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Introduction

A number of years ago the Forest Products Laboratory made a few tests
to determine, if possible, the fundamental cause of nail popping in
dry-wall construction. So-called "nail popping" is a serious matter,
in that it greatly mars the appearance of an otherwise satisfactory
wall surface.

The early tests were made on 4- by 8-foot panels consisting of nominal
2- by 4-inch framing of No. 1 grade Douglas-fir and 1/2-inch-thick gyp-
sum wallboard faces. The faces were attached with fivepenny cement-
coated, 13-1/2 gage, flathead nails, which were 1-5/8 inches long.
These nails were spaced 7 inches on center, and driven home with the
heads in a dimple slightly below the surface of the board. A round-
faced hammer was used to form this dimple. The heads of the nails were
puttied over in accordance with the manufacturer's directions.

One-half of the panels were fabricated from materials conditioned to
constant weight in a room maintained at 80° F. and 30 percent relative
humidity. This condition established about 6 percent moisture content
in the wood. The other panels were made from materials conditioned to
a constant weight in an 80° F.- 90 percent relative humidity room which
established about 19 percent moisture content in the wood.

Then the panels were switched. Those panels constructed from framing
lumber that had about 19 percent moisture content were placed in the
80° F.- 30 percent relative humidity room, and those panels with fram-
ing with about 6 percent moisture content were placed in the 80° F.- 90

-Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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percent relative humidity room. The panels were left in these rooms un-
til they had attained constant weight. Those panels made of material at
a relatively high moisture content and stored in the low relative humid-
ity room developed the typical nail popping appearance, while those con-
structed of dry material and placed in the high humidity roam developed
a dimple over the nailheads. The results of these tests indicate that
if the material had been at about the moisture content that it would
have in service, no nail popping or dimpling would have occurred.

Since these tests were made, several new types of nails have appeared on
the market, and the question has been raised as to whether these new
nails could prevent nail popping regardless of the moisture content of
the framing lumber. It is well established that some new nails, such as
the annularly or helically threaded nails, retain a much greater pro-
portion of their nail-holding power upon drying from the wet condition
than do plain-shank nails.

Preliminary Tests 

Preliminary tests were made to obtain some information on the behavior
of nails when driven into green wood. These tests consisted of driving
nails of various types and sizes into green Douglas-fir. The types of
nails used are shown in table 1. The different types of nails were al-
ternated along the length of 2- by 4-inch Douglas-fir pieces as illus-
trated in figure 1 so that the quality of the board would have no ef-
fect on the test. The nail shanks were left exposed 1/2 inch above the
surface of the boards. These boards were stored in the 800 F.- 30 per-

cent relative humidity room for 39 days and then measurements of the
shank above the surface were taken.

The method of determining the shank distance is illustrated in figures
2 and 3. The plunger of the dial was first brought into contact with
the head of the nail, and then the measuring apparatus was lowered un-
til the, cylindrical metal stand rested on the surface of the board.
This preliminary investigation confirmed the conjecture that when nails
are driven into green wood, the increase in the amount of nail shank
exposed above the surface and the shrinkage are closely related.

One theory to explain this action is that as the wood shrinks it slides
along the nail shank. Let us assume, however, that a nail is of suffi-
cient length so that when driven the point reaches the center of the
board. As the board shrinks, the center of the board and the nail
point do not move; the increased exposure of the nail shank should then
approximate the shrinkage from one surface to the center. This assump-
tion was borne out by the action of eightpenny common nails whose points
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were driven to about the center of the 2 by 4. The data show that the
increased nail shank exposed was 0.049 inch after 39 days of drying,
while the change in dimension for one-half of the board width was 0.055
inch.

There also appeared to be a relationship between the depth of penetra-
tion and the increased exposure of the nail shank. By dividing the
increased length of nail shank by depth of penetration, a fairly con-
sistent ratio was obtained. Since the annularly threaded and the heli-
cally, threaded nails showed less additional shank exposure than the
plain-shanked nails, they may prove more satisfactory in resisting pop-
ping in dry-wall construction than nails with plain shanks.

Other preliminary tests included a determination of the withdrawal re-
sistance of various types of nails when driven into green 2 by 4 0 s. The
several types of nails were alternated along the length of the boards
to avoid any effect of the quality of the wood on the results of the
tests which are shown in table 2 and figure 4. Nails withdrawn from
green material had withdrawal resistance about in proportion to the nail
diameter and depth of penetration, regardless of the type of shank.
After the wood dried, however ) the helically and annularly threaded
nails were greatly superior to the fourpenny common, plasterboard, and
sinker nails, all with plain shank.

Panel Tests 

To determine the behavior of these various nails when used in dry-wall
construction, tests were made on 3- by 4-foot panels with gypsum board
nailed to either side. The framing consisted of green 2- by 4-inch
Douglas-fir. The studs were spaced 16 inches on center with a
2- by 4-inch top and bottom plate. The frame was nailed with sixteen-
penny common nails, and the studs were fastened to the plates by driv-
ing two nails through the plates into the ends of the studs. The nails
for attaching the gypsum board were spaced approximately 6 inches on
center, and driven home with the heads in a dimple slightly below the
surface of the board. The heads were puttied over in accordance with
good procedure, and the panels were given two spray coats of a rubber-
base white,paint. These panels were stored in the 80 0 F.- 30 percent
relative humidity room for 52 days. Periodically, the panels were ob-
served to determine whether and when nail popping occurred. The re-
sults of these observations are given in table 3 and figure 5.

Bulging of the gypsum board appeared at 25 to 34 of the 38 nails used
on each side of the panel. There was not much difference in the number
of the various types of nails which showed a tendency to push outward
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the area surrounding the nail. It was significant, however, that the
helically and annularly threaded nails required a greater period of ex-
posure before the appearance of the wall became marred.

In some of the panels the helically threaded nails and those with plain
shanks were alternated to assure that the quality of framing material
had no influence on the action of the nails. Figure 6 shows the appear-
ance of the gypsum face attached with helically threaded and fourpenny
common nails after drying for 52 days, while figure 7 shows the appear-
ance of the gypsum face attached with helically threaded and plaster-
board nails after the same period of exposure. The breaking of the gyp-
sum surface was similar regardless of the type of nail. Figures 8 and
9 show the breaking of the surface closely outlining the nailhead for
helically threaded and fourpenny common nails, while figures 10 and 11
show a more general bulging above the nailhead for the two types of
nails.

As the panels dried it seemed quite possible that an opening would be
formed between the gypsum board and the framing members which would re-
duce the tendency of the nails to show through the surface. Therefore,
measurements were made of the space between the gypsum board and fram-
ing members periodically. These measurements were taken at 12 stations
around the perimeter of the panel, and each station was adjacent to a
nail. The size of the openings measured after 52 days of drying are in-
cluded in table 4. There was little difference in the openings of the
several panels as related to the different types of nails. The one ex-
ception was the face containing both helically threaded and plasterboard
nails, but the low average value in this case was due to extremely low
values at 2 nail stations.

If shrinkage of the framing members is the primary cause of nailheads
breaking the surface of the wallboard, then resetting the nails and
refinishing the surface after the framing material has reached equili-
brium moisture content should correct the trouble.

To obtain information on this conjecture, nails in one face of four dif-
ferent panels were reset, reputtied, and repainted. Included were those
faces nailed with (a) all fourpenny, (b) all plasterboard, (c) helically
threaded and plasterboard alternated, and (d) helically threaded and
fivepenny sinker. After four months of exposure no suggestion of sur-
face raising at the nailheads had occurred.
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Conclusions 

Tests.indicate that the best assurance of eliminating sn-called "nail
popping"is to use a framing material at ajOw.mbisturetOntenti prefer-
ably that which the material will attain in service. The use of the
helically threaded and annularly threaded nail apparently retards the
action and may be helpful.	 '
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Table 1.--Types and dimensions of nails used in tests 

•

:Plaster:Annularly: Common : Sinker : Common : Drive : Helically
: board :threaded four-	 : : eight-	 : screw : threaded

penny : : penny

Shank	 . . t 1
diameter : 0.092 : 0.101	 : 0.098 : 0.086 : 0.132 : –0.142 :	 0.135

Length	 : 1-1/4 : 1-3/8 : 1-1/2 : 1-5/8 : 2-1/2 : 2-1/2 :	 2-1/2

Gauge	 : 13	 : 12-1/4 : 12-1/2 : 13-1/2 : 10-1/4 : :	 10

Head :
diameter : 5/16 : 9/32	 : 1/4	 : 3/16 : 9/32 : 1/4 :	 5/16

!Measured on exterior edge of twist.

z M 97195 F



43

01a)

f-1
+)

• •at •• •• . .• •• - •• •• .. .. .• •• •• •• •. • •

'''..--.	 ---- ,	 --....,.	 -.....„.
H H	 H HI	 , 1	 I	 I
CV	 CV	 If N	 1-c1	 CV
H H 1-4 H H

•• •• ••	 • •• • • •• •• • • •• • • •• •• •• •• •• ••

	00 	 (V	 ....1-	 co	 0 o
.Z	 ■ ---... ---, -----, ■ei I r.r	 H	 H	 In thSzl	 I	 I	 I	 i	 I
I-1 H H H ,-4 H

•• •• • • •• •• •• •• • •

H O CV t--0

M	

ON ON CO 0H 0 0 0 H•
0

-•• • • •• •• • • • • •• •• •• •• •• •• ••

Lr\	 ON \C)	 CV	 al
'C-14	 If\	 -4.1-1

••	 • ••	 • •• •• •• •• •• • • •• • • ••	 •• • • ••

c0 0	 H)4\	 1cl	 trN

••	 • •• •• •• •• •• •• •• •• •• ••	 •• •• ••

Lf\ CO	 0	 In
--I-	 . ON ‘.0	 \O

	

1-4	 1-1
8

I	 4-,
I	 al te\ -I-crN 0■D 0\O ICN ■

tO 1-1 ;.4a)

8	
+,_O -$

P CD	 04-1	 4-)	 0O c.)
at	 0c.)	 a)
(a	 41

...
4.)	 4-)
ca	 La0	 -P H4-) 	in	 0H 0
o	 0

H	 1E1	 (1)
b0

oei.4	 CD	 cdbD	 3-4
QS	 a)a) •	 P cd

	

rl	 4)
54 4-1	 Cd	 I
c ' 8	 I 
,c3	 I	 to

4-4a) 0	 ari
r0	 a)4-) to	 a)

	

a)	 54	 ri:.'al	 tarl,-I	 F-1$1	 0)a)	 ai	 A-3O .–	 ,0	 ti• 	 j'.,-.
rid	 rid

	3-4 	 a)	 a)
,s1 0t) 4-405

i—i r

Report No. 203 6



4-10

4-1

4-)0F4
Ia4

O
4-1

rid
q
-P

••

.C-1	 43I-4	 4-4
41)	 0

P-4

••	 ••
II
I

bp /i
Rd	 i

i

+) +)0 4-1$4	 0:1
4

0)u)	 t)•-1	 Ed•r-4	 4-I
2 E04-40 0
P 14
0 4-4

•cg

I

0
p,

•	 ..
Ea0.1Um 0
rd••
u)

q•4-\ rg
•	 •	 • •

•
W
ed

9:I. •
En....1-4--1	 Ednci
•	 •En0 ›-,r-I	 adrd•	 .
to
>-.L-- ••.	 ••
II)
>-....-

•	 ..

••

.•

••

0 tr%

K1 N

\0 PC\NN

\q 1‘1
CV 01
•	 •	 ••

CV CO4-I 4-1
•	 •	 4.

0

-	 .•
0 H

••	 ••
00

.•

IC \ Ii- \
CV PC \

PCN 0\NN

0 N-CV 0.1

-1- re\•-I CM

0 \ID1-1
••

0 0

.•	 ••
00

••

•	 •

•	 •

..

••
rg

CD	 bn,
VIP

V
4-1	 .,--1

I
4

gi r
tiEd

4-)	 t--1	 rd
dA)	 4

I
EL‘̀.8 H C-.0 co 0 pc.C--- c0

0 Kco co c?) -el'	 a F2-N-
HPI

t4) ..	 ••	 ••
41.) r-1	 $4 4-I0

a) al	 (1)	 -1
-4-) .0	 o30 g F;

bo H P0 4-40 ..	 ••

••	 .•	 ..	 ....	 ••

c0 CO CO CO 0 COte■ K \	 141 1.(\	 N H

3id	 rid	 rd	 4---1

g	 g	 d 0 F.-1
-P A)

..---•	 ..--.	 0
43:4	 mi	 ,ci	 rd	 rd	 rci 	 cad4ll	 cl) 0	 0)	 (1) $4	 (1)	 A) 0	 Ed 0
nzl S-I	 /-1	 rd 0	 rg	 rc-.1 A)	 rd	 ii d ;.-t g	 CU
oi 0	 4)	 o3	 Ed ,4	 m	 cd r-4 ci) 4-I	 .0 t)
0 gk	 rN	 oi, 	 EU

F 	 H rd	
II CI	 PI)	 0 P/} •M a)
S-4 N-f	 S-1	 F-4	

4-) 

.	 -4-0	 rd H	 g 0	 g $-4	 g cf)	 401	 .01 0	 I 0	 '5 a
+) c.)	 I.-1 ti)	 +3	 *E-.1 4-) 0 rd	 +)	 '

	

4

Id -1-)	 -P 0 C/3 0
0	 0 A)	 4-1

›., ›„	 8	 ..•	 ..	 0 4-) ›-• .0 4-)

	

f43° •-1	 4-1 0.-I q	 .EU 2 g	 .,1
H c	 ,E, 2;_,	 ' A a . )	 7, il - 1 _ N' E6 	 d a E	 p 41)	 g 

R

fdd Ai	 A) G)

1--1

.. •• - .• .. •• •• •.

43 Pp	 0 	 a) 0 CI 11.1	 S-4
En At	 H	 4-) -4-1 cd +)	 •r1 ) 1 ) 4 - )1 1 ) Hp	 , 4 -c 1 . 04 itt :-.1H 	 1:1-1 -P

\ID 1.4-‘
r-4 H

6.	 ••	 •• •• ••

\.0	 t----
H H
••	 a• ••

K\
•• ••

CV
6. ••

0K1
•E •• ••

.4-1
rdEl)

.4q

Lr■ '.0 N- -I- '.0 0
•-I	 1--1 r-I f-I PC\ cv tc\ (1)

••	 ••	 •• •• •• •	 •	 •• •• •• •• •• •	 • •	 • •	 • ••
›?

--I- n '.0 N- CV l0 0 (I)
4-1 4-I H 1-1 If\ CV 14'1 A

•	 •	 • •	 • •

1 1(11

•• •• ••	 ••

H

•• "

014-1

•• I"

LA
CV

•• ••

fm-
CU

•• ••

•+)0
••	 • •	 • • •	 • •	 •	 • • •	 • •	 • •	 • •	 • •• •	 • a)	 •-P Pi

r -I N 0 141 4-1 Cy 00 oU 0-	 ••	 .6 •• s• ••	 •• •• •• •• •• •• •• •• • COEU
00 ON o o o VI4. co..	 •1	 •• " . ••	 •• •• " " •• •• II. •• g VI

4-1...
00 00 0 0 0 . 0 -P

El 4-1•,:i
••	 .•	 •• .4. .. ■•• 4-)

0 10)
o co o co co co co

C) ,0p
CV r-I N H Pc\ PC\ 14.1 ID	 (1)

01 H
0 -P..	 -	 a• •• •• ••	 •• •11 •	 • •• •• •• •• Y.. • tr\ Ed

.-I	 a)	 r-1 0 P-I r-i r-i d	 r-1 vci	 0	 P4
4:4) q 	 4-1 -r-{	 a) 4-4 (s3 a) P4 0	

H -4-1 4-1CD -4 d	 4-t
1:0	 c=1	 14	 121	 fr-i

0 ...-- .,1 ..._,	 A)
O,1I:0 •• •• •• •• •• ••	 ••

CU	 rig 0c.)
Ed	 cg PQ	 4 PI	 4	 C1:1	 -.	 Fa	 4	 P:1	 0 S-1
Pi	 u) Ed

•• •• •. •• .• ••	 ..	 •• .• •• •• .• •• •• ..•• .• ....-	 - .• ••	 r-I
H	 0) 0
41)	 0 Ha} HI
0	 H	 (1/	 te‘	 .--1-	 If\	 03
Ed	 W

44	 1:1-4 P.4.. •• ..	 • . •	 •• .. •• .• •• •• •• ••
a) g

Report No. 203 6



.	 •• •	 •• •• •
In	 -4-
al	 al
0 0•

•• • LC\00 0
•• •• •	 •• •• •	 •• ••

0
541 0

•• •

4
51
H 0

•• •

4I

• 0.1O 0
0 0
K.\	 I•C\0 0

H 0

‘.0

K1

H

04rU0 0

. • .
ti ra10 0

•• •

• • • •
141	 tr'N0 0

•• •

• • • •
N

N0 0

•■■ •• •• •• •• •
tr
0 0

•• •• •

•• ea •	 •• •

0

••	 •• 156

0
e• •• •

0

•• •• •

•• •	 • • .
Htr's0

•• •

0

•• •

O

•• •

•• ••

Pc-0	 0

•• •	 •• • •• ••• to
0

ti
0

•• •	 •• ••
0\
0

CO
0

a)

••

0

ai
Ci)

rd
a)

La
-P
al
cn
Ld

03O

9
132

a)
r0

51
a)

51

xi •

40c..)
tr

a)
$.-t00 4-1

K.\

+3 8
0OP

O ti

4-,
Oa)o

H
4-3

cl)
a)

as
4-,
•,-.1 4-,
• a)

+3 Pi
0071

cd

••
to

g °0CO

H

0

	

0\	 11\	 CO LA 0
u NK\ NH\ N	 N N te‘O 0 0 0 0 0 0 0 0 0 0H • •	 • •	 •	 •0

s• •• •

•• •• •

H FACCJI

• \O	 0	
.

tC\	 •	 re‘
0 • 0 0

• •• •• •• •• •

.. • •• ••• .. 45;
-4-	 al
0 0

•• •• •• •• •	 •• •	 •• ••

•

• al	 trr)00 •	 •	 0	 0
•

H tc\0 0	 O

•• •• •	 •• •• •	 b. •• •

1.r\

0 0

••	 •• •• •• •

r• \
CO	 0H
•• •• •• •• •

H,g	 pCA	 tr7.1\

0 0
0

•• •• • • • Y •

•
	 •• •• •• •• •	 •• •• •

CO	 \-0
00 0

•• •	 •• •• •• •• •I1 •	 •• •• •	 •• •	 •• •• ••

Lf \ 11\	 H	 H	 LC\	 LC\	 C-
LC\ Lf\	 LIN	 LIN	 y	 _1-	 -1'

•• •• •• ••

<4P11	 d	 (3:1	 d	 Px	 •=g
•• •• •• ••

	

N	 14-■	 IC\	 -1-	 11\	 Lf\

••	 •• •• ••	 •• •• •• •• .0 •• •• •• •• •• •• ••	 •• ••

rri	 '1:1	 7i	 'Int	 qi	 9:3V	 V	 al rd	 V	 a)	 a)rcl 0al 0	 $.1	 "0

	

0	 d	 1 iti	 ?I	 gg	 ri	 iii)
1-11 M	 .-1	 OS >7VF g	 F-I 4	 11J ›.	 0	 0Si.4 0	 rd 4-I	 4 0	 4 SA	 .0 E	 4	 ..0 ,---• H •----,-}-' 0	 ;-i L0	 +) Q)	 4S	 +3 17	 +3	 -P -P al -Pcd

p-i›,	
0	 }-•	 u)	 as	 ?,	 }, M	 Cdp4	 o

H
al ell	 a) 0

	

A 0	 H 0	 ,-- al	 H P. 	H	 .--{	 H

	

kz	 Hoz,—H	 ,i4, 6FIs.c4 	En	 u)CUd 4-I 0 LL' 	 ,

•:: D
Fa0 04	 4-, P 	 o	 g U	 C.)

	

[CI 0	 ...-I mt	 •,-1 11	 1	
(3

rJ	
0	 , o

11 [I	 r . - 1 0	 .-I 0 -ri 0 V 0r-1•-i	 H
I=1:1 Pi	 WPi	 ..4
V 0	 H •,-1	 0 M 0 0 al

M	
.-04+i71
rEr P 1	 Pi	 fr-4

0,----.•Y-1-----'

0\
0

• 0-

.	 .
Pr \

0-

••

••

Nrti

i-E0ci-t
tla

1-1
0

cd

0

0
0

V

ril
tin

0-10

a)
H
P
P

Report No. 2036



Figure 1.--The arrangement of various types of nails
along a green Douglas-fir 2 by 4 to determine the
effect of shrinkage on the amount of nail shank
exposed.

Figure 2.--Apparatus for measuring the exposed length
of nail shank with the plunger of the dial placed in
contact with the head of the nail.'
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Figure 3.--Shank-measuring apparatus after it has been
lowered and the cylindrical stand is resting on the
surface of the board.
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Figures 8 and 9.--Closeup of broken gypsum closely outlining the
nailhead of a helically threaded (left) and a fourpenny common
nail (right).

Figures 10 and 11.--Closeup of broken gypsum board surface show-
ing a general bulging above the nailheads of a helically
threaded (left) and a fourpenny common nail (right).
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