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A reinforced door 1*10 x 220 cm, concrete quality 2$0 }'f/cr^, 

designed by "^ortifikafl.jon A/S" was tested v.’ith gradually 

increasinr* air blast until rax load accordinr to the latest 

consideration of the ¡JATO. AC/253 ftcrare fub-Croun 

[Head wall of acceptor iploo facinr back v:all of donor ifioo 

at a scaled distance 0,fi r». 7 

NATO AC/258 Test 

Pressure ll| bar (/vr*r¿>í,4-/) 14 bar 

Positive duration ,t*l*Q*] 40 ns l¾s61, tonnj 90 ms’0*729 
torn 

r J -7 - r T 
Positive impulse i*2*0 ¡ 80 bar,ms 0*64 tonn 240 bar,ns 

J [0*17500 tonr. 

After the test which totaled 10 shots the 

- max plastic deformation of the door was 2 cm, and the 

only visible damnpe was a small crack in the concrete. 

Pull protection would have been afforded to the interior 

of a manazine or shelter. 
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1. Tnt^oduct^ rn. 

The object of the test was to load a door according 

to drawinr in npoendix 2 with 8 side on air blast 

accordinr to the latent consideration of the NATO 

AC/2'jß Storepo rub-hroun (Head wall of accentor irlec 

facinr back wall of donor iploo at a scaled distance 

of r),B • Q1/3, (m, kp;1/3) 

Pressure ^ bar 

Positive duration /t = l*Q1/5j <10 ns 

Positive iirpulse ^ 80 bar.ms 

Aa nay be seen the duration and impulse is determined 

by the amount of net exolosives in the donor if.loo. 

In the test was also another door and a nolycarbonat 

window with higher priority than the concrete door. 

The charre weifhts in the first 9 shots were therefore 

chosen with respect to these two objects. 

2. Test arranrorent. 

The test was carried out in the NDCS’s test tunnel at 

Raufoss in March 1975. The tunnel has a cross section 

of about m , and th'1 door was placed horizontally. 

Fie 2.a and aopendix 3 show the arrancement in detail. 

The ehernes were detonated at a distance 1H m from 

rw'asurinp point 2 and 17 »5 m from measuring; ooint 4 

close to the door. 

In table 4.a the charge weights are listed. 

3. Measurements. 

The measuring chain is presented in fig 3.a and the 

measuring points in fig 3.1.a. During each shot the 

following quant i en vrerc measured: 

4- 



- Pressure-tirr.e híntory. 

Only ore *nd partly two nreasure transducers operav- 

4 satisfactory durinp shot Ó-10. There is however, 

f'aod corresoondence betw-en theee two. The nressu-'- 

tine history is also known from nrevions tests, 

- Strain of the door. 

“ Deflection of the door 

Both the deflection - and strainraufes were fastened 

to a thin steel nlate on the on the rear side of 

the door. The plate was nessesary for the castinr of 

the test door, but normally it will not be a part of 

the door-scaffoldinf; will be removed after castinr. 

Por the test door, therefore, strain- and deflection 

are measured for th; plate and not for th? concrete. 

For shot 6-9 the plate is suoposed to indicate the 

response of the concrete, but durinr shot 10 the plate 

loosened from the concrete and therefore the measure¬ 

ments has no value. 

After shot 10 the door was controlled for plastic 

deformations. A metal ruler, suoported at the door 

frame, was placed accross the door in its lonsitudiral 

direction. See table H.b. 

Location of the mensurinr noints. 

Pig 3.1.a and 2.a show the location of the measurin'* 

points. 

- The pressure-transducers (mp 1-8 fic 2.a) was placed 

in the same horizontal olane as the floor. Only r.p 2 

an 4 operated satisfactory during shot 6-10. 



- The strain-ntures nn 17, 19 and 19 were nountea 

on a steel oíate on the rear ?ide of the door. ';>4e 

strain was neasured normal to the lonfitudinal 

direction of the door, 

*he deflection paupea no 19 and 16 were mounted ir 

the steel oíate on the rear side of the door and 

fixed to the concrete floor below, 

- The control! points for elastic deformation are 

shown with results in table 4.b. 

Results. 

Table iJ.a rives oressure, strain and dynamic 

deflection from each shot, and appendix 1 presents 

the recordinra from each shot and measurinr point. 

Table il.b pi ves the plastic deformation after shot 

10. This can also seen from the pictures in fir 5.4. 

Table 4.a indicates that the natural vibration period 

of the door is 20-30 ms. There is not enouph suitable 

recordinps to determine the vibration period more 

accurately. 

Piscus&lon of the results. 

Pressure measurements, 

Only the pressure transducers in mp 2 and partly in 

mp 4 are expected to five a fairly correct pressure 

time history (- 20 %), There is usually a larper 

scatter in nositive duration and impulse than in 

pressure, between different measuring points. There¬ 

fore, the uncertainity of positive duration an iripulse 

is estimated to be ¿ 30 %, 

lû 



” The record inf's from mo ^ show a pressure oeaî' short 

after the arrival of the shock front. This is the 

reflected shock front fron the concrete door. The 
4 

readinr of the max nressure is done on the first 

shock and not on the reflected shock. 

- The calculation of the positive irpulse is done ty 

a rude fitting of simple necmetric figures to the 

recordings. The accuracy of the calculations is 

estimated to £ 30 ï. 

Strain measurements. 

In fif 5»?»a and 5.2.b strain is plottet versus aide 

on pressure and impulse, respectively. Since the plate 

loosened from the concrete durinr shot 10, the last 

ooint on the curves may be wronr. The max strain 

was recorded approximated 10 ms after the door started 

to deflect. 

Deflection measurements. 

There is very little information to ret from the 

deflection measurements exceot that for a load of 

0,85 bar and 11 bar.ms the max deflection is 2 mn 

which is not very much. Unfortunately, the causes was 

not in operation durinr shot 9 and in shot 10 the 

plate loosened as already mentioned. 

Visual observations. 

The only visible damare of the door was a max 2 cm 

deflection and a crack along its lonfitudinal direc¬ 

tion. See fir 5.¾.a. The fact that the steelplate 

loosened is not important since it will normally be 

removed after castinr. 



Thr» door withstood tho rolîowinr lend: 

Cone]up ion* 

Pressure 

7 

1¾ bar 

Positivo duration 90 ms 

Positivo irnulse P'lO bnr.rs 

vrith a rax doforration of 2 cm. 

Full protection v.ould have been afforded to the 

interior of a marazin o** shelter. 

The door is considered to be designed for the load 

considered bv the NATO AC/258- Storare fub-Oroup for 

the head wall of an accentor ip;loo facing the back 

of an accentor iploo at a scaled distance of 
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PifT 3 a 

Pressure Strain Deflection 

Kistler 603 B 
Pressure transuuser 

Kistler 5001 
Charge 
Amplifier p"“^ 

Ampex PR 1300 A 
Tape recorder 

Tokyo p"| 
Strain gouge ^ 

Hottinger 
Baldwin 

Messtechnil 
Type kV/S 

3020 

Swema pi 
RLP 50 

Deflection 
gauge 

Kistler 5211 
Galvo. amplifier 

C.E.C. type 5 - 1024 
Recording oscillograph 

The measuring chain 
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Pip 3.1.a. 

X Deflection cauce 

O Strain cauce 
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Teblc 4.a 

Shot no 6 7 8 9 10 

Charre weight (kp) 1>0 1,5 

1 
°
J
 

* 
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i 
i 

30 100 

2.U 

Pressure (bar _Ol35 .OjßS il . 13 
.Duration (ir.s) 

_Innulse (b.ar.r.s) 
_17_ 2? 80 ! 

1 
I»“

* 
1 

,o
 ,
 

Vj
J 

I i ! J 

3 6 ii 80 2^0 

Pressure (bar) 

Duration (rs) 

Impulse (bar.ms) 

0,96 1H ¿j 

.JJ 80 

230 

15.Deflection (mn) < 2 <2 2 - > 25 

16.Deflection (mm) - <2 2 - >25 

17. Strain (,<Ys) < 50 
• 

<50 Ü0 280 1000 

18. Strain Çf'r,) < 50 <50 50 530 720 • 

19.Strain (y^s) < 50 <50 ^0 160 1700 

• Mu • í 

1) Numbers indicates measuring point 



Table 4.b. 

Plastic deformation after shot 10. 

The ruler placed across the door in its lenrth direction 

and sunoorted on the door frame. 

MP T Í7 3 5 6 7 8 9 10 h i 
Deformation ^ 

' 

0,5 0,8 0,7 0,6 1,2 1 1,2 1,7 1,0 1,2 1,9 ' 

12 13 

1,2 1,8 2,5 



Table <|. 

Natural vibration oeriod. 

•e'hot no 8.n 9 
MP 15 

16 

17 

18 

19 

32 ms 

32 ms 

25 mi 

21 ms 

Natural vibration period 20-30 ms 
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Fir 5.^.a.

Plate 1.
The reinforcement 
of the door.

I

Plate 2.
Detail of the 
locking mechanism.
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Mf. 5.^4.a.

HWf lilt, .iqp :

Plate 3. The door before the test.

Plate ^4. The door after tne test.
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fU'HAT/ 

rf**l 
f. reinforced door I'lO x 220 cm, concrete quality 250 kc/cr , 

desirned by "Portifikasjon A/S" was tested with gradually 

increasin'“ air blast until max load accordinr to the latest 

consideration of the ¡IAT0. AC/253 ftorare Sub-Croup 

[i>nd wall of acceptor if.loo facinp, back v:all of donor ifloo 
t ‘ n 'À 1 
at a scaled distance 0,8 Q. j 

NATO AC/258 

Pressure l1* bar (fireresreS) 

Positive duration 3 = 1*Q'j ^0 ms tonnj 

Test 

14 bar 

90 ms 0*729 
torn 

Positive impulse i=2i 80 bar.ms Q=64 tonn; 240 bar.r.s 
- J J [0=17500 torn 

After the test which totaled 10 shots the 

- max plastic deformation of the door was 2 cm, and the 

only visible damage was a small crack in the concrete. 

- Full nrotection would have been afforded to the interior 

of a magazine or shelter. 




