I M P U R I T I E S CAN CAUSE I N J U R Y TO T H E MORTAR B Y C O A T I N G T H E S A N D P A R ­
T I C L E S OR B Y " B A L L I N G U P " WHEN W E T T E D ' A N D SO R E M A I N I N G AS LUMPS I N T H E 
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m o r t a r , I am i n c l i n e d t o "believe t h a t i t i s a l imy s s a f e r t o s e c u r e s a n d 
f r e e from t h e m , 

A m o r t a r sand s h o u l d he s e l e c t e d c a r e f u l l y a s wou ld be a c o n ­
c r e t e s a n d j and on a n y j o b of consequence when t h e s a n d i s so s e l e c t e d , 
t h e r e w i l l be a r e s u l t i n g s a v i n g s i n cement and l i m e i n t h e masonry w o r k , 
t h a t w i l l more t h a n make up t h e s l i g h t e x p e n s e of s a n d t e s t s i n c o n j u n c ­
t i o n w i t h t h i s s e l e c t i o n . Moreover , t h e r e s u l t i n g m o r t a r w i l l be s t r o n g e r 
and-more e a s i l y worked by t h e m a s s u s . • 

The l o g i c a l p r o c e d u r e i n t h e s e l e c t i o n of a s a n d f o r m o r t a r work 
would be *. 

1 , To d e t e r m i n e i t s g r a n u l o m e t r i c a n a l y s i s by s c r e e n i n g , 

2* Determine i t s c l e a n n e s s by w a s h i n g , or by c h e m i c a l t e s t s . 

To d e t e r m i n e i t s a c t u a l - s t r e n g t h v a l u e i n m o r t a r by t e s t . 



WATER 

W a t e r , a c h e m i c a l m i x t u r e of oxygen a n d h y d r o g e n , p l a y s a 
v e r y i m p o r t a n t p a r t i n t h e making of t h e m o r t a r . G e n e r a l l y , t o be 
s u i t a b l e f o r m o r t a r u s e , i t s h o u l d be f r e e from o i l , a c i d s , a l k a l i e s , 
or v e g e t a b l e m a t t e r . A good m o r t a r w a t e r s h o u l d b e of a q u a l i t y f i t 
f o r d r i n k i n g p u r p o s e s . 
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'. 'ORTAR M A K I N G 

In p r a c t i c e , a l m o s t a l l m o r t a r is h a n d m i x e d i n a w o o d e n or 
steel m o r t a r b o x . G e n e r a l l y , a n y local s a n d is s e l e c t e d f o r t h e m o r t a r , 
r e g a r d l e s s of its s u i t a b i l i t y . The m o r t a r is m i x e d b y c o m m o n l a b o r , of 
s u c h p r o p o r t i o n s a s s e e m t o s u i t t h e m a s o n s o r m a s o n f o r e m a n . S e l d o m 
is a n y a t t e m p t road© to secure u n i f o r m p r o p o r t i o n s of t h e c o n s t i t u e n t s of 
t h e mix} a n d s e l d o m a r e a n y t w o b a t c h e s m i x e d e x a c t l y t h e s a m e . A n y 
m o r t a r r e m a i n i n g a f t e r t h e d a y ' s w o r k is u s u a l l y c o v e r e d w i t h s a n d a n d 
a l ittle w a t e r , to b e r e w o r k e d ( r e t e m p e r e d ) into t h e f i r s t b a t c h of t h e 
n e x t d a y . A l l of t h i s p r o c e d u r e , w h i c h is a d m i t t e d t o b e c o m m o n t h r o u g h -
ou t t h e e n t i r e b u i l d i n g i n d u s t r y , t e n d s to d e f e a t a n y a d v a n t a g e w h i c h 
m i g h t b e g a i n e d b y t h e use of P o r t l a n d c e m e n t in t h e m o r t a r . I n s t e a d of 
o b t a i n i n g a m o r t a r of h i g h u n i f o r m s t r e n g t h , w h i c h t h e v e r y n a t u r e o f t h e 
m a t e r i a l s d e c r e e s s h o u l d b e secured:, g e n e r a l l y a m o r t a r of l o w , v a r y i n g 
s t r e n g t h is p r o d u c e d ; a m o r t a r w h i c h m a n y t i m e s is i n f e r i o r t o the p l a i n 
lime m o r t a r e m p l o y e d f o r m a n y h u n d r e d s of y e a r s . 

The s h e e r f a c t t h a t P o r t l a n d c e m e n t h a s b e e n u s e d in m a k i n g the 
m o r t a r seems t o s a t i s f y b o t h a r c h i t e c t a n d - o w n e r a n d t h e i g n o r a n t e m p l o y ­
m e n t of a. h i g h g r a d e m a t e r i a l c o n t i n u e s o n . 

W i t h o u t c o n t i n u i n g f u r t h e r w i t h the u n i n t e l l i g e n t u s e of P o r t ­
l a n d c e m e n t m o r t a r - t h e f a c t s of w h i c h are k n o w n g e n e r a l l y t o the b u i l d ­
ing i n d u s t r y — l e t u s r a t h e r r e v i e w t h e m a k i n g of m o r t a r , f r o m t h e t i m e the 
m a t e r i a l s a r e b o u g h t , t r a c i n g e a c h s t e p of its h i s t o r y t o t h e p o i n t of 
f i n a l l y l e a v i n g i t t o f u l f i l l its p u r p o s e of b o n d i n g t o g e t h e r m a s o n r y in 
a- w a l l or p i e r , [ 

In t h e c o n s t r u c t i o n o f a n y b u i l d i n g of c o n s e q u e n c e , c o n t a i n i n g 
c o n s i d e r a b l e w o r k , I b e l i e v e t h a t m o n e y w i l l a l w a y s b e s a v e d if c a r e f u l 
l a b o r a t o r y t e s t s a r e r u n o n a m o r t a r s a n d t h a t is b e i n g c o n s i d e r e d f o r 
u s e , I f e e l t h a t p r o b a b l y t h e m o s t e c o n o m i c a l s a n d t o be u s e d w i l l h a v e 
a f i n e n e s s m o d u l u s w i t h i n t h e l i m i t s of 2 , 8 a n d 3 * 5 . A s s o o n as a sand, 
has b e e n f o u n d to be c l e a n , s h a r p a n d s u i t a b l y g r a d e d , i t w i l l b e w i s e 
to d e t e r m i n e t h e p r o p o r t i o n s o f t h a t s a n d w i t h l i m e , c e m e n t a n d w a t e r 
t h a t w i l l p r o d u c e a m o r t a r s u f f i c i e n t l y s t r o n g to m e e t t h e l o a d i n g r e ­
q u i r e m e n t s of t h e c o n t e m p l a t e d b u i l d i n g a n d s t i l l b e as e c o n o m i c a l of 
m a t e r i a l as p o s s i b l e . N o r m a l l y , a n y c e m e n t m o r t a r t h a t w i l l s h o w a c o m ­
p r e s s i v e s t r e n g t h o f 2 0 0 0 j i r / S q M (or b e t t e r ) a t 2 8 d a y s w i l l be s u i t a b l e 
for l a y i n g u p m a s o n r y w o r k o f t h e h i g h e s t -quality. In as m u c h a s t h e 
u l t i m a t e c o m p r e s s i v e s t r e n g t h of t h e b e s t h a r d b r i c k s e l d o m e x c e e d s 
EOOOv^/Sq1', it m a y b e r e a s o n a b l y d e d u c e d t h a t to l a y b r i c k i n a m o r t a r 
s t r o n g e r t h a n t h e b r i c k i t s e l f is to w a s t e e x p e n s i v e m o r t a r m a t e r i a l s 
( c e m e n t a n d lime) f r u i t l e s s l y . T h u s , h a v i n g b e f o r e h a n d d e c i d e d w h a t 
u l t i m a t e s t r e n g t h is t o be d e s i r e d f r o m t h e m o r t a r , the l a b o r a t o r y p r o b ­
l e m -is t h e s e l e c t i o n o f the m i x w h i c h w i l l p r o d u c e a m o r t a r of r e q u i r e d 
s t r e n g t h a n d in m a k i n g i t d e m a n d the l e a s t a m o u n t o f l i m e a n d c e m e n t t o 
b e u s e d . 
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As t h e f i r s t s t e p t o w a r d s s u c h a n e n d , I w o u l d r e c o m m e n d m a k ­
i n g s t a n d a r d b r i q u e t t e s of t h e s e l e c t e d s a n d a n d t h e j g r a n d o f P o r t l a n d . 
c e m e n t t h a t w i l l b e u s e d i n t h e a c t u a l c o n s t r u c t i o n ; i t i s q u i t e i m p o r ­
t a n t t h a t t h e t e s t s a r e r u n on m o r t a r s m a d e . w i t h t h e c e m e n t t h a t w i l l b e 
u s e d on t h e j o b b e c a u s e many t i m e s e n t i r e l y d i f f e r e n t r e s u l t s w i l l b e o b ­
t a i n e d w i t h v a r i o u s c e m e n t s a n d t h e same s a n d . A t t i m e s o n e b r a n d o f 
c e m e n t w i l l a c t w i t h a s a n d , o r p o s s i b l y c e r t a i n i m p u r i t i e s i n t h e s a n d , 
a n d t h e l i m e q u i t e d i f f e r e n t l y t h a n w i l l a n o t h e r b r a n d , a l t h o u g h b o t h a r e 
o f e q u a l l y a s h i g h q u a l i t y . 

P r a c t i c a l l y a n y g o o d s a n d , m i x e d w i t h P o r t l a n d c e m e n t i n t h e 
r a t i o of o n e p a r t o f c e m e n t t o t h r e e p a r t s o f s a n d ( 1 : 3 ) , b y w e i g h t , w i l l 
w i t h s t a n d a t e n s i l e s t r e s s of n e a r l y 3 0 0 4 / S q H a t 28 d a y s , ( l d a y m o i s t 
a i r , 27 d a y s d r y a i r ) . C o n v e r t i n g t e n s i l e s t r e n g t h i n t o c o m p r e s s i v e 
s t r e n g t h , t h i s w o u l d i n d i c a t e a m o r t a r g o o d f o r 3 0 0 0 $ / S q M c o m p r e s s i v e 
s t r e s s a t 23 d a y s • * T h u s , I w o u l d a d v i s e m a k i n g n o b r i q u e t t e s of a h i g h ­
e r p r o p o r t i o n of c e m e n t t o s a n d t h a n 1 : 3 . F u r t h e r m o r e , a s a l r e a d y o u t ­
l i n e d p r e v i o u s l y , a n y m o r t a r s t r o n g e r t h a n 2 0 0 0 # / S q " ( c o m p r e s s i o n ) w i l l 
p r o b a b l y e x c e e d i n s t r e n g t h t h e m a t e r i a l s t h a t i t i s b o n d i n g t o g e t h e r a n d 
t h i s e x t r a s t r e n g t h i s w a s t e d . 1 w o u l d , t h e r e f o r e , m a k e j s e t o f b r i q u e t t e s , 
( t h r e e t o a s e t ) f o r e a c h of t h e d i f f e r e n t m i x p r o p o r t i o n s : 1 : .3 , ' 1:3-|- , 
1:3- | ' , 1 : 3 3 / 4 , 1 : 4 . T ime a l l o w i n g , t h e s e b r i q u e t t e s ^ s h o u l d b e b r o k e n a t 
t h e e n d o f t w e n t y - e i g h t , d a y s , . a n d t h e b r e a k i n g s t r e n g t h o f e a c h b r i q u e t t e 
c a r e f u l l y n o t e d . I f t h e b r i q i i e t t e s w e r e made c a r e f u l l y n o o n e s h o u l d v a r y 
much more t h a n 15%> i n s t r e n g t h f r o m t h e o t h e r s i n i t s same m i x . * * 

The a v e r a g e t e n s i l e s t r e n g t h of t h e s e m i x e s s h o u l d t h e n b e d e ­
r i v e d a n d a c u r v e p l o t t e d o f t h e s e v a l u e s , u s i n g t e n s i l e s t r e n g t h i n # / S q M 

f o r t h e o r d i n a t e a n d t h e m i x e s f o r t h e a b c i s s a ( l c h o o s e t o s t a r t f r o m t h e 
o r d i n a t e w i t h t h e r i c h e s t m i x a n d s e c u r e t h u s a d e c e n d i n g c u r v e ) , W i t h i n 
t h e l i m i t s o f s u c h a c u r v e , a n y d e s i r e d m o r t a r s t r e n g t h may b e s e l e c t e d t o 
b e u s e d on t h e j o b , b y t h e p r o c e s s of s i m p l e i n t e r p o l a t i o n b e t w e e n - v a l u e s . 
Thus i t may b e f o u n d t h a t a r e a l m i x of 1 : 3 5 / 8 w i l l p r o d u c e a m o r t a r 
s u i t a b l e f o r a p a r t i c u l a r j o b . R e a l i z i n g t h a t w i t h o u t t h e s e t e s t s a 1 : 3 
( s t a n d a r d m i x ) w o u l d p r o b a b l y h a v e when u s e d , a l r e a d y t h e r e h a s b e e n r e a l ­
i z e d a d e f i n i t e c e m e n t s a v i n g t h a t may be c o n s i d e r a b l e i f t h e j o b c a l l s 
f o r much m a s o n r y c o n s t r u c t i o n . H o w e v e r , o n l y t h e f i r s t p o r t i o n of o u r 
u l t i m a t e c e m e n t s a v i n g h a s b e e n made a t - t h i s p o i n t . How t o go f u r t h e r , 

A s e c o n d s e r i e s o f b r i q u e t t e s s h o u l d now b e m a d e , s t a r t i n g w i t h 
t h e .mix ( 1 : 3 5 / 8 ) t h a t h a s b e e n s e l e c t e d a s s u i t a b l e , t h e f i r s t t h r e e of 
t h e 1 ; 3 5 / 8 m i x , t h e s e c o n d , o f a m i x i n w h i c h 5% ( b y w e i g h t ) of t h e . c e m e n t 

* I r e a l i z e t h a t many a u t h o r i t i e s d i s l i k e m a k i n g ' a d e f i n i t e ' r a t i o 
b e t w e e n t e n s i l e s t r e n g t h ar id c o m p r e s s i v e s t r e n g t h , I f e e l , h o w e v e r , t h a t , 
f o r t h e p u r p o s e of d e t e r m i n i n g m o r t a r m i x e s , i n v i e w o f t h e f a c t t h a t t e n ­
s i l e s t r e n g t h t e s t s c a n b e made s o much m o r e e a s i l y a n d s o much m o r e r a p i d ­
l y t h a n c a n c o m p r e s s i v e s t r e n g t h t e s t s , - i t i s p e r f e c t l y a l l o w a b l e t o m u l t i ­
p l y t h e u l t i m a t e t e n s i l e s t r e s s t h a t t h e m o r t a r w i l l s u s t a i n b y t h e . f a c t o r 
of "10" t o c e m e n t i n t o c o m p r e s s i v e s t r e n g t h . My e n t i r e e n d e a v o r t h r o u g h ­
o u t t h i s p a p e r i-s , t o a t t e m p t t o i m p r o v e t h e u s e of a m a t e r i a l e n t i r e l y w i t h ­
i n p r a c t i c a l , l i m i t s . 

* * I f i t i s f o u n d t o b e i m p o s s i b l e t o h a v e t h e s e t e s t s run. o v e r , s o 
l o n g a p e r i o d of t i m e , b r i q u e t t e s may b e b r o k e n a t s e v e n d a y s a n d a v e r y 
c l o s e a p p r o x i m a t i o n o f t h e 28 d a y s t r e n g t h w i l l b e r e a c h e d i f t h e 7 d a y 
s t r e n g t h i s m u l t i p l i e d b y t h e c o n s t a n t of 1 , 5 . 
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h a s been r e p l a c e d by 5 $ (by weight . ) of h y d r a t e d l i m e , t h e t h i r d of a mix 
i n ' w h i c h 10$ (by w e i g h t ) o f t h e c e m e n t h a s b e e n r e p l a c e d by 10$ ( b y w e i g h t ) 
of h y d r a t e d l i m e , e t c . , or d e s i g n a t i n g t h e amount o f t h e h y d r a t e d l ime by . 
tr ie dec imal b e t w e e n t h e cement and t h e sand q u a n t i t i e s , t h e new mixes w i l l 
be - 1:3 5/8' ( o r i g i n a l ) , . 9 5 : . 0 5 : 3 5 / 8 , . 9 0 : . 1 0 : 3 5 / 8 , . 8 5 : . 1 5 : 3 5 / 8 , 
. 3 0 : . 2 0 : 3 5 / 8 and . 7 5 : . 2 5 : 3 5 / s , Th i s s e r i e s of s i x s e t s of b r i q u e t t e s 
s h o u l d be s t o r e d t h e same a s t h e f i r s t s e r i e s , a n d b r o k e n i n t h e same 
f a s h i o n a t 28 d a y s , Now, a s w i l l be l a t e r d i s c u s s e d u n d e r t h e h e a d i n g of 
"The E f f e c t s o f H y d r a t e d L i m e on P o r t l a n d C e m e n t M o r t a r " , s o m e w h e r e i n 
t h i s s e r i e s of r e p l a c e m e n t s of cement w i t h l i m e w i l l be a t t a i n e d a t e n s i l e 
s t r e n g t h a s h i g h or h i g h e r t h a n was a t t a i n e d w i t h t h e s t r a i g h t 1:3 5/9 
m o r t a r : and a t t h e same t i m e w i l l be a l s o a t t a i n e d a m o r t a r w h i c h w i l l be 
more w o r k a b l e and e a s i e r f l o w i n g t h a n t h a t m o r t a r w h i c h C o n t a i n e d no l i m e ; 
t h i s i s n a t u r a l l y t h e f i n a l m o r t a r m i x w h i c h we d e s i r e . Having c a r e f u l l y 
r e c o r d e d t h e b r e a k i n g s t r e n g t h of t h i s s e r i e s of b r i q u e t t e s , a v e r a g e t h e 
v a l u e s i n e a c h g r o u p a s b e f o r e and p l o t a new c u r v e w i t h t h e s e v a l u e s 
u s i n g # / S q u as t h e o r d i n a t e and $ l ime as t h e a b c i s s a . T h e n , t h e p e r c e n t ­
age of l ime t o be, u s e d i n t h e mix w i l l be t h a t p o i n t on t h e c u r v e , f u r t h e r -
e s t from t h e "Y u a x i s , t h e o r d i n a t e of which i s of e q u a l v a l u e w i t h t h e 
o r d i n a t e of t h e mix made of 100$ c e m e n t and 0 $ l i m e . T h u s , o u r f i n a l m i x 
may be t h a t of . 8 2 : . 1 8 s 3 5 / 8 ; and once a g a i n , a c o n s i d e r a b l e s a v i n g s i n 
cement h a s b e e n r e a l i s e d because . 18$ of t h e w e i g h t of. t h e cement i n t h e 
1:3 5 / 8 mix h a s been r e p l a c e d w i t h a c o n s i d e r a b l y c h e a p e r m a t e r i a l , h y ­
d r a t e d l i m e . 

.Now - l e t me t r a c e t h r o u g h t h i s p r o c e d u r e on an a c t u a l sand and. 
d e t e r m i n e what s a v i n g s , i f a n y , can b e made by f o l l o w i n g t h i s m e t h o d . 

CONDITIONS - Sand , Common Creek sand -of f a i r q u a l i t y . 

Cement , s t a n d a r d b r a n d of P o r t l a n d , c e m e n t . 

Lime, s t a n d a r d b r a n d of h y d r a t e d l i m e , d o l o m i t i c i n n a t u r e . 

W a t e r , good q u a l i t y . 

M i x , A r c h i t e c t ' s s p e c i f i c a t i o n s c a l l e d f o r a 1 :3 cement mor­
t a r w i t h n o t e x c e e d i n g 10$ inot" "specif i e d t o be e i t h e r b y w e i g h t or b y 
volume) - A r c h i t e c t a g r e e d t o a l l o w t h e m o r t a r mix t o b e d e s i g n e d f o r t h e 
m a t e r i a l s u s e d and would a l l o w a 2000?f/Sq" m o r t a r t o be u s e d r e g a r d l e s s 
of t h e p r o p o r t i o n s of t h e m i x . 

1 . S t a n d a r d C o l o r m e t r i c t e s t f o r o r g a n i c m a t t e r was r u n on t h e 
sand which showed a. c o l o r of f 2J- - s u i t a b l e . 

2 , S c r e e n t e s t r u n on sand showed t h e sand t o h a v e a f i n e n e s s 
modulus of 3 ,04 - s u i t a b l e . 



12 

>ereen Size 

Sample 200 gms. 

Sample C o a r s e r 
i n grams 

Sample C o a r s e r 
i n p e r c e n t . 

1-J- i n c h 0 0 

3/4- i n c h 0 0 

3 / 8 i n c h 0 0 

#4 mesh . 0 0 

7f8 mesh 2 , 0 3 1 ,02 

7fl4 mesh 12 .46 6 , 2 3 

jf28 mesh 5 3 . 3 1 2 6 . 6 5 

7^48 mesh 143 .93 7 1 . 9 7 

vflOO mesh 195 .99 97 ,99 

Beyond 2 0 0 . 0 1 1 0 0 . 0 0 
303.86* 

F . M . a 303 .86 a 3*04 
100 

• 3 . F] Lve s e t s of b r i q u e t t e s w e r e c a r e f u l l y p r e p a r e d ( t h r e e 

b r i q u e t t e s t o a s e t ) u t i l i z i n g t h e f o l l o w i n g mixes -. a l l mixes by 

w e i g h t : 

1 : 3 , 1 : 3 | , l : 3 j , 1:3 3/4 2 , 1 : 4 . 



THESE B R I Q U E T T E S WERE STORED ONE DAY I N M O I S T A I R AND TWENTY-
SEVEN DAYS I N DRY A I R . BROKEN AT 2 8 DAYS, THEY SHOWED THE FOLLOWING R E ­
S U L T S : * 

NUMBER MIX T E N S I L E STRENGTH 2 8 DAYS I N # / S Q N AVERAGE I N # / S Q W 

1 3 3 5 

2 1 : 3 3 5 5 3 4 7 

3 3 5 0 

4 3 2 0 

5 L : 3 T 3 4 0 3 2 5 

6 3 1 5 

7 2 8 0 

8 1 : 3 - | 2 6 5 2 6 5 

9 2 5 0 

1 0 , " 2 1 0 ' 

1 1 1 : 3 3 / 4 2 0 0 2 1 0 

1 2 2 2 0 

1 3 1 7 5 

1 4 1 : 4 1 8 0 1 7 2 

1 5 1 6 0 

4 . ' THESE T E N S I L E STRENGTHS AVERAGED, ALLOWED THE "STRENGTH -
M I X " CURVE TO B E CONSTRUCTED AS SHOWN ON PAGE 1 4 , FROM T H I S CURVE, I T 

*T R E A L I Z E THAT NORMAL LABORATORY PROCEDURE CALLS FOR B R I ­
QUETTES TO B E STORED ONE DAY I N M O I S T AIR. AND TWENTY-SEVEN DAYS I N WATER, 
I DO NOT F E E L , HOWEVER, THAT A STORAGE OF TWENTY-SEVEN DAYS I N WATER R E ­
P R E S E N T S C O N D I T I O N S S I M I L A R TO THOSE WHICH W I L L BE ACTUALLY E X P E R I E N C E D 
BY MORTAR I N ACTUAL CONSTRUCTION AND, T H E R E F O R E , HAVE CURED MY B R I Q U E T T E S 
I N DRY A I R I N ORDER TO APPROXIMATE ACTUAL F I E L D C O N D I T I O N S . WITHOUT 
DOUBT, ALL OF THE B R I Q U E T T E S EXAMINED WOULD HAVE SHOWN FAR MORE STRENGTH 
I F CURED I N WATER RATHER THAN A I R . THEY WOULD, HOWEVER, HAVE REPRESENTED 
MUCH L E S S OF AN I N D I C A T I O N OF WHAT STRENGTH THE ACTUAL MORTAR ON THE J O B 
WAS TO A T T A I N * 
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may be seen t h a t t h e a c t u a l mix needed t o p r o d u c e a t e n s i l e s t r e s s of 
20(3#/Sq" i s s l i g h t l y w e a k e r t h a n one of cement t o t h r e e a n d t h r e e q u a r t ­
e r s p a r t s of s a n d . 'Thus, a mix of 1 : 3 3 / 4 w i l l p r o d u c e a m o r t a r s u f f i ­
c i e n t l y s t r o n g f o r our p u r p o s e , 

5 , N e x t , a s o u t l i n e d p r e v i o u s l y , t h e s e l e c t e d mix of 1:3 3 / 4 
was t a k e n as a s t a r t i n g m i x , and one s e t of b r i q u e t t e s made f rom i t ; 
t h e n f i v e o t h e r s e t s of b r i q u e t t e s i n w h i c h , i n c r e a s i n g i n u n i t s of 5% 
by w e i g h t , t h e P o r t l a n d cement was r e p l a c e d w i t h h y d r a t e d l i m e . Those 
b r i q u e t t e s of 1 : 3 3 / 4 , . 9 5 : . 0 5 : 3 3 / 4 , . 9 0 : . 1 0 : 3 3 / 4 , . 8 5 : . 1 5 : 3 3 / 4 , 
. 8 0 : , 2 0 : 3 3 / 4 and . 7 5 : . 2 5 : 3 3 / 4 m i x , were c a r e f u l l y p r e p a r e d , and c u r e d , 
a s b e f o r e - one day i n m o i s t a i r and t w e n t y - s e v e n d a y s i n d r y a i r . Upon 
b r e a k i n g , t h e s e b r i q u e t t e s t e s t e d a s f o l l o w s : 

Number Mix T e n s i l e S t r e n g t h Average i n # / S q * 
28 days i n # / S q " 

1 230 

2 1:3 3 / 4 210 218 

3 . 2 1 5 

4 140 

5 . 9 5 : 0 5 : 3 3 / 4 135 142 

S 150 

7 205 

8 . 9 0 : . 1 0 : 3 3 / 4 200 208 

9 220 

10 175 

11 . 8 5 : . 1 5 : 3 3 / 4 160 167 

12 165 

13 135 

14 . 8 0 : ^ 0 : 3 3 / 4 140 140 

15 145 . 

IS 110 

17 . 7 5 : . 2 5 : 3 3 /4 110 105 

18 ''V 95 



6 . These s t r e n g t h s a v e r a g e d . , - a l l o w e d - a : - " T e n s i l e S t r e n g t h -
P e r c e n t a g e of Lime" c u r v e t o be c o n s t r u c t e d a s - . s h o w n o n page 1 7 , From 
t h i s c u r v e i t may b e s e e n t h a t , t h e r e a l mix n e e d e d t o p r o d u c e a t e n s i l e 
s t r e s s of 200/f/Sq" most e c o n o m i c a l l y i s a p p r o x i m a t e l y , 8 8 : , 1 2 : 3 3 / 4 , 

T r a c i n g o v e r t h e r e s u l t s of t h e s e t e s t s i t i s a t once a p p a r e n t 
t h a t a s a v i n g s i n cement of 23,3$ h a s been made w i t h a r e s u l t i n g m o r t a r 
q u i t e s u f f i c i e n t l y s t r o n g f o r any p r a c t i c a l u s a g e , 

l o w , h a v i n g examined t h e m a t e r i a l s and d e c i d e d upon t h e p r o p e r 
max t o be u s e d , l e t u s &o i n t o t h e f i e l d and a c t u a l l y make t h i s m o r t a r * 

As m e n t i o n e d b e f o r e , t h e m o r t a r w i l l be hand mixed i n a wooden 
or s t e e l m o r t a r b o x , (The m o r t a r box s h o u l d be t h o r o u g h l y c l e a n e d each 
day b e f o r e u s i n g , a n d i f any m o r t a r r e m a i n s i n t h e box a t t h e end of t h e 
d a y ' s w o r k , i t s h o u l d be t a k e n o u t and d i s c a r d e d ) I n v i e w of t h e f a c t 
t h a t s c a r c e l y ' a n y two s h o v e l s f u l l of sand w i l l be of e x a c t l y t h e same 
amount , I t h i i i k . i t i n a d v i s a b l e t o have t h e m o r t a r maker u s e a " s h o v e l of 
sand" a s a. u n i t of m e a s u r e , A wooden m e a s u r i n g box c a n be made q u i t e 
r a p i d l y and i t ' s u s e r e q u i r e s l i t t l e more t ime and e f f o r t t h a n t o s h o v e l 
t h e sand d i r e c t l y i n t o t h e m o r t a r box f rom t h e p i l e . F o r t u n a t e l y , most 
P o r t l a n d cement i s b r o u g h t i n b a g s and i n a s much a s e a c h b a t c h of m o r t a r 
w i l l t a k e a f u l l b a g , no m e a s u r i n g d e v i c e w i l l be r e q u i r e d f o r t h e cement , 
A s m a l l wooden m e a s u r e s h o u l d be made f o r t h e l i m e , h o w e v e r , b e c a u s e i t 
w i l l be u s e d i n l e s s t h a n bag l o t s . 

A f t e r the ' p r o p e r amounts of s a n d , l ime and cement h a v e been 
dumped i n t o t h e m o r t a r b o x , t h e s e c o n s t i t u e n t s s h o u l d be mixed ( " c u t " ) , 
d r y , w i t h a m o r t a r hoe u n t i l t h e m i x t u r e h a s assumed one u n i f o r m c o l o r . 
I t i s q u i t e i m p o r t a n t f o r p r o p e r mix ing t h a t t h i s p r o c e d u r e be c a r e f u l l y 
c a r r i e d o u t . Then , a l i t t l e a t a t i m e , w a t e r i s i n t r o d u c e d , t h e m i x t u r e 
b e i n g hoed v i g o r o u s l y a t t h e same t i m e . At t h e t i m e of making t h e f i r s t 
b a t c h of m o r t a r on e a c h j o b , a foreman s h o u l d s t a y a t t h e m o r t a r box and 
r e g u l a t e t h e amount of w a t e r p u t i n t o each b a t c h . T h e r e a f t e r , t h e member 
of b u c k e t s of w a t e r r e q u i r e d ( a b o u t 2-|- t o 3-|-) f o r a p r o p e r mix can become 
a u n i t of t h e mix s i m i l a r t o t h e s a n d and l i m e u n i t s , - Only s u f f i c i e n t 
w a t e r i s d e s i r e d i n t h e m o r t a r t o f u l l y h y d r a t e t h e cement and l ime and 
make t h e m o r t a r p o s s i b l e t o u s e : t h e l e a s t amount of w a t e r t h a t can be 
used t o make t h e m o r t a r "workab le" w i l l be t h e c o r r e c t u n i t of w a t e r . 
This m o r t a r i s t h e n r e a d y t o be t a k e n from t h e box i n b u c k e t s o r hods 
and be u s e d by t h e masons i n l a y i n g up t h e masonry s t r u c t u r e . 

On a l m o s t any j o b r e q u i r i n g more t h a n f o u r m a s o n s , i t w i l l be 
found t h a t t h e u s e of two m o r t a r boxes w i l l r e s u l t i n a money s a v i n g s . 
By t h e u s e of two b o x e s , one b a t c h of m o r t a r can a l w a y s be r e a d y t o be 
t a k e n t o masons w h i l e a new b a t c h i s b e i n g p r e p a r e d i n t h e o t h e r . The 
common p r a c t i c e 'of m i x i n g a b a t c h of m o r t a r i n one end of a box w h i l e 
t h e o t h e r end c o n t a i n s p a r t of t h e l a s t b a t c h i s t o be l o o k e d upon w i t h 
d i s f a v o r . O b v i o u s l y , some of t h e unmixed m a t e r i a l s from, t h e new b a t c h 
w i l l a l w a y s g e t mixed w i t h t h e r e m a i n i n g p o r t i o n of t h e f o r m e r b a t c h and 
t h e m i x i n g i s n e i t h e r c o m p l e t e n o r s a t i s f a c t o r j r . 

http://thiiik.it




D i s c r e t i o n s h o u l d b e e x e r c i s e d j u s t b e f o r e n o o n d a y a n d j u s t 
b e f o r e " q u i t t i n g " t i m e t h a t n o h e w b a t c h of m o r t a r is m i x e d u p . O v e r 
e v e n so s h o r t a p e r i o d as the h a l f a n h o u r t h a t t h e m e n a r e a t l u n c h i n 
the m i d d l e of the d a y , m a n y c e m e n t s w i l l a t t a i n t h e i r i n i t i a l sets a n d 
t h e r e a f t e r b e w o r t h l e s s f o r u s e in a n y l o a d b e a r i n g m a s o n r y c o n s t r u c ­
t i o n . If c a u t i o n e d to be. c a r e f u l of the time,- e v e n c o m m o n l a b o r m i x i n g 
the m o r t a r w i l l s e l d o m h a v e a b u c k e t full of m o r t a r l e f t w h e n t h e 
w h i s t l e b l o w s . W i t h o u t p r o p e r c a u t i o n i n g , h o w e v e r , a b o u t a b a t c h of 
m o r t a r e a c h day xvi 11 h a v e t o b e d i s c a r d e d * The p r a c t i c e of wa*etemper­
i n g " a b a t c h of 'partially s e t u p m o r t a r w i t h n e w m a t e r i a l s is a p o o r 
one a n d s h o u l d n e v e r b e -adopted* .Proper t i m e c a u t i o n i n g a h a l f a n h o u r 
b e f o r e a s t o p p i n g off p o i n t w i l l c o m p l e t e l y do a w a y w i t h e v e n t h e o c ­
c a s i o n for " r e t e m p e r i n g " m o r t a r * 



THE E F F E C T OF .LIME IN C E M E N T M O R T A R 

N o r m a l l y , the a l l o w a b l e a m o u n t of l i m e t h a t m a y b e u s e d i n 
c e m e n t m o r t a r s is 10$. of t h e c e m e n t c o n t e n t of t h e m o r t a r , a n d t h i s 
1 0 $ is s e l d o m s p e c i f i e d to m e a n e i t h e r w e i g h t or v o l u m e ; t h u s the 
l i m e c o n t e n t h a s w i d e m a r g i n s . F u r t h e r m o r e , by m o s t e n g i n e e r s , a n y 
a m o u n t of l i m e is s u p p o s e d to b e d e t r i m e n t a l t o t h e m o r t a r b u t t h i s 
1 0 % is a l l o w e d m a i n l y to s a t i s f y the m a s o n s w h o a l m o s t r e q u i r e s o m e 
l i t t l e lime i n o r d e r t o b e a b l e t o s p r e a d t h e m o r t a r e v e n l y . T h u s , 
l i m e is o f t e n t i m e s c o n s i d e r e d to be a m a t e r i a l t h a t is u n d e s i r a b l e 
b u t w h i c h , f o r t h e sake of the m a s o n s , m u s t b e e n d u r e d : t h i s , h o w ­
e v e r , is n o t the c a s e . 

L a b o r a t o r y t e s t s h a v e d e f i n a t e l y p r o v e n t h a t l i m e , i n c o r ­
r e c t p r o p o r t i o n s , in t h e m o r t a r m i x h a s a d i r e c t l y b e n e f i c i a l r a t h e r 
t h a n a d e t r i m e n t a l e f f e c t u p o n c e m e n t m o r t a r s . If u s e d c o r r e c t l y , 
the r e s u l t i n g c e m e n t m o r t a r is m u c h s t r o n g e r , c u r e s b e t t e r , w o r k s 
e a s i e r a n d - m a y b e m a d e c h e a p e r t h a n it w o u l d if n o l i m e w a s u s e d . 

The h i g h d e g r e e o.f w o r k a b i l i t y • or p l a s t i c i t y t h a t , l i m e i n ­
t r o d u c e s into c e m e n t m o r t a r s is a l m o s t u n i v e r s a l l y a d m i t t e d . L i m e 
m a k e s the m o r t a r w o r k e a s i l y off a t r o w e l , a n d p r o d u c e s a u n i f o r m 
m o r t a r b e d f o r the m a s o n r y to b e l a i d o n . One c e r t a i n p r o o f t h a t 
lime in c e m e n t m o r t a r is h i g h l y b e n e f i c i a l a n d e v e n n e c e s s a r y f o r 
w o r k a b i l i t y is t h e f a c t t h a t m a s o n s o n a job w i l l a l w a y s c o m p l a i n of 
a m i x 'too l e a n i n i t , 

I f e e l t h a t t h e l i m e c o n t e n t i n m o r t a r a i d s m o r t a r g r e a t l y 
by r e t a i n i n g a p o r t i o n of the w a t e r in the m i x t u r e u n t i l a f t e r c o m ­
p l e t e h y d r a t i o n of t h e c e m e n t h a s t a k e n p l a c e , . W i t h o u t l i m e , p a r t i e s 
u l a r l y in h o t w e a t h e r , m a s o n r y m a t e r i a l s , a n d e s p e c i a l l y b r i c k , a b ­
sorb w a t e r f r o m m o r t a r t o o r a p i d l y . T h u s , a too q u i c k " d r y i n g o u t " 
p r o c e s s t a k e s p l a c e w i t h o u t c o m p l e t e h y d r a t i o n - o f t h e c e m e n t h a v i n g 
t a k e n p l a c e . It is t r u e t h a t m a n y of t h e b e t t e r sets of b u i l d i n g 
s p e c i f i c a t i o n s c a l l f o r - w e t t i n g d o w n b r i c k b e f o r e l a y i n g i n h o t 
w e a t h e r i n ' o r d e r to o v e r c o m e t h i s too q u i c k a b s o r b t i o n , b u t t h i s is 
p r a c t i c a l l y n e v e r c a r r i e d o u t i n the f i e l d , A w e t t e d b r i c k is h a r d 
to h a n d l e a n d s e e m s t o t e a r , a n d w e a r o u t r a p i d l y the s k i n o n m a s o n ' s 
h a n d s j t h u s , a l t h o u g h ideal in t h e o r y , it is s e l d o m , if e v e r , p r a c ­
t i c a l to, lay w e t b r i c k . A g a i n t h e lime c o n t e n t i n c e m e n t m o r t a r is 
quite n e c e s s a r y . 

M y o w n l a b o r a t o r y e x p e r i m e n t s , ' m a d e u p o n m a n y m o r t a r .sands, 
h a v e c o n c l u s i v e l y p r o v e n t h a t a n a d d i t i o n of t h e c o r r e c t a m o u n t of 
lime to the m i x of a P o r t l a n d c e m e n t m o r t a r w i l l i n e v e r y c a s e p r o ­
duce a s t r o n g e r m o r t a r , b y a t l e a s t 1 0 $ , t h a n w o u l d b e o t h e r w i s e p r o ­
d u c e d . N o r m a l l y , a p e r c e n t a g e of lime to c e m e n t b e t w e e n 1 2 $ a n d 1 5 $ 
b y w e i g h t w i l l p r o d u c e t h i s s t r o n g e r m o r t a r , A c o m p o s i t e " B r e a k i n g . 
S t r e n g t h P e r c e n t a g e of L i m e b y W e i g h t " c u r v e m a y b e i n s D e c t e d o n 
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p a g e 2 1 . T h i s c u r v e i s t h e r e s u l t of p l o t t i n g t h e r e s u l t s o f t e s t s 
r u n on e^dtght d i f f e r e n t s a n d s - a s may h e s e e n , t h e a v e r a g e h i g h 
s t r e n g t h i n t h e m o r t a r s a p p e a r s w h e n a p p r o x i m a t e l y 12% l i m e w a s a d ­
d e d t o t h e m i x . T h u s , a s a l r e a d y p o i n t e d o u t u n d e r " M o r t a r ^ a k i n g " , 
a n d i n v i e w of t h e f a c t t h a t s e l d o m w i l l t h i s i n c r e a s e d s t r e n g t h h e 
n e e d e d , t h e P o r t l a n d c e m e n t c o n t e n t o f t h e m o r t a r may b e r e d u c e d , 
l i m e s u b s t i t u t e d a n d a m o r t a r p r o d u c e d b o t h s u f f i c i e n t l y s t r o n g f o r 
a l l p u r p o s e s a n d e c o n o m i c a l i n c o s t . 

The p r o p e r a m o u n t , o f l i m e r e q u i r e d f o r a m o r t a r s e e m s t o b e 
d i r e c t l y d e p e n d e n t u p o n t h e s a n d u s e d ; b o t h u p o n i t s f i n e n e s s , a n d 
p o s s i b l y u p o n t h e c h e m i c a l n a t u r e of some of t h e i m p u r i t i e s i t c o n ­
t a i n s . The o n l y m e t h o d of d e t e r m i n i n g , t h e c o r r e c t a m o u n t o f l i m e r e ­
q u i r e d f o r a p a r t i c u l a r s a n d p r o b a b l y i s t o b r e a k a s e r i e s o f b r i q u e t t e s 
w h i c h c o n t a i n v a r y i n g a m o u n t s o f l i m e a n d f r o m t h e m c o n s t r u c t a c u r v e 
s i m i l a r t o t h a t s h o w n on p a g e 2 1 . The maximum v a l u e o f t h e l i m e may 
e a s i l y b e p i c k e d f r o m s u c h a c u r v e . • 

The a d d i t i o n o f l i m e t o t h e m o r t a r s e e m s t o h a v e a h a r m f u l 
e f f e c t on t h e m o r t a r ' s s t r e n g t h b o t h when t o o much a n d t o o l i t t l e l i m e 
a r e a d d e d . Why i t i s t h a t a v e r y s m a l l a m o u n t o f l i m e o r 5% by 
w e i g h t ) s h o u l d w e a k e n a c e m e n t m o r t a r w h i l e a l a r g e r a m o u n t of l i m e 
(l2/o o r 13/? b y w e i g h t ) s h o u l d s t r e n g t h e n i t s e e m s t o h a v e n o a n s w e r a t 
p r e s e n t . As b e s t I c a n d i s c o v e r , n o r e a s o n f o r t h i s a c t i o n h a s y e t 
b e e n p r e s e n t e d t o t h e p r o f e s s i o n a n d I am of t h e o p i n i o n t h a t o n l y a 
c h e m i s t w i l l b e a b l e t o t e l l u s f i n a l l y . S t i l l , a s t u d y o f a " l i m e 
c u r v e " f o r a s a n d c o n t e m p l a t e d i n b e i n g u s e d on a j o b ' w i l l n o t o n l y b e 
i n t e r e s t i n g b u t w i l l p r o d u c e , f o r n o t e x c e e d i n g s e v e r a l h o u r s s i m p l e 
l a b o r a t o r y w o r k , s u f f i c i e n t d a t e t o a l l o w a n y s u p e r i n t e n d e n t o r e n g i ­
n e e r ' t o d e s i g n a m o r t a r m i x b o t h s t r o n g a n d e c o n o m i c a l . I w o u l d a d ­
v i s e t h e c o n s t r u c t i o n of' s u c h a c u r v e f o r t h e s a n d t o b e u s e d o n a n y 
j o b of c o n s e q u e n c e , b e c a u s e i n t h i s w a y , s a v i n g s a s h i g h a s 22% o f t h e 
a m o u n t " o f t h e P o r t l a n d c e m e n t c a n b e r e a l i z e d . 





•' -

T h e e f f e c t o f a v e r y w e a k s o l u t i o n o f c a l c i u m , c h l o r i d e i n 
a P o r t l a n d c e m e n t m o r t a r s e e m s t o h e t o r e t a r d s l i g h t l y t h e i n i t i a l 
s e t t i n g o f t h e c e m e n t , A v e r y w e a k s o l u t i o n m a y a l s o r e n d e r s o u n d 
a c e m e n t c o n t a i n i n g f r e e l i m e b y f a c i l i t a t i n g t h e h y d r a t i o n o f t h e 
l i m e . 

w 
r 

r; 
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The w h i t e e f f l o r e s c e n t d i s f i g u r a t i o n s o common on m a s o n r y ' 
w a l l s , and. p a r t i c u l a r l y b r i c k w a l l s , i s d u e t o c e r t a i n s o l u b l e s a l t s 
p r e s e n t i n e i t h e r t h e b r i c k o r t h e m o r t a r a n d s o m e t i m e s i n b o t h . 
The m o s t f r e q u e n t c a u s e of s u c h e f f l o r e s c e n c e i s a. s o l u b l e s a l t , s u l 
p h a t e o f m a g n e s i a , w h i c h w h e n p r e s e n t i s c a r r i e d , o u t t o t h e f a c e of 
t h o w a l l by t h e r a i n . I know of n o r e m e d y t h a t w i l l o v e r c o m e t h i s 
' i n s i g h t l i n e s s q u i t e a s e f f e c t i v e l y a s c o a t i n g t h e w a l l s w i t h a g o o d 
t r a n s p a r e n t w a t e r p r o o f i n g c o m p o u n d ( o f w h i c h t h e m a r k e t a f f o r d s 
s e v e r a l ) a f t e r t h e w h i t e s o l u b l e s a l t s h a v e b e e n r e m o v e d b y s c r u b ­
b i n g w i t h a w e a k s o l u t i o n o f m u r i a t i c a c i d . 



FREEZING 

F o r t u n a t e l y , l i t t l e c o n s i d e r a t i o n of m o r t a r s . f r e e z i n g m u s t 
ever be t a k e n . It is n e a r l y i m p o s s i b l e t o l a y b r i c k a t a n y t i m e the 
•wreather is c o l d , f o r t h e r e a s o n t h a t n o m a s o n c a n w o r k w h e n h i s h a n d s 
m u s t b e p r o t e c t e d f r o m e x t r e m e w e a t h e r by g l o v e s . T h e r e a r e t i m e s , 
h o w v e r , i n b o t h t h e l a t e F a l l a n d e a r l y S p r i n g w h e n t h e t e m p e r a t u r e . 
w i l l d r o p b e l o w f r e e z i n g a t n i g h t f a l l , a l t h o u g h the d a y t i m e is q u i t e 
w a r m e n o u g h f o r m e n to w o r k . The p r e c a u t i o n a t s u c h t i m e s s h o u l d be 
t a k e n to stop t h e m a s o n r y w o r k s l i g h t l y e a r l i e r i n t h e a f t e r n o o n t h a n 
n o r m a l l y w o u l d b e d o n e i n o r d e r t h a t a l l of t h e m o r t a r m a y h a v e r e a c h ­
e d a t l e a s t its i n i t i a l s e t b e f o r e t h e t e m p e r a t u r e f a l l s b e l o w f r e e z ­
ing, M o r t a r w h i c h is e x p o s e d to l o w t e m p e r a t u r e s , too q u i c k l y , w i l l 
n a t u r a l l y f r e e z e a n d l o s e s m u c h of its s t r e n g t h u p o n s u b s e q u e n t s e t t i n g . 
M o r t a r u s e d j u s t b e f o r e n i g h t f a l l a t s u c h t i m e s w i l l o f t e n t i m e s f r e e z e 
o n t h e s u r f a c e o n l y . E v e n t h o u g h such f r e e z i n g is a l m o s t a l w a y s o n 
only the e x p o s e d s u r f a c e of t h e m o r t a r a n d d i s t r o y s l i t t l e of its a c t u a l 
s t r e n g t h , a t h i n outer, l a y e r if f r o z e n w i l l s c a l e a n d r e s u l t i n un-* 
s i g h t l y j o i n t s . 



A P P E N D I X 

STANDARD S P E C I F I C A T I O N S AND T E S T S 
FOR 

PORTLAND CEMENT * " 

THESE S P E C I F I C A T I O N S ARE THE RESULT OF SEVERAL Y E A R S ' WORK 
OF A S P E C I A L COMMITTEE R E P R E S E N T I N G A U N I T E D S T A T E S GOVERNMENT D E P A R T ­
MENTAL COMMITTEE, THE BOARD OF D I R E C T I O N OF THE AMERICAN S O C I E T Y OF C I V I L 
E N G I N E E R S , AND COMMITTEE C - L ON CEMENT OF THE AMERICAN S O C I E T Y FOR T E S T ­
ING MATERIALS I N COOPERATION WITH COMMITTEE C - L . 

S P E C I F I C A T I O N S . 

I . D E F I N I T I O N . - PORTLAND CEMENT I S THE PRODUCT OBTAINED BY 
F I N E L Y P U L V E R I S I N G C L I N K E R PRODUCED BY CALCINING TO I N C I P I E N T F U S I O N , AN 
I N T I M A T E AND PROPERLY PROPORTIONED MIXTURE OF ARGILLACEOUS AND CALCAREOUS 
M A T E R I A L S , W I T H NO A D D I T I O N S SUBSEQUENT TO C A L C I N A T I O N E X C E P T I N G WATER 
AND CALCINED OR UNCALCINED GYPSUM. 

I . CHEMICAL P R O P E R T I E S 

C E E D E D : 
LOSS ON I G N I T I O N , % 4 . 0 0 
INSOLUBLE R E S I D U E , %> 0 . 8 5 
S U L P H U R I C ANHYDRIDE ( S 0 G J , Y £ 2 . 0 0 
M a g n e s i a ( M g O ) , ' % " 5 . 0 0 

I I . PHYSICAL P R O P E R T I E S 

3 . S P E C I F I C G R A V I T Y . - THE S P E C I F I C GRAVITY OF CEMENT SHALL 
BE NOT L E S S THAN 3 . 1 0 ( 3 . 0 7 FOR WHITE 'PORTLAND C E M E N T ) . SHOULD THE T E S T 
OF CEMENT AS RECEIVED FALL BELOW T H I S REQUIREMENT A SECOND T E S T MAY BE 
MADE UPON AN I G N I T E D S A M P L E . THE S P E C I F I C GRAVITY T E S T W I L L NOT BE MADE 
UNLESS S P E C I F I C A L L Y ORDERED. 

4 . F I N E N E S S . - THE RESIDUE ON A STANDARD N O . 2 0 0 S I E V E SHALL 
NOT EXCEED 22% BY W E I G H T . 

5 . S O U N D N E S S . - A PAT OF NEAT- CEMENT SHALL REMAIN F I R M AND 
HARD, AND SHOW NO S I G N S OF D I S T O R T I O N , CRACKING, C H E C K I N G , OR D I S I N T E G R A ­
T I O N I N THE STEAM T E S T FOR SOUNDNESS. 

* THESE S P E C I F I C A T I O N S AND T E S T S WERE ADOPTED BY LETTER BALLOT OF 
THE AMERICAN S O C I E T Y FOR T E S T I N G MATERIALS ON S E P T . 1 , 1 9 1 6 , AND BECAME 
E F F E C T I V E J A N . 1 , 1 9 1 7 . 



6. Time of S e t t i n g * - The cement s h a l l n o t d e v e l o p i n i t i a l 
s e t in l e s s t h a n 45 min . when t h e V i c a t n e e d l e i s u s e d o r 60 min* when 
t h e G i l i m a r e n e e d l e i s u s e d . F i n a l s e t s h a l l be a t t a i n e d w i t h i n 10 h r * 

7, T e n s i l e S t r e n g t h . - The a v e r a g e t e n s i l e s t r e n g t h i n 
pounds p e r s q u a r e i n c h of n o t l e s s t h a n t h r e e s t a n d a r d m o r t a r b r i q u e t t e s 
( s e e S e c . 51) composed of 1 p a r t cement and 3 p a r t s s t a n d a r d s a n d , by 

w e i g h t , s h a l l be e q u a l t o o r h i g h e r t h a n t h e f o l l o w i n g : 

Age a t t e s t , ' ' T e n s i l e s t r e n g t h , 
days S t o r a g e of b r i q u e t t e s l b * p e r sq* in* 

7 1 day i n m o i s t a i r , 6 days i n w a t e r 200 
28 1 day i n m o i s t a i r , 27 days i n w a t e r 300 

8* The a v e r a g e t e n s i l e s t r e n g t h of s t a n d a r d m o r t a r a t 28 
days s h a l l be h i g h e r t h a n t h e s t r e n g t h a t 7 days* 

I I I , P A C K A G E S , MARKING AND STORAGE 

9 , P a c k a g e s and M a r k i n g , - The cement s h a l l be d e l i v e r e d 
i n s u i t a b l e b a g s o r b a r r e l s w i t h t h e b r a n d and name of t h e m a n u f a c t u r e r 
p l a i n l y marked t h e r e o n , u n l e s s s h i p p e d i n b u l k , A b a g s h a l l c o n t a i n 
941b , n e t , A b a r r e l s h a l l c o n t a i n 376 l b . n e t . 

1 0 . S t o r a g e , - The cement s h a l l be s t o r e d i n such a manner 
as t o p e r m i t e a s y a c c e s s f o r p r o p e r i n s p e c t i o n a n d i d e n t i f i c a t i o n of 
each s h i p m e n t , and i n a s u i t a b l e w e a t h e r - t i g h t b u i l d i n g w h i c h w i l l p r o ­
t e c t t h e cement f rom dampness* 

IV* I n s p e c t i o n 

1 1 . I n s p e c t i o n . - Every f a c i l i t y s h a l l be p r o v i d e d t h e 
p u r c h a s e r f o r c a r e f u l s a m p l i n g and i n s p e c t i o n a t e i t h e r t h e m i l l or a t 
t h e s i t e of t h e . w o r k , a s may be s p e c i f i e d by t h e p u r c h a s e r * At l e a s t 
1 0 days from t h e t i m e of s a m p l i n g s h a l l be a l l o w e d f o r t h e c o m p l e t i o n 
of t h e 7-day t e s t , and a t l e a s t 31 days s h a l l be a l l o w e d f o r t h e com­
p l e t i o n of t h e 2 8 - d a y t e s t . '£he cement s h a l l be t e s t e d i n a c c o r d a n c e 
w i t h t h e methods h e r e i n a f t e r p r e s c r i b e d . The 2 8 - d a y t e s t s h a l l be 
waived, on ly when s p e c i f i c a l l y so o r d e r e d * 

V, R e j e c t i o n 

1 2 , R e j e c t i o n , - The cement may be r e j e c t e d i f i t f a i l s 
t o meet any of t h e r e q u i r e m e n t s of t h e s e s p e c i f i c a t i o n s * 

13* Cement s h a l l n o t be r e j e c t e d on a c c o u n t of f a i l u r e 
t o meet t h e f i n e n e s s r e q u i r e m e n t i f upon, r e t e s t a f t e r d r y i n g a t 100°C* 
f o r 1 h r * i t mee t s t h i s r e q u i r e m e n t . 



1 4 . CEMENT' F A I L I N G TO M E E T T H E T E S T FOR SOUNDNESS I N STEAM 

MAY BE A C C E P T E D I F I T P A S S E S A R E T E S T U S I N G A NEW S A M P L E A T A N Y T I M E W I T H ­

I N 2 8 DAYS T H E R E A F T E R . ' 

1 5 . P A C K A G E S V A R Y I N G ' M O R E T H A N 5%, F R O M T H E S P E C I F I E D W E I G H T 
MAY H E R E J E C T E D : A N D I F T H E AVERAGE W E I G H T OF P A C K A G E S I N A N Y S H I P M E N T , 
AS SHOWN B Y W E I G H I N G 5 0 PACKAGES T A K E N A T R A N D O M , I S L E S S T H A N THAT S P E C I ­
F I E D , T H E E N T I R E S H I P M E N T MAY B E R E J E C T E D . 

T E S T S 

V I . S A M P L I N G 

1 6 . NUMBER OF S A M P L E S . - T E S T S MAY B E MA.DE ON I N D I V I D U A L OR 
C O M P O S I T E SAMPLES AS MAY B E O R D E R E D . E A C H T E S T SAMPLE SHOULD Y f e i g h AT 
L E A S T 8 L B . 

1 7 . ( A ) I N D I V I D U A L S A M P L E . - I F S A M P L E D I N CARS ONE T E S T 
SAMPLE S H A L L B E T A K E N FROM E A C H 5 0 B B L . OR F R A C T I O N T H E R E O F . I F S A M P L E D 
I N B I N S ONE SAMPLE S H A L L B E T A K E N FROM E A C H 1 0 0 B B L « 

(b) C o m p o s i t e S a m p l e . - I F s a m p l e d I N o a r s one s a m p l e S H A L L 
be T A K E N FROM ONE SACK I N E A C H 4 0 SACKS (OR 1 B B L . I N E A C H 1 0 B B L . ) A N D 
C O M B I N E D TO FORM ONE T E S T S A M P L E . I F SAMPLED I N B I N S OR WAREHOUSES, ONE 
T E S T SAMPLE S H A L L R E P R E S E N T N O T MORE THAN 2 0 0 B B L . 

1 8 . METHOD OF S A M P L I N G * - CEMENT MAY B E S A M P L E D AT THE M I L L 
B Y A N Y OF T H E F O L L O W I N G METHODS T H A T MAY B E P R A C T I C A B L E , AS ORDERED: 

( A ) F R O M T H E CONVEYOR D E L I V E R I N G TO T H E B I N * - A T L E A S T 8 L B . 
OF CEMENT S H A L L B E T A K E N F R O M A P P R O X I M A T E L Y E A C H 1 0 0 B B L . P A S S I N G OVER T H E 
CONVEYOR. 

( B ) F R O M F I L L E D B I N S B Y MEANS OF PROPER S A M P L I N G T U B E S * -
TUBES I N S E R T E D V E R T I C A L L Y MAY B E U S E D FOR S A M P L I N G CEMENT TO A M A X I M U M 
DEPTH OF 1 0 F T . T U B E S I N S E R T E D H O R I Z O N T A L L Y MAY B E U S E D WHERE T H E C O N ­
S T R U C T I O N OF T H E B I N P E R M I T S . SAMPLES S H A L L B E T A K E N FROM P O I N T S W E L L 
D I S T R I B U T E D OVER T H E F A C E OF THE B I N . . 

( C ) F R O M F I L L E D B I N S A T P O I N T S OF D I S C H A R G E . - S U F F I C I E N T 
CEMENT S H A L L B E DRAWN F R O M T H E D I S C H A R G E O P E N I N G S TO O B T A I N SAMPLES R E ­
P R E S E N T A T I V E OF THE C E M E N T C O N T A I N E D I N T H E B I N , AS D E T E R M I N E D B Y T H E 
APPEARANCE A T T H E D I S C H A R G E O P E N I N G S OF I N D I C A T O R S P L A C E D ON T H E SURFACE 
OF THE CEMENT D I R E C T L Y A B O V E T H E S E O P E N I N G S B E F O R E D R A W I N G OF T H E CEMENT 
I S S T A R T E D . 

1 9 . T R E A T M E N T OF S A M P L E . ™ S A M P L E S P R E F E R A B L Y S H A L L B E S H I P ­
P E D A N D STORED I N A I R - T I G H T C O N T A I N E R S . S A M P L E S - S H A L L B E P A S S E D THROUGH 
A S I E V E H A V I N G 2 0 MESHES PER L I N E A R , I N C H I N ORDER TO THOROUGHLY M I X T H E 
S A M P L E , B R E A K U P LUMPS A N D REMOVE F O R E I G N M A T E R I A L S * 

V I I . C H E M I C A L A N A L Y S I S 

L O S S ON I G N I T I O N 

2 0 . M E T H O D . - ONE GRAM OF CEMENT S H A L L B E H E A T E D I N A W E I G H E D 
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c o v e r e d p l a t i n u m c r u c i b l e , o f 2(1 t o 2 5 - c . c . c a p a c i t y j as f o l l o w s , u s i n g 
e i t h e r method ( a ) o r ( b ) as o r d e r e d : 

( a ) 'The c r u c i b l e s h a l l be p l a c e d i n a h o l e i n an a s b e s t o s 
b o a r d , c lamped h o r i z o n t a l l y so t h a t a b o u t t h r e e - f i f t h s o f t h e c r u c i b l e 
p r o j e c t s b e l o w , and b l a s t e d a t a f u l l r e d h e a t f o r 15 m i n . w i t h an i n ­
c l i n e d f l a m e ; t h e l o s s i n w e i g h t s h a l l be checked b y a s e c o n d b l a s t i n g 
f o r 5 m i n . Care s h a l l be t a k e n t o w i p e o f f p a r t i c l e s o f a s b e s t o s t h a t 
may adhere t o t h e c r u c i b l e when w i t h d r a w n f r o m t h e h o l e i n t h e b o a r d . 
G r e a t e r n e a t n e s s and s h o r t e n i n g o f t h e t i m e o f h e a t i n g a r e s e c u r e d b y 
making a h o l e t o f i t t h e c r u c i b l e i n a c i r c u l a r d i s c o f s h e e t p l a t i n u m 
and p l a c i n g t h i s d i s c o v e r a somewhat l a r g e r h o l e i n an a s b e s t o s b o a r d . 

( b ) The c r u c i b l e s h a l l be p l a c e d i n a m u f f l e a t any t e m ­
p e r a t u r e be tween 900 and 1000°C. f o r 15 m i n . and t h e l o s s i n w e i g h t 
s h a l l be checked b y a second h e a t i n g f o r 5 m i n . 

2 i „ P e r m i s s i b l e V a r i a t i o n . - A p e r m i s s i b l e v a r i a t i o n o f 
0 .25 w i l l be a l l o w e d , and a l l r e s u l t s i n excess o f t h e s p e c i f i e d l i m i t 
b u t w i t h i n t h i s p e r m i s s i b l e v a r i a t i o n s h a l l be r e p o r t e d as 4 $ . 

I n s o l u b l e Res idue 

2 2 . M e t h o d . - To a 1 -gram sample o f cement s h a l l be added 
10 c c , o f w a t e r a n d 5 c . c . o f c o n c e n t r a t e d h y d r o c h l o r i c a c i d ; t h e l i q u i d 
s h a l l be warmed u n t i l e f f e r v e s c e n c e c e a s e s . The s o l u t i o n s h a l l be d i l u t e d 
t o 50 c c and d i g e s t e d on a s team b a t h o r h o t p l a t e u n t i l i t i s e v i d e n t 
t h a t d e c o m p o s i t i o n o f t h e cement i s c o m p l e t e . The r e s i d u e s h a l l be f i l t e r ­
e d , washed w i t h , c o l d w a t e r , and t h e f i l t e r paper and c o n t e n t s d i g e s t e d i n 
a b o u t 30 c c o f a 5$ s o l u t i o n o f s o d i u m c a r b o n a t e , t h e l i q u i d b e i n g h e l d 
a t a t e m p e r a t u r e j u s t s h o r t o f b o i l i n g f o r 15 m i n . The r e m a i n i n g r e s i d u e 
s h a l l be. f i l t e r e d , washed w i t h c o l d w a t e r , " t h e n w i t h a f e w d r o p s o f h o t 
h y d r o c h l o r i c a c i d , 1 : 9 , and f i n a l l y w i t h h o t w a t e r , and t h e n i g n i t e d a t a 
r e d h e a t and w e i g h e d as t h e i n s o l u b l e r e s i d u e . -• 

2 3 . P e r m i s s i b l e V a r i a t i o n . - A p e r m i s s i b l e v a r i a t i o n o f 0 .15 
w i l l be a l l o w e d , and a l l r e s u l t s i n e x c e s s o f t h e s p e c i f i c l i m i t b u t w i t h ­
i n t h i s p e r m i s s i b l e v a r i a t i o n s h a l l be r e p o r t e d as 0 .85%. 

S u l p h u r i c A n h y d r i d e 

2 4 . M e t h o d . - One gram o f t h e cement s h a l l be d i s s o l v e d i n 5 c 
o f c o n c e n t r a t e d h y d r o c h l o r i c a c i d d i l u t e d w i t h 5 c c o f w a t e r , w i t h g e n t l e 
w a r m i n g ; when s o l u t i o n i s c o m p l e t e 40 c . c o f w a t e r s h a l l be a d d e d , t h e s o l u 
t i o n f i l t e r e d , and the r e s i d u e washed t h o r o u g h l y w i t h w a t e r . The s o l u t i o n 
s h a l l be d i l u t e d t o 250 c . c , h e a t e d t o b o i l i n g and 10 c c o f a h o t 10$ 
s o l u t i o n o f b a r i u m c h l o r i d e . s h a l l be added s l o w l y , d r o p b y d r o p , . f rom a p i p ­
e t t e and t h e b o i l i n g c o n t i n u e d u n t i l t h e p r e c i p i t a t e I s w e l l f o r m e d . The 
s o l u t i o n s h a l l be d i g e s t e d on t h e s team b a t h u n t i l t h e p r e c i p i t a t e has s e t ­
t l e d . The p r e c i p i t a t e s h a l l be f i l t e r e d , w a s h e d , and t h e paper and c o n ­
t e n t s p l a c e d i n a w e i g h e d p l a t i n u m c r u c i b l e and t h e p a p e r s l o w l y c h a r r e d 
and consumed w i t h o u t f l a m i n g . The b a r i u m s u l p h a t e s h a l l t h e n be i g n i t e d and 
w e i g h e d . The w e i g h t o b t a i n e d . m u l t i p l i e d b y 3 4 . 3 g i v e s t h e p e r c e n t a g e o f 



SULPHURIC ANHYDRIDE. THE A C I D F I L T R A T E OBTAINED I N THE DETERMINATION 
OF THE INSOLUBLE R E S I D U E MAY BE USED FOR THE E S T I M A T I O N OF SULPHURIC 
ANHYDRIDE INSTEAD OF U S I N G A SEPARATE SAMPLE, 

2 5 . P E R M I S S I B L E V A R I A T I O N , - A P E R M I S S I B L E V A R I A T I O N OF 
0 , 1 0 W I L L BE ALLOWED, AND ALL RESULTS I N E X C E S S OF THE S P E C I F I E D L I M I T 
BUT W I T H I N T H I S P E R M I S S I B L E V A R I A T I O N SHALL BE REPORTED AS 2 # 0Q&, 

MAGNESIA 

2 6 . M E T H O D . - TO 0 . 5 GRAM OF THE CEMENT I N AN EVAPORAT­
ING D I S H SHALL BE ADDED 1 0 C C OF WATER TO PREVENT LUMPING AND THEN 
1 0 C , C , OF CONCENTRATED HYDROCHLORIC A C I D . THE L I Q U I D SHALL BE GENTLY 
HEATED AND AGITATED U N T I L ATTACK I S COMPLETE. THE S O L U T I O N SHALL THEN 
BE EVAPORATED TO COMPLETE DRYNESS ON A STEAM OR WATER B A T H . TO HASTEN 
DEHYDRATION THE R E S I D U E MAY BE HEATED TO 150 OR EVEN 2 0 0 ° C . FOR -J- TO 

1 H R . THE R E S I D U E SHALL BE TREATED WITH 1 0 C C OF CONCENTRATED HYDRO­
CHLORIC ACID D I L U T E D WITH AN EQUAL AMOUNT OF WATER. THE D I S H SHALL BE 
COVERED AND THE S O L U T I O N D I G E S T E D FOR 1 0 M I N , ON A STEAM BATH OR WATER 
BATH. THE D I L U T E D S O L U T I O N SHALL BE F I L T E R E D AND THE SEPARATED S I L I C A 
WASHED THOROUGHLY WITH W A T E R , * F I V E CUBIC CENTIMETERS OF CONCENTRATED 
HYDROCHLORIC A C I D AND. S U F F I C I E N T BROMINE WATER TO P R E C I P I T A T E ANY MANGA­
NESE WHICH MAY BE P R E S E N T , SHALL BE ADDED TO THE F I L T R A T E (ABOUT 2 5 0 C C . ) . 
T H I S SHALL BE MADE ALKALINE WITH, AMMONIUM HYDROXIDE, B O I L E D U N T I L THERE 
I S BUT A F A I N T ODOR OF AMMONIA, AND THE P R E C I P I T A T E D I R O N AND ALUMINUM, 
H Y D R O X I D E S , AFTER S E T T L I N G , SHALL BE WASHED 'WITH HOT -WATER, ONCE BY D E -
CANTATIOTF AND S L I G H T L Y ON THE F I L T E R . S E T T I N G A S I D E THE F I L T R A T E , THE 
P R E C I P I T A T E SHALL BE TRANSFERRED BY A J E T OF HOT WATER TO THE P R E C I P I ­
TATING V E S S E L AND D I S S O L V E D I N 1 0 C C OF HOT HYDROCHLORIC A C I D . THE 
PAPER SHALL BE EXTRACTED WITH A C I D , THE SOLUTION AND WASHINGS B E I N G A D ­
DED TO THE MAIN S O L U T I O N . THE ALUMINUM AND I R O N SHALL THEN BE R E P R E -
C I P I T A T E D AT B O I L I N G HEAT BY AMMONIUM HYDROXIDE AND BROMINE WATER I N . A 
VOLUME OF ABOUT 1 0 0 C C , AND THE SECOND P R E C I P I T A T E SHALL BE COLLECTED 
AND WASHED ON THE F I L T E R USED I N THE F I R S T INSTANCE I F T H I S I S S T I L L I N ­
T A C T . TO THE COMBINED F I L T R A T E S FROM THE HYDROXIDES OF I R O N AND A L U M I ­
NUM, REDUCED I N VOLUME I F NEED B E , 1 C C OF AMMONIUM HYDROXIDE SHALL BE 
ADDED, THE SOLUTION" BROUGHT TO B O I L I N G , 25 C C , OF A SATURATED SOLUTION 
OF B O I L I N G AMMONIUM OXALATE ADDED, AND THE B O I L I N G CONTINUED U N T I L THE 
P R E C I P I T A T E D CALCIUM OXALATE HAS ASSUMED A W E L L - D E F I N E D GRANULAR FORM. 
THE P R E C I P I T A T E AFTER 1 H R , SHALL BE F I L T E R E D AND WASHED, THEN WITH THE 
F I L T E R SHALL BE PLACED WET I N A PLATINUM C R U C I B L E , AND THE PAPER BURNED 
OFF OVER A SMALL FLAME O F . A BUNSEN BURNER;, AFTER I G N I T I O N I T SHALL BE 
REDISSOLVED I N HYDROCHLORIC A C I D AND THE SOLUTION DILUTED TO 1 0 0 C C 
AMMONIA SHALL BE ADDED I N S L I G H T E X C E S S , AND THE L I Q U I D B O I L E D . THE 
LIME SHALL THEN BE R E P R E C I P I T A T E D BY AMMONIUM OXALATE, ALLOWED TO STAND 
U N T I L S E T T L E D , F I L T E R E D AND WASHED. THE COMBINED F I L T R A T E S FROM THE C A L ­
CIUM, P R E C I P I T A T E S SHALL BE A C I D I F I E D WITH HYDROCHLORIC A C I D , CONCENTRATED 
ON THE STEAM BATH TO ABOUT 1 5 0 C C , AND MADE S L I G H T L Y ALKALINE WITH AM­
MONIUM HYDROXIDE, B O I L E D AN 3 F I L T E R E D '(TO REMOVE A L I T T L E ALUMINUM AND 
I R O N AND PERHAPS C A L C I U M ) , -'HEN COOL, 1 0 C C OF SATURATED S O L U T I O N OF 

* S I N C E T H I S PROCEDURE DOES NOT INVOLVE THE DETERMINATION OF 
S I L I C A , A SECOND EVAPORATION I S UNNECESSARY. 



s o d ium-amjiionium-fry d r o g e n p h o s p h a t e s h a l l he added w i t h c o n s t a n t s t i r r i n g , 
'When t h e c r y s t a l l i n ammonium^magneisium o r t h o p h o s p h a t e h a s f o r m e d , a m m o n i a 
s h a l l he added i n m o d e r a t e . e x c e s s . The s o l u t i o n , : s h a l l he. s e t a s i d e f o r 
s e v e r a l h o u r s i n a c o o l p l a c e , f i l t e r e d , and w a s h e d ' w i t h w a t e r c o n t a i n i n g 
2 , 5 $ of NE • The p r e c i p i t a t e s h a l l be d i s s o l v e d i n a s m a l l q u a n t i t y o f 
h o t h y d r o c h l o r i c a c i d , t h e s o l u t i o n d i l u t e d t o a b o u t 100 c c , 1 c c of 
a s a t u r a t e d s o l u t i o n of s ' o d i u m - a m m o n i u m - h y d r o g e n p h o s p h a t e a d d e d , and 
ammonia drop by d r o p , w i t h c o n s t a n t s t i r r i n g , u n t i l t h e p r e c i p i t a t e i s 
a g a i n formed as d e s c r i b e d and t h e ammonia i s i n m o d e r a t e e x c e s s . The p r e ­
c i p i t a t e s h a l l t h e n be a l l o w e d t o s t a n d a b o u t 2 h r , , f i l t e r e d and washed 
as b e f o r e . The p a p e r and c o n t e n t s s h a l l be p l a c e d i n a w e i g h e d p l a t i n u m 
c r u c i b l e , t h e p a p e r s l o w l y c h a r r e d , and t h e r e s u l t i n g c a r b o n c a r e f u l l y 
burned, o f f . The p r e c i p i t a t e s h a l l t h e n be i g n i t e d t o c o n s t a n t w e i g h t 
over a Heker b u r n e r , or a b l a s t n o t s t r o n g enough t o s o f t e n o r m e l t t h e 
p y r o p h o s p h a t e . The w e i g h t o f magnesium, p y r o p h o s p h a t e o b t a i n e d m u l t i p l i e d 
by 7 2 , 5 g i v e s t h e p e r c e n t a g e of m a g n e s i a , ..The p r e c i p i t a t e so o b t a i n e d a l ­
ways c o n t a i n s some c a l c i u m and u s u a l l y s m a l l q u a n t i t i e s of i r o n , a luminum, 
and manganess? a s p h o s p h a t e s , 

; 2 7 , P e r m i s s i b l e V a r i a t i o n , - A p e r m i s s i b l e v a r i a t i o n of 0 ,4 
w i l l b e a l l o w e d , and a l l r e s u l t s i n excess ' of t h e s p e c i f i e d l i m i t b u t w i t h ­
i n t h i s • p e r m i s s i b l e v a r i a t i o n s h a l l be r e p o r t e d a s 5 , 0 0 $ , 

V I I I . D e t e r m i n a t i o n of S p e c i f i c G r a v i t y 

2 8 . A p p a r a t u s , - The d e t e r m i n a t i o n of s p e c i f i c g r a v i t y s h a l l 
be made w i t h a s t a n d a r d i s e d Le C h a t e l i e r a p p a r a t u s w h i c h conforms t o t h e 
r e q u i r e m e n t s i l l u s t r a t e d i n P i g , 1 , This a p p a r a t u s i s s t a n d a r d i z e d by t h e 
U n i t e d S t a t e s B u r e a u of S t a n d a r d s . Kerosene f r e e f r o m w a t e r , o r b e n z i n e 
n o t l i g h t e r t h a n 6 2 ° B e . , s h a l l be u s e d i n making t h i s d e t e r m i n a t i o n . 

2 9 . M e t h o d , - The f l a s k s h a l l b e f i l l e d w i t h e i t h e r of t h e s e 
l i q u i d s t o a p o i n t on t h e s t e m between z e r o and 1 c c and 64 grams' of 
c ement , of t h e same t e m p e r a t u r e a s t h e l i q u i d , s h a l l be s l o w l y . i n t r o d u c e d , 
t a k i n g c a r e t h a t t h e cement does n o t a d h e r e t o t h e i n s i d e of t h e f l a s k 
above t h e l i q u i d a n d t o f r e e t h e cement f rom a i r by r o l l i n g t h e f l a s k i n a n 
i n c l i n e d p o s i t i o n . A f t e r a l l t h e cement i s i n t r o d u c e d , t h e l e v e l of t h e 
l i q u i d w i l l r i s e t o some d i v i s i o n of t h e g r a d u a t e d n e c k ; t h e d i f f e r e n c e b e ­
tween r e a d i n g s i s t h e volume d i s p l a c e d by 64 grams of t h e c e m e n t . 

The s p e c i f i c g r a v i t y s h a l l t h e n b e o b t a i n e d f r o m t h e formula« 

c . c . _ W e i g h t of cement ( g r a m s ) 
S p e c i f i c g r a v i t y « ——-a*- - —4 

D i s p l a c e d , volume ( c c ) 
3 0 . The f l a s k , during,, t h e o p e r a t i o n , s h a l l be k e p t immersed * 

i n w a t e r , - i n o r d e r t o a v o i d v a r i a t i o n s i n t h e t e m p e r a t u r e of t h e l i q u i d i n 
t h e f l a s k , w h i c h s h a l l not . exceed 0.5°C„ The r e s u l t s of r e p e a t e d t e s t s 
s h o u l d a g r e e w i t h i n 0 . 0 1 . • 

3 1 . The d e t e r m i n a t i o n of s p e c i f i c g r a v i t y s h a l l b e made on 
t h e cement a s r e c e i v e d ; i f i t f a l l s b e l o w 5 , 1 0 , a s e c o n d d e t e r m i n a t i o n 
s h a l l be made a f t e r i g n i t i n g t h e sample a s d e s c r i b e d i n S e c t . 2 0 . 



IX, D e t e r m i n a t i o n ' of F i n e n e s s 

3 2 . A p p a r a t u s , - Wire c l o t h f o r s t a n d a r d s i e v e s f o r cement 
s h a l l be woven ( n o t t w i l l e d ) f rom b r a s s , b r o n z e , or o t h e r s u i t a b l e w i r e , 
and mounted w i t h o u t d i s t o r t i o n on f r a m e s n o t l e s s t h a n l i i n . be low t h e 
t o p of t h e f r a m e . The s i e v e f r a m e s s h a l l be c i r c u l a r , a p p r o x i m a t e l y 
3 i n , i n d i a m e t e r , and may be p r o v i d e d w i t h a pan and c o v e r , 

3 3 . A s t a n d a r d No. 200 s i e v e i s one h a v i n g n o m i n a l l y an 
0 , 0 0 2 9 - i n , o p e n i n g and 200 w i r e s p e r i n c h s t a n d a r d i z e d by t h e U, S. 
Bureau of S t a n d a r d s , and conforming t o t h e f o l l o w i n g r e q u i r e m e n t s : 

The No. 200 s i e v e s h o u l d h a v e 200 w i r e s p e r i n c h , and t h e 
number of w i r e s i n any whole i n c h s h a l l n o t be o u t s i d e t h e l i m i t s of• 
192 t o 2 0 8 . No o p e n i n g be tween a d j a c e n t p a r a l l e l w i r e s s h a l l be more 
t h a n 0 , 0 0 5 0 i n . i n w i d t h . The d i a m e t e r of t h e w i r e s h o u l d be 0 , 0 0 2 1 i n . 
and t h e a v e r a g e d i a m e t e r s h a l l n o t be o u t s i d e , t h e ; l i m i t s . 0 . 0 0 1 9 t o 
0 .0023 i n . The v a l u e of t h e s i e v e as. .- 'determined by s i e v i n g t e s t s made 
i n c o n f o r m i t y w i t h t h e s t a n d a r d s p e c i f i c a t i o n f o r t h e s e t e s t s on a 
s t a n d a r d i z e d cement w h i c h g i v e s a r e s i d u e of 25 t o 20% on t h e . N o . 200 
s i e v e , or on o t h e r s i m i l a r l y g r a d e d m a t e r i a l , s h a l l n o t show a v a r i a t i o n 
of more t h a n 1 . 5 $ above or be low t h e s t a n d a r d s m a i n t a i n e d a t t h e B u r e a r 
of S t a n d a r d s . • 

3 4 . M e t h o d , - The t e s t s h a l l be made w i t h 50 grams of c e m e n t . 
The s i e v e s h a l l be t h o r o u g h l y c l e a n and d r y . The cement s h a l l be p l a c e d 
on t h e No, 200 s i e v e , w i t h pan a n d c o v e r a t t a c h e d , i f d e s i r e d , and s h a l l 
be h e l d i n one hand i n a s l i g h t l y i n c l i n e d p o s i t i o n so t h a t t h e sample w i l l 
be w e l l d i s t r i b u t e d o v e r t h e s i e v e , a t . t h e same t i m e g e n t l y s t r i k i n g t h e 
s i d e a b o u t 150 t i m e s p e r m i n u t e a g a i n s t t h e pa lm of t h e o t h e r hand on t h e 
up s t r o k e . The s i e v e s h a l l be t u r n e d e v e r y 25 s t r o k e s a b o u t o n e - s i x t h of 
a r e v o l u t i o n i n t h e same d i r e c t i o n . The o p e r a t i o n s h a l l c o n t i n u e u n t i l 
n o t more t h a n 0 , 0 5 gram p a s s e s t h r o u g h i n . 1 m i n . of c o n t i n u o u s s i e v i n g . 
The f i n e n e s s s h a l l be d e t e r m i n e d from t h e w e i g h t of t h e r e s i d u e on the 
s i e v e e x p r e s s e d as a p e r c e n t a g e , of t h e w e i g h t of t h e o r i g i n a l . s a m p l e . 

3 5 . M e c h a n i c a l s i e v i n g d e v i c e s may be u s e d , b u t t h e cement 
s h a l l n o t be r e j e c t e d i f i t meets t h e f i n e n e s s r e q u i r e m e n t when t e s t e d by 
t h e hand method d e s c r i b e d i n S e c t , 5 4 . 

3 5 . P e r m i s s i b l e V a r i a t i o n , - A p e r m i s s i b l e v a r i a t i o n of 1 • 
w i l l be a l l o w e d , and a l l r e s u l t s i n e x c e s s of t h e s p e c i f i e d l i m i t b u t 
w i t h i n t h i s p e r m i s s i b l e v a r i a t i o n s h a l l be r e p o r t e d a s 2 2 $ , 

X. Mix ing Cement P a s t e s and M o r t a r s 

3 7 . M e t h o d . - The q u a n t i t y of dry m a t e r i a l t o be mixed a t 
one t ime s h a l l n o t e x c e e d 1000 grams n o r be l e s s t h a n 500 grams. ' The 
p r o p o r t i o n s ' of cement or cement and sand s h a l l be s t a t e d by w e i g h t in. 
grams of t h e d r y m a t e r i a l s ; t h e q u a n t i t y of w a t e r s h a l l be e x p r e s s e d i n 
c u b i c c e n t i m e t e r s ( 1 c c . of w a t e r a 1 gram.). The d r y m a t e r i a l s s h a l l be 
w e i g h e d , p l a c e d upon a n o n - a b s o r b e n t s u r f a c e , t h o r o u g h l y mixed dry i f sand 



i s u s e d , and a c r a t e r f o r m e d i n 'the c e n t e r , i n t o w h i c h t h e p r o p e r p e r - , 
c e n t a g e of c l e a n , w a t e r s h a l l be p o u r e d ; t h e m a t e r i a l on t h e o u t e r edge 
s h a l l be t u r n e d i n t o t h e c r a t e r by t h e a i d of a t r o w e l . A f t e r an i n t e r ­
v a l of -|- min . f o r t h e a b s o r p t i o n of t h e w a t e r t h e o p e r a t i o n s h a l l be com­
p l e t e d by c o n t i n u o u s , v i g o r o u s m i x i n g , s q u e e z i n g a n d k n e a d i n g w i t h t h e 
h a n d s f o r a t l e a s t 1 m i n , * 

3 8 , The t e m p e r a t u r e of t h e room and t h e mix ing w a t e r s h a l l 
be m a i n t a i n e d a s n e a r l y a s p r a c t i c a b l e a t 2 1 ° C ( 7 0 ° F . ) » 

X I , Normal C o n s i s t e n c y 

3 9 , Apparatus«0 The Y i c a t a p p a r a t u s c o n s i s t s of a f rame A 
( F i g , 2.) b e a r i n g a movable r o d B, w e i g h i n g 300 g r a m s , one end C b e i n g 
1 cm* i n d i a m e t e r f o r a d i s t a n c e of 6 c m , , t h e o t h e r h a v i n g a r e m o v a b l e 
n e e d l e D, 1 mm. i n d i a m e t e r , 6 cm, l o n g . The r o d i s r e v e r s i b l e , and can 
be h e l d i n aky d e s i r e d p o s i t i o n by a s c r e w E, and h a s midway b e t w e e n t h e 
ends a mark F w h i c h moves u n d e r a s c a l e ( g r a d u a t e d t o m i l l i m e t e r s ) a t ­
t a c h e d t o t h e f r a m e A, The p a s t e i s h e l d i n a c o n i c a l , h a r d - r u b b e r r i n g 
G, 7 cm. in d i a m e t e r a t t h e b a s e , 4 cm. h i g h , r e s t i n g on a g l a s s p l a t e H 
a b o u t 10 cm, s q u a r e , 

4 0 . M e t h o d . - I n • making t h e d e t e r m i n a t i o n , 500 grams of cement , 
w i t h a measured , q u a n t i t y of w a t e r , s h a l l be kneaded i n t o a p a s t e , a s d e ­
s c r i b e d in. S e c t . 3 7 , and q u i c k l y formed i n t o a b a l l w i t h t h e h a n d s , com­
p l e t i n g t h e o p e r a t i o n by t o s s i n g . i t s i x t i m e s from one hand t o t h e o t h e r , 
m a i n t a i n e d , a b o u t 6 i n , a p a r t ; t h e b a l l r e s t i n g i n t h e pa lm of one h a n d 
s h a l l be p r e s s e d i n t o t h e l a r g e r end of t h e r u b b e r r i n g h e l d i n t h e o t h e r 
h a n d , c o m p l e t e l y f i l l i n g t h e r i n g w i t h p a s t e ; t h e e x c e s s a t t h e l a r g e r end 
s h a l l t h e n be removed by a s i n g l e movement of t h e pa lm of t h e h a n d ; t h e 
r i n g s h a l l t h e n be p l a c e d .on i t s l a r g e r end on a g l a s s p l a t e and t h e e x ­
c e s s p a s t e a t t h e s m a l l e r end s l i c e d off a t t h e t o p of t h e r i n g by a s i n g l e 
o b l i q u e s t r o k e of a t r o w e l h e l d a t a s l i g h t a n g l e w i t h t h e t o p of t h e r i n g . 
During t h e s e o p e r a t i o n s c a r e s h a l l b e t a k e n n o t t o c o m p r e s s t h e p a s t e . The 
p a s t e c o n f i n e d i n t h e r i n g , r e s t i n g on t h e p l a t e , s h a l l be p l a c e d u n d e r t h e 
r o d , t h e l a r g e r end of which s h a l l be b r o u g h t i n c o n t a c t w i t h t h e s u r f a c e 
of t h e p a s t e ; t h e s c a l e s h a l l be t h e n r e a d , and t h e rod. q u i c k l y r e l e a s e d . 
The p a s t e s h a l l be of n o r m a l c o n s i s t e n c y when t h e r o d s e t t l e s t o a p o i n t 
10 mm. b e l o w t h e o r i g i n a l s u r f a c e i n -k min , a f t e r b e i n g r e l e a s e d . The a p ­
p a r a t u s s h a l l be f r e e from a l l v i b r a t i o n s d u r i n g t h e t e s t . T r i a l p a s t e s 
s h a l l be made w i t h v a r y i n g p e r c e n t a g e s of w a t e r u n t i l t h e n o r m a l c o n s i s ­
t e n c y i s o b t a i n e d . The amount of w a t o r r e q u i r e d s h a l l b e e x p r e s s e d i n p e r ­
c e n t a g e by w e i g h t of t h e d r y c e m e n t , 

* I n o r d e r t o s e c u r e u n i f o r m i t y i n t h e r e s u l t s of t e s t s f o r t h e t i m e 
of s e t t i n g and t e n s i l e s t r e n g t h t h e manner of m i x i n g above d e s c r i b e d s h o u l d 
be c a r e f u l l y f o l l o w e d . At l e a s t one m i n u t e i s n e c e s s a r y t o o b t a i n t h e d e - 1 

s i r e d p l a s t i c i t y w h i c h i s n o t a p p r e c i a b l y a f f e c t e d by c o n t i n u i n g t h e m i x ­
ing f o r s e v e r a l mds iutes . The e x a c t t i m e n e c e s s a r y i s d e p e n d e n t upon t h e 
p e r s o n a l e q u a t i o n ' o f t h e o p e r a t o r . The e r r o r i n m i x i n g s h o u l d be on t h e 
s i d e of o v e r m i x i n g . Dur ing t h e o p e r a t i o n of m i x i n g , t h e h a n d s s h o u l d be 
p r o t e c t e d by r u b b e r g l o v e s . 



4 1 . The c o n s i s t e n c y of s t a n d a r d m o r t e r s h a l l depend on 
t h e amount of w a t e r r e q u i r e d t o p r o d u c e a p a s t e of n o r m a l c o n s i s t e n c y 
from t h e same sample of c e m e n t . Having d e t e r m i n e d t h e n o r m a l c o n s i s ­
t e n c y of t h e s a m p l e , t h e c o n s i s t e n c y of s t a n d a r d m o r t a r m a d e f r o m t h e 
same sample s h a l l be a s i n d i c a t e d i n Tab le I , t h e v a l u e s b e i n g i n p e r ­
c e n t a g e of t h e combined dry w e i g h t s of t h e cement and s t a n d a r d s a n d . 

T a b l e I . — P e r c e n t a g e of "•'ater f o r S t a n d a r d M o r t a r s 

P e r c e n t a g e of P e r c e n t a g e of P e r c e n t a g e of P e r c e n t a g e of 
w a t e r f o r n e a t c e - w a t e r f o r one w a t e r f o r n e a t w a t e r f o r one 
ment p a s t e of n o r - c e m e n t , t h r e e cement p a s t e of c e m e n t , t h r e e 
:mal con s i s t e n c y s t a n d a r d Ottawa normal, c o n s i s t ­ s t a n d a r d Ottawa 

sand ency sand 

15 • 9 . 0 23 1 0 . 3 

16 9 .2 24 1 0 . 5 

17 9 . 3 25 1 0 . 7 

18 - 9 . 5 26 1 0 . 8 

19 9 , 7 27 1 1 . 0 

20 9 .8 28 1 1 . 2 

2 1 10 .0 29 1 1 . 3 

22 10 .2 30 1 1 . 5 

X I I . D e t e r m i n a t i o n of S o u n d n e s s * 

4 2 . A p p a r a t u s . - A s t eam a p p a r a t u s , w h i c h can be m a i n t a i n e d 
a t a t e m p e r a t u r e b e t w e e n 98 and 100°C• , o r one s i m i l a r t o t h a t shown i n 
F i g . 3 , is„recommended. The c a p a c i t y of t h i s a p p a r a t u s may be i n c r e a s e d 
by u s i n g a r a c k f o r h o l d i n g t h e p a t s i n a v e r t i c a l or i n c l i n e d p o s i t i o n . 

* Unsoundness i s u s u a l l y m a n i f e s t e d by change i n volume which c a u s e s 
d i s t o r t i o n , c r a c k i n g , c h e c k i n g o r d i s i n t e g r a t i o n . 

P a t s i m p r o p e r l y made o r exposed t o d r y i n g may d e v e l o p w h a t a r e known 
as s h r i n k a g e c r a c k s w i t h i n t h e f i r s t 24 h o u r s and a r e n o t a n i n d i c a t i o n 
of u n s o u n d n e s s . These c o n d i t i o n s a r e i l l u s t r a t e d i n F i g , 4 . 

The f a i l u r e of. t h e p a t s t o r e m a i n on t h e g l a s s o r t h e c r a c k i n g of 
t h e F,lass t o w h i c h the . p a t s a r e a t t a c h e d does n o t n e c e s s a r i l y i n d i c a t e 
u n s o u n d n e s s * 



4 3 . M e t h o d . - A p a t from cement p a s t e of n o r m a l c o n s i s t e n c y 
a b o u t 3 i n . i n d i a m e t e r , J i n . t h i c k a t t h e c e n t e r , and t a p e r i n g t o a 
t h i n e d g e , s h a l l be made on c l e a n g l a s s p l a t e s a b o u t 4 i n . s q u a r e , and 
s t o r e d i n m o i s t a i r f o r 24 h r . In m o l d i n g t h e p a t , t h e cement p a s t e 
s h a l l f i r s t be f l a t t e n e d on t h e g l a s s and t h e p a t t h e n formed by drawing 
t h e t r o w e l f rom t h e o u t e r edge t o w a r d t h e c e n t e r . , 

4 4 . The p a t s h a l l t h e n be p l a c e d i n an a t m o s p h e r e of s t eam 
a t a t e m p e r a t u r e b e t w e e n 98 and 1 0 0 ° C upon a s u i t a b l e s u p p o r t 1 i n . 
above b o i l i n g w a t e r f o r 5 h r . 

4 5 . Should t h e p a t l e a v e t h e p l a t e , d i s t o r t i o n may be d e ­
t e c t e d b e s t w i t h a s t r a i g h t - e d g e a p p l i e d t o t h e s u r f a c e w h i c h was i n c o n ­
t a c t w i t h t h e p l a t e . 

X I I I . D e t e r m i n a t i o n of Time of S e t t i n g 

4 6 . The fo l loxv ing a r e a l t e r n a t e m e t h o d s , e i t h e r of which 
may be u s e d a s o r d e r e d : 

4 7 . V i c a t A p p a r a t u s . - The t i m e of s e t t i n g s h a l l be d e t e r ­
mined w i t h t h e V i c a t a o p a r a t u s d e s c r i b e d i n S e c t . 39 ( s e e F i g . 2 ) . 

4 8 . V i c a t M e t h o d . - A p a s t e of n o r m a l c o n s i s t e n c y s h a l l be 
molded in t h e h a r d - r u b b e r r i n g G a s d e s c r i b e d i n S e c t . 4 0 , and p l a c e d 
u n d e r t h e r o d B, t h e s m a l l e r end of which s h a l l t h e n be c a r e f u l l y b r o u g h t 
i n t o c o n t a c t w i t h t h e s u r f a c e of t h e p a s t e , and t h e r o d q u i c k l y r e l e a s e d . 
The i n i t i a l s e t s h a l l be s a i d t o have o c c u r r e d when t h e n e e d l e c e a s e s t o 
p a s s a p o i n t 5 mm. above t h e g l a s s p l a t e i n m i n . a f t e r b e i n g r e l e a s e d ; 
and t h e f i n a l s e t , when t h e n e e d l e does n o t s i n k v i s i b l y i n t o t h e p a s t e . 
The t e s t p i e c e s s h a l l b e k e p t i n m o i s t a i r d u r i n g t h e t e s t . This may be 
a c c o m p l i s h e d by p l a c i n g t h e m on a r a c k over w a t e r c o n t a i n e d i n a pan and 
c o v e r e d by a damp c l o t h , , k e p t f rom c o n t a c t w i t h them b y means of a w i r e 
s c r e e n ; or t h e y may be s t o r e d i n a. m o i s t c l o s e t . Care s h a l l be t a k e n t o 
keep t h e n e e d l e c l e a n , a s t h e c o l l e c t i o n of cement on t h e s i d e s of t h e 
n e e d l e r e t a r d s t h e p e n e t r a t i o n , w h i l e cement on t h e p o i n t may i n c r e a s e 
t h e p e n e t r a t i o n . The t i m e of s e t t i n g i s a f f e c t e d n o t o n l y by t h e p e r c e n t ­
age and t e m p e r a t u r e of t h e w a t e r u s e d and t h e amount of k n e a d i n g t h e p a s t e 
r e c e i v e s , b a t by t h e t e m p e r a t u r e and h u m i d i t y of t h e a i r , and i t s d e t e r ­
m i n a t i o n i s t h e r e f o r e o n l y a p p r o x i m a t e . 

4 9 . G i l l m o r e N e e d l e s . - The t i m e of s e t t i n g s h a l l be d e t e r ­
mined by t h e G i l l m o r e n e e d l e s . The G i l l m o r e n e e d l e s s h o u l d p r e f e r a b l y be 
mounted a s shown i n Fig-.. §b :. 

5 0 . G i l l m o r e M e t h o d . - The t i m e of s e t t i n g s h a l l be d e t e r ­
mined as f o l l o w s : A p a t of n e a t cement p a s t e a b o u t 3 i n , i n d i a m e t e r and 
h i n , i n t h i c k n e s s w i t h a f l a t t o p F i g , 5 a , mixed t o a n o r m a l c o n s i s t e n c y , 
s h a l l be k e p t i n m o i s t a i r a t a t e m p e r a t u r e , m a i n t a i n e d a s n e a r l y as p r a c ­
t i c a b l e a t 21°C. ( 7 0 ° P . ) . The cement s h a l l be c o n s i d e r e d t o h a v e a c q u i r e d 
i t s i n i t i a l s e t when t h e p a t - w i l l b e a r , w i t h o u t a p p r e c i a b l e i n d e n t a t i o n . , 
t h e G i l l m o r e n e e d l e l / l 2 i n . i n d i a m e t e r , l o a d e d t o xveigh -|- l b . The f i n a l 
s e t h a s been a c q u i r e d when t h e p a t w i l l b e a r w i t h o u t a p p r e c i a b l e i n d e n t a -



t i o n , the Gillinore n e e d l e l/24 i n . i n d i a m e t e r , l o a d e d t o w e i g h 1 l b . I n 
m a k i n g the t e s t , t h e n e e d l e s shall b e h e l d i n a v e r t i c a l p o s i t i o n , a n d a p ­
p l i e d l i g h t l y t o t h e s u r f a c e of the p a t . 

X I V * T e n s i o n T e s t s 

5 1 . F o r m of T e s t P i e c e . - The f o r m of t e s t p i e c e s h o w n i n 
F i g . 6 shall be u s e d . The m o l d s shall b e m a d e of n o n - c o r r o d i n g m e t a l a n d 
h a v e s u f f i c i e n t m a t e r i a l i n t h e sides t o p r e v e n t s p r e a d i n g d u r i n g m o l d i n g . 
G a n g m o l d s w h e n u s e d s h a l l be of the t y p e s h o w n i n F i g , 7. M o l d s shall b e 
w i p e d w i t h a n o i l y c l o t h b e f o r e u s i n g . 

5 2 . S t a n d a r d S a n d . - The s a n d to b e u s e d s h a l l b e n a t u r a l s a n d 
f r o m O t t a w a , 1 1 1 , , s c r e e n e d t o pass a N o . 20 s i e v e a n d r e t a i n e d o n a N o . 30 
s i e v e . This s a n d m a y b e o b t a i n e d from, t h e O t t a w a S i l i c a C o . , a t a. c o s t of 
2 c t s . p e r l b . , f . o . b . c a r s , O t t a w a , 1 1 1 , 

5 3 . T h i s s a n d , h a v i n g p a s s e d t h e N o . 2 0 s i e v e , s h a l l b e c o n ­
s i d e r e d s t a n d a r d w h e n n o t m o r e t h a n 5 g r a i n s p a s s t h e N o , 30 s i e v e a f t e r 
1 m i n . c o n t i n u o u s s i e v i n g of a 5 0 0 - g r a i n s a m p l e . 

5 4 . The s i e v e s s h a l l c o n f o r m to t h e f o l l o w i n g s p e c i f i c a t i o n s j 

The N o . 20 s i e v e shall h a v e b e t w e e n 1 9 . 5 a n d 2 0 . 5 w i r e s p e r 
w h o l e i n c h of t h e w a r p w i r e s a n d b e t w e e n 19 a n d 21 w i r e s p e r w h o l e i n c h of 
the s h o o t w i r e s . The d i a m e t e r of t h e w i r e s h o u l d b e 0 , 0 1 6 5 i n . a n d t h e 
a v e r a g e d i a m e t e r s h a l l n o t b e o u t s i d e the l i m i t s of 0 .0160 a n d 0.0170 i n . 

•j 
The N o , 30 S i e v e s h a l l h a v e b e t w e e n 2 9 . 5 a n d 3 0 . 5 w i r e s p e r 

w h o l e i n c h of t h e w a r p w i r e s a n d b e t w e e n 2 8 . 5 a n d 3 1 . 5 w i r e s p e r w h o l e 
i n c h of t h e s h o o t w i r e s . The d i a m e t e r of t h e w i r e s h o u l d b e 0.0110 i n . 
a n d the a v e r a g e d i a m e t e r shall n o t b e outside* t h e l i m i t s 0 . 0 1 0 5 to 0.0115 i n . 

5 5 . M o l d i n g . - I m m e d i a t e l y a f t e r m i x i n g , t h e s t a n d a r d m o r t a r 
shall be p l a c e d in the m o l d s , p r e s s e d i n f i r m l y w i t h the t h u m b s a n d s m o o t h e d 
o f f w i t h a t r o w e l w i t h o u t r a m m i n g . A d d i t i o n a l m o r t a r ' s h a l l b e h e a p e d a b o v e 
t h e m o l d and. s m o o t h e d o f f w i t h a troY/el; the t r o w e l s h a l l b e d r a w n over the 
m o l d in s u c h a m a n n e r as to e x e r t a m o d e r a t e p r e s s u r e o n t h e m a t e r i a l . The 
m o l d s h a l l t h e n b e t u r n e d o v e r a n d the o p e r a t i o n - o f h e a p i n g , t h u m b i n g a n d 
s m o o t h i n g o f f r e p e a t e d , 

5 6 . T e s t i n g . - T e s t s shall b e m a d e w i t h a n y s t a n d a r d m a c h i n e . 
The b r i q u e t t e s s h a l l be t e s t e d as s o o n as t h e y a r e r e m o v e d f r o m t h e w a t e r . 
The b e a r i n g s u r f a c e s of t h e c l i p s a n d b r i q u e t t e s s h a l l b e f r e e f r o m grains 
of s a n d o r d i r t . The b r i q u e t t e s s h a l l b e c a r e f u l l y c e n t e r e d a n d t h e l o a d 
a p p l i e d c o n t i n u o u s l y a t t h e r a t e o f 600 l b . p e r m i n . 

5 7 . T e s t i n g m a c h i n e s s h o u l d b e f r e q u e n t l y c a l i b r a t e d i n 
o r d e r to d e t e r m i n e t h e i r a c c u r a c y , 

5 8 . F a u l t y B r i q u e t t e s , - B r i q u e t t e s t h a t a r e m a n i f e s t l y f a u l t y , 
or w h i c h g i v e s t r e n g t h s d i f f e r i n g m o r e t h a n 1 5 $ f r o m t h e a v e r a g e v a l u e of 



a l l t e s t p i e c e s made f r o m t h e same s a m p l e a n d b r o k e n a t t h e same p e r i o d , 
s h a l l n o t he c o n s i d e r e d i n d e t e r m i n i n g t h e t e n s i l e s t r e n g t h . 

X V , S t o r a g e .of T e s t P i e c e s , 

5 9 , A p p a r a t u s * - The m o i s t . c l o s e t may c o n s i s t o f a s o a p -
s t o n e , s l a t e o r c o n c r e t e b o x , o r a w o o d e n b o x l i n e d w i t h , m e t a l . I f a 
w o o d e n b o x I s ' u s e d , t h e i n t e r i o r s h o u l d b e c o v e r e d w i t h f e l t o r b r o a d 
w i c k i n g k e p t w e t . The b o t t o m o f t h e m o i s t . c l o s e t s h o u l d b e c o v e r e d w i t h 
w a t e r . The i n t e r i o r o f t h e c l o s e t s h o u l d b e p r o v i d e d w i t h n o n - a b s o r b e n t 
s h e l v e s o n w h i c h t o p l a c e t h e t e s t p i e c e s , t h e s h e l v e s b e i n g s o a r r a n g e d 
t h a t t h e y may b e w i t h d r a w n r e a d i l y , 

6 0 , M e t h o d s , - U n l e s s o t h e r w i s e s p e c i f i e d , a l l t e s t p i e c e s , 
i m m e d i a t e l y a f t e r m o l d i n g , s h a l l b e p l a c e d i n t h e m o i s t c l o s e t f o r f r o m 
20 t o 24 h r , 

6 1 , The b r i q u e t t e s s h a l l b e k e p t I n m o l d s o n g l a s s p l a t e s 
i n t h e m o i s t c l o s e t f o r a t l e a s t 20 h r . A f t e r 24 h r , i n m o i s t a i r t h e 
b r i q u e t t e s s h a l l be i m m e r s e d i n c l e a n w a t e r i n s t o r a g e t a n k s o f n o n -
c o r r o d i n g m a t e r i a l . , 

6 2 , The a i r , a n d w a t e r s h a l l b e m a i n t a i n e d a s n e a r l y a s 
p r a c t i c a b l e a t a t e m p e r a t u r e o f 21 °C , ( 7 0 ° P , ) • 
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